
A DICTIONARY 

X)F 

A^^^LIEd CHEMISTRY 

H ’'S ^ t 

‘ VOL. VII 




A DICTiONARY 


OS' 


APPLIED CHEMISTRY 


BY '« 

Sib EDWAED THOEPB, O.B., LL.d!! I.E.S. 

t 

EUlBirOe rEOFXSflOU Of GENEKAL CHKkCISTBT AND DTRK<TK>K OF THE OHKKfOAL LABORATORKRA 
OF rttB Iirj»KRUL 0OLLH6JS Of AOIBMOR ANO tRCHFOXiOGTi AOtTia KKNaiEOfOir, LOROOF ; 
tATK rhlHCIPAA OF TDR GOVRSMMRKT lUBOUATOKF, AMD A PAST PKBaiDSNT OF 
THK GHKHfOAZf MXStRTr AND Of YltK SOCISTY OF CKXlItOAL WDOSTKY 

* 

' ASSISTED B1 EMINENT CONTRIBUTORS 


JRBFISi:0 AND ENLARGED EDITION 


VOL. VII. ■ 


WIT^ AN INDEX TO THE WHOhi* WORK BY 
') ^'RANGES M. a. MtCKLETHWAIT 


WTE ILLUSTRATIONS 


LONGMANS, GfEEN ANt) CO, LTD. 

OAXiOVIItA, BOMBAY Aiqj|!lir4pa&# 

1937 ■ 




S' ‘ iiB^iiVlATIONS ’ 

OP *aiiB OTfLBlS OP ^OVBNAm AND BOOES. 


Amer. 0h&». Jt . 

J^JPharm, . 
Amer. Jt. Phyeioh * 
Amer^ /. sli « • 
Amer* Mvfh ■* « » 
AnaX. Fia^ QtUm* • 
Analya^^ . ^ . 

Annqfen • .? * 
Aim» AfSgpL BioL • 
Atm, 0/mh, attain 

^Atm. OUm, , • • 
Ann, FaUif , . * . 
Awn, Inst, Pasteur, 
Ann, Fhydh, , , 
Ann, Pwysique « . 
Ann, Bemti , . . 
Annali Ohim, Ajppl. 
Apoth, Zeit, , • . 
Arch, eap. Path, 
Pharm, . . * 
Arch, Pharm, , , 
Astrophys, J, • . 
Atti It, Acoad. 

LincH , . , , 
Bentl, a. Trim, . . 

Ber 

Ber, Deut, pharm, 

Ges 

Bied, Zentr, 

BioAJhem, J, 
Biochem, ,ZeU$ch, 
Bretoers J, , , 
Brit, Assoc. Bep, 
Brit, Med, J, 

Brit. Pat, , , . 
Bull, Acad, ray, 
Belg. , , . 
Bull, A $ 80 , Chim, 


C9»$mioa>l Hoxamsl. 

rA^oriiWL iTotm^l of Physiology. 

Aic^ricw 7oari][fl of Scienoe. 

A&eric£an Minemogist. . ' ^ 

Anaies dela-Sooiedad lispanola JPisioa y Quimica. 

The Analyst. 

Annalen der Ohensie (Justus Liebig). * 

Aunals of AppUed^Biology. 

Aimales de Chiihie au^ytique appliqu^e A I'lhdusferie,’ A TAgri- 
oulture, A la Pharxuacie et' A la Biologie. 

Annales de Chhuie. 

Aimales des Falsihcatlons. 

Aunales de I'lnstitut Pasteur. 

Annalen der Physik. 

Annales de Physique. 

Annual B«^orts of the Chemical Society. 

Annali di Ohii|^ca Applioata. 

Apotheker-Zeitung. 

Archiv fiir experimontelle Pathologie und Pharmakologie 
Archiv der Pharmasle. ^ > 

Astrophysical Journal, 

Atti della Beale Accadexnia del Liucei . 

Bentley and Trimen. Medicinal Plants. 

Berichte der Deutschen chemischen Gesellschaft. 

I Berichte der Deutschen pharmaseutischen Gle^lkohaft. 
Biedermann^s Zentralblatt fiir Agrlkulturchemie und ratfionellen 
Landwirtschaf ts>Betrieb . 

The Bio-Chemioal Journal. 

Biochemische Zeitschrift. 

Brower’s Journal. 

Beport of the British Assocation for the Advancement of Science. 
British Medical Journal. 

British Patent. 

Aoademie royale de Belgique— Bulletin de la Classe des Sciences. 


Suer, 4 . . 

Bull. Imp, Inst, 

Bull, Sac, chim. 

Bull, Soc, chim, 

Belg, ... 
Bull. Soc, chim. BioL 
Bull, Soc, /rang, ^ 
Min, .... 
Chem.and Met, Epg, 
Ohem, Ind, • . 

Cl^m, Kews , . . 
Cliew. Soc, Absir. , 
Chem. Soc, Proc. , 
Chem, Soc, Trans, 
Chem, Vmschau, , 

Chem, Weekhlad , 
Chem, ZeU, , , , 
ClhM$»ZeniT, • 
Oompt, rend, • , 


Fitrber-^Zeit, . , 
^FlUcJc, a. San^, 
Frdl, , , . . 
Gms, Chim, Itcd^ 
Sae, 0%Am, Acta 

Men, • , 


Bulletin de 1* Association des Ghimistes de Bucrerie et de Distillerie. 
Bulletin of the Imperial Institute. 

Bulletin de la Sooi4t4 chimique de France. 

Bulletin de la Soci6t6 chimique d-«» Belgique. 

Bulletin de la SooiAtA de ohimie Fiblogique« 

Bulletin de la SociAtA fraD 9 aise de Mineral^ie. 

Chemical and Metallargiou Engineering. 

Chemische Industrie;. 

Chemical News. « 

Oheniical Society of London.'' Abstracts. 

Jourhal of the Oheinical Society of London. Proceedings. 

Journal of the Chemical Society of London. Transactions. 
^Chexn^che Umsohau auf dem Gebiete der Fette, delO; .Waohse, 
und Harze. 

Gb^isoh Weekblad. 
fOhemiker Zeitung. 

Ohemisohes ^ientralbiatt. 

Oon^tes >r&du8 hebdomadair^ des SAanees de TAcadAmie des 
Sdenoes. 

Dingier^s pol 3 %^hnisch^ Jouimal. 

Delitsohee B6i%-Patent. 

Farber-Zritun^ 

Fliiclsiget and Hanbury. Phannarcographia. 

Ftie^Otod^’s Fort^hrsttelier Teerfarbeid^brikatdon. 

Gaazetta Ohimioa XtiaUana. 

Helvetica Chtmioa Aeta. ^ \ ^ 

Jalkresberioht hher die Fortsehintte der Olapaie und verwand^er 
'TheBe andere^ Wissen^be^ ’ 
mms InbrJmeit Kir Geo 

Journal o£ PhyUCfa, " 





AiibtBVIAIlONS OF THB. OF JOUMfAIii 


journal of j^notilttiral Soienoe. 

iSU&arioan Che^iiinal Society* 
Journal of Bacteriology/ 

Journal of the Board of Agriejilture* 

Journal of Biological Chemietry* 

Jounial of the Chemical Society of Japan. 
Journal de Cltimie Physique. 

Journal of the Franklin Institute. 

Journal of General Physiology. 

Journal of Industrial and Bngineoring Chemistry. 
Journal of the^Institute of Brewing. 

Journal de Pharmacie et de C^iimie. 

Journal of the Pharmaoeutioal Society of Japan. 
Journal of Physical Chemistry, * 

Joumtd of Physiology. 

Joxy*nal fiir praktische Chemte. 


At ^ 

' ’A 

/. Amer, Ch^ Soo» 

« . 

Bd, Agfic* , . 

JT. Biol, OfesH,#. .< 

J: Che^. Soc. Japaai 
•J. €hm. Phy$, . . 

WramMm htst . 

A Gm* BhysioL . 

J. J«d. -Eng, Ohem, 

J, Imt Br^ng . 

J, Pharm. Chim. . 

J. Phatm. '80c, 

Japan .... 

J Piys, Ohem, . . 

J. PnfsioL ^ . . 

/.pr, Chem, . . 

JRuss.Phys^Chem. . ^ 

Soc. Journal of the Physical and Chemical Society of Eussia. 

J. 80c, Chem. Ind^ Journal of the Society of Chemical Industry, 
th Soc, Dyers, , . Journal of the Society of Byers and Colourists. 

J. Tokyo Chem. Soc. Journal of the Tokyo Chemical Society. 

«r. Washmgton Acad, 

Sci j Journal of the Washington Academy of Sciences. 

XbllM Zeitsch, 

Mem^ Manchester 
Phil. Soc. . . . 

Met. <0 Chem. Eng. 

Min. Mag. , . . 

Monatsh. , . . 


Pha/rm. J. . , . 
Pharm, Zeit, . . 
Phil, Mag. . , . 
Phil. Trans . . , . 
Phot. J. 

Physikal. Z, , , . | 
Proc.Afder, Phil. Soc. i 
Prcfc, K.Ahad. We-\ 
tensch. Aimterdavn;\ 
Proc.NatAcad, Sd. 
•Proc. Physical Soc, j 
Proe.Boy,XHshA cad. j 
Proc. Bo^. Soc, 

Proe, Boy, Soc, Edin,\ 
Mec. trav, chim , . 

Sd, Absir, , . 

Bei, Proc, B, Dublin] 

Soc 

8^ 

Sitsungsber, Preuss, 
Akad, Wise, Berlinj 
Swiss Pat. . . . • 

r. 

Trans. Paradity 80c, 
U.S.Pal. 

Zeitsch. anal. Ohem. 
Zeitsch.ange>w,Chem.i 
ZeiUch.anof^. Ohem. 
Zeitseh. Krist . . 
Zdtsch, Kfist. Mm, 
Zdtsch. Nahr, 
ChnUMsm. . , . 
Zdtech. 

Ohem, .... 
Zeitsch. Pkydk. , 
Eemch. physikol, 

• Ohm 


Kolioid-Zeitsohriit. « 

Memoirs and Proceedings of the Manchester Literary and Philo* 
• sophical Society. 

Metallurgical and Cheioical Engineering. 

Mineralogical Magazine and Journal of the Mineralogieal Society. 
Monatshefte fiir Ghemie uud verwandt<". Thelle anderer Wissen- 
schaften. • 

Pharmaceutical Journal. ^ 

Pharmaceutische Zeituug. ^ 

PbilosopTiical Magazine (Tbe London, Edinburgh and Dublin). 
Philosophical Transactions of the Boyal Society. 

Photographic Journal, 
i^hysikalisohe Zeitschiift. 

Proceedings of the American Philosophical Society. 

Koninklijke Akademie van Wetenschappen te Amsterdam. Pro** 
oeodings {English Version), 

Proceedings of the National Academy of Sciences. 

Proceedings of the^ Physical Society of London. 

Proceedings of the Iloyal Irish Academy. 

Procfiiedings of the Eoyal Society. 

Proofings of the Boyal Society of Edinburgh. 

Eeceuil djtk travaux ohimiques aes Pays-Bas etde la Belgique. 
Science Abstracts. ^ 

Saientidc Proceedings of the Eoyal Dublin Society. 
Sitzungsberichte dor K. Akademie zn Wien, % 

Sitzungsberichte der Pmussischen Akademie der Wissensohaften 
m Betlln. ^ 

Swiss Patent. 

TransactiouB of the Chemical Society. 

Transaotions of the Faraday Society, 

United States Patent. * 

Zeitschrift fiir analytische Chemie. 

Eeitschrift flit angewandte Chemie. 

Zeitschrift fiir anorganische Chemie. 

Zeitschrift fiir Kristallographiel 

Zeitschrift fiir Kristellographie utfd Mifteralogie. 

Zeitschrift filr*Unterguchui 3 ;g%er Nahrungs- und Genussmittei. 


Zeitschrift fUr dfleutHche Chemie. 
Zeitschrift ftlr Plifsik, 


ZeltaArift fik pJiy«ik«diaolie CbMato, Stochiooukie and Vwmkdfc. 
Boluitekluw 

Z«$ib^rift Mx di^gesamte BrauWiigien* 



LIST OF CONTRIBUTGES 

TO TOLUMI VII. 


GEOBGE BABGBB, M.A,, D.Sc., P.R.S., Professor of MeMcal Chemistry in the UiUversity 
•of Edinburgh. [THtnoto Gland; Toad Vksoms; Uzara; Vebsine; Vioine; Yew; 
VoBWillNE.] 

H. V. A. BBISGOE, A.K.C,8o., D.Sc. (Loud.), DJ.C., P.LC.iPro^iwr of Inorganic Chemistry, 
Armstrong College, University of Durham, Newcastle-iipon-Tyne, und P. L. ROBINSO.N’, 
D.Sc. (Dar.), P.I.C., Demrtment of Chmhtry, Armstrong College, University of Du^m, 
Nmtmftle-upon^Tpie. [Watbu, Physical and Cbrmical Peoperxies ; Water ftamH- 
ise.] 

FRAKClS HOWARD CABK, Esc;., C.B.E,, F.I.C., Consulting, Analytical and Research 
Chemist. fTaoPBiinss.) , 

JAMES CONNAlf, Esq., B,Sc., P.I.C., late Deputy Government Chemist, dapermmif • 
Laboratory, London. [Whiskey ; Wink,] 

ARTHUR ]& EVERfBT, Fsq., l).So„ Ph-D., P.I.C., Director and Chief Chemist, Messrs. 
i/. H'. Leikh and Co., Ltd., Huddersfield. [TRiPHEHYMiiETaANE Colodriso Matters.] 

PERCY P. PRANKLAND, M.Se., LL.D.. 8c.D., D.!?c., A.B.S.M., P.R.S.. P.lO., Ementus 
Professor of Chemistry m the Vniversiiy of Birmingham, [Water in its Eedkome and 
SAN tXABT Relations.] 


ERNEST OOULDING, Esq., D,Sc., F.LC,, SuperiiUendent, Scientifie and Technical Depart- 
mmt, In^perial Institute, London. [Wool.] ' 


DAVID ALLAN GRAOEY, Esq., P.I.O., Qomnmmt Laboratory, London. [Toraooo,] 

WILLUM DOBINSON HALL1BUR’IJ>N, M.D., LLD. B.So., F.lC,P., M.R.O.S , F.R.8., 
Bmriius Pro^wiV Phymhgy, Kmg's College, Lqndms. [Urine.] 


RICHARD TANNER ftBW^ETT, M.!)., P.R.C.P., M.R.C.S., D.P.B., Ementus Professor 
of Bacteriology in the Umversity of Jjondon. [Toxins and Astwoxins.} 

Sir PBEDERIOK *GOWLAND HOPKINS, M.A., D.Sc., P.R.O.P,, P.-HS., Professor of 
^ochenmiry in ik^ Umeer^y of Carntridge, Sir Wiiliam Bum InMUute, Comibridge. 
• [ViTAimts.] ’ ’ ' # 

HERBERT JNOLE, Esq,, B.8c., lale CM Chemist to the Transvaal Agriculturat 
Ihgartmetti. [ItosAro; TiwrwjBs; Turnip; Weed Killers.] • . 


Hr. M. KLAB, Bmmer-Ekeftli, Oermany. [Wood, DNerBoctiTs DisnuATiON {O'.} 

EHHUND KNEOHT, llfScf*, Pb.D., F.I.G. (ihs Hte;, Pn^mor of Chemistry in Muimml 

fbeMsBl 8(hMi Dt»s.] 


JULIUS LEW.KOWPipCB, Esq., M.Aj. PIlD., F.LC. (tbo lisis}, Coneukmg and Awb^oad 
Chmiet, Itmdm. Mitslm msM % C. AINSWOto MITCHELL, Esq., M,A., ELC., 

, ie Ut$ So^ofhtm Ana^, Mtorcffhe "A^ysC [Thro Oil; WKAti 

"■■inHii WOOL OtLI.] 

Mmot GCLRIRT iB01tA$ MORGAN, 03,E.«D.8o^ P.R.S,, F.La, Chmml SesmsA' 
,„r JL^ar 0 teey,JI?ifa^ XemsMal Jkse^ Ttd^ingioa, 

iktutmAd 'fammp {.Ytaoiat] 



^ iiST.Or CONTftlBOTORS^ , ' , " 

fljaBY MOBBTO, %!"; M.A., K.D., FX<t «fe»«*A UmSer 
WolmTfamj^, [VAiantsa,] e , 

ABfHUE GEOME PEBKIlf, P.B.S.V F.I.O., iSmiritm Professor of Calm Ohijiiisiry and 
Dyeing in%e UmrnsUy of L^ds. [Thkspasia MACBOPaiLtA ; TauTi Qoraro^iAua; 
To)M>uiu ,Acaji.am ; Tdbmbbic'; Valonia; llAOBABPAirAHA ; yvmM\ 

■*Wa^; WbiiD; Woad; Xasthonk; YeiiMW Obdab; YbiiMw Waiahaweb; xovsq 
« FoOTfc j • 

lEEDlEIOK MAUBIOE BOWE, Esq., D.8o., PXO., Colour Chsm^. 

Dqxsrimmtf The Umversity of Leeds, assisted by X S. H. DAVIES, Esq., Pn.P* 
[ToriTJBmE; XtLSlNK.] * 

■ » ' » 

A. 0. BEAVENALL, Esq, [Ybabt, Pbebsed ob Baker’s.] 

HENBY HALIBURTON ROBINSON, Esq,. M.A,, P.I.C., Rewareh Chemist. [Waxes.] 

L. J. SPENCER, Esq., M.A,, Sc.D., P.R.S,, Mineralogical Detriment, British Miiseum, 
London, [Thalesitb ; Thaomabite ; Thenabdite; Thomsonitb ; Thobiahttb ; Th®bote ; 
THOBTVEmTE; THOBiNaiTE; fiEMASKiTF,; TopAZ ; Tobbebnite; Xocbmalisej . TBA- 
chete; Tbavebtise; Tbidemite; Tbiphylute ; Tbiplite; Tbona; TBCHEPJSiiii'l® ; 
Tschebmigite ; Tuff; TuNGexENiiE; Tueqbtite; Tubasite; Turghej Turquoise; 
Tysonitb;' XJI/EXitk; ULiiMAUHiiE ; Umbeb; Ubalite; Ueanitb; Dvaeite; Vaemj* 
tisite; Vaeadinite; ^"thopftte; Vabiscite; Vebdite; Yebufunite: Viouse; 
Vivubite; Volbobthot; Vbbaite; Wad; Wavellite; Whetstone; Wheweixste; 
Wiikete; Willemite; Withebite; Wohleritb; Wolfbamite; Woixastokixb ; Wut- 
fenitb; Wubtzitk; Xenotime; Yttriolite; Yttbocebite; Yttboobabitb Yttbotak* 
tautb; Zabahte; Zeolites; Zincite; Zinckenite; Zircon; ZIRKELm^, Zoismt; 
Zoeghe.] . , 

WILLIAM TATE, Esq., A.R,C.S., P.I.C., (the late). [Thermostats.] 

THOMAS, turner; M.Sc., A.R.S.M., P.I.C., Emeritus Professor of Metallurgy in the 
, University of Birmingham. [Tin, Mktalluboy of ; Tin flatfx ; Zinc, Mbtalluhoy of. ] 

Miss MARTHA A. WHITELEY, O.B.E,, D.Sc., P.I.C., A«sis<an< Professor Imperial College 
of Science and Technology, London. [Tbyptwhan ; Txrobine; Ubea; Ubbides; Ure- 
thanes ; Ubic acid ; Uboxamic acid ; Valise ; Xanthine.] 

OTTO N. WITT, Geh. Prof. Dr. (the late), The Polytechnic, Charloitenburg, Berlin, 
{TbimAthylenk Coloobing Matters, revised with supplement by ARTHUR E. 
EVEREST, j.D.J 

SYDNEY YOUNG, D,Sc., F.R.S., P.I.C., Professor of Cltermtry, Trinity College, DiMin. 
* • [Thermometers.] 


% INDEX. 

This Volume (ibncludes with an Index tto the whole work, 'prepared by Miss 
Ebances M.,G. Micklethwait,' F.1.0, A.KC.S. 



A 


■ DICTION^EY 

OP 

APPLIED CHEMISTEY. 


THAUBMITE. SUicate of yttrium (Y.O,, 58- 
64 p.o.) with? the ajtptoximate formula 
U,{)'2Y,0,-4Si0» 

Several other constituents are present in small 
amount, including P4-2*5 p.c. of gas {nitrogen 
and helium) liberated when the mineral is heated 
or treated with ackfe. It is j’ellow to licsh- 
red and .translucent with a greasy lustre; 
8p.gr. 4-U-4‘2-3; H. 6^; readily deeiomposed 
by dilute bydtochloric acid with separation of 
gelatinous silica. Montdinic crystals and mas- 
sive material occur w’ith„fluocerite, gadolinite, 
and allanite in qiwrfz at (toerby in Sweden. 

Li tJ B 

THAIUUM, sym. Tl., at.wt. 204 0, dis- 
covered spectro-scopically by Ctookos in 1861 
(Chein. News, 1861, 3, 163) in a sdeniferous 
deposit from a sulphuric acid manufactory. It 
occurs in many iron and copper pyrites, in some 
mieas, in line ulendes, in the minerals manatik, 
hamiik, craokesitt {OuTlAg)jSe, lorondde 
(TlAsS,), orhtttfe TlAsj8b§t, and in various other 
iixm and manganese orossilgelstrom, Z. Krist. 
Min. 1805, 25, M; Antipoff, J. Russ. Pliys. 
Chm 8oc. 1896, 28, 384; Hartley and 
Ramage, Chem. Soe. 'Frans. 1887, 633). It also 
occurs in small ouantities in various minm# 
springs, land has been Mnd iasvolcanic cxlia- 
Utions, • 

Its presence has been observed in crude iriiw 
(Kotmiann) and in platinum and ores (H. K, 
Warm, Cneffl. News, 1887r5.'5, 241). 

Tludliam is prepared from flue dust by 
beiflng it with dilute Balphapc acid and pre- 
cipitating the chloride or Iodide by tiy.traent 
wi^ hyi^bloric or hydriodic yid, a|tct which 
the metal can be obtained by eleotroiytk deposi- 
tkm, by the action of potaasiom cyanide me by 
eteoferOhmia (Buiwen, Hiil. Mag. 1865, {iv.] 29, 
168; Foerntm, Zeitseh, a>norg. Chem. 1887, IS, 
,71). Traoea of lead, tin, copper, j^alnmimam 
necor fw impuritieB. in commercial thaUium 
(Sloiloclt, ScL Proe. Roy. DnWia fioo. 1909, 11, 

' ; fyy^juea is a Wi&tb'-wbite, lead-liK orystai- 
awtal, jwdlea^ but of 

-P.' ' ' ' 

»• 


low tenacity. It exists in two modificaiions, 
the transition temperature being 226* (235‘3®, 
Richards and Smyth). Its sp.gr. is ll'gS, its 
m.p. 303® (Petrenko? Zoitsch. anorg. Cbem. 
loot), 50, 133), its b.p. in vaenum 818* (Kiafft 
and Kiiocke, Ber. 1909, 42, 202) ; at ordinon 
pressure 1515±2° (Isaac* and Tammaim, ibid. 
1007, O."), 58) ; but its b.p. should Be 1^2* at 
760 mm. It gives a monatomic vapour, for 
its absurpUoit spectrum, see Vf. Groixian, 
Zeits. f. Physik. 1923, 12, 218-231; Nara- 
yan, Gunnaiya and Rao, Proo. Roy, Soo., 
1914, A., 106. 596. It commences to volatilise 
at 174® in meud. At a high temperature 
it may bo distilled in a current of hydrogen. 
When' healed it hums with a beautifril green 
flame, and its flame spectrum is churacteriaed 
bv a single gmen line. The heat of solution 
of thallium in thalUuni amalgams of 04)- 
Hi7 p.c. thallium has been determined by 
Theodore W. Riehank and Charles P. Snwth 
by the adiabatic metW (J. Amer. Ohem. Boc. 
1923, 45, 1#6-1460). The following values of 
the heat of solution in joules at 20° of 1 gtm* 
atom of thallium in am^ams of the composi- 
tion stated are recorded : 0‘92 p.c., 2706 ; 2‘4i9 
i).c., 226.) ; 3'81 p.c., 1917; 5-21 p.0., 1590; 
i-p p.c., 1975; 8-76 p.c.,^; 10-43 p.c., 45.; 
11-81 p.c., 234. Thtffie, values are oompMed 
with those obtainod by tUchatrds and Baai^ 
for concentrated amalgams, and found to b» 
consistent with them (A 1920, 4i. 34). A short 
extrapolation of the oomporiition-hMt cd sola- 
tion curve above 0-92 p.c. gives a value for the 
heat of suluUonof thallium in an inflniteqnanti^ 
of mercury of 2970 joules, a value which is 
in fait agmment with 32^ ionieB, the vahn 
obtiuned by Lewis and Randall (Cbem. Soc. 
Abste. 1921, ii 241) by calculation from 
£.M,f. measurements of Richards and Oaniela 
(f,c,) of thaUiunr amalgam concentration oeSs 
(Abslr. J. Chmn. Soo. 1923, 123, 124, u. 536)* 
THe tempentore of teanedormatioh of «- 
d-thaliium was found by Asaiutfa iCbeto. iKt 
Ab8tJ#1926, ii. 483, 645) tq be 232*. 

ThaOiiim oxidises bmore the Uoff|n|is. It 
dissolves Madi^ in tblato xdtrie (tod ttdiWo 



THALUCM. 

acld^. but mpre sftwly in hydroolilono acid» and fand iodide «hoj^ that no ^nble dec|>i^eo^tipn 
at a red heabdecomposes water. oeours, following 

Tballitina and its salts are veiy poisonous formed,: 

(Oirc4 CShem. Zentr. 1895, ii. 9^; Swain and HgOt, m.p. 195 * 

Bateman, J, Bfol. Chom, 1910, 7, 137). Thai- fA. G. l^rgnann, T. A. He^lm, and J. M. 
lium forms alloys with a large number of metals, Islara, d. K-dss# Bh^* 
and.^n am algsm with mercury, which 'has been 466 ; see also J. Russ* Phys. iT-^ ■ 

proved be useful in thermometry (Jifclntosh Oxides . — ^Thallium trioxide T[thauic oxiw) 
ani Johnson, J* Amer. Chem, Soo, 1912, 34, TljO* is formed when an alkaline solution of a 
910; Pavlovitsch, J. Russ. Phys. Chem. Soc. thallous salt is treated with ;?-5*p.c. solution of 
1916, 47, 29 ; Hildebrand and Eastman, J. Amer. hydrogen pcaxixide. When the j^^cipitatioii Mr 
Chem. Soc. 1915, 37, 2462). The existence of m^c in the cold, the Oxide is bfown, is readily 
a solid compound TlgHgj has been established soluble in acids, and has sp.gr. 9Hi5 at 2r, but 
by Richards and Daniels (J. Amer, Chem. 8oc. when the solutions are hot, the oxide is black, is 
1919, 41, 1732), who have studied the electro- sparingly soluble in acids, and has the »p*gr. 
and thermo-chemical behaviour, densiticvS and 1019 at 22^ The brown oxide is partly reduce^ 


freezing^pints of thallium amalgams (e/. 
Richards and Smyth, J. Amer. Chem. Soc. 


when boiled with* water, but the black oxide 
remalnH unchanged* At 100^' the bro^i , slowly 


1922, 44, 624). For references to alloys, set changes into the black variety, and at 620’^ this 


Masq mi Ohikashig6 (Zeitsch. anorg. Chem. 
1912, 78, 68) ; Kurnakov, Shemtschusiiin, and 


change is complete within 24 hours (Rabe, 
Zeitsch. anorg. Chem, llHKl, 48, 427 ; ihid*^ 50, 
ibid. 1907, 55, 130), Thallic oxide may 



For the electric resistance of thallium in the cyatdde (r/. Born', Cliem. Soc. Trana. 1922, 
temperature field of liquid helium, sh. 394). The cryHlalline oxide obUii cd by 


H. K. Canes and W. Tuyn (K. Akad. Amster- 
dam, Proc. 25, 1923, 9 pnd 10, pp. 443-450, 
Comm. Ko. 160A, from the Phys. Lftb. 1^4<len). 

Compounds . — ^Thallium forms two series of 
compounds — 


the nitrate has sp.gr. 9*97 (Thotnas, Compt. 
rend. 1904, 138, 1697; set also Fortini, Gaxx* 
chim. itai. 1905, 35, ii. 450). 'J'huilous hydroxide 
is readily obtained in good yellow, mioro- 
crystalline powilcr by adding to thaliows 


(I) Thallio (TlXg) compounds in ivhich the etho\id(^ in th<i c'>kl an equal volume of wafor, 
•metalistrivalent, corresponding to its jMXsit ion in ^ - .... .,*.-.4 


the aluminium group. Like the compounds of 
aluminium, the thallic salts undergo hydrolysis 
in aqueous solution and form complex salts more 
readily than the corresponding thallous com- 
pounds (Six*.ncer and Al)egg, Zeitsch. anc>rg. 
Chem. 19i06#44, 379). Metallic thallium reduces 
the thallic salts to tho thallous condition. They 
are also reduced by hydroxy lam inc in acid or 
alkaline solutions, by acid Elutions of ferrous 
sulphate, by sodium arscniic solution and, on 
boiling, withhnely divided copjMjr (Berry, Giein. 
Soc. Trans. 1922, 394). In the absence of 
oxidising agents, even in ^le prt^bcnce of thalious 


and drying the precipitate «rn ponvus plates oat 
»f contact witli air. A determ ina tiou of the 
h(iat of hydration of t hallo o^ide b)^ finding 
the different in the heat of solution cd tlie oxide 
and hydroxide in dilute hydroflucuic a<ud gave 
a value 3*117 cal., compared with 3*331 cal. 
found by Thonusf'n. The ht^l of hvdraiion is 
therefore vitv far removed frenn tKat of the 
oxides of the alkali me tab;, but thallous 
hydroxide is ncvenhelc^ss iwi equally jiowerful 
bats<’, and towaids ft’tddc acids, jdicuols, 
shows even stronger basic pro|xrrtic!« than th© 
alkali hydroxides, It can be c.stituated ucidi- 


„ ^ _ metrically usiHg ]ihenolphtha]cin m indicator 

salts, thallic salts give the blue •oloration of. (K. tie Forciuud, (jonsjjt. rend. 1923, 176, 873- 
indophenols w'h^ a-naphthol ana dimothyl-p- 870; J. Chem. *Soe. 4923. 124, ii. 420). 


phenylene-diamme arc^ added to an alkaline 
solution of the salt (Maripo, Gazz. chim. ital. 
1907, 37. i. 66)* 

<2) lliaUous (HX) compounds in which 


i923. 

The oxide diasolvejj in concentrated hydro- 
chloric acid without evolution of chlorine, 
forming thallic cldoride. • 

Thadlium monoxide (tltolluits oxide) ^ 


thallium is monovalent. The thallous salts obtained by h^aidtig Sm turnings of the metal 
closely resemble the salts of the alkali metals ; with cold waUjr in a current of oxygen or by 
thus the hydroxide and carbonate arc rcadUy heating the coTresixmding Wdroxiflo at 150^-^ 
soluble and give an alkaline aqueous solution. 200^^ in nitrogen. It is a black powdesr, m.p* 
J^ny of the tnallous salts, like the sulphate, 3U6^', readily nisiwdAing in water with formalfon 
phosphate, &c., are isomorphous with the of the hf^oxide TlOfi, which crvwtallises with 
c<^ponding pciiafi^ium give double I 2 molcsoules of water in yellow needW The 

hydroxide is d^eimd by light, turm fcnrmeric 

SllfDhateS ore also closclv aniilncrnim iKx. 


snlphatea am also closely analogous to tlw; 
comepouding potassium salts. The thalions 
halides and solphides, on the othef hand, 
maemhle the ooriesponding lead and silver salts. 
Thallous Balts react nith a c&ar aqiueous solu- 
tion td antimony eUoride and potassium io^e, 


m 


a characteristic voluminous orange ore- 
(ibe of the compound STIliSbl, {E^aim. 
»mte^ anorg. Cfemi 1908, fi87363)., ■ 

Thscmal studies of the systems {tMnned bv 
thollow nitrq^e with mwouric oMorkEm hmmide. 


A\ith ^henalphthaicin, thalious ^droxido 

f ives A yeuow colour which is siowfy 
y DSoderately concentrated aqueous sud^iii^ 
especially on warning. It dissolves tsaOn to 
fonn a deep purple liquid, the polour of t^bich on 
warming with alight excess of the mhmmt 
cM^es to yellow, due to the fcinua^on of a salt 
of isatw acid. Thalious salts are 
isomoiyhous with the salto the 
(Thorpe, J. 1876, L 859) 

TmuSmm Wi&||j|y «ioiio> ohi 



€iifihaiic^ SiAda liaye 


hmsk 
Kuhlixiiftjun 


(Atinalen^ 

126» 78} ift {xrepaxed by a^Ming thalioti^ 
byarda:lide sokitioh to valeric add until the 


QU3t evi^pca^a^g 
I residue Itom 


the aolvexit, and x^^rystallkiiig 
beaeeae. Ibe dMt» m^p* 145®-*! 47®, is very 
soluble in water, ethyl alcohol, or hot benzene, 
readily soluble to%myj alcohol, and sparingly 
sphib& in iKjillph etSier, hot light petroleum, or 
cfAd beuiene. 4t is not readily thrown out of 
Bohition in ethyl alcohol addition of ether* 

The pdmitate^ prepanil by adding 33 p*c. 
thall^ hydroxide solution to a hot alcoholic 
solution of palmitic acid until the reaction i» 
neutral to htmua, crystalike* from alcohol in 
leathery aggi^gcEbs* It ia readily soluble in 
ttt>t alcohol, insoluble in ether, and soluble in 
water, the solution bedng opalescent when 
dilute* On shakir^ a w^arm dilute aqueouB 
solution a froth forms on the surface, which 
disappears on cooling, and is not formed on 
shaking the cold solution* It softens on heating 
at 116-118®, but does not melt oomi^tely at 
170^ 

The ofenfe*i8 prepared by atiding the theo- 
foikal amount of thallous hydroxide solution to 
oleic acid, disiiolvi^d m alcohol, and evaporating 
the solution to dryness in a vacuum desiccator. 
The residual soap ftcparatos from ethereal 
solution in wluto needh^s, which are soft and can 
easily lie bemt. On drying they cohere to a 
Bolki, soap4ikc mass. The salt is also soluble in 
perfectly dry ether free from alwhoL It 
an opaiesc<mt solution and, on shaking, a froth 
permanent in the cold (disUnction from the 
palmiiaie)* It fonns a jelly below the main 
bulk of the solution, the volume of the jelly 
being many times greater than that of the oleate 
left undlHsolve<i. 

The nonuai miiiHtk is |m-TKU*ed by accurately 
neutralising adipic acid with aqueous thallous 
hydroxide solution, using phenolphthalein as 
^ indicator. The solution m evaporated to small 
bulk find the crude adipaU? pmeipitated with 
ethyl alcohol, The salt is^issoh^d in ethylene 
glyoob hi which it is V4iiy iwduble, and butyl 
kloohoi added with continued lieatjing until a 
faint dotidiimsa is apparent in the boiling 
ndaturo ; on cooling, the salt Beparatos out in 
cryatailmc katieta. 


TSAia-ItTM. 3 

^e tartaric acids, and also of otesol, resorcinol, 
^aiacok naphthol and vanilUii are described by * 
Christie and Manzies (J* Chem. Soc. 10!^, 127, 
2309). 

QudlUative reactioTM of aqpeaua thaUem 
hydroxide, solitticna with Stt^arif. — ^In concen- 
trated aqueous ’^solution, fructose, gliigsise, 'and 
xylose gii^ with thallous hydroxide solutionj^ 
the cold yellow precipitates which, on heating, 
become reddish-yellow, and finally very dark; 
under suitable conditions mirrors are formed. 
With dilpte solutions no precipitates are formed 
with glucose and fructosi^, but the same colour 
changes are observed on heating, and again on 
heating thallium mirrors are formed, provided 
only tYie thallous hydroxide is present in aufii-* 
cient excels, Sucrose and mannito? can be 
boiled with 10 p.c* thallous hydroxide solution 
without change other than the appearance of a 
faint yellow colour, but after hydrolysis of 
sucrose with dilute sulphuric acid mirrors are 
formed on subsequent beating with thallous 
hydroxide solutio% The formation of mirrors is 
favoured by addition of ammoniunj or sodium 
hydroxide. Good results are obtained by 
hating a mixture of N -glucose and thallous 
hydroxide with addition of 4 or 5 drof>8 of,N- 
s^ium hydroxide solAiou in a clean test-tube 
for 2 mmuU*8 in a water- bath. The ndrrors 
obtained can readily be removed from the glass 
by boiling with tap-w^ateft*, but are permanent 
for mmo w'eeks under cold air-free distilled ^ 
w^ator. On adding U^tra-methyl-y-fructose to 
thallous hydroxide solution, a brown colour is 
developed in the cokl, a small amount of a dark 
fi<»cculcnt precipitate being also formed; on 
boiling this browm colour becomes darker and 
the precipitate dissolves. No mirroi; is formed. 

A standard solution of thallous hydroxide may 
be used for the titration particulariy of organio 
acids. The thallous salts of organic acids are 
consideralilv less soluble than those of the« 
aikali metak, are readily crystallised, and hence 
can be nmi as a oon\Tuient means of iBolation 
and purification (Memdes arid Wilkins, Chem. 
Soc. Trans. 1924, 125, 1148). 

The c«nVfe*(T10),. probably TljOa,TlgO, is 
prcq>ared by adding 175-200 gnns. of 20 p,c. 
potassium £ydroxi<Ki to 15 gnus, of a 10 p.c 
aqueous solution oi^tlwdloua sulpliate. The 
solution is filtered, cooled to —15®, and 3'5 


The normal piff^datc h obtahred by neutral- tgmis. of a 3 p.c. solution of h^ydrogen peroxide 
an solutum of pimdlio acid with i» iuided wilfi constant «^haking. The oxide 

forms a bluish- bkek, kmtzous precipitate, is 
‘quickly decomposed into thallic oxide and 
thallous b yditmdc by cold wat<f and by dilute 
acids, it re^tdify al«orbs carlm dioxide, and, 
unlike ihallims salts, ie oxidised by a current 
of oxygen at ordinaay temperature to thoilic 
oxide (Babo, Zcitsch. anorg. Chem. 1908, 58, 23)* 
Whe 4 ) a nuxturc of thallous sulphate and 
oxalic acid is elcctroiy8<>!d at the ordinary 
le^mporaUre with a curieut of 3-4 volts and 


thaDous hydroxide solution^ doing phenol 
phtbahdii aa indicator and evaporating the 
scdutioit to drynoBB.. It is much more aoluble 
In water than the oormal adifiate, and is almost 
ifwolubio ivi ethyl alcohol, but kau be reciyKtal- 
}M from amyl aleohoi., in the boiling- 

point it ta sparie^y soluble, oeparatix^ on c^>ling 
m long modim^ The mid poadMt ia rtiadily 
BOhilde in wnterv almost ineohibJb in ethyl 
aleohdl^ and mysiafites wm amyl alcohol in 

TkaBoift oak 0 / tkiffl wjttomdkm^ax^tke . — 
jQnitte iacit^ wt tSiS)^ (d»cowp.^ 

Mwliy^ I9 M»id imikiji 

iMiag «« «« 

^ ‘ «» »38} 

,186K; 

ipgi«einl»|btM 


0'l(>-0“4 ftmptoti. tlio oxide lUO, at TiO^.TIjO; 



u de|KMsite(i on thff Mtode. When the dejM^ to 
dUHKHVvd in dilate hydrooldorio acid, chfoine ie 
OTolred and a 3^aw salt Tldj^XlCl ia iom«d 
(Qallo «id Oemd, R. Aoeid. ISOllf 

It. 3 I7jli we). • 

The foUoinag oenij^x ihto of and 

thftlDuei ate deaeribed hy 0. OKanetiCGIaidt. tMim- 
Mi. )ifi% 68, it S0e), via: 






. !£l9Ga(SOs),, a yellow jiowder ; 
. SOj^yTlt^Os, ciimabarised crystals 
in aqneaus ammonia to^ blue solution ; 
"«0u(SaOj),> microcrystalline powder 

, (Cbm, Soc. Abstx. im, 124, u. 74). 

I ?or the balogon and mixed halogen com- 
poiihds i^f thallium, see Wells and penfield 
(Slitsch* anorg. Chem. 1894, 6, 312) ; Meyei* (ibid. 

1900, 24, 321 ; ibid. 1902, 32, 72) ; Thomas 
(Compt. Tend. 1900, 131, 892, 1208 ; ibid. 1901, 
132, 80, 1487 ; ibid. 133, 735 ; ibid. 1902, 134, 
645 ; im. 135, 1051 ; ibid. 1900, 142, 838 ; ibid. 
143, 282 ; Ann. Chim. 1907, Iviii.] 11, 204); 
Cttsliman (Amer. Chom. J. 1900, 24, 222 ; ibid. 

1901, 20, 505) ; Maitland and Abegg (Zeitsch. 
anorg. Chem. 1906, 49, 341); Etols&enberg and 
Hath (iZditBch. physikai. C^eni. 1910, 71, 041), 
Thalliuin halides form double salts with many 
other metals (Meyer, Lc, ; Thomas, Ic. ; Pratt, 
Zeitsch. anorg. Chem. 1895, 9, 19; Wells anil 
Foote, Amer. J. Soi. 1 897, 3, 400 ; Eplirairn 
and Heymami, Ber. 1909, 42, 4450 ; Ephraim 
and Barteezko, Zoitsch. anorg. Chem. 1909, 61, 
238 ; Geweeke, Annalen, 1909, 366, 217 ; Del4- 
pine, Compt. rend. 1909, 149, 1072; Geweoke, 
Z^tach, anorg. Chem. 1912, 75, 272; San* 
donnini, Atti R. Accad. Lincei. 1913, fv.] 22, 
iL 20; Scaipa, ibid. 1^12, [v.| 21, ii. 719; 
Lunde, Chem. Soc. Abstr. 1925, ii. 941 ; Randall 
and Vaneelow, ibid. 1925, ii. 33). Thallous 
chloride darkens on* exposure to light and 

^becomes blackish-brown, due to the foima* 
tion of a photo-thallous chloride and thallous- 
thallic chloride (cf. Renz, Helv. Chim. Acta. 
1919, 2, 704). When thallium is dissolved in 
hot dilute hydrofluoric acid, H^TlFg is obtained 
crystallising in w^hito prisms. On heating it 
evolves hytofluoric acid ; its aqueous solution 
is acid, but does not attack glass, the fluorine 
ion being masked. It forms two tj^pes of 
salt®, KHTIF3 and K«T1F« (Barlot, Compt, rend. 
.1920, 171, 1143). 

ThMk atU^kide Tl^Ss is formed when the 
metal is fused with excess of sulphur. It is black 
and above 12* is plastic, ]jut below 12® it is hard 
and brittle. When sulphuretted ^hydrogen is 
passed into a solution of a tiialloiv>i*(8alt, thrillous 
sulphide Ti*S is formed as a black precipitate, 
which can be obtained in a crystalline form 
(Btan^k, Zeitsch. anorg, them. 1898, 17, 117; 
see also I>oczka, Chem, Zentr. 1898, i. 657 ; 
Hawl^, J. Amer. Chem. Soc. 1907, 29, 1011), 
Accormng to P61aboi%((k)mpt, rend. 1907, 145, 
118) the Bulphides TlgSy, TlgS^ also exist (see 
Mcimtain and Hddhtlen, Ben 1903, 30, 3090). 
Double sulphide with cojqM^r and tin are also 
• known (Bruner and Zawachki, Bull. Acad. Sci. 
Cracow, 1909, 312 ; Hawley, J, Phys. Chem. 
1900, 10, 054). 

ThaUivm mdpkates and their double salts are 
described by Stortanbeker (Ree, trav, chim. 
1902, 21, 87) ; Kohn (Zeitsch. anorg. Chem. 
1908, 69, 111 ) ; Piccini and Fortini (if^ld, 1902, 
31, 461) J Locke (Amer. Chem. J. 1902, 27, 280) ; 
Marshall (Proc. Roy. Soc. Edih. lf>02, 24, 306) ; 
Meyer and Goldschmidt (Ber. 1903, 30, 238). 
Many doable salts of thallio and thallous 
fSifFhaiea have been described, but according to 
Besmtk " ’ * ' — ■ ' ^ 

TLaoI-TlJSO.). 
others bdngieg«rded as mixtu; 


THALLIUM. ^ • 

the reduction %f thaliic sulphate of 

ferrous sulphate, see Berry (Chem* S(^. Trana 
1923, 123, 1109). 

T'hc solubility of thaliic oxide, the basic 


sulphate, Tl(0H)S04,2Hg0, aaid the acid sul* 
phibe, HTl(S047„4Hg0, has been determined 
in sulphuric acid of various coi^entrations from 
10 p.c. to 90 p.c. at various temperatures and 
the stability diagram constriicted. It is shown 
that no other thaliic sul|)hate'^isls under the 
above-named conditions, and* that the other 
thaliic sulphates descri]^.d in the literature 
are mixtures, the forihation of which is due to 
the slowness of the change from one salt to 
another. Tl'he transition point of the two 
sulphates menlicmed above lies at about 40®. 
The com^sponding selenates •have also been 
investigated, and are found to be very shnilfii^ 
to the sulphates ; the main point of difference 
between them is that the transition pc»mt lies 
at 45*^ (Julius Meyer. Rec. irav. chim. 1921. 43, 
614-619; J. Chem. Soc. 1923, 123, 124, ii; 637). 

SVialitum stdpldle is a white granular ciystal* 
lino powder (Seubert and El ten, Zeitsch. anorg. 
Chem. 1892, 2, 434 ; ibid. 1893, 4, 44). 

ThuUium adenides I'LSe and Tl^e, are known 
The existence of a third TloBe^ (P^bon), or 
TlgSeg (Murakami) is doubtful. 

Tlmlliwm tdluride is described by Bnikl 
(Monatsh. 1024, 46, 471, (liem. Soc. Abstr. 1925, 
ii. 806). 

TJiaUivm nitrates arc described by Wells and 
Beardsley (Amer. (Jhem. J. 1901,, 26, 257); 
Meyer (Lc.) ; Thomas (Ctmipt. rend. 1904, 138, 
1697) ; van Eyk (Zeitsch. physikai, Chem. 1905, 
61, 721). 

Thullmm mercurous nUraie^ m.p. 70®, sp.gr. 
5*3®, gives a clear mobile solution miscible with 
water and not reacting with sulphides. It 
forms a useful liquid for t he tjcparation of mineral 
sulphides (Retgers, Jahrb. Min, 1890, ii. 183). 

ThulUum nitrite forms dcmble salts with 
cobalt and other metals (Przibylla, Ztutech. 
anorg. Chem, 1898, 18, 448 ; (Cunningham and 
Perkin, Chem. Boc. Trans. 1909, 1569; Tanatar 
an<bPetroff, J.*Kuss, Plys. Chern. Soc, 1910, 42, 
94). • 

For nilrous-nitrjii eoinplexe.s of thallium, v. 
Gazz. chim. ital. 1919, 49, ii. 217. 

ThnUous tetraborate Tl^BiOy, hexaborate 
TlaB^Oj^^ailgO, octobhraU TlgB.Oijj, 4 HjO, 
*dei'al*orate TigBi»Oi4,8HjtO, dodecd^oraUt 
Tl^B.jOjg.THfO, have also been •prepared. 
Thallous perborate is also known. 

Thallium emoimide or nitride TlISTji remains 
unchangiMi when heatfjd to 340®, but explodes 
when heated morS strongly or when struck 
(Curtiuft and Ri^on, J. pr. <5bem. 1898, [in] 58, 
261 ; also Dennis Doan, J. Amor. Oiem. 
Soc. 1^90, 18, 970; Franklin, J. Phys. Chem. 
1912, 10^6«2)j|^ ^ 

Thallium ixmlaie is pro* 
paar# by treating the freshly proeijntated 
hydroxide at 25® with a largci excess of- a cold 
saturated solution of oxalic acid. Wen 
suspended in absolute alcohol, cooled to 0®„ and 
treated with dry ammonia, the compomid 
T1(C0*)*NH4(NH,), is a bigber 


I^it^h. tai^g. temperaiure*th©"com^u^^^ 

The pyridine salt TlfCO.lAaH JST £d 



TBmm. 


hav<o also1bite0o ol)taittod (Eabe and Btoinmetz, | 
Bn. 1^,35,4447). ' 

fhaUom (tlM oxidei (Chem. Soo. Abstr. 

tm, 1 84). 

ThctUovM cfi»^n«de, and cyanide 

also known. • 

Thidhwi chromaU i» practically insoluble in 
dilute alcohol eilhd may be employed for the 
quantitative sepaiation and estimation of 
thallium (s^ Outtica ahd Canneri, Gazz. ehim, 
ital 1921, 51, K 189). 

Tfudlcm pkirMnalCt e(fc Giua (Gazz, chiih. 
ital. 1924, 54, 204 ; Chem,*Soc. Abstr. 1924, 126, 
i. 770), 

For a number of other thallium salts, see 
Giorgis, Gazz. chim. ital. 1804, 24, ii. 474; 
Btavonhagen, J.#pr. Chem. 1895, fiL] 51, 1; 
tfcly, Compt, rend. 1894, 1 18, 649 ; IVlam'o, Real. 
Accad. Lincei, 1893, ii. 382 ; Hofmann, Zeitsch. 
anorg. Ohem. 1896, 12, 55 ; Pjccini, ibid, 1897, 
13, 441 ; Piccini and Marino, ibid. 1901, 27, 62 ; 
Marino, ibid, 1909, 62, 173; Giauser, Ahid, 
1910, 06, 437 ; Dennis and Doan, Z.c. ; WyrouboflP, 
Bull. Franc. Min. 1896, 19, 219; Hawley, J. 
Amcr. (ihem. Boc. 1907, 29, 300 ; Kurowski,* Ber. 
1910, 43, 1078; Bm;htala, J. pr. Chem. 1913, 
[ii.] 88, 771 i* Franklin, J. Amor. Cbom. Soc, 
1915, 37, 2279; Benraih, Zeitsch. an<»rg. C3iem. 
1915, 93, 161); for photo<jhf‘mical reactions of 
compounds of thallium, see B(?nrath, Zeitseh. 
wisa. Photochoip. 1915, 14, 217; Renz, Helv. 
Chim, Acta, 1919, 2, 704; 1921, 4950; J923, 
1161; Goddard, Chem. Hoc. Trans. 1021, 672; 
1922. 36, 256, 482. 

Tlallitm dimeff^yl fimrUU TIMc^F ajid the cor- 
responding thallium diethyl fluoride and thallium 
diphenyl fluoride and Kimilar compounds are 
describ'd by Krause and von Grosso, Ber. 1925. 
58 [B), 272, 1933; Chem, Soe. Abstr, 1925, i. 
378, 1252. 

For tho constitution of aqueous solutions of 
thallium salts, see Druckor, Zcitsch. Eloctrochem. 
1922, 28, 463-467. 


^(Canzonori, Gazz, chim, ital/ 13, 514; 24, ii, 
437) ; m.p. 123®-124®. The anliydride melts 
at 71®. 

Thapsio acid* is identical with tetradecane 
dicarboxylic acid obtained by thb electrolysis of 
potassium ethyl azeiate (Carmichael, Chem. Soc. 
Trans. 1922, 121, 2545). . •• 

THAUMASITB. Hydrated nilicate, caifa>- 
nate, and sulphate of calcium, crystallised in the 
hexagonal system. This mineral is of interest in 
containing threo acid radicles, and the existence 
of such ^ compound, which has not been pre- 
pared artificially, may possibly have some 
bearing on the scitting of plasters. The formula 
is GaSiOa-CaCJOs-CaSO^ lSHjO, Since imfi 
is expelled at an<i the remainder four- 
stages below a n^d-hcat, corresponding to four 
hvdroxyl groups, the formula may be written 
[(CaOH)C02l(CaOH)SO,l[aOH]HSi04‘13HjO. 
Tho mineral forms snow-white, alabaster-iike 
masses or loose aggregates of small transparent 
hexagonal prisms. It is very light, sp.gr. 1*88 ; 

H. 3i; readily d^^omposed by dilute hydro- 
chloric acid, and slightly soluble in water. It 
is known from two mines in Sweden, and has 
boon found in considerable quantity with 
poctolite (}lNaCa2(SiOa)2) and apophyllito m 
cavities in basalt at ‘West Paterson in New 
Jersey. Another occurrence is as a filling of 
small fissures in metamorjAiosed dolomitic lime- 
stone in Beaver Co., Utah! 

WUktite is a similar complex combination of ^ 
calcium salts, but containing in addition 
phosphate and a surplus of oxide, tho formula 
being 3Caa(P04)j'3Ca,>Si04 3CaS04*CaC0a*Ca0, 
The hexagonal cryst^s ha%’'e characters near 
those of apatite, sp.gr. 3*234. They are pink 
in colour and are found embedded ifi the blue 
oalcito of a contaot-metamorphic limestone at 
Crestmoro in Rivorsido Co,, Cialifomia. 

L. J. B. 

THEBAINE Opium. 


Thallium may be determined by tho electro- 
• lytic dcjK>fliiion of thallic oxide as follows : 
A solution containing O’i-O o grm. of thallous 
nitrate and 0*1 grm. of iro0 nitric add is placed 
in a roughened platimmi dinl^ diluted to 100 c.c., 
and either 10 c.c. of absolute alcohol or 5-10 c.c. 
of reetifiod aocitone added. Tho dish is made the 
anode in the electrolysis, and the cathode is a 
disc of iridio-piatinum of 12 sq. cm., which is 
rotated at 300 ix^vs. p<5!r irnnuU*. t The electro- 
lysis is carried out at fi0®-62% din*etly from a 
single accumulator. After 10 hours the voltage 
is raiatd to 2*M*0 volts and a euireni of 0*05 
amp, passed for a short time. The deposit, 
which i« firm, i« washed with water and dried 
at 160®-170®, preferably in an ol^irically heatod 
oven; in any case reduttidg Rases must not 
com© into a^niact with tho dq|Kwit. When 
diy the dish is cooled in a and 

weighed rapidiv, sinoo tho^doijosit is some-^iat 
hyg^mopie. The method is good, the results 
bedng accurate to within ±0"2 p.c. (W. Dieterlo; 
E^sch. Elektroohem. 1923, 29, 493 ; J. Soo. 
Ghem. Ind. 1924, 43, B. 79). • 

A name i^ivon by Knop 
and Mnedemann to the green colouring matter 
(Aniuden, 147}, 

tlSSttC A# Obtained km 

t&a ^jtlhled mta m ' (Itod 

d' 


THElffE or Caffehhc v, CAFVEXKn, For the 
cxlraction of caffeine by various solvents, see 
H, E. AVatson, K. M.*Sheth, and J. J. Sud- 
borough, (Jj Ind, Inst. Soi, 1922, 5, 177- 
2i>7). 

The fact that theine (cafleine) exists in the 
leaves of tho coflfee plant has long been known, 
but it is only since tho war that they have been 
commercially exploited to produce Giis drag. 
Tbe idea originated in Sumatra, where under the 
present Rj'stem of cultivatibn coflPese is frequently 
attacked" by insects of the genus coccaa. With 
the failure of t he berry crop, the ayowors, seeking 
a substitute for the ordiiiHiy cafieine->eontaining 
product, collected the leaves from which pure 
theine prepared. With the war the demand 
for theine so i^atly exi^led that the pro<^ 
of extracting it from the leaves was resorted 
to on an extonsiv© s<saic by the Dutch factories, 
which pujehased them by ilm ton from tho native 
growers and pickers. So far, the procosB of 
preparation has bpen kept Aocrot, but there is 
no gainsaying tho purity of th© product. On 
the western aid© of th© island of Sumatra th© 
produceis, and, in fact, the genera! public, havu 
tor^ us|d an infui^qn of torn^fied ootfo© leaves m 
a bevero^/ tho Wriea themselves ali being 
reserved tor export. Ilho use of ih© lea^ foar 
this purpose has grown to mok an^xtent that 
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it is now looked upon as an absolute necessary 
of life. t 

During the past four years Germany has 
been importing enormous quantities of cofFec 
leaves from Sumatra and utilising them in the 
same way ; and in some parts of Germany the 
infusion from the leaves has quite taken the 
place of*the berr5% tlie price of which has been 
aif obstacle to its re«ady sale. C-ar(‘ful research 
work has resulted in proof that the extract 
obtained from the leaves has undoubted nutrit ive 
properties. In addition, a vast number of 
analyses have been taken whieli furnish data 
practically guaranteeing its safely as an article 
of diet, with an entire absc-nce of dekderious 
etfeets. With a little boibnl rice and infusion 
of the (jofTee leaf a man will sujqKwt the labours 
of the field in ricc-i)lanting for daj^s and weeks 
successively up to the knei^s in mud, under a 
burning sun or drenching rains, whi<di lie could 
not do by the use of simple wat(T, or by the 
aid of sjurituous or fermented liquors. l*lanters 
in Sumatra bad opportunity of observing for 
tw'enty years the comparaliv*.; use of the coffee 
leaf in one class of natives, and of spirituous 
liquors in another, the native Sumatrans using 
the former, and the natives of British India 
(imported labour) the jatter. Tteeords show, 
while the former ex])Ose tliemselves with im- 
punity for any period to every d(‘gree of heat, 
cold and wet, the latter can endure nidther wet 
nor cold fgr even a short period without danger 
to their health. Although the coffee berry can 
only be produced in certain climates and on 
soils containing marked peculiarities, the plant 
itself W'ill flourish in any tropical country where 
the soil is sufficiently fertile, and in consequence 
the field for production of the leaves is almost 
unlimited, f As a means, therefore, of ])roviding 
caffeine for general consumption, free from 
deleterious qualities, and yet containing great 
nutritive propel ties, the leaves ap]M.*ar to be 
• eminently suitalile. 

Samples of the leaves grown in North 
Queensland have already been sliipped to 
Hamburg, W'here they ha»'c been mo.-t favourably 
commented upon. Th(? shipments withstood 
the long voyage well. ^I'hcy dtselosed fairly 
regular fragments of shining leave.s mi.xcd with 
small pieces of stalk, all^of deep brown colour. 
The odour is described as exceedingly fragrant 
and something like a mixture of tea and coffee. 
An infusion in boiling water ])roduced a trans- 
parent, dark-amber ^.o brown-coloured liquid, 
which, used in the same w^ay as ordinary coffeir, 
with the addition of milk and sugar, was jiro- 
nounced by experts as exctellent. The jirice 
of the leaves is only about one-half that of the 
berries for which they arc proposed as a sub- 
stitute (Pharm. J. 1924, 113, Tj!)). 

For the determination of theine in coffee, see 
Lucas (J. Soc. Chem. Tiid. 1924, 43, B, 489). 

THENARDITE. A mineral consisting of 
anhydrous sodium sulphate (NaoSO^)!! crystal- 
lised in the orthorhombic system. It is found as 
large crystals, 6 ins. or more* in length, on the 
shores of salt, soda, and borax lakes in arid 
regions, and sometimes forms Ixids of consider- 
able extent, together with ghuiberite, &c. 
Sp.gr. 2 ‘68- 2 *09; H. 2-3. * The . wafer-clear 
crystals absorb watijr from a moist atmosphere 
and beconm cloudy. Localities arc : Borax 


Lake in 8an Bt)rnardino Co., California ; on.jbhe 
Rio Verde in Arizona ; Rhodes l^arsh in*Nevada ; 
Tarapaca and elsewhere in the Chilean nitrate 
dt^posits ; Espartinas near Madrid ; the oasis 
of Bilma in French Sudan ; and the salt lakes 
nortfi of the Castilian. It is of rare occurrence 
in the German abraum-salts and in the fumarolos 
of volcanoes • li. J. S. 

THENARD’S BLUE. C^jnlt Hue v. Pia- 

THEOBROMA CACAO j-.’copftA. • 
'tHEOBROMIC AfilD O^TIj.OOOH is ob- 

aif led from cocoa bfftter and melts at 72°: 
t. is a]>parently identical with arachidic- acid 
q.v.). 

THEOBROMINE CAFFBraE, Vol. T., 726. 
For t he estimation of theobromine in cocoa and 
its ]>roducts v, Wadsworth, Analyst, 1921, 3?‘ 
The theobromine content of nibs from 21 different 
producing areas varied from 2*2 to 3*9 p.c. 
calculated on dry, fat -free material, the varia- 
tion 'depending upon the variety of the bean 
and on tlm degree of fermentation, a ])roeess 
whi(‘li considerably reduces the theobromine 
mtent. in tlie shell the theobromine varied 
from 0*19 to 2*89 p.e., the alkaloid being carried 
by the sweatings from nut to sliell. No theo- 
bromine was lost from nibs or shells during 
roasting. In ord(w to de*tennine the amount of 
theobromine in cocoa, the cocoa is heated in a 
dry Kjeltlahl digestion flask until the theo- 
bromine is sublimed and the cocoa completely 
carbonised. The tlicobromine isc extracted 
with hot w'at/er, the solution flltorcd, and the 
iiltrate evaporated to dryness orf the w*ater-baUi 
3'he residue is purified by extraction wdth abso- 
lute* alcohol, treated with aqu<*ous ammonia, 
and dissolvt‘d in chloroform. The chloroform 
solution is filtered and evaporated to dryness, 
the residue extracted tliree times with 3 c.e. of 
liot w^atcr, filtered, and the filtrate evaporated 
to dryness on a w'atch glass, dried at 100°- 
105 G., and w*eighcd. The wdiole determination 
takes about- 2i hr.s. The percentage of thoo- ^ 
bromine in various samjiles of commercial cocoa 
var.'cd from 6*45 ]),r. to 1*17 fi.e. (T. Ugartc, 
rj. Pharm. (/him. 1923, 27, 420 423; tl, Soc. 
(Jhern. Ind. 1923, 42*, ()75A). 

Theobromine may be distinguislied from 
caffeine by the differences in the colorations yiro- 
duced w^hen the n'spective bismutho-iodides 
'are reduced by liydriodic acid. For the distribu- 
tion of thoobffunine* during the fermohtation of 
cacao, see Knitpj) and Wadsworth (J. JSoc. Chem. 
Ind. 1924, 43, 124 T). 

THEOBROMOSjEl, THEOCIN, THEOLAC 
TIN, THEOPHORIN, THEOPHYLLIN, r. Syn- 

THISTIO DRUGS. , 

THEOCYLEKE.* Compound of tlu'obromino 
and a-tpirin. 

THEOFORM. a condensation product of 
thecibrominc and forrhic acid. 

THEOPHYLLINE v. Caffeine. 

THEOPHYSEM. lodoethylallylthioxy-urea. 

THEOSALIN. Trade name for an addition 
product of tlicobromine sodium, and sodium 
suliihosal icy late. 

THERMAL PROPERTIES OF GASES. In 

J. Phys. Chem. Feb., 1924, 28, 97, Pickering 
reviews the consents of the nfore common gases 
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and (;iv& the following value# as the moetl 
probable : — § 



Critical 1 


Critical 

IXetisity 

Gas 

Tempera- * 
turo f 

Critical 

Pressure 


' 


grt per 


°C. abs. 

atm. 

c.c. 

Arctylciio . » 

309*0 ? 

100 

0*231 

Air . . • . * . 

• 

* 132-4 

37-2 

f 0*3.56 
to-31c 

Allylone * . • . 

4010 

— 

— - 

Ammonia 

4of>-5 

112-0 

0*236 

Argon 

li5(i-7 

48-0 

0-52 

Butane (uo) 

40t>-8 ? 

30-5 ? 



Butane (n) 

420-3 ? 

35-7 ? 



Carbon dioxide 

304*1 

72*9 

0*400 

(^‘irbon monoxide 

134*4 

34-6 

0-311 

Chlorine . • • • 

4J7-0* 

70-0 

0-573 

Cyanogen 

401-4 

59-7 


fithaiift . 

30&‘2 

48-8 

0-21 

Ktiiyl chloride . 

450 0 ? 

54-0 ? 


Etiiylene . 

282-0 

50*7 

— 

Helium . 

5-20 

2-20 

0000 

Jlydrogen 

‘ 33-18 

12-8 

I 0 031C 

Hydrogen i»romiilo . 

1 303-r» 

— 

. — 

Hydrogen eliloriile . 

j 321-5 

83-0? 

— 

Hydrogen iodide 

1 423-9 ? 

— 

— 

Jlydrogen sulpiiide . 

373-5 

89-0 1 

1 — 

Krypton 

210-0 

54-3 ? 

— 

Methane . 

190-0 

45-7 

1 0-162 

Metliyl eliloridtf 

410-2 

05*9 

; 0*37 ? 

Neon 

44-7 

20-9 

i — 

Nitric oxide 

IvSO O ? 

71-0? 

: . — . 

Nitrogen . 

1200 

33-5 

0-.3310 

Nitrous oxide . 

309-6 

71-7 

; 0*45 ? 

Oxygen ozone . 

208-0 ? 

92-3 ? 

1 

PIiosg(‘,nc 

450+ 0-5 ? 


1 — 

Proi)ane . 

308-7 

45*0 


Propylene 

304-5 ? 

45*3 ? 

I 

Sulphur dioxide 

430-3 

77*7 

' 0-52 ? 

Xenon 

289*7 

58*2 

ri55 

(Sci. Abstr. 1924, 27, 

531). 




Determination of the normal hailing- points of 
oxygen, nitrogen, and hydrogen . — Henning and 
Ilcuse’s (Zf'itri. f. Physik. 1024, 211 1, 105) final 
results reduced to tlie thorinodynamic scale of 
temperature are : 

Oxygen . . . — 183*00 i *02 

Nitrogen . . . - 105*81 tfc*02 

Hydrogen . . . — 2r)2*78it:*02 

Over the range — 183" to^ - 205^ the variation 
of the boiling-point of oxygen with pressure is 
given by the equation • 
log ■“ 370 05/T -0 00902 1 0T+ 1 * 75 

log T-l-4-53fV19 (whore T=273*20+0 
and for nitrogen by 

log -301*91/T-0•0(^J0272T+ 1 *75 

log T4 4*17043 

The resistances of two Pt thermometers used 
over a period of twelve yeais in this work were 
again measured at these lixed-point tempera- 
tures. The values have remained practically 
constant, the greatest obseiVecf alteration only 
corresponding to a cliango of tjjinperartire of 
0*02® (Sci. Abstr. 1924, 27, 045). • 

THERMIOL. Trade • name for sociium 
phcnylpropiolate. 

THERMIT PROCESS. In a thermit re- 
action a metallic com])ound (e.g, an oxide) is 
reduced by one or several metaRj or metallic 
alloys in such a way that when the mixture is 
ignited at one place, the reaction continues to 
go on spontaneously with complete oxidation of 
the reducing olenient, a fluid slag being formed, 
whilst the roducocTmetal is obtajpod os a compact 


uniform regulus ; if the oxide is used in excess, 
the reduced metal is free, or practically free, 
from the clement used as reducing agent ’ (H. 
Goldschmidt, Elcctrochem. and Metall. Ind. 
1908,0,300). 

In 1898 Goldschmidt (Stahl and Eisen, 1898, 
18, 408 ; J. Soc. Chern. Ind. 1898, 17„543,*584, 
049 ; Zcksch. fiir. Elcktrochem. 1898, 4, 4^4 ; 
1899, 0, 53) succeeded in reducing the oxides of 
chromium, manganese, iron, copper, titanium, 
boron, tungsten, molybdenum, nickel, cobalt, 
zin;oiiium, vanadium, columbium, tantalum, 
cerium, * thorium, barium, calcium, sodium, 
potassium, lead, and tin very conveniently by 
moans of aluminium. Such reduction pro- 
cesses had been anticipated, owing to the 
facit that mc.asiired with respect to jtTle same 
quantity of oxygen, aluminium has a greater 
heat of oxidation than almost any other metal. 
Karlier atttmipts to carry out such experiments 
had, howeviT, ])roved very unsatisfactory ; 
either the reactions would not begin, or they 
occurred with cx])losivo violence. Goldschmidt 
overcame the dilSculty by mixing the finely- 
divided oxid(‘ intimately with powdered or 
granulated aluminium, and starting the action 
at one point by raising its t(*mperat.uro suffici- 
ently high. 33ie reaction being onc<^ initialed, 
the enormous heat developed causes it to spread 
quickly throughout the entire mass, the time of 
rcficlion not varying appreciably mth the 
quantity of material em])loyed, and Ixdng about 
30 seconds in the case of iron oxide and alumi- • 
niuin. To start the reaction at one spot, Gold- 
schmidt ])laccd a small heap of a mixture of 
j)Owdered aluminium (or magnesium) and 
barium peroxide on top of the mixture to act as 
a fuse, and inserted therein a strip of magnesium 
ribbon. On lighting the latter, the fuse ignites, 
and the thermit reaction is started. 

Owing to the heat developed in these re- 
actions and the rapidity with which they occur, 
an enormous liunjieraturo is produced, second* 
only to that of the electric an;. It has been 
estimated at 2()(K)"-3000°, and direct observation 
with a Eery radiation jfyrometer has shown that 
the temperapme of a stream of steel produced 
from iron oxide and aluminium, as it was poured 
from the crucible, was 3200" (the melting-point 
of steel is approxintatcly 1350"). At such 
temperatures the entire contents of the crucible 
remain liquid ; the reduced metal sinks to 
the bottom, covered with a layer of molten 
alumina. • 

Other metals have been tried for the reduc- 
tion of metallic oxides. Porkiij (Faraday Soc. 
Trans. 1907, 3, 115, 179), and also Goldschmidt . 
have tried calcium, but the reactions are too 
violent to bo of much use, wliilst the slag 
is difficultly fusible. Silicon (made in the 
electric furnace) has also been tried; but the 
reactions are too slow. The so-called mixed- 
metal, wtiich consists essentially of cerium, has, 
however, been successfully employed in the 
preparation of puijo vanadium, columbium, and 
tantalum (Muthmann, Weiss, and Riedel bauch, 
Annalen, 1907, 355, 58 ; Weiss and Aichel, ibid, 
1904, 337, 370). ^ 

A i^imber of mixtures may be used in place 
of aluminium, ancl some have been patented. A 
mixture of equal parts of cafe mm-therihit and 
si/icoTi-thermit^ so that the acti^ ^lemonts, 
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calcium and silicon, are in the ratio of 2 to 1, is^ 
especially effective (Fr. Pat. 361197, 1905). It 
reacts like an ordinary aluminium-thermit, 
yielding a thin fluid having* approximately 
the compositidn 4Ca0‘3Si02> and molting at 
1425^ (BOudouard, Iron and Steel, 1905, 352). 
The active mixture may be prepared either by 
mjxing ett* alloying calcium with silicon {v, Fr. 
Pat. 388638, 1908). A mixture of ma-qnesium 
and silicon may also be used to replace alu- 
minium, giving a reaction like ordinary thermit 
(Eng. Pat. 3089. 1906; Fr. Pat. 364313, liK)6; 
U.S. Pat. 902871, 1908), whilst magneshim itself 
acts similarly to calcium in its reactions -with 
metallic oxides. Magnesium-silicon thermit is 
best mixed in proportions which yield a slag of 
the coiflposition 7Mg0‘4Si02. A third mixture, 
viz, aluminium-thi&rmit and caZcmw-tliermit, 
gives very good results. The proportions may 
vary between wide limits, avoiding too large an 
excess of calcium, and the calcium aluminate 
slag is more fusible than alumina. A mixture 
containing 40 p.c. calcium -thermit produces a 
very fluid slag 3Ca0*2Al20j; and has a heat 
effect greater than that of aluminium-thermit 
(Fr. Pat. 361197, 1905; addn. Jan. HK)6 ; 
U.S.A. Pats. 875345, 1907; 875666, 1907; 

906009, 1908; Eng. Pat, 926, 1906). See also 
Watts and IJreckenridge, Electrochem. & Metall. 
Ind. 1908, 6, 237 ; Weston and Ellis, Faraday 
Soc. Trans. 1907, 3, 17^ ; 1908, 4, 60, 130 ; 1910, 
6, 144 ; and Skindcr, Chem, Zentr. 1909, i. 
«629. 

Technical applications. — Although the thermit 
reaction (Goldschmidt’s reaction only dates 
from 1898, it has acquired great technological 
importance, and the subject of ' alumino- 
thermics ’ has been extensively developed. 

PreparaCion of metals and alloys. — The follow'- 
ing are obtained by reducing the requisite 
metallic oxides (or mixtures of oxides) with a 
slight defleit of aluminium ; chromium, manga- 
•nese, molybdenum, ferro-tilanium, ferro- vana- 
dium, ferro-boron, manganese-copper, manga- 
nese-zinc, manganese-tin, manganese-titanium, 
chromium-manganese. They are of great value 
in the iron and steel and other Ynetallurgical 
industries ; chromium, in particular, is largely 
employed in the manufacture of high-si>ecd tool 
steel and armour plate. «The metals and alloys 
produced are carhon-free. The crucibles in 
which the preparations arc carried out must be 
lined with magnesia (Eng. Pat. 9610, 1905 ; 
Fr. Pat. 354597, 1906), one of the few oxides 
that aluminium is unable to reduce. The best* 
method of prqpedure to ensure a maximum 
^ yield of chromium or manganese consists in 
’ mixing 1-4 p.c. of higher oxide with the bulk 
of lower oxide to be reduced to metal (Eng. Pat. 
20004, 1905; Fr. Pat, 358071, 1905; U.S. Pat. 
895628, 1908). 

For experimental purposes, steel of any 
grade can be made by the thermit^ process, 
since the heat developed is sufficient* to melt 
thoroughly small portions of even the most 
refractory metals. The thermit steel is free 
from carbon, but may be converted into 
high carbon steel by the addition of cast-iron 
s&ot. ^ I 

The slag produced is also of *commercial 
value.. * It may be employed in the preparation 
of altiminiu|i, or used in place of natural cornu- 
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dum. It is especially valuable for uje in..tho 
manufacture of pottoiy, for which purpose it is 
mixed with clay and burned (D. R. P. 160780, 
1901). Corubin, an abrasive materied for 
majdng emery wheels, emery qloth, &c., is pre- 
pared by crusMng the slag obtained as by- 
product in the manufacture of chromiuni. 

Welding iron and steely and* repairing broken 
steel caMings. — The advantages of the thermit 
process for these applications ar^ that it is 
sinaplo, rapid, requires no speej^ skilK and en- 
ables repairs to be made in situ, when any other 
process would necessitate a dismantling of 
apparatus. 

The mixture employed is composed of 
powdered alumiiyum and magnetic iron oxide, 
and wlien ignited yields lijSf its weight of 
molten steel. Its registered trade name is 
‘ thermit.’ The reaction 

8Al+3Fe804=4Al203+9Fo 

indicates that approximately 3 parts of alumi- 
nium powder require 10 parts of magnetic oxide, 
and produce 7 j)arts of iron. Early literature on 
the subject gives the reaction as 

2A14-Fc203=Al208+2Fe 
but examination of thermit with a magnet will 
show that the magnetic oxide is now employed. 
It is added in the form of granulated rolling- 
mill scale. 

The firing of a charge of thermit produces a 
pure mild steel of the following average com- 
position — 

Carbon .... 0’05-0*10 

Manganese . . *. 0’08-0*10 

Silicon .... 0*09-0*20 

Sulphur .... 0*03-0*04 

Phos 2 )horus . . . 0*04-0*05 

Aluminium . . . 0*07-0*18 

Two methods of welding are in use, (a) the 
reaction serving merely as a source of heat 
(Eng. Pat. 19328, 1899), and (6) the steel pro- 
duced bv the reaction being utilised as well 
(Eng. Pat. 10859, 1901 ; 20894, 1900; U.S. Pat. ^ 
729573, 1903)« In process (a) pure materials 
need not be used, anil, if necessary, the thermit 
may be diluted witlj a cheap oxide, e.g. iron ore 
or sand, to lower the final temperature reached. 
This process is used in the butt- welding of pipes 
and bars. The ends arc cut square, smoothed, 
land clamped together. A mould is then clamped 
round the ji^ction# A charge of tjiormit is 
fired in an ordinary magnesia-lined crucible, 
allowed to stand half a minute so that slag and 
steel may separate (the volume of the molten 
slag is three* timest that of the iron produced), 
and then poured out so that the slag comes first. 
As the slag is poured in the mould on to the 
pipe, it forms a*hnA*d casing around the metal, 
and the liquid^ which follows distributes its heat 
uniformly thr^gh this casing to the metal. In 
about a minute the pipes have been raised to 
welding heat. The ends are then pressed 
tightly together by means of screws arranged 
in }>osition beforehand. The mould is then 
removed, the* slag collar carefully knocked off, 
and the red-hot joint allowed to cool. Process 
(5) has been largely employed in welding together 
tram and railway line sections. The ends are 
brought together and clamj^d accurately in 
position. A ref|pctoiy claylmould is clamped 
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rqund the ends and the requisite charge of 
thermit fired ii^a cruoiblo placed over the pouring 
gate of the mould. At the end of the reaction, 
the crucible is tapped from the bottom {see 
Eig. 1), and ijio liquid steel fiows intq the 
mould, passes upwards from the bottom *of the 
mould, surrounds the base and web of the rail, 
with which it ftises on account of its enormously 
high temperature^ and on cooling makes a solid 
steel joints . • 

Tho.weldi!ig of rails is a typical instance of 
the appli(;ation of proefess (/>) above, which is 
also employed ft)r all kinds of repairing work, 
e,g. mending broken engine frames, driving rods 





Fig. 1. — Tap-hole of Tjikrmit (-rucijile. 

A, iron casing* IJ, magmisia lining; c, Imllowcyliinlriral 
magnesia stone ; u, ronieal magnesia thimble ; K, iron 
tapping pin, with flattened end F ; G, asbestos 
washer ; h, iron washer ; j, layer of sand. 

and spokes, crank shafts, rudder and propeller 
shafts, stern-posts, &c., in fact, in the majority 
of cases where it is cheaj)or to repair than to 
replace. .Where necessary, the fracture is 
opened out by drilling holes. A wax matrix is 
then built up bver the break of the exact shape 
that the thermit steel collar to bo fused into the 
casting is to have. Over this, in a sheet iron 
box, is constructed a mould, having a pouring 
gate, a preheating gate, and a large riser (Fig. 2). 
A gasoline torch, fed with compressed air, is 
then directed through the ])relieating gate. It 
melts out the %vax, dries the mould, and heats 



Sectional views throu g h mould 

Fig. 2. , 

• 

the junction to bo repaired to a bright red heat. 
Meanwhile, the crucible containing the thermit 
is arranged over the pouring gcAe. The ouaniity 
of thermit required is given by t^e rule : “take 32 
times the weight of the w^ax u%ed, of 18 times 
as many ounces of thermit powder as tho|B are 
cubic. inches of surplus space in the mould. 
The crucible (Fig. 1) is designed so os to be 
tapped from the bottom (Goldschmidt, Zeitsch. 
Elektrochem. 1901, 7, 935 ; Ccfiin, J. Gasbo- 
leucht, 1901, 44). The gasoline torch is with- 
drawn when the junction is red hot, the pre- 
heat^ gate plugged with a sand core held in 
readiness, and the thermit fired without delay. 
After the reactiem is over, an<]|the molten liquid 


has stood 30 seconds to allow the slag to rise, 
the crucible is tapped. The molten steel passes 
down the pouring gate, around the fractured ' 
joint, and up Into the riser. The ends of the 
casting melt into the liquid steel, and on cooling 
one homogeneous mass is formed. The pro- 
jecting collar of thermit steel around the joint is 
left on whenever possible. •* 

The average tensile strength of a thefmit 
steel joint is about 30 tons per square inch cross- 
section. If the projecting collar of thermit steel 
has to be ^daned off, and the tensile strength 
of the joint is less than that of the body of 
the casting, the weld may be made stronger by 
introducing nickd into the composition of the 
thermit ; 1 p.c. of nickel increases the tensile 
strengtii of the weld about one-thiyA For a 
1 p.c. alloy, 2 p.c. of nickel thermit may be added 
to the usual steel thermit, or 5 oz. of metallic 
nickel may be added to each 100 lbs. of thermit. 

Thermit powder is supplied in 50 or 100 lb, 
drums. For use in repair work, about 2 p.c. of 
manganese and 5 p.c. of mild steel punchings 
are added. The^ormor acts as a purifier of the 
steel produced ; the latter serves to lower the 
final temperature of the reaction and so prevent 
the contents of the crucible from boiling over. 

Use of thermit in^foundry 'praciiee, — (a) The 
thermit reaction provides a ready means of 
introducing in an iron ladle a material which 
mil stir up or pole thg entire contents of the 
ladle, and at the same time produce an increase 
of temperature. For this purpose, the thcrmH 
is contained in cylindrical cans with a sleeve in 
the middle, suitable for passing on an iron rod. 
The can is held by the iron rod under the surface 
of the metal, where the reaction takes place. 
This procedure prevents the iron from becoming 
too dull to pour (U.S. Pat. 733957| 1903). 

(b) A convenient moans of purifying the iron 

in the ladle, by reducing the presence of harmful 
nitrogen in the molten metal, consists in holding 
a can of titanium-thermit under the surface as 
described in («). This thermit is a mixture of 
pulverised aluminium and a titanium -iron oxide. , 
taie titanium sot freonn the reaction is sufficient 
to combinq'with the nitrogen in the ladle, tita- 
nium cyanonitride being i)roduccd. During 
this formation, the entire contents of the ladle 
arc stirred up, to giue the gases an opportunity 
of escaping. The iron is thereby rendered 
hott-er and distinctly more fluid, and castings 
made from it are distinguished by their closeness 
of grain, being especially well adapted for 
withstanding pressure, e,g, cylinders, valves, 
&c. , 

(c) The enormous heat develojwd may be 
utilised to decrease the size of the risers of steel 
castings. The thermit, contained in suitable 
cans, is hold in the neck of the riser, which is 
thus kept in the liquid state for a longer time , 
than would otherwise bo the case, thereby 
facilitajing the proper feeding of the casting. 
The same principle is successfully applied to 
reduce the size o/ lost heads of steel ingots. 

(d) In foundries where it is of importance to 
occasionally make a steel casting in a hurry, 
burning down the requisite quantity of thermit 
with admixture of steel punchings affords iby 
far the easiest method of procedure. 

See also Hart’s Welding (McGi»w-Hill 
Book Co.). ^ 
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THERHODIN.* An acetyl derivative of 
^ethozy-phenylurethano. Used as an anti- 

* pyretic. 

THERMOMETERS. Changes *of temperature 
are measured by the corresponding alterations 
produced in one or other of the physical pro- 
pert^QS of a substance. Thus the expansion of 
solids, lipids, and gases, the vapour pressures 
of liquids, the elcctrieal resistance of metals, 
and other properties have been utilised for the 
determination of temperature. 

In nearly every case the amount of change 
produced by a given rise or fall of temperature 
dex)ends on the nature of the substance, and 
must therefore be carefully determined before- 
hand for the particular material employed. 

There is, indeed, only one known method of 
measuring* temperature which is theoretically 
perfect, that is to say, which is entirely inde- 
pendent of the nature of the substance; this 
method, proposed by Lord Kelvin, depends on 
the ratio of the work done by a reversible heat 
engine to the heat supplied to it, and the tem- 
perature, reckoned from absoJIitc zero, may be 
defined as the reciprocal of Carnot’s function. 
The method is not one, however, that is capable 
of practical application. 

It has been found thai^ within certain limits 
of temperature and pressure the exjiaa^ion of all 
gases is very nearly the same for equal changes 
of temperature. Henc§ it is possible to devise 
a method of, measuring temperature which, while 
l^ractically indei)endent of the nature of the 
(gaseous) substance employed, is at the same 
time fairly convenient for many purposes. It 
is important also to remark that the values given 
by an air or gas thermometer are in very close 
agreement with Lord Kelvin's thermo-d 3 ’naniical 
temperaturea. 

The relation of the volume of a gas to its 
temperature and pressure may be staled simpiv 
as follows : The volume of a gas vari(*s inviTJ'el v 
as .the pressure and direetl}' as the absolute 
temperature, or pv=cT, where p is the 
sure, V the volume, T the absolute Icmjjeralure, 

* and c a constant depending on the units eho.^en. 
If the volume remains constant t^e p^e^•^u^: 
varies directly as the absolute Umperature, or 
P=c't, while if the pressure is kej>t constant 
the volume varies directly^as the abh(tlute tem- 
perature, or v=c"t. 

It is true that the co-effieients of expansion 
of different gases are not absolutely identical, 
and that the law holds^ood only within certain 
limits of temperature and pressure ; but under 
pressures not greatly exceeding that of tlu* at mo- 
sphere the deviations are extremely small in the 
case of nitrogen, hydrogen, helium, an<l some 
other gases, except at very lf»w' temperatures. 
Very accurate investigations of tlu* j>ro|KTtics 
,of gases at extremely low tem])eraturcs have 
been carried out by Kamcrlingh Onnes and his 
collaborators at Leiden, and their results show 
that the constant volume hydrogen thennometer 
gives nearly accurate results ^owm to —250'' 
and the helium thermometer to still lower tern- 
peratures. 

An ‘ air ’ thermometer may be so constructed 
thib (1) the pressure remains constant aqd the 
alteration of volume is measured ; (2) tiie v^ume 
remains, constant and the change of pn^sure is 
observed; both pressure and volume are 


|•allowed to alter, and both are measuitjji. The 
air or other gas is contained in gt bulb of glass, 
or for very high temperatures of some other 
material, connected by means of a capillary tube 
wdtliLa mercury or sulphuric %cid manometer. 
The milb is heated to the required temperature 
whilS the other parts of the apparatus remain at 
the temperature of the room. Tf the pressure 
be kept constant the gas will expand, and at 
high temperatures a considerable pq^tion of it 
will pass into the cold part of th^%i>paratus and 
must be measured at the ordinary temperature ; 
it is tlierefore usually eonsidcred better to raise 
the pressure so as to keep the volume of gas as 
nearly constant as possible. The vessel con- 
taining the gas expands, however, wKcn the 
temperature rises, and a correction on account of 
this expansion must bo introduced. • 

There arc also three sources of error wiiich 
arc difficult to estimate, but they may be almost 
entirely eliminated by taking suitable precau- 
tions. The first depends on the fact that at 
ordinary temperatun's air condenses to a slight 
extent Ixs a sort of film on the surface of glas-s, 
while at high temperatures this condensed air is 
conviTted into gas, so that the apparent expan- 
sion is a little gr(‘ater than the rdhl. If, how- 
ever, the bulb, aft(T thorough exhaustion at a 
high temiiorature, is tilled w'ith air from which 
all moisture aiul carbon dioxide have been re- 
moved, the errt)r become.s jiractically negligible 
(Callendar, Phil. Trans. 17Sa, 101). 

The second is due to slight changes of volume 
which a glass vessel is liable to undergo after 
being strongh' heated and allowed to cool again. 
The magnitude of the iKiSsible error Ix^comes 
extrenK‘ 13 ’ small, however, if the bulb is heated 
for some hours to at least the higlu^st terntwra- 
turo which is to 1k» registered, Wore its volume 
is determined. This point will Ix' inon* fully 
discussed when dealing with mercurial thermo- 
I meters. The third source of error is due to the 
I deformation of the bulb or to leakage of gas 
through it when the temperature and the 
internal gaseous pres.sure are greatly raised. 
This difficulty has b< on overcome by Day and 
Clenfhnt (Amer. d. Sci.®2<i. IIMIS), wdio employed 
a platinum-iririium bylb cimtaiiiing nitrogen, by 
surrounding the bulb with nitrogen at the aamo 
jiressure as that within the bulb. Further 
pre(‘autions are dcserilx^d by Day, tSosman and 
Allen, Oiirnegie Inst, of Washington, Gt*<»phya. 
Lab. i; Day ^nd Sasman, Anier. J. .Sei. 3^1, 
517; and Kzer Xlri Hit hs, Methods t»f Measuring 
Temixrature, Iff IS, 

Of the nuyienms forms of air thennometer 
which have l»c‘cn ficads<*d, the throe ahoum in 
the diagrams may serve iu« examples. The first 
(Fig. 1) represents a form of instrument em- 
jiloyed by UegnaTilt in his classical rotuMirchos. 
The bufb A of tjie thermomeUT is connected by 
a capillar^ tubt^(|>asKing thnmgh A perforation 
in Ihq screen B) with the nu?rcury manometer 
a front view* of wliich is shown in Fig. 2. 
By additi(»n of mercury the cq»en limb or 
by its removal by means of the »topf^<fK*k s, ilia 
mercury in tHt* limb of the manometer con- 
nected with the air thermometer may ba 
always kept at the same height, so Utat ibaro 
is no alteration of tho volume of air except 
that due to the ex^Ninaion oLthe bulb wbm 
heated. • 
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The calculation of the tempprature is l)ase<l 
on the* fact tly^t the mass of air remains con- 
stant, althougn its temperature, its pressure, and, 
to a small extent, its volume undergo change. Let 
Vs= volume of bulb a at 0® ; 
v = volume *of capillary tube, together* with 
* the small portion of the manoDncter 
above the mercury in w, also at 0® ; 
a = coefficients of increase of pressure of dry 
air at. constant volume ; 

. fc=.co%ffiaient of expansion of glass ; 

D=smass d! 1 c.c. of air at 0® and 70 cms. 
pressure ; 

P= observed pressure — that is to say, the 
barometric pressure, pZwa or minua the 
diiferenco of level of the mercury in m 
and * 

^When the bulb is placed in melting ice, while 
the capillary tube and manometer arc at the 



Fic. 1, Fk;. 2. 

« 


temperature of the n>em, thp total masn 
air will be 


1 l-hai 


of 


When the bulb is heatinl to the unknown 
|x*raturo r, the t<>mf)oratiire«ol the oapillarv 
tube and manometer being naw i' the mass of 
air will bo * 


Therefore 




V i+o< f \ i-f a* ’ 1 t of' / 

an odoaiion In which everything is known but x 
Values of a for several gases for the tem^ra- 
tore range 0® to 100® are given below, wing 
the iniUiU pressite (at 0®). ^ 


Hydrogen 

Po 

760 mm. 0*0036627 

Helium . 

700 „ 

0 0036626 

Nitrogen i 

760 „ 

0*0036714 

Oxygon . 

663 „ 

. 0 003674 


If the volume of air be allowed to vary, the 
limb m of the manometer must be graduated, 
and should be surrounded by cold watej of 
known temperature. In this case the additional 
volume v' at the temperature of the water must 
be brought into the equation. 

Sulphuric acid may be employed with ad- 
vantage in place of mercury, since it moves more 
freely in a narrow tube, and, being ligliter, allows 
of more delicate readings ; or a small sulphuric 
acid gauge may bo interposed between the ther- 
mometer and the mercury manometer. An 
apparatus which can be employed cither as a 
constant volume or coastant pressure mano- 
meter has been described by Callcndar (/.c.) 



j Fio. 3. 

I and more fully by Calendar and Griffiths (Phil.* 

! Trans. 119). It is represented in Fig. 3. 

1 When The measurement is to bo made at 
j cun.^tant volume the mercury in A is brought up 
j tn the zero point, amLthe stojK'ooks T, and T 3 are 
closttl. The level of the sulphuric acid in the 
‘ gauge is then regulatevi by means of an ordinary 
mercury manometer, not shown in the diagram, 
autl the pressure is tjie algebraical sum of 
the banmiotric pressure, that regisU'nKi by the 
mci\nir>' manometer, and the slight clifTorence in 
level, if any, t>f the sulphuric acM in the taro limbs 
of the gauge kk, divided by the sjK'cific gravity of 
men ury compared wntlt that of sulphuric acid. 

if ti>o pri'ssure is to Iw kept constant, the 
tulM' A is first filled from the reservoir q until 
the level of the mercury stands at some point in * , 
the tul>o nir, recordeyi by the scale s, the pressure 
of the Air in the bulb Wing «M)ual to that of the 
atmospliert', as shown by the sulphuric acid 
I gauge. (In this (ivse tlic tube M is not connected 
wit It the mereurj^ manometer, but is open to 
tlie air.) Wlicn the bulb is heatetl, mercury is 
allowcnl to cseapt' by the three-way tap T, lato 
the ^teighf'd beaker the tap Wing dos^ as 
soon as the sulphuric acid gauge iiwoates that 
the pressure U again equal to that of the 
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a^osphere. The increased volume is calculated 
• weight of mercury expelled. The narrow 

tuM pB and PG are calibrated and provided 
uuth scales. For the advantages of the sul- 
phuric acid gauge see also Bottomlev (Phil. Mag. 
1888 (Aug.), 149). 

Calendar has (Nature, 1891, 45, 212) 

^ described ••a modified constant-pressure air 
theilnometer which appears to possess marked 
advantages over those previously devised, and 
gives extremely accurate results. The pressure 
of the air in the thermometer is not adjusted to 
equality with that of the atmosphere, but always 
with the same constant pressure, obtained by 
connecting the outer limb of the sulphuric acid 
gauge to a glass bulb filled with air and kept in 
melting iec. 

The effect of changes of temperature of the 
connecting tubes on the readings is entirely 
eliminated by the employment of comj>cnsating 
tubes of the same size, and thus the trouble- 
some and somewhat uncertain correction hitherto 
necessary is obviated. The compensation is 
perfect when (1) the two seffe of connecting 
tubes are of equal volume and at the same mean 

• temperature ; (2) the mass of air inclosed in 

the standard pressure-bulb is equal to that in 
the thermomctric and mercury bulbs ; (.*1) the 
pressures are adjusted to equality. UndcT these 
conditions, the temperature of the thermometer 
bulb (on the air-thermopictcr scale) is given by 
the simple equation ( To- V,»). where 

is^the volume of air in the tliermometer bulb 
at ^ 1 ®, Pq and Vm. are the volumes of air at U*' 
in the standard pressure bulb and the mercury 
reservoir (this being also surrounded by melting 
ice), and 0^^ is the temperature of melting ice on 
the air-thermometer scale. 

For moderate ranges of temjKTature, and 
when extreme accuracy is not required, the 
apparatus may be greatly sim])lified, and may 
lie so constructed that the t<‘mperature.s are read 
^ directly on the sulphuric acid gauges it is stat<‘d 

* that such thermometers can l)e made to read to 
♦/ho tenth of a degree at 450^ This form of 

direct reading therraometw* has been patented 


THERMOMETERS. 

Ihould be heaiad electrically or also „ 
from gaseous combustion prodiM^ts, wmch are 
liable to pass througfh the alloy. Holbom 
and .Henning (Ann. d. Physik. 35, 4, 761) 
used Jena glass No. 59™ for nitrppn, hydrogen, 
and Jfbliura, and# quartz for nitrogen. Day 
and Sosmaii (Araer. J, Soi. 1910, 20) have 
measured temperatures to 1550°. • They describe 
special precautions required toi^btain a uniform 
temperature about the bulb {ibid^ 191^ 33, 517). 
Harkcr proposes to make bulbs af rare cartlis* 
such as those used for Nernst filimonts. 

For very low temperatures, the gloss bulbs 
should contain hydrogen or helium. A very 
complete account of the hydrogen thermometer 
in use at the cryogenic laboratorj^ at Jj^dden is 
given by Kamerlingh Onnes anil Cloy (Comm. 
No. 95e), and of the h(*liiim thermometer by^ 
K. Onnes and Weber (Comm. No. 147/#, 1915), 
and Oath and K. Onnes (Comm. 152<J, 191 H) 

As regards the theory of the subject and tho 
comparison of the temperatures registered by 
different gas thermometers with each other aiid 
uith the thermodynamical scale, reference may 
ha made to tho following memoirs and paj»ers : 
D. IkTl helot, Sur les tiHTmomitres a gjvs, Paris, 
1W3; Anb. d. ])oids et ine.sures, 135, 3 ; 

1992, 


Chappiiis, Phil. .Mag. 1909. 50, 433; P.K)2, 3, 
234; Phil. Trans. l9iH>, 191, 37, 131: J. 
Phys. HK)4, 3, S33 ; Ann. d. ]K>id.s el ines. 

13fi, 3; Kamerlintdi Onnes, Oomm. U7a ami 


^ - o ...... .J. V tl im-M 

and IS recommended for technical pifrposes. 

Other forms of air thermom(*tef nave Ixen 
descri»>ed by Balfour Stewart, Phil, IVaus. 153, 
425; a>dazza, Dingl. ikjI.mi J. 210, 255; Jolly, 
Pogg. Jubelband, p. 82 ; Mitscherlich, Annalen, 
12, 146; Crafts, Ann. Chini. [v.J 14, 4t»9* 
Andrews, Ber. 14, 2116; Pettersson, J. pr. 

amnt. re.id. 

106, 10.55; BertheJot, Ann. Chirn. (iv. I 13, 
1^; Murray, J. Phys. Chcin. 1897, i. 714: r. 
also £zcr Griffiths, l.c. A platinum bulb ua- 
recommended by Pouillct fC'ompt. r. nd, 
782), but it was i[x>inted out by l{<(qu(ri-| 
(Ann. Chjm. 58, 49) thut At hi^h tcmixTAturcA 
w passes through the platinum, A iM.reeiain 
• employed by Weinh-,ld fl’opg. Ann. 

*>y I>f«Ue and Troost (Ann.' (.him. 
[m.J oS, 26;>), and others. According to Holl>orn 

J- 

B, lOS; 10, 171), however, jKireelain doc-s not 
grve satisfactory resulu at high temKratures. 
iMy recomi^nd bullw of .Jena boro.silicatt 


poratures and bulS^ora .Jatmum^ •' ijirth. TJie bulb i« uDkid with pnw 

iridium aUoy (10 p.c. Ir) with rmJ nKm of** *« 

i»» 50J- „ i»«-. Tta' iH,, i 


5. 1025 and d ; JI(»lborn, Ann. Physik. IIKM, [vi.J 

2, 242 ; Ihickinglmm, Bureau of Standards, 1907, 

3, 237; Phil. .Mag. 190H, 15, .526 ; Udse-Innes. 
ibid. PHKS, 14, 301 ; Kamcrlingji t bines and 
H<dst, Comm, 141« ; K<‘port by KamcTlingh 
(.Innes at Third international (‘ongre.«5S of Re. 
frigeration, 1913, section for Physics, (‘iMunistrv 
and 33i(‘rinoin(‘try ; Kzit (irithths. /.<*.; C’atli 
and K. Oiine^, Gomm. No. I.5t*w/, 1922. 

Air th(*rmometer.s f<»r technical jjurjKxses am 
generally pn»vided with scales which am cali- 
bnite<I einjurieally by heating the IiuHks to iw'o 
or time known teinjwTalure.s, so as to olitain a 
certain nuriibfT fj fixed jioints. The scales are 
then con‘'triict(‘(5 by interpnlalion. 

Thernifunelers of t^iiM class have Ix’on fle- 
seribed by \\ ShfM.j^ 1). H. i». 20:14.5, |H82; 
\yitz, Compt. rend. !*I. HU; Beilby. J. Soc. 
Cliem. Ind. Jss.5, 41 ; (o)einan. ibid. IHH,5, 4;i ; 
Hei>cb and Folkard, and by Bristol (.Mech, Kng. 
l^M), t», 9H>). 3 liey consist of a jHircidain bulb, 
a copix r cajiillj^rv, and a pmssun* gaqge con- 
structed with t\^o si)iml luU‘K on tho Bourdon 
principle. 3’licy can Ik* roiislrurte<l as nu*oniing 
iristrunients. 3’be thermometer of Heisch ami 
I’olkard is simjje, and has Ix^en found by 
Hurter (J. Soc. (:hem. Ind. iHhtl. 635) to givo 
gofid n‘sults. I ha bulb a (Fig. 4) containH air 
under refJu<'e<l pr^sure, and there in a vacuum 
over llif^mercur^' in the manometer m. 

'I he. itf^rrvnml thmmmeier ^ — For ordinary 
purjiOHes the mercurial thermometer is tlw moat 
conveni<*nt, frjr it may bt^ made of any roquirad 
size, IH easily portable, and the bulb, if elon- 
gated, need^ not wider or, indifod, so wide as 
the Biern. 3 li«*<nstrutneiit eotiMiHts of a Kpherieal 
or cylindrical bulb fumsl to a capillary tttbo of 



• ^ , THERMpMETEBS. 

If* the f^mometer is required for low tempera- 
tures only, thSre is usii^ly a vacuum in the 
stem of the thermometer, but for high .tem- 
peratures it is necessary, and for temperatures 
above 70® or 80® advisable, tp fill the capillary 
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temperature dei)ends on the expansion both of 
the mercury and of the glass, and in each case ' 
the rate of expansion increases with rise of 
temperature. Moreover, different kinds of glass 
have different rates of expansion, so that two 
thermometers made of different materials-rroven 
if the caj^illary tubes were perfectly cylindrical — 
would give different readings at the same tem- 
perature. The only really satisfactory method 
of correction of such a thermometer is to com- 
pare its readings either directly with an air 
thermometer, or with another mercurial ther- 
mometer which has previously been standardised 
by means of an air thermometer. Or a series 
of fixed points may Ije determined by im- 
mersing the thermometer in a nmnl>er of 
frw‘zing liquids (melting solidH) or by heating it 
w'ith the va}K>urs of a series of pure liquids 
boiling under know'n pressures. The following 
table cfontains a list of suitable .substances with 
their melting-points, transition-p^iints, or boiling- 
jM)ints, and the variation of pressure corres|K>nd- 
ing to I"' at tht lK>iling-poinls, temf>eratures 
outside tiie range of the mercurial tliermomoter 
being included for convenience : — 


Fig. 4. 


tube with nitrogen to prevmt distillation of the 
mercuiy, a small hulb Ixdng blown at the upyxT 
end of the tulx‘ in order that when the incrrurj* 
expands and compresses the nitrogen tlie pres- 
sure shall tiot ris€» too high. 

An ordinary therinonieter is graduate*! by 
]>lacing it the steam from water iKuiing 

under known pressure and then in melting ice 
(t\ (hullautno, Traitc pratiejue <io la Thermo- 
iiiMric de Freeision, p. 112). The variation of 
the melting -|j* lint of iee with the pres.suro is so 
inimiUi that this {niint may lx* taken os al>s4i- 
lutely tixfMl, but the Isiilingqsunt of water vanes 
considerably with the pre.^sur*-, and therefore 
some standard prt^ssure must ehos<*n. This 
is 7(50 min. or 20 022 ins. of mercury measured 
at 0“‘(\ and at the latitude <4 Paris for the 
CVntignule s<'ale. and 21»'SI0o ins, ul inereury at 
at the latitude <if Lopdon fvir the Fahnui- 
hoit scale. 

The {Kisition of the mercury in the stem is 
marked off at the>x* tv«i> temiii'ruturt\H, and the 
sjfiace Ix^wtHUi these two fixed jsiints is then 
usually divided into a eerVain uqmber of tHpiai 
ijarta — lOO on the CVntigrad*' .scale, on the 
Fahrenbctt, and on tin* iieaumur. On the 
Centigrade and H^umur si^alcs, the melting- 
fKiint of ice is taken as thq zen.> ^siint, but on ^ 
the Fahituiheit the zero of the scale is plaeeil | 
32 divisions lower tlown. so t4iat the melt tug- ; 
iKiiiit of it5c is 32% and the boiltfig-iKiint of water 
212 ® 

A tbermometor graduated i& this maimer 
does not, however, register true temwratun^ 
except at the two fixed {Kunts, for the ndlowiitg 
roaeons : — I. It is impossible to obtain an al^ 
eolutely cylindrical ca|ullary tube, so that the 
volttme oorres^ionding to a scale division is not 
quite the same in all j^ts of the tulic. Various 
tnetliod# have been devised for ealibratiiig the 
stem (v. Brit. Assoc. Ile]K>rt, IHH2, 145-204, also 
Guillaume, l.e. 43-119), but when this is done 


Temperature 
- 1S3 0=' 

Fixed txiint 

bj). of oxygen ; dp. dl-sa 75 *9 
mm. per degree. 

-1590 


. m.p. of isopentane.* 

- 120*3 


. m.p.jaf methyl cyclohexane.* 

-110*3 


. m.p.*of ethyl eth^r.* 

m.p. of carbon disulphide.*# 

-Jll*f» 


-155*1 


m.p. of toluene.* 

- 83*15 


m.p. of ethyl acetate.* 

- <5iP.7 


. m.p. of chloroform,* 

> 45*2 


. m.p. of chlorobenzene.* 

- 38*87 


m.p. of mercury. 

— 22*9 


m . i>. of carbon tetracldoride. * 

0 


. m.p, of ice. 

32*38 


tr.p. of sodium .sulphate. 

40*2 


. b.p. of carbon disulphide ; 
i/pd/~24*8. 

) .70*ti7 


. tr.p. of sodium bromide. 

j 78*3 


. b.p. of ethyl alcohol; dp/di 
^30*5. 

100 0 


. b.p. of water ; dp/d<=27*l. 

132*0 

• • 

. b.p. of chlorobenzene ; dp/dl 
^20*2. 

150*2 

\ 


. b.^. of bromobenzene ; dp/df 

--- 19*4. 

1 IMl 


, b.p. of aniline : dp df-- 19*(>. 

: 218*0 

! 


. b.p. of naphthalene; dpdl 
-.K2. 

J 231*8 


. m.p. of tin. 

’ 305*9 

1 


. b.p. of iHMizpplienoue ; dp/df 
-15*vS. 


32015 

350*7 

41154 

444 oo 

030*0 

75t>*0 

• 

910*0 

tMK55 

lU(i3 


m.p. of cadmium. 

b.p. of mercury ; dp^dt^ 13*3. 

in.p. of zinc. 

b.p. of sulphur : dp, 1 1*1. 
lu.p. of antimony, 
b.p. of cadmium ; dp/df -8*1 
(calculated). 

b.p. of zinc ; dp, dl=»7*0 (cal- 
culated), 
m.p, of silver, 
m.p. of gold. 


there remain otter sources 
poiiiion C|| the mercury in 


error. 

stem 


at 


The 

any 


* Idumicrmans^ Van <ier Horst and Ksmmertinsh- 
Onnes, Comm. No, 157. 1922. Hameks of the Uquhls 
morkctl witli an osUTtsk srs supplied by the Bureau 
live Ktalons physlcoclUiuiuttes, Vulwimt4, Rue <l«a 
Sols, BrtMsels. The m.pe. are staled tq| be eorreci to 
0‘1* iS Lrideu brilum thermometet scale. • 
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Temperature 
’ 1083 
1462i:2 
1549d:2 

2010 


Fixed point 
m.p. of copper, 
m.p. of nickeli 
m.p. of palladium, 
m.p. of platinum. 
m.p. (approx.) of tantalum, 
m.p. (approx.) of tiyigston. 


For additional fixed points between 0 ° and 
—160®, V, Timmermans, Sci. Proc. Rov. Dubl. 
Soc. 1912, and for a few very accurately deter- 
mined temperatures, v, T. W. Richards, J. 
Amer. Chem. Soc. 33, 847 ; 36, 485, 1825 ; 40, 
89. Steinmetz (ibid, 1918, 40, 90) gives the 
melting-points of a number of eutectic alloys. 
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and Nature, 41,* 100, 227, 638 ; Young, 

162, 271, 488 ; Tomlinson, ibid, m, 198 ; 

Travaux et M 6 m. du Bureau Int. des ot 
Mesures, i., B. 62, and 1, 17 j Guillaume, 
pratl^e; Marclj^s, Zeitsch. Jhpikal. 

1899,* 29, 1 ; 1001, 37, 653, 006 ; Ezer Gnfiit^. 
Ic, The most important facta regarding the 
alteration of zero point may be shortly de. 
scribed as follows : — • , i ii 

1 . If a thermometer be graduated shortly^ 
after the bulb \u\s been blown,* the zelo point 
will rise with conij)arativo rapidity at first, then 
more and more slowly, and the elevation of the 
zero point may go on for many years. Joule 
(.Scientific Pnpi>rs, i. 558) took observations wUi 


A table iOf melting-points of the elements has one thermometer ever a cours^ of thirty-eight 
been published by the U.S. Bureau of Standards years, and tlie change, which then amounted 
(V. J. Soc. Chem. Ind. 1919, 38, 67R). For the to almost exactly TF., was still proceeding. • 
accurate calibration of short-range thermometers 2 . If a thermometer be maintained at a high 

temperature for a considerable t iine, t he rise of 
the zero jioinl takes jilace with much greater 
rapidity, and so far as is kn(»wn the hi^er the 
temperature the more rapid is the rise, and 
aj)par€ 7 itlf/ the higher is tlie linal point n ached. 
A total elevation of over 20'^ in the case of 
German soda glass has in several cases been 
observed, wliile larger irlass bulbs, after con- 
tinuous heating to 445'', or in one ease 511®, have 
l>een found by Kegnault, (Vafts, and C’allendar 
and Grillitlis to suffer a eiuitraction of from U‘25 
0*34 i)er eent. Jn all cases the rise or con- 
traction, which is rapid at first, lKTom(‘H gradu- 
ally slower, and it s(‘i‘ms doubtful whether at 
any given temjK*rature aitual constancy <4 
zero point or capaeity has ever •I kth attained. 
If, however, a thermometer has b(K»n heated for 
many hours tn a given high teinjuTaturo ami 
then ul]owe<l to eot.l very slowly, subw^ijuent 
heating to lo;u‘r teni|ieraturert has very little 
effect on the zero jKiint, and it is a<lvisahle to 
subject a thermometer to this jiroef^s Ufforo 
determining the lixetl j>oints. According to 
Marehis (/.c.), a lluetualing high lemjK’rature is 
more effect ire t haii a stead \ (uie in raising tbi' zero 
]>omt. lleekerj[ZMiH( h. f. Instnimentenkumle, 
Jieib, llitil, 5, 41) de.se|iU»ti a inetleid of electrical 
heating and >oling. Bblleher (i^id. Ikdb, 

1993, 17, J.7t) ‘'tale-ilh.u tin* thermometer bulb 


Richards and Sliipley (ibid, 36, 1) recommend 
a floating-equilibrium method, hollow floats 
of glass or quartz being immersed in solutions 
of known concentration ; 4 Richards and 
Thorwaldson (ibid. 37, 81) have cmiiloj’cd, with 
t very satisfactory results, a method based on the 
heat of dilution of hydrochloric acid ; and 
Richards and Tamaru (ibid. 42, 1374) describe 
a calorimetric method * based on electric 
energy. 

In this way a table or curve of corrections 

E be constructed slfowing the error at any 
! reading of the thermometer. ‘ Normal ’ 
mometers may now be purchased ; they arc 
compared with a standard thermometer before 
graduation, and nearly true temperatures are 
registered by them ; or the thermometers may be 
sent to the National Physical Laborator}’, the 
Reichsanstalf; (r. Warburg, Ann. Physik. 1916, 
48, 8, 1034), or the Bureau of {Standards, and the 
necessary table of corrections obtained. The 
calibration of thermometers, as carried out at 
the. Physik-Tech. Reichsanstalt, is described by 
Warburg (Aim. d. Physik. Ifflti, 48, 1034). 

Tables of correction of readings of mercurial 
* thermometers to true air-thermometer temjiera- 
tures have been published by variou* observers ; 
but as these tables mu.st riccessafiiy vary for 
different kinds of glass—tho further correction 


for unevenness of bore beiqg also required— they * hiiould hr hr.iied h/r a short tunc to a lennjt?ra« 
do not seem to possess much gernral value, Jt tiire JtKr above the iiuVial Hofteiuug 
may be ufseful, how’ever, to give refcnnccis. — ^urc of ihc glass, and that ftloa nxdiiig is un- 
Rudberg, Annalen, 36, 121 ; Boh*cha, Coinpl. nec<*.sj> 4 uy. 'f'he question is dn^ utiM^d hv 
1185 ; «Regnault, tbtd. 69, 879, J Jhckmson f Bureau of .Standards, JlHilf, 2, l 8 tij 


and M4moircs, 21, 239; Crafts, ibid. 95, 836; 
RecknageJ, Pogg. Ann. 123; Guillaume, Traill* 
pratique de la Tlermomi*trie do Precision. 

' Even when the above corrections to true air- 
thermometer temperatures have been marie, 
there remain some sources of error, the mo.st 
important of w^hich is the alUTatiori of the 
capaeity of the bulb, and doubtless also of the 
capillary tube after long-continued heating, and, 
inoeed, after any considerable change txf tem- 
perature. A vast amount of experimental work 
hw been done on this subject, and the explana- 
tion of the ol>scrved changes has given rise 
to a great deal of discussion. The following 
r^rences may be made to the literature of the 
subject :—lJesprelz, Corapt. tend., 4,*926; 


and methods eflf treatment arc recommenrliHj. 
Wcilxi (Zeitsrh. Jnstrumeiiteiik. lieib. 3 , 21 ; 
4, 33) states lhat .Ji*na boro-silii'iitc glass 59*^^ 
lh< rmomet<-is should l>e kept at 500" f(»r at least 
10 days, and that^iow' cooling is of com|iaratively 
small importances 

3. Not only i^ the zero jjoint liable to change, 
but the iii4ervaVbet ween the zero and 100 ® points 
may at the same time Ui iiien^ased, for the co- 
efficient of expansion of glass suffers diminution 
after prolongt?d heating. 

4. JiiUTiial or exU^rual gaseous preasoro on 
tlie bulb appears to fiavo little or no mfludnee on 
the rihcj of zero point. 

6 . If a thermomeWr— even after its zero 
point has been rendered as permanent 
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fall.}inll recovered, and the reiikainder after a 
longer period. , The alteration of the zero point 
depends greatly on the nature of the glass, and 
a special hard glass is used by Tonnolot of Paris, 
while Schott and Co. in Germany employ^ ^wo 
kinds of glass, * normal therfnometcr ’ glass, 
16^, and a boro>siiicate glass, 50^, for the best 
thermometers. The latter glass is now generally 
used ; it has a very hi^^h melting-point and can 
be UH^ up tp 5^°, the mercury being prevented 
from boiling 1^ the introduction of carbon 
dioxide under pressure (c/.‘ Muiric, J. Soc. Chem. 
Ind. 1885, 45, 180, 055). Glass suitable for 
thermometers is now being made in England, 
and information regarding composition and 
properties may bt^ obtained fa)m the lastitute 
of Chemistry. It is stated by Ezer Grilhths 
tj;^at fused quartz is much sut>erior to glass a.s 
regards changes of zero point. 

Other possible sources of error are the follow- 
ing : — If the mercury in the stem of the thermo- 
meter — or a |>ortion of it — is not heated to the 
same tcm|KTature as that in the bulb, a correc- 
tion is required, v. DuiTiiJLATiON, v. aUo Dimmer, 
Akad. Wiss. Wein, Bcr. 122, 2r/, I Wheeler 

(J. Soc. Chem. Ind. litlfi, ll'JH) gives a 
useful grapli, * based on Thurp^'i birmula, to 
faeilitale this eorn.*ftion. In <irder to a^<*ertaui 
the mean U^npi'rature of tin* unheat^'d eoiuiun. 
Guillaume (Compl. rend. l8tK, 112, 87) place;* 
a suppleiucnlary thennoineter without a bulb 
at the side of the thermometer stem. M<*ditica- 
tioiiH of this iiietluKl have Isnuj pro|K»M-<l by 
Alahlke, Zeft.'ieh, Instr. iStKj. I.'J, 08; 1814, li, 
7ll ; ami by .\diwn, P.HiT, 27, HM. 

The bulb is sliglnly <omprc isiWe, and ci*n- 
siderable changers of external pn’.ssure affect the 
n^iditigM to some extent. 

Mercury does n*>t move very freely in a 
captllary lulu?, and in delteate thermometers, 
when the teiuj>erature <haiiges, the inovetneni 
of tlM> inereury may take place in jt rks inf<lead 
vi siiKKiihty. 'Ihi.*' may U* av«*ul* «l by tappizii; 
the thermometer t Ihekmng, Plul. Mag. Isso, 
21). Greater frr’idom of luoUoii aitainetl 
(Dticlaiix and II am- bn, d. Ph> CJlo, !♦, 
by pUciiig dilute ^ul|dafirlc ariKi 4*ver ih'- 

inervury. and eKvlro iapdlary are pre- 

vcnU^l by means of a lull of nien ury at 

tlie uplHT ewd of the cap4!Ur\, the imr uf\ in 
reevria and bulb t^d by a pUtiiiun 

wins. Tile incfvve tn fteund 

to bt so great that v.iriatiAn.s in*the meiting- 
uf ice with m««lerale dunge of pn-ssure ' 
wure readily obstTved, 

For teitq>cnitur«\s below the ft^*ziug'{Hunt 
of mercury, —38*7'*, vari(»us "liquids have lx*en ^ 
suggt»sted to take the pliu^^ of that metal. | 
Alcohol and toluene thermometejs have Ikvii in | 
use for many years, and, more recently, ]imitan< 
luui been found stx\;ially suitable .hir yTv low 
temperatures (Koidrauseh, Wied. Ann. r85it7, bO, 
403; Baudiii, Compt. nuid. 11H)1, 133, 1207; 
liotlie, Zeitmdi. Instr. 1002, 22, 102 ; HotTxuann 
and Rothe, ibid. 1007, 27, 205). Baudiu and 
Rothe recommend * technical ' in ^rtdercuce to 
pure ptmtane on account of its lowtT freezing- 
|ioint. The b.p. is 25^ to 33'', and the jicutane 
thormometer can bo usixl between 30^* and 
-190** 

Tim moleoutar ^weight of a disaulved sub- 
itanoe is vary frequently caloiiated from the 


depression of tlie freezing-point or the rise of the 
boiling-point of a solvent. Thermometers of * 
small range but great sensitiveness have been 
devised for the.se determinations, by Beckmann, 
and a full description of various forms of the 
instrument is given by him (Zeitsch. Chem. 
1905, 51, 329). The bulb is of largo, size and 
the same thermometer can be used for different 
temperature rangc.s by transferring part of the 
mercury from the bulb to a receptacle at the 
other end of the capillary. The value of a scale 
division is thereby slightly altered, and the 
necessary corrections are discussed and a tabic 
is given by Griitzmachcr (21eitsch. Instr. 189fi, 16, 
171, 200). 

Useful general information about mercurial 
thcrtnomctcTs is contained in the following 
pa|H*rrf ; t^iree (Phil. Mag. 1898,45,205, 299); 
Kohlraiisch (Zeitsch. Instr. 1898, 18, 76) ; Scheel, 
{ibid, lieib. 1899, 9-13); Harper (Bureau of 
Standards, Bull. 8, 659) ; Costs (J. Soc. Chem. 
Ind. 1913, 32, 341 ; r. also Ezer Griffiths, l,c. 

Other methodsd^han those dependant on the 
use t>f the mecurial thermometer are in use fur 
the determination of temperatures, but they are 
of varying degrees of accuracy. The method of 
determining the melting -iKiints of minerals from 
the heating and cuolirfg curves necessitates the 
u.se of a considerable amount of material, whilst 
the mieruHcupic method lacks accuracy. Borg- 
strum (Jahrb. .Min. 1816,11, ref. 9-11)^ ha^ made 
' u«<* of a niethoii employed for organic sub- ^ 
stances, the sulistance being enclosed in a 
capillary tuU.‘ of sitiea-gbss and immersed in a 
trail." parent bath <d fust‘d wilts (mixtures of 
stxlium and iiutadsium nitrates, sodium, po- 
tassium, and lithium chlorides, and sodium 
sulphate in various }>r'q>ortiuns aecoz|;iing to the 
temj>eraturv riH^uired). A connection is traced 
betwivn the im lung p.>ints and the g(M»l'>gieal 
occurrence of nuiu-ral suli^tances, tbwe with 
higher m»*iting *11118 Ix ing found at greater 
depths in the earth’s crasl (Chem. Abstr. 
1916, ii. 191). 

I -- The 
metvsiirvmeut ^*4 hy the alteraiKm 

»d th** to i:\ of a pbtinum 

Viire WA** sugge.K:e<] t*y Meinerw iibktnan 
l.4viur»-. iVoo, Kov. S^c. but in coiim*- 

qiier.'e of an adverse rr^htn to the BntK*.h 
.V-%.v;eution m 1874 this aictlaKl 
•Sub8f*qiient]y, however, the Mihjeet was inve-sti- 
gated hv t'alltndar ( Phil. Jt'rans. 1887, 178 A, 
161; Phil. .Mag. 1891, 32, 104; 1899, 47, 191); 
Gnihth.s {l*hil. Tniu.s. 182 A, 43), and both 
auih«>rs {ibid, 182 A, 119) with v8ry sathslaetory 
n'Milis. Jn order to insure accuracy the 
platinum wirt^ must pure in the first place; 
it must Ik* prevented from alloying with silicon, 
carbon, tin, or other impurities, and it must 
not be subjected to strain — such as elonga- 
tion. When these conditions were fulfilled, the 
resistance of a wire was always found to be 
eonstaiit at a given temiierature. The form of 
thermometer recoftimoudeil by Callendar and 
Grillitbs is shown in Fig. 5.* Two platinum 
wilt's are inter-wound in a douhle-screw thread, 
pas.sing through holes in a thin mica plate ABf 
Each s^al if provided with a double and single 
electrode, symmetrically arranged. The six 
electnKies are insulated, and kept in )ilaoa 
by passing tlijough holes in thin 4xiica wads 
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I one of wliich is shown 

it the glass tube containing ___ 

The electrodes are best made of platinum, the 
ends of the wv*es being fused to them by the 
oxy-hydrogon flame. 

If Ro and Rj be the resistance at 0® and 
100®, amf R that at any other temperature, 
the corresponding valtfb of the 
‘ platinum * temperature pt is 
deduced by the formula 

p«=100(R-Ro)/(Ri-Ro)- 
To reduce the platinum resistance 
temperature to that of the air 
thermometer the following formula 
is employed 


at c) which arc cut to 1 8tantan,andminganindownto the boi^g-poinl 
ining the thermometer, of helium has been determined by K. Onnei 


Fig. 


t 

innes 

and Holst (Comm. No. 142a), and of mercury 
with liquid helium {ibid, 142c) ; also of pure 
metiijs with liquid helium by K. Onnes and 
Tuyu {ibid 160a and h). 

Comparisons of the platinum scale of tem- 
perature with the hydrogen, nitrogen, helium, 
or air scale have been carried^ut by Harker and 
Chappuis (Phil. Trans. 1900, 19^ 37^ at Sevres ; 
Meilink (K. Adak. Wet. Amst,1902, 10, 495)-; 
Holboru (Ann. Physik. 1901, [vi.J 2, 242) ; 
Harker (Proc. Roy. Soc. 1904, 73, 217) ; Travers 
and Gwycr (ibid, 1905, 74, 528); Kanierlingh 
Onnes and Clay (Z.c.); Holborn and Henning 
(Ann. Physik. 1911, 35, 4, 761); Dickinson and 
Mueller (Washington Acad. Sci. 1912, 2, 176); 
Henning (Ann. Physik. 1913, 40, 4, 635)^; 
Kanierlingh Onnes and Holst (Comm. 141a) ; 
of the platinum, gold, and hydrogen thermo 
meters by Kamerlingh Onnes and Clay (Comm. 
95c, d, and e), and of platinum, gold, and helium 
thermometers between —218"' and —240® by 
Cath, K. Onnes, and Burgess (CJomm. 152c), 
completing tlie data from 0® to —258®; r. also 
Timmermans (l.c.) ; Moeller, l^oflinann and 
Meissner (Zeitseh. Instr. 1912, 32, 217) give com- 
Tiarisons of mercury and platinum scales from 
0 tooriO . 

ThtrniovUctric thermometers , — The first 
attempt to employ a thermo-couple for the 
mcasureiiKuit of liigh temperatures w'as made by 
Becquerel in 1S26, but he failec^ to obtain 
concordant results. in 1886, however, Lo 
Chat flier ilcvist^d an instruinetit which gave 
good results and eame into praetieal us(‘, 
and sine(* then gr(‘at improvements have bt»eii 
introduced. 

The tluTino-eleetric thermometer consists 
essentially of two fine wires of different metals 
or alloys, fused together at one end, and (‘on- 
nccte<l through a galvanometer at their other 
ends, the fused end ixdng placed in the source 
of heat. An K.M.F. is develojK*d, which is 
roughly proj>(>rtional to the differemM* in tern- 


K T \ ^ T 1 
iw) “looj 

the value of S, generally 1*5, 
depending on the wire and being 
determined for each thermometer 
from obscrvatiQfis at 0®, 100®, and 
444*5®. The formula has been 
found to hold up to 10(K)® or 
1100®. To avoid errors duo to 
variation of the room temperature, 
compensating leads are used, and 
other improvements have been 
adopted from time to time. For 
further details, r. Pyrometiiy ; 
alsoJMueller, Bureau of Standards, 

1916, Bull. 13, 547 ; ISligh, J. 

Amor. Cliem. Soc. 1921, 43, 470; 

Roebuck, J. Opt. »Soe. Amt*r. 1922, 

6, 865 ; and Ezer Crifliths, l,c. 

For moderate temperatures, 
nickel is recommended in place of 
platinum by Marvin (Phys. Rev. 

1910, 30, 522) ; Jaeger and v. 

Stoinwchr (Ann. d. Physik, 43, 8, 

1165; 45, 7, 1089) have studied 
mercury resistance thermometers. 

They are inueli less sensitive than 
platinum ^Kmiomcters, but have 

the advantage that ^ preliminary fxTature of iTie twy ends of the eon pie. l^c^ 
ily be ma<ie Cliatelier emjdoyer! w ires of Pt and Pt*Kh ( 10 j).e. 


determination of resistance need»ffnly 
at a single normal temperature. Metallic oxide c»f Kh), and fliis eoif|[>le may lx* used up lo 1600®. 
resistance thermometer.i^have been constructed The other couples whicfi have beem employed 
and investigated by Brown (Phys. Rev. 5, 125; n)o.st freque ntly arc Pt and Pt’ir (10 p.c. ir), 
9, 205). Boron is recommended by lleraou. and Cu and eonstanutn (a Cu -Ni alloy with 
(D. R. P. 31G416) (I. 4. 19) on account of its 1 40 p.e. Ni) ; the former may l)e used for lem- 
high temperature coafficient. 

Dewar (Proc. R(»y. Soc. 1904, 73, 244) states 
that platinum docs not give good results at’ 


jHTature.s as high ai/12U0'', the latter up to 500®. 
For full aett>unt of these thermometers v. 


very low temperatures and recommends gold or 
silver. Meilink also (K. Akad. Met. AmsiiT- 
dam, 1904, 13, 212, 221) obtained lx.^tter result.s 
with gold than with platinum. Tlus resistaiKte 
of gold, platinum, and other metals at low 
temperatures has been accurately deUrrmined by 
Kamerlingh Dimes and Clay, C'omm. 99c and 
107c. Kamerlingh Onnes and Holst (Ck)mm. 
141 d) found that platinum is unsuitable in the 
region of —200®, and that it the lowest tem- 
peratures manganin and constantan are more 
satisfactory than either jdatinum or gold; 
%ut Zernike (K. Akad. Amsterdam, l^oc. 18, 
6, 9)4) gives an interpoliAion Jorimila for 
platinum wliich is claimed to be accurate to 
within OK^ at all temiKsratures below —200®. 
Thq resistftce of mercury, tin,^ca<Uiium, con- 


PyEf>Mi:i'BV. 

A great •variety of couples have been tried 
for both high and* low' tem]Kratim»H. For high 
tem|KTature.s tjjie couples metitioncd have b<*en 
found to give^the ls*.st rcHuilH, but the Pt'lr 
alloy Jias the disadvantage that the Ir volatilises, 
very slpwly •even at 90<1®, and much more 
rapidly at 1200''. Sosmaii (Amer. J. Sci. 1910, 
30, 1) has investigated the Pi. — Pt.Kh (10 p.c. 
of Hh)r thermo-element U^tween 0® and the |ii.p. 
of Pt, 1755®d:5®, and Adams and Johnston 
{ibid, 1912, ^3, 534) the Cu-constantan thermo- 
element between 0® and 360®, and they give a 
standard scale of ternpcTature between 200® 
and 1100®. Hevesy and Wolff (Phys. ZeitsoK 
1910, 11, 473) find that tbo^Ag— Ni thenho- 
element gives good results i>etween —80® and 
920®. Kowalk# (Am. Electrochom. Soo. Trans* 
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1916, 29, (>6) considers the Co — constantan 
element the l^st ; l)obalt withstands tho action 
of hot gases better than nickel, remaining 
malleable and ductile. For low temperaturei^, 
Holborn and Wien (Wied Ann. 1^96, 59, 2l2f 
have recommended Fe — constantan ; Pellat 
(Ck>mpt. rend. 1961, 133, 921), Fe — Zn; Dewar 
(Proc. Roy. Soc. 19(J5, 76, 316), Pt — German 
silver; whilst !((!amerlingh Onnes and Clay 
(Comm. 107^ find that Ag — Au gives the best 
results. At ab(fl^ —256*^ this couple is about 
twice as sensitive as one of constantan — 
steel. 

Compatisons of tho thermo-electric scale of 
temperature with the air or hydrogen scale have 
been made by Holborn and Wien (Wied. Ann. 
1895, 55, 95; 1896, 59, 213); Darker (Proc. 
Roy. Soc. 1904, 73, 217) ; and at low tempera- 
^ tures (•— 59° to — 259°) by Kamcrlingh Onnes and 
Crommelin, Comm. 95o ; and with the platinum 
resistance scale by Waidner and Burgess, Bureau 
of Standards, Bull. 1909, 6, 149. White (Phys. 
Rev. 1910, 31, 135) discusses the utility of 
thermo-elements and tho relative utility 
of thermo-eleipentH and resistance tluTmo 
meters. 

The question of tho calculation of the true 
temperature of tho hot junction when the cold 
one is not at 0° has lK*en fully discussed by 
Offenhaus and Fischer, Elect rochem. Ind., New 
York, 6, 1908, 362. 

Vapour ^pressure (hermomricr , — This form 
of instrument w’as recommended by Lord Kelvin 
(Pr. E. 1880, 432), and was introduced into 
practice under the name of tho * Thai pot assi- 
meter’ by SchalTer and Budenberg (l)ittmar, 
J, Soc. Chem. Ind. 1885, 44). if the vainnir 
pressures of a given liquid have been accurately 
determined through a certain range of tem- 
perature, any tcmiKiraturo within these limits 
may bo aftcr'ward.s determined by observing 
the pressure exerted by the vapour of the 
liquid.^ 

The method possesses the great advantage 
that alteration of the capacity o( tho vessel 
containing the liquid and* vapour is entindy 
without influence on the pressure, whicii is 
solely dependent on the tempdVature. 

Ptobably the most serious objection to the 
method is the dilliculty qf filling the vessel or 
reiEiervoir with the j)uro liquid efUirelj/ free Jroni 
air, and if this difficulty Ik^ not overcome largo 
errors may be introduced. For hijfh teraiiera- 
tures, a mercury vapour pressure fhermometcr 
is sometimes serviceable (Ramsay and Young, 
Chem. Soc. Trans. 47, 651). T]ie mercury must 
be well boiled to remove the film of air adhering 
to the glass, but this may be done^without much 
difficulty. A liquid oxygen vaipour pressure 
thermometer is recommended for temperaiures 
between —183° and —200° by Stqck and Niel- 
son, Ber. 1906, 13, 39, 2066, and excellent results 
have been obtained with such an instrument by 
Kamerliugh Onnes and Braak, K. Akad. Wet. 
Amsterdam, 1008, 11, 333. Vapour pressure 
thermometers and pyrometers have wen devised 
by Fournier, and an account of these instruments 
is given by Marieni ( Elect riciti^, Milan, 1908, 
30, 82). H. V. Siemens (Ann. Physik. 1913, 
42 , 4, 871) describes a modification of Stock 
and Nidson’s then^ometer and tlie vapour 
pmeuxes of CS^, 00|, 0|, and N,, wiiioh he 
VoL. Vllf— 


determined ' by means of a Pt resistance ther- 
mometer. Stock, Henning and Kiiss (Ber. 
1921, 54 [B], 1119\givo vapour-pressure tables 
for measurement of temperature between 25° 
and —185°, and describe the apparatus they 
employ. 

Tho following pax>crs or memoirs jsin the . 
subject of thermometry may be consulted : Sur 
les thermom6tres k gaz, D. Berthelot, Paris, 
1903 ; Kohlrausch, Zcitsch. Instr. 1898, 18, 16 ; 
Guillaume, Th6rmom^trie do pr6ci8ion; Chreis 
Phil. Mag. 1898, 45, 205, 299 ; School, Zeitsch. 
Instr. 1899; Callcndar, Nature, 1899, 59, 494, 
519; Phil. Mag. 1899, 47, 191 ; Bams, Int. 
Phys. Congress, Pari.*^, Rep. 1, 1900. 148 ; 
Burgess, Chem. Nows, 1913, 107, 169 %pa 182 ; 
Kamcrlingh Onnes, Third Int. Congress of 
Refrigeration, 1913, section for Physics, 
Chemistry and Thermometry ; Ezer Griffiths, 
Methods of Measuring Temperature, 1918 ; 
Schcel, Zeitsch. angew. Chem. 1919, 32, 347 ; 
Kayes, J. Amer. Chem. Soc. 1920, 42, M ; 
Hot Natuurkundig*Laboratorium cler Rijks- 
universiteit te Leiden, Articles on Thermometry 
and Manometry, Keesom, p. 89, Crommelin, 

p. 211. 

For the apparatus fqr the determination of 
the heat of evaporation of liquids of high boiling- 
jx)ints, aee Awbery and Griffiths (The Phys. 
Soc. of London, 1924, 36, ^03). 

An inter comparison of hgh -temperature scales. 
— An inter-comparison has been made bv 
Forsythe (Astrophys J. 1923, 58, 294) of the 
high- temperature standards used in certain 
research laboratories in the United States of 
America and abroad by tho method of bright- 
ness temx)crature8 as measured by, the dis- 
anp<»aring filament optical pyrometer. The 
* bright ncv^s temperature ’ of a non-black body, 
as dcterniincfl by measuring the brightness for 
a given wave-length A with the pyrometer, is 
defined as the lempt'raturc* to which a black 
body must be raised to give the same brightness 
for the same wave-length. Thus if the bright- 
ness temperature of a body is 15()0'*'K. for 
Aa30*665/x, for this* wave-length the body 
has the same bnghtness as a black body for this 
same w'ave -length. 

Several tungsten ifmps which had been 
carefully aged in the Nela Research Laboratory 
wore sent to the Bureau of Standards, the 
National Ph>’sical Laboratory of Great Britain, 
the University of Wisconsin* and the Research 
Laboratory of tho General Electric Co., re- 
qtiesting that the temperatures of the lamps 
should be measured for specifiea currents. In 
each of the laboratories the temperatures were 
measured with a disappearing filament optical 
pyrometer, using a plate of red glass as the 
monochromatic scream. The results give not 
only a comparison of the brightness temperature 
of tungsten but also a valid comparison of the 
high-temp6raturo scale. In eacli laboratoiy 
the high-teinprature scale is based upon : 
(o) the melting-pdint of gold (1336°K.) or 
palladium (1828° K.), (5) extra^lation by means 
of Wien's equation using ter 0^ the valu^ 
14350° ft. Necessary reductions due to various 
factors such* as a difference in the standard 
temiierature, or a different value of the constant 
Ct have been considered. A table is ^en 
given of^thewaiuos obtahied atAhe various 



18 


THERMOMETERS. ( 


laboratories, the agreement being very good. 
Part of the table is given below : 


Lamp 


r-78-c. I ' 




.2? 


CO 

.04 


^;s 


2oi 

HS 



^=3 

«« 

' § r 





5^§ 

sz;g 

15'4 

1«2& 


1 1826 

1824 

1828 

20*4 

2262 

2206 j 

2266 

i 2265 

2260 

27*4 

2746 

2757 

2753 

2755 

2755 


(Sci. Abstr. 1924, 27, 527). 

Thf mecmircmcnt of small sources of heat: 
The us% of a compensated micro-calorimeler , — 
The instrument consists of a cell })laced at the 
centre of a constant-temperature bath and 
Boparated from it a tliermal insulator. Tlie 
evolution of the heat to Ix) measured takes place 
in the cell. A thermopile, joined to n galvano- 
meter, is connected by a series of junctions with 
the cell and b}" another serifs with the bath, and 
serves to measure the difference in temperature 
of the two media. 

A second thermopile similarly jilaocd is used 
to absorb, by the Pelt iej effect, the heat evolved. 
Compensation is effected by adjustment of the 
galvanometer deflection to zero. It is suggested 
that the method may be suitable for f(»llowing 
the progress of chemical reactions where small 
changes in heat take place or for caloriinetric 
ob8er^'ations in biologv (A. Tian, Comjit. rt‘nd. 
1924, 178, 705; Sci. Abstr. 1924, 27, 527), 

S. V. 
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a uniform temperature by thermlstata con- 
trolling the gas-heating Bystem. Automatic 
fire-alarm devices are usually supplied with 
thormometric or electrical thermostats arranged 
Itk give warning by telegraphic or mechanical 
signals. 

The thermostats and thermo-rogulators 
suggested may be classified as ; — 

I. Thermostats depending ofi a flow of heated 

liquid for the maintenance of a egnstant tern- 
porature. * 

II. Thermostats utilising the latent heat of 
the alteration of the state of aggregation or 
change of phase of a body : 

{a) Change qf phase at freezing-point or 

cryohydric-jwint. 

(5) Change of phase at boiling-point. 

(c) Change of pluvse at inversion- point. 

HI. Other thermostats not automatically 
regulated through ineclianical or electrical 
means. 

IV. Self -regulating thermostats, including — 

(fi) Mercurial or other single-liquid thermo- 
meters : 

1. Acting directly on thc^gas sup])ly or 

ot hf r heat source ; 

2. Afliiig on the source of heat through 

( leclrii al arrangf‘inents ; 

Aetiim on the source <if heat through 
meehanieal arrangements ; 

(h) (hi" thermometers; 

1. Acting on the gas siipj^ly bv transmis- 

sion pressure through a liquicl 
column ; 

2. .\etim? through efeetrical arrange- 

ments ; 


THERJifOSTATS. A thermostat may he 
defined to be an apj)aratus so arranged a.s to 
maintain the temperature of a spare cr>nstant 
between certain definite limits. J*reviou.s to 
1800, the forra.s of apparatus emjiloyed iverc 
. comparatively few and simple, but during 
subsequent 3 xars refinement of jdiysieal and 
chemical experimental methods has Jed to the 
design of very numerou.s varieties (»f tlierinri- 
stats. Some few of these have yV" adapted to 
technical uses; in general these applications 
present little complexity and do not call for anj’ 
detailed de.scription. Thej’ have mainly lxH?n 
applied to the temjicrature regulation of steam 
and gas heating sj’stems and mon* re^’eniK* to«j 
the control of electrical heating. Among otJu-r 
purposes the temperature control of irir ubators 
heated by gas or electricity, of a^.etyh ne heated 
germinating sieves, and of pasteurising appa- 
ratus uiied in the sterilis4ition of ndlk are note- 
worthy. The automatic regulation of the 
temperature of fermenting worts, <;f dy'*-vats, 
of evaporating pans and vacuum siilis, has 
resulted in improveinenth in the sugar, spirit, 
and d^'cing industries. ^Similarly, thenno- 
regulators are extensively adapb^d to f^curc the 
more exact and economical wfirking hi lacquer- 
ing, brazing, tempering, annealing, and nuisting 
ovens and kilns. Numerous systems for the 
central heating of public buildings and houses 
i>y steam, hot water, gas, and hot air are now 
automat icoJiy regulated hy« t hermon^lric or 
electFical control apjjaralus. 8iruilar lliernio- 
static arrangements an^ also used in coiin<H:tion 
with steam-beating deviw-s in railway carriages. 
In gas-testlUg statio^, rooms ard ma^taiiiea at 


.‘h Acting through ineilmniea! arraiige- 
menl.-< ; 

(r) V'apour-len'^km tlic rmometers; 

1. Air and va|iour ; 

2. Vaptmr in contu'd with its own liquid 

only : 

((/) Tlu rmof'tats depending on the differential 
expunsifin of snUd .^ulmtances ; 

(f) Klecy*ieall 3 * heated llwrimintatH with 
elect ric fiT control ; 

( f } OtluT mechaiiiciil n gulators. 

The limit. •> of this article pn^dude the de- 
Horiplion oi more than a few of the more tynical 
xainjiles of each c>f^thr*He ; details of 

<tlhcr forms and referencej» may obtained 
from ; 'j'em[»c rati|re lirguiaforH, J. T. Jlrowri ; 
l.»a''f>eyrejs, T*ogg. Ann. 1.72, 132; H. Hammerl, 
Carl .H Kej». 18, 1HS2 ; K. Arndt, Zeitsch. Chem. 
Appuratenkiinde ]. 2.7.>-2fi3; Fr. (trutzma^dier, 
ZeitMdi. ISKtruiiienlenkiiiide, 22, 184, 193, 201 ; 
\V. C. Chxr. d. ITiys. ('hern, (i, H5d05. 1902, who 
gives a geiici^l and a uscdul biblio* 

griijrhy ; lkKl<-nKtein, ZeitiKdi. |th>sikal. 

t hem. 1899,30, 113 139, who sup]4ic« a daiatlod 
accffuist of jtheriiHxhtaU osrd in gaa-raaidkiii 
rc‘M?ttr(!he.«, and Jl. \\‘. Fischer ami O. Bubeiisf, 
Z< itH<h, Elektn« hem. HKW, 14, 375. See alao 
('uinming, Trans. Farmlay Hoc. 1912, 7, 2M ; 
IViuidield, 200. 

1. ThcrnwsUiU dependi^ on a Jhw of keaieJ 
or cotded liquid for tlu mainlenance of a romlciiil 
(rmjHraturr. - Tlirt fonn cd ap{>araitui itiventad 
by i\ HlmimAWm timy be adapUKi for um 
cilher as a or tempenittra mnilaior 

(I). Jl. F. 431114, 1887). A^tMcd ill tiia kll«r 
capacity, it oonsiffta etweiiiialiy ol a oyiiodiioid 
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valve conA'olling >the supply of hot or cold 
currents of either Jiquid or vapour to a worm 
arranged in the vat to bo maintained at a uni- 
form temperature. The valve is formed by ah 
elliptical slit in a ^eet cylinder# \vldch passed 
half round the circumference of the cylindev, 
and, when the Hitter revolves, is brought more 
or less opposite to tqbcs opening into the sides 
of the drum, wh’ch serves as a valve-box. The 
space within the revolving cylinder is fumiKhed 
mth tubes passing through the head of the drum 
to serve as supply or exit pipes. The valve is 
worked by the rise and fall of a vertical piston, 
actuated Tby the expansion and contraction of a 
quantity of mercury, w’hich is contained in a b<*ll- 
6hax)ed vessel of which the wider end is applied 
to a small chamber which forms a side continua- 
tion of the vat. The vertical movement of the 
piston is transformed into the circular motion of 
the valve in a horizontal plane by means of a 
pin working in a screw slot on a hollow cylinder. 

A simple thermostat for use in connection 
with the rcfractometric examination of oils and 
.fats, by T. E. Thor|ie (Chem. Soc. Trans. 10<J4, 
257), uses a constant current of liquid, under a 
defined pressure head, heated by passinir through 
a coil in the vajunir of a b<»iling licpiifl (r. vol. v, 
652). 

\V. llehrens (Zeitsch. AViss. Mikrosk. 1805, 12, 
1) describes a neat, air-worketl expansion valve 
for controlling a hot-water currei t hUiq>liod to 
the hot stage of a inioroscoj)o. 

Other forms using this principle are 
given by J. Ph. (Jriinig, D. R. P, 75882, IS03 ; 
tl. C. iSchalkwijk,* Zritsoh. Tnst. lOlU, 21. 338; 
and T. Al. Iy)wrv, Trans. Faraday Sue. 1007, 3, 

no. 

A thermostat for low tem|)erat vires has laen 
dcscril>cd by Walton and Judd. J. Phvs. Cheni. 
1914, 18, 717. 

II. Thennostats vtilising the latent heat of (he 


thus raised, and th? vessel or bath is sur- 
rounded by the boiling liquid. 

L. Meyer deviled an apparatus for deter- 
mining the boiling-point of a liquid at any pressure 
below that of one atmosphere. • 

It may bo used to control a 
constant-tamperatare bath (An- 
nalon, 15, 303). The apparatus 
(see Fig, 1) is a pressure control 
valve. The mercury in ab cuts 
off the connection with the air- 
pump through H as soon as 
the pressure is reduced to the 
required point; CD is a mer- 
cury valve which admits air to 
the apparatus immediately the 
pressure falls below that fixed 
upon. 

Brown has improved this 
apparatus, rendering it possible 
to use it for pressures higher, 
as well as lower, than one atmo- 
sphere. A mere ur^ manometer 
is so constructed that, imme- 
diately the pressure falls below 
or rises above that determined 
ui»fjn, an electro-magnet clutch, 
actuating a suitable stojxock, 
is placed in a battery circuit, 
and thus connection is ^made 
between the reservoir and the 
pump or outer air, as may be 
required for adjustment (Phil. 

Mag. 1879 [v.I 7,411). 

A. Fock has constructed a 
very serviceable bath, in which 
common iK'troleum is used as the !• 

mixture of liquids of different 
lK)iliiig }>nints. A double cylinder ab (Fig. 2), 
serving as a vap<'ur. jacketed bath, is connected 
by means of the side tubes a and 6 with the reflux 



alteration of the state of aejifregation or rhamje of 
•phase of a body. — (fi) References tc» ty|K\^ using 
the change of phas<' at the freezing- jM>int and 
cryohydric point will 1 m» found in Veer s biblio- 
graphy (lx.). To these may lie added 3'ravers 
(Zcdtach. physikal. C'hem. 52, 413), using 

alcohol and carbon dioxide snow* for low tem- 
peratures. 

(h) The cliange of phase at the Uii ling -{Hunt 
is mon» generally utilised. The va]s>iir from a«| 
liquid bciiling at the requir'd tein{KTuturo is i 
caused to surround the oven <»r *balli to Ih‘ * 
heated. Hero the tern |>e rat lire* will vary \ 
according to the pressure under which the 
liquid is boiled. ^ • 

The liquids used for this pur{K>se are : — 
Water, other, methjirl and ethyl •alcohols, ben- 
zene, toluene, acotic acid, carbon disulphide, 
amyl alcohol, xylene, turpentine, aniline, naph- 
thalene, glycxm)!, diphenvlamincw tho« mono 
hydrate of aulphuric acid, mercury, paraffin, 
sulphur, zinc. 

The temperatures so obtained lie between 
22^ and 10^^ At the ordinary*, atmospheric 
pressure one definite tem|)erature is obtained 
for each substance used. 1 n tennediate tempera- 
tures may be obt4sin6d in several ways: — 
(1) The piessuie under which the vapimr is 
formed is varied; (2) mixtures of lii}uids in 
vmrtotiB jproportioiis are tteed;«(3) a solid is 
dimolvea in a liquid, the bojjing-point being 
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condenser o.* The tube o connected with the eon* 
denser communicates, through the stopoo^ r 
and lube d, with the roeervo& flask^n, A 
ture of U§ttidss(^9* oommiM petxolenm) is pleeed 

e • y . • 
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in the bath and distilled, the distillate passing Jnlion storage f ® 

through the open stopcock r into the flask K. ® thronch 

At the moment when the required temperature of the length of a J”*®. 

is attained, as indicated by the thermometer T, which the current flows, by J“ wiftncp 

the stopcock V is closed; the distillate now «.d controlled by moans of a Thomson ^ance. 
returns through the tube h to the bath, hence . Other ,0 ,07; 

the temperature of b will remain censtanl for scrilwd by Mahlko (Zeitsch. Inst. 189.1, Irf, 197), 
any length of time (Ber. 1885, 18, 1124). 

Ramsay has used a vapour-batli in which the 
temperature is controlled by regulating the 
pressure under which a selected pure liquid is 
Doiled (Chem. Soc. Trans. 1885, 040). 

J. Traube and L. Pincussohn (Zeitsch. Ins(. 

Beib. 1897, 17, 49) have also devised a siiujdt* 
thermqstat using a boiling liquid under a con- 
trolled pjessure. For other forms see Geer (Lc.) ; 

F. H. Dupr^ and P. V. Pupr6 (Analyst, 19i:i, 

38, 308); Field (J. Ainer. Cliem. iSoc. 1914, 

36, 72). Brame has described a constant 
temperature heating apparatus f<^r exjilosives 
and experiments on the deconijiosit ion of nitro- 
celluloses (J. Soc. Cliem. Ind. 1912, 31, 159). 

An easily adjustable valour thormo.<tat has 
been contrived by Fletcher and "J’vrcr (Chein. 

Soc. Proc. 1911, 28, 189). 

(c) Richards and Churchill (Zeitsch. ]>hy.*‘ikal. 

Chem. 1898, 28, 313) Ijave similarly used th(‘ 
change at inversion points. 

III. Other thermostats not automaticaJhf regu- 
lated . — ^Instruments serving as indicators only 
have beqp devised by Hall (Q. J. Sei. ISIS, 

5, 52); Do3’(;re (Ann. Chim. 1850, [iii.] 2S, 

5) : A. Frast‘r (dfuir. (Jas 
Lighting, ISvSl, 3S, 79s); 
d. Barnes (Chem, 




Pulfrich (Zeit. In.st. 1S9S, IS, 49), and Holho 
{ihid. 143, 1S99. 19). . 

JV. Self -regulating ihermostais : (a) Single- 

liquid thermowfters (I) aeting directly on the gas 
supply or other heat soum . — Therm* •>tats of this 
and allied t^’pes have Ix^en frequently utilised in 
connection with tet^hnical processes and heating 
svstcins ; references to a nuinlKT of the-se are 
given at the end of this arth le. , 

iicichert's ff»rm of regulator is essontially 
tliat of a mercury therm* »m»*fer, \iith a rcHcrv^dr 
Soc. ! at the t(»|> of the ('*>]umn. The gas suppiv tul>o 


Trans. 1881, 39, 403); A. j is jflaced so that its ccmlracte*! ojH»niug is ver- 
V. Harcourt (Proc. Jb>v. 1 ticalU* <jver and near to tin* surface of the top of 
Soc. 1882, 34, 1(»0) ; I', j the inercurv column. Tht* lea< ling tu Ik* takes <»tT 

KreuslcT (Chem. Zeit. S, gas at the side of the reservoir. A small side 
1321); and (’. WinkhT tube on the stein is suppli*Kl with a sciew' by 
(Ber. 1885, 18, 2533). ' mean.s of which the men urv h vel may at any 


Bunsen's thermostat 
(Annalen, 111, 273) is his- 
torical h' interesting. 


Exiiers tlierinostat is j Fontaine, Aiyi. ( 'him. 
of • es{K*eiaMyi‘^»f'» it | Anal. 1911. 10,52; 
allows of constant tempe- ; Fander, (’hern. Zeit. 

1' ilf*inu Ikftirirf n t f o i • I S I ft I ^ 


time be adjusted, and th<* teinisratun* maun 
tained thus altere d at will ( I'lg. 5) (Zedt^ih. 
anal, f'hem. II. 34; Pt>gi;. Ann. 141, 4t»7 ; r/. 


1913, 37, 40) 

(ierhardt's modi- 
fieatioii jK‘rinits the 
|•lllst^ument to he 
I lillwi easily wiih 
men- urv. ^ 

liegulatoFs <»f the 
same tyj>e, but vary- 
inc sfimc^^'hat , in 
form, have l><‘eii con- 


ratures iK'ing maintained 
Fig. 3. between O-* and J(» (see* 

Fig. 3). It consi.sts <»f an 
inner flask, surrounded by two concent rif‘ 
glass vessels, with an air spiice Indwecn ; the 
three vessels are fastened above to a zine 
plate. A delicate thermometer and a thermo- 
element are pjpeed in the centn* of the flask*; 
the stem and wires pass through a Jea<len pi|K* 
attached to the zinc plate. Between tJie two 

surrounding vessels is coiled a (h rman-sil ver I struct ed by « Page 
wire, the coils hanging fre<dy without c-onfact » (( Vin. S(;c*. ^VariK. 
with either vessed ; wires pass from the eoj] to ! isTfif 24), Fletcher 
a battery through the leaden tube*. The ^hoh* * tihul U7ti. 48S). and 
u completely immersed in melting ice, contained j Koulin (lOngl. isdv. 
in a fourth vetml ; the leaden luU* alone j»r*>- .J, 227, 263) ; 

jecto, and serves to keep the wire.s from c*»ntaef Whitaker (Chem. News. 1913, 107, 242)* The 

instrument by lloului ui made of 

if **<^*'‘* The height of the 

‘a 
priftilhill 
down 
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ng orwj, through the ruig-iiha|MKl apertuf* tmt Xtm 
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surface of the merow 
a sufficient supply of gas to the buiner to avoid 
extinction of the flame by 
W)o complete interruption 
of the supply it d. • 

in the thermostatib 
battery by Dibdin and 
8ftiith, in use at the metro- 
j)olitaii gas stations, large 
mercurial thermometers arc 
employed. The tubes by 
which they communicate 
with the supply tulx^ are 
provided with stopcocks, so 
that any One or more of 
them may lie thrown out of 
action. 'I’hey control the gas 
supply to the boiler con- 
nected with the hot- water 
I)ipes. 

For more accurate work, 
the mercury has Is^en rc- 
jilaced by 110 p.e, cai<‘ium 
chloride solution, alcohol, 
lienzoiine, jietroleum, xylene, 
or toluene. I'he toluene 
regulator has gained gtuieral 
acceptance ; a simple and 
«‘asily constructed form, 
designed by H. Lunden and 
W. Tate (Zeitsch. (‘hern. 
Apparat. 11. I, IM, li)07), is 
shown ill the sketch (Fig. 7) 
with dimensions in inilli- 
metre>. The column of 
calcium chloride Sfdution prevents contact of 
the toluene with the mercury and with the 
sto[)cock R, thus doing away with the slow 




aid of any form of pressure regulator (the 
gas pressure varying from 50 to 60 mm. of 
water), maintained* the temperature of a water- 
bath of 150 litres capacity div*ing 30 days 
constant in a room varying considerably in 
temperature. The greatest difference between 
the cxirenfe temperatures (oWrved at«fegular 
and frequent intervals) was 0*02®. A small 
part of the heating gas only passed through the 
valve D, sufficient to heat the bath within a 
short interval of the required temperature was 
supplied direct from the main. 

Another convenient form of toluene regulator 
is described by L<jwry (J. Soc. Chera. Ind. 1905, 
1033) ; there is a helical toluene reservoir tube 
coiled round a straight vertical stem containing 
mercury ; it is ])rovide<l with a wide bye-pass 
but has no provision for ready adjustment of 
the tempi^rature, and the mercury and toluene 
arc in contact near the lower end of the helix. 

Slat or has descril>ed (J. Soc. (’hem. Ind. 1911, 
30, 61) a modificat^n of the ordinary toluene 
j regulator by which it can be readily adjusted 
to any desire<l temperature. 

liannay (Mon. 8ei. [iii.] 16, 1021) and 
F. W. Dafert (Chem. Zeit. 1886, 52, 789) have 
desigTied thermostats belonging to this class. 
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evapomiion of the expanding liquid and 
allowing the uao of onlinaiy lubric4iiit« with 
the stopoook prwrided to mate temperature 
a4iiiitfiieii|«. This regulator, without the 


Fio. 8. 

Further references are given by («eer (J, Phys, 
Fliein. HK)*2, ; r/. I>avis (J. Amer. cWm- 

S4>c. 1915, 37, 1198). also Starkey and 
Gordon (J. Ind. Eng. G^em. 1922, 14, 541). 

(2) Thtrmijn^U achng on the wune of baol 
(hrtmgh deeiriail orrangemenU . — The usual type 
of this class employs a mercury ihennometer 
with one iK)le of a battery permanently con- 
nect eil with the mercury aniJba second adjustable 
|M)le Tillich completes the circuit at the desired 
itiaxiiniim tein|H*rature. An c^tro- magnetic 
arrangement in the circuit aotuatee a gas-cock, 
or w(*rks a gas valve either directly, or, by means 
of a plunger, indirect I v controls a mercury valve 
of the usual ty]ie. Tfits form of tbennoeUt can 
nuKle very rapid in action and practically 
iiide^xmdent of variations in the gas pressure. 

beheihlor has constructed an electro-thenno- 
stat, with^he usual form of electric thermometer 
(Fig. 8). The cU^ctro-niagnet is contained in 
the Mpiare 1 h>x a ; the uptier end of the armaturo 
is provided with a leather pad, which works 
against the innitinuation of the ^-supply tahp 
5, and Vith^it forms a valve which cuts off ilm 
gas when men>ttfy comes into contaet with 
the upper platinum wire. The extinction of lha 
flame is avoided by having a small hole at € In 
the mhre or leas t^peed by Ineniii el Ihn 
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screw d, through which a small stream of gas 
can escape into the box, and hence into the 
burner tube (Zeitsch. Anal. Chena. 1868, 88). 

Kohlrausch adapted this principle to the 
regulation of the temperature of a hothouse 
(Dingl. poly. J. 389. 175). E. E. Reid (Amer. 
Chem.V. 1909, 41, 148-152) employs a mercury 
valve worked by a plunger controlled by an 
electro-magnet. 

A high-temperature thermostat, capable of 
being kept constant to \sithin 1® at 1000°, has 
been described by Haughton and Hanson 
(J. Inst. Metals, 1917, 18, 173). 

A thermo-regulator for thermostats at 
tempemtures close to ordinary room tcmijiera- 
tures has been described by Powell (J. 

Ghem. Ind. 1914, 33, 899). 

An electrical contact vapour-pressure thermo- 
regulator has been contrived by Field (J. Amer. 
Chem. Soc. 1914, 36, 72). The regulator has 
proved sensitive to 0‘1°-0*005°. 

Other forms arc quoted^by Goer (see iv. 1) ; 
to these we may add Clerget (Dingl. poly. J. 
134, 23), Pfaundlcr (Carl’s Rep. 18, 443). and 
Salet (Bull. Soc. cliim. 1865) ; ^Morgan (J. 
Amer. Chem. Soc. 1911, 33, 344); Bunzcl and 
Hassellring (J. Amer. *060111. Soc. 1914, 36, 
949) ; Gouy {ibid, 1920, 42, 60). 

The sensitiveness of a mercury thermo- 
regulator operated f^lectrically is atTe<*ted by 
the adherence of mercury to cb‘an platinum. 
Mansfield Clark (J. Amer. Chem. Soc. 1913, 35, 
1889) finds that by substituting a nickel or 
nichrome wire for platinum, the making and 
breaking of the circuit may be made to occur at 
temperatures much closer to one another. 

For a description of a tliernio-regulator with 
the characteristics of the Beckmann thermo- 
meter, sec R. B. Harvey (J. Biol, Chem. 1^20, 
41, 9) in Abstract. Chem. Soc. Trans. 1920, ii. 
161. 

(3) Thermostats aciirug on the source of hent 
through mechanical arrangements . — Randall s ap- 
paratus (Dingl. poly. J, 224, 478) admits of 
direct technical applici^ions, as ij is adapted to 
the heating of large masses of watef to a constant 
temperature by the use of steam. In Fig. 9 6 is 


1 




a thin- walled tubular vessel containing some 
expansible liquid, the movements of the surface 
of which are followed by the piston x. This 
worA a val^ v, whiolf cotfbrgls the 


steam supply. The spring /# insures the return 
of the piston, the movements of which are 
recorded by the indicator l, which thus acts as a 
Hiermometer. • , 

• D’ Arsonvdl constructed a vei^ delicate tlier- 
Aostat (Fig. 10) by surrounding his oven with a 
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screw or by a cc»rk through which a thermometer 
passes. Connected witli this water chamber is 
the .side tube* o. closed by a caoutchouc mem- 
brane. Near to the centre of the surface of the 
chamber comfiletely filled with water, wdiich is 
introduced through an oix*ning r, clo.sed by a 
membrane the gas-supply tubi* terminates — in a 
small metallic valve- box, from whieh the gas is 
led off to the burner by the tub«^ d. The expan- 
sion or coniraction the large volume of water 
in the outer chamber cau.ses the caoutchouc 
inembrano to leiisen or increase the distance? 
Ixdween the supply tulx* and its o>vn surface, 
thus forming a very seiisitivc valve, which 
trols the supply of {^os to the burner. This 
regulator is said to keep the ierapcralure con- 
stant to 2^,° (J. IMiarm. Cliim. [iv.] 26, 474). 

To maintain constant higher iemporatures 
than ean be employed with water, D’Arsonval 
substitutes a brass tulie (Fig. 11), containing 
l>etroleum*or glycerol, for the surroumling water 
chamber. The membrane is replaced by a cor- 
rugaU^d inetaMic plate such os would be used in 
an aneroid bntometer ; 6 is a leaden tube pro- 
longfng the brass tube ; it is hermelicaliy closed 
after cmargiifg the tube. The clukmbor at the 
back of the aneroid plate conimunieatf^s wdth 
the main tiilx! by two small tubes m and n. 

Several other forms of this regulator, retain- 
ing the same kind of valve, have been con- 
structed. The valve itself has been mounted 
separately on a stand, and provided with a 
funnel and stop-cock to adjust the amount ol 
liquid in the connected reservoir and the lower 
part of the vulfe, and with a bye-pass to insure 
that the flame oe never quite ^tinguished. The 
same type of valve has also been edited to the 
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regulation of the fl^w of a cooling mixture, used 
for obtaining temperatures below that of the 
surrounding air. 

G. Dorian (Bull.,Soc. Ind. Mulhouse, 1900, 
71, 249) described a combined heat and moisturb 
regulator, in whjch the expansion of the liquid 
of a thermometer with a reservoir of spirally 
twisted tube controls a cock regulating the 
current of heating fluid and a hydrometer 
regulator ufor^ the moisture supply. T. S. 
Patterson (J. Soc. Chem. Jnd. 1902, 21, 456), 




N. A. Randiflph (Jour. Franklin Institute, 1S83, 

1 16, 465), V. H. ^’eley (Chem. »Soc. Trans. 43, 370), 
and Nauman (Dingl. iK)ly. J. 226, 276), give other 
forms, anc^ various technical adaptations will be 
found in the list given at the end of tliis article. 

(6) Gas thermotneUr regulators. 

(1) Acting on the gas supply through a liquid 
piston . — A thermostat on this principle was 
devised by Kemp (Dingl. poly. J. 117, 352) and 
improved by Westly. ^ , 

Bunsen's thermostat is a raoditication of 
Keiup^s. The gas supply a^id exit tubes are 
arranged as shown in hHg."l2 ; the supply tube E 
|>asses through a brass cylinder h, which screws 
into the loose brass cap B. At its lower end is a 
slit, and it is provided with a minute orifice at o f 
the exit tube F is joined 04 to tho side of tin 
cylinder H, the latter being contiliued by tht 
glass tube b to tho same depth hs tho supply 
tube. Tlie cap is fitted on a brass tube supplied 
with a slit in wliich the tul^ F can slide. A 
glass cylinder closed at the lower end continues 
this brass tube. In tho lower pi^t of this glass 
vessel is a glass air-chamber opening downwards 
and closed by the mercury contained in the 
cylinder ; this air-chamber preferably takes the 
form shown at o. The expansion of air in 
the chamber causes the mercury to rise in the 
cylinder, and thus partially closes the slit ; the 
position of the slit is regulated by.the screw cap 
until the r^uired temperature is attained. Tho 
minute orinoe o insures that the gas supply 
should never be completely cut off (Dingl. i)oly. 
J. 143, 3421. 

Bunaoua low*temperaturo regulator has a 
larger air ohamtaMr, and is provided with a side 
tube and stopooefc, by means of which tho 


amount of mercury present can be readily altered 
(Desaga’s Gatalogue). Pontallie divides the gas 
supply after passage through a Bunsen’s regu* 
lator, using one part to heat the regulator only, 
the remainder heating the bath. As these quan- 
tities are in exact and determined proportion, 
the tempesaturo of the bath is maintainqd con- 
stant when that of the regulator does not vary. 

Schorer separates the air-thermometer reser- 
voir from tho valve to enable the instrument 
to be used for high temperatures (Zeitsch. anal. 
Chem. 9, 213). 

D’Arsonval adapted his thermostat for use 
at temperatures between 150° and 1200° by 
substituting an air reservoir for the jictroleum 
reservoir employed at lower temperatures. The 
reservoir was made of glass or porcelain. The 
aneroid valve w^as at the same time furnished 
with a lever-arm and weight p, by means of 
which the pressure on the lower surface of the 
aneroid plate could be more or less compensated, 
and the amount of gas supplied altered at will 
(Fig. 13) (J. Pharm.«Chim. [iv.] 26, 474). 

Although a number of varieties of this 
type liave been used {see Geer’s bibliography ; 
J. Martenson, Chem. Zentr. 1872, 513 ; Clowes, 
Chem. Soc. Tran.s. 24,^ 639 ; L. tSaarbach, J. 
Amer. Chem. Soc. 18, 511, 1901), and the 
priiKuple has been technically applied in con- 
nection with furnaces of moderately high 
temiK^rature for low temperature work the 
toluene thermometer forms arc to be 'preferred 
for accurate long period temperature regulation ; 
all gas and vapour thermostats suffer from the 
defect of needing regulation with the changes in 
pressure of the air. 

(2) Acting through electrical arraf^ements . — 
These devices resemble tho instriiments in 



group iv. a (2). Haundler’s apparatus (CuFs 
Uep. 18, 443) is similar to Sclieibler’s, the points 
of differenoo are sufticiently evident from the 
annexed figure (Pig. 14). 

8olari (Bull. *800. chim. 1923, [iv.] 33, 
1000) has described an apparatus which oonsists 
essentially of a differential air thermometer 
with meiiury as the moving liquid. One hAh 
is maintaifli d at a constant iemperatDUPe and 
tile other is placed in a small auxiliary lunia^ 
of copper tube connected in series wriih the main 
furnaoe^ The tube containing merepry is 
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provided with three V platinum contacts so 
arranged in connection with a resistance and 
a swinging commutator tha^ automatic regula- 
tion of the current passing llirough the furnace 
is secured. If Q be the thermal capacity, K 
the radiating power, and C the conductivity of 
the tube carrying the heating coil of the main 
furnace* and. g, r, and c the same constants for 
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with which connection is mi^e through the tap 
B on a side tube (Ann. Chim. [iv.] 25, 386). 

W. T. Richmond (Amor. Chem. J. 5, 287), 
Bendix and liohso (J), R. P. 14242, 1880 ; Bcr. 
r4, 2008), and Bochein (D. R. P. 18077, 1881 ; 
Bcr, 15, 1220) have also devised self-acting 
thermo-regulators of this type.* 

(c) Va pour-tension ther^iometers. 

(1) Air and vapour. — Andreae's thermo-regu- 
lator is a Kemp thermostat in whiuh the expan- 
sion of the air in the reservoir iafnereased by the 
addition of a small quantity of some readilv 
volatile liquid. »Such liquids as ether, alcohol, 
acetone, light iietroleuni and water may 
employed for the purj)ose. Ether is particularly 
suitable, on account of the rapid inorea.He of its 
vapour tension with increase of teiniKjrature. 
A thermostat of this form will maintain the 
t<‘m]Hrature of a W'atcr-bath constant within 

0 04 0*05^" (Wied. Ann. 4. 014). 

Jx»thar Meyer h.'is also made use of the same 
prnu i])Je ( Her. 10, lOSS). 

The following mixtures of liquids of constant 

1 iling-point. for use in constant temperature 
heating baths, have been suj^ested by A. 
tiolodetz ((‘hem. Zeit. 1014, 3S, 1253). 


the small one, then temperature eontml to 
within ±5*^ may be obtained by making 7 
very large, R/r very .small (but r must not be 
too great^, and C/r; very .small (c mav be v< rv 
large). ‘ ‘ 

(3) Acting throv/jh mechanical arrangcmchh,-- 
Jeannel’s thermo.stat (Fig. 15) is an air-tln r- 
mometer thermostat in which the air reservoir 
consists of a metallic vessel of 3 (hj- 4(K) e.c. 
capacity. J'his is connected with one limb of a 



U-tube containing Jilyc rol. In th.- otli.-r )ii 
a float a carries a «U«1 necille workuip ].«« 
in a fine caoutchouc tube o. Bv a rise .,{ t 

K if <'f 'll" «‘alin(r.w 

. L w mounted, near to t 

^th of the tube o, thus fonuing a valU* e) 

IdeaaHre by of the cooutclumc tump 
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WatfT and ether (beterogeneuiiH). 
Ah oliul (3) and elliyl brornitle (97). 
t arbtm (b.siilpinde (87) and loetbvl 
fil«*«»b'd ( 1 .3). 

(’iirln.n dtsnlpbiTie (71) aiul iiu'tbyl 

(2y). 

Carlt<*iidwiilpbhle (IM) andaleulud 

( 0 ). 

Mel by 1 (12) umj ehloro- 

ftfrin ( SSf, 

Meth>l aletfbol | 20 ’ti) anj carUm 
fetra< bIornIe (70*4), 

M« tb>I uleobo) (.38'4) and U^iiz4»ne 
(01*5). 

Ak'tiliul (tj) and eliinrofonii (94), 
Methyl lileidud (47) ruul ethyl 
uctfaie {,’i3). 

llen/.ene(74 l). ideobol (18-5), and 
•b'ater (7*4;. 


Alcobiil f.32'4; liial lM*n7.(*no (07*5). 

.Akvdiol (31 ) and ell>yl ae«»titte (59). 

(;nrlKin*tftrarbloride (77T5) and 
alcohol (22*85). 

Hertzene (90 5) and w</bulyl 
Hicubol (9*5). 

\V ator liiid toluene (luitel^igcY- 
ia*ous). 

\VaN r^(2h*3) cmd jJropyl alcultol 
•(7 1 *7). 

Priqiyl alcohol (53) luid toltiefie 
• (17). 


j\at4 r (41) luid pyriilintY (B9). 
Water and tur|ioiUitto (bc|«ro. 
gerieotM). 

VVut4ir (7) ami chloral (93). 

Watvr and ethyUfiiUtie 
gwmiomi). 

Water atal clu^Uiylaiiillrie {lteUii%»» 

glOUYOUIl). 

'IV>luen<. (70) atid a««>iic m^id (30). 
A«*tio acid (27) and xylana (73). 
Amyl aloohni (30) and athyletie 
dtbmttiMlo (7«). 

Amyl alcHdait (62) and iw^irylaiia 
• (4a)« 
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Benoit’s thermoifegulator has the thermo- Consequent on the fail ofHhmperature, a portion 
meter r^ervoir separated from the valve, connoc- of the vapour condenses, the valve is opened to 
tion Iming made by mcann of a caoutchouc tube a greater extent, and. the, temperature again rises, 
containing mercury. Those actions soon reach a point of equilibrium, 

The reservoir consists of a IhinHube, drawn j and a constant temperature is iheh maintained 
out at one end foi* convenumce in filling, which' (Ber. 19, 28f)0). 

contains a small quantity of air, and a few drops (d) Thermostats depending upon the differ^ 
of some volatile liquid; the remainder of the trUiol expansion of solid bodies.— JBonnemain 
space in the tube is occupied by mercury in con- (Bingl. ix)ly. J. 16, 285) and Ure [ibid. 42, 173) 
negtion with thc^crcury in the valve by means devised regulators depending upon the expan- 


of the caoutchouo^ube. The valve differs some- 
what from the ordinary form. It is provided 
with a side tube a (Fig. 16), by which a small 
amount of gas can directly pa-ss from the supply 
tiilKj X to the burner tube* ?/. Mercury can be 
added by means of the side tube B, or withdrawn 
from the cock c to adjust the level within the 
valve. The whole is mounted ujxm a sliding 
board, fixed by the clarap-sorew m, at any con- 
venient height (Wied. Beibl. 4, 296 ; Guillaume’s 
Thermomdtric, 130). 

(2) Vapour in contact with its own liquid oniy. 
— The instrument deviswi in 1886 by G. \V. A. 


sion of simple or com{>ound metallic bars. 
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Hipp s thermostat U only available for tem- 
j»eratureH between 30' and (see Fig. 18). It 
consists of a copjjer vessel k, surmounted by a 
wooden box (\ having glass front and l>ack. A 
system of lubes on the wall^ of the oven com* 
luunicate with the vesstd K, and ser\"e for the 
circulation of the water heated in that ves-sei. 
I They are provided with openings for tilling in 
I water, and to s<Tve a^s esca|)e vents ip case the 
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• , 

Kahibaum Udongs to this clas-H. There is the 4 
usual mercury valve, the tulx* being j 

bctvelled off at the ojk'D end at an* angle, aiul 
having a small hole op|xMite the fxit tube U» { 
provide against total extinction of the flame, li 
may 1 m' adjusUnl according to.the t^niH'ratun* 
required by the rock and pinion shown (Fig. 17). 
The other limb of the Udub«i contains a Tiquitl 
of boilii^-poitit just Udow the tfm|M*ratun'* re- 

S I in the Wth or oven. For in 

ing the liquid, this end of. the lube is 
by a tightlyditting eurk held in plai^> by a 
damp working against an india-nibUT seat IimhI 
on the collar of the glaiM tube. 

The U»m|^ratur« rioci just alKn*| the boiling- 
point of the liquid sc, a port km of this volatilisrs, 
and mercury is forinnl up the limb a ; the nics- 
tore on the Jk|ttkl being now greater, its boiling- 
point U raised, and the temiierature must in- 
orease for further volatilisation to m^cur. Ow ing 
to the rise of meeeury in n, Ui# gas supidy is 
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water may be aeoideiitally lx>iled. The tempera- 
ture is controlled by a n^gulator ci^nsisting of a 
bent compound metallic bar tixid u|>on tlie back 
wall of the oven at s ; the fnv end a is cimiiected 
by a copier wire Vith llw lever k working a 
conical valve e ; £ is a regulating s<rrew, by 
moans of which any deaired initial opening o| 
the valfe may be obtairnd ; s is the gas-supply 
tulie, and t drnwu off gas for the burner from the 
valve-box a^Dingl. |Mdy. J. 191, 366), 

Lnthar Me\cr in 18ii4 devised a sensitive 


tlliidttialied|^ atid hence the totti)ieraiurs fdk tomiieratgre n%ulator cm tj^is primd^ 
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It consists of a long brass tube placed vertically 
in the bath» and closed at its lower extremity ; 
in this tube a slightly longer glass rod is placed. 
The tube supports a rod carrying a movable 
lever-arm A, from which depends a floating valve 
B. The valve may bo placed at varying distances 
along the lever-arm a, so that the difference be- 
tween, the expansions of the brass tube and glass 
rod may be magnifled to a greater or less extent 
in the amount of movement imparted to the 
Valve. The supply tube is a narrow-bore tube 
passing up the arm x of the valve working in 
the glycerol seal tube w. The supply tube and 
seal may be adjusted to any required height. A 
])reci<|ply similar arrangement allows of the 
drawing off through o of the gas for the burner. 
The valve z is essentially a Bunsen mercury-and- 
slit-tube valve. The mercury vessel is adjustable 
to any required height (Ber. 17, 478). 

L. von. Babo arranged a gas regulator, in 
which the control valve depends for its action 
upon the unequal expansi^ of glass and copper. 
In Fig. 20, A is a copper tuBc, B a glass rod. The 



t C 
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valve X, which regulates the flow of gas from the 
supply G to the burner tube E, is fixed in position 
by the glass rod b, against which it is pressed 
by a spiral spring c. The screw D serves to 
adjust the position of the glass rod, and renders 
it possible to obtain a greater or smaller supply 
of gas at will. As the temperature rises, the ex- 
pansion of the copper tube being greater than 
that of the glass rod, the valve x is pressed by 
the spring o nearer to its seat, and so there is 
less gas supplied; the temperature then falls, 
and the valve partially re-ot>en8, and so on (Ber. 
13, 1221). 

Kohlrausch employed a Br^uet’s metallic 
thermometer to make and brea)( «n electric cur- 
rent, w'hich heated a flne platinum wire (Fogg. 
Ann. 125, 626). 

E. Gumlich (Zeitsch. Inst. 1898, 18, 317) 
claims, by the use of a nickel and brass Brequet's 
spiral governing the gas supply through inter*’ 
mediary electrical arrangements, to have main- 
tained a dry ovenAvitliio 0*4^ for long intervals. 

Rieth’s instrument consisted of a compound 
metallic bar viprking a cone valve, supplied with 
a regulator screw (Chem. Zentr. 1871, 615). 

In Taliani's thermo-regulator (Ann. Chim, 
Applicata, 1914, 1,405) two bimetallic zinc-steel 
vertical strips are fixed at their lower ends with 
the more expansive metals facing inwards. 
The free upper ends are connected by means 
of a very thin copper wire, on the midme point 
of which rests the valve regulating the flow 
of gas to the lamp of the thepuostat. The valve 
is raised by the separation of the strips and 
lowered by their approach. By means of a 
glider operated from without the effective lengths 
of the strips, and consequently ^ho Sonstant 
temperature obtained, may be varied. 

(e) ElectricaUy heated ihermoatata with elec 
trical control . — ^Thermostats of this type allow 
of more s6hsitive imd rapid adjustenent than 
• ^ • • • 


any other ; they are particularly suitable for 
accurate scientinc work but are not without 
technical applications. 

Rotho (Zeitsch. Inst. 1899, 19, 143) gives a 
tery comply account (with illustrations) of a 
^thermostat designed for us^ in thermometer 
work at the Phys. Tech., Reichsanstalt. The 
same author (Zeitsch. Inst. 1902, 22, 14) adapts 
this principle to the construction of an instru- 
ment for use with very low temperatures. , A 
Dewar vessel serves to prevent conduction of 
heat from without ; the heating coil is of con- 
stantan wire wound on the ebonite ring of a 
stirrer, the stem of which is of glass tubing 
through which pass the leading wires for the 
current. 

W. C. Geer (J. Phys. Chem. 1902, 6, 94) 
claims for his thermostat a variation of 0*002° i 
only for a 9 hours’ run with a 3(^litre bath. A 
somewhat simpler form, which i$ essentially a 
modified Geer thermostat, is 'described by 
F. A. Osborn (ibid. 1905, 9, 297). The accom- 
panying diagram (Fig. 21) shows its essential * 
features. The heating of the 50-litre bath is 
accomplished by means of aa iron wire oo 
carrying a current from the large storage 
battery b. The wire forms a layer of five turns 
against the sides of the bath, which latter is 
encased in a non-conducting layer of felt, s is 
a glass worm, 9*5 cm. diameter and 16 cm. long 
and holding 110 c.c. of mercury, serving a 
reservoir of a regulating thermometer with a 
capillary stem. The bath is stirred by a 



Fig. 21. 


mechanically-driven stirrer represented by d. 
A x^la^tinum fused-in wire permanently connects 
an electro-magnet b with the mercury of the 
theilnometer. B is connected through a storage 
cell B'*with a second adjustable wire p. When 
the required temperature is reached, the mer- 
cury completes the circuit with p and the main 
current is broken at AA by the movement of the 
armature. fTho spring shown establishes the 
main circuit as soon as the mercury breaks 
contact with p. 

This form can be brought to the required 
steady temperature in 15 minutes and shows no 
change of a hundredth of a degree in B hours. 

Other forms are given bp S. W. Young (J. 
Amer. Chem. Soo. 1901, 23, 327)j C. Marie 
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and B. Marquis (Coinpt. rend. 1003, 136, 614), 
who use an acetone thermometer with mercury 
make and break and current through platinum, 
wire ; R. A. Macumber and C. G. L. Wolf (J.’j 
Path. Bact. 1904, 10, 105); H. Dhrwin (PhiR^ 
Mag. [vi.l 7, 408, 1904) ; J. P. Magnusson (J.* 
Phys. Chem. 1907, 11, 25); Regaud and 
Fouilland (Ann. Chin*, anal. 1909, 14, 141); 
L. Kolowrat (J. Phys. 1909, 8, 495), who de- 
scribes the ahto^patic regulation of an electric 
oven. • 

(/) Other mechanicxil regulators have been 
devised by J. W. Eichler and H. Hartig (D. R. P. 
5492, 1878), and by Appold, whose instrument 
was a balance regulator 
^ (Proc. Roy. Soc. 1866, 15, 

iM invention of G. J. 

® Meurlin (1). R. P. 4703, 

^ 1878) consists of a seif- 
d regulating cone valve to con- 

a Ji i trol the pressure of a gas 

^ hence the tem- 

perature of a space heated 
^ \ ^ by the hame. The pressure 

Ip / \ ^ of the gas in the chamber a 

\^P raises the cone b (Fig. 22), 
partially closing the hole in 
plate z, and thus re- 
M a M stricting the current. The 

^ hole in the summit of the 

M Jf cone b prevents extinction of 

” the flame. 

Fig. 22. • A. Schwabe (D. R. P. 

93152, 1896) describes a de- 
vice by which an areometer works a chain 
controlling the source of heat. 

The choice of the type of thermostat most 
suitable will be governed by the requirements 
in each special case. Technical applications 
of these instruments are most frequently 
adequately met by the use of the simple mercury 
thermometer valve at moderate temperatures 
and the air-thermometer mercury-valve at 


D. R. P. 67775, 72164, 1892 ; Senff, Ges. Ing 
1901, 24, 393 ; Johnson thermostat control of 
steam heating, Eng. Rec. 47, 277, 1903 ; Walker 
and Chambers, ibid, 47, 352, 1903 ; System 
Schultz, Ges. Ing. 27, 550, 1004; Narus-Gaye 
and Bloock, Met. Arb. 30, 99, 1904; Hain- 
holzer Zugr^gulator, Tech. Zeit. 21, 485, >904; 
Ohmes, Ges. Ing. 27, 545, 1904 ; Goebel, ibid, 
28, 41, 1905 ; Webster, Eng. Rec. 53, 9 ; 54. 
436, 1906; de Grahl, Ges. Ing. 29, 333, 1906; 
Mehl, Dingl. poly. J. 321, 698, 1906; Sc. Am. 
Supp. 64, 212, 1907 ; Pradel, El. Anz. 24, 1013, 
1907 ; Gold Car Heating and Lighting Co., 
Railr. G. 2, 536, 1907 ; Fulton, Eng. Rec. 7, 56, 
1907. * 

Ine^iators and germinating sUyoes 4 — Paul, 
Centralblatt Bakt. 1, 29, 129, 1901 ; El. Rev. 
N. Y., 1003, 43, 941 ; SchloBsing, Gen. Civ. 1904, 
44, 368 ; Joffin, Compt. rend. 1904, 138, 817 ; 
Rogers, Centralblatt Bakt. 2, 15, 236, 1905. 

Distillation or evajioration, — Patterson, Chem. 
Ind. 21, 456, 1902 ; Rull. Suer. 21, 619, 1903 ; 
Foth (fermenting wnrts), Z. Spiritusind. 27, 
257, 1904. 

A number of dyes, belonging generally to 
the triphenylmethane class, such as methyl 
violet, malachite green,* and erythrosin, have 
the i)roperty of gradually and completely dis- 
a})pearing without residue when heated, the 
time taken for disappearamie depending on the 
temperature, other conditions being the same. 
Such dyes can be used as heat indicators in a 
number of ways for the control of industrial 
operations, for instance, in cases where a certain 
amount of heat has to be applied during a 
certain interval of time, the disappearance of 
the dye indicating the completion o{ heating. 
Anotlier use is to determine the heat distribution 
in a heated body. The method may be applied 
in the annealing of glass, the burning of cements, 
or to detect overheating of electrical equipment 
(P. A. Kober, Ind. Eng. Chem. 1923, 15, 837- 
838 ; J. Soc. Chem. Ind. 1923, 43, 913A). 

Miscetlancous, — E. Clarcnbach, D. R. P. 


higher temperatures, some Jorm o* differential 
expansion instrument being used when the lia- 
bility to vibration or shock has to be provided 
for. 

For accurate work, the reliability, sensitive- 
ness, and independence of atmospheric changes 
are the most important considerations. Elec- 
trical thermostats with electrical control aj)i)ear 
best able to fulfil the necessarv copditions {see 
Geer, J. Phys. Chem. 1902, 6, 85) ; W. P. 
Bradlev and A. W. Browne {ibid, 1902, 6, 
118) claim to have constructed a fhermostat 
sensitive to one thousandth of a denee. The 
toluene thermometer mercury-vake tliermostat 
has found wide use ; T. M. Lowry V* Soc. Chem, 
Ind. 1905, 1030) discusses the conditions 

governing its sensitiveness and A. W. C. Menzies 
(Chem. News. 1902, 85, 68), in dealing with the 
same subjedt, shows that this type is able to keep 
a bath at 6^ above room temperature constant 
within one hundredth of a degree. • 

The principal ways in which thermostats 
have been applied to technical purposes have 
been mentioned ; recent instances of such 
applications are to be found in the following, not 
otherwise readily accessible, refe^nces. 

Central heatinghnd ventilating systems.— Con- 
solidated Qptf-hMting Co., Wheeling, U.S,A., 


67146, 1892; Kramer, D. R P. 67146, 1892; 
G. H. StockiSiiidge (Fife Alarm Telegraphs), 
Elect. London, 1 896 ; E. Sartorius, D. R. P. 
100294, 1897 ; R. Janz,J). R. P. 114457, 1899; 
0. Bohne, D. R. P. 133429, 1899; Fedeschi, 
Centralblatt Bakt. 1, 30, 969, 1901 ; P. Breuilh, 
D. R. P. 150962, 1903 ; Regaud and Fouilliand 
(electric stoves), Zeit. Mikr. 20, 138, 1903 ; 
Casses (pasteurising apps.). Milch. Zeit. 33, 258, 
11)04 ; Keller and Tech. Rundsch. 5, 1904 ; 
Voss. Zeit. Beleucht. 10, 216, 19^)4 ; Ginsberg, 
Zeit. Heiz. 9, 231, 1904; Sodeau, Chem. Ind. 
23, 1134, 1904; ovens, kilns, &c., Eng. News, 
51, 514, 1904; Syst^me de Rougemont, G4n. 
Civ. 46, 213, 1905; damper regulator for 
boilers, Eng. Rec. M, suppl. 12, 47, 1906 ; 
System Kosfcrle, Gres. Ing. 29, 293, 1906 ; Zeit. 
riirz. 12, 80, 1907 ; 1). J. Beaver and J. J. 
Beaver, Idd. Eng. Chem. 1923, 15, 359. For a 
modified thermo-regulator, see Hume (J. Soc. 
Chem. Ind. 1924, 43, 250 T). W. T. 

THESPASIA MACROPHYLLA (Biume) 
[P. Lampas (Dabz.).] This is a small bus^ 
commoS to tjbe tropical jungles of India, Burma, 
and Cevlon. In Watts’ Dictionary oi the 
Economic Products of India, there is no mention 
of the use of this plant as a dyestuff, but, on 
the otherlhanff, the oapsu^ and fiiwers o& the 
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allied T. wptUnea (Solandr) are stated to give 
a yellow dye. 

According to Perkin fChem. Soc. Trans. 
1909, 95, 1859) the flowers of the T. macrophylla 
yield quercetin and some quantity of pmio- 
caiechuic acid. 

With mordanted woollen cloth*' the flowers 
produce fairly good shades, but are in no way 
superior to the better-known Indian natural 
yellow dyestuffs. A. G. P. 

■ TMEVETIN V . Digitalis. 

THIAZINE COLOURING MATTERS. The 
thiazines are colouring matters containing the 
group 

\/\s/\/\ 

The Bimpleat membier of this series is thimine 


THESFU|A UAOROPHELLA. 


insMad of dimeth^niliim 
morduited cotton bine. 
Thloevmine R (C.) 


0 . 




a,X) 




the hydrochloride of which constitutes Lauth’s 
violet {see Methylenb^blue). The tetrainethyl 
derivative is methylene blue which is by 
far the most important dyestuff of this class. 
The general method of preparation of these 
colouring matters has already been indicated 
(see Methylene blue). 

Oentianine (Gy.), produced by oxidising 
p-phenylenediamine and dimethyl-p-phenylene- 
diamine with ferric chloride in presence of sul- 
phuretted hydrogen, is probably the zinc double 
chloride ^f a mixture of Lauth's violet and 
methylene blue ; it dyes tannined cotton in 
bluish-violet shades. 

By the oxidation of methylene blue with 
acidined bichromate elimination of methyl 
groups occurs with the formation of methylene 
azure. This dye is the mixed chloride of di- 
and tri-methylated Lauth’s violet; on cotton 
mordanted with tannjn and tartar emetic it 
furnishes reddish-blue shades faot^to washing. 

Methylene green (S.CJ.}, Methylene green 
paste (L.B.H.) « 


N(CH8) 


«-Q\sA/= 

NO, 


=N(CH,),-C1 


,/N. 


It dyes tannin* 


^ SO g - " ' - "— C 8H4 




is obtained by treating methylene blue with 
sodium nitrite and nitric acid at 50^, the product 
being salted out and converted into double zinc 
chloride. It dyes in bluish-green shades on 
mordanted cotton, being the fastest green basic 
colouring matter used in silk dyeing and printing 
and in calico printing. ^ 

TUonine Slue GO, 0 (M.) ; Thlonine blue 
B, R (By.) 


CH8-C8H4*S08Na 

Benzyleihyl- p-phepy lenediam^iBSuIphonio acid 
is oxidised in presence of sodium thiosulphate to 
sulphobenzylethyl - p - phenylonediaminethiosul- 
phonic acid ; the latter is oxidised together with 
Donzylethylanilinesulphonic acid and the sulpho- 
indaminethiosulphonate thus obtained is heated 
to boiling. The dyestuff is an indigo-blue powder 
giving a pure blue solution in \^ter and dyeing ^ 
wool and silk from an acid batn in blue shades 
(Cassella and Co., Eng. Pat. 4596, U890 ; D. R. P. 
appl. C 3264 ; Amer. Pat. 4344^ ; see also J. 
Soc. Chem. Ind. 1892, 11, 30; \ j. Pr. Chem. 
1907, [ii.] 76, 498). \ 

Toluidine blue 0, 2 Ci 5 Hi 8 N 3 Sd^,ZnCl 2 ; 

Dimethyl- p-phenylenediaminethiosulphonic acid 
\cj. Methylene Blue) is oxidised together with 
o-toluidine. The insoluble green indaraine formed 
is boiled with a solution of zinc chloride and the 
resulting leuco compound is oxidised. The 
colouring matter is a dark green powder giving 
a bluish- violet aqueous solution and dyeing 
mordanted cotton blue (Badische Anilin una 
Soda Fabrik ; Eng. Pat. 10314, 1888 ; D. R. P. 
47374 ; U.S. Pat. 416055 ; Meister, Lucius und 
Briining, D. R. P. 47345). 

New methylene blue N (B), NSS (B.D.C ) 

/% 

Ethyl- p-tolylene<Jiaminethio8ulphonio acid, ob- 
tained by the oxidation of p-aminoethyl-o- 
toluidine in presence of sodium thiosulphate, is 
oxidised together with ethyl-o-toluidine and the 
green indamine obtained is heated. The solu- 
tion of the dyestuff in water is violet-blue whan 
cold and pure blue when hot. Tannin-mor- 
danted cotton is dyed in redder and fuller shades 
than those produced by methylene blue (Cas- 
sella and Oo., ling. Pat. 8407, 1891 ; D. P. R. 
appl. C 3603 ; Amer. Pat. 469329). A aatis- 
factory discharge is obtained with glucose and 
caustic soda. * 

Brilliant alizarin blue (Bayer) ; Indoehromlne 

T (Sandoz) 




SO,Ns 


\s/^^Na(G!H,)e,H, 

pnpand like methylene blue except that 
iueUiyl.«^h«iyl«iediamiiietliio8ulphonic acid 


(CH,),N' 


0 


/V 


1 : 2-Naphthaauinone 4 : d^lhnilphoaio acid il 
condeneed wfe <Hmethyl-i^lienylenetoB tt o e » 


.Th»*'dyWt«ffgipfaetlilne 



'thioacetic Agio, '29 

sh^es on clAomed iivpol, cotton or silk, and is the^^ater part gradually dissolves; and on 
suitable for oaJioo jftinting (F. Bayer and Co.^ decanting the . clear liquid from the insoluble 
Eng. Pat. 826, 1893 ; D. R. P. 83046, 86717 ; residue, and distilling off the alcohol, there 
Pn Pat. 227675). ^ remains a venr tenacious gummy residue of a 

Leueogallothlonine^ (P.H.), a generic terns? rich- brown colour, which undergoes no change 
covering a group of leuco compounds of thoij I colour on exposure to the air, but very slowly 
following general •formula (Eng. Pats. 6692, ardens. contact with potassium hydrouide, 
1893 ; 20397, 1906 ; B. PP. 189479, 73666) lOwever, it blackens like the original substance. 

CO*R' The residue, insoluble in cdcohol, dissolves 



OH 


where R, are alkyl groups, R' is OH, NH 2 , or 
some other substituent in the carboxylic group 
•of gallic acid. They are produced by con- 
densing together o^-dialkylated diaminoaryl- 
thiosulphonic acids such as 

N(CH 8 ) 2 -C,H 3 (NH 2 )*SS 03 H 
and gallic acid or a derivative such as gallamic 
acid. On chrome mordanted wool these acidic 
leuco-compounds dye with oxidation in violet 
to blue shades fast to light and washing. 

The Gallothionines are obtained in bulk by 
oxidising a mixture of gallic acid (or a derivative) 
and a mercaptan of an ns-dialkylated-p-j^henyl- 
enediamino such as N(CH 3 )a*C 3 H 8 (NH 2 )‘SH. 

Indoehromogen S (Eng. Pat. 3886, 1894; 
D. R. P. 109273) 



resulting from the action of )3-naphthaquinone 
4 : 6-disulphouic acid on o^-diethyl-p^henylene- 
diaminethiosulphonic acid id alkaline solution. 
Bright greenish-blue tints are produced on 
chrome mordanted fabrics, the colour being 
discharged with alkali chlorate and ferrocyanide. 

Urania blue (W.D.C.),. (Eng. Pat. 13118, 
1896 ; D. B. P. 90275 ; ) a bluish- violet acidic 
dye with bronzy lustre, obtained by oxidising 
with aqueous chromic acid a mixture of o«- 
dimethyl-p-phenylenediaminethiosulphonic acid 
and di - jS - naphthyl • m - phenylenediaminedisul- 
phonic acid. It dyes wool and silk* from an 
acid bath in pure greenish-blue Shades. 

G. T. M. 

THIAZOL DYESTUFFS v. Prhsulins and 

XTS DEBXVAIXVSS. • 

THIET.S1E or THITSI. A resinous, sub 


or the most part in ether, forming a dark- 
trown solution, and leaving a light-brown solid 
•esin. The ethereal solution, when evaporated, 
eaves a residue which, on exposure to the 
ir, instantly becomes quite black, and after a 
ihort time nearly solid. This, then, in the 
portion of the original substance to wh;cn the 
ffoporty of blackening on exposure to the air is 
due. 

The solid resin, insoluble in alcohol and ether, 
which forms but a small part of the original 
lubstance, is quite unalterable in the air. When 
heated with nitric acid, it yields a crystalline 
acid which may be sublimed and which exhibits 
he characters of succinic acid. For reports of 
ts uses and value as a lacquer, see Bull. Imp. 
Inst. 1917, 16, 42. 

THIGAN. Silver thioofinoL 

THIGENOL. Trade name for the sodium 
salt of ichthoform (condensation product of 
formaldehyde and ichthyol). . 

THIOACETAMIDE CHa te^NHs is prepared 
by the action of hydrogen sulphide on aceto- 
nitrile (Bemthsen, Annalen, 192, 46) ; or of 
phosphorus pentasulphide on acetamide in 
benzene solution (Hantzsch. ibid, 260, 264 ; c/. 
Hofmann, Ber. 1878, 11, 340). It crystallises 
in monosymractric plates or prisms, m.i>. 107 '5®- 
108*6®, and is readily soluble in water or cdoohol, 
less so in ether. Acids or bases decompose 
thioacctamide, yielding acetic acid, ammonia 
and hydrogen sulphide, whilst with silver 
nitrate solution, a precipitate of silver sul- 
phide is obtained. It gives dif&cultly soluble 
compounds with mercuric chloride and with 
other metallic chlorides (Kumakow, J. Russ. 
Phys. Chem. S^. 1893, 26, 613). 

THIOACEfAtaUDE CH 3 -C(SH):N-C«H 3 or 
CH 8 *CS*NH(C 3 H 3 ) is prepared by the interaction 
of acetanilide and phosphorus pentasulphide 
(Jacobson, Ber. 1886, 19, 1067 ; Hofmann, 
ibid, 1878, 11, 339), or of the chloride of acetani- 
lide, CH.'CChN'CeHj and hydrogen sulphide 
(Leo, ibid, 1877, 10, 2134). crystallises from 
water in needles, m.p. 75®. On distillation it 
yields phenylamino-phenylimino-eyiane 
CeH^-NH-qCHa) : N C3H3 
It is soluble in sodium hydroxide solution, from 
which it is precipitated by the addition of 
acids. The sodium derivative 

CH3*CS*NNa(C3H3) 


stance used as a varnish by the Burmese. It is formed by the action of sodium ethoxide* 
exudes from a tree in the form of a light-brown, ThioaoetanHide yields two series of alkyl 
veiy viscid liqpid of the consistence of treacle, derivatives, viz. the normal alkyl thioacetanilides 
but on exposure to the air for a few minutes CH 3 *OS'NR(C 3 H 5 ) ahd the alWl isothioacetani- 
beoomes quite Uack and hard on the surface, lides CH.*C(SR) : N'CeH^* The former are 
The same change takes place instant in con obtained by the action of phosphorus penta-* 
tact with potassium hydroxide. The resin sulphideaon alkylacetanilides, and the latter by 
spr^ in a thin layer on wood or other solid the action df . alkyl iodides on the sodium 
body quickly forms a hard deep-black coating of derivative of thioacetanilide. 
freat brilliancy, Qn digesting Ihe unaltered THIOACETIC ACID OH3COSH is best pre- 
iubsUmce with alcohol of 80 p^c. atagentleheati pared by hoisting glacial a^tic addCsdth pace- 
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phonid pentasiilpliide (Tamgi, Gazz. chim. ital. 
l895» 26» i. 273 ; Schiff, Ber. 1895, 28, 1205 ; 

R^kui6 and Linnemamv Annalen, 123, 278 ; 
Kekul6, ibid, 90, 31i). It may also prepared 
by the interaction of acetyl chloride and potas- 
sium hydrosulphide ( Jacquemin and Vosselmann, 
J. 1859, 354), or of load acetate and anhydrous 
sodium thiosulphate (fVohde, Zeitsoh. Cliem. 
1866, 543). It is an unpleasant smelling 
liquid, b.p. 93®, sp.gr. 1*074 at 10®, soluble in 
water and in alcohol : for electrical conduc- 
tivity V. Ostwald, Zcitsch. physikal. Chem. 3, 
182. By heating in a sealed tube with water 
at 180®~200® or by boiling with zinc and sodium 
hydrqxide, the sulphur is removed (Schulze, 
Zeitscl^ physiol. Chem. 1898, 25, 16). Strong 
sulphuric or nitric acid reacts explosively wdth 
thioacetic acid. Phosphorus jicntachlorido 
yields acetyl chloride, phosphorus thiochlorido 
and hydrogen chloride, whilst zinc chloride 
yields ethenyl trisulphide, C2H4S3, acetic acid 
and hydrogen sulphide. Thioacetic acid con- 
denses with aldehydes, ketones and ketonic 
acids in the presence of hydrogen chloride 
(Bongartz, Ber. 1886, 19, 1934). It has been 
recommended as a substitute for hydrogen 
sulphide m qualitatiyo anal^’sis (Sehiff and 
Tarugi, ibid, 1894, 27, 3437 ; Tarugi and Mar- 
chionneschi, Boll. Cliim. Farm. 45, 029). For 
salts, V. Ulrich, .Ajinalen, 109, 275 ; Tarugi, 
Gozz. qfiim. ital. 1895, 25, i. 341 ; 1897, 27, i. 
316 ; ii. 153. 


TmOCyANATES CYfsmvsr 
For the chlorides of thiooyanogen, see 
Kaufmann and Liepe (Ber. 1924, 57,. [B] 923 ; 
Chem. Soc. Abstr. 1924, 126, 1, 839). 

, • Additio]% of excess of a ferric salt to the 
•solution of a oommoroial ferrooyanide, followed 
by filtration, results in a l^od-red coloration 
in the filtrate if the ferroqyanide is contaminated 
with thiocyanate. The quantity of thiocyanate 
may bo determined os follows : 10 grms. of 
ferrocyanide are dissolved in^ltrater to 100 0.o., 
the solution is filtered, and 10 c.o. of the filtrate 
are introduced into a 300 o.c. beaker, diluted 
with 50 c.c. of water, mixed with 25 o.c, of 
5 p.c. ferric chloride solution, and Stored 
through a pleated paper into a 500 0,0. cylinder ; 
the filter is washed with 0*5 p.c. potassium 
chloride solution until the latter passes through 
colourless, the total filtrate being then made up* 
to 500 o.c. Into a similar 500 c.o. cylinder con- 
taining 10 c.c. of 5 p.c. ferric chloride solution, 

1 p.c. ammonium thiocyanate is run from a 
burette until the two cylinders exhibit equal 
depths of colour. The method gives satis- 
factory results (F. Perciabosco, Annali (^him. 
Appl. 1923, 13, 346; J. Soc. dliem. Ind. 1924, 
43, B, 252). 

For the prtKi action of thiooyanogen by 
electrolysis of alkali thiocyanates, see Korsteiii 
and B. Hoffmann (Ber. 1924, 57, (BJ 491 ; 
Chem. Soo. Abstr. 1924. 120, i. 717). 

THIODIALURIC ACID 


Ethf/l esler, — Prepared by the interaction of 
acetyl chloride and ethyl hydrosuljihide, ])ut 
not from ethyl acetate and phosphorus pent a- 
sulphide (Michler, Annalen, 170, 182). IJn- 
pleasant'^melling liquid, b.p. 116*0''-116‘2® at 
749*3 mm. (Beckmann, J. pr. Chem. [ii.] 17, 
461), 

Dithloaectic acid, metkylcarbithionic acid 
CHj-CS SH is prepared by the action of carbon 
disulphide on magnesium methyl iodide in well- 
cooled ethereal solution. The product is de- 
composed with ice and hydrochloric acid. It 
is a reddish-yellow oil, b.p. 37®/15 mm,, sp.gA 
1*24 at 20®, readily soluble in ctyanic solvents. 
It displaces acetic and formic ^ds from their 
salts. It is readily oxidised to thioacetyl di- 
sulphide by water antf produces black spots on 
tbe skin. The alkali, alkaline earth, silver and 
magnesium salts are soluble in water, giving, 
coloured precipitates with the salts of the Wvy 
metals (Houben imd Pohl, Ber. 1907, 40, 1303). 

Methyl esfer.— Brepared as the acid, substitu- 
ting ammonij^m chloride for hvdrochloric acid. 
The product is shaken with methyl sulphate, and 
the red oil so formed distilled ; b.p. 1407760 mm., 
80®-81®/95 mm., 71®/70 mm.; sp.gr. 1*096 at 
2174® (Houben and Schultze, ifer. 1910, 43. 
2481). 

XmOAHTIPYRINB or TmOPYBIKE, 

GipHi*N|iS. Pr^ared by treating the metho- 
chloride or methiodide of l-phenyl-3-methyl- 
5-ohlcffDpyrazole with potassium by^ogen sul- 
phide. Xurge soluble c^tals, m.p. 166® 
(Michaelis and Bindewald, Ber. 1900. 2873). 

^ TmOBEMZENYL DYESTUFFS o. Pbimouvs 
AHP m DXBXVATIVas. e 

:^^^OBER2»PHENONE r. KxtoHss. 

fmOCBBOXOGBN e. Primuunb anx> m 


NH*COv ini.ofj 1 1 IT 


obtained by hydrolysing with dilute poiassiuiu 
hydroxide thiopseinfourlc acid 


NHCO 


(Xencki, Ber. 1871, 4, 772), or potassium tliio- 

cyanobarbiturato C'0<J^J};[;Jj>CH-SCN (Tw- 

cinski, 1883, 16, 1057); forms briglit 

microscopis p}aU»^ The jx>tassiu^m salt is a 
yellow erj^stailine compound, sparingly soluble 
in water. Thio^ialuric acid dissfdvc^s in nitric 
aedd to form a pale red soiutir)ri, and on warming 
a violent reaction takes place and dilituric acid 
is formed. • 

TfflOFLAVlNE T S v, Primuliki ako its 
debtvati^s. • 

THIOF^RM and THIOGENOL, v, Sthtuxtic 

DEIJOS. 

ACID, a lhiolaeetic acid^ 
hH'CHj'GOjH .was first prepared by Cfurius 
(Annalen, 1862, 124, 43) by heating 3 parts of 
monc^hlori^tic acid in concentrated aqimous 
solution with 5 parts of potassium h^rogen 
sulphide. Tluodiglycollio acid is formsd at 
the sartne time, thus : 

CHjCl<50,H*^2KSH=K:;H,(SH)<X),K+BL8+ltCI 

CH,(SH)CO.K*fCH,ClCO*W 

1877, 187, 118). 

ThiodycoUic acid is also formed by ttaatlmi 

•|dphoc^racetyioiaorMe,SOj|0<;Ha W ^ 

(Siemons, Ber. im% «, 
S* 1.^1 gJyoxylio acid with 

cttM in {Hreaenoe rf aihwr osMb. 

^ywllie Mid alK> twbg «>niwd in tiA ^ 
(Bbttmgn', Annalen, 1879, 1^318); bgrhnlilag 
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thiohydft&tain or rl^datiio add with baryta 
(i^Eidreasch, Ber. 1879, 12, 1386 ; Ginsburg and 
Bondzynski, ibid* 1886, 19^ 117) ; or by treating 
Baits of ohloraoetic acid with alkali or alkaline , 
earth polysolphidea anfl subjecting the products,^ 
thus formed to the action of reducing agents 
(Kalle and Co., D. R. P. 180875)« 

Thio|;lycollic acid ii^an uncrystallisable oil, 
soluble in water, alcohol, and ether. It has a 
faint smell, acts as a strong acid and forms a 
nuiUber of metaHjp salts (Claesson, Lc . ; Ber. 
1877, 10, 1354). 

lliese are generally cTystalline substances, 
readily soluble in water, but decomposing in 
aqueous solution especially in light, with pro- 
duction of a metallic sulphide (Myers, J. Lab. 
Clin. Mod. 1921, 6, 359). 

^ If a drop of ferric chloride is added to a 
slightly acidihed tliioglycollate, a transient 
indigo-blue colour appears, which changes to a 
deep violet-red on adding excess of ammonia 
and shaking in air. On standing the colour 
disappears, but it is reproduced by shaking the 
solution with air (Andreasch, Ber. 1879, 12, 
1390). Thiodiglvcollic acid does not ^vc this 
reaction. Thiogiycollic acid reacts with alde- 
hydes yielding compounds of the ty|K> 
RCH(SCH,-CO,H), 
with ketones to form the compounds 
RjC{S-CHaCO,H)j 

and also with kctonic acids (Bongartz, Bor. 1880, 
19, 1931 ; t5ld. 1888, 21, 478). It also unites 
with cyanamides forming hydantolns (Andreasch, 
Monatsh. 1881, 2, 735 ; Ber. 1880, 13, 1421). 

Thlo^yeollamlde OH,(SH)CONH« forms thin 
white leaflets, m.p. 149'' (Holmbcrg, J. pr. 
Chem. 1905, [ii.] 71, 264). 

Ethyl thloglycoliate CH,(SH)CO,C,H« is 
formed by boiling the acid with absolute alcohol 
in the presence of a few drops of sulphuric acid 
(Claessen). It is an offensive smelling heavy 
oil, b.p. above 156® (docomp.), insoluble in water 
• and in alcohol. For some of its derivatives, see 
WIsliscenus, Annalcn, 1868, 146, 145 ; Heintz, 
ibid* 1865, 136, 223; Letts und Colllb, J. 1878, 
685. 

Bthylthh^yeolUc add is 

formed by the interaction of ethyl chloracetate 
and sodium meroaptide, the ethyl ester thus 
formed being hydrolys^ Viih baryta water 
(Claesson, Bull. 6oc. chim, [ii.] 23, 444). It is 
an oil soluble in water, alcohol, and other, and 
yields metallic salts and esters. Its cm ids 
CH,(C,HjS)CONH, 

has m.p. 440®. « 

HttmoOii^odliaadd (SH)(^^ is 

obtained, together with cyanamMe and di- 
cyanamide, hy boiling nitrosothiohpaantoin with 
baryta water. A number of its metallic salts 
have boon prepared (Andreasch, Ber. 1886, 13, 
601). 

DttUofiyttrilto add (8GHt<X>,H)| forms 
loaSots or p^ms, m.n. 100®, gives metdlic salts, 
an sttyl esler,^.p. 280® (docomp.), and is reduced 
by and l^drocihloric add to inio^yoolUo 
add (CSaeoacin, Jto. 1881, 14, 410 ; GUnabutg and 

d 8(CB««0«H}t may be 
— t)ldkinM,teto vitb 

ilf pc, Qmm, m 19. 



472); or by mixing a concentrated aqueous solu- 
tion of sodium chloracetate with an equivalent 
amount of sodium sulphide, dissolved in the 
smallest quantity of water.* The mixture is 
acidified with sulphuric acid and the thio- 
diglyooUic acid is shaken out with ether (Lov4n, 
Ber. 1884, 2818 ; ibid. 1894, 27, 3059).,, It 

forms rhombic tablets, m.p. 192® ; gives metallic 
salts ; a dimethyl ester, b.p. 135®/11 mm.( Anschutz 
and Biemaux, Annalen, 1893, 273, 69), and a 
diethyl eeUr, h.p. 267®-268® (corr.) (Wislicenus, 
l*c*). Also a chloride S(CH2G0C1)2, an anhydride 

m.p. 102“, b.p. 158710 mm. 

(Anschutz and Biemaux, l.c.), and amides. 

THIOIHDIGO DYESTUFFS v . Indigo, Abti- 
ric3AL, AKp Ikdigoib Dyestuffs ; Vat Byes. 

THIOINDOXYL. Thioindoxyl carboxylic 
acidv* 2-HYDBOXYTHIOKAPHTHEN-l-CAKBOXyLlC 
ACID. 

THIOKETONES c. Kstoess. 

THIOL V * Syethetio drugs. 

o-THIOLBENZOlCTtCm. TMoealicylic aeid. 

THIOUNE V. Abietekb. 

THIONIME V. Methylene blub and 
Thuzine colouring matters. 

THIONURIC ACID v * Pyrimidines. 

THIOPHEN. THIOPHENE. Thiofurjuran 

CH— CH 

C.B.S or . 

Y 

Discovered by Victor Meyer in coal-tar benzene, 
which contains about 0*5 p.c. of thiophen (Ber. 
1883, 16, 1465 ; see also Bull. Soo. chim. 1900,, 
23, 384 ; ibid. 24, 357 ; Heusler, Bor. 1895, 28, 
488 ; Witzeck, Chem. Zentr. 1903, i. 1053). In 
order to extract the thiophen, a largo quantity 
of the best commercial benzene was shaken for 
some hours with one-tenth of its volume of con* 
centrated sulphuric acid, the black acid layer 
separated, diluted with water, and convert 
into the lead salt of the sulphonic acid thus 
obtained. Thiadead thiophen-sulphonate, which 
was contaminaCefl with benzeno-solphonate, 
was dried, mixed with one-fourth of its weight 
of ammonium chloride, a3id distilled. The sul- 
phonic acid was thus hydrolysed, and an oil 
passed over which was purified by shaking with 
caustic alkali to remove meccaptsms, dried over 
calcium chloride and rectified. 

K. E. Schulze (Ber. lAfioT 18, 497} recom- 
mends that the thiophen sulphonic acid, after 
diluting the crude acid with waidl::, should be 
hydrolysed by steam-distiUatiou. Thiophen 
may also be completely removed from com- 
mercial benzene by treating the latter with 
form- or acet-aldehvde or with idiihalio anhy- 
dride (D. R. P. 211239 ; FrdL 19(^1910, 9, 96). 

According to Stelnkopf (€^em« Zeit. 19U| 
35, 1098), thiophen may be very leadi^ pre* 
pa^ by passing acetylene over pyrites . or 
maaroarite heated to«300®, the ihiop 
separated from the other inodnots by fraelioiiiil 
distillation. Among the products ooonra a 
sttbstamMi G 4 H| 9 «, b.p. 36^--68® ot garik^Oor : 
nneU which, ^hen treated with attedUk, 
some sulphmr and also its unpbfwant ~ 
Thkiphen has been arU&ialiy pr^psawd 
numerous methods ; ^ 
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ethylene or acetylene into boiling sulphur 1 of the ffltrate to ^th 20 W 

(Vibtor Meyer and Sandmeyer, Ber. 1883, 16, and a few drops.of mine W aM 1 
2116) ; by heating suooinie anhydride with 20 p.o. solufaon oUe^iw 
phosphorus pentasulphide, or bettor, sodium , added and the whole » titeated N/IO 

Buecinato wi& phosphorus trisulphide (Volhard l^monium. thiocyanate Ablution. To aUow JOT 
and Erdmann, Ber. 1885, 18, 454: Friedburg, the possibUity of acetone in the methyl alwhOT 
- .ifl in a similar a blank estimation is mado»on 5 c.c. of pme 


J. 6«o. Chem. Ind. 1890, 1062} ; ai 
way from erythrol and phosphorus penta- 
aidphide (Paal and Tafcl, Ber. 1885, 18, 688) ; 
also by the action of sulphuretted hydrogen 
on diketones thus : 

CH:CROH Hv CH;CR. 

I -f I >S+ 2 H 30 

CH:CROH CH.-CR^ 

(Paaf, jpid. 367, 2251) ; or by passing a mixture 
of acetylene and sulphuretted hydrogen over 
bauxite at a temperature of 320° (Eng. Pat. 
109983 of 1916). 

Liquid, with a faint smell. Boils at 84*3° 
(corr.), and sp.gr. 1*0884 070° (Thorjw and 
Rodger). Gives with isatin and sulphuric acid 
a blue colouring matter, ^idophenin, C^aH^NOS 
in presence of oxygen or oxidising agents (test 
for thiophen in benzene) (Bauer, Ber. 1904, 37, 
1244; ibid, 3128; Schwalbe, Chem. Zeit. 1905, 
29, 895; cf, Wray, J* Soc. Chem. Ind. 1919, 
83 T). Tliiophen gives similar coloured con- 
densation products with all compounds contain- 
ing the group CO*CO (see Denig^s, Bull. Soc. 
chim, fiii.] 13, 535; ibid, 1915, 17, [4J 353; 
Meyer, Ber. 1883, 16, 1473 ; Liebermann, ibid. 
1887, 20, 3231; Claisen, ibid, 2197; Ostcr, 
ibid, 1904, 37, 3348). It gives an intensely red 
coloration with lactic acid in the presence of 
sulphuric acid and copper sulphate (Fletcher and 
Hopkins^Chem. Z<mtr. HK)7, i. 1442), and various 
colours with different aldehydes (Steensma, 
ibid. 1908, i. 1492). 

Thiophen may bo determined by shaking 
] grm. of it with 15*15 grras. of mercuric acetate 
in 60 grms. of water when a white in.soluble 
crystalune powder separates, having the com- 
position C4H4S(HgO*CO*CHg)4, and which 
may bo weighed as such. When heated with 
aqueous sodium clilofide this^elds the corre- 
sponding chloride, C4H4S(Hgffiy4, as a W'hile 
insoluble microcrystalline powder. When heated 
with alkalis, the chldro compound yields the 
hvdroxy derivative C4H4S(HgOH)4 which ex- 
plodes on heating, metallic mercury separatini^ 
in the form of a mirror (Paolini, Gazz. chim. itai. 
1907, 37, i. 58). . 

Benig^ finds that basic mercuric sulphate 
may be substituted for the acetate with advan- 
tage. The reagent is made by dissolving 5 grms. 
of mercuric oxide in 20 c.c. of concentrated 
sulphuric acid and 100 c.c. of water, mixed with 
60 c.c. of absolute alcohol. In presence of 
thiophen this forms S04(Hg0)Hg*C4H4B. The 
wei^t of the precipitate multiplied by 0*1032 
gives the weight of thiophen in the quantity of 
the sample taken (cf. iSpielmann «and Jones, 
J. Chem. Soc. Ind. 1919, 38, 185 T; Spielmann 
and Schotz, ibid. 1919, *33, 188 T). Meyer 
* (<bmpt. rend. 1919, 169, 1402) employs methyl 
^ alcohol in place of ethyl alcohol. 20 c.c. of 
*Dm»ig4s’ sofotion (without the ethyl alfohot) are 
mixed with 75 c.o. of methyl alocmol and 5 c.c. 

The mixture is shaken from time to 
Itee «cd4dter OOg^utes is iltofd. 


benzene. The two ti^ation readings being 
and n respectively, tno amount of thiophen 
in I litre of the benzene is given by 

0*01 x2000x(n-nf)*x0*14 

Thiophen may be estimated colorimotricafty 
in benzene by charging 2 measures with 25 c.c. 
of isatin solution (containing 0*5 grm. isatin in 
1000 grms. of pure cone, sulphuric acid) and 
25 c.c. pure cone, sulphuric acid. To one of 
these 1 c.c. of the benzene to be tested is added, 
to the other 1 c.c. of a test solutibn containing* 
a definite quantity (from 0*01-4)*5 p.c.) of 
thiophen in benzene and the colours aft-or 
shaking for 5 minutes are compared on a white 
base (Schwalbe, Chem. Zc?it. 1905, 29, 895). 

When boiled with aluminium chloride, 
thiophen forms an insoluble resin (Heiislcr, 
kitsch, angew'. (*hem. 1896, 11* 750; Bodtker, 
Compt. rend. 1896, 123, 310 ; Haller and Michel, 
Bull. Soc. cliim, 1896, 15, 1065). 

Thiophen combines with mercuric chloride 
and sulphate (Dimroth. Chem. Zentr. 1901, i. 
450; Schwalbe, Bor. 1905, 38, 220^), and also 
with tile acetate as above. 

A small quantity of thiophen* mixed with 
vanillin and conoentraU*d sulphuric lu Ui gives a 
green or bluish-green colour/ A green colour is 
also formed gradually when wockI is moistened 
with l->2 drops of thiophen and 10 times the 
amount of alcohol mixed with an equal volume 
of sulphuric acid is added (Ihl, Chem, Zedt. 14, 
1707). According to Thomas (Bull. Soc, chim. 
1909, [iv.T 5, 182, 736), pure thiophen is not 
redurt^d by Sabatier and Senderens* method. 

When treated with liydrogen j>eroxido {1-3 
p.c. solution), thioplien yields ari/tkiopken 
C4H4O2S, b.p. 130 ^ and ietroiKcythiophen, b.p. 
158°-160''. Both •have a pleasant smell, a 
burning taste, and give a green coloration with 
isatin and sulpifuric acid. If 25 p.c. hydrogen 
peroxide is used the oxythiophens are decom- 
posed forming sulphuric acid and yellow reamoua 
products (Lanfry, (,’ompt. rend. 1911, 153, 73). 

Both in its ^>hyKical pn)pcrtiea and in ita 
chemical n'eaot ions, thiophen clos<4y reaemblea 
benzene. €lenzene lioils at 80°, thiophen at 84°, 
Like benzene it combines with certain anb^ 
stances %a thiophen of crystallisation timber* 
mann, Ber. 1803, 26, 853 ; Prokofteif, J. Rtisa, 
Phys. Chem^ Soc. 1897, 29, 87). The halogeiii, 
nitric acid, and sulphuric a<dd react> with tUo- 
ph#n, yielding suWitution producta com- 
sponging with and very simOar in propertka to 
those of benz(uie, excepting that thioplton^ 
owing to its unsymmetrical oonstitutk^ jorma 
two series of mono-substitutioo compounds^ 
a-compouqjds, in which a hydrogen atom ad* 
jacont to sulphur is replaced,, and /bcompoimds* 
in which the substitutiou takes place with a 
hydrogen atom in the meta* position to stiL 
phur (Hambemr, Bor. 1897, 30. 869 1 WflL 
ierodt, J. pr. CbotxL 1886, 33, 150; fikmnbs^ 
Bw. 1886, It, 650 ; Sehlekher, ibid* 1881^^ 
10 C.O. 3015; Ciamioian and AngiW, Hid. I89I4 
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74 1^7, MlkMiMOn. m. 1893, 26, 2457; 
mi and dohulte, «MU. 1894, 27, 2834 « ibid 
1896, 28. 2217 ; Ebniuwd, »&Mf. 2385). 

TUo[^ dilodUe OiHilfS forms crystalline 
I^tes, m.p. 40*5% an^ is sometime!^ used as a 
snlwiitute for iodofona in surreal oases. 

In the presenca of anhyarous. ether,^ mag- 
nesium dissolves in 2 -iodothiophen giving 
magnesium thiophen iodide which reacts with 
ketones forming tertiary alcohols^ some of which 
products are desoiibed by Thomas (Compt. rend. 

1908^ 146, 642; tee also TschelinzeflC Chem. 

Zentr. 1905, i. 146). 

1 %tra-lodotlifophen C 4 I 4 S is an odourless, 
tasteless, pale yellow, crystalline powder, m.p. 

198'’ (Paoiini and Silln^rmann, Atti H. Accad. 

Linoei, 1915, [v.] 24, ii. 206). 

Sodium tbioplien sulphonate C 4 H 3 S‘NaS 03 is 
% white (^talline powder which has b^n 
employed in prurigo, being non-toxic and non- 
irritant : it has proved more effective than 
^-naphthol. Nitn>thiophen (Stadler, Ber. IBSo, 

18, 530), like nitrobenzene, yields, with reducing 
agents, the corresponding amino compouna 
(Stadler, ibid. 1490 ; 2316; Goldschmidt and 
Schulthess, ibid. *1887, 20, 1701). 

Hamohgues of thiophen are present in coal- 
tar benzene and may be separated by methods 
similar to those used for separating thiophen 
(Messinger, Ber. 1885, 18, 563, 1636; Keiser, 
ibid. 1896, 29, 2560). Many of these a- and S- 
homologues are known and may be obtained by 
a variety of synthetic methods. By treating a 
mixture of 2 -iodo-thioplien and methyl iodide 
with sodium, 2-tiMihmhiophen (thiotolen) can 
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be obtained (Kues ana Faal, Bt^r. 1886, 19, 555 ; 
Meyer and ]^iH,i 6 iif. 1884, 17, 1558). 
tkiopAea may be obtained similarly. For various 
homologues and their halogen and other de- 
; rivatives, see Grunwald (Ber, 1887, 20 , 2585) ; 

^ Zelinsky {ibid, 2017 ; ibid. 1888 , 21 , 1835) ; 

, Thiele (Annalen, 1892, 267, 133) ; Opolski 
(Chem. Zentr. 1905, i. 1255; ibid. ii. 1796) 
amongst others. 

2J*henyUhiophen is obtained by distilling 
)3-benzoyipropioDio acid or «benzoyi^touccinic 
acid with pWphorus tri- or fienta-sulphtde 
(Kues and Faal, ibid. 1886, «I9, 3142). It 
orystallises in smidl plates, m.p. 40''-44% 

Z-Pbenyithiopken is obtained by the inter 
i action of thiophen and nitroWoetanilide. The 
compound obtained by .Mohlau and Beider 
I {ibid. 1893, 26, 2U01) from diazobenzena chloride 
l^and thiophen in the presence of ndumiiiium 
[phiorkte is a mixture of 2 - and S-phonyithiophens 
nlBamberger, ibid, 1897, 30, 36). 3-FheiiyJthio 
phen crystallises in plates, m.p. 90^-90T5% b.p. 

Benard (Compt. rend. 1889, 109, 
de^ribes another imnylthio|»h 6 n, m.p. 
% which was obtained by passing a niixtim 
the vapours of toluene and sulphur through 
I iron tune heated to redness, ♦ 

U, dikdybf and other diatylihiophens 
hf be obtained by heating mixed alij^atic 
rniatk ketones in the presenoe at water and 
ifttonium sulphide at 215*’ undef {messure 
IWilhHsodt ana Beholtt, Clmm. Zentr, 1010, 
19ft}, IVMr another method a! obtaitikig the 
nhenyMdm^Mni, e, Baomana and Fronun 
1995, 

haiti lean laoliied Ctiiia the 


duct obtained from the interaction of the vapours 
of sulphur and naphthalene at a red heat. The 
former crystallises in pearly yellow scales, melts 
|.at 250*5® (oorr.), and boils above 440®. It yields 
4 b hexambromo derivative 04 oH 4 Br 4 S, m.p, 
^260°, and a tetranitro derivative C 9 ^g(N 04 ) 4 S 
m.p. 210® (cijfa). Oxidation with chromic |cid 
gives phthalic acid. The latter crystallises in 
ruby red leadets, melts at 118*5® (corr.), and 
boils at 345®. It gives the thiophen reaction 
with sulphuric acid and isatin. From it a 
tetrabromo derivative C|ofIgBr 4 Sg, m.p. 247®- 
248®, and a tetranitro derivative C\oHg(N 04 ) 4 Si, 
decomposing at 300®, have b^n obtained 
(Lanfry, Compt. rend. 1911, 152, 92, 1254). 
Other naphthalene thiophene have b^n desefibed 
by Dziewonski (Bull. Soc. chim. 1904; [iii.] 
31, 925). 

Dithienyl (C^HgS)^, m.p. 83®, is formed when 
the vapour of thiophen is passed through a red- 
hot tube, just as diphenyl (CgHg)} is formed 
under these conditions from benzene (Kahnsen, 
Ber. 1884, 17, 789). ’Ijphl (ibid. 1894, 27, 665) 
obtained another dithienyl, m.p. 33®, by the 
action of anhydrous feebly fuming sulphuric 
acid on ice cold thi(»phen. A third dithienyl, 
m.p. 132®, was obtained by Auwers and Pr^t 
(ibid. 1741) by heating btftane tetracarboxylio 
acid with phosphorus sulphide. 

Tbiopheu earboxylle adds may be obtained 
by oxidising the corres}K>ndiifg alkyl thiophens 
and also by various other methods (Xahnsen, 
Ber. 1884, 17, 2197 ; Feter, Ber. 1885, 18, 542 ; 
Messinger, ibid. 563; Xahnsen, ibid. 2304; 
Schleicnter, ibid. 3015; Damsky, ibid, 1886, 
19, 3282 ; Levi, ibid. 656 ; C^rtius, Chem. Zentr. 
1902, i. 457 ; Holleman and Voermaii, Froc. K. 
Akacl. Wentesch. Amsterdam, 1907, 9, 514; 
Bee. trav. chim. 1907, 26, 293 ; Schorigin, Ber. 
1910, 43, 1938). Thiophen 2 -carboxyllc acid, 
m.p. 126®-127®; thiophen S-carboxylic acid, 
m.p. 136®; and three dicarboxylic acids are 
known. 

TUophen aldeh^e C 4 H,S*CHO, a pale yellow 
»il, b.p. 198% having a {Peasant smell, is ol^ 
tained by the distillation 4>f a-thien 3 ’lg]yoxy]io 
arid CgHgS-CXIC^IgH (Biedermann, Ber. im> 
19, 1853) or by the action of sulphuretted hydro- 
gen on chiorol^etojientamethylene 

• CHg 


--CO^ 

(Hantzsch. ibid. 1889, 22, 2838; Hautzsch and 
Witz, ibid. 1901, 34, 841). ^ oxidation it 
3 del(|s the a-acid. Many of its derivatives are 
"known. Thiophen ketones and a number 
of other derivatives of thiophen msve been 
prepared. 

yCgHgS 

TUopkMiiim C(OH):c^'tH4*N(CHg)g 
\c,h;n{ch:),‘ 

This compound, which was discovered by L. E, 
Levi (Ber. 1887, 20 , 513), is an imalogue of 
malachite green* The leuco base 

CH(C4HgS)lt?gH4-K(CHg)g}g 
is 61 st prepared by heating a mixture of one 
part of i^phenaldehyde, 2 parts of dimetiijd* 
aniline mth a»litUe aksohol^ amt 3 to 4 pepte^ 
atno eldoride finr 6 hours, addk^i ^0 mb' 
chloride gradually, and, il the ttiees iMSMune# 
thick, with mte^ 
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k made alkaline with oaiistic soda^ sfeam-diB- 

extracted with eiher^ and the or^talline 
residue which is left on evaporating the ether 
xeorystallised from alcohol. This crystalline 
lenoo hase is then oxidised with manganeae« 
dioxide and dilute sulphuric acid, when it yields 
thic2>hen green. The colouring ijjatter is ex- 
tracted with hot water, filtered from manganese 
dioxide, precipitated with ammonium chloride 
and ammonia, and extracted with ether. It is, 
as represented by the formula, the carbinol corre< 
spending with thejeuco base. Like malachite 
green, it forms a double salt with zinc chloride. 
It dyes silk and wool a shade very much like that 
of malachite green, but somewhat yellower. 

W. Krause (Intemat. Monatschr. Anat. u. 
Physiol. 4, 2; J. Soc. Chem. Ind. 1887, 507) 
recommend the use of the zinc double salt of 
thiophen green for staining sections, especially 
as a complementaiy colour to carmine. It 
dissolves readily in water, alcohol, and chloro- 
form, but is insoluble in benzene. 

TmO5A0CHARINC,rr,<^ >NH.obtained 

by heating an intimate mixture in equimolecular 
proportions of saccharin and phosphorus penta- 
sulphide to 220° and extracting with boiling 
benzene. Orystalliseff in yellow needles, m.p. 
180°. Has a bitter taste. Hydrolysed by 
water, alkali hydroxides and carbonates with 
production of saccharin and hydrogen sulphide. 
Soluble in ammonia solution from which it is 
precipitated unchanged by acids. Heated with 
dilute hydrochloric acid forms ammonium 
o*8ulphoTOnzoate (Mannessier, Gazz. chim. ital. 
1915, 45, i. 540). 

THIOSAUCYUC ACID (o^Thiolbenzoic acid) 

m 

CO,H o (1) Formed by heating sodium 

o-chloro benzoate with sodium hydrogen sulphide 
and copper powder to 160°~250°, dissolving the 
product in water and precipitating by acid 
(Cassella & Co., D. K. P. 189200). (2) A mixture 
of anthraniUc acid and strong hydrochloric acid 
is diazotised, and thc^ solution mixed with a 
cooled aqueous alkaline solution of sodium 
sul|diide containing sulphur in suspension. After 
nitioaen ceases to be* evolved, the solution is 
acidified with hydrochloric acid, filtered, the 
residue dissolved in sodium carbonate solution, 
filtered from sulphur, and heated with finel/ 
divided iron or zinc dust until no hydrogen 
sulphide is evoked after acidification. The 
TOoduct is then treated with hot sodium 
hydroxide solution, filtered, and the thiosalicylic 
tiid precipitated by hydrochloric acid (Kalle A 
Co., ^D.^ B. P. 205^0). ^Colourless or jiale yellow 


C,H,-NH 

NH, 


>C8 


Formed by the action ol ammonia on allyl- 
mustard ou 

^ C,»E4--N;€:S4-NH,«C,H*-NH-CSNH, 

A wUta erataUiiie substance, sparingly soluble 
in ulikr. iTsed in the treatment of lupus, and 
in lulaidM icar^iSBue. With ethyl iodide forms 
lesdUy soluble if water. 


TOCOSTAimiO ACID v. ifOi bauss aks 

OXIDES. ® ^ 

THOLAFORM. Trade name for a mixture 
of menthol and trioxymethylene, 

THOMAS SLAG v. Fbetiusebs. , 

* THOMSDNITE. A zeolitio mineral with 
the composition (Na*,Ca) 0 ;Alj 0 ,* 2 Si 0 ,* 2 JH 40 
orystallifii^ in the orthorhombic extern. Sp.gr. 
2-3-2'4 ; H. 5-5J. A iftassive variety known as 
liidonite, with a radially fibrous structure and 
concentric bands of green, red, and whit<^ is 
occasionally used as a gem-^one. This occum 
in amygdaloidal basalt at Grand Marais in 
Minnesota, and is collected as water- worn 
pebbles on the shores of Lake Superior. 

L. J, S. 

THORIANITE. A hcAvy, black mineral 
consisting of thoria (51-80 p.c.) with yranium 
oxides (11-32*7 p.c.), Ac. It is isomorphous* 
with pitchblende (q.v.) and very similar' to the 
crystallised varieties of this in most of its 
characters. The principal difference between 
the two minerals is in the relative amounts of 
the thorium and uranium oxides, thorianite 
being essentially (Th,U)0, and pitchblende 
(U,Th)Ot. Thorianite is derivedprincipally from 
Ceylon, where it is found in the stream-beds and 
in the gem-bearing alluvial gravels at several 
spots in the Central, Sabaragamuwa. and 
Southern provinces. The heavy minerals occur- 
ring with it, and separated by the gemmers 
from the alluvia by a simple process of washing, 
are zircon, ilmcnitc, thorite, gold, Ac. The 
largest amounts have l>een obtained from the 
Kuda Pandi-oya, a small stream in the Bambara- 
botuwa district, about 20 miles from Balangoda 
in the Sabaragamuwa province ; but the 
deposits are of limited extent, and soon bcconae 
exhausted. The occurrence of the mineral in 
situ has also been noted at one or two i>laces 
(Gampola and Maddegama) in Central pn)vince, 
a few crvstals having been found in pegmatite- 
veins. Pro8j>ecting for the original sources is, 
however, difficult, owing to the thick growths 
of jungle. 

Two isolated crystals from an unknown 
locality in ])rovince Betroka in the south of 
Madagascar have been described by A. Lacroix 
(1914). This material is richer in thoria than 
the Ceylon thorianite ; analysis gave : ThO,, 
93*02 ; UO„ 4*73 ; Fe;0„ 0*29 ,* PbO, I •80===99*84 ; 
8p.gr. 9*33. The mineral has also been found as 
water-wozn grains in the gold-sands of the 
Boshogocha river, Transbaikal, Siberia. Analysis 
of this material gave : ThO*, 74*2 ; UO|, 14*1 ; 
Ce*Oa, etc., 6*3; Fo,0„ 3*1 ; SiO„ 0*8»98*5 
(S. D. lAiznetsov, Bull. Acad. 8U P^tembourg, 
1912, 6, 361). It is recorded from Travancore, a 
preliminary • analysis showing ThO(, 32*27 ; 
UsOg, 39*86 p.c. (Kec. Geol. Survey, India, 1917, 
48*9). 

Thorianite is found as smidl, simple cubes, 
OBoally only a few mm* across, and only ex- 
cej^ionally reaching 2 or 3 cm. Interpenetration 
twins, like those of finor-spar, are oecasioni^y 
met with. •The colour is jet-black, and, when 
the surface is not water-worn and dulled, 
the lustre is bright and pitchy. The streak is 
brown with a tinge of mon ; thin sections ai« 
translucent and optically isotropic* The hiyK 
sp.gr. of aboirt 9*5 is a stiwng feature ; hardness 
nearly 7. l£e mineral ia aflubie in nitric acid 
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mnd in Btdphufio acid, but is scaredy attacked 
by hydroofaloric acid. Jt is the richest known 
source of helium, 8*2-9*6 c.c. per gram being 
given off when the mineral is heated or dissolved 
in acid. Its radioaotii^ty is less than that of 
pitchblende, there being less radium but more 
radiothorium. Nipponium and some other 
possibly new elements « have been e3d;racted 
from thorianite (M. Ogawa, 1908; C. de B. 
Evans, 1908). 

Analysis 1 of ^orianite from near Balan- 
goda (W. R. Dunstan and B. M. Jones, Proc. 
Roy. Soc. 1906, A, 77, 646). II, same locality 
(Dunstan and G. S. Blake, ibid, 1905, A, 76, 
253). Ill, ditto (Dunstan, Nature, 1904, 69, 
610). IV, ditto (E. H. Buchner, Proc. Roy. 
Soc. 1906, A, 76, 385). V, and VI, from Galle, 
Southern province (Dunstan and Jones, i.c.). 



I 

JV 

111* 

IV* 

V 

VI 

ThO, 

QO 

1- 

78*86 

72-24 70-96 

62*16 

58*84 

UO,i 

DO.; 

13*40 

6-031 
907 j 

11-19 13-12 

10*321 

18*88] 

132*74 

Ce,0, 1 

(La.Di),0,l 

[ 1*47 

1*02 

6*391 

0-51/ 

1*90 

1*84 

0*85 

PbO 

2*54 

2-59 

2-25 

2*42 

2*29 

2*56 

Fe.O, 

0*87 

0-46 

1*92 

205 

Ml 

1*31 

C.0 

0*91 

M3 


0*13 

0*59 

0-19 

H,0 

1*28 



3*20 

1*05 

1-26 

Insol. 

0*47 

0-20 

0*41 


0*77 

0*45 


\ Also He, 0'39. 

* Also ZrO«, H‘08 (due to enclosed zircon); SiOt, 

1-84; «p.ttr 8*58. * 

• Also 55rO,, 0*23; SiiOj|.0 C5; 86 , 04 , 0*11; 

0*15; etc. 

Thorianite contains a higher percentage of 
thoria than any other known mineral, and it has 
been employed as a source of thoria for use in 
incandescent gas mantles. The amount ex 
ported from Ceylon in 1905 w^as about 9 tons, 
which sold for £1600 to £1700 per ton ; since 
then, however, the price of thoria has fallen 
consideraldy. 

For local details of occurrence, Ac., see 
Administration Re})orts, Ceylon, Colombo, 

1 903-6, Ac. ; Colonial Repofts, Ser. 

Ceylon Mineral Surve}’, London, 1904-14, &c. 
Bull: Imp. Inst. London, 1916, 14t 321. 

L, J. S. 

THOBITB. A mineral cojisisting essentially 
of thorium silicate, ThSi04, ervstaliising in the 
tetragonal system and isomorphous with zircon 
Analyses show ; SiO,, 12-19 ; ThO„ 4^74 (the 
formula requires 81*5); U,0„ I-IO5 Ce,Oj 
p-3; H,0, 6-10 p.c. The profumcc of wate 
appears to be due to aeoondaiy alteration ; and 
the fact that the mineral is frequdhtly optically 
isotropic and amorphous indicates that it is not 
fresh. The colour is yellow to dark juown, and 
in the orangite variety (e.v.) a bright orange 
yellow ; the lustre is resmous ; sp.gr. 4*4*^ 
Thu mineral occurs as small masses and indistinc 
tsrystah tn the augite-svenite on the lAngesond 
fjord and near Arendal, and a few other places 
in tike south of Norway. It is also found, 
together with thorimiite, in the gun-lnravels o: 
Oeyioii. Bmall amounts are ooimtea for th 
preparatfam of thorium compounds and used 
lor the mantles inoandesoen 

etoment, whkh has ^ h%lMiNit atomic weight of 


he metals of the rare earth sericB, was identified 
ny Berzelius in 1829 as occurring in the form of 
imcate in the mineral thorite, obtained from 
he island of Lov6n (near Brevig, Norway). 

► For position in the Periodic system, see 
iTogel (Zeitsch. anorg. Ohem. 1918, 102, 177- 

m). • 

Occurrence , — Thorium occurs as a constituent 
)f most rocks of volcanic origin to the extent of 
>3 X 10”* in acid, and 0*22 x 10"* in basic deposits, 
t is present as the main constituent in thorite, 
orangite, and their alteration products, macl^- 
x>shite, auerlite, calciothorite, and freyalite, 
and in thorianite (Dunstan and Jones, Proc. Roy. 
Soc. 1905, 76 A, 253 ; 1906, 77 A, 546 ; Szii^rd, 
Oompt. rend. 1907, 135, 463). It occurs also in 
, ttrocrasite (Amer. J. Sci. 1906, |.iv.] 22, 515). 
The only source of commerical importance, 
however, is monazite sand, which contains from 
2 to 10 px. ThOj. 

Extraction an^ Purification. 

J. Separation from tkoritef orangite^ and 
thorianite , — ^These minerals are easily decomposed 
by the strong mineral acids when silicic acid 
separates, and the solution containing the 
metallic constituents is freed, from lead, bismuth, 
Ac., by hydrogen sulphide. Thorium is then 
separated in the form of its octabydrated 
sulphate Th(S04)4,8H.^0, whiSh separates from 
aqueous solutions below 47% by stirring m£o the 
cold chloride or nitrate solution (about p.c.) 
a moderate excess of cold 50 p.c. sulphuric acid. 
This salt is re-dissolved in water, ana oxalic acid 
added to precipitate thorium oxalate, which is 
then ignited to thoria and the cycle of operations 
repeated. For this purpose the thoria must be 
attacked by concentrated sulphuric acid; the 
product is dissolved in ice and water, and the 
solution warmed to 20^ or 30^ to separate the 
hydrated thorium sulphate (Kriias and Nilson, 
Ber. 1887, 20, 1665). 

Thorium salts may be separated from those 
of the cerite metals by solution in excess of alkali 
carbonate or oxalate. But this process brings 
into solution alst» %mall amounts of the cerium 
and 3rttrium earths, w*hich, however, do not occur 
in thorium minerals except monazite to any 
large extent; moreover, the extraction of the 
i||iorium is never complete. Solutions of thorium 
salts readily undergo hydrolytic change when 
boiled with sodium wiosulphate. a basic thorium 
thiosulphate l^^ing precipitated mixed with 
sulphur ; this operation separates thorium from 
all rare earth metals excepting scaihdium and 
zirconium, but the separation is not perfect if 
more than 2 to 3 p.c. of other earths are present 
(Bunsen, Fogg. Ann. 1875, 155, 379; Moissan 
and fitard, Compt. rend. 1896, 122, 573 ; Urbain, 
Bull. Soc. chim. 1896, [iiL] 15, 338 ; Brauner^ 
Chem. Soc. Trans. 1898, 73, 951). 

2. Separation fftmnwnaziU^nd, — Monazite, 
an orthophosphate of the cerite metals which 
contains varying proportions of thorium, is very 
widely diffused in earth’s crust, occurrii^ 
primarily as an accessory constituent of certain 
piutontc racks (granites, diorites, gneisses, Ac.). 
It is, however,»ehiefly in its secondary form of 
monazite sand that the minerai is ezwited lor 
the gas-mantle industiy. The erosive aoUon 
of rivers a^^ tides on the origjnalfimoiiaii^ 



96* , THORIUM. 


oontaining rocks gives zise to enormous accumu- 
lations of monazite sands found in littoral and 
fluviatile deposits. 

Up to 1909 the deposits on the coast of Brazil* 
(6 to 7 p.c. Th02)> since then the richer sand 
discovered on the coast of Travancore (9 to 10 p.c# 
ThOj) have been exploited to the extent of 1600 
to 2000 tons annually. Attempts have also been 
made to work commercially the sand of Ceylon 
(Bull. Imp. Inst. 1910, 14, 321-369). Monazite 
is also found in Australia, North and South 
Carolina, and the Malay Archipelago. 

For an account of the Travancore workings, 
see E. White (Pharm. J. 1922, 440). 

In addition to the yellow grains of monazite, 
the sand contains fragments of magnetite, 
chromite, titanite, quartz, felspar, hornblende, 
rutile, brookite, zircon, and small quantities of 
rare-earth minerals (e.gr. samarskite, aschynite). 
The sand is concentrated by washing, followed 
by electromagnetic concentrations, until it 
contains 90 to 96 p.c. of actual monazite. 

The monazite sand i^ docomposed by heating 
with a minimum of concentrated sulphuric acid, 
and the product dissolved in cold water, the 
residue containing the unattached constituents 
of the sand, quartz, zircon, titanite, & c. Another 
way of effecting the initial breakdown of the 
monazite by fusing in an electric furnace with 
carbon, lime, anc^ calcium 6uoridc, slaking the 
prodyct with water and washing off the lime 
from the residual heavy rare earth carbides, is 
recommended by Baskerville (U.S. Pat. 1087099, 
1914), but does not apj)ear to be used. The 
acid solution is partially neutralised with 
magnesia, sodium hydroxide or ammonia, or 
suitably diluted with water, until precipitation 
of the phosphates of the rare-earth metals occurs, 
when thorium phosphate, being the least soluble 
of this series, is concentrated in the first fractions. 
The use under varying conditions of acidity and 
dilution of pyrophosphoric acid (J. Amer. Ohem. 
Soc. 1914, 36, 1134-11439; I). R. P. 286087, 
1914; U.S. Pat. 1182880, 1916; Eng. Pat. 
1123^, 1917) and of sodium hypophosphate 
(Koss, Ghem. Zeit.*1912, 30;. 686; Fr. Pat. 
44479S, 1912; Wirth, CheA. Zeit. 191.1, 37, 
773-774) have been j^roposed for tlu; separation 
of thorium at this stage. The phosphate is 
dissolved in hydrochloric or sulphuric acid and 
the thorium precipitated by oxalic acid. 
greater part of the phosphoric acid is thus 
removed. The ^sparing solubility of thorium 
oxalate in solutions containing excess of mineral 
acid serves also to separate thorium from the 
commoner metals (iron, manganese, calcium. 
Ac.). ^ Sometimes the separation with oxalic 
Oicid is replaced by precipitation with hydro- 
fluoric acid. 

The crude, well-washed thorium oxalate 
when wanned with exce^ of aqueous sodium 
carbonate yields a solution containing the 
greater jpart of the thorium, together with small 
quantities of the cerium and yttrium earths. 

The thorium in the filtered carbonate solution 
ie precipitated either as oxalate by adding acid 
or as h^roxide by adding caustic soda. Alter- 
natively, the oxMatc may be con^rted into 
stslphaie previous to solution In sodium car- 
boMte. Final purification is effected by con- 
veitirig the neariv pure oxalate or hy<mxide 
into an^ crystallisin^g r^at^ly the 


octahydrated salt until it is free from di^minm 
and phosphate (Koppel and Holtkamp, Zeitsch. 
anorg. Ghem. 1910, 67, 266). 

I^re thorium sulphate obtained by the fore- 
going or by a slightly modified process is wn- 
vert^ almost exclusively, via the hydroxide, 
into thorium nitrate. For this purpose it may 
be dissolved in slight excess of ammonium 
carbonate, the diluted solution freed from iron 
and heavy metals with hydrogen sulphide and 
boiled until ammonia ceases tp be evolved. The 
precipitated thorium is washed and dissolved 
in nitric acid. 

It is customary to adjust the solution so 
that the finished nitrate will contain sulphate 
equivalent to 1 or 2 p.c. H2SO4, since in this 
form it is most generally suitable for iise in the 
gas mantle industry. It is then coix^ntrated 
until it contains 48 p.c. ThOo, and Vigorously^ 
stirred as it cools, when the granulai thorium 
nitrate of commerce is obtained. 

Few commercial chemicals attain such a 
high degree of purity as thorium nitrate, since 
an extremely jmre product is essential for the 
manufacture of gas mantles. Didymium and 
other rarc^ earths must be entirely absent, 
phosphoric acid must not exceed 0*004 p.c. 
P^Of. and load, iron, lime, silica and soda are 
not jiermissible except in the merest traces. 

Many processes for the separation of thorium 
from the other rare earths liavc lieen described, 
most of which have no (commercial value. 
Hydrated thorium ))eroxid(^ is precipitated by 
hydrogen jx*roxide from very slightly acid 
(preferably nitric) solutiohs of thorium salts, 
but in presence of cerite metals a certain amount 
of cerium is co-precipitated. The ojx^ration 
must be rcp<^ated several times to effect a com- 
plete separation (Wyrouboff and Vcrneuil, Bull. 
80c. chim. 1898, [iii.] 19, 219; Compt. rend. 
1898, 127, 412). 

A separation of thorium and zirconium from 
the cenurn and yttrium elements is brought 
about by stirring thoroughly into a dilute solu- 
tion of tl\p nitrates (containing tervalent cerium) 
an excess of freShly-prcpared k^ad carbonate. 
After 12 hours the hydraUm of thoria, zirconia, 
and ferric oxfde are completely precipitated, 
the hydroxides of aluminium, chromium, and 
uranium are partially de)>osited, whilst cerium, 
yttrium, and other rare earth metals remain in 
.solution. The precipitate is n^dissolved and the 
thoria present is further purified (Giles, Ghem. 
News, 1905, 92, 130). The snaritiglv soluble 
basic acetate (Bohm, Die llarsteliung der 
selteneq Erden, vol. i. 40, 1290) and the chromate 
(Bor. 1900, 35, 2028) have been recommended 
for separating thorium from the oerite metals, 
and the acetate method has been used com- 
mercially. The acctylacetono may be employed 
in jgirifying small quantities of thoria ; the well- 
dried salt is extracted with chloroform, in which 
thorium ocetylaoetone alone dissolves (Urlmin, 
Bull. Soc. chim. 1896, [iii.] 15, 338, 847 ; Ann. 
Ghim. l^pO, [vii.] 19, 184), Reflated pre* 
cipitation of thorium by potassium azide is 
recommended as a mode of separation and 

r ification (Dennis and Kortiight, Amer. Ghem. 

1894, 16, 79; J. Amer. C3iem. &)c. 1896, 18, 
947). 

Thoriuit is predpitaM quantitative!!^ a# 
iodate from evmi very dilute iohriions by iodie 
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acid or potassiiim i^date in the presence of I 
excess of nitric acid ; hydrochloric acid should 
be absent (Meyer, Zeit. anorg. Chem. 1911, 71, 
66 ^), 

Thorium in neutral solution 4a precipi- 
tated quantitatively by sebacio acid at the 
boiling-]poiat (D. R. P. 266459, 1912), by phen- 
oxyacetio and pyrotariaric acids (Smith and 
James, Uhem. News, 1912, 105-109), and by the 
ammonium salt of nitrosophenylhydroxylamine 
(TEomton, Chem* News, 1916, 114, 13-14). 
Thorium can be determined ^olumetrically as 
molybdate (J. Ind. Eng. Chem. 1912, 4, 493- 
495). 

m-Nitrobenzoic acid precipitates thorium 
quantitatively as thorium m-nitrobenzoate from 
neutral solutions of the rare-earth nitrates 
^derived from monazite, and a repetition of the 
process affords a complete separation from 
cerium, lanthanum, neodymium, and praseo- 
dymium, but the first of these elements must 
be in the tervalent condition, otherwise the 
sparingly soluble yellow ceric m-nitrobenzoate 
is deposited (J. Amer. Chem. 8oc. 1904, 26, 
760; Zeitsch. angew. Chem. 1905, 18, 92). 
This method avoids the use of alcohol, which 
is required in the separation of these metals 
with lumaric acid. 

Certain organic bases have a selective action 
in the precipitation of the hydroxides of the rare 
earths ; p-toluidine separates thorium and 
zirconium from lanthanum, neodymium, and 
praseodymium, whilst hexamethylenetetramine 
and the chloranilines serve to separate thorium 
from zirconium (liaitwell, J. Amer. Chem. Soc. 
1903, 25, 1128). 

The separation of thorium from rare earth 
mixtures by the elect rolpis of solutions with a 
mercury cathode (Dennis and Hay, J. Amer. 
Chem. Soc. 1918, 40, 174-181 ; U.S. Pat. 
1115513, 1914). and from tungsten by fusion 
with sodium carbonate are described (Ann. 
Chem. Analyst, 1913, 18, 257-260). 

For the estimation of thorium in monazite 
aand by an emanation me^od, Helmiek, 
J. Amer. Chem. Soc. 1921, 43, 2003; J. ^oc. 
Cliero. Ind. 1922, 9fi A. 

Hetallle thorium. The isolation of the metal 
in a pure state is a matter of considerable diffi- 
culty owing to its infusibility, and to its 
power of combining with nitrogen, hydrogen, 
carbon, silicon, and the metals. The reduction 
of thoria with magnesium is not * complete 
(Ber. 1891, 24, 873) ; the action of Silicon and 
aluminium on thoria or on potassium thorium 
fluoride leads respectively to tlm formation of a 
silioido ThSi,, and an alloy ThA^^ (Compt. rend. 
1906, 142, 157, 280). Thorium ^an also be 
obtained by pMdng the vapour m the iodide 
over a haatid tungsten fllam^t (van Arkcl and de 
Boer,Zeit8ch. anorg. Chem. 1925,148,345; tthem. 
Soo. Abstr. 1925, ii. 1193). The pure metal is said 
to be obtained hy the action of metallio calcium 
on the oxide (Fr. Pat. 419043, 4909 ; U.8. Pat. 
106509^ 1914), and by the treatmeut at 500^^0. 
of the anhydrous ohlome with sodium in a steel 
bomb exhausted of air (Zeit. anorg. Chem. 1914, 
87, 809--286). 8o prepared the metal is leaden 
gtay hd colour, ductile and in the coarse form 
uupdtacked by water. A rolled speoimen of the 
metat obtained bmre^iet.ioii mmed at 
«itidhid4iip4|^ Compt. 


t 

rend. 1683, 96, 346 ; Ann. Chim. 1906, [viiL] 8, 
182; Zeitsch. Elektrochem. 1908, 14, 768). 
Electrolysis of thorium chloride dissolv^ in a 
\ fused mixtum of sodium and potassium chlorides 
^ntained in a graphite crucible affords a 
product melting at 1700® {ibid, 1909, 15, 866). 
Alloys of thorium are obtained by reducing, 
with sodium or with carbon and sodium 
hydroxide, mixtures of thorium salts with those 
of more fusible metals (Sn, Pb, Sb, AI, or Cu), 
and thorium fluoride heated with tin or lead 
gives thorium alloys of these metals (D. R. P. 
146503). The alloys of thorium with tungsten 
are of commercial importance (Grotthus MetalL 
u. Erz. 1913, 10, 844; D. R. P. 2939532, L913). 

Reduction of thoria by amorphous boron 
leads to the formation of two thorium ocridea^ 
ThB|, prismatic crystals, sp.gr. 7*5 at 15®, and 
ThBfi, reddish- violet mass, sp.gr. 6*4 at 15® ; the 
former is soluble and the latter insoluble in 
concentrated hydrochloric acid (Compt^ rend. 
1905. 141, 191). 

Thoria is reduced t(f thorium by heating with 
tungsten, the tungsten oxide combining with 
unchanged thoria to form a thorium-tungsten 
bronze. 

Colloidal thorium is prepared by nibbing 
95-96 p.e. thorium with cold dilute hydrochloric 
acid and wmhing the mass on a filter until a 
grey opalescent solution passes through; this 
liquid is stable to acids, but not to alkalif. On 
electriheatiou the thorium particles are found to 
carry a po.sitive charge (Zeitsch. Chem. Ind. 
Kolloide, I1KI9, 5. 191). 

Thorium hydride ThH| is stated to be pro- 
duced by direct combination of the metal and 
hydrogen at red heat, or by absorptiqp of the 
gas by a heated mixture of thoria and magnesium. 

It is not decomposed by water, but evolves 
hvdrogen on treatment with hydrochloric acid 
(fecr. 1891, 24, 873; Compt. rend. 1900, 131, 
891 ; 1901, 132, 36 ; Ann. Chim. 1907, [viii.l 10, 
130). Its existence has also been observed by 
Klauber and von Mellenheim (ZScitsch. anorg. 
Chem. 1920, 113, 306), wrho formed it by the 
action of waterier dilute dcids upon an alloy of 
thorium and ma^esium. It was said to be 
decomposed by heat yielding metallic thorium. 
Its existence is denied by Schwarz and Konrad 
(Ber. 1921, 54. fBl 2122). 

» Thorium earbido ThCj, ytllow microscopic 
crj-stals, sp.gr. at 18®, prepared by heating 
an intimate mixture of thoria |nd carbon in the 
electric furnace (900 ampbres, 50 volts), is 
deebmposed by cold water evolviM acetylene, 
methane, ethylene, and hydrogen (Compt. rend. 
1893, 116, 1227; 1896, 122, 573; Ann. Chim. 
1897, [vii,] 12, 427 ; Bull. Soc. chim. 1914, 15, 
367-:n0). 

Thorium sUlolde ThSi|, quadratic plates, 
sp.gr. 7 •96/16®, produced by heating to 1200® 
a mixture of potoseium silico- and thoro- 
fluorides and aluminium (Chem. Zeit. 1906, 29, 
1031 ; Compt. rend. 1906, 142, 157). 

Thorium niirido ThgN«, brown powder, ob- 
taiimd by direi^t union of its components at hi^i 
temperatures, rapid cooling of the produot ^ said^ 
to cans# decomposition; by heating a mixtuio 
of thorium and ammonium ohlorkleB in bydrogen 
ohlorido, or by passing ammonia over heated 
thorium carbide ; it is decomposed by water with 
evolution ff aiffmonta (Co^|^. renitalWdi 
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S73 ; im, 131, 837 ; 1901, 132, 36 ; Ann. Chim. 
1897, [vii,] 12, 427 ; 1907, [viii.] 10, 130). 

norlmn solphlde ThS„ dark-brown lamella, 
flp.gr* 6*7 at 0% and ^rium oxysulphide ThOS,' 
crystalline powder, 8p.gr. 8*42 at 0^ ar^ 
prodnoed by passing hydrogen sulphide over ar 
mixture of thorium chloride and excess of 
sodium or potassium chloride at rod heat 
(Compt. rend. 1908, 146, 815 ; r/. Zeitsch. anoig. 
Chem. 1907, 63, 74), or at a temperature below 
that at which the chloride sublimes (U.S. Pat. 
941071, 1909). 

Thi^am fluoride ThF4, white amorphous 
powder, resisting from the interaction of 
nydoogen fluoride and thorium chloride or 
bromige at 364®-400® (Compt. rend. 1908, 146, 
973). The hydrate ThF4,4n,,0, a gelatinous 
precipitate, obtained on adding hydrofluoric 
acid to solutions of thorium salts, changes to a 
heavy white powder, the insolubility of w'hich 
in excess of the precipitant serves as a separa- 
tion of thorium from zirconium (Bull. Soc. chim. 
1897, [iii.] 20, 69) ; dod&le fiuorides have been 
pr^ai^ approximating to the composition 
klli^F^OHgO and KThFjjHjO, and not to the 
typical fourth-group formula (Zeitsch. 

anora. Chem. 1903, 3^ 424). 

Thorium ehloride ThCl4 can be prepared by 
the following methods, but unless oxygen and 
moisture are carefully excluded, the product is 
alwayfi contaminated with oxychloride: (i.) 
heating metallic thorium in hydrogen cldorlde 
(Ber. 1887, 20, 1665 ; 2^it8ch. physikal. Chem. 
1887, 1, 301) ; (ii.) heating tnoria in carbon 
tetrachloride vapour or in a mixture of carbon 
monoxide and chlorine (Compt. rend. 1901, 132, 
36, 1908; 147, 1046; Ann. Chim, 1907, [viii.l 
10, 130) ; (iii.) heating thoria in the vapour of 
sulphur chloride (Bourion, Ann. Chim. 1910, 
[viii.] 20, 547 ; 21, 49; c/, Compt rend. 1904, 
138, 631 ; Ber. 1905, 38, 817 ; kitsch, anorg. 
Chem. 1914, 87, 20^228) ; (iv.) decomposing 
the heated carbide with chlorine (Compt. 
rend. 1905, 140, 1510). When purified by 
sublimation in vacud (720°-750®) the chloride 
is obtained in colonrless nee^es or prisms, 
(^.gr. 4*69, m.p. 820®. • 

Thorium oxyehloride ThOCl, is an inter- 
mediate product obtained in the foregoing 
operation (No. ii.) ; it crystallises from alcoh^ 
and absorbs 6H4O from moist air. The hydrate, 
ThGl4,8H40 is readily soluble in water or 
alcohol, and Uie soluble hydroxy-chlorides 
Tb{OE)ait,mfi and Th(0H)4Cl„5H,0 have 
been isolated. 

Thorium* chloride combines with ammonia 
to ioxm flevend additive compounds, of which 
ThCl4,4NHs alone is stable nhovo 120® (Compt. 
rend. 1910, 151, 387). Additive compounds are 
alflo formed with organic bases and with alcohols, 
akMiydefl, and ketones (Zeitsch. anorg. Chem. 
1903, 35, 424; Ber. 1904, 37, 3662; Jantsch 
and Urbach, Helv, Chim. Acta, 1919, 2, 490). 

ThortlUII teninUe ThBr4, transparent colour* 
leflfl needlcfl, 8p.gr. 5*62, flnstable in the light, 
evolving bromtoe, boils at 725® and sublimes in 
^wud at 600®*-6!^® (Compt. rend. 1906, 140, 
1510; 1907, 146,243). • 

ThoriwtiarinoeyatiUfl ThfPMCN)4]„i6H,0, 
yeuow i^mbk prisms from tliorium sulphate 
flndj^um platinommide. 

l^vy white 


w ^ 

powder, readily soluble (p mineral acids w in 
aqueous alkali carbonates. It dissolves readily 
in less than its equivalent of hydrochloric ox 
nitric acid, forming solutions which are colloidal, 
but whichweadily revert to the normal salts on 
boiling with a slight excess of acid. The hydrtwol 
form of this hydroxide is prflduced by dialyring 
solutions of thorium nitiato or by adding thorium 
nitrate solution gradually to the well-wwhed 
hydrosol and boiling the mixture 
opalescent solution is obtained. Thontm 
hydroxide hydrogel is also converted into the 
hydrosol form by diluted (N/20) hydrochloric 
acid, or by solutions of aluminium or ferric 
chloride (Biltz, Ber. 1902, 35, 4436 ; 1904, 37, 
1100; Muller, ibid, .39, 2857; Zeitsch. anorg. 
Chem. 1908, 67, 314; J. Chim. Phys. 1007, 5, 
488, 495; kitsch. EIcctrochem, 1916, 22, 145-* 
161; J. Soc. Chem. Ind. 1916,688; temoine, 
Cempt. rend. 1916, 162, 702-708). 

The electrometric precipitation of thorium 
hydroxide has been studied by Britton (Chem. 
Soc. Trans. 1925, 127, 2110). 

The so-called thorium meia^oxidt is a soluble 
modification of thoria, produced by igniting the 
oxalate or hydroxide at comparatively low 
temjieratures and evai)orating the residue with 
hydrochloric or nitric acid until a syrup is left, 
which dis-solves in water to a milky solution, 
ap|)earing yedlow by transmitted light ((3eve, 
Jahrb. Min! 1874, 161 ; Stevens, Zeitsch. anorg, 
Chem. 1901, 27, 41 ; Wvroubolf and Vcmeuil, 
ibid. 28, 90; (.‘ompt. rend. 1898, 127, 863). It 
corresi)onds with the colloidal hydroxide 
described by D. li. P. 2282(1^1, 1909. 

Thorium dloxids (thoria) ThO^, wdiite jK)wdcr, 
sp.gr. 10*220 at 17^, is obtained by heating the 
hydroxide or the thorium salts of volatile acids. 

It is ordinarily very resistant to the action 
of even concentraU»d liydrfK*hloric and nit ric 
acid.s, but particles reduced to siw^ lefts than 
Ip are soluble in hydim liloric acid (.1 . (,'hem, fckw*. 
1917, 112, [ii.J 300). It melts and volatilises at 
2000 C. in the cathode ray furnace (Zeitsch. 
anorg, Chpm. i91^, 87, 129-168). Advantage 
i.s taken of the rcfracti»rv nature of the oxide for 
the making of cuiiels, &c. (U.S, Pats. 1121988; 
1121890, r9l4).* 

The resolution of thoria into three chlorides 
differing in volatility and containing rcflpcM;ttveiy 
three elements w*ith different atomic weights baa 
not been confirmed (Basker\'iUe, ibid. 1904, 26, 
922 ; Bef. 1905. 38, 1444 ; c/. R. J, Meyer and 
Gumi)erz,f5td. 1905, 38, 817; Ebt*rhani, ibid, 
38, 826). 

Thoriam p^xlde is a gelatinoua white pre- 
cipitate, retaining a<nd anci of somewhat uiicer- 
tain comport ion, formed by adding hydrogen 
peroxide tc» solutioim of thoriuin iaita; iis 
I»ioxide character is manifiMited by the Ubeiw* 
lion iodine from mUmium iodude (Compt. 
^nd, 1898, 126, 340; *Bull. Hoc% chim. 

19,219; Ann. Chim. l906,tviU.]6,44l ; 
anorg. (^cm. im, 25, 378; 1962, 31, 359; 
B. Accad.,Sci. Torino, 1911, 4^ lfl5; Oa*. 
chim. ital. 1912, 42, ii. 21-28). ^ 

ia ih, 

annydroua raaditiOB bjr treaMnt tlionti* with 
coj^ntrstiKi sttiphoric add, diaaoivea io i(W» 

“*«««»• *weif <• 

and jnelda bdnrww Q” Mtd 43* altiMHr jryittB-' 
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tapeottsly or after iq^6dlitt» monoolinio prisms 
of the ncmahfdraie 1%(S04)t»9H,0, and 
above the latter temperature needles of the 
Mrt^ydraii$ Th(804)tfiBs^ i these hydrates are ‘ 
isomorphous with the correspondite nranoms 
compounds U(SOJ„9HaO and U(S04)2,4H,0 
(Zeitsoh. Krist. 1^ 32, 250; 1901, U, 307). 

The odohydraie Th(S0|)2,8H20, prismatic 
crystals, se^rates under conditions similar to 
those which favour the formation of the more 
stable nonahydrate, and is the hydrate usually 
obtained in practice. It owes its production 
to the existence of a metastable phase having a 
very low velocity of transformation (Bull. »ic. 
cym, 1901, liiuj 25, 105; Hull. Soc. Min. 1901, 
24, 105; Ber. 1887, 20, 1665; 1905, 38, 817). 
The oolo- and nonahydrates are very sparingly 
^ soluble in cold water and (in presence of excess 
of sulphuric acid) in mineral acids. For the 
solubility of the sulphate, see Wirth (Zeitsch. 
anorg. Chem. 1912, 76, 174-200; Bull. Soc. 
cym. 1912, 11, 645-648). 

The acid aulfhaU ThS0«(HS04)2, needles, is 
obtained by drying in raevA at 130^, the product 
of the action of concentrated sulphuric acid on 
a saturated solution of the anliydroiis normal 
sulphate (Zcitsch. anorg. Chem. 1904, 38, 322); 
a h^mUd acid sulphate 2Th(S04)2,HjS04,2Ht( 
(Gaxs. chim. ital, 1903, 32, it. 523) ; and a ba»ic 
sulphate Th0S04,2Hj0 (Compt. rend. 1883, 96 
1860; 1910, 151, 70; Ber, 1910. 43, 2776; 
have been described. The following doubU 
sulpkaUs have been isolated : K4Th(S(l4)4,2H ^^0, 
sparingly soluble ; ]|^2Tb(804)4,2H,0 ; thecorre 
spending ammonium salt series : 

Rb,Th(804)2,2H,0 

aj,Th(804).,2H20 ; Na,Th(S04)2 , 4 and 12 H.O 


lipitate first formed redissolves or by dissolving 
thorium hydroxide in aqueous alkali mcarbonate, 
saturated with carbon dioxide, and precipitating 
with alcohol or by the interaction of thoria and 
»arbon dioxide under pressure (Gompt. rend. 
‘9JI1, 153, 66-68). Semum thoHum carbouaHa 
Na4Th(COs)|tl2HtO separates in prismatic 
ciystals ; the thallous salt T)4Th(C02)s is pre- 
cipitated as a crystalline powder on adding a 
soluble thallous salt to a solution of ammonium 
thorium carbonate (Cleve, f.e. ; c/. Zmtsch. 
anorg. C3iem. 1903, 35, 424), For tike thorium 
chromates, see H. T. S. Britton, Chem. Soc. 
Trans. 1923, 123, 1429. 

jrhorium molybdate Tb(Mo04)2, obtained by 
fusing partly dehydrated thorium cyoride with 
excess of anhydrous sodium molybdate, forms 
tetragonal crystals, a : 1 : 0*73666, 4*92, 

which exybit mutual miscibility in the solid 
state with cerous molybdate (Ferruccio Zam- 
bonini, Atti R. Accad. Linoei, 1923, [v.] 32, i. 
518-524; c/. A. 1916, ii. 249). 

Thorium formate* Th(HC04)4,3H,0 and 
tborfum acetate Th(CH4*(X),)4, crystallising 
respectively in leaflets and needles, are produced 
by dissolving thoiria in the corresponding acids ; 
interaction between iboiium salts -and soluble 
formates and acetates leads to basic salts 
Th(OH)jrHCO,)2 apd Th(0H)*(CH[4*C04)*,H,0 
(Haber, MonaUh. 1897, 18, fi87). 

Thorium oxalate Tb(C404){,6H40 is precipi- 
iated completely by adding oxalic acid to 
thorium solutions even in the presence of con- 
siderable proportions of m inend acid (Biauner, 
Chem. Soc. IVans. 1898, 73, 951). Complex 
oxalates such as K4Th(C|04)4,4H|0 and 
Na4Th(C404)4,6Hj0 are produced by mssolving 
thorium oxalate in concentrated solutions of 


Chem. 1993, 35, 424 ; (jaxz. chim. ital. 1903, 32, 
It. 523)« On heating the sulphate to 55'*C. witii i 
excess of water, basic sulphates, 

Th[H04l,Th0„3H,0 ‘ 

and 6H4O are formed (Barrd, Compt. rend. 1910, 
15lJ0-7t), 

Thorium ethylsulpliatc nas been dcsicribed . 
as intermediaUi in the produertion of pure [ 
thorium nitrate (Pr. Pat. 414463, 1910), 

Thorhuil nMralO Th(KO,)4. with 5, 6, and 
12H|0, the dodeoahydrate aeiiarating in hygro- , 
sooptc platee (Clet*e, f.c. ; r/. Zeitach. angew, ji 
Chem* f897» 115; Cliem. Soc. Trans. 1898, 73, 
951), The commercial product, which is not a 
doftniie hydrate, but approximates th ThlNO,)! 
with 4HtO, oontains sulphate equivalent toj 
I to 2 p.e. and swells ^onsidaraWy on 

bsatiiig, leaviiig a finely divided residue of snow- 
white thoria. C^mmerdial thoHum nitrate 
skonlil contain a minimum of 4H p.t, of ThO,. 

Thorium nlUale unites with the nitiatea of 
univalcmt and divatent metals, forming complex 
nftialeiu haviim lespoeiivriy Iho general formulm 
K*T1i(KOJ^ and R'T1KN0.)4.8H40, which 
ocnTamonawltb the double nltiates containing 
quadbrnfent ooriom, Htmilar douhk nRtmtes 
(and mphatsa) am fonaed with organic buses 
(3Mta«Au anorg. Cham. 1901, 27, 359 ; 1908, 60, 
im 

^ WVital OMlMttl iiifiittitii* Kormd 
m ii not knowm but complex 
wAmirim am fMmwd W aiilim udlnhfe 

mm wtW a, pn- 


’Die existence of double oxalstes with ammonium 
oxidate 2Th{e,0,)„(NH«),C,0„2H,0and 7H,0 
is establish^ by solubility cunres (James, J. 
Amer. Chem. Soc. 1914, 3«. 1853-1856). 

Complex chloro-oxalates, 

3’rhCC,O«),ThCl4,20H,O 

have been described (Compt. rend. 1913, 156, 
1075-1076 ; lAuL 1913, 156, 1907-1909). 

Thorium »MtidM6t0Be ThlcnSlCO'CHa),],. 
m.p. 171°, soluUe in alcohol or chloroform, is 
•prepared by adding acetylacetone dissoived in 
aqueous ammonia to 13 p.c. thorium nitrate 
emotion. This salt can be distilled la saeud 
(Urliain, Bull. Soc. chim. 1806, [iii.j 15. 1338; 
KUx, Annalen, 1901, 331, 334 ; Zritsch. anoig. 
Chem. 1901,40,218). 

ThMinm urtratM and complM tartiatm, e. 

CSeve, l.c . ; Haber, l.c. ; Rosenheim, Zeftech. 
anom. (liem. 1903. 35. 424. 

'niortnm salts of other organic acids, r. 
Morgan, Phacm. J. 1904, [iv.] 19. 472; and 
Kart, Ber. 1910, 43, 2068. 

Thoriunr oloatc has been employed theia- 
peuticaDy in ointment ftwm ftir carbonclra 
and other skin trebles (Martindale, Extra 
PhiiiiiicopQstii). 

Phu^ucologivul iction of thorium, o. SolU^ 
ffiAtin »M Brown, Amer. J. I’hysiol. 1907, IS, 
426s 

Thorium compounds uro used to vendor Ite 
iiilerfidlorgiiii opuque ioRfinigeu tw<D.Rsr. 
228378, im* - • 




THORIUM. 


Bkipgteal aetion of Elemental 

thox&im inhibits the growth of certain micro- 
organisms and a]g» without endangering th€ 
life o! higher organisms (Amphioxus, Zeitsch 
EldctToehem. 1911, 17, 816; Arch. Sci. Phys: 
Kajt. 19Il,riv.]32, 347); the salts inhibit th- 
groMrth of cholera vibrio (Compt. rend. 1914, 169, 

Industrial application of Thoria v. Gas 
MAim«SS. Gas mantles are generally woven in 
eotton or preferably ramie fibre, but artificial silk 
haaalsobeen employed, and formerly the thorium- 
oerium solution was added to the dissolved 
cellulose before it was spun into thread. Th 
present practice, however, with viscose artificial 
silk is jio impregnate the ivovcn stocking just as 
in the case of ramie or cotton fibre. The rare 
earth nitrates may be replaced by the corre 
sponding acetates or formates and, with artificial 
silk, the impregnated stocking is treated with 
ammonia or some volatile alkali such as hydrazine 
or tetraethyl-ammonium hydroxide in order to 
produce within the fibres the hydroxides of 
thorium and cerium. Hydrogen peroxide may 
also be employed as the precipitant. In either 
case, the stockings are washed free from soluble 
salts (ammonium nitrate, &c.) or acid; the 
head is hardened w’ith a solution of magnesium, 
aluminium, zirconium, glucinum or chromium 
salt, and the mantle ^ burnt off ' and ' seasoned * 
as in tjbe case of the ramie fibre. 

From a kilogram of thorium nitrate 600 
to 800 mantles can be made ; hence each 
mantle contains about 0*6 gram of thoria. 

Although in most instances the optimum 
effect is attained by mixing the thorium and 
cerium salts in such proportions that the mixed 
oxides of the mantle consist of 98*8 p.c. of thoria 
and 1*2 p.c. of ceria, yet owing to the yellow 
colour of the light produced by this amount of 
ceria in inverted mantles, it is customary in this 
form of illumination to reduce the proportion of 
ceria to from 0*5 to 0*7 p.c. 

According to B. L. Swan (J. Chem. Soc. 1024, 
126, 780) the catalytic activity of mixtuHNB of 
ceria and thoria on thb combintfljon of hydrogen 
and oxygen at 460^ reaches a maximum when 
the mixtures contains 1 p.c. of ceria (Welsba(;h 
mixture). The aetivity of pure thoria is the 
same as that of a mixture containing 9 p.c. 


to 1*6 p.o. cerium dloxide|tbe emisrion of l^t 
is selective and attains its maximum in the blue 
legion of the spectrum. On the other hand, to 
heat radiation is remar](fsbly small, except for 


prays of comp 
sequently th 


long wave-length. Con* 

„ie temperature attained by the 

mantle is comparable with •that of the name 
itseff. The cerium dioxide colours the trans- 
parent ground mass of thoria so tlmt an intonw 
selective absorption is developed in the visible 
region of the spectrum and, providing ^at the 
amount of colouring oxide is small, this result 
is attained without any appreciable increase m 
the loss of heat by radiation and con^uenily 
without diminution in the intensity of illumina* 
tion. 

One hundred parts of thoria can hold in solid 
solution 6*7 parts of cerium dioxide, and as the ^ 
mantle contains only about 1 i>.c. of the latter 
oxide, it is entirely* in the dissolved condition. 
Owing to this intimate mingling of the two 
oxides, a very small addition of cerium dioxide 
suffices to bring about the intense emission 
of light waves wTiilst the increase in heat radia- 
tion is too slight to act injuriously. If, however, 
the pro|)ortion of cerium is raised, the greater loss 
of heat by radiation leads to lowering of the 
mantle temperature and consequent diminution 
in luminosity, (’erium dioxide itself is stable 
in the Bunsen flame, but nevertheless tlw 
ignited mixed oxides, when treated with hydro- 
chloric acid and potassium iodide srjlution 
liberate an amount of iodine corresponding with 
only a portion of the dioxide originally intro- 
duced into the mixture. This rt*sult suggests 
the ]KPssibility of some chemical combination 
between the cerium and thorium oxides which 
may be the chemical cause of the eharact eristic 
physical proijerties of the Welsbacb gas-mantle 
(c/. White and Traver, J. iktc. Ghom. Ind, 1902, 
21, 1012 ; Lewes, ('hem. News. 1905, 26, 62 ; 
Joum. Gas Beleuchtigung, 1903, 46, 787, 974 ; 
R. J. Meyer and Ansrhiitz, Bit. 1907, 40, 2639). 
For the testing of incandescent mantlW, iree 
Coste and, Pownev, d. tSoc. Chem. Ind, 19tf, 
30, 65. ^ 

RADio^cTiviTir OF Thobjum. 

Thorium preparations, in genera), exhibit 
radio-activity, yielding a-rays of similar intotisity 


ocria. The light-giving powers of these ara«| but greater penetrative power than those of 


also equal The author^ considers that the 
^ Welsbach mixtuip represents the best iliuminant 
obtainable from the two oxides in 

1907, ii. 557]' or as a prf>muter of the elect mnio 
emission from the thoria (CJhera. Soc. Aljstn 
1924, 126, il 400). 

A pjure thoria mantle gives no emisHion in 
the visible region of the s^iectrum and only a 
alight radiation of infra-red rays of short wave* 
lep^. A cerium dioxide mantle gives a maxi- 
mum radiation at the extreme red«end of the 
visible spectrum, the intenaitv at first diminishes 
in the imra-red re^n an<f then increases again 
for heat rays of longer wave-length. In this 
•mantle there ts, on the whole, a relatively con- 
stdmUe lots td heat by radiation, the fempera- 
iure. remahii comparatively loV and 


uranium. The long range of these a-partieirs 
w'as discovered by Rutherford and Wood (Phil, 
^ , question Mag. 1916, 'vi. 31. 379-^), who aUie that 

Tl^oena mg.y a^t as a cairier of oxygen (c/ A, have grt*aU‘r velocity than any a-particUw 

' * ' ,;>revioiisly knoyn. The^-rays from thorium aiv 

about one- tenth as intense as those from 
uranium, an^ have leai penetrating jiower. The 
V rays are rotetivcly feeWe but very {wootfating, 
.t dias been stated that the radhi-aotivity of 
horium from moiiarite is due to the uraniiim 
present in this mineral, and that minerah frwe 
oranittm yield inactive thorium ( EiidbenrilK 

Ber. 1903,^6. 3»U ; iOOS, 38. 667). On ti* 
Other hand, miiierahi free from radium have hmn 

Strutt, fioc. Roy. Soc. lOOfia, 74, tUfL gif* 
IWA.80.66, hA B er. 1905. Vfelf !& 


01 %ht 



momvyk 4i 

Uu>Tiiim^ and radlo-ilioriuiii are in equilibrium* i disappear from thorium X, and a second treat- 
Ih thorium salts* where the radio-thorium is ment of its acid solution by ammonia after one 
largely removed* this constancy does not exist. . month leads to the separation of another 
Boltwood has not succeeded in obtaining in- quantity of thorium X having the same activity 
active thorium (Amer. J. 8ci. 1906, Si, 415* andT as the first fraction. Thorium X, a short-lived 
433). ^ ^ ^ radio-active product of thorium* produces 

Thorium hydroxide precipitated by ammonia gaseous thoftum emanation* and this in turn 
from a solution of a thdHum salt has no cmanat- gives thorium * active deposit,’ which imparts 
ing power and only a greatly diminished a- radio-activity ('induced activity’) to solid 
radiation. The filtrate retains the whole of the objects brought into contact aith this dis- 
emanating power? and the minute residue ob- integration product (Rutherford and Boddy, 
tained on evaporation and ignition possesses the Chem. Soc. Trans. 1902, 81, 321, 837 ; Phil, 
radio-activity which the precipitate has lost. Mag. 1902, 4, 370, 669). 

The emanating powj&r and radio-activity of this Owing to the complicated nature of the 
product, thorium X, distmi^ar in the course of disintegration changes the radio-activity •of a 
a month, decaying to lialf their original value in thorium preparation is a complex function of its 
four days. The precipitated thorium hydrf»xide age. The sequence of these changes is in^cated 
^ recovers the properties just as fast as they in the annexed diagram. All thorium emanations 



am condeniied at 5T. (Fleck, Phii. Mag. 1915, 

337 - 362 ). 

■tWOttelilllll 1 is sejianitcfl from thorianite 
by adding 36 grtns. of liarium nitrate to To 
Utnaa trf a slightly acid solution of 600 gnus, of 
isha mineral ui nitric acid and by shaking the 
•obiUoii for an hour with excess of sulphuric 
acid when the sulphate of mesoihorium 1 is 
with barium sulphate. The 
fankiioyva preeifdtate is reduced to sul)ditdc 
to heatiiig with carbon in a qiiarta crucible. 
y&rkm nmliiods am described for the reduction 
of tibiia radib^aolive sulphalo. Hahn (Bcr. 1 967« 
Vh 14tt| XNNI) moominands redaction with 
Wfareaibcainaquaf^ Kbler(Eng. 

nSL l;t1S» ]6t4)* tgidlto with oamto cart^ : 
tol trisi nt a miSim el Iha diy f^pbatwe and 
tnWiM tofdUMa is (KitmA. anoff* 


(liem. 82» 149-l.>8). The- product k 

dissolvrti in hydnx'hloric acid. Tlie lead is 
pmnpitat4<ii from this solution by hydrogen 
sttl(ilude and traces of iron and tbonum by 
ammonia. The radio-active chloride in the 
filtrate is cr>atalliscd out fractionally when 
niesothorium * 1 is concentrated in the least 
soluble iKirtions (Hahn, Her. 1907, 40* 1462, 
3304). 

From monadic sand, meaothorium 1 is 
isolated by adding 0*i p.c. of barium eatbonala 
and heatii^ the sand (400 grms.) with 800 gruMU 
of concentitited sulphuric acid- The prodnot Is 
ihorouginy mixed with cold water when the 
fMndlment contains practically the whole of*the 
menothorium 1 and radium. These two aetbra 
components are concentrated from Ite batimw 
sttipnate fisripftate by einiferting ne ptwilniBl 




THOBIUM. 


ftacomively into sulphide and chloride, and 
fractionating the latter from water when the 
mesothoxium 1 accumulates in^the least soluble 
crystals (Soddy, Eng. Pat. 25504, 1910 i Ohem. 

Soo. Trans. 1911, 99, 75). * 

In practice, the radioactive residues from 
xn<mazite sand consist mainly dt lead^sulphate, paring it through 


increasing as absorption proceeds ; the y-rays 
resemble those of uranium X. 

Ra^o-thoiinm* Period of average life 1003 
d&ys {?), period of half -change, accurate to ^.o., 
|»696 da3^. •Is chemically identical with thoriuniy 
and is only distinguished from the latter by pre- 
paring it through mesothoriiftn 1 and 2. Meso- 


silica, and rare earth phosphates. They may thorium 1 is readily separated from thorium, and 
be boiled with a large excess of a mixture of when left to itself produces radio-thorium, which 


caustic soda and sodium carbonate (10 : 1), the 
residue well washed, and the treatment with 
the preceding mixture repeated once or twice, 
when the silica and lead are almost completely 
removed and the barium, mesothorium, and 
rare^rths left as carbonates. The residue is 
extracted with hydrochloric acid and the clear 
liquor precipitated with sulphuric acid. The 
crude radioactive barium sulphate may then be 
transformed into carbonate by boiling vith 
excess of concentrated sodium carbonate solution 
several times in succession, with intervening 
washings (see Strong, J. Amer. Chem. Soc. 1921, 
43, 440). • 

Another method for the separation of the 


is separated by precipitating a solution of the two 
disintegration products with» ammonia in 
presence of a trace of zirconium salt. When 
first precipitated in this way the radio-thorium 
will contain mesothorium 2, but this decays 
completely in the course of 3 days, while the 
formation of the next disintegration product, 
thorium X, causes an increase in the radio- 
activity of the preparation over a peiiod of 3-4 , 
weeks. The emanating ^wer increases with 
the growth of thorium X, out after a month the 
total activity and emanating power decay to 
zero. 

Kadio-thorium can be j)re^red by evaporat- 
ing to dryness the nitric acid solution of the 


radio-active constituents from monazite without washed ammonia preeinitate from wdutions of 


the addition of barium salts is by the precipita 
lion of these along with a small proportion of the 
thorium from phosphate solutions by dilution 
and boiling (U.S. Pat. 1084734, 1914 ; see also 
U.S. Pat. 1100743, 1914; D. R. P. 274874, 
1913)^ 

Mesothorium cannot be separated from 
radium by fractionation of the double barium 
salts, but in the fractional crystallisation of 
the picrates, bromates, and ferrbeyanides from 
alcohol or acetic acid mesothorium separates 
before zadium (Kunfacim, D. R. P, 264901, 
1912). 

On account of this complete similarity of 
chemical properties all radium comjxmnds 
separated from uranium minerals containing 
thorium contain mesothorium 1, and all meso- 
thorium preparations include the radium present 
in the thorium minerals. In fact, technical 
mesothorium, produced from monazite sand, 
contains about 99 plirts by Weight of radium 
to one of mesothorium, but nearly 90 p.c. of the 
radiation it emits is ^ue to the active products 
of mesothorium 1 (Hahn, Chem. Zvit. 1911, 35, 
845). 


thorium X, freed from barium, calcium, iron, and 
lead salts and phosphates. The residue is 
washed free from ammonium salts by a solution 
of sodium chloride frc*c from carbon dioxide. 

Radio-thorium preparations, os])ecia]Iy when 
kept moist , are veiy* suitable for clrmonstrating 
the projKjrties of the thorium emanation. When 
the air in the tube containing a radio-thorium 
compound is blown l>etween two darkened zinc 
sulphide screens with films turned inward, a 
brilliant luminescence is oljserved, and the decay 
and reproduction of the emanation can l)e thus 
illustrated (r/. Hahn, B<»r, 1905, 38, 3371 ; 
Zeitsch. physikal. Chem. 1905, 51, 717; Phil. 
Mag. 1906, [vi.] 11, 793; Elster and Oeitel, 
Chem. Zentr. HK)6, ii. 302). 

Radio- thorium emits a-raya which have a 
range of 3'9 cm. of air (l^eslie, Le Radium, I9I I, 
8, 356). 

Thorium X. Period of average life 5'35 
days, period f»f ball-change 3-7 days. Rcaomblea 
radium, mesotl^orium I, and the metals of the 
alkaline earths and remains in solution when 
thorium is precipitated with ammonia. The 
residue hdt on evaporating the filtrate gives on 


^ Mesothonum 1 is raylcss, and it disintegratea ignition a small amount of an intensely radio- 
into mesothonum 2 ; its period of average life active product, this activity being due to thorium 
w 7-9 yea^ thp ^nod of half-change being X. If, lfi»wcvcr, thoriutir is prccipitaied by a 
^7 years (Phys. Zeitech. 1918^ 19 257-263 ; carbonate •or phosphate, thorium X is also 
J. Chem. ^Cj Abs. 1918, ii. 340* It IkjIiAvcb rendered insoluble; the precipitate rctams the 
like a met^ of the alkali cart imtial radio-aaivity of the thorium comiumirf^ 

0^0*?**^ reacts like a metal of the rare- and when dissoTved it exhibits the initial emanai- 

wrth Mnes, and acco^ingly ammonia scr\'cs ing power. ,Thc emanating poweat of a Ihotium 
to preoipitoto it from solutions of mesothorium 1 , solution is a tneasure oi the amount of thonom X 
a trace of zircomum salt being generally added uoi.oi i^nonum a 

to serve as a nucleus for precipitation (Hahn, 

Zeitroh. physikal. Chem. 1908, 9, 246; Russell 

and S^Jy Phil. Mag. 1911, [Vi.] ^ Two w mvem, 

thorium X and thori«»mK am hh in aohitia^ 
thmiim X, are eo-precipilated, but if the pie- In this way thorium hvdroxkle is itmid Imm* 
cifdtati^ IS repeated on the^ solution after one ihoriuni X and Its dtsintmiraliim tmidtieis Ifkiti* 

» or two days the second precipitate will contain precinitations w'ith 
mes^ua 2, mlativ^Iy U fmi, «dlo. 

^odrr^ys; the lormer increases reAdarlv 


grs^^M55eitf!ch. anorg. Chem, 1909, 61, 330; 

When fumaric or m-nlirobenzoic acid or 
pyndiue is used to precipiute thoriunt hoUi 


m 


^ana v-rays; the lormmr increases reAilaihr withofii tba 
the absorptioiia coefficient characteijs™^ JSSpiS 
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ammonia (SdUundt and Moore, J. Phys. Chem. 
1903, 9, 682). 

Otber methoda for the preparation of thorium , 
X are the treatment with a eolation of sodium 
carbonate of the radio-active le2d sulphatd 
obtained by the option of sulphuric acid in the 

S nce of a Um salt, upon the minerals, 
iving the residue fh hydrochloric acid, and 
precipitating thb lead as sulphide, leaving 
Vhpriom X in solution (Chem. Zeit. 1913, 37, 
1105-1106); by the dialysis of colloidal solu- 
tions of thorium hydroxide prepared by digesting 
with a trace of thorium nitrate the washed pre- 
cipitate formed by the action of ammonia on the 
nitrate when thorium X passes through (D. R. P. 
278121, 1913); by extracting with a solution 
of common salt the filtered hydrated peroxide, 
disintc^ted ^ standing, obtained by pre- 
cipitatmg purified neutral solutions of ramo- 
thoriura with hydrogen peiy>xide (D. R, P. 
2799:i6, 1913). 

I'horium X is more electro-positive than its 
successive products and cannot be separated 
from acid solutions bv electrolysis or by the 
action of metals, only the thorium * active 
deposit* being de|X)sited. From alkaline solu- 
tions, however, all the active substances may be 
deposited elecirolytically (von Lerch, Monatsh. 
1905, 26, 899). 

Thorium X exhibits an a-aciivity, the rays 
having a range of 5*7 cm. of air ; it ab»o emits 
feebly pemHrating ^-rays of low velocity, and 
in this respei't differs fnirn thorium and radio- 
thorium (licvin, Phy. Mag. lOOti, {vi.j 12, 177). 

For the acitoii of thorium X on the maturation 
of eggs, the germination of se<*ds, and the growth 
of planis, see Averseng, Ih^las, Jaloustro, and 
Maurin (Oompt. rend. 1924, 178, 1491 ; Chem, 
Hoe. Ahstr. 1924, 126, i. 796). 

Thorium Y is described by Glaser (Cliem. 
Zeit. 1913, 37, 477-478) as being obtained to- 
gether with thorium X by the treatment of 
thorium minerals at 250''0. with twice their 
weight of conoeiitraU^d sulphuric a(*id, stirring 
the cold pixKluct into 20 e^olumesMtf water, 
•epaiwting thorium, thorium X, and thorium Y 
from the filtered sohition bv dilution or neutral- 
ising with magnesia, dissolving the moist {>re- 


edpitate in sulphuric acid and pouring into water 
wnen the thorium Y remains undissolved. 

Tliorittm emanation, period of average life 
76 seconds, period of half-change 33 seconds, 
radio-active constant 0*0131 (seo.T~^, a-activity, 
range of a-rays 5*5 cm. of air. This emanation, 
which* diifelfe from radium emanation iif its 
short period and resembles it in showing a- 
activity, is most conveniently obtained Grom 
moist radio-thorium preparations ; it is absorbed 
by -charcoal at the ordiwy temperatpre and is 
condensed on cooling, con^nsation starting at 
— 120®, and being complete at —155®. The 
molecular weight determined by effusion is 
between 200 and 210, the coefficient of diffusion 
being about 0*1 (Leslie, Compt. rend. 1911, 153, 
328). Thorium emanation, like radium emana- 
tion (niton) and actinium -emanation, belongs 
to the family of inert gases and is not absorb^ 
or affected by chemical reagents. The induced 
radio-activity imparted to solid objects by 
thorium emanation la[|{;s a few days, whilst that 
from radium or actinium emanatiou decays 
completely in a few hours (Rutherford, Phil. 
Mag HKH>.{v.]48. 161). 

iSolid thorium nitrate and oxide have a lower 
emanating power than the hydroxide or carbon- 
ate, and in the latter case this phase of activity 
Ls further reduced by ignition. In these instances 
th€* molecules of emanation diffuse so slowly from 
the solid that the majority disintegrate .within 
the substance and never escape. But when the 
thorium compounds are dissolved their solutions 
exhibit the same emanating power. 

The amount of thorium present in a mineral 
may bo quickly estimated by passing a steady 
current of air through the thorium* solution 
and com})aring the constant leah in an electro- 
scofic produced by the stream of emanation with 
that brought about by a similar volume of a 
standard solution of thorium mineral (c/. 
Ramsay, J. Chim. Phys. 1905, [iii.] 617). 

Tboriom aetlve deposit (thoiiam A, B, Gi, 
Cj, D, and E). For relative, activities, see Phil. 
Mag. 1913, 25, 333-359. ^For investigation of 
initial chargeti«cqndition, see Henderson, Trans. 
Roy. iSV. Ganada, 1917, ui. 10, 151-167; J. 
Chem, Hoc, Abs, 1917, ii. 351. 


ThA Tldl ThCj&ThC, ThB 

Period of average life . * . , • . . 0*203 see. 15*3 hrs. 79 mins. 4*5 mins. 

,, half-tmango . . , . . * . 0*014 „ 10*t> „ 55 „ 3*1 ,, 

Radiation fl-rays 2araya JB- Ay-rays 

« , . /5*0aiM8*6fc 

Rangea of u-raya - \ cm. of air f 

Peneimtion {lower of rays (mm. of Al, half abiKwption) — 0*06 • 0*441 

,, „ y rayn (ein.sof lead, half absorption) — — 1*3 


TkOlbua A, the first producWof thorium { powerful source of emanation radio-thorium) 

omanation, is voiy short-lived, bat*it4 existence tias no very appreciable activity one second 
ii itidkaled by the appearance of the double after withdrawal, but after a lew hours 
•eintUlaliooa on the ainc sulphide screen produced acouirca a powerful activity due to thorium 
by the pair of a-panicies emitted by the ana C|. 

omaniMdOfi. A distuiet alihoogh very short On heating the active wire to red heat 
ibne intervat separates the two members of the thorhim B distils of without any appreciable 


soil) 621 ; SMtsoh. pbysikal. Oiem. 1910, 

11,7; m<mlefmdSkiMm,PhilU^. 

22, 09)11, ‘ 

iMrtan Mt tlie second product of thorium 
eisaiiit^ is praelioaUy laytess except for a 
liiabhl d0asiseqiie«iUy#% negatively 

ea|ni«i8 lor a short Mine to a 


sttUimate (thoriunt B) acquiree an activity 
which, after reaching a maximum in 4 hours,* 
decays #tih a half period of 10*6 hours (PhiU 
Mag. 1903, (vi.] 6, 628), 

Thorium B Ih insoluble in chknolom and in 
methylene toclide. Both thorium B end 
thorium Qnliiittve in aqucgim eolutllna 


M * .THOBIUM. 

toilEoxides Mid acids, are difficultly soluble in Vemeuil, La CSiimie des Tarres f^res ; Troctot, 
boiling Water and in organic solvents, but more Los Terres rares ; Rutherford, R^loactivity , 
soluUe in potassium iodide solution (Phil. Mag. Soddy, Hie Chemistry of the 
1913, 25, S3 !m 32). Chemistry Atomic 

TlmrfttBI C is removed from a solution or|*Stnicture, 1924. v* 

thorium active deposit by absorption with THORN APPLE o. Batitv* 

Miifhal charcoal when thorium B ^remains dis- THORON, A term given to the emanation 

solved. Thorium C is also deposited alone when thorium. This ges is an isotope of radon and 
the solution is electrolysed or shaken up with actinon, the emanations of radium and actinium 
metallic nickel, ^c, however, dejposits both respectively. A number ^springs 


thorium B and C, but not thorium X. 

Thorium C gives two sets of a-rays having 
different ranges, these being attributed to the 
presence in this active product of the two con- 
stituents thorittm and thorium C, ; these 
products have not, however, been separated, 
and the two sets of rays are due to concurrent 
change (Hahn, Phil. Mag. 1906, [vi.] 11, 793; 
Ber. D. physikal. Ges, 1909, 11, 65). 

Thorium C*. When the thorium active 
deposit coating a plate or wire is kept in a 
va^um at the ordin|ry temperature, the 
powerful a-ray disintegrations of tliorium C 
aod Cj, one of which is the strongest known, 
cause a considerable proportion of thorium 
to * recoil,’ ».«. to become projected from the 
plate or wire on to surrounding surfaces of the 
vacuous space, these receiving surfaces being 
kept negatively charged. 

According to von Lerch’s rule the disintegra- 
tion of radio-active elements is accompanied 
by a regular increase in the electro -negative 
character of the successive products. But to 
this rule thorium is an exception, as it dissolves 
more readily in acids than the other products, 
and is moreover more volatile than its generators, 
being completely volatilised at 700*^0. from an 
active wire placed for 30 seconds in a Bunsen 
flame (Sitzungsber. Akad. Wiss. W'ien. 1907, 116, 
[iia], 1443; 1909, 118 [iia], 1575; Zcitsch. 
physikal. Chem. 1911, 12, 273, 378). It can be 
separated by volatilisation from thorium C, 
which sublimes at 780®C. (W^ood, l.c.). 

Thorium Cf is probably non-separable by 
chemical meth<^s from thiulium, and like: this 
element is co>precipitated withpcitassium platini- 
chloride (Chem. News, 1913, 107, 97). Barratt 
has found that thorium C undergoes dual dis- 
integration into thorium and thorium Cj 
(Proc. Physical Soc. 1912, 24, llJJ). 

Thorium C*, which emits only )8- and y-raysf 
is the last active member of the series ; its decay 
is regular and complete, and the ultimate product 
{thorium D) is regarded as an element indis- 
tinguishable^ chemically from ordinary lead*. 

Thorium-lead, which is the stable end pro- 
duct from thorium Cj (a-ray change) or from 
thorium Cf (j9-ray change), has the atomic weight 
208, and is an isotope of ordinary lead and of 
the lead (206) derived from radium. 

The relationship existing between radio- 
active elements and the ordinary elements of 
the periodic classification is iJiusirdted by the 
dtsgram on p. 41, in w|^ich can be seen the 
connection bHween the degradation products 
erf tborium and the elements non-separaUe from 
these products by ordinaiy prooeme^ (Soddy, 


^ _ in the 

j^rrenecs and in the Central Plateau of Prance 
have been examined to ascertain their content 
of radium and thorium emanations. The 
former occurs in various proportions in all the 
waters, but thorium emanation is found in 
traces only in those of the Central Plateau. 
Even in those cases in which thorium emanation 
is not detectable, it is probable that tlie water 
comes into contact with this emanation, but 
that the time elapsing between the teriainatiim 
of this contact and the apjiea ranee of the water 
at the outlet of the spring excjeeds 10 minutes, 
w’hich is the duration of the life? of thorium 
emanation (A. Lepape, Compt. rend. 1924, 178, 
931 ; Chem. Soc. Abstr. 1924, 126, ii. 295). 

THORTVEITITE. A silicate of scandium 
with yttrium, dysprosium, and erbium 
(Sc,Y)20f*2Si0, 

forming monocHnic prisms, reaciiing a length of 
35 cm., of a givyish -green colour and somewhat 
resembling ejidote in apficarance, Us«*ful as a 
source of scandia. It (K‘eurH in some quantity 
in jiegmalitc at ivelarul anciJKvje in Sietersdaleri, 
Norway, and is remarkable in being the only 
mineral containing scandium (analysis 1.) as an 
essential constituent (.J. Sf*hctelig, (V'litr. Min. 
1911, 721 ; Norsk lik'oL Tidsskr., 1922, 6, 233 ; 
Vid.-8t'lsk. 8krifter, Kristiania, 1922. No. I, 49. 
In the last pajKT is given a history of the element 
scandium). 

A very similar minimal, as prismatic crystals 
10 cm. long and 3 cm. across, was discovenwl in 
1920, also in i>cgmatite, at Befanamo, MmIw- 
gascar; this guvm analysis 11. (Boulanger and 
Urbain, rend, 1922, 174, 1442) with 

tracer of fil, Mn^ Sn, Sb, and Pb. The figure for 
scandia includes about 0*5 n.c. of yttrium, neo- 
ytterbium, and lutecium. The mineral is only 
slightly attacked b^ hydrofluoric acid, or by 
fused bisulphates, but is decoin|>osed by repeated 
fusion w'ijh sodium carlionate. 

The MiKlagascar mineral being rather rielicr 
in scandia and w ith zinx>nia in pl^ of yttrium- 
earths, it is regarded by A. Laendx (Minoratogie 
da Maddltasca% 1923, 3, 311} as n^predumitiig an 
aud-member of the thortvaitite group, and for 
it the namc^/anamtle b pro{iosed. 

(Y.W.ED,. 
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THR0]|B0PLA8T»« An exiraet from the 
brain of cattle, dmolvvd in eommem ealt eolulioii. 
Used a« an hmnostatic. 

THSINO-HOA-UAO. A Ohineae name lor a 
eobalufefoua alumittinm eiUoala ooed In ib# 


^oriums; Abegg, Handbuch der anorganisohen manulactiiieLof poieelaiiii aleo atniiled to a 
C^mie, v^L ill. part 2 ; B5hm, Die lintel- j ooMtiferov/ mangaiieee 01 # need lorpmdttite 
lung der selteuem Erdeii ; ^yifltboff and I a Una eolonr on pomelaht, ^ FwmweiiH 
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ramCMS V. Knotris. 

nobaUe nmwno9 of tbnjone in the eaaentbl 
^il of ftrtenuBM horba alba. Tbia oil, d^-* 0'9267, 
1^+3 88*, a§* VmS^ooataiaa 14-4 p.c. of free, 
and 7*39 p.o. of combined alcohols, (^ciliated a# 
C^qHiO. The presence of camphor has been 
dem<mstraled, tm that of thujone is probable 
(e/*. Grimal, Cbem. 8oe. Abstr., 1904» ii. 605 ; 
£. Alinari, Annaii Chim. Appl. 1924, 14, 109 ; 
Oliein. Soc. Abstr. 1924, 126, i. 754). 

THUUTfi 201B1TB. 

THULIUH. 8ym. Tm. At.wt. 169*4 {James 
and Stewart, J. Amer. Chem. Soc. 1920, 42, 
2022). The erbium sub-group of the yttrium 
metals contains the three elements, erbium, 
dysprosium, and thulium ; the compounds of 
the last of which have been iiithcrto studied 
only by few workers owing to difficulties of 
isolation. 

OcTMrrewe , — ^Thulium is a vepr rare element, 
the best sources b(.«iiig euxenite, sipylite (a 
columbite from Northern Norw'ay), ytters}iar , 
(Norwegian xenotime) and Hamarskite. It ! 
occurs in small quantities in the yttrium earths ' 
from other rare minerals. 

Separation* Cleve hrst indicated the exist- 
ence of the rare earth, ikuiia (Compt. rend. 
1879, 89, 478, 521, 708 ; Thalen. ibid. 1880, 91, 
376), and Lecoq de Boistsiudran, by dec4>m]K»stng 
fractionally the nitrates of the yttrium group, 
discovyed thulium fractions between those of 
erbium and ytterbium (Compt. rend. 1879, 89, 
516). A sc^paration of erbium and thulium has 
been ei!«»cted by fractional ety'stallisation of the 
ethybsulphates" (Urbairi. Ann. Chim* 1900, 
[vii.JI9. 184). 

According to Auc^r von WVbbach, s}ie(tro- 
scopio examination indicates that thulium con- 
sists essentially of thre<* elements. Of these 
three thulium*!, and thulium Hi. cannot be 
isolated by the prestmt inethoils of purification. 
The salts of the funner absorb rays in the extreme 
red down to A700, and shetw characteristic lint^s 
between 2700 and 3270 (sjMrk s|^ctriim). 
'rhulium iff. exhibits a iffiara<'tertstic sjmrk 
spectrum between 2800 and 3260, Thulium II. 
forms an almost white seM|ut8xide. Its salts 
are pale yellowish -green in daylight and emerald- 
green in artihcial tight, anf} exhibit the absorp- 
tion spectrum hitherto ascribed to thulium. 
The oxides of those fractions whkh are rich«»st 
in ihitiium 11. and neu-3^terbium «exhibit a 
cbaraciertstie phenomenon in the Aame ; befc*re 
bepomittg actually incandescent the oxide's give 
out a purpb light for a short time, '{he s{iark 
spcctium showa many strong* lines betwe^en 
3409 and 3800 (Monatsh* 19)1, 32, 373). Ar- 
cortUng to kkier (Sitxungsber. K, JA^. Wbs. 
Vienna, lla, 124) thulium 1, contains a ^w 
aleiiieni, thulium II. has sub- 

stanliaily the same spectrum as the oAgtnal 
complex niateHal, and nmdMinm la suggested 
at uk» name fmr Iha ehtef dement present; 
UfuUttm tlL gave an arc apactrum eontainix^ 
a (M of Itfies wbkdi are altributdl to a new 
dammit, **dMUMm** (i/. Faulaon, Phyaikal 
ISifleclu 1918^ 1 % 332). 

Vm ndiMsals ocolatiiiiig ihuttinii are dscom^ 
ppmst Igr bydieddovie or sit^itrb» add ; tho 
ttire mufob oxaldm jMwebpitatsat tgaliiirdi and ibe 
iPidMbl Midip Sikvmcd^ Into 

... 


oxalates and sulphates. The latter salts are 
heated with barium bromaie in aqaeoci| solution 
from which the rare earUi bromates are frac- 
tionally crystallised. Alter 15,000 operations 
the ab^rption spectrum underwent no change. 

ThttUiun hromats Tm(BrOs)„9H,0, hexa- 
gonal prismi, which has been obtained in ^n- 
siderable amount by repeated orystalUsation of 
the more soluble portions of the rare earth 
bromates, is more soluble than erbium bromate, 
but less soluble than ytterbium bromate. 
Fractional crystallisation of the bromates of the 
yttrium eartns gives a fairly rapid separation 
of thulium from its associates (C. James, Chem. 
News, 1908, 97, 61; 1911, 104, 73; J. Amer. 
Chem. Soc. 1910, 32, 517 ; 1911, 33, 1332).’ 

Thulium salts are pale bluish-gredn, but 
their colour is readily masked by small quantities 
of erbium, the hue changing to yellowish-green, 
yellow, white, and finally pink as the amount of 
this impurity increases. 

Thulium oxide (thidia)^ TmsOs, a dense white 
powder with a greeimh tinge, is preparedlby 
igniting the oxalate ; it is the least basic of the 
oxides of the erbium sub-group and dissolves 
slowly in strong acids. It exhibits a reddish 
incandescence on heating. 

Thulium hydroxide is a white precipitate 
filtering readilv even in the cold. 

Th^um enloiide TmCl»,7H20, deliquescent 
crystals very soluble in alcollbl or water. 

Thulium* sulphate Tm2(S04)s.8H«0 is p^cipi- 
tated by alcohol from an aqueous solution of 
thulium chloride and sulphuric acid. 

Thulium nitrate Tm(N0,)4,4H20, deliques- 
cent ciy^stals obtained from solution in strong 
nitric acid. 

Thulium oxalate Tm2(C404)4,6H^C>,*a green- 
ish- w'hite precipitate, soluble in aqueous alkali 
oxalates to form double oxalates. 

Thulium aeetylaeetoiie 

Tm[CH(CO*CHt)4l„H*0 

erysUlhses from an alcoholic solution of thulium 
hydroxide in acetylacetone ; the absorption 
spectrum of this compound differs apprectabiy 
from that oP Irhe inorganic salts, nitrates, 
chlorides, Ac. Other organic salts of thulium 
have been described by James and his co- 
workers. 

.45sorpfioe spertrww, r. Cleve, /.c,, and 
Forsling, Bit. Sv. Vet. Akad. HandL 1899, 24, 

I. No, 7). G, T. M. 

THUNDERITE* An explcudve consisting of a 
mixture of ammonium nitrate, trinitrotoluene, 
and flour. * 

THUHINGITE. A member of the ehtorite 
group of minerals of some importance as an ore 
of mm. The best crystallkea members of this 
group and those containing the least iton havn 
the com|M)sition H4Mg4ALSi40i4, as in clitm- 
chlore and penninittv The magnesium is, 
however, ispmorphoitsly replaceable by ferrous 
iron and the aluminium by ferric iron ; when this 
reidacemeni is comfilcte the formula would ba 
with Fr 50*7 p.c. Depend- 
ing on differences in composition and in physical 
chaiaettga, a large number of specks and vaj^lhw • 
have bfwnfUaUi^pdidifNcI by special names* 
fewming distinct crystals or plahes are grouped ip. 
wbiilst those forndhg 
coDposid cd miimta scaiae ly fibsus pm , 



in Cornwall. 

THUS AMSRICANUM v. IUsins. 

THUYA OCCDOENTALIS. Thuya occt^n- 
to/ta (Linn.). — ^In 1858 Bochleder and Kawaiier 
(Wien. akad. Ber. 29, 10) isolated from tlie 
green portions of the Thuya (rkuja) occidemtolts 
a glucoside Thujin^ which, when hydrolysed, 
gave a yellow colouring matter ihujtiin* 

Tkujin The plant is extr^ted 


THURINGITE. 

o^tladi fflieaMoraM. m» the micas, the ohloktes Sternberg. Ftr««e H,Fe«"Si,0»'i; and maehen- 
>n tto monoolimo system often with aite H«Fe'",SiO„ he regwfls as end-members 
pse^o-rhombohedral forms ; and they have a of the thuringite series. 

^^t^caceous cleavage parallel to the basal Cranatedtite H^Fe'^^Fe^SiaO*, (anal. V) 
* i-Tu colour is dark green 4 ip found in«some quantify in mineral- veins at 

VO oiaelosh-giee^ hence the name, from xA.a»prrir, Kuttenberg and rrzibram in Bohemia, and 
A green stone. They are quite soft tJI. 2-3) and in Cornwall. • L. J. S. 

often greasy to the touch ; sp.gr. 2 ‘ 6 -^‘ 5 , dej^nd- 
ing on the amount of iron; decomposed by 
wdrochloric acid with separation of silica. 

Thw are of abundant occurrence as alteration 
products of silicate minerals of almost all \txnd& ; 
and are found in igneous rocks, metamorphic 
WKsfcs {e.g, chlorite-schist), and as beds in 
sedimentaiy rocks. In the last case they fre- 
quently^ present an oolitic structure (compare with alcohol, the extract when cold filtered from 
gmuconite and greenalite). The following are wax, and evaporated to a small bulk. The 
the i^tocluorites, all closely allied to thuringite, residue is diluted with water, a few drops of 
been worked as ores of iron. ^ lead acetate solution added, the precipitated 

ThurimUe HigFe'' 8 (Al,Fe'' 08 Si 6 O 4 i is com- impurities removed, and the clear brown 
pact with a fine scaly or granular structure filtrate treated vlth lead acetate. The yellow 
anc^in olive-green to blackish-green colour ; lead compound is collected, extracted with 
3*16-5'19. It occurs as beds in clay- dilute acetic acid, and basic lead acetate now 
slates of Lower Silurian age near Schmiedefeld added to the solution. The bright yellow pre- 
in eastern Thuringia (anal. I). The main cipitate is suspend^ in water, decomposed 
ore-bed is 15^20 metres in thickness, and the with sulphuretted hydrogen, the lead sulphide 
ore, counting of thuringite with chalybite and removed, the filtrate treated with carbon dioxide 
oolitic ^amosite, yields 32-40 p.c. of metallic in order to free it from sulphuretted hydrogen 
iron. Thuringite occurs abundantly amongst and evaporated in vacuS over sulphuric acid, 
the iron ewes of the ^abase and schalstein zone Crystals gradually separate, and these are 
TOtw^n Sterobe^ in Moravia (anal. la) and crystallised rc*i>eatedly from dilute alcohol until 
MnniMh in Silesia. It is also met with in the when treated with ammonia a green coloration 
Lake Superior iron mining district, and in the jg no longer produced. 

French Creek in Pennsylvania. Thujin is described by these authors as citron 

CAamost^ or Chamoisite (anal. II) is compact yellow microscopic i>risms Mxaringly soluble in 
or oolitic with a groenkh-^ey or greenitih -blue cold water. The alcoholic solution becomes 
colour ; fip.gr. 3-34; Fe 21W/ p.c. It forms yellow on treatment with alkalis, whereas with 
thick beds in strata of Jurassic age at Chamoson ferric chloride a ^rk gret*n coloration is pro- 
in teuton Va^is, and also at the Windgallen in duced. When ihuiin is digested in alcob<>lic 


Canton Uri in Switzerland. A chamosit^ ore 
is also extensively mined in Silurian rocks at 
Nu5io in Bohemia. Identical with chamosite 
is the so-called herthierine (anal. Ill, by P. 
Berthier, 1827), which occurs with chalybite in 
Jurassic strata at Hayanges in Dept. Meurtbe-et- 
Hoselle and in Lorraine, and which by its altera- 
tion gives rise to the importahtf minette {q.v.) 
ores^ of this district. Another similar oolitic 
ore is the havaliU in thfi Lower Silurian roc^ of 
Brittany and Normandy. 



I. 

la.' 

II. 

III. 

IV.* 

V.* 

• 

22*35 

24*50 

25*23 

12*4 

33*80 

17*34 

AlfUji . 

18*39 

18*65 

19*97 

7*8 

4*37 


!§?•; 

14*86 

84*34 

11*23 

31*20 

87*51 

747 

44*38 

43*05 

30*27 

£•9 • 

l*2ft 

2*86 

4*39 


1*73 


H,0 . 

9*81 

9*93 

12*90 

6*1 

14*10 

9*18 


lom 

99*59 

100*00 

100*0 

9976 

100*0 


I Alto Mao, 0'07; CaO, 0*93; PjO., 0*44. 

StUpnmalane H»(Pe,Mg),(Fe,Ar)j,SisO„ is 
present in the ores of the diabase and schalstein 
cone between Sternbero in Moravia and Bennisch 
in Silesia. J!rom this district several other 


thujin is digested in alcoholic 
solution with dilute hydrochloric or sulphuric 
acid it Is hydrolysed with foniiation of gJucoM^ 
and thujigenin, apparently an intenueciiate 
product, which readily takes up a molecule of 
W'ater, with formation of thujetin — 

^ Thujlgewlu. 

C,4HlA + H,0:=:-a4H„0. 
Thujip;niii. Thujetin. 

Thujetin CJ 4 H 14 O 8 , forms yellow crystals, 
and is characterised ^ the fact tliat iU alcoholic 
^solution is coloured blue-green with ammonia, 
and green coloured by potassium hydroxide 
solution. • 

With lead acetate it gives a deep rod pnsci- 
When thujetin is digested with boiling 
*10 9*18 wjter it is convcrtcfl into ihujHink ociS 

— whieh consists of yellow microscopic 

ino-ft needles, sparingly soluble m wator, roa^ly 
soluble in al4>hol. ^ 


pujigenin Cj.HuO,, crystallises in fine 
yelloi^jr needles, soluble in alcoholic ammoni^ 
with a blue-green coloration. 

The quantity of thujin which is present in 
the plant is very small; thus, from 240 lbs. 

, , , a • a Rochleder and Kawaiier were micooMdul in buw 

dcs«yityd by latiM a faw tram, only, «•«««*«“« i««»- 

wltng , Perkin (CW Soc. 






j ***** ***' 

•‘’'1* “«thod«aImoirtkientio.lwi3it|ioLof»SSA«l 
remit, btum. tbe altecaUtm oi thuringite; ft j. gnoiidiiie tomthnUn *>”**• 
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hydwl^ mVe rhanwMfr and qiwMetin and il6 0‘9682. n|® « 1*6106, « -0*70“, which 

p*°* '»y ^olnme of phenola 

fayiSolyaia of X gluboddi wlJKeviieidJy aSSSiv win 

bommn^ ^chleder and jggg show ihat^he figt^ given 

Kawalier. ^l^m aUc^ BolutionB with a 'A Sohinin^ Cto. (Bericht. IMO, if 
patogjMn tint, but failed to give t^blue-^n ^ «£ 

(?• ^. Pi LnW, AnnaU 


oMivaunis x^uruiK » preiimixuury inYOStlgation pif{„ A^nl 109 A 
of this (Catem. Trans. 1899, 75, 829), m 7 \ 

t.hA tta.mTtlA f.llAtt AV&tTtivMksI maVA a flSLAA A# VAlInvr -* * '* 


1924, 14, 103 ; J. Soc. Chem. Ind, 


the samide then examined gave a trace of yellow 
colouring matter eoluble in alkalis with a strong 


THYRESOL. Syn. for santalol methyl ether. 

THYROGLOBUUN, THYROIODIN, THYRO- 


gieen coloration, the acetyl compound of which 

- TOTROID GL^; Ofande tkyrioid*, 


s «"b^=7J£S".i 


ininutviiiu.* vxinaensaiion prouuci, oi jg^g^ -^l, 381) discovered the ibdue 

^^^flSSwaiMvii ?**** I «i 1 ootttent of the gland add obtained, by boiung 

Trade name for th 3 rmol dilute sulphuric acid, an impure amorphous 

°*^T!KTStR raMPHnn « riwrann substance, iodothyrin (thyroiodin), containing 

ww5S/S»»^oS_5 *' 9-10 p.c. of iodine, and Oswald (ibid, 1899, 27, 

THYMBGOL. Trade name for the mercury jgj gepajuted a protein (thyroglobulin), also 
potassinm salt of thymol-p-sulphonate. contaiinv iodine. 


THYME OIL V. Owa, zasENTUu 
THYMINE V. PntuoDtNEs. 


containing iodine. 

The active constituent has been isolated by 
E. C. Kendall (J. Biol. Chenv 1915, 20, 501 ; 


THYMOL V.CAMVHOHS; also Phekol and Amcr^Vr arm!; 

ITSHOKO^OM. , . „ , 1917, 29, 29; Endocrinologv, 1917, 1, 153; 

T «9I8. 2. 81; Proc. Amer. Fhysiol Soc!, Am! 

John yViUtam BWdcn (hng. lat. 2tWl.>l) »»■ j_ pjjy„i,)l. 1918, 43, ,'>40; J. Amer. Med. Assoc, 
oiesol IS conde^ with wopropyl alcohol in the igig,'-,. g;,,. ^ j, obtained by hydrolysis of 

the gland with alcoholic sodium 'hydroxide and 


of 70 -W . W *he reaction temperature i» fractional solution in various organic m 1 vents, 
higter (e.g. )» * condensation product represents that half of the iodine containing 

•t *"d possessing aut^ptic auhstanees of the viand which is insoluble in 


•* W*. 5 "d possessing autweptic *ubsU„ees of the gland which is insoluble in 

i^Cymen; isolated from the crude oU ob- physiologically inert. Kendall has 


tiamcHi the honnone thjToxin (from thyro- 


-* 11 -a 1 *11 Fa aaav' %>a« f a Alia ixa^Fajaa VJUjravr* 

UII^ from sulp^te spnice pulp mill, after assigned to it the formula 

pt^cA^. u luttat^ and the nitro-cj-meiie i e„His<»sXI, and the subjoined constitution : 
r«»dao(Hi to cymidinc by lucaua of m>n uowder ** tu 

and hydrochloric acid. Hu!pl!h>nation of C 3 ’mi- *5 ♦ 


and hydrochloric acid. Hu!pl!ft>nation of cymi- • 

dian givta a mixture of o- awl p-cymidinc f%xi u^r 

•ttlphoiuo acids, which, by diaR>tu»atiun and 

tubMuqueni treatment with ethyl alcohol and I * 

oopfier powder, arc auccoeaivyly convertetl into \ 

the oorreaponding diaxocymenesulphonic acids ^ 

and the tame craene 3-suiphoiiic acid, the H 

iodium aalt of which yiekhi thymol oa fusion Thyroxin forms cn^siale, m.p. 


.<io 


with sodium hydroxide (hUx PliilUps and li. I). 

Qibbs, J, Ind. £ng, Chem. 1920, i2, 733-734; earbemate, readily soluble in dilute sodium 
SIS also J. Amer. Boo. 1923, 45^ 1499- and ammonium hydroxides, with opening of 

1499). * the lactam ring, tt is perhaps closely reUted 

Thymol in oil of thyme may be determined to the important amino acid try|>tophan and is 


soluble in alcohol, ether, water, acids and sodium 


iiy soluble in dilut 
h\*droxides, with 


sodium 
iiing of 


by exttaoUng the jdienols by repeat|d shaking extraordinarily active. On cretinism and myx<n> 


with sodittm Ir 

strong hydioelimrio acid to an aliquot par^ of In daily doses of a fraction of a mtUimm. A 
the extiaet the phenols separate. The thymol dose of 10 mg. per day increases the basal 
is obtained Igr enrstalllsat^ and weiffbed after metabolism ol an adult by 30 p.c., and the total 
edUeeltm aiid drying (Mastbaum. Anal. FU. quantity present in the human oody k estimated 
QnbnA im^ », 6 ol i J. Soo, Chem. Ind. 1923, at 23 to 50 mg. Th8 iodine content of the 
M 4 AL * thyroid hM i^meral^ been regwrded m come 

TBfSMiBI. Tndn nuie for n mixture of measure of its activity. Hunt (Amer. J. 
ihtil>lM ». «MWDiMr« and titymoL. ' Physiol. 1923, 23, 257) has recent^ found a 

tStS OlSPlMMI «. SYHfonmc Mtws. close paraUelism between iodine content Aid 
film IMfITATOI OIL The ffoweia soUvUy as teidcd by bis scetofotjrifo method (sen 
I loMUi U nnwAlAidfofos, gioiMi fo Sfadhr. below), but on the other hand, Romeis ( Andti 
U 4* SMSKSlMiAbout 1*9 p,c^ of mSa, I Entwiekelpigsmeeh. d. 0r|^. l«22fW, 41<^ 


ixkin solution. 


u snasing extraoruinanly active. Un cretuusm and myxm. 
n addiiuc deroa it hA the full action of the entire gland. 


orio acid to an nli^ot par^ lu in daily doses of a fraction of a millis 
phemda wparate. ^e thymol dose of 10 mg. per day incieases £ 


n aphthaian a. namnlMr, aii^ aymoL. ' 
fSpNilQPIMUl «. Svinanmc Mwa. 
fSt SEi IMflTATOi ML The floweia 
m 4 MMUi of iBoiln In Sfadhr. 

]eM 1 09 diMMoBwtAboot 1*9 p.e. <d «n«^ 



THYROID GLAND- 


, jmpmd from thyroid a orystalUne iodine-free 
mmtanee, which accelerates the development of 
tadpoles. The estimation may be carried out by 
Baumann's process (fusion with sodium hy- 
droxide and colorimetric comparison in chloru^ 
form solution ; c/. Riggs, J. Amer. Ohem. Soc. 

31, 710 ; 1910, 32, 692 ; Seidell, ibid. 1909, 
3t, 1326). Hunter's method ( J. Biof, Chem. 1910, 
7, 321 ; Seidell, ibid. 1911, 10, 95) appears to be 
referable and has been adopted by the United 
otates Pharmacopceia. One gram of the dried 
gland (corresponmng to about 5 grms. of the 
msh organ) is mixed in a nickel crucible of 125 
c.c. capacity with 15 grms. of a mixture of 
anhydrous sodium and potassium carbonates and 
|K>tii9^um nitrate in the molecular proportion of 
1 : 1 : 1 respectively. Five grms. of the salt mix- 
ture is spread on top ; the mass is fused, dissolved 
in 150 c.c. water in a half- litre conical 6ask and 
mixed with 50 c.c. of sodium hypochlorite solu- 
tion containing 2*4 p.c. Cl by weight. Syrupy 
phosphoric acid, diluted with an equal volume 
of water, is added until the yellow colour of 
free chlorine appears. Then 10 c.c. of the 
phosphoric acid solution is added in excess, 
the solution is diluted with an equal volume of 
water and boiled down to 150 c.c. or for half an 
hour, to expel the excess of free chlorine. After 
cooling 10 c.c. of 1 p.c. potassium iodide solution 
is added, and the liberated iodine (corresponding 
to 6 times that originally present, which was 
converted into iodic acid) is titrated "aith N/200 
thiosulphate, of which 1 c.c. =0*01 058 ing. 
iodine present in the gland. Thyroldeum 
siccum, U.S. P., should contain 0*17-~0*23 p.c. 
iodine. ( = about 0*034^*046 p.c. in the fresh 
gland) and should contain not more than 6 p.c. 
of moiSture. It is also official in the B. P. 
Seidell and Fcnger (J. Biol. Chem. 1913, 13, 517) 
state that the glands of the sheep, ox, and ])ig 
contain from June to November about three 
times as much iodine as in the rest of the year. 
Aldrich v( Amer. J, Physiol. 1912, 31, 152) finds 
the ratio for these three animals as 5:7:9 
respectively^ The amounts found by Seidell 
and Fenger were foa sheep, ox, and pig resiH*c- 
tlvely 0 08-0*24, 0*03-0*33, a»d 0*16-0*44 p.c. 
af dnr weight. They remark that a standard 
of 0*2 p.o. could only be obtained with sheep’s 
ihjrroidi in the United States during a small 
part of the year. In English sheep the amount 
apparenUy does not fall so much in winter. * 

The physiological estimation of the hormone* 
is more satisfadtory but complicated. Quanti- 
tative experiments on the rate of metabolism are 
beet, but very laborious. In a simplified form 
tbi^^ may be carried out on tadpoles, which, in 
a Bolntlon containing very little of the hormone, 
itave their normal growth retarded and their 
metamorphosis (loss of tail and development 
of hind limbs) gimtly accelerated (Gndematsch. 
Arab. f. Entwickelungsmech. d. O^n. 1912-13, 
35, ^7 ,* c/. €. 9 . RogofT and Hariqc, J. Pharm, 
exjp. Tberap. 1916, 9, 57). 

This m^od has been*propo»ed for the com- 
mercial standardisation of thyroid preparations. 
IbM Bunt (J. Amer. Med. Assoc. 1907 [ii.] 240; 
J. IMoL Cbem. 1905, I, 33) finds that as little 
as 0*1 mg. of the gland may double the resist- 
anee woe to poisoniiig by acetonitrile. On 
aoeonnt of ite ^eet on metabolism thyroid may 
be tmehdU lidui^ the weight of ^le constitu- 


tionally corpulent, who are incapable ot suffi- 
ciently oxidising fat. e G. B. 

THYROXIN. See Thyboii) oiawd. 

TIEMANNITE. Mercury seienide, HgSe, 
crystallised in the cubic system with tetrahedral 
hemihedri&i, and isomorphous with metaciMa- 
barite (HgS). Compact granular material is 
more usxml than crystals. Greyish-black 
with metallic lustre; 8p.gr. 8*19-8*47 ; H. 2J. 
It occurs in some quantity with barytes, calcite, 
and manganese oxide in a vein in limestone H^ar 
Marysvale in Utah; and Ihrge mas^s have 
been found in the mercury districts in Lalm, 
Orange, and Santa Clara counties, in California. 
Other localities arc near Claiistbal in the liars, 
and the Sierra de Umango in Argentina. 

L. J. S, 

TIERS ARGENT v. Aluminium. 

TIGER-EYE v. Crocidolitb and Quakjx. 

TIGLIC ACID V. Oils, FIxkd, and Fats. 

TIGUC ALDEHYDE, TIGLIC ANHYDRIDE 

V. Omiacutn^ art. Rbsins. 

TIKITIKI. A preparation of rice-m>lishing 
extract used in the treatment of IjoriT^ri. it 
contains a high percentage of aritinc*tmUo 
vitamin, and is a cure for infantih* l>eriberi. 
For a method of preparing it, see A. H. Wells, 
Philippine J. Sci. 1921, 19, 67 (in abstiairt J. 
Soc. (‘hem. Tnd. 1922, 41, 77 A). 

TIL or TEEL OIL v. Sesami^ oil. 

TILE ORE r. (^ufrite. 

TILIACORA ACUMINATA (Miers). The 
dried }>owdered bark by exhaustive treatment 
with alcohol yields quereitol, fuiuarie aci<l, an 
alkaloid, liliacoriM 260 -201'' 

(decomp.), qd— - f 105*3^ a ph>*t 08 U*rol, a solwl 
fatly acid, m.p. 47' , a mixture of unsat urate'll 
acids containing oleic and Unolcnic oedds, with 
some linolic acid, a resin, and dextrose. Tiliacorino 
contains two imdhoxyl groups, but no methyl 
iinide, or methylene oxide group ; no acetyl or 
methyl derivative could Ik* obtaincfi A solu- 
tion of the alkaloid in sulphuric acid 
first blue, and then gn^en on treatment with 
oxidising agents (\‘an Itallie and Stwnimuer 
Pharm. •Weekblafi, 1922, 59, 1381 ; J Soe 
Chem. Ind. 1923, 159 A). 

TIMA. A ^necliciiiiil preparation im|iort<^l 
from Tiiin])ico as a remedy for phthisis. i» 
prepnn*d as a syrup by boiling the fruit of 
Parmentftrin etiulis fDC.) Vith sugar, and mixing 
the product with almond oil (Arch. Pharm. fiii.j 
107, 37.V. 

TIMBER AND DRY ROT* K. II. I3tii 

((’hem. News, 1923, 127, 402) di'seribe^ tb» 
fungus Memliwi bterymans, to which ihi* dMaiut 
is due. Its m^itbod of gr(>wth and action uj^ 
tinibc'r, and the means adopted for ita cxiettittm* 
lion. Thisjfungiis is rarely, if ever, found upn 
living trees, but is common uptiui worked itmovr, 
the term ’ dry r<#i ’ referring to the CH>ndHii()|i 
of ine wood u|K>n which it grown and not to tlM«» 
infecting organism. Infection of wood 
often oeeuTH in the iimher yatd, but ut randy 
caused by the sfiores, which, aUhough remaifih^ 
alivij for »fyveral years, appear to ^veioii uooii 
sound timber with difficulty, During diy 
weather the protoplasm of the lunpii 
{mpetlium) breaks up into smaU bodies 
which are easily scattered and teadily 
thus leiuliiig to re-fitfecii^ J&evelofniMRttI cl 
the lutigiis proceeds tSe gvowlb of a tea 


ns. 


fietwoik (muediim) within tho wood, followod 
by tho wei1*knowti iJItowth npon the snrfaoe, 
the form of which depends upon conditions such 
M moisture, temperature, &o. Various enzymes 
are product by the whiol:^ cause the 

brealcdown of certain constituents of the wood 
to' water and carbon dioxide, whilst the lignin, 
tannin, and calcium oxalate remain as a spongy 
skeleton of the oris^l timber. 

Under favourable conditions the fungus is 
camhle of penetrg.ting mortar, thus spr^Mling 
infection to distant wood. Various human 
diseases have been attributed to the growth of 
this fungus, but the impossibility of this is 
shown by tho fact that * dry rot ^ is killed at 
blood heat (98®F.). Infection of timber may be 
prevented by avoiding contact with infected 
material, the selection of well'Seasoned timber, 
and storage of the wood both before and after 
use in dry and well-ventilated situations. In 
dealing with existing infection, timber may be 
impregnated with various antiKeptics, among 
which the best are sodium iluorido, boric acid, 
magnesium silioo-fluoride, creosote and tar, but 
the process is costly. Treatment with po- 
tassium or sodium dinitrophenates or dinitro- 
cresylates is effective, and kiln-drying of the 
wood is also recommended. In cases of serious 
infection all damaged timlx«r should be removed, 
the exposed surfaces treated with formalin, 
foliowea by coating with an antiseptic, and 
precautions should be taken to avoid future 
access of damp (J. 1923, 29, 344; J. Inst. 
Brewing Abstr. 1924, 30, 123). 

111IBBR,FlR£-Pll00FUf€, In the fire-proof- 
ing of wood the methods of impregnation are 
closely similar to those u.w*d in applying wood 
preservatives (ftte Cbem. IVade Journal and 
Chem. £n|;uieer, Oct, 6th, 1923, 39), The pres- 
sures apfdM will depend on the structure of the 
wood, as an excessive pressure will tend to crush 
the cells. Too high a temperature during drying 
may lead to brittleness. In order to assist 
iieoetraiion, an initiai vacuum may be applied, 
followed by injection under almut 170 lb. 
pressure. In toe applicatidn of a%ter«g!ass 
and its subsequent precipitation with hydro- 
chloric acid, salt is left in the wocal. To obviate 
this, it has been proposed to utilise pure silicic 
acy, prepared and impregnate<l by electro 
osmotic methods (Eng. Fat. 101206 of 1917). 
Many fibres, such as kapok, have cuticles which 
are penetrated with dimculty by soluble salts. 
To mdlitate penetration in such eases the 
material may bo treated with alcohol or other 
vokliie solvent or with a dilate solution of 
hydrofittorio add (2 parts of tim commercial 
mM in 100 parts of water). Coating with metal 
Inr eleotro^uspoaition is suggested a| a method 
of fire-proofing aircraft linen without loss pi 
tensile streng^ (Eng. Fat. 140745 of 19191. ^ 

tor most i^etical purposes, the direct 
method of tcaiing the efficacy of a fire-proofing 
tr«u4.meni-*-4hat is, by a|i^!ying a fiame-- 
diouht be sufficient. In oert^iin cases, notably 
foralra^t fire-proofing, some methcKf of testing 
the o&mpMUvo protective aetion is necesfMsry. 
ViUT little information is available, however, 
mmtegiaA to the InflammaUlHyof fire-proofdl 
iabilee, atUmugh some resulu of comparative 
taita with napimfs^maferials have been made 
jmWie (AeronauliAl Advisory OcmaiiMfee 


Report, No. 573 of 191S; Pharm. J. 1924, 
112, 692). 

Magnesium ammonium phosphate, which 
decomposes on heating into magnesium pyro- 
phosphate and ammonia, has been patent^ by 
the Du Pont Company of America tor reducing 
the inflammability of cellulose-ester and pil- 
vamiah films. In the latter case the boiled 
linseed oil is incorporated with about one-tbird 
its weight of the phosphate (U.S. Pat. 1316881 
of 1919). 

For fire-proofing and preserving wood, the 
material may be impregnated with a solution of 
the double ammonium magnesium sulphate or 
with cuprammonium sulphate. In order to 
lower the melting-point of the magneiium 
sulphate, sodium or potassium sitlphaiJh may 
be added^ preferably in quantity to form the 
eutectic mixture — that is. tho mixture with the 
lowest melting-point (D. R. P. 306600 of 1914). 
Calcium sulphate or barium carbonate may 
deposited in the body of the wood, the former 
by impregnation with ferrous sulphate followed 
by treatment with calcium chloride, the latter 
by treatment with a solution of barium sulphide 
and subsequent injection of gaseous carbon 
dioxide (U.S. Pat. 1346287 of 1920; Pharm. J. 
1924,112,691). 

TIMBO. The name of a narcotic medicine, 
tho root rind of a variety of Conchoearpus. 
The rind appears in the fomPof tubes or rolls, 
is bright reddish-brown on the outside* and 
yellovish on the inside. The outer and middle 
rind break off short, but the inner rind has a 
long fibrous fracture and the interior ooloor is 
whitish. It possesses a weak aromatic taste 
somewhat like cascarilla bark, but has n^ special 
odour. A cross-section shows an interruptecT 
yellow zone near the outer side, whilst tho inner 
rind is faintly streaked in radiating lines. Some 
of the cells contain ciy^stals of calcium oxalate 
(Cbem. Zeit. 11, 315; J. Soc. Chem. Ind. 
6, 500). 

TDf. 8ym. Sn, At.wt-. 118*71. Atomic 
number 50. According to Aston, ordinary tin is 
a mixture of isoto|ies— -eight in number, and of 
atomic masses IfOf 118, 116, 124, 119, 117, 122, 
121. The average atomic weight, in proportion 
to the intensities of the linis of the positive rays, 
agrees well with the acoeirted value (Nature, 
1922, 109, 813). The molecular weight of tin 
tt different temperatures has been studied by 
Jouniaux (Bull. Soc. chim. 1925, [iv] 37, 67 ; 
Chem. Soc. Abstr. 1926, it. 489). •Tin was kmown 
and prized in the earliest historic agea, for it is 
mentioned without comment as one 6f the com- 
mon metals in the days of Moses (Numbers xxxL 
22), and was an important commodity in the fair 
at Tyre ; numerous bronze instmmeiits of very 
early date have also been discovered in Assyria, 
and, paiitcuiarly by Layard, in the muis of 
Nineveh. Many of these bronzes are now pre- 
served in tke British Museum. The tin so 
employed was obtained by the Phrenicians from 
Cornwall and the Scilly lues in this country, and 
from the mountains of Spain, and there l» no 
evidence of the occurrence of tui in thosh 
countriesan which, in ancient tiinea, the metal 
was most largely used. Pliny appears to have 
been familiar with tin, and stales Chat It ooeuii 
in grains, in aliuvisl soil, from whidh il fa 
obtained bjn^ wasting. 



m TIN. 

states, lure black, and their metallic character tion of 2000--3000 tons, is derived from British 


jma only be recognised by their great weight. 
Though tin was regarded by the ancients as one 
of the baser metals, its cost was greater in the 
days of Homer and Pliny than at presenl^l^ 
for in the days of the latter of these writers 
ai^ avoirdupois pound of tin cost 8«. sterling, 
or about four times its present value. The uses 
of tin among the Romans were similar in many 
respects to those of the present day. It was 
chiefly employed in the form of an alloy with 
cop^, on account of the hardness imparted 
to the alloy by a comparatively small proportion 
of tin, and some of the very earliest known 
bronzes agree closely in composition with those 
used for similar pui^oses at the present day. 
Tin also used with lead by the Romans for 
the production of solder, and for tinning the 
inside of copper and brass vessels, in which art 
the Roman workmen appear to have attained 
considerable skill. Alloys containing more tin, 
corresponding somewhat to the modern specvlum 
metalf were used by the ancients for mirrors, but 
the art of tinning iron does not appear to have 
been discovered until a much later date. 

. ^ Occurrence of tin , — Tin occurs in compara- 
tively few localities, never in the native state, 
and in but few fonhs of chemical combination. 
The most important one is tinstone or cassUerile^ 
tin dioxide (SnOj), which is met with in 
two principal forms, crystallised and massive. 
The* crystals are of the regular prismatic or 
tetragonal system, isomorphous with those of 
rutile, and are frequently well formed and of 
large size. Tinstone in the usual or massive 
form is a dark reddish-brown or slaty -coloured 
very heavy mineral, which occurs in Cornwall in 
veins Tisually running nearly east and west, 
and in which the tin ore is associated with 
arsenical pyrites, copper sulphide, wol- 
fram, and a great variety of other minerals. 
Tin usually occurs in plutonic or metamor|ihic 
rocks, sucK as nanite, felspar, porphyry, or clay 
■late, but by the action of denudation on these 
older rocks grains of tinstone are frequently met 
with in the neighbouring alluvial deposits, and 
this variety of ore, which is of apeeial purity and 
now almost entirely exhausted in this country, 
is known as ‘stream tin.’ The metal also 
occurs in small quantities as Hn pyrites (SnS^), 
The largest quantities of tin are now produced 
in the island of Banca (‘ Straits tin ’). Smalla* 
t^u^h considerable quantities are met with in 
Britain, Gemuiriy, Siberia, China, South Aus- 
tralia, New South Wales, Nigeria, and Bqlivia. 
Among the newer sources of tin may be men- 
tioned the Waterberg district, to the north of 
Pretoria, in the Transvaal, the present monthly 
output of which is valued at about £30,000, and 
is likely to increase. Cassitcrite has been met 
with over an area comprising Helderberg, 
between Stellenbosch and Somerset West, and 
the Knits River MUls in the Koeberg IMstrict of 
South Africa. The Malay States* are the chief 
producer, contributing over 36 p.c. of the world’s 
outoQt; then follow Bolivia md the Dutch East 
Inms, with about 20 and 16 p.c respectively. 
At preaent the production and consimption of 
tin appear to balance. Normally tne United 
Kingdom imports about 35,000 tons of tin ore, 
about 8000^ tone being from British possessions, 
and of inetal, whic||L, with the excep* 


possessions. The re-ex]^rts in a normal year 
are about 3000 tons of ore, and 40,000 tons of 
unwrought tin. Thp balance, about 32,000 tons 
of tin oie^together with^bhe domestio pr^uction, 
which in 1913 was 8355 tons, was apparently 
sufficient to meet the domestic requirements of 
the United Kingdom. Few new sources of tin 
have been discovered in recent years, although it. 
appears probable that the Belgian Congo is 
likely to become an important producer imthe 
not far distant future. It wolild seem that unless 
really extensive deposits are discovered, tin will 
be one of the first base metals to be exhausted. 
The smelting of tin ore is concentrated in few 
hands, although the tin-smelting capacity of the 
world is well in excess of the annual supplies of 
ore. In this respect the Straits Settlements 
heads the list with a capacity of about 58,000 
tons of metal. Groat Britain following with a 
capacity of al^ut 34,000 tons, and the United 
States with a capacity of 30,000 tons, the total 
world smelting capacity being about 175,000 tons 
per annum (Sir K. Kodmayne, J. Soc, of Arts, 
1923 ; J. Soc. Chem. Ind. Apnl 27, 1923, 425). 
Promising reports arc received in connection 
with tin mining in Texas. In parts of Nigeria 
tin occurs distributed over wide areas, but in 
relatively small proportions. The present world’s 
output of tin is about 115,000 tons per annum. 

Prodmlion of (in , — The metallurgy of tin is 
in its main features simple, but the mechanical 
preparation of the ore involves more skill and 
labour than is the case with any of the other 
common met.als. So much> in fact, is this true 
that success in the extraction of tin fre- 
quently de])end8 more ujwn the captain of 
the mine, who sui)erintcnd8 the dressing of 
the ores, than upon the smelter. On account 
of the high price of tin, and the relatively high 
density of tinstone, it is found practicable to 
work ores which in the first place contain com- 
paratively little tin, ores which contain only 
0*5 p.c. of tinstone being sometimes profitahlv 
worked. The principle adopted in the mechanf- 
cal separation of< tinstone is very simply illus- 
trated in the operation of ‘ vanning,’ which is 
frequently used in Cornwall and el.sewhere as 
an approximate test of the richness of an ore. 
A quantity of the crushed material is placed in 
a miner’s shovel of special shape, known as a 
vanning shovel, water is added, and then by 
means qf a circular motion which is imparted to 
the sbovql by the hands, aided by a peculiar jerk 
of the wrist, the ore is ultimately almost com- 
pletely separated from the earthy matter, and 
can bs*dried«and weighed. On the large scale 
the ore is first picked and assorted, and then 
broken by suitable stone breakers and rolls. The 
roughly -jpoVdered ore is carefully assorted, and 
then fed into a mill containing a hatteiy 
stamps, of which there are many varieties in 
use. Each stamp weighs 3 cwts. or upwards, 
the face of the stamp being either steel or chilled 
cast iron. By means of suitable cams on a 
revolving«wheel the stamp is raised at regular 
intervals, and allowed to fall upon the ore which 
is contained in the box or ooner o! the stamp. 
A supply of water flows through the boxes and 
escapes tlirough perforations, canying away the 
finely-crusl)pd ore, woile the lairger pieces remain 
in tSib box to be further Studied the stamp* 



TIN. 51 


The finelv-powdeted one now passes to some ; 
fonn of Duddle, or to a conoentrating table, i 
whlob more or less completely separates the ' 
earthy matter. Probably the simplest form of i 
such apparatus, of wliich there is an endless 
▼apety, is the inclined plane with ridges or 
^ riffles * placed at right angles to its length. On 
such ^ a plane the neavier particles naturally 
remain, the richer fragments being deposited 
principally at the upper part of the huddle, whilst 
the*'ei^hy matteri^ with some ore, passes away. 
But such a simple form of huddle is now seldom 
used, and a considerable number of improve- 
ments have been from time to time adopted. 
Thus the inclined plane is made movable, and 
either a jerldng or a rocking motion is imparted 
to it, and this is found to give better results than 
the fixed form. But buddies of a circular shape 
have met with considerable favour in late 
years, one form (Borlase's) being a circular con- 
cave huddle fed from the outside and discharging 
the slimes from the middle ; but the variety 
generally preferred in Cornwall is that of a very 
nat cone, the water and ore being distributed 
either by a revolving spout, near the apex of 
the cone, or by means of a smaller and more 
acute distributing cone. The waste liquid from 
the huddle is led into a succession of tanks or 
pools, where it is allowed to settle in order to 
recover the finer portion of the ore, w'hich would 
otherwise be lost, and the slimes thus obtained 
are worked over again in order to recover the 
finely-divided tin ores. 

In dressing tin ores it is important that they 
should not be too finely crushed, or the gangue 
will be removed with greater difficulty. The 
ore should be, as far as possible, separated into 
parcels, the fragments in each being of uniform 
size, and the method of treatment is varied wdth 
the fineness of the material ; in no case should 
the ore be cnished more than is necessaiy to 
separate the matrix. These facts form the oasis 
of all successful ore dressing. 

Reduction of tin . — From the point of view of 
the tin smelter, ores of tin may be divided into 
two classes, first those of tolefable purity, which 
may be directly smelted in the furnace, and 
secondly a less important class bf ores, w hich 
from the fact that they contain notable proper 
tions of copper, arsenic, sulphur, or tungsten, 
reauire to further treated, after dressing, 
before smelting. Ores which contain arsenic 
or sulphur are roasted at a low temperature, 
usually in oalciners with a bed •which is 
mechanically rotated in a horizontal plane, and 
which is supplied with mechanical rabbles. The 
greater part of the arsenic ntfd sulphur is 
thus removed. The mass is then withdrawn, 
and, after bemg exposed for some |ime to the 
action of the atmosphere, is washed to remoye 
the oxide of iron and other lighter matters from 
the heavy oxide of tin. Ones which oont»in 
much tungsten aie heated with sodium sulphate 
or carbonate in a leverberatoxy furnace, by 
which means soluble sodium tungstate is pro* 
duoed; a|^ can be removed by wasbiillg from the 
unaltmed oxide of tin. process (Oxland's) 
w not carried on now to any considerable extent. 
MS ore having been purified by one or other 
of these processes is ready for smelting in the 
«faii«»y way. Th§ reduction o# the metid 
mm iMtmln alws^ accomplished by heating 


mth carbon, which operation may be performed 
either in a reverberatory furnace, as is the 
custom in this country, or in small blast 
^maces such as are used to a limited extent 
in Germany. Shaft fumaoes also are used in 
China, Sumatra, Nigeria, and by natives in 
maiw other localities. , 

Tin ameUing in England . — ^The furnace em- 
pl(^ed for the smelting of tin in this country, and 
in tact pretty generally elsewhere, is a reverbera- 
tory, with a fireplace at one end and a stack at 
the other. At the front is a single working door, 
while at the back is a tapping hole which is 
iosed during the smelting, but which when the 
operation is concluded serves to convey the metal 
into a ‘ float ’ or circular iron pot lined with day. 
The bed of the furnace is about 18 ft. Idng by 
9 ft. broad, and slopes to the tapping hole. The 
fireplace is about 2 ft. broad, and the firebridge 
is of firebrick and some 14 ins. high. The roof 
is low, and slopes uniformly from the firebridge 
to the stack. 

The charge of ore, which weighs 20-25 cwts., 
is mixed with rather less than one-fifth of its 
weight of anthracite powder, and spread uni- 
formly over the furnace bottom. If the ore is 
refractory, a little fluorspar or lime is added as 
a flux. The door is then biosed and luted up, 
and the temperature gradually raised for 5-^ 
hours, when the door is opened, the mass 
rabbled, and a quantity of pcfWdered anthracite 
or ‘ culm ’ is thrown on the surface of the charge. 
After heating for about another hour, and a 
further rabbling, the metal is tapped. Part of 
the slag produced is thick and is raked out of 
the furnace, while the remainder is more fluid, 
flowing out vith the metal, and is called * glass * 
by the smelter. The slag consists essenlially of 
ferrous silicate, and as it frequently contains a 
considerable amount of tin it is melted again 
\vhen the furnace is at liberty. 

As tin is a valuable metal any considerable 
loss in smelting would result in commercial 
failure. The boiling-point of tin is high, in the 
neighbourhood of 2000®C., so the loss by volati- 
lisation is very small. Practically the chief 
source of loss, ift Ifhe smelting process, is in the 
slags. Tin oxide readily passes into solution in 
fused silicates yielding enamels. Hence the 
slag should be as small in quantity as possible, 
jknd should not be oxidised. The first require- 
ment is met by employing ores of high concentra- 
tion, and by mixing them so that the basic 
gangue of one will neutralise fiie acid gangue 
of another, so far as possible. Thus the use of 
fluxes is kept at a minimum, and the bulk of 
slag diminiwed. The slags are collected, and 
are generally smelted in a water-jacketed blast 
furnace, for the recovery of the tin they contain. 

Small blast furnaces, which were previously 
used in Cornwall, have survived longer in 
southern Germany, and are also employed by 
the natives pf India. The waste of metal is 
much greater than in the reverberatory furnace, 
whilst the cost of fuel* (charcoal) is aw greater 
than in England, but the tin obtained is stated 
to be of excellent quality. 

Refinmg.—TYio refining process consists of 
two parts, a preliminary liquation, 5ii(l the re^^ 
fining protMsr. The liquation is conducted in a 
fomaoe of similar shape to the reverberatory 
furnace abqfe described, an^ about 10 tons ate 
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operated upon at once. The temperature is care- 
regulated so as just to melt the purer tin» 
whw gradually flows away into a separate jpot or 
* kettle,’ while the impurities, consisting of iron, 
tunenio, sulphur, and traces of many other 
elements, together with some 20 p.c. of tin, 
remain in the form of a hard, brittle, white, semi- 
metallic mass known as hard-head. For the 
composition and properties of hard-head, see 
Lery and Ewen, Trans. Inst. Ming. & Metallurgy, 
1908-9, 466. The purer metal which has 
collected in the kettle (which is heated by a 
small separate fire) is now refined by plunging 
billets of green wood under the surface of the 
melted tin. A quantity of gas is evolved from 
the Wicod, and violently agitates the metal, 
gradually separating a scum which contains the 
imparities orinnally present in the crude tin. 
The same result is sometimes attained by ' toss- 
ing ’ the melted metal in ladles from a height of 
several feet and allowing it to fall into the 
kettle; in this w^ay the metal is also exposed 
to atmospheric influences, and a scum separates 
as before. The refined metal is sold as 
gmtn, refined^ or common tin, according to its 
quality, though all tin met with in commerce 
has been more or Iqss refined. For refined tin 
purer ores are employed, the refining is con- 
tinued longer, ana alter poling the metal is 
allowed to stand gome time, and only the upiicr 
or purer portions are used. The second or 
ordinary quality, when cast in suitable moulds, 
is known as bl^k tin, A simple test of the 
commercial quality of tin is to melt the metal at 
a moderate temj^rature, and to pour it into an 
ingot mould. The ingot, if of good quality, 
should cbe smooth, bright, and rounded, and 
should retain this appearance on solidification ; 
if impure it will have more or less sharp edges, 
and will ‘ frost ’ over on solidifying, while very 
impure metal will be tinged with yellow' or 
purple, according to the amount and nature of 
the impurities. Grain tin is produced by 
heating blocks of refined tin to a temperature 
a litUe below the melting-point of the metal, 
at which mint it becomes very brittle, and is 
broken either by dropping fibm a height or by 
a blow of a hamme^ For further particulars 
of the properties and metallurgy of tin, see H. 
Louis, Mewlurgy of Tin, London, 1011. 

Electrolytic refining of fm.-— After liquidatioi^ 
to remove iron, crude tin has been successfully 
refined on the^laige scale by electrolysis in 
solutions containing (a) 2U p.c. of hydrofluo- 
silicic aeid^O*! p.c. of sulphuric acid, and fi'p.c. 
Sn; (5) 0 p.c. of hydrofluosilicic acid, 8 p.c. 
of sulphuric acid, and 3 p.c. Sn ; (c) 8 p.c. of 
sulphuric add, 4 p.c. of cresol- or phenol- 
soj^honic acid, and 3 p.c. Sn; (d) 13*7 p.c. of 
sulphorie acid, 21*2 p.c. of c^stallised arnlium 
sulphate, and i*5 p.c. Sn. The electrolysis is 
prmerab!^ carried out at 35^ with a current of 
lO amp* per sq. ft. at 0*3 volt. With electro- 
lytes (a), (6), (c), which contain the tin as a 
slatmotts salt, an emulsion of 1 Jb. of glue and 
8 Ib« ol erei^lic add is added per t>m of metal 
deposited, to assist in producing smooth deposits, 
and 0*S p.c. of hyd^hloric add is %d^ to 
bring abmit uniform corrosion of the anode and 
to make the slimes soft and porous. Electro- 
lyte (d) mtaine the tin as stannic sulphate, 
and (k2 p!^ of Cunipao aloes i8%ddml to obtaiii 


a smooth deposit. The slimes from Bolivian 
crude tin containing 97 |>.e. Sn usually ass^ 
about 20 p.c. Pb, 6 p.c. Cu, 3 p.c. As, 6 p.c. Sb, 
20 p.c. Bi, and 30 p.c. Sn, together with 130 oss. 
Ag per ton, and traces o! Au. Two methods of 
treating this material have been used; thn 
first involves fusion of the^slime with sodium 
hydroxide under oxidising conditions to obtain 
a lead-bismuth-silver buUion, which* is refined 
electrolytically, and a soda slag from which 
crude tin is again obtained Jby reduction. f^In 
the second process the slimes are melted and 
reduced to metal, which is cast into anodes; 
these are electrolysed in 18 p.c. hydrochloric 
acid, which dissolves 90 p.c. of the tin and 
bismuth, 46 p.c. of the antimony, and 36 p.c. of 
the copper. The bismuth is precipitated by 
crude tin and refined by fusion with spda and 
sulphur, and the tin is precipitated by lime. 
The slimes arc smelted to give a bw lead 
bullion, wliich is softened and desifverised 
(J. R. Stack, Trans. Amer. Electrochera. Soc. 
1924, 46. 279; J. Soc. Chem. Ind. 1924, 43. 
B. 621). 

Brands of tin. In 1911 a committee of the 
London Metal Exchange drew* up a new* form of 
contract for the purchase of tin. This provided 
for the recognition of two classes of tin ; Class A. 
includes Straits or Australian tin of good 
merchantable quality, and also refined tin of 
good merchantable quality, assaying not less 
than 99*7.5 p.c. of tin. C’lass B includes 
common tin of merchantable quality, and assay- 
ing not less than 99 p.c. of tin The official 
brands include the following : St rails, Aust ralian , 
Banca, Billiton, English, German, and (binetie. 
In connection w*iih ibis classification a number 
of brands and descriptions were assayed, and 
tabulated analyses prepared. 

It will thus be seen that some of the be4tt 
brands of commercial tin arc of remarkable 
chemical purity. 

Properties of tin. Tin is a white lustrous 
metal which exhibits a fibrous structure, and 
when tieqt emits a creaking sound owing to its 
crystalline character. W' ben melle<! and allowed 
partially to solidify, and the still liquid ^rtion 
poured away, fleedle-shaped crystals are formed 
in the remainder. The metal is deposited in 
tetragonal prisms wium stannous <mlande is 
decomposed by a weak eiec^tric current. Tin is 
capable of existing in different aliotropic forms 
depending u|>on the temfierature. At ordinary 
temperatifres it is in a metastable condition, 
but on exjKwure to great cold it falls to pieces 
formingga coarse grey powder. Between 1 8^ and 
170'’* the stablb form of tin is tetragonal, above 
170^ it is rhombic. Tin has a sp.gr. of 7*312 and 
melts at «32^ (Hey cock and NovtUe). It 
e](ypands 2*8 p.c. during melting. The change of 
denigty of melted tin with temperature may 
be represented by the fonnula 

dr^7*OI-0*00074{<--232) 

(Hogness, Amer. Ctiem. Soc. 1921, 43| 1621). 
Tin suffers little change when expmsrd to air, 
either dry or moist, at ordinary iemperaturea. 
When melted it slowly oxidises to the dioaide. 
It is readily attacked by acids: hydmdildrio 
acid converts it into stannous chloride wHh 
evolution of^bydromn, tiilmo acid forma meta* 
stannie aoML It dbsolvealii aqueous eotutiuus 
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of the alkaiig irith •evolution of hydrogen^ 
fonning meta^stannatee. 

For paseive tin, eee Stoinlierz (Z. Elek- 
trochem. 30, 279, June^ 1924; Sci. Abstr. 1924, 
27, 832). • 

Vbu of tin . — ^The manufacture of tin plates 
al^rbe more tin thkn any other industzy, and of 
this a separate account will be given. Tin is also 
largely used for alloying uith copper to produce 
br^mze, bell metal, and speculum metal, while 
in combination with other metals tin produces a 
number of useful alloys, to be afterwards de- 
scribed, among which may be mentioned pewter, 
Britannia metal, plum&r's (or soft) solder. 
Queen's metal, ty]^ metal, fusible metal, Ac. 
Though tin is comparatively brittle at ordinary 
temperatures, it becomes very malleable at about 
100 , and can then be rolled into thin sheet or 
foil, for which there is a considerable application, 
and which was formerly much used, in the form 
of an amalgam, for the * silvering ' of mirrors. 


Tin foil containing small quantetiee of aluminium 
gr^ually becomes brittle, owing to the slow 
oxidation of the aluminium. On account of its 
power of resisting atmospheric influences and 
rile action of vegetable acids, tin is also used for 
the manufacture of pipes for brewers, distillers, 
and other purposes. For similar reasons Iqad 
pipes are sometimes tin-lined. Pots, pans, 
kettles, and other culinary utensils are fi^uently 
tinned inside. The process is very ancient, and 
extremely simple. The surface of the vessel to 
be tinned (which may be of copper, brass, or 
iron) is carefully cleaned and brightened, and a 
little ammonium chloride (patented for this 
purpose by John Bootic in 1768) is often rubbed 
over the surface. Some tin and a little^wdered 
resin is now melted in the vessel, and is wiped 
over the surface with tow. By this means a 
skilful workman rapidly produces a uniform 
coating of tin, which resists considerable wear, 
and yet weighs, according to the experiments of 
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Banca tin . 

99*950 

Billiton .... 

99*960 

Penang .... 

90*939 

SingafK>re tin 

99-870 

M. Bischoff . . i 

99*795 

1 Pyrmont tin . . . ! 

99*938 

1 Irvine Bank . . ; 

99*680 

; Williams Harvey & Co., No. 1 

99*860 

t „ • No. 2 i 

99-560 

„ No. 2o 

99*350 

! No. 3 

99*200 

! „ .. No. 4 

99*941 

1 P«npoU, No. 1 . 

99*720 

i „ No. 2 . . . 

98*710 

i „ No. 3 . 

99*,300 

! Redruth .... 

99UK) 

1 Th. Goldschmidt, No. 1 

99*860 

„ No. 2 . 

99*460 

No. 3 . 

99*150 

Chinese, No. 1 . . 

99*343 

Wing Hong ft t'o.. No. 2 . 

98*662 

„ No. 3 . 

•95*280 


Anti- 

mony 

0*007 
0*006 
trace 
0*008 
0*005 
I 0 *017 
0*062 
0*015 
0*106 
0*245 
0 300 
0*011 
0*118 
0*569 
0*325 
0*178 
0*0(H 
0*015 
0*122 
0*031 
0*039 
0*381 


Arsenic I^ead Copper 


Iron : Silver 


Sul- 

phur 


* nil 
: nil 
0*013 
0*045 
0*003 
0*019 
0*034 
0*040 
0*037 
10*005 
; 0*037 
0*022 
0*054 
0*042 
: 0*056 
0*053 
nil 
, nil 
0*046 
0040 
.0*035 
0*050 


trace 
nil 
trace 
0*034 
0*037 
trace 
0*221 
0*004 
0*162 
0*223 
0*396 
trace 
0*041 
0-546 
0*212 
0*177 
0*102 
0 425 
0*143 
0*434 
1*035 
3*905 


nil 

nil 

nil 

0*003 
0*005 
: nil 
' 0*025 
0*005 
0*007 
0*015 
0*007 ' 
0*001 
0*007 
0*055 
0*050 
0*017 
nil 
nil 

0*112 

0*007 

0*(M2i 

0*020 


0-018 

0*023 

0*016 

0*052 

0*035 

0*022 

0*125 

0*047 

0*050 

0*042 

0*100 

0*020 

0*052 

0*103 

0*088 

0*445 

0*043 

0*069 

0*352 

0*052 

0*134 

0*106 


0*045 i 
• nil I 
0*028 
.0*003 I 
0 *942 ^ 
trace ! 
0*002 ‘ 
0*003 i 
0*005! 
0 *016 ; 
,0*013 ' 
trace 
0*001 
0*007 
0*002 
0*014 . 
trace ] 
trace ’ 
0*007 I 
^ 0*010 I 
0*014 
0*028 


nil I trace 
nil nil 
nil 10*004 
0*006 ^ 0*005 
trace 0*008 
nil , (1*004 
0*018 0*004 
nil ^ 0*006 
trace i 0*013 
trace ! 0*013 
0*014 ( 0*006 
traced! 0*005 
0*009 1 0*007 
0*016 0*004 
0*021 ; 0*009 
0*006 ! 0*008 
nil ! trace 
nil ! trace 
0*003 1 trace 
trace ’ 0*011 
trace ' 0*011 
0*018 ^ 0*008 


Bayen, less than a milligramme \wt square inch 
of surface. No wonder that Pliny states, with 
surprise, that copjMsr when tiii^ *does not 
Increase in weight ! Tin salts are alto used for 
tinning brass and copper wire, and as mordants 
in dv^. , 

Ateyt ef ttn* The alloys of tin are of great 
practical im|K>riancei and have ^turally at- 
tracted consideiaUe attention, aitfaaugh accurate 
infonnation is sUll wanted in respect of mang of 
thdir phyiicat and other properties. Foi; con- 
venimm of study thealloysof tin may be divided 
into two ebuMes, the first in which the prcqierties 
of the rMndting alloy are entirely different from 
the niMm of the omititoenti, wihilq the second 
ciiii filKfiudes those alJova some of the most 
Impoitaiit propsftiss of which very 

ehiN^y with udmt might be sntidpalea from the 
ptopsmse of the ammtue^ metals. The first 
dess is Imfoalfy represented by the alloys of 
oojpper SM tin, umicli include 8ie impemnt 
alloys Inwwtt as hraisss,gfimf«^^ Isc. 


Tin itself is weak, soft, readily fusible, and of a 
nearly white colour, while copper is strong, 
tough, moderately hard, and of a characterisuc 
red colour. On adding tin to^^opper, however, 
in gradually increasing proportions a succession 
of alk>>*s is obtained with properties which are 
utterly different alike from those of each othex 
and from their constituent metals. Thus an 
addition of about 5 p.o. of tin to copper produces 
a tough strong alloy, wliich still retains a 
fairiy characteristic copper colour, but which is 
much harder than copper, and is suitable for 
medab or coinage, but the hardening effect of 
tin is so great already the practical limit 
1ms lieen reached ter coinage purposee. On 
adding 5 p.c. more tin we have an alloy which ia 
itUl harder, to much so that it has to be oaat 
imrtbeadsof being rolled or drawn, and the 
potsesats a rich yellow ecdour. With a UtOt 
more tin an alloy suitable lor the hardest Imus 
inga it produced, and with still more tin we havu 
the alioynus^ ter amall^bdla, agd whkh ii 



u 


TIN, 


BonofOUQ, but shows considerable brittleness 
when oold, but thou^ it be worked at a low 
heat. With still more tin an alloy suitable 
for the largest bells is obtained ; brittleness is 
more marked^ and the fracture is dull earth/ 
grey, and it is only when the metid has been 
worked or burnished that a yellow colour is 
visible. ^ But on continuing the addition of tin, 
which is one of the softest of the common 
meMs, the alloys become more and more brittle, 
until with about 33 p.c. the aUoy can easily be 
pounded in a mortar, and possesses a white 
colour, with a more or less pronounced blue 
^ade. This alloy is thus utterly different alike 
from its constituents and from either of the other 
alloys previously mentioned. As examples of 
the second class of alloys of tin, in which the 
properties of the alloy are approximately what 
would be expected from the characters of the 
constituents, the combination with zinc or with 
lead may be taken. Tin and zinc unite in all 
proportions, and the colour, hardness, ductility, 
d(o., of the alloys are what would be anticipated 
from a mixture of the two constituents. Tin 
and lead also unite in all proportions to form a 
series of alloys, all of which are nearly while in 
colour, and are soft, malleable, and rt*adiJy 
fusible, like the metals themselves. Tin-lead 
alloys, however, furnish a characteristic illustra- 
tion of the fact tha^the melting-point of mixtures 
or alloys is very commonly lower than the 
mean calculated from the melting-points of the 
pure substances. This rule is veiy generally 
observed, both in salt solutions, with mixtures 
of salts, and with mixtures of organic sub- 
stances (Guthrie, Phil. Mag. [iv.] 69, 1, 206, i 
266; [jk] 1, 49, 354, 446; 17, 462; 6, 36). 
Common, or soft, solder is an alloy of tin and 
lead, the l^st proportions being veiy nearly 
2 parts of tin to 1 of lead. The melting-point of 
this alloy, calculated from the melting-pointR of 
its constituente (Pb=327®, Sd=^ 228°), would 
261®, but the lowest melting-i)oint in this series 
B-Uoys actually observed is 180® (Turner. 

B ham. Phil. Soc. [iv.] 318), and the com[K>sition 
1 A nearly 2 pfljis of tin to I of 

A number of investigators have examined 
including Kuiiffer. 
PilHchody, Laurie (Chem. Soc. Trans. 1889, 078), 
recently Bosenhain and Tucker 

' / Av j the results 

ot the determination of the composition of the 
melting-m)mt alloy vary from about 

Rownliain 

1^ j a There appears to be no indication 
OX a denmte alloy of tm and lead in atomic pro- 
ponions, ^ough, on veiy slow cooling, there is 
1 ^ of the existence of a solid solution, at 

toTOnaon at with aljoys containing 18-63 p.c. 

^ I® addition to their use for soldera the 
B-lIovs have an important application in 
thef^of the toughest «nd hardeat 

Atti R.*Accad; 

Lfi^. 19M, 83, i. 293). Albya of tin and 
aiitii|ioiiv b^M io the same class as those 
and a mixture of 4 mZ 
a lla wttr 1 iMiitimony is •use# for one 


kind of type metal. Tig also enters into the 
composition of Britannia metal, the proportions 
being as follows (Greenwood), Metallurgy, 
i.211):— 

Britannia uictal 


Tin . 

For For For 

spinning rotting casting 
. 94 90 84 

Queen's 

metal 

76 

Antimony . 

. 6 

7 

10 

8*6 

Copper 

. 1 

3 

4 

— 

Bismuth • 

. — 

— 

2 

8 4 

Lead 

. — 

— 

— 

8*6 


A Birmingham manufacturer’s mixture for 
Britannia metals is as follows : tin, 1 cwt. ; 
antimony, 12 lbs. ; copper, J lb. 

Britannia metal has a somewhat considerable 
application on account of its white colour, and 
the fact that it takes a good polish and resists 
tlie inBuence of the atmosphere ; its low con- 
ductivity for heat also renders it very suitable 
for some purposes. This manufacture was 
introduced by Jessop and Hancock about 1770. 

Type metal varies considerably in composi- 
tion, consisting essentially of antimony and lead ; 
but for small tyi^e tin is commonly added, and 
in some easels considerable pro|K>rtionB of tin 
are employed. 

The follomng illustrates the composition of 
ty|H‘ metal of excellent quality, and suitable for 
differtMit sizes of ty|)e. It will be noted that large 
tyjKj is made of a softer and cheaper mixture. 

Tin Lead Antimony 
Urge t>i)e . , 7*6 78 14 -5 

Medium tyjH* . 9-Ot 73 18 

Small type . 14-6 57 28*5 

j From 1 to 1 *5 p.c. of copper is also added in 
some cast's to impnive the wear of the ty|)e. 

White bearing metals for heavy machinery 
1 contain the same cemstituents as typo metal. 
At least JO p.c, of antimony is required ; with 
above 20 p.c. the alloy is brittle. Tlic limit of 
till, on account of price, is usually about 45 p.c. 
(Hague, Bearing Metals, South Staffs. Iron A 
»Stoei Inst^. Jan, 1909; Hioms, Anti friction 
Alloys, Birm. Mctaflurgical Soc. Feb. 1909). For 
sjwcial purposes larger pro|)oriions of tin arc 
empluyed, as shown in the folbwing analyses 
(G. Hughes, Non-ferrous Metals in Railway 
Work, Joum, Inst, of Metals, Sept. 1911)— 

Tin 

Anlimohy 
G/oniwr f 
I.*ead 

Alloy^B is a»fair]y t\'|»ical soft bearing metal. 
A and C are harder, the fonner bohng used lor 
bearings, Ao, in steam locomotives, and the 
iattor for hi^-class axle bearings on the {^lion 
amt c^im mutator ends of electrical rotting stock. 

Tm is also a constituent of the various 
w best known beisia 

Woods alloy, which oonstsis of 4 parts of tin 
with 4 of 8 of bismuth, and a Utile ead* 
mium ; it fuses at 63^ 

The ttn-lead-bismoih eutectic melts at 94^, 
it can be prepared by meltiiig tOfether 4 parts 
of tin, 8 of lead, and 18 of bism ISmalkw 

with 4 of tin, 8 of lead« 10 of bfaunUth, axid^^ 
cadmium melte at about 71®* 

^ ^ lor taUng 

»P*d impnmoiiB of objede wouldSZ* 



A 

B 

0 

, 

82*0 

11*6 

80 

• 

14-0 

13*6 

10 

e 

4*0 

3*0 

10 

a 


72*0 
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qnetitly be injured by#tbe use o! metal melting 
at a higher temperature, and also for safety plugs 
in steam boilers, d:o. 

For the equilibrium* of the ternary system 
bismuth-tin^aine, see Sheikh D. MiAaffax (J. {< 
Chem. Soc. 1923, 123, 2341 ). ' 

Hardness of ttd-eadndum and tln-hismuth 
alloys. — ^The hardness of tin is increased by 
addition of cadmium to a maximum for about 

6 u^c. of the latter. With further addition of 
curium, the hardness falls rapidly until the 
eutectic point is reached at 2B p.c. of cadmium, 
remains constant over the romon 28-97 p.c. Ckl, 
and then falls to the value for pure cadmium. 
This bcliaviour is changed markedly bv anneal- 
ing the alloys in paraffin wax at 150^ for 330 
hours, the two branches of the curve in the 
neighbourhoods of 0 p.c. and 100 p.c. of cadmium 
then revealing the srdid solubility of each metal 
in the other; alK>ut 3 p.c. of tin dissolves in 
cadmium and about 8 p.c. of the latter in tin 
(cf. Bucher, A., 1917, ii. 211). 

With tin-bismuth alloys the maximum hard- 
ness corresponds with the eutectic point, but 
annealing causes the disappearance of this 
maximum and renders the curve normal, the 
maximum hardness being then shown by crystals 
of tin saturated with bismuth, and the limit of 
solid solution being extended from 4 p.c. to 

7 p.c. of bismuth (C, di Capua, Atti R. Accad. 
Lined, 1924 [v.] 33, i. 141; Chem. Soc. Abstr. 
1924, 126, ii. 414). 

Tin-ooppM* alloys, //is/ory. — Copper is one 
of the few metals wlj^h have been ^own from 
prehistoric periods, and, like silver and gold, is 
in the pure condition too soft and ductile for 
many useful applications. The ancients, there- 
fore, prepared various hard copper alloys or 
bronzes, which were used for many purposes to 
which iron and steel are now aj^plied. The 
dements added to give hardness were arsenic, 
iron, or, preferably, when obtainable, tip. A %"er>- 
ancient Egyptian knifeddade (1400 b.o.) ex- 
amined by Vr, Percy (Mctallur^, i. 504) con- 
sisted of cemper with 2*29 ]^c. of amenic and 
0*43 p.o. 01 Iron ; such a material would, of 
course, form an indifferent cuttiqg t4)ol. 

The Hindoos have for many centuries pn>- 
duced a variety of bronze for coins and statues, 
which was hardened by the presence of iron. 
Dr. P^rcy mentions an ancient Indian coin which 
ooniained 5*06 p.c. of iron, the remainder 
being copper (f.r .), while in the Binninjrham Art 
Oall^ there is one of the earliest known images 
of Buddha, wliich is believed to l»e 25(X) years 
oM* and which was found by Dqptd Kories to 
contain 91*50 p.e. of copjier and 7*59 p.c. of 
ifon. With the introduction of 4tn by the 
Phomiciaiis came the use of broni^ in i^vpt, 
Assyria, Greece, and all the important countites 
dm ancient world. Of these bronzes, numarous 
are piesenred, and the composition 
pecsmmmixA for vastous purposes was very 
simiiar to that wliich is usedfat the wmni day. 
Thus states (Thomson, Hist. Ghem. 1. 57) 
Nutt ths Bomans made their pans for boiling 
from a mixtttie d 100 lbs. of copper and 3-4 lbs. 
d Hu, while lor statues to every 109 lbs. of 
OQSpr, limililing d Ma*tounh oUl copper and 
new metaU 121 ihiL of tin was 
miML Jkm was iot known, or at all events 
Wic not ikfifftmi usei until shortly befoie the 


Christian era, and the references to brass which 
so frequently occur in the Old Testament have 
to do either with copper or bronze, and not with 
alloys of copper and zinc. further on the 
iChriy histo^ of copper and copjier alloys, W 
Gowland, l^esidential Address, Institute of 
Metals, 1912. • 

ConstitiUion of copper4in aUoye, — ^Previous 
to the researches of Matthiessen, it was cus- 
tomary to regard alloys as examples of 
chemical combination, ana most experimenters 
prepared and studied alloys of definite atomic pro- 
portions. An example of this method of working 
is to be found in the researches of Mallet on the 
tin-copper alloys (Brit. Assoc. Rep. ix.. Construc- 
tion of Artillery, p. 82). The remarkable ^hange 
in properties which results when tin and copper 
are alloyed was used as an argument in favour 
of the view that definite chemical compounds 
were produced. The result of more recent inves- 
t Rations, however, tends to show that although 
in some cases definite atomic combinations 
actually do occur, still these are comparatively 
few (see C. H. Desch, Intcrmetallic Compounds, 
Journ. Institute of Metals, vol. i. 227) ; while 
the other alloys, 'which constitute the vast 
majority of those in u^, are either solid 
solutions of a metal in an excess of one of the 
constituent metals, or are simply mixtures of 
the two or more metals present in the alloy. 
The equilibrium of the copj>er-tin series has been 
siudied by Heycock and Neville, Phil. Tfans. 
262.^, I ; Giolitti and Tavanti, Gazz. chim. ital. 
11K)8, 38. ii. 209 ; Shepherd and Biough, J. Phys. 
Chem. 1906, 10, 630; Haughton and Turner, 
Jour. Institute of Metals. 1911, part ii. ; Isihara, 
Chem. Soc. Abstr. 1925, ii. 122; Stqckdale, 
Chem. Soc. Abstr. 1925, ii. 973. For a dis- 
cussion of the equilibrium diagram, see art. 
Metallo^ihapb y. In the tin-copi>er series there 
is good evidence of the existence of a definite alloy 
CHi^Sn containing 61*64 p.c. of copper, while 
there is considerable reason to Iwlieve tiiat 
CHiiSn, containing 68*18 p.c. of copper, also 
exists. Thus Calvert and Johnson (Phil. Trans. 
1858), in investigating the tonductivity for heat 
of these alloys, mdnd a maximum conductivity 
corresponding to Cu^n, gnd a minimum con- 
ductiiity corresponding to 004811. Some veiy 
interesting determinations by Riche (Compt. 
#eud. 55, 1862, and more completely Ann. 
Chim. [iv.] 30, 361) show two maxima, corre- 
sponding to cSiijSii and Cu4$n4 These expcri- 
tneiita have also received strong 8up|K>rt from 
the induction balance curve of Roberts-Austen 
(Phil. Mag. 1879, [ii.] 57), which •shows two 
distinct breaks corresponding to and 

€0480. The determination of relative electric 
eonductirity by Lodge (ibuL 1879, [ii] 654) also 
show a veiy distinct maximum at CU|Sa and a 
minimum conductivity corresponding to CU4S11, 
Laurie examined these alloys from the standpoint 
of the electro-motive force produced in a 
standard cell, and concluded that there was veiy 
definite evidence of tfie existence of CU|Sn, but 
failed in this way to obtain any proof of the 
existence of Cu48n (Chem. Soc, Tians. 1888 * 109 ; 
1889 , 679 ). ^ ^ ' 

The evidence in favour of Cug&i is thmioia 
exofnedingly strong, while that in favour of 
though not quite so coninlete* issitlil good* aiiid 
at luesentBheHr is hardfiyusufficieiii ovidmm 
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in support of any other atomic combinations. 
Further evidenoe on this point will be found in 
C. H. Desch's paper on Intermetallic CJom- 
p6unds> Journal Institute of Metals^ J, 1909, 
227, above cited. These facts, when considered 
in connection with the known characters of the 
twp alloys in question, give a key to the peculiar 
characters of the useful tin-copper alloys. The 
two definite alloys are white, hard, and brittle, 
and practically m 1 the alloys used in the arts, 
excqpt speculum metal, contain more copper 
than 0u4Sn=»68‘18 p.c. Cu. Hence the useful 
bronzes may be regarded as mixtures of one 
of two definite alloys with an excess of a solid 
solution of tin in copper, and these tend to 
separate more or less completely during solidi- 
fication. This separation is particularly marked 
with large castings rich in copper, as in gun meiaU 
which was in mrmer times largely used for 
ordnance. Microscopical examination shows 
clearly that at the cop}>er rich end of the series 
of alloys the first constituent to separate out on 
cooling the fluid alloy is a solid solution of tin 
in copper. This forms a dendritic, or fir-tree 
like structure, giving cores which increase in tm 
from the centre outwards. This copper* rich solid 
solution is called the a constituent, and is 
relatively soft and ductile ; as the proportion of 
tin increases harder constituents separate out, 
the first of them being designated by the symbol 
It is harder abd more brittle than a. 

Copper retains a maximum of 13*9 p.c. of 
tin in solid solution, but tin can retain onh*' 
traces of copper. The compound Cu^Sn exists 
in two modifications : the a -form is stable up 
to 676^, above which the fl-form is the stable 
modification and melts unchanged at 720^. The 
existence of the compound Cu48n has been 
definitely proved, and a new compound, (^4804, 
has been found in and isolated from alloys 
containing more than 60 p.c. of tin. It is stable 
below the eutectic point at 225* in all alloys 
containing more than 61 p.c. of tin (r/. J. 80c. 
Chem. Ind, 1923, 42, 227a) (0. Bauer and O. 
VoUenbruck, Z. Metallk. 1923, 15, 119<-125, 
]01<-195; J. Chem. Soc. 1923, 124, ii. 040). 

The production of bronz6 dastiiigs requires 
special precautions, which cannot be described 
Ime. For details, sA Mallet On the Construe- 
tion of Artillery, 1856; also Rej>orts of the 
United States Chief of Ordnance, 1880, 126^ 
189; 1884, 369. These latter reports contain 
some important observations with regard to this 
variety of bronze. It is stated that the best 
proportion for such purjM>8es is 91 of cop{>er to 
9 of tin. *Iliis is best cast in a mould or 
of east iron, and 100 tests of metal so 
mimtaeed gave an average tensile strength of 
ilw tons per square inch, the maximum being 
24*8 tons and the minimum 16*5 tons. It should 
be mentioned that these values are higher than 
those usoeJly obtained in this country, where 
the metal is generally cast in 8and4nou]ds. 

Chmfo$Uum of principal iin-capper 
The* fottowiiw Im is ba^d on that given by 
Holtaapffel (fieehatiioal Manipulatioti, 1 . 270). 

T!i 4 p.e. A small quantity of tin is 
sometimes added to copper for eligraver’s 
pmemm to eiispneas. About 5 p.c. was 
used by the Bomaiis tor pans, and for ancient 
fiexiUe faraiB% nails. A similar alloy is now 
used ler Wense eoiyage and madalsnoften with 


a little of the tin replacjpd by zinc; also for 
engineers’ soft gun metal or ‘ brasses.’ 

7 p.c. Slightly harder alloy; suitable for 
mathematical instrumoq^, Ac. 

8-5 p.dl Rather harder ; fit for wheels to 
be cut with teeth. . 

8-12 p.c. Soft bronze statues of the ancients. 
These alloys are harder than the preceding, and 
mark the extreme limit for coinage purpoms. 
Also used for brass ordnance, 9 or 10 p.c. of tin 
being preferred. Medium engineers' ‘ brasses 
contain 10-12 p.c. of tin. , 

12-14*5 p.c. Hard bronze of the ancients, 
used for weapons and tools. These proportions 
are also used for engineers’ hard bearings. 

16 p.c. Soft musical bells. , 

18-20 p.c. Chinese gongs and cymbals. 

20 p.c. Small house bells ; Indian gongs* 

22 p.c. Large house bells, 

24 p.c. Limit for large churcli bells. 

About 33 p.c. S|>eculum metal (v. Phil. 
Trans. 1840, 503). 

About 66 p.c, ‘ Tempe^r,’ an alloy used for 
addition to tin and lead to harden pewter. 

It has already been mentioned that the 
addition of a small quantity of tin to copper 
prevents it rolling well when hot, and the addi- 
tion of a little more tin destroys its malleability 
when cold. Bronze is temi)ered by an exactly 
opjiosite process from that used in the case of 
steel, namely, the alloy is heated to redness and 
then rapidly c(X>led in water. 

Admiralty bronze consists of 88 j)arts copjMSr, 
10 zinc, and 2 tin. It is a very useful and im- 
|K)rtant alloy, which has feceived considerable 
attention in recent years. Its proj)erties are 
largely influenced by temperature of casting and 
rate of cooling (see Car|)enter and Klam, J. 
Institute of Metals, 1918, xix. 155). 

For the majority of purposes bn)nze is 
melted in crucibles of fireclay or plumbago, the 
charge being about 90 lbs. I\>r large castings a 
reverberatory furnace is often employed, though 
such work is sometimes performed by means of 
a large niyuber oi ^nicibles. It is rei'^iminendiKl 
that the copjx^r should be well melted and kept 
in fusion fur some time before^ the till is add^, 
if strong castings are required. Founders also 
prefer to use some new metal in every chaige, 
and not merelv to re-inelt scrap. The oxidation 
which lakes place during melting removes some 
3 or 4 parts of capper to 1 of tin ; the result 
is, therefore, that the alloy, which contains 
about 9 jians of copper to 1 of tin, tends to 
get {Kx>rer in tin by remeiting, and due aliowanoe 
must bewmade for this loss, even though it may 
appear to be slight, as smsi) difierences In com- 
position oftfn exert a most important influence 
in tin-copper alloys. 

. Bronze Jfmring meiaL-^Aocordmg to Dudley 
(Jour* Franklin Inst. 133* 81. 161 ; J. Soc^Uhem. 
Ind. 11, 460), the (cdlowing compoaiiion is very 
suitable for bearings for locomoUvee and simihi^ 
purposes: copper, 77; Un, 8; lead» W. The 
presenoe of 1^ in bearings very mocli d tw i- 
nishes the loss of metal caused by wnsr* and a lu to 
fauces tlmioial heating of the Pkm- 

nfaor bronze and other vaiietlei ol bearing ft*Ti rtat 
lOT tiiidlir ptupMH to tlto i4ioto oftw owtdbt . 
»b(M 10 D.«. ^ Oo mittim ptrniimm.. 

of the «UOT#i> ohie^ wmmettd 

portion of ooiipMrM4tia to iMd. .ThepMflSM 
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111 tin !» ndoemiry in prdor to obtain a uniform 
as lead and copper alone do not unite well. 
Witn too much tin alloy wears more rapidly 
and becomes more heated. The presence of 
phosphorus and arsenic gives solidfty to the 
castings, but with suitable proportions of tin and 
lead, as above, alldys are obtoined which wear 
even better than standard phosphor bronze with 
the following composition : copper, 79-7 ; tin, 
10 ; lead, 9'5 ; phosphorus, 0*8 p.c. 

PhoBphor hfonse is an alloy containing 
copper and tin in various proportions, and 
which also contains a small quantity of phos- 
phorus, introduced in the form of phosphor tin. 
Occasionally small quantities of zinc or lead are 
also added. The phosphorus varies from a 
mere trace, added chiefly to ensure soundness in 
casting, to about 1*76 p.c. with hard alloys. 
The results of the analyses and mechanical tests 
of 99 samples of phosphor bronze, as received 
by the British Admiralty, have been given by 
A. Philip, tloum. Inst, of Metals, 1, 104, while 
the constitution and microstructure have l>een 
dealt with by O. F. Hudson and E. F. Law, 
Joum. Inst, of Metals, iii. 1910, 161. This alloy 
has met with considerable favour where special 
power o! resisting wear (as with fringe and 
bearings for quick-running mac^hinery) is rc^- 
quired. Similar alloys containing manganese, 
which is added in the form of ferro- manganese, 
have also met with considerable application, 
and are known as vianganest htomzu. i!iUkon 
bronze^ made by the addition of eop|)er silieide, 
is used for conductivity wire, though many of 
these so-called bronz<*s contain ve^rv little or no 
tin. They are usually alloys which closely 
nwemble Muntz metal In Vomposiiiun, and 
contain about tiO p.c, of t^oppiT, 38 p.c. of zinc, 
and the remainder of specially added elements, 
such as manganese, and impurities. 

The structure of a tin amalgam coircsspomling 
approximateljjr* with the formula HgtSn U fouiul 
to consist, like that o! tin bronzes, of large 
granules which are built up of a crystalline 
skeleton soltdifyijig at a lyghcr upi|K>rature 
and of a component still liquid at the ordinary 
teiupcrature* The crystalline s|(eleton consists 
of actoular, tabular, and granular i^rliclcs, 
which are comparatively knieely united and are 
eompoMcd of very small crystalline granules. Cen- 
trifugation of the amalgam allows of the mqiara- 
tion of the liquid component fiH>m the crv.statiuie 
skeleton (F. liatiser, Zeits. f. Phjwik, 192.3, 13, 1 
and 2, l««; 8ei. Abate. 1923. 26, 68<^»68l). 

JOzizdkm of iin and mercury by mean^ of a 
*pal fesf. — black stain is pn>duc#d if a 
murctiric chioride test paper is treated *witlt 
one drop of a solution containing ^anitous tin 
and tlm with one drop of aniline. The 
etaunons ion is the only cation in the tire 
anaiyticat groups that will reduce merstirtc 
etdoride to metallic mercury in the preeence of 
Miline, and the test ean therefore he uml in 
the preeenee of any of the ordinary metals. If 
^ ^ to ptreseni in the sUanio eonditton, it is 
1irit ,|edpm to the stannous form by rntmus 
of msgnssium and hydiroohlorie acid. By nstng 
a Jast paper soaked in a solutioii of stannous 
Ike same resetion serves for the 
atMlioii of mmoff \Tnmxm% Zeiteeh. anorg. 

ChsaLSo^Ahstr.Ittl 


Dry aaaay of tin orza, — ^Hofman finds that 
Winkler's method of assaying black Hn stone 
gives results averaging 65*96 p.c., or 1*88 p.c. 
too low, the figures disagreeing amongst them- 
selves up to over 3 p.c. The process consists 
of reduemg together 5 grms. each of cassiterite 
and cupric oxide with 15 grms. of black flyx* 
1*25 grms. of borax, and a Uttle salt as a cover. 

A similar experiment is conducted with- 
out the cassiterite, and the copper obtained 
in the one case deducted from the alloy in the 
other gives the amount of tin. The following 
modifications of this method were tried ; in- 
creasing the amount of charcoal, using chalk- 
lined crucibles, omitting the salt and increasing 
the potassium carbonate, and Rickett’s modifi- 
cation of adding argol ; but they all gave worse, 
and in some instances very variable, results. 

The iron method — ^reduction with haematite, 
charcoal, and potassium cyanide or fluorspar — 
gave unsatisfactory results. The same may be 
said when a mixture of ferrooyanide and cyanide 
was used, and also w'hen any of the Cornish 
methods werc'employed. So far, with fairly pure 
cassiterite only two methods have proved satis- 
factory, viz. the German and the pure cyanide 
methods. Holman has attempted to prove which 
of the^e two methods gives the best results when 
the cassiterite is mixed with those minerals likely 
to be naturally associated with it. The minerato 
used w'ere quartz, felspar, \nica, tourmaline, 
garnet, and columbite. Mixtures of the piftified 
cas.^iterite ore with varying proportions of each 
of these minerals w'ere assayed by both methods, 
the ];>en*entage of tin being calculated on the 
cassiterite ore present. The charges were so 
regulaUHl that the flux in the German a^y was 
always equal to three times the quantity of ore 
pluyi}w mineral, and in the cyanide assay to 
six times the quantity. In the latter case 4 
|)arts of (yanide were mixed with the ore ; I 
part was used to coat the crucible bottom, and 
1 |iart as a cover. In ail cases the cyanide 
meth<K] gave more concordant, and less preju- 
dicially affected, results than the other. The 
results of the German assi^'s fluctuate greatly 
as the amount* d! mineral present increased. 
Thus, in the case of quartz and albite the results 
were lower as the quaniily of mineral was in- 
creased, the respective figures being, with 37 **5 
41.C. of each mineral, 60*7 and 60*2 p.c. ; the 
corres|ionding cyanide figures being ^*90 and 
65*30 p.c, (the real percentage of tin was 67*84). 
The tin buttons, moreover, in the German assay 
with albito contained iron, while those by tbe 
cyanide process w^ere free, the tenf^rature of 
fusion being too low to cause decomposition of 
the albitc. 

With inusiwite, tourmaline, garnet, and 
columbite the results with the German method 
were very unreliable, being Bometimes too high 
and very ferruginous, and sometimes too low, 
varying from 82 p.c. with 50 p.c. of garnet to 
46 p.c. with 44 p.c. of tourmaline. The cyanide 
method gave fairly gobd results in all the above 
cases, very little iron getting into the buttons, 
except in the case of garnet, when the 
result wA 69*89 p.o., with 37*5 p.c. of minetal 
present. With the same quantity of museovIK 
toormalinef and columbite the aeiaye were 
respectively 63*8, 64*7, and 66*0 p.e. Oome^ 
quently* eiere^anytking a Um teenil it 
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itdied the cyanide assay k by far the most 
relied upon, and'should be employed in casei 
baying and selling, although in conoentratioi 
^rks, where comparative results and lazg< 
numbers of assays are required, the question d! 
cost must be considered, and the cheape; 
Gdhnan method might be adopted. 

Hofman emphasises the importance of pro 
perly preparing the ore for assay, and statei 
that the ordinary method of grinding the whol< 
sample to a uniform size is not suited to the tin 
ores of the Black Hills, chiefly on account of th< 
preponderance of mica. Hence a preliminary 
sizing is advantageous. The ore while being 
pulverised is screened through a series of sievoi 
Nos. 30, 40, 60, and 80, the different-sized 
screenings being then washed. This method 
mves purer concentrates, and necessitates less 
loss of cassiterite, as the material has been 
washed without excessive grinding, which in th> 
present process reduces the brittle cassiterite to 
a slime, while some of harder associated minerals 
are only converted into sand. The subsequent 
treatment of the concentrates mentioned in the 
first part of the paper is recommended, as the 
roasting renders the cassiterite more friable and 
more reisidily reducible, the assays in some cases 
showing a difference of 0*5 p.c. between the 
raw and roasted ores in favour of the latter 
(Part ii., H. O. Hofman, Technol. Quarterly, 3, 
261^280 ; J. Soc, Chem. Ind. 9, 1154 ; v. Rennie 
and Derrick, ibid, 1892, 662). 

For analysis of tin ores by wet methods, cf, 
Craig, J. Ind. Eng. Chem. 1919, 1 1, 750 ; Analyst, 
1919, 359. 

The following figures, issued by the Imperial 
Mineral* Resources Bureau, show the world's 
production of tin ore in terms of metal and the 
world's smelter production of tin in 1921 : — 


United Kingdom . . 

Nigeria . 

Swaziland ? 

Union of South Africa 
Southern Rhodesia . . 
India . 

Straits Settlements . 
Federated Malay States 
Unfederated Malay States 
Australia 
Bolivia . 

Germany 
United Stat!^ 

China 
Siam • 

Dutch East Indies 
Other Countries 



Smdtcr 

Output of 

output 

tin ore. 

of tin. 

Long tons. 

Long toiny. 

679 

usm 

5,057 



2U 

— 

• ?20 

— 

— 

4 

1,.302 

172 

1 

41,917 

34,490 


1,611 

— 

2,650 

2,985 

18,804 

60 

— 

4,000* 

— 

10,305 

11.200 

6,134 

6,181 

... 

26,911 


900 

500 

110,800 

95,000 


^ ftgnm not avaflabie. 
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Ill the volumetric determination of tin, 
atannoos chloride solutiona may be titrated 
« directly with potassium bicliromate, using 
dipheDjUmjne sulphate as Internal id^cator. 


184, 273 ; J. Soc. Chem. |nd. 1924, 43, 640; 

An^t, 1924, 40, 402). . , 

The small quantities of tin present in canned 
foods are determined volnmetrioalty by titration 
with standard iodine after prelimin^y igpition 
to remove organic matter and precipitation as 
sulphide. A special apparatus is us^ in which 
the tin is reduced to stannous chloride by zinc 
and hydrochloric acid and titrated as such in 
an atmosphere of carbon dioxide. By means of 
an arrangement of three fla^ps and three 2-way 
taps the reduced liquid is blown by the carbon 
dioxide into another fiask containing starch 
solution, the reducing flask is rinsed out by 
water saturated witli carbon dioxide, and the 
wash-water driven as before to the main 
tion, which is then titrated with iltandard 
iodine, the solution being kept mixed by means 
of the gas content (E. J. B. Willey, J. Soc. 
Chem. Ind. 1924, 43, 70 T. ; J. Soc. Choin. Ind, 
1924, 43, B. 273). T, T. 

Compounds of Tin. 

According to Paneth and Fiirth (Ber. 1919, 
52, fB] 2020) an alloy of tin and magnesium 
MgjSn when acted upon by dilute hydrochloric 
or sulplmric acid evolves minute quantities of 
a gaseous hydride of tin which is decomposed on 
passing through a heated glass tube. The gas 
can be condensed by^ liquid air and re-evaporated 
without decomposition. 

Oxides. A monoxide, stannous oxide SnO, 
and a dioxide, stannic oxide SnOjj, each of 
which gives rise to a distinct series of salts, 
are known, the former acting as a base and 
the latter acting as either base or acid. 
Oxides of the composition 80.04, Sn0*3Sfi04, 
2Sii03,H20,Sn0a and others have also been 
said to exist, but it is probable that, with the 
exception of SnOs, they are mixtures of the 
other two oxides. 

Stannone oxide SnO is obtained as an olive- 
brown anhy*drou8 powder, when stannous oxalate 
^ heated out of contact with the air ; or as a 
white preoipitate (i| the composition 28uO,H,0, 
with evolution of carbon dioxides when stannous 
ihloride and ai^ alkaline carbonate or hydroxide 
are mixetl in solution. If the pn^cipitate is 
washed with air-free water, and the lixiviated 
product is heated in the absence of atr, nearly 
mre dark grey stannous oxide is obtained 
Enequist, Eng. A Mining J. 1895, 219; see 
also ilantzsch, Zeitsch. anorg. Chem. 1902, .30 
289). 

It may also be obtained as a bluisli- black 
anhydrous jK>wder by heating a mixture of 4 
parte of stannous chloride with 7 of sodium 
arbonate, and lixiviating the resultant mixture 
»f stannous bxido and sc^um chloride (Sandall, 
J.«pr. Chem. [i.] 254). The anhydrous oxide 
mav«also be obtained from the h^^ated form 
as follows : (1) as a black powder by heating it 
out of contact with the air ; (2) in minute ounes 
by digestion with acetic aetdi at 66^ ; (3) of a 
brilliant scarlet colour, which becomes mown 
m rubbini^, by evaporating a dilute solutjoit 
I ammonium chloride containifiig stannous 
ihloride in solution until the ehkiride 



deorepSato and swell up^ wi^ 
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of fioftolir6*greenlamis»y by piolongad digestion white powder of sp.gr, 6*7122 at 4^ (Jonl^tid 
with a weak solution of caustic potash at the Pla^i^ir, Ghem. Soc. Trans. 1849, 1, 128) when 
ordinary temperature (Fremy, l.c.). A stronger tin is heated until it bums in the air. The 
solution dissolves the • oxide and ultimately powder is converted into micros^pic quadratic 
deposits it in crjrstals, the deposit from a solution |«^stal8 resembling the native oxide when heated 
of 4 parts of potassium hydroxide in 10 of water in a current of hydrogen chloride (Beville, 
containing potassiiun stannate and tin, the Compt. rend. 1861, 53, 161 ; see ah^ Abel, 
former produced by absorption of atmospheric Chem. Soc. Trans. 1858, 119). The oxide may 
oxygen. Fremy also describes various red, also be obtained in trimetric cry^ls, and is 
black, brown, and other forms of this oxide. therefore dimorphous (v. Daubrfe, rhann. Zentr. 

The following 4l*thod is given by Fraenkel 1849, 821 ; Levy and Bourgeois, Compt. rend, 
and Snipischsky (Zeitsch. anorg. Chem. 1922, 94, 1365.) 

125, 235) : Stannous chloride is dissolved in the It has also been obtained in oblong and 
least possible amount of hot concentrated hydro- rhombic plates of sp.^. 7*0096 and approaching 
chloric acid and sodium hydroxide solution the form of anatase (Emich, Monatsh. 1893, 14, 
added gradually until the solution reacts alkaline 345). . 

towards phenoJphthalein ; the resulting milky Metallic tin may be heated electrically or 
liquid is then kept boiling in a bath of saturatea otherwise to 1700^ out of contact with air, and 
sodium chloride solution. In a few hours a blue 'the resulting tin vapour is then burnt in a 
lustrous powder is obtained which is washed and current of air or 03^gen. The stannic oxide 
dried (J. Soc. Chem. Ind. 1923, 101 A). thus produced is saia to be more homogeneous 

Stannous oxide becomes incandescent, and and in a better state of subdivision for enamellmg 
forms stannic oxide, when heated in the air. than the ordinary oxide (Eng. Pat. 9231, 1900). 

It is violently oxidised by nitric acid, and Stannic oxide is obtained from its ores or 
other oxidising agents. Carbon or hydrogen from dross, waste, &c., by heating the ore or 
reduces it to met^ at a red heat. It (lissolvcs waste with or without an admixture of coke, 
in acids, with pr^uction of stannous salts, chalk, or dolomite and luting upon the liberated 
and in caustic potash or soda, but not in molten tin with hot air or oxygen (Fr. Pats, 
ammonia. The soda solution is employed in 392805, 392806, 1908 ; 370640, 1906 ; 409157, 
calico printing and dyeing under the name 409485, 1909 ; also Eng. P^s. 12910, 1899 ; 
sodium stanniUt and is preiiared as described 28565, 1908; U.S. Pats. 695939, 1912 ; 78(^84, 
under sodium sfonnofe. 1905 ; 880873, 1908; J. See. Chem. Ind. IvK^, 

Stannous oxide and tin salts are used as 448 ; tV/id, 1^5, 197 ; ibid. 1908, 335 ; ibid. 
reserves under iiarapltraniline red and other 1909, 21; ibid. 1910, 352; see also ibid. 1904, 
(liazo colours (BuU. Soc. lud. Mulhouse, 1900, 45). 1239; i5id. 1907, 696, 1094). 

Stannous oxide is sometimes recommended The dioxide may also be formed by electro- 
for use ill glass and enamel manufacture, but it lysing a solution of sodium chloride using a tin 
is too costly, and the results are not very plate as anode and a platinum plate as cathode 
satisfactory. (Lorenz, Zeitsch* anorg. Chem. 1896, 12, 436). 

A so<called sesquioxide Sn^Oj is obtained as Stannic oxide is reduced to metal when 
a slimy grey prt^cipitate by the action of recently- heated with hydrogen, carbon monoxide, carbon, 
pretcipitaied ferric hydroxide on a »t)lution of potassium, or sodium (Doeltz and Graumann, 
stannous chloride (e. Fuchs, Kastner's Archiv, Metallurgie, 1907, 4, 420), It dissolves in fus^ 

. fiir Chemie und Meteorologic, 23, 308 ; J. pr. potassium disulphate, but separates^ from the 
Chem. 5, 318; and Bt'rzefiua, Pogg. Ann. 28, mass when treated with water. When fu^ 
443; Bon. J. 13, 110), with sulphur, stappic sulpBide is formed, with 

This sttbstanoo is readily soluUe in ammonia evolution of sulphur dioxide, 
and in concentrated hydrochloric acid. It does The anhydrous oxide is insoluble in acid^ 
not appear to form dednite salts. Its hydrochloric except in concentrated suljdittric acm, with 
acid solution acta like a mixture of stannous and whidi it forms a syrup decomposed by duu- 
itaimic chlorides. An orange-yellow oxide of rion, with precipitation of the 
the composition 8nO'38iiO, Is obtained by digest- dissolves in aqueous or fused alkalis, with 
ing metastannic acid tn cold aqueous ^stannous formation of stannates. • 

oMoridc (Fremy. J. Pharm. [ii.J h 344). Treated with hydrochloric acid in pre^nce 

Hydrated sts^ous oxide, w'cording to Ditto of tin both stannous and stannic opides form 
(Ann. Oiim. 1882, (v.) 27, 145), is pre]»ared by stannous chloride, and this is used a<i a method 
adding the hydroxides of sodium or iiotassiuin for the recovery of tin from the waste licpiors or 
to a sdntioit of stannous chloridia and was the dye house (Vignon, Textile Oolounst, 18, 
described as a brownii^-yellow poufder of the 333 ; J. Soc. Chem. Ind. 1893, 762). 
lonnula BnO^lHtO («/. Schadner, Annaleh, With chloroform stannic oxide chiefly reacts 
I844» 61, 168), According to Bury and Part- thus: 

iogton Soc. Tritns. 1922, 121, 1998) the gnO,+ 2 CHa.==-Sna 4 + 2 CO+ 2 HCl 

mow probable formula to 88nO,2HgO. It to nv *t 

stable at 110^ and slowly loses water on standing (Rons, Ber. 1906, 39, 249). . . ^ 

iittdetwator,foim^ When heated with hyj^hosphow^ scid 

Smmk osids SnO* oceurs as cussUsriU or over a Bunsen flame for 30 mins., sloai^ 
Tariettos ui urhkk are known as sHmm phospkaU or pyrophospieds^ w i®”?, i 
If% wotd it% IcMuTi ^ DanbHto (Ann. these axe readily soluble in hydrochloTO a^ 
mmp 65) baa pointed out that, witli the stannic oxide can tos bo senaraM tom 
aBseppoiv rtf fragtiftiitly silica which to not aflected by this trealsneni 

Buimhi oqfiit to '»l«!iliw^ •• •» Siwialo widft In th* town «f fnSr ; 
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Wbii^h is a mixture of tin and lead oxides, or a 
staimate of lead, is used as a polishing material 
for i^ass. To avoid any possibility of danger 
from the use of this powder it has been recom* 
mended to mix 1 part of putty powder with 2 (fft 
metastannic acid (Gueromt, Compt. rend. 1892, 
Ii5, 757). Stannic oxide is an important 
factor in the manufacture of glazes and of 
enamels, the latter assuming an intensely white 
colour on the addition of a small quantity of 
the oxide. It is also the best material known 
for making opaque glaze or glass, and is em> 
ployed in glaze brick and tile manufacture 
[Enequist, Lo . ; Burt, Trans. Amer. Ceramic 
Boc. 1902, 4, 139). 

Tin oxide is also said to be useful for the 
purification of water (J. Soc. Chem. Ind. 1894, 
56)., 

Jtotannie oxide SnOa. W. Spring (Bull. 
Soc. chim. [iii.] 1, 180) has obtained a substance 
of the composition HaSnaO., probably a hydrate 
of this oxide, by dialysing the turbid solution 
obtained by ad&ng hydrated barium peroxide 
in excess to a solution of stannous chloride in 
hydrochloric acid, and evaporating the solution 
of the colloid on the water- oath. 

Stannio acids. Jwo isomerio stannic hy- 
droxides are known, each of which behaves as 
an acid and exists in various degrees of hydra* 
tion between the limits H^SnOa and HaSnOi* 
They are both colfoidal modifications of hydrated 
staimic oxide, only differing in the size of their 
particles, the a-aoid consisting of relatively 
small, the )3-acid of relatively large particles 
(Mecldenburgh, Zeitsch. anorg. Chem. 1999, 04 
368; 1912, 74, 207; 1914, 84, 121; see also 
Fremy* Ann. Chim. 1844, [iii.] 12, 406; ihid. 
1848, 23, 385 ; Musculus, Ck>mpt. rend. 1867, 65, 
961 ; Vignon, ibid, 1889, lOS, 1049 ; ibid. 109, 
372; Kieinschmidt, Monatsh. 1918, 30, 149; 
Kreis, Schweiz. Chem. Zeit. 1919, 389; Tian, 
Compt. rend, 1921, 172. 1402 ; Collins and Wood. 
Chem. Soc. Trans. 1922, 441). 

StiBUie acid, a- or ortho-stannic acid H^SnO, 
is obtained by precipitating stannic chloride 
with ammonia, or i»y addition of calcium or 
barium carbonate to a solutioA stannic chloride 
in quantity insufficieyt to precipitate the whole. 

it is also formed by treating an alkali stannate 
with a mineral acid (Kiihl, Pharm. Zeit. 1908, 
^ 49) and by electrolyi^g an alkali chloride^ 
marate or sulphate solution, using platinum as 
cathode and tin as anode (Lorenz, Zeitsch. 
anorg. Chem. 1896, 12, 436), and by other 
methods (Engel, Compt. rend. 1897, 125, 051 ; 
Neu mann , Monatsh 12, 518 ; Copnadoro. Chem. 
Zeit. 1967, 31, Hep. 336). 

Ito compmtion varies with its mode of 
drying, and it is converted into anhydrous 
SnOf at 630^—655®. It forms a gelatinous 
snbstanoe, or white voluminous, amorphous 
p]iod|xitate, sli^tlv soluble in water and of acid 
reaction. When dried spontaneously, it forms 
tsenshiemit lumps, resembling gum arabic. 

When boiba with ^^enosafranine in the 
jppsience of sodium suljmate, stannic acid forms 
an intense red lake ; metastannic acid under the 
same conditions only forms a pale%ose tint 
(Vignon, Ompt. rend. 1891, 1 12, 580). 

A eoBoidarstaiuiie acid is known (v, Graham, 
Phfl, Tn^, 161, 213; Van Bemmebn, Reo. 
diim« 7, 87 n Schnaideif Zeifbeh. anorg. 


Chem. 1804, 5, 83; ibid. Am, 23, 111 ; Letter- 
moser, J. pr. Chem. 1899, [ii.] 59, 489; Bilts, 
Bor. 1902. 35, 4431). It can be prepared by 
the dialysis of an alkali^ solution of tin chloride 
or of a h5'drochlorio acid solution of potassium 
stannate. Colloidal stannio acid is tlm most 
important constituent of pfUrple of (]!assius (u. 
Gold purple). 

Stannic acid forms a large and important 
series of salts, most of which are crystalline. 
The alkaline stannates are epluble, and may ^ 
prepared by dissolving the precipitated oxide in 
the alkaline hydroxide. The others are mostly 
insoluble, and are best obtained ly double 
decomposition. The potassium and sodium salts 
are the only ones of technical importance. The 
stannates have been investigated by Fremy 
(Ann. Chim. 1844, [iii.] 12, 462; 1848, [iii.] 
23, 393), Moberg (J. pr. Chem. [i.J 28, 230), 
Marignac (Ann. de Mines, [iii.] 15, 277), Ordway 
(Amer. J. Sci. fii.] 40, 173), Ifiitc (Compt. tend. 
1882, 94, 1114; 1883, 96, 701 ), and Bellucci and 
Parravano (Atti R. Acoad. Lincei, 1904, [v.] 
13, ii. 324, 339 ; ibid, 1905, 14, i. 457). 

According to the last -mentioned authors 
they are isomorphous with the plurabates and 
platinates. 

Sodium stannate XagSuOs usually occurs in 

six-sided tables of the comf)Osit ion Na. 8 n 03 , 3 H |0 

(Moberg, Marignac, Ordway, /.c.), which are leas 
soluble in hot than in Cf>ld water. According to 
Ordway, 100 parts of water diss<ilve 67*4 parts 
at O ', and 61 *3 parts at 20’\ 

According to Bellucci^ and Parravano, the 
water is present not merely as water of cr>»s- 
tall isat ion but in a more intimate form, namely, 
as Na,.Sn(OH) 3 . 

Crystals of the above composition are de- 
pr>sited from a hot alkaline solution, but the 
salt may also be obtained with 8, 9, or JO mole- 
cules id w’aler. The form crystallising with 
9 molecules is said to be obtainiHl in oblique 
rhombic prisms by recrystaUising the com- 
mercial salt (Jonas, Chem. Zentr. 1865, 607) ; 
while, according Haeffely (I>ingl. poly. t). J44, 
66), crystals of the composition Na 38 n 03 , 3 H|(l 
are deposited jfrom hot concentrate solutions 
of 1*3 sp.gr., but re-dissoive on cooling to a sotu- 
tiem of 1 '35 sp.gr., from which crystals containing 
8 molecules of water are gradually deposited. 

Copj>er is readily tinned by immersion in a 
solution of the salt. 

Sodidin stannate Is largely used, under the 
name of * priq)aring salt,' as a mordant in dyeing 
and calico-printing, the fabric biting first paeeed 
through a solution of the Stannate, and then 
through weak sulphuric acid, which |irett]ptUUui 
the hydratud oxide on the fibres. 

For pre^ring this salt on the laige mmh, 
the original proci^^sees patented by J. Greenwood, 
J. Mercer, and J. Barnes (Eng. Pat. 10767, 1845), 
J. Young (Eng, PaU. 12359, 1848 ; 12744, 1849), 
and Haefiely (Enir. Pat. 603, 1864), are still used 
with some modifications. A number of oiWr 
processes are metitioned fo the list of natenis 
relating to tin salts (tiifm). 

The prooeaui of Gie^^ood, Mercer, and 
Banm oonsists in heating 22 Use. of eauMfo 
soda in an iron cructUe until evolutioii of wete 
end Ifcen adding 8 lim. of sodtani aitralo 
4 ib^ Sf sodium eUsllide, foOkmod, when 
theinamkneiudyfiiied^ l«it^of 


ns. 




iin^ witii eoiisiiiitt stilting until del 

Th» mixture \hi&ix bedomos white .hol^ 
nna pasty; imd is whoUy converted into the^ 
staiiinate. • " 

For preparing sodium *«lanmte* d mixture 
oi4 lbs. of sodium chloride, 1 gallon (13*5 lbs.) 
of oahstio soda, 1 lb,«f sodium nitrate, and 4 lbs. 
of tin is heated in an iron crucible, and the dry 
powder finally obtained is stirred so long as 
ammonia is evolved. 

Young’s prooeqies — ^most of which are de- 
scribed below — constst mainly in the prepara- 
tion of the stannate directly from the ore, thus 
avoiding the cost of obtaining and re-oxidising 
the metal. 

By one process the native or prepared oxide 
is boiled in an iron pot with a quantity, varying 
with the tin value of the ore, of 22 p.c. soda 
lye, the temperature being gradually raised to 
about 600^F., at which combination takes place. 
When the operation is completed, which is 
ascertained by removing a portion and seeing 
how much dissolves, the mass is cooled in 
another vessel and is dissolved, filtered, or de- 
canted, and recrystallised or sold in solution. 

In another process, the ore is heated to red- 
ness with one and a half parts of sodium nitrate 
in a current of steam with constant stirring. 


The stannate is product with evolution of 
nitrous fumes and nitric acid. The nitrate may 
be replaced by 1 part of salt, hydrochloric 
acid b^ing then obtained as the by-product. 

' Stannite * of soda is obtained by heating the 
metal with its oivn weight of caustic soda, with 
constant stirring, oi^ by electrolysing a con- 
centrated solution of sodium hydroxide, usu^ a 
rotating tin anode and a platinum cathoile. The. 
current roust not be too strong, and the solution 
must be pn^tected from oxidation by a stream of 
hydrogen (Goldschmidt and Kckardt, Zeitsih. 
physikal. C3iem. 1900, 56, 385). The solution of 
the stannite may be used in dyeing and printing 
operations as it" is, or it may be converted into 
stannate, with precipitation of tin as a black 
liowder, by boiling. ^ . 

The stannate may be obtaineii direct fn)m 
the metal by heating a mixture of 29 parts of 
tin, 16 of sodium hycm>xide, and S of manganese 
dioxide to redness, w'ith cronstant agitation and 
free exposure to the air. The dioxide apiwars 
to act as a carrier of oxygen, and is obtained 
unehatiged at the end of the operation. 

In another process, calcium stannate is ob- 
tained by roastfng in a reverlicratoij furnace 
a mixture of the ore with slaked lime. The 
product is iieaied with sufficient hydipchloric 
acid to precipitate the tin as oxide, but not to 
ledissolve any of it, and the precipitate is dis- 
solved in boitifig »<^a lye. The sab may also 
be obtained by boiling banum stannate, oh- 
tatned similarly to the lime salt, with sodium 
sulphate, until all the barium is converted into 
sulphate. 

Hacffifely’s process consists in the ure|mra« 
tkkii of a eoltttioii of * plumbate of so^a ' by dis- 
solvltigt^ lbs. of rm lead or 7(1-80 lbs. of 
lithaqm In a solution of 45 Ifaa. of caustic soda 
of 7(nPw, The solution is diluted, and 16 

tin is stispetided in it while boiliiig, so (hat in 
4 or 5 hours the m a de|iosit, 

whfeh nMqr be oxidised for fe-use, while 

i!d4tuni sbine^te to mains in solutlom 


The following process has also been em- 
ployed (Chem. Zeit. 0, 851):— Ten boilers, 
rranged in horseshoe form, and eaoh having a 
central tube, the lower end of which forms a per<^ 
derated funnel, are almost filled with granulated 
rip, and six of them are charged with soda lye 
of 15°B6. The liquor is drawn off from each, 
after a suitable amount of boiling, through a 
siphon passed into the central tube, and is 
passed from boiler to boiler until of 30^B4., 
when it is allowed to settle, in a tank. For 
preparing ‘sodium stannate liquor’ enough 
common salt is dissolved in the solution to 
reduce the proportion of tin to 5 p.c. ; and for 
producing tne solid the liquid is evaporated and 
calcined, and mixed wdth enough sodium chloride 
to reduce the tin to 42 p.c. 

Sodium stannate is used in order to render 
cotton goods, such as flannelette, fireproof ( W. H. 
Perkin). The flannelette is impregnated with a 
solution of sodium stannate of alxmt 45^Tw., 
squeezed, dried on heated coppw drums, passed 
through a solution of ammonium sulphate of 
about 15^Tw., in order to precipitate tin oxide, 
again squeezed, dried, and finished in the usual 
manner. The tin oxide is probably present in 
actual combination with the fibre, for the fire- 
proofing is not destroyed by repeated washing 
with hot water and soap. 

A sodium arsenio-siannate 


Na,0*6Sn0,*2A8j0g,5Ha0 

occurring in shining needles, is sometimes used 
instead of the ordinary stannate, and is siud 
to give brighter colours and to be more eco- 
nomical. It is prepared by adding nitric acid 
to a boiling solution of sodium stanni^ and 
sodium arsenate, and treating the resulting 
precipitate of 2SnO,*As, 0^,1011^0 with excess of 
soda (v. Haeffcly, l>ingl. poly. J. 140, 200 ; J. 
Mercer and W. Blythe, Eng. Pat. 12807, 1840). 
In the latter process a sodium phospho- 
stannate is also employed for the same purposes. 
Another sodium arsenio-stannato 

Na,8nOj5Xa,Asp4,60HjO 

has been ol>tain?<rby Prandtl (Ber. 1907, 40, 
2133), . 

Potassiam itannate K^SnO^ is obtained 
similarly to the scnlium salt, and is sometimes 
•mplovcd in dyeing and calico-printing. |l 
crj'stallises fnun"8|>ontaneously evaporated sohi- 
tiOhs in transparent oblique i^ombic prisms 
of the com posit ton K2Sn0^,3H|0 (Marignac, 
Ann; de Mines, (v.] 15, 277; Motog, J* pr* 
Chem. (i ] 28, 230; Grdway, Amer.^. Set |u.] 
40, 173). It becomes anhydrous w'hen heated 
to redness. 

Potassium stannate is insoluble in alcohol, 
but dissoh*es in abater to an alkaline solution, 
100 tiarts of water dissolving 106*6 parte at 10^ 
and 1 10*5 parte at 20^ (Grdway, l,c.). 

Cuinie stamiAte CuBnO^ has been employed 
as a green pigmente It is prepared for this 
purjxise bv preeipitaiung sodium stannate with 
copper sulphate, or by addition of a solution 
of 118 imrta of tin in oytMi rsffM to a aoUitteti 
of 250 pafts of copper sulphate, with subsequent 
addition of sodium hydroxide in exosss, 

(auumtum « (In eomimaids, A scMsalMi 
chiuinium stannate or ‘ pink colour^ vmA 
ptodmkag # blobd-iwd colomr in potlbgr 
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is prepared by heating a mixture of 10 parts o 
stannic oxide, 34 parts of calcium carbonate, 
parts of silica, 1 part of alumina, and 3-4 part 
of crystallised potassium chromate for several 
hours in a closed crucible. The red compounc^ 
produced gives a fine rose-coloured product when 
mshed with dilute hydrochloric acid 

A substance known as mineral lake, possessmg 
a fine lilac colour, is used in colouring pa&r 
hangings' and for oil painting. It consists of 
mixture of chromium oxide and excess of stannic 
oxide, and can be prepared by igniting togethe 
1 part of the former with fiO of the latter (Ley 
kauf, J. pr. Ghem. 1892, 19, 127), or by dissolving 
potassium chromate in 5 or 6 parts of water, and 
adding this solution to a solution of stannous 
chlQride until precipitation ceases. The damp, 
washed precipitato is ground with half its volume 
of nitre, and dried, and the finely-powdered 
mixture is thrown in small portions into 
crucible heated to redness and containing some 
potassium nitrate. After pouring of! the super- 
natant fused salt, the pale-yellow residue is 
washed free from alkali, and is calcined at a 
strong heat in a luted crucible until it becomes 
dense and acquires the desired colour. 

A series of * pinks ’ have been prepared by 
moistening equal poHions of calcium stannate or 
mixtures of tin dioxide and whiting 'uith varying 
proportions of a solution of ammonium dichro 
mate. The miiturcs are then dried, fired, 
cooled, and washed vdth hot water. The 
products alL contain a more or less constant 
ouantity of chromium, and it is probable that 
tney consist of the colouring agent, chromium 
oxide, resting on a base of stannic oxide (Leth- 
brid^« Trans. Engl. Ceramic Soc. 190.V1904, 9 ; 
see idso Hull, Trans. Amer. Ceramic Soc. 1^2, 


It is also obtained by the ready isomeiisation 
of stannic acid, as when 6 hydrochloric or hydro- 
bromic acid solution of the latter is allowed to 
stand (Lorenz, Zeitsch. anoig. Chem. 1895, 0, 
376). t • 

It is insoluble in ammonia, except when 
freshly precipitated from cold solution of a 
metastannate by an acid, but dissolves in alka- 
line hydroxides and carbonates, with formation 
of metastannates. 

A colloidal metastannic acid is known (o. 
Graham, Phil. Trans. 151, ; Van Bemmelen, 

Rec. trav. chim. 7, 87 ; Liebschutz, Chem. News, 
1910, 102, 213 ; Kreis, Schweiz. Chem Zeit. 1919, 
389.) 

The mota- acid is said to have a tendering 
effect on silk fibres (Heermann, F^rber-Zeit. 
1908, 19, 318 ; Bayerlein, ibid. 1908,48, 241). 

The salts of metastannic acid appear to 
indicate that the acid has the formula) 
SSnOj-HjO 

The metastannates are difficultly crystal- 
lisablc. When strongly heated, they decompose 
into stannic oxide and the base. PoUiaaium 
metastavnate 5Sn02,K20,4H20 is a strongly alka- 
line salt obtained by dissolving the acid in 
otash. It is precipitated from aqueous solution 
y a neutral alkaline salt or by ammonium 
chloride. Sodium metastannate 
5Sn02,Na20,4Ha0 

is a slightly soluble granular salt obtained like 
the potassium salt. A hard gummy precipitate 
of the composition Na.^SD20i2,8Ha0 is obtained 
by addition of caustic soda to a solution of the 
above compound of hydrochloric acid and meta- 
stannic acid. 

Thiomctastannalcs are also known. 


4, 230). 

Stannates of many other metals and thio- 
stannates have also l^n obtained. 

The powdery product of oxidation of tin with 
hot nitric acid, commonly described os meta- 
stannic acid, is a nitrate of metastannic acid, 
which on washing with water gives rise to meta- 
stannic acid as a secondary hydrolytic product. 
Melpstannic acid obtained by the action of nitric 
add (sp.gr. 1*40) on tin and careful washing with 
water, dried in air at ordinal temperature, has 
the composition 5H2Sn03,4H20« It loses its 
water in vacuS over sulphuric acid. It is ay 
amorphous powder, combining with hydro- 
chloric and sulghuric acids with development of 
heat forming easily hydrolysable compounds. 
The action of hydrochloric acid on metastannic 
add yield#a Hannyl chloride 5Sn02*2HCl,3H20 
or Sn30s(0H)2Cl2. According to Weiscr (J. 
Phys. Chem. 1922, 26, 654), stannic and meta- 
stannic acids are not acids, but are hydrated 
stannic oxides, the composition and properties of 
ndiieh are determined by conditions of formation. 
There are no definite hydrates of stannic oxide. 
Hydrated stannic oxide adsorbs colloidal gold, 
dhrer,aDd platinum, forming poq>le masses, the 
most common of which iif the purple of Cassius. 

.fl^Iication to purple of Cassius of Dobye 
and Scherrer’s X-ray method delds an impres- 
sion, analysis of which shows that thiaisabstance 
does not contain gold in chemical combination, 
but ct^Mlsts of a mixture of colloidal gold and 
iX)lkMKd Jtaiiiiio acid (A. Huber, Phys. Zoits. 

Sc!.^bctr. I{tt4^7,«57). 


Perstannic acid H8n04,2H20 is formed when 
stannic acid is treated with excess of 30 p.c. 
hvdrogen j)eroxide and the mixture heated to 
about 70‘*. On heating to 100^ it yields the acid 
HjSn20;,3H20. The alkali stannates when 
imilarly treated form the salis corresponding to 
hese acids (Tanatar, Ber. 1905,38, 1184). When 
concentrated alksdi stannates are electrolysed at 
‘ow temperature with a low current density 
they also fonft jH^rstannates (Cop])adoro, Gazz. 
chim. ital. 1908, 38, i. 489, and 

Salts of tin with oxyacids. These salts, 
dlhough numerous, are of little technical impor- 
ance, out a number of solutions containing them 
ire used- in dyeing and calico-printing. Stannous 
!ulphate •>SnjS04 is obtained as a crystalline 
powder by evaporating in ttacud a sohition of 
in or stannous hydroxide in dilute sulphuric 
acid, %'tannic stUphaie Bn(S04)t is obtained as 
a white salt, soluble in dilute sulphuric acid but 
mostly pr^ipitated on dilution, bv dissolving 
*ie hydroxide in sulphuric acid. According to 
itte (Compt. rend. 1887, 104, 172), a solution 
4 stannic hydroxide in warm dilute sulphurks 
acid (1-8) deposits, on concentration, first 
'adiating needles, then rhomboidal lamellss, 
nd finidly hexagonal prisms, all colourless and 
JI possemng the composition 8n(80f)«,2H«0. 
He has obtah^ the same product by the action 
I sulphuric acid on metastannic add. The crys- 
als deliquesce to a clear liquid. The solution Is 
lecomposed, dn dilution, with preci|dtatiaii of 
ho hydroxide* A number of double tin snl* 
abates are known (WtiiMad and Kfihl, Herv 
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10069 609 2051 $ "Zeitaoh* aiaorg. Chem. 1907, 54, slmnie solphUe SnSg cjBinnot be prepared by 
2^). Stannum Sn(N08U is,obtained by simply heating tin and sulphur together, because 
dissolviim tin or stannous l^droxide in dilute the.luMt generated is sufficient to reduce the 
nitric acid (R. Weber, J, pr« Chem. [ii*] 26, 121 ; disulphide to monosulphide, but it mav be so 
Walker, Chem. Soo. iSOd, 114 ; Ilngel. Lc . ; |qjbtoined when sufficient ammonium chloride or 
Klemschmidt, Monatsh. lOlS, 39, 149). ^otKer volatile substance is present to moderate 

Metastannic nii^te 5Sn0|,2HN08,3H80 or the action. Woulfe (Phil. Trans. 1771, 61, 114 ; 
Sn508(0H)3(N08)8 is premred by the action of also Gmelm^s Hanm^ok, 5, 79) describes " a 
hot nitric acid on tin ; the compound obtained nhmber of methods 01 preparing tms compound, 
from tin and cold nitric acid consists of a mixture which is used as a bronze powder for bronzing 
of stannyl nitrate^Sn0(N08)3 and metastannic articles of gypsum, wood, &o. 
nitrate. * Various mixtures of tin chloride and sulphur, 

A basic salt of the composition OSnO'N^O^ is or tin, sulphur, and ammonium chloride, or tin 
obtained as a white crystalline precipitate by amalgam or tin sulphide with sulphur and 
adding a solution of sodium carbonate to the ammonium chloride, are heated in retorts or 
neutral salt in quantity insufficient for complete covered crucibles, at first gently for a few hours, 
procipitation. It may also bo obtained by then more strongly, but^ot quite to redness, 
digesting the normal salt with stannous hy- On cooling the greater portion of the sulphide 
dioxide. It deflagrates at 100®, or on friction, is at the bottom, but the purer and finer crystals 
Stannic nitrate Sn(N03)4 ciystallises in silky arc found sublimed at the top. 
tablets from a solution of stannic hydroxide in Crystalline stannic sulphide, sp.gr. 4'425, is 
nitric acid. often known as ^ Mosaic gold,’ aurum moaaicum. 

It is also formed by dissolving tin in 70 p.c. or mnaivum. For a reddish shade, 60 grms. of 
nitric acid (Montemartini, Gazz. chim. ital. 1892, 60 p.c. tin amalgam, 26 of crystallised stannous 
22, 384). Even at the ordinary tcmi^erature it chloride, 35 of ammonium chloride, and 35 of 
slowly changes into the meta-salt, and for this sulphur are finely powdered together and 
reason the white bulky precipitate which it ignited gradually in a glass retort covered with 
yields with aqueous sodium hydroxide may not asbestos, in the flame of a large blow-pipe, which 
dissolve completely in an excess of the reagent ; is moved about periodically. During the opera- 
at 45® the change in the stannic nitrate is so tion the colour of the mass should be dark brown, 
rapid that the solution suddenly gelatinises ; the If it Incomes black owing to •the formation of 
transformation is complete ]ji’olonged heating stannous sulphide, the flame should be lowerod. 
at 100®. For yellowish shades, 50 grms. of crystallised 

The so-called * nitrate of tin ’ or ‘ physic ’ stannous chloride and 25 grms. of flowers of 
used by dyers is a miixture of stannous and sulphur are employed. The yield is 57 p.c. of 
staniiic chlorides (r. Stannous cJdoridt^ infra), the theoretical (Langutt, Zoitsch. angew. Chem. 
A solution of tin in nitric acid is, however, also 1897, 557). F. Gold, mosaic. 
used in dyeing (t?. Crookes, Handb. of Dyeing When heated, stannic sulphide sublimfis, with 
and Calico Printing, 1874, 527). partial decomposition into sulphur and stannous 

Stannous sulphide Sn8 is obtained as a tough, sulphide. It dissolves readily in alkalis, but not 
crystalline, bluish-gn^y fusible mass by heating in acids, except aqua regia. It fuses in a current 
tin with sulphur, or in crystalline scales by of chlorine, and absorbs 6 molecules of the gas, 
fusing the sulphide so obtained with stannous forming a yellow crystaHine compound of the 
chloride and treating the product with dilute composition SnCl4,2SCl4 (Rose, Pogg. Ann. 42, 

E rochloric acid. The crystalline sulphide may 517). When heai^ with iodine in a current of 
be obtained by heating the amorphous form carbon dioxide it gives a, brown, crystallme, 
in the eloctrio furnace (Mourlot, Compt. rend, fusible mass of the oomposition 808314 (Schi^der 
1897, 124, 768), It is obtained as a brown J. pr. Chem. [i.] 79, 419). ^ 

powder, which blackens on drying, by pre- The dirty-yellow precipitate obtained by 
oipitating stannous chloride with sulphuretted passage of sulphuretM hydrogen through a 
hydrogen. solution of a stannic salt consists of a mixture of 

StMnoua sulphide is insoluble in normal stannic sulphide and stannic h3rdroxide; this 
ammonium sulphide, but dissolves in the yellow dissolves in alkaline sulphides, with formation of 
sulpliide and in alkaline [jolysulphides <e. Ditte, thiostaimates (Kuhn, Annalen, 1852, 84, 110), 
Compt. rend. 1882, 94, 1419), and, with evolution and also in alkalis and hydrochloric acid. Ditte 
of sulphuretted hydroj^n and formation of (Compt. rend 1882, 95, 641) describes several 
stannous chloride, in hot hydrochlorib acid, double sulphides or thiostannates and also 
Hydrogen chloride acts siniilarfy on the warmed, seleniothio-stannat^. 

but not on the cold, sulphide (Ditte,*t5td. 1883, Hydrogen chloride or bromide invert the 
97, 42). sulphide into the corresponding halide (Kelley 

Stannous sulphide is sometimes soluble, a\ ana Smith, Amcr. Chem. J. 1896, 18, 1096). 
other times Insoluble, in sodium hydroxide, the When stannic sulphide is allowed to remain 
oause of this variation being unknown (Perkin, in contact with ammonia, filtered, and the 
J. Soc. Chem. Ind. 1901, 425), filtrate acidified, a white mass of an amorphous 

Pure stannous sul|dude has m.p. 880® stannic sulphide is formed. It dissolve readily 
(PMabcm, Compt. rend. 1906, 142, 1147). It is in ammonia to an orange-red solution, and 
sUghtlyS^oaetiye (Campbell, Ptoc. Cambridge becomes yellow on drying (Schmidt, Ber. 1894, 
PWkMU Soc. 1906, 13, 282). 27, 2739 ;#Chem, Zontr. 1907, i. 397 ; Mateme, 

'^hrthorbombio ofystais of stannous sulphide 1906, ii. 557; Lang and Carson, J. So^ 
are occssionally met with in tin furnaces, and Chem. Ind. 1902, 1018). When d^d in air it 
uwe sinafposed at mm time to be an allotropie loses a little sulphur and becomes wk bmwii« 
< lomoflhi (qf. Spenw# Him 1921, 19, U3). hard, and l^|ttle« This sulp^de beharee like n 
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OOUoidal aulphide. Colloidal Btatinic sulphide 
has been obtained (Spring, Ber. 1883, 16, 1142 
Schneider, 2Seit8ch. anorg. Chem. 1894, 5, 83 
see also Biltz, Chem. Zentr. 1904, i. 1040). 

Tfal sesgufsillphlde 8n,Ss is obtained by gentl< 
ignition of 3 parts of stannous sulphide and 1 o: 
sulphur in a retort. It forms a yelloivish-gre^ 
mass of metallic lustre (Antony and Niccoli 
Oazz.^ chim. ital. 1892, 22, ii. 408). A sub 
sulphide, Sn^S, of a grey colour, and crystalline, 
has been observed to occur (Epprecht, Chem 
Zeit. 1915, 39, 341). 

Stannous selenide SnSe is obtained with in 
candescence when selenium is heated with tin 
as a light-grey lustrous body of crystalline frac 
tare,jQot reducible by hydrogen It is obtained 
as a dark-brown pmsipitate, which becomes 
nearly black on dr3dng, by passing seleniuretted 
hydrogen into stannous chloride solution. li 
dissolves in alkalis and alkaline sulphides (r 
Uelsmann, Annalen, 1860, 116, 124; Belabor 
/.c.). 

Stannic selenide SnSe^ is obtained by passing 
seleniuretted hydrogen into stannic chloride 
solution as a yellowish-red precipitate whicli 
dries to a brown powder, soluble in caustic alkalis 
and alkaline sutplydes, and forming stannous 
selenide when heated in hydrogen. 

According to Little (Annalen, 1859, 1 12, 21.3), 
it is obtain^ m a tin-white, lustrous, easil^'- 
fusible mass, unaffected by hydrochloric add, 
but readily decomposed by nitric acid, by heating 
tin in selenium vapour. Ditto (Compt. rend. 
1882, 05, 641 ; ibid. 1887, 104, 174) describes 
some doable selenides corresponding with the 
tfaiostannates (r. Stannic stUphide), 

A ielluride is also known. 

Stannous chloride SnCl2 obtained in the 
anhydrous condition by heating tin in hydro- 
gen chloride, or by heating a mixture of equal 
weights of * feathered* (t.e. granulated) tin or 
filings and mercuric chloride ; and in monocUnic 
prisms of the composition Sn^s,2H20 (0. Henry, 
J. Pharm. 12, 134) by evaporating a solution of 
tin In hydrochloric acid. 

Stannous or stannic chloride may be obtained 
as dpndred by the following Xdocess: Stannous 
chloride, formed'by ^e action of a solution con- 
taining chlorine on tin, is subjected to the action 
of a gaseous or fluid mixture containing free 
chlorine, hydrochloric acid, and air or oxygqn 
(Young, J. Amer. Chem. Soc. 1901, 23, 1 19, 4^9). 
Stannic chloride is thus formed which w'hen made 
to react with tin reforms stannous chloride 
(DJ3. ]^ts. 810454, 810455, 810456, 810897, 
1906 ; R, P. 184494). For other methods, 
see D. B. PP. 176456, 176457, 181876, 188018. 

The crystals melt at 40^, and at lOO"* lose 
most of th^ water, together with a little hydro- 
chloric acid. When dried in vacuS, or over 
sulj^uric acid, they become anhydrous. 

anhydrous chloride fuses at 249*3^ to an 
oil whidi boils at 617^-628^ (Camelley and 
Carleton Williams, Chem. Soc. Trans. 1879, 563), 
or, according to Biltz afld V. Meyer (Ber. 1888, 
21, 22), at 606*1 ^ The anhydrous chloride is 
sometimes called ' butter of tin,* although that 
term is usually applied to the hydrtted tetra- 
cUoride* Stannous chloride is soluble in water 
and alcohol. On dilution, the ^ueous solution 
becomes torind, from precipitation, with separa- 
tkm o{ hydrochloric acid, ot»a bisie chmride 


2SnO,HCl,H,0, which is also formed when the 
clear solution is exposed to the air. Mallet 
(Chem. Soc. Trans. 1879, 524) hw observed a 
gelatinous deposit of the composition SnOg'HCi, 
to which* he has applied the term cWor-stonatc 
acidf in a solution of stannous chloride after long 
standing. Donath (Rep. Anal. Cliem. 7, 77) con- 
siders that this compound is produced, together 
with stannic hydroxide, by the action of light 
on aqueous stannous chloride. 

Keller (J. Amer. Chem. Soc. 1917, 39, 2354) 
found a crystalline deposit of SnCl2>SnO, in 
cavities in a piece of tin found in an aboriginal 
cemetery in Florida. 

R. Engel (Compt. rend. 1888, 106, 1398) has 
obtained a compound of the comjK>sition 
8nCl2,HCI,3H30 

which he calls chlorostannic acid, by passing 
chlorine over the hydrate SnCl2,2H40« The 
crystals fuse to a clear liquid having tac above 
composition, and depositing, w'hcn cooled to 
— 40°, slender silky needles which melt at about 
—27°. According to Ditte (ibid. 1883, 97, 42), 
however, the liquid contains a chloride of the 
composition SiiCljjHjO, which is also formed 
by the action of concentrated hydrochloric acid 
on the chloride SnCljt^HjO. 

Other basic stannous chlorides arc 

3SnCl2,5Sn0,3H30 and 2Sn(l2.7Sn(OH), 
(Carson, J. Amer. Chem. Soc. 1919, 41, 1969). 

When stannous chloride is electrolysed 
cr\^8taliine tin can be obtained (Safioshmkoff, 
J. Russ. Phys. Chem. Soc. 190.>, 37, 153). 

Stannous chloride fomis cr>'stalline double 
chlorides with the alkalis (e, Benas, Chem. 
Zentr. 1884, 957. forming salts of the com- 
jiosition SnCla KClHaO and Sn(32*2KCI,H,0). 
Similar compounds are formed with NH4CI 
(Rimbach and Fleck, Zcitsch. anorg. Chem. 
1915, 94, 139). It absorbs dry ammonia, with 
formation of a compound of the composition 
SnClj'^^s* SnCl2*2NH, (Naumann, 

Ber. 1910, 43, 313). 

A third compound, 3SnCl2*2NHj, is formed 
by the action of gaseous ammonia on stannous 
chloride between 120® and 300°C. It is a 
crystalline mifes of reddish-brown colour, ixiwer- 
fuily double-refractive, and appears to be the 
most stable of the compounds of ammonia and 
stannous chloride (Soiianopoulos, Compt. rend. 
1911,162, 865). 

Stannous chloride is soluble in alcohol and 
in ether,*thc latter solution rives a brownish -red 
ring when added to hydrochloric acid containing 
1/^ tpgrm. of arsenions acid (Jong, Zeitsch. 
anorg. Chem. 1902, 41, 59(fl). 

Like other stannous isalU, stannous chloride 
is a strong reducing agent and is employed as 
|uch, both for the r^uction of organic and 
inorganic com|K)unds. li is also UMra in the 
anal3r8is of a number of substances (Henriei, 
Chropt. rend. 1901, 132, 966; Weil, ibid. 1902, 
134, 115). 

A smi^ll quantity of stannous chloride U said 
to increase tne yield of alcohol in fermentaUon 
processes ; it also accelerates the revivification 
of the yeast sown in must, and cultures taken 
Tom the y^t so formed retain a similar property 
or a certain length of time(Qiinel, Compt. lendL 
1908, 147, f 324)« « 

Stannous chloride and other stannous salta 



TIN. 


65 


, are largely tuned in ^eing and oalioo-ptfntlng the latter forming the * pink salt ’ formerly much 
tinder the name ‘ tin-aalts * or ‘tin cryetalfl^ used by dyera. 

(Dreher, FSrrber-Zeit. 7, 145 ; Beisz^ ibtd. 221, Stannic chloride dissolves phosphorus and 
^2 ; Binder, Bull. Soc. Jnd. Mulbous^ 1900, 92 ; iodine, and mixes with bromine and carbon disul- 
Paterson, J. Soc. Dyers Col. 1906, 22, 188;tbhide. It converts mercury into calomel, and is 
Coberti, J. Soc. Chem. Ind. 1899, 829). itself decomposed by nitric acid, with precipita- 

Stimnio ChiorUe SnCL was first prepared by tion of metastannic acid. Among the substances 
Libavius in 1605, who obtained it by distiUing produced by direct combination with other com- 
a mixture of tin or its amalgam with excess of pounds may be mentioned SnCl4*2NH9, a soluble 
mercuric chloride ; he termed the product 
SpirUua argefUi vivi avhlimati. It may also be 
prepared by the action of chlorine (Lorenz, 

Zeitsch. anorg. Chem. 1895, 10, 44 ; Beckamnn 
and Geib, ihid^ 1906, 51, 96) ; or phosphorus 
pentaohloride on tin (Goldschmidt , Chem. Zentr. 

1881, 489) ; or by the action of chloroform on 
stannic oxide (Renz, Bor. 1906, hO, 249). 

Technically, it is generally prepared by the 
action of chlorine or hydrochloric acid on tin- 
plate waste or tin waste residues from dye works 
and a large number of patents have been regis- 
tered for this purpose (see Fr. Pats. 371067, 

1906 ; 302615, 401125, 405851, 406300, 1909; 

Heerroann, Farber-Zeit. 1907, 18. 34 ; U.S. Pats. 

884756, 877261, 877248, 1908 ; 976900, 958986, 

1910 ; D. R. P. 222838 ; d. 8<ic. Chem. Ind. 

1907, 253; ibid, 1908, 160; ibid. IIKH), 21, 

1087 ; ibid. 1910, 424, 1105 ; sec also U.8. Pats. 

883140, 883141. 1908 ; Fr. Pats. 386594. 388089, 

1908). 

Stannic chloride may also lx* pn^pared Ly the 
action of sul]>hur dioxuie iipcin stannous chloride 
in presence of strong hydrotrhiorie acid 

aSnOt -f SO, -h6HCl-:3SnCl4-f 2H ,0 + H.S 

(Smythe and Wardiaw, Proc. Durham. Phil. Soc. 

1914, 5, 187), 

The chloride distils ov<t as a colourless 
mobile Ikiuid, boiling at 113*89^" at 760 nun. 
pressure (Thorpe, Chem. Soc. Trans. 1880, 37, 

331), and soiidifvdng at —33^ to small white 
crystals (Bcisson/Compt. rend. 1889, 109, 940). 

The liquid has sp.gr. 2*2788 at (Thor|>e, 

/.«.)• and, owing to its high refractive index, 
presents a very brilliant appearance. 

When exposed to the air, iPemits dense white 
fumes, and is Hnally converted into a crystalline 
hydrate SnCl4,5H,0 (Lewy, Comfit, rend, 1845, 

21, 369), which is also obtained, with evolution 
of heat, by mixing stannic chloride with one> 
third its weight of water. This hydrate is some- 
times known as * butter of tin,* or, by the dyers, 
as ‘ oxymuriate of tin.’ Hydrates of the com- 
p^ition BnCi4,3H,0 and ISnCl4,8H40* are also 
known. For the sp.gr. of various solutions of 
this salt, see Heeman (Chem. Zeit. 1907, 31, 

680). 

On hydrolysis, it first forms the intermediate 
compound SnOlgOH, and then stann& aiud ; by 
aloonolysia it gives the compound SnClsOEt 
Goffer, Ber. 1905, 38, 2466; von Biron, J. 

Ross. Pbys. Chem. Soe. 1906, 37, 063). 

Stanme chloride forms crystalline double 
chlorides, sometimes called ehloro^nnaUa or 
ManniehloruUB with the alkaline chlorides 
(BeUttooi and Parravano, Atti R. Aooad. Linoei, 

19044 13, it. 307 ; von Biron, J. Russ. Phys. 

Chem. Soc. 1904» 36, 489, 933; ibid. 1905, 37, 

963, 994, 1036 ; Weinland and Barnes, Zeitsch. 
anoYg. Chem. 1909,62, 250 : Druce,Chem. News, 

1918, 117, 193); thup, Sna«*2KCI Ind 

' &id4'*NH4a 
Voi m-S*., 

» I 


volatile solid (Rose, Pogg. Ann. 16, 63) ; 
3BnCl4*2PHa, a yellow fuming solid (Rose, ibtd, 
24, 159); SnCl^'N^Oa, a yellow amoiphous 
mass ; SnCl4*S03, a white solid (Bose, ibtd, 44, 
320) ; SnCU'PCla and SnCl4*POCla (Casselmann, 
Annalen, 1852, 83, 257); Sna4*2(CaH4)aO, a 
white crystalline compound (Coidridget Phil. 
Mag. [v.1 29, 383, 480). A yellow crystalline 
substance 8nCl4*2SC]4, fusing below 30, is ob- 
tained by the action of chlorine on stannic 
sulphide (Rose, Pogg. Ann. 42, 517). 

When a eooh^ solution of stannic chloride in 
chloroform is treated with nitric peroxide, the 
compound 3SnCl4*4NOCl is formed (Thomas, 
Compt. rend. 1896, 122, 32), whilst if such a 
solution is treated w'ith nitrogen sulphide 
dissolved in chloroform, red . crystals of the 
substance SnCl4*2N4S4 are deposited (Davis, 
Chem. Soc. Trans. 1996, 1576), 

Stannic chloride absorbs large quantities of 
chlorine at low temperatures, <with considerable 
increase in volume and lowering of the melting- 
(Besson, Gompt. rend. 1889, 109, 940). 

Stannic cldoride is used in dyeing as a 
mordant, and silk is weighted with it before 
dyeing (Froenkel and Fasal, J. Soc. Chem. 
Ind. 1898, 148 ; ibid. 1904, 899). Its use for 
this purjKise is said to have been discovered by 
the Dutch chemist, Drebbel, in 1630, who found 
that cochineal gives a permanent brilliant red 
dye in the presence of dilute stannic chloride. 

A patent was taken out in England as early 
as 1748 by O. Pawl (Specification No. 630, 1748) 
for the use of tin dissolved in aqua foriis, with 
addition of ammonium chloride, for dyeing 
scarlet. 

The older m^hpds of preparing tin salts for 
this pur|M»se, whereby tin is dissolved in excess 
of hydrochloric acid, and the solution is oxidised 
by means of chlorates, have the disadvantage 
of producing a very impure product. The 
wiordanting and weighting is due only to the 
stannic chloride and the impurities tend to 
weaken the fibres, to make the latter more 
sensitive to light, and to bring about the gradual 
deterioration in the strength of th% material. 
To avoid this, Speny has devised a specif 
apparatus w’hereby pure anhydrous stannic 
chloride may be prepared by the treatment 
of impure tin-bearing materi^s with ordinary 
commercial chlorine (J. Soc. Chem. In<L 1908, 
312, 404, 628, 749, 978; Eng. Pat. 389188; 
U.S. Pats. 882354, 887538, 885391. For Fig. and 
description of apparatus, see J. Soc. Chem. Ind. 
19(^,313). From the pure stannic chloride thus 
prepared all the compounds of tin needed by 
dyers may bo obtained in pure condition. 

Accordmg to Fichler and Muller (Arch. Sci. 
phys. natTl9l6, [iv.] 42 123), the weighting of 
silk by steeping it in a solution of stannic chloride 
is due to a true oheniieal combination between 
the stannic chloride and the fibroin and its com* 
ponent anAio-aSids, foUoiAd by nydrolysis 
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during the washing process. After the h vdrolysis 
the sUinnic acid is precipitated in the silk and the 
fibroin is regenerated and is capable of taking 
up more stannic chloride. ^ 

A solution consisting of stannic and stannous^ 
cl}loride» obtained by dissolving tin in aqm 
is used in the preparation of fuchsine 
under the name ‘nitrate of tin’ or ‘physic* 
(set above). 

It is now more usual, however, to employ the 
crystalline pentahydrate SnCl4,5H20. 

A solution consisting of stannid^^^hloride, 
containing more or less stannous chloride, and 
used in dyeing under the name ‘ oxychloride of 
tin’ or ‘pink cutting liquid,’ is prepared by 
adding 1 part of stannous chloride to 1| parts 
of nitric acid of sp.gr. 1*31 in portions, with 
constant stirring, to prevent boiling over from 
the violence of the action ; or by dissolving 
337 parts of stannous chloride in 300 parts of 
hydrochloric acid (20‘Tw.), with the aid of a 
minimum of water, and adding gradually 58 
parts of potassium chlorate. 

In small quantities stannic chloride may be 
added to the sizing mass for cotton warps in 
order to prevent the too rapid decomposition of 
the size (Textile Colbrist, 1893, 15, 7). 

For the detection of tin in mordanted cloth, 
Bee Paterson (J, Soc. Dyers, 1906, 22, 189) ; 
Silbermann (Bulk Soc. chim. Mulhouse, 1906, 76, 
357). 

A rapid and delicate method for detecting 
sodium chloride in commercial stannic chloride, 
consists in precipitating the former with 99*5 p.c. 
alcohol saturated with hydrogen chloride 
(Heermann, Chem. Zeit. 1907, 31, 27). 

Stabnous bromide SnBr, is obtained in solu- 
tion by dissolving tin in hydrobromic acid 
(Balard, Ann. Chim. 1826, [ii.] 32, 337). It 
may be obtained as an anhydrous, pale-yellow, 
crystalline mass by heating tin in hydrobromic 
acid vapour and re-distilling the product 
(Freyer and Meyer, Zeitsch. anorg. Chem. 1892, 
2 , 1 ). 

According to Ray man and Preis (Annalen, 
1864, 223, 323), it melts a4 215*5‘’ to a pale- 
yellow oily liquid, of sp.gr. 5*1 17 at 17®. Accord- 
ing to Cameliey ancf Caiieton Williams (Chem. 
Soc. Trans. 1879, 564), it melts at 259®, and 
boils at 617®-634®. 

A hydrate 8nBrg,HaO separates in needles dt 
Uiin plates from the greenish solution of tin in 
warm ooncentAted hydrobromic acid. It loses 
its water in dry air, or when heated to 70?-80®. 
It dissolves in a little water, but is decomposed 
by excess, with precipitation of a gelatinous pre- 
cipitate {v. Benas, Chem. Zentr. 1884, 957). 
A hydmte SnBr,,2H20, crystallising in large 
monoclinic tables, is also obtained from the 
eolution of tin in hydrobromic acid (Benas, f.c.). 

Benas, Hayman and Preis have also de- 
aoribed compounds of stannous bromide with 
potassium and ammonium bromides. 

Stiailto bromide SnBr4 was discovered in 
1626 by Bai^ (Ann. Chim. [ii.] 32, 337). It 
is obtained by adding bromine drop by drop 
to strips of tin, the temperature being kept 
between 35^ and 59*^ (Lorenz, Zeitsch. anoig. 
Chem. 1895, 9, 366) ; or preferably, on account 
of the violence of tne action with pure bromine^ 
by gradmdiy adding the tin^to % soiutiofM^ 
bromine in eatbm disolxddde, or by paU^bijl' 


the vapour of bromine over heated tin (Cameliey 
and O’Shea, Chem. Soc. Trans. 1878, 55). 

Stannic bromide forms a white iridescent deli- 
quescent (uass, which, by distillation, is obtained 
in small, well-formed, highly lustrous crystals, 
melting at 30® and boiling at 210® (uncorr.) 
(Cameliey and O’Shea, /,c.), or at 203® (corr.) 
(Rayman and Preis, Chem. Zentr, 1882, 773), and 
having a sp.gr. of 3*349 at 3*5® (Rayman and 
Preis, Ic,). 

It fumes in the air, and dissolves readily in 
water. The solution deposits stannic hydrox- 
ide on heating or after standing. A hydrate 
SnBr4,4H^O is obtained in colourless transparent, 
fuming crystals, by exposii^ the anhydrous 
bromide to moist air, or by dissolving it^ a little 
water and ev^orating over sulphuric acid. Oxy- 
bromides Sn3Br40,12H20 and SnBr3O2,t0HsO, 
obtained from stannic bromide, and a compound 
SnBr4*2NH2, obtained by absorption of an&onia 
by the warmed bromide, are also known (Raiyman 
and Preis, l.c.). 

Stannic bromide unites with ether to form 
a deliquescent crystalline body SnBr4(C2H4}20 
(Nickles, Compt. rend. 1861, 52, 869). By 
evaporating solutions of the mixed bromides, 
Raymond and Preis (Lc,) have obtained the 
following double bromides or stannibromides : 
2NaBr.8nBr4,6H20, in pale-yellow, soluble 
crystals; CaBr2*SnBr4,6Ij20, in slender deli- 
quescent needles ; MgBr2*SnBr4,10H2O, in pale- 
yellow, deliquescent tables ; MnBr2*SnBr4,6H20, 
in large, pale-yellow, deliquescent crystals ; 
FeBr2*8nBr4,6H20, in greenish, granular crys- 
tals ; NiBr2 8nBr4,8H20, in apple-green, granu- 
lar, deliquescent crystals ; and 

CoBr2*SnBr4,10H20 

in yellowish-red, deliquescent tablets {see also 
Leteur, Compt. rend. 1891, 113, 540), 

Stannous iodide 80X4 is obtained by dissolv- 
ing tin in concentrated hydriodic acid. At the 
ordinary pressure solution is extremely slow, 
but it proceeds more ra]>idly in a sealed tube at 
120®-ir>0® (Wohbr and Diinliaupt, Annalen, 
1853, 86, 374). It may also be obtained in 
yellowish -red needles, slightly soluble in water, 
and readily soluble in solutions of alkaline 
chlorides and iodides, and in hydrochloric acid, 
by addition of potassium iodide in slight excess to 
a concentrated solution of stannous chloride 
(Warden, Pharm. J. 1897, 58, 61). The aqueous 
solution r is decomposed by much water, with 
separation of hydriodic acid and a yellow, in- 
soluble body the composition of which varies 
with the amount of water present (Personne, 
Compt. rend. 1862, 54, 216). 

The formation of the iodide mav be used as a 
delicate test for tin. One c.c. of the solution 

be tested is treated with 0*5 c.c. of 5 p.c. 
potassium iodide solution and 0*5 of strong 
sulphuric acid added through a pipette reaching 
to the bottom of the test-tube. In presence of 
tin a yellow precipitate is produced at the pkne 
of contact of the two layers (Heller, Zeitsch. 
Cliem. 1922, 61, 180). 

Stannous iodide melts at 316® (Cameliey and 
Carleton Williams, Chem. 800. IVans. 1879, 
564) and volatilises at a red heat. It absorbs 
dry ammonia, with fom^ion of a iriiite body 
having the composition xNHgBnli (Rammels- 

,Pogg. Ann.48,169; EpbraiyiandSohi^dt, 
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Ber. 1909^ 42^ 3856). • It unites with other 
metallic iodides, with hydrogen iodide (Young, 
J. Amer. Chem. Soc. 1897, 19, 851), and with 
stannous chloride. • ^ 

Stannic iodide Snl« is obtained in yellowish- 
red octahedra by heating tin filii^s, preferably 
moistened with carbon disulphide or tetra- 
chloride, with iodine to a temperature aboye 
50 ®. 

It has sp.gr. 4*696 at 11® (Bodeker, Die 
Beziehung zwischeif Dichte und Zusammenset- 
zung, Ac., Leipzig, 1860), m.p. 146® and b.p. 
295® (Personne, J. 1862, 172), m.p. 143®, b.p. 341® 
(corr.) (Emich. Monatsh. 1904, 25, 907). It 
sublimes at 180®. 

It dissolves in carbon disulphide, carbon 
tetrachloride, alcohol, chloroform, and benzene. 
Water decomposes it into stannic hydroxide and 
hydriodic acid. 

Its formation under certain conditions may 
be used as a* delicate test for tin (Mazuir, Ann. 
Chim. anal. 1919, [ii.] 2, 9). 

By the action of ammonia on stannic iodide, 
dissolved in carbon disulphide, a white substance 
Snl«,8NH3, insoluble in water, is formed 
(Ephraim and Schmidt, lx.). 

Stannous fluoride SnF, is obtained in small, 
opaque, white, monoclinio tables of sweetish 
astringent taste, by evaporating a solution of 
stannous hydroxide in hydrofluoric acid. 

Stannic fluoride SnF4 is obtained in aqueous 
solution by dissolving the hydrated dioxide in 
hydrofluoric acid ; or as a hygroscopic, white 
crystalline substance by the action of anhydrous 
hydrofluoric acid on stannic chloride (Rufl and 
Plato, Ber. 1904, 37, 673). It has sp.gr. 4*78 
at 19®, b.p. 705®, but sublimes below this 
temperature. It combines with other fluorides 
forming a characteristic series of crystalline 
double salts, the slannifluorides, which are iso- 
morphous with the corresponding fluorides of 
titanium, germanium, zirconium, and silicon 
(Marignac, J. 1859, 110; Emich, Monatsh. 1904, 
25, 907 ; Ruff and Albert, Ber. 1905, 38, 55 ; 
Hall and Smith, Chem. Zontr. 1^905, ii. 1462). 

A number of mixed halogen compounds, such 
as SnClsBr, SnCl^lx, SnBr,!, Aci, have been 
described (Besson, Compt. rend. 1897, 124, 
683 ; Lenormand, J. Pharm. Cliim. 1898, [vi.] 
8, 249; ibid. 1899, 10, 114), According to 
Auger (Compt. rend. 1909, 149t 860), most of 
these comi>ounds are only mixtures, thus, 
2SnBr3l3s;^SnBr4+Snl4, Ac. , 

Phoaphidu . — ^Tin combines directly with 
phosphorus, forming a series of phosphides, 
which are used for the production of phosphor- 
bronze (Emmerling, Ber. 1879, 12, 155; Natan- 
son and Vortmann, ibid. 1877, 10, 1460^ Kiinzel, 
Dingl. poly. J. 1888, 270, 166 ; D. R. F. 103966 ; 
Stead, J, Soc. Chem. Ind. 1897, 206). • 

Tin phosphide Sn4p3 has a silver-white 
oobur, crystallises in spangles, 8p.gr. 5*18, and 
begins to dissociate at 480®. 

The phosphide SnP is also aciystalline sub- 
stance, sp. A 4*10. It has a metallic appearance, 
begins to dissociate into phosphorus and Sn^Pg 
at 415% and is attacfcecl violently by fuming 
idtiio acid (Jolibois, Compt. rend. 1909, 48, 
rasi. Other phosphides Imve also been de- 
sodbed. s 

lln hpdiM6.-^Acc6Fding to Vautel (Chem. 
Zeit. 1924, 48, )51}, a 5 p.c. solution of aeetb 


adid or a 1 p.o. solutiftn of oxalb acid in contact 
with tin-plate containing rusi^ spots causes the 
evolution of tin hydride. same effect is 
produced with pure tin in contact with metallic 
Mn, but the amount of hydride formed is much 
smaller. It is sug^sted that the formation of 
tin hy^ide in solution may account for cases 6i 
poisoning by eating tinned foods that show rust- 
spots ( J. Soc. Chem. Ind. 1924, 43, B. 560). 

Tin hydride is formed invariably when 
nascent hydrogen is liberated in the presence of 
tin ; its production when tin is dissolved ra{^y 
in hydrochloric acid accounts for the peculiar 
odour of the gas (Kastner, 1821). 

The compound obtained by the action of tin 
hydride on silver nitrate solution has approxi- 
mately the composition SnAg4. 

During the dissolution of polished tin in 
hydrochloric acid, a black powder is dejwsited 
which dissolves only very slowly even in the 
concentrated acid ; it is suggested that this is a 
peculiar modification of the metal which is 
reduced by the reduction of stannous chloride 
y nascent hydrogen (W. Vaubel, Ber. 1924, * 
57, (B) 515; cf. Paneth and Piirth, Chem. Soc. 
Abstr. 1923, 124, ii. 41; 1924, 126, ii. 414; 
Paneth and Rabinovitsch, sBer. 1924, 57, [B] 
1877 ; Chem. Soc. Abstr. 1925, 128, ii. 59). 

An unstable tin carbonate Sn^COg is also 
known (Deville, Ann Chim. 1852, [iii.] 35, 4, 48 ; 
see also Moissan, Compt. rend. 1897, 125, 840). 

Quadrivalent tin and trivalent arsenic in 
dilute sulphuric or hydrochloric acid may be 
completely separated by treatment with hy- 
drogen sulphide after the addition of a little 
hydrofluoric acid. The separation is effected 
by treating the solution in a platinum dish with 
2*5 c.c. of 48 p.c. hydrofluoric acid, heating for a 
few minutes, and when cold dilating to 300 c.c. 
The solution is then treated with a rapid strealm 
of hydrogen sulphide for 30 minutes, when 
arsenious sulphide alone is precipitated. The 
separation is l^th rapid and quantitative (Le R. 
W. McCay, J. Amer. Chem. Soc. 1923, 45, 1187— 
1191 ; J. Soc. Chem. Ind. 1923, 42, 690 A.). 

Obgakic ’COmpouitds of Tnr. 

Stannous aceiaUt oxalate^ cUrate^ and tartrah 
are employed in dyeing and calico-printing, be^ 
generally prepar^ by addition of aoi alkaline 
salt of the acid to a solution of stannous chloride, 
or by dissolving the precipitated hydroxide in 
the acid. Liechti and Schwitzer ^Mittheilungen 
des T^h. Gew. Museums, 1886, 41) have indi- 
cated the value of some of these as |nordants 
(Platsch, Zeitsch. anorg. Chem. 1899, 20, 308 ; 
Rosenheim and Aron, ibid. 1904, 39, 171 ; 
Paterson, l.c. ; Henderson, Orr, and Vnutehml, 
Chem. Soc. Trans. 1899, 555). 

The ancient Egyptians are believed to have 
used basic tin citrates (prepared by the action 
of lemon juice or citric acid on tin), as a mordant, 
in dyeing the tapestries discov^M in the tombs 
of Antinoa (Gilli^ron,, Bull. Soc. Mulhouse, 
1907, 77, 148). Basic tin citrate forms a veiy 
effleient moidsmt for yellow dyes on wool, giving 
pure inieny^ colours. 

Stannous formate is prepared dissolvii^ 
precipitated stannous hydroxide in dilute fonnio 
acid. It forms white ai^ydrous oiystais, wfaidi 
decompose i^ve 100® (Goldsohmidta Chsin« 
Zeit. 1907, 3#; 60i). • 
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Tin folims a number of alkyl derivative of 
tbe type SnBt^ SnE^R^E^*, &o. (Letts and 
•GoUiet Ghem l&c. Proc. 18S6» 166 ; Pope and 
Peachy, ibid. 1903, 290; Polls, Ber. 1889, 22, 
2915; Pfeiffer and Sohnurmann, ibid. 1904,^, 
319 ; Werner, Zeitsch. anorg. Ghem. 1898, 17, 
99 ; Pfeiffer, ibid. 1910, 68, 102). 

MethylHrtannlc aeld or metbyl-stannoxyllc 
aeid MeSnO*OH is formed when a mixture of 
methyl iodide, stannous chloride, and potassium 
hydroxide is allowed to stand for a day or two 
and the alkali is then removed by passing 
carbon dioxide into it. It can also be obtamed 
pure by treating methyl-stannic bromide or 
iodide with ammonia. It is an odourless white 
powder, insoluble in water and organic solvents, 
but soluble in mineral and some organic acids, 
and in alkali hydroxides. With hydrobromic 
acid it yields methyl-stannic bromide or methyl 
stannibromoform SnMeBrs, m.p. 53% which has 
also been obtained by other methods. The 
corresponding iodide or iodoform, MeSnl^, m.p. 
86% and the compounds SnMe2Br2 ; SnMe^O ; 
SnMeS*SH and methyl-stannichloroform, m.p. 
105®-107% b.p. 179''-180% have also been pre- 
pared (Pfeiffer and Lenhardt, Ber. 1903, 36, 
1Q54, 3027 ; Poperand Peachy, Proc. Roy. Soc. 
J903, 72, 7; Ghem. Soc. Proc. 1900, 42, 116; 
Pfeiffer, Ber. 1904, 37, 4618; Shukoff, Ber. 
1905, 38, 2691)« 

•• Ihe potassium salt of ethylstannic acid is 
formed by the interaction of stannous chloride, 
ethyl bromide, and potassium hydroxide : 

SnCL+G2H,Br+4KOH 

=:C2Hft-SnO-OK+2KCl+KBr+2HjO 

0n treatment with dilute hydrochloric acid 
ethylstannic acid is formed as a white amorphous 
l^latinous substance, becoming yellowish- brown, 
transparent and homy on drying. For its salts, 
see Druce, Ghem. Soc. Trans. 1921, 760). 

The tin halogen compounds form a number 
of double compounds with aliphatic and aromatic 
amines (Gook, Amer. Ghem. J. 1899, 22, 435 ; 
Richardson and Adams, ibid. 446; Slagle, 
l6«dL 1898, 20, 63^. « . 

PyiHHne stanni-ioillde is 

udmn an alcoholic solution of pyridine 
hydriodide is added to stannic iodide di^lved 
in alcoholic hydrogen iodide. It forms bluish- 
black glistening needles. The analogous 
fuindline salt (CgHfN)2H2SnIc forms black 
needles. Bath these compounds decompose 
giadua%, liberating iodine (Rosenheipi and 
AaK>D, !&it8ch. anoig. Ghem. 1904, 39, 170). 
Biniilar chlorides, bromides and alkyl derivatives 
have also been prepared (Pfeiffer, Annalen, 
1910, 376, 310 ; see also Hayes, J. Amcr. Ghem, 
Soo, 1902, 24, 360). 

A number cd other oiganic compounds of tin 
have also been prepared (Fischer, Monatsh. 5, 
426 ; Werner and Pfeiffer, l.e.; Thiele and 
tHmxalbhf Annaien, 1899, 305, 102 ; Pfeiffer and 
; Lenhardt, 2.c. ; Bitehey, B^. 1903, 36, 925; 
Rneenhdin and Levy, thid. 1904, 37, 3662; 
jBeeanildjil and Sdmabel, ibid. 1905, 38, 2777 ; 

Barnes^ l.e.; Pfmff||r, Annalen, 
^frans. 1921, 
ifW; Cbm. flcN^ 1926, i. 798; Kraus and 
aMu 80c. Abstr, 1925, i. 1894; Kraus, 
i, ifn, 1234; 1825, 


Aooordk^ to IBsk (Oompt. rend. 1923, 176, . 
138) tin exists normally in me human organism ; 
the liver has the highest content, iolbwed by the. 
Btomac^, kidneys, lungs, and brain. 0H>3^ 
0*04 g^. in 100 ^rms. of human viscera is not 
excessive in amount. 

TINOAL V . Bobax. 

TIN MORDANTB a. I>YBiKa. 

TIN PLATES. Histofy.— Although the art 
of tinning brass and copper was well known ,to 
the Romans (a. supm), the production of sheet 
iron coated with tin, or * tin plate,’ is of a con- 
siderably later period. The art was probably 
of German origin, and existed in Bohemia prior 
to 1620. About this time the manufactm was 
introduced into Saxony, and speedily demoped 
into a thriving industry. Unsuccessful atmmpts, 
with which M. R^umur was connected were 
made to introduce the manufacture into nance. 
About 1670 an English com^ny was forum to 
start a tin-plate works in this countiy, an^ Mr. 
Yarranton was sent to Germany to learff the 
art. Works were started at Pontypool, \and 
met with some success, but were stopped, owing 
to the grant of a patent for the manufacture to 
E. Hemming in 1691. Works were, however, 
once more started in 1720 at Pontypool, and 
these were gradually followed by others, par- 
ticularly in South Wales, which gradually became 
the most important seat of the manufacture in 
the world, in the earlier processes of manu- 
facture the plates were hammered by hand from 
iron made in the charcoal hearth, while the 
surface was cleaned froip scale by immersion for 
several days in sour barley-water, instead of 
for a few minutes in dilute sulphuric acid, as at 
present. 

In 1728, the rolling of sheets was introduced 
by Hanbury, of Pontypool, while sulphuric acid 
was substituted for barley-water in 1806. 
The rolling of tin plates as they leave the tin 
pot, which saves metal and improves the surface, 
was introduced by Morewood (who took out 
many patents for coating metals) in 1866, since" 
which tiime a great variety of machines have 
been introduced for use in the tinning process. 

Pickling* machines have supermed hand 
labour, while iron made in the old-fashioned 
open-hearth refinery (or puddling furnace for 
second qualities) has Imn general^ replaced by 
steel. Siemens* steel was used about 187^ 
Bessemer steel about 1880, and basic steel was 
introdqced a few years later (v. P. W. Flower, 
Origin and Progress of the Manufacture of 3^ 
Plates, J. Iron and Steel. Inst. 1886 ; C, Yogd, 
Stahl und Eisen, 29, 1097). 

The McKinley Tariff, which came into loroe on 
July 1, 4891, led to a rapid devekmment of the 
tin-plate* industry in the United States, and a 
corresponding depression in South Wales* OtW 
markets for Welsh tin plates were, howevMv 
gradually found, so that the industry has more 
than made up for the ground lost. 

Production oj tin f4ate.-^Tbm motel used 
for roUkig into sheets was fbimiriy, as dbove 
stated, wrought iron of speoiai ^naUly, whi^ 
was made in iwfitmries using oply At 

present very mild steel Is employed, 
steel being in most dmnand m lids Mrpoiew 
The ba«i#m out tolo sidtaiile 
lengib is heated to tedneis, ana Ham 
iolbiBfitait| length 



mi vLm& : 




is itoi folded eeross 

middle^ xe^healMf Md rolled* The ie« 
healii^ foldfog over, end rolHog is repeated 
S^tii a sheet of the proper thidcnescf is obtained^ 
sometimes as many as thirty^two thiclmesses 
being tolled together as one pleoe in this way* 
The sheets are then cat to (uae with shears and 
sep«rated» when they dionld part readily if the 
operaifon thus for has been successfully con- 
ducted !lhe * rough black plates ' so produced 
idiould be free fron^ streaks or * spilly ’ places, 
and should be uniformly coated over with a 
black scale of oxide. Tnis is now removed by 


pot, which contains the best tin» and then inms- 
ors it to the grease pot, where it josses throui^^ 
pair of rolls, which s^ueese oft Ihe excess of 
4n and improve the surface. Former^ the 
plafo remained for about 10 mins, in the grease 
pot, during which time the excess of tin drained 
off. The plate was afterwards transferred to 
the * cold pot/ after which the lower part was 
'nserted in the Mist’ pot, which contains a 
ittle tin at a comparatively high temperature, 
and which rapidly removes the Uiick edge of 
tin which had accumulated at the bottom of 
the plate. The plates, after coating with tin. 


’nickliim’ in warm dilute sulphuric acid for are then cleaned mm grease, usually by rubbinu 

about 20 mins., and by subsequent washing and ^ uv. au ^ 

rubbing with sand and water. The sheets are 
next annealed in wrought-iron boxes, which are 
usually about 2 ft. square, but vai^ in size; 
the upx>er part is in the form of a bell for ready 
removm, and to prevent the entiy of air the 
joint is stopped by being covered with sand. 

The annealing requires about 10 hours, and is 
conducted in a larue furnace maintained at a 
cherry-red heat. The pots are then withdrawn 
and allowed to cool, after which the sheets are 
cold-rolled, to improve the surface and give the 
smoothness and uniformity which is necessary 
to produce a good tin plate. The oold-rolling 


with bran and finishing with the woolly skin 61 
a sheep; they are afterwards se|>ai»tely ex- . 
amined for demets, and, after classification, are 
packed in the familiar fiat wooden boxes and 
Wnded for market (v. E. Trubshaw, J. Iron 
and Steel Inst. 1883, i. 252). 

For a description of the process of manufac- 
ture of tin plates in Germany, which does not 
materially differ from that above described, v. 
Dingl. poly. J. 260, 231. ‘ 

For the method of tinning cast iron in 
Germany, V Schott, Stahl u. Eisen, 1919,39, 119* 
In modem tin-plate worki mild steel bars are 
reheated and rolled into ‘black plates’ 



annealing to use so high a teimrature or as long rolls is used ; or two pairs of finishing rolls may 
a time as in the first case. The sheets are now be served by one pair of roughing rolls. The 


finally pickled in weaker sulphuric acid then was 
used in the previous f>iokling, and after being 
again rubbed with sand are immersed in water 
preparatory to tinning. 

The tinning apparatus, or ‘ stow,’ varies some- 
what with the size and quality of the plates; 
with very large plates the bath of tin is contained 
in a basin-slmped pot, while for large sizes and 
ordinary qualities the plates are manipulated 
entire^ by machinery during the tinning 
process. 

The form of apparatus whigh was ^qperal in 


plates, after being separated, are pickled in 
diluted sulphuric or hydrochloric acidi with the 
aid of pickling machines ; they are then annealed 
under cover in iron or steel boxes, cold rolled, 
re-annealed at a lower temperature and again 
pickled, this time in weaker acid. The plates 
are then swilled in water and IntTodnced, 
without drying, into the tinning maolilne.^ Of 
such machines there are various mod^oations; 
A typical form consists of two divisions con- 
nected with each other at the lower part of the 


pot which contains molten tin. The tin in the 
S, Wafos until nearly the end of the i^eteenth Hrst division is coa};ed wiUl a tinniog fiux of 
century, and which is still occasionally emoloyed ssino cMoride, while that in the second dhirion 

for pumses where a specially good tin plate is ^ ^ 

reoiusoa to withstand atmospheric and similar 
innueoces, consists of five baths or pots, called 
lespeellvely (1) the grease pot, (2) the tin-man’s 
poC (8) the washing pot, (4) the dipping pot, 

(5) toe l^tease pot. Formerly two other pots 
were ns^ but these have been rendered un- 
neoeeUMry by the introduction of rolls. The 
grease pot contains melted grease, such as tallow 
or Mhn oil, and in this the sheets are dipped 
iuml aU m^ure has been removed^ and they 
are aniformly coated with grease. •They are 
next d^md into the tin pot, which containi 
nsefoed covmsed with a layer of grease, the 
fotter being now usually replaced by a bath of 
ditomeor ^ killed i^rlts.’ The sheet now 
leeefoes ifo first coating of tin, which, howevert 
Ji noi Md to complete the tinning tiie 

fo Into tile first compartment of 

tim waehing^pcMi^ whom itimaii^ 


is covered with hot greasg. The ^te ^ 
through the flux into ai^ throng the tin, 
emerging through the grease, and passinff 
through rolls which remove the surplus tm, and 
give a smooth, bright, and even surfooe. For 
further details and cuawings, see Gi B. Hammond, 
The Manufacture of Tin l^tes, J. Iron and Sted 
Inst. 1897, 2, 24 ; also papers by R. B. TSiomas 
(Proc. Inst. Mech. Ei^ 1906, 499) and T. i:.. 
Bailey (J. Soc. ObemTSd. 1918, 114 1% 

The ocourrenoe of blisters in the thin dieefo 
of steel used in the manufacture of tki pfotes is 
not inbequently a cause of conmdeiabfo tnml^ 
The origm of these has been studied 1^ S- Ft 
Law (J. Iron and Steel Inst. 1906, 1, IM), who 
concludes tlfot oxidised steel wBi |^ve swe to 
Ulrtered sheets, and thg defect is mom lilmly ^ 

arise witii Bessemer than w^ open hehrth 

Brittieness in sheela may arise from exeem et 
sulphur phosphorus. Li meW of gpodi 


coirifoicfopiod The plate is now taken out dhmioal fui% a peculiar te«n wuilmeifc 
and imping examined by the workman, who smnetimet calm * rectangular brittieness, taef 
wifMa mur the nufooe with a biY^ and to femdt ttom annealia g at an improper tempm^ 
mmuwrthoamrks of theta i«re;orfort^l€mga ' 

jdatulntetlmjiipocp^ iceordivtoSi 



TUT thkTm 


'1^. 


Ml MO) tfek« is AO proof th»t molteA tin 
nttojFB oritii the iron* and thotiine of dippng u 
tooihort to admit of d^hisio]i (d the tin into the 
hoik. A metallographio study of tinplate shows 
that thene is always a shaip denu^tion lia# 
betwoen tihe tki and iron. 

8m also Chemistry in relation to Tin^te 
, Jiaaiilaetiiie (H. J, Miley, J. Soc. Chem. ind. 
i»M3Q2). T. T. 

jw wnam v. stakkitb. 

m MSM or TIN CRYSTALS. Stannous 
^k Mio V. Tin saUs and oxides, art. Tin. 

HR 6TME* NaHve oxide of tin v, Cassi 

TOiT OBIETE R 0 . CoXXiaiMBTEB. 

TUd WHITE COBALT. SmaUine, Cobalt 
' arssmds o. Ooealt. 

nODlRE. Trade name for thiosinamine 
atMiodide OA*NHCS-NH,C^il o. Thio- 

BUTAlflNB. 

HTA RIC I ROR-ORE o. Ilmbnite. 

TfTAMlTB r. Sfhxnb. 

HTAMIUIL S}pi.TL At.wt. 48*1 (Thorp); 
47*9 (Baxter and Fertig, J. Amer. Chem. Soc. 
i923» 45. 1228). Expenments to determine the 
ratio ; 4Ag gave a mean value of 0*43957 , the 

extremes being 0*4S|^ and 0*43967, which leads 
to the mean ^ue 47*85 for the atomic weight 
of titaniiua, the extreme values being 47*89 and 
47*78 (Baxter a^ Fertig, J. Amer. Chem. Soc. 
1923, 45, 122B-f233 ; J. Chem. Soc. 1923, 124 ; 
Absix. iL 498). According to Aston, Titanium 
is 8im|^ Titanium is not found in the free 
state, out occurs as oxide in three minerals of 
dIEsnmt crystalline form : rutile, anatase, and 
mhrookUe. It is found as iiianiferous iron ore or 
UrnoniU (FeT!),Os, and in smaller quantities as 
sphsasorltlaiiilsChTiSiOs, ferofsleUe{QsiFe)TiO^, 
rnkmiomiU Ga(TiFe)SiO«, and keiihauite 
CaY(TiAlFe)8i0f« It occurs in m^netic iron 
ores, and is thus frequently found in slags and 
fig iron ; and in other minerals, in soils, clays, 
eertain mineral waters, and in the sun^s atmo- 
^heio (Barnes, J. Soc. Chem. Ind. 1896, 421 ; 

. BWm, mid. 19M, 901 ; Becker, Zeitsch. Kryst. 
Wtt. 1903, 38, 317; Hall and Smith, Chem. 
Eeiilr. 1905, ii. 1161 ; H. B. Adam, J. S. Afr. 
them. Inst. 1923,.^ 3). The presence of 
tHaniuni oxide in clays considerably i^uces their 
. SifeietibiBty. .Titamum is said to be diffused 
tlmnqi^boat all primitive granite rocks (Bieulg- 
ialt). 

it has aMbeen found in human and in ox 
toh and bone (Baskerville, J. Amer. Cbmn, 
Boa. 189^21, lOM) ; in the ash of many plants 
(WalhtMt. 1896, M402; JUppmann, Ber. 1897, 

; M W37) ; mid in many peats (Baskerville, Ic, 

, 48M It is more abundant in nature than has 
. Mtlicrt e been supposed, but it is only within the 
Mlewpam that the metal and many of its 
0Mi||miiai hare become important industrially. 
riMdbfls tto nwim compounds have been sug* 

1 isr use as pigments as far back as I 84 l« 

'' ' I has been utilised in the iron 
1800 , and titanium white, a 
I Bfwidittim essentially of tttanliiiu dio: 


with wate and wiHi dilute fardrocSdorie icM 
(Fr. Put. 344099, 1904*; J. iad. 

1904, 1098; c/. also Hoissan, Eng. 3073^ 
1895 ; Sternberg and Deutsoh, Eng. Fat. 13117, 
1893; Hoischi^ V.S Fat. 93^, 1909; J. 
Soc. Gh^ Ind. 1909, 986). In a somevdiat 
impure fmiu it can be obtained by the leducthm 
of potassium titanium fluoride with sodium 
(Weiss and Kaiser, Zeitsch. anoig. (hem. 1910, 
65, 345). Very pure titanium has been obtained 
in moderately large quantities by heating pure 
titanium tetrachloride with about half ite wei|^t 
of sodium in a steel bomb to a low red heat 
(Hunter, J. Amer. Chem. Soc. 1910, 32, 330; 
Lely and Hamburger, Zeitsch. anoig. Chem. 
1914, 87, 209), or by passing the vapur of 
Tid^ over sodium hydride. Also by Seating 
the dichloride at 1100° in hydrogen : 

2Tia,:^TiCl44-Ti I 

Titanium in a very pure state is obtained 
by passing the vapour of the iodide aver a 
heated tungsten filament. Thus obtained it is 
ductile (van Arkel and de Boer, Zettsoh. i^norg. 
Chem. 1925, 148, 345; Chem. Soc. Abstr. 1925, 
ii. 1103.) 

Titanium has the appemnee of polished 
steel. It is hard and brittle in the cold, but can 
be readily forged when raised to a low heat. 
It has sp.gr. 4*50 and melts at 1800°>*]850° 
(Hunter) ; see also Moissan (Compt. rend. 1906, 
142, 673). 

For crystallioe structure (hexagonal), see 
Patterson (Physical Rev. 19!^, [ii] 26, 56; 
Chem. Soc. Abstr. 1925, fi. 845). 

It is less ductile tlian thorium, riroonium, or 
uranium, and can be obtained in rod*form only 
with speml precautions, owing to its ready 
oxidisability. 

Titanium bums in oxygen, in nitrogen, and 
in the halogens, dissolves readily in sulphuric or 
hot concentrated hydrochloric acid, more slowly 
in nitric acid, and decomposes steam at 700°«* 
800°. 

Titapium readily forms alloys with various 
metals; some of those with iron having been 
employed for the manufacture of pencils lor are 
lights (LadofT, J. Ind. Eng. Chem. 1909, 711). 

Alumtnium>titanium allojrs with up to 30 
p.c. of the latter metal contain hard erystikli of 
the compound Al^Ti, m.p. 1325°, and inuii^lfle 
with aluminium (E. van Erckelens, lletaU und 
Ers, 1923, 20, 206.) 

For Alloys with carbon and iron, see Zamant, 
(Chem. Soc. Abstr. 1925, ii. 787). 

Filaments of metallic titanium having a 
melting-poiat and high resistance, and aa nmdISe 
incandcsc^t electric lampe, are manuhtetuted 
by treating titanic oxide with ammonia In 
ipn cold. The product is heated in a vionnm 
(o 1200°, and is then mixed with an ooMiie 
binding materM sudi as a soliition of eaamifa 
ammonia. The ndxtiiiw Is formed 
and then heated in an dee^ fmaee to 1109^, 


be Mrtimotod botf ite (aide 
Igr (iMlnbaiqK •*«oiirtioB of tin tetter to diy 
Itotefn tMMto of tb« ^Inltoa mtoite btolM 

tO teteioM to w ihwoi IftareooltogftbetHoito 
ii «fiHwi.SawotlM ilo ettc^ rte ly ItoMofton 


_ tenoioB deotato ourwat to • 

Ttoteintt i> wted to toatoStogif, |to toNi* 
•oTvnln IWI M .toll. ItiuESE 



mmm ' l 

OoflP^Mid. 18W^1M.S90; BMaa,lliHkli^ 
)^^t(»itspo«r(va»ftdBoid(litat. ItiBia^^^ 16^, it 37)i it olitekied by 
-'flfflMia tliA tom of 'Hecico oMbott-t^teniom,’ dioidm ip bfdcogw oad oliowmg tlie n^ofc 
oott t o ining from 15-^ p»o. Ti, tad oMurittiBg <rf to oool ia tluii gM. Inral^arioMfdttfonnio 
niototoopiBpitttiidoBoflttaidtiiBeHliadeh^ia solntioii, tbiB being toe chasnetotiBtio 

» outoix of 9^ oast inn. When added to *<»lonr of aU toe solntioin <d tiiyal^ tiiyiint 

oomponnda. ISie oanesnoitdiiig is 


molten steel tim matiiic dMhres end the 
titanium oariride is diffused throush the mass 
when it reacts on the oxygeHy the titanium 
oxide acting as a flux for silicates and other 
slags* (For the effect of ufear on titanium 
treated rails* see Comstock* J. Soc. Chem, Ind. 
1915, 55. ) 

iJumimum-titanium alloys containing up to 
50*7 p.c. of titanium consist of a mixture of hard* 
needls-shaped crystals of Al 4 Ti in a softer 
mass of aluminium. The compound 
Al 4 Ti melts at 1325*’ and forms neither eutectic 
imr solid solution with aluminium. Addition of 
Utanium* in amounts not exceeding 1 p.c.* to 
aluminium removes the combined nitrogen and 
oxygen* and consequently improves the tensile 
properties ; at the same time* the resistance of 
the metal to attack by salt solutions and by 


obtained by digesting a solution of titaiiic add 
in hydiOcmoric acid with meialUo copper at 
20*’-40% or by treating the trichloride with 
alkalis. The sesquioxide and the coirei^pcmdiiig 
salts are readily oxidised to the dioxide or the 
trioxide and their salts (Manchot and Biditer« 
Ber. 1906* 39* 320* 483). 

Titanium dIoxMe TiO* is the most important 
of the four oxides. It is trimorphoos* occurring as 
the three distinct minerals mentioned above. It 
can be obtained by the decomposition of aqueous 
titanium chloride by ammonia or by lusing 
rutile with three times its weight of potasshun 
carbonate. 

Titanium oxide can be prepay by mix^ 
crushed ilmenite or other titanium ore with 
carbon and beating to about 1800*’. The 


organic acids is appreciably increased J. Soc. resulting mass is cruwed and the iron is lemoy^ 

Chem. Ind. 1923, 721 A ; £ugea van Erckelens* 

lletall. und Erz. 1923, 20, 206-210 ; J. Chem. 

Soc. Abstr. 1923, 124, ii. 569). 

A protective coating on iron and steel is said 
to be farmed by mixing a titanium ore with 
10-50 p .c. of asphalt, and if the product is to 
be used as a prat, adding turpentine. These 
coatings can also be formed by heating the 
metal to he treated with a layer of titanic mineral 
mixed with oarbonaoeous material in a furnace 
for several hours (Johnson, Eng. Pat. 15500, 

1893 ; J. Soc. Chem. Ind. 1893, 1046). 

The arc spectrum of titanium has been 
analvsed with the object of ascertaining the 
regmarities of this spectrum. , It is shown that 
two different sets of multiplets of six or seven 
lines occur. These sets have respectivelv the 
differences 170*1 and 2*167, and are similar to 
the multiplets of the alkaline-earth metals. 

There are also multiplets of eleven to thirteen 
lineurith differences 42*0, 62«3, 81*7, and 100*2, 
simili^ to themuliipletsof manganese, chromium* 
and nudybdenum. The majority of the lines 
datilfied belong to King’s temperature classes I. 
aiidlI* 9 elthoa& a few belong to the classes III. 
and ly. (Astiophys* J. 1914, 39* 139). About 


by magnetic separation and treatment with acid 
(U.S. Pat. 921686* 1909; J. Soc. Chem. Ind. 
1909, 667). • . ^ 

For the occurrence of titanium in Nile silt* 
see E. Grimths-Jones (Analyst* 1923* 48* No. 568, 
320). 

The following results, expressed as pereenl^ 
of TiOf, calculated on the silt dried at 100*’C., 

were obtained ; — _ . 

Titanium 

iHimble. 

Ptr ssnt. 

Nile silt collected from the river bank at 
Maadi, near Cairo . • . • 

Silt from the River Atbra taken 10 miles 
upstream from the junction with the 
nuun riTBi — 

No. 1, a grey silt ol fine texture . 

No. 2, a ooarae aand 

Siit from Nile at Haasanat Duoharge nta 
about 5 milee upstream from tlie 
junction vith the Atbaia— 

No. 1. fine afitt brown in ookmr 
No. 2, fine ailt, grey in cdonr . 
No.4,fineaaad,broiAiinoolouT . 


2*35 


2^ 

1*3 


2-4 

2*fi8 

1*7 


». , Amorphous titaifium dioxide is a 

10 ^ toe are woes of titanium are thuaolaaai- ptaateleaa powder which becomes lemop 

Sm. Long tablea of the claaaification are tiven when gently heated, and brewh when WnM 

.. « — w strong^. It haa a ap.gr. >8»-4’2& It .» 

tinble 


in tlw Pitoer {C. C. Kieea and HariiebK. Kieas, strongre. It haa a ap 
J. Watotmton Aoad. Sci. 10; J. Chem. Soo. insoinble in water and dUute ami^ teren^ 
1913. 124, Ii. 600; 1024, 120, li. 810; ms alto ailioon dioxide doaely in toe 

" ' wiaa not. 1928, 23, 328; and when fused with alkalis or alkafi i 


ClkMB. Soe. Ahtir. 1028, ii, 1100; Crew. Chem. 
liefcilwtr. 1018,0.388). , 

0ompomi0 «/ iikmMim.-~TUamtm tydride 
Mfean io aadrt. Vnm the gaam from*a 
wmiim eieciwda are p awe d thronto a heated 


forms the titanntes. 

Titanium dioxide finds apiilmtkm ata 
material and is extracted oal^ 1a^ 
a variety of ilmsnite {ound near Bgepa^ 
Norway. The ooneentiated ore emtoi^g 


1^ tube a deporii bl tttsmium is foitned as a 47*5 p.c. of titanium oxide »»dueed 

Xietiilfe wm. The gaoeow hydride is powder and mired to a paito w^ e enwntre t^ 
o S o wIm i apd aad la condiiiaad y the ndphnik aend. Oa .haatiBg tto ii. 

‘ a iwSoMa i af ttliiid idr. TItaSatt fatmi eonvartad ^ aolubla atophatw <d ^ Mf , 
«e ammwfda TIO him Wato titanhun. On treating ^ wa^ a^ta^ 
jtoiBHrTMiinad I9 iMtiiv toe dh^ needy to faoaing>i>ei«t ^ t^teem oxide » Me- 

tenato, « with magnaainn pewdw dfdtated, dried, and odcin^ 
le. Btf. MAIL AS. lOBO: Mriiwni maed with barium ndphate, earixmato agll.-. 


nnaklai^ Sac. tWL fSTMl IWaian, aW with barium auliihate. 




mAstm. 


oo&aiito of Utatiioiii dioxUd m- fibrous Asbestos supportiM, in the order nieii^ 

. mdMedmon a base of finely divided hlsne^e. tioned, a l*inch layer of lO^mesh and a S-inoh 
In ookmr it is far whiter than white lead* but layer of fiO-mesh amalgamated sino and a fi*inoh 
not qidte so white as French process aiiic oxide layer of amalgamated stjok zinc. The reductor 
or the best grades of litbopone. Its hiding oonneotdd with a litre flask for receiving the 
jpower is twice that oi white lead and is the reduced titanium solution throngh a S-holed 
greatest of any white pigment. Its inertness rubber stopper, which carries also an inlet tube 
towards varnish liquids enables it to be need for carbon dioxide and an outlet tube joined to 
in compositions that can be kept without the suction pump* The redactor is prepared by 
^bmger of livering or thickening. 100 p.o. passing through it a little hot dilute sulphuric 
titanox in oil dries very sbwly to a soft film, acid fdiowed by hot water, sufficient of which is 
a^ a fair quantity ot a metallic drier should left to cover the zinc. The hot filtrate from the 
be used, while for interior work an addition of barium sulphate is now introduced, about 
about p.o. of zinc oxide is advantageous, 100 c.c. of water being drawn from the reduotor 
oausiTig it to give a firm dust-resisting film, into the original beaker to bring the solution 
fitanox appears to be very resistant to sun- to about the top of the zinc ; the water with- 
Mgbt ahd to all atmospheric conditions and to drawn may be acidified with 10 c.c. of sulphuric 
hydrogen sulphide fumes. Experiments on acid and kept on a hot plate for washingjaftw 
rabbits showed that titanox is non-toxic and the reduction. The titanium solution is Imt in 
^ysiolf^cally inert (H A. Gardner, U.S. Paint the reductor for 10 minutes, the receiving nask 
Mimnf. Assoc., Govt. No. 199, Feb. 1924, 256 ; being meanwhile connected with the redwtor 
J. Soc. Chem. Ind. 1924, 43 , B. 303). and the air displaced by carbon dioxide, l^en 

, Green pigments containing titanium were reduction is complete the receiving flask is joined 
fimt manufactured about 1861. White titanium to the suction pump, and, with carbon dioxide 
mgments are now chiefiy made in America and still flowing, the reuuccd solution is drawn out 
Norway, and are usually sold in two forms and is followed by the acid washing liquor and 
oontaimng 65-90 p.c. and 25-35 p.c. TiOt three or four quantities of 100 c.c. of hot water, 
lespectiv^. Ilmemie (FeO,TiOs, containing the zinc being kept covered. The suction is 
61 p.c. TiO,) is now the chief raw material used then gradually released and the flask discon- 
lor these pigments, since it is cheaper than rutile nected, 5 c.c. of saturated potassium thiocyanate 
(containing 90-98 p.c, TiO,), which was formerly solution being added and the liquid titrated at 
used.* Pate white pigments are microcrystalline, once with the ferric ammonium sulphate solution 
and have 8 |>.gr. 4*0 and refractive index 2 *l- 2 * 3 . until a brownish colour persists for at least a 
White titanium pigments are only soluble in tho minute ; the burette reading is to be corrected 
eonoentrated acids and alkalis, and are inactive by an amount which each bperator must deter- 
towards the oils and pigments used in the paint mine by means of several blank tests. As the 
1 ^ vamish industries. The resinates and composition of titanium oxide is always very 
linoleatee of cobalt and manganese are particu- nearly 25 p.e. of titanic oxide and 75 p.c. of 
larly suitable dccatives for use with titanium barium sulphate, the percentage of the pigment 
paintB, 0*2 p.c. of manganese or 0*03 p.c. of is obtained nearly enough tor all practical 
cobalt being recommended as suitable quantities, purposes by moltiplyins tho percentage of 
PaintB containing titanium pigments are elastic titanic oxide by four. If only an occasional 
and do not crack or seme after prolonged estimation is to be made, the following gravi- 
weatiiering. Titanium pigments have a high metric method is useful. The filtrate from the 
covenag and oil-absorption power, and a ready- barium sulphate (see above) is treated with 
to-nse paint oontaias 52-^2 p.c. of white excess of ammonia and filter^, tho preeimtate 
iHansnm pigment and 48-38* p.c. of oil (E. 0. being dissolved in hydrochloric acid (1 : 1) and 
Bssstar, Zeit. 1923, 47, 466-461 ; J. Soc. again precipit&ted with ammonia. The pve- 
Oiem. Bid. 1923, 42, 7!29 A). cipitated titanium hydroxide is filtered off and 

The follot^ volumetric method of estimat- washed with hot water, the filtrate being added 
ingtiiqDium in titanium pigments is not affected to that from the previous filtration. The 
by otiicar elements likely to be present, and is residue is dissolved in hydroohlorio acid ( 1 : 1 ), 
oonvenient when a number of samples have to the volume of the solution, which is received in 
be anaJyBed. llie reagent used is prepared by a 500 c.o? beaker, being kept below 150 c*c. 
dissolving 30 gnus, of ferric ammoniam * 8 iu- To the solution, heated to 50^0., ammonfann 
piiate in 360 c.c. of water containmg 10 o.c. of hydroxide is added gradually antU the predpi* 
•dpliiirio acid, adding permanganate solution tate formed just i^lssolvos, ammonium car* 
dsv by drop as tong as the pink colour dis- bonate solution being then added, drop by drop» 
iinpsaai, diluting to a litre, and standardising until a sli|bt permanent predpitaite forms, 
in isems ^ iron; 0*5 gnu. of the pigment is This is dissolved in hydrochloric acid, and an 
gd asd wfili 90 C.O. of concentrated sulphuric esmess of 2 c.o. of the add (1 : 1) added^ Um 
' add And 9 to 8 gnns. of sodium sulphate in a solutton being treated with smpltiir dtodda ghs 
JVO 0 . 6 . beaker, which is heated on a hot plate or solution until it smells strong^, dBnted to 
hum of snlpliiir irioxide are evolved and about 400 o.o. and boiled natif onfy a iUdhi 
bofled over a flame for 5 minutes or until odonr remains. The liquid is filmed wSUs 
scitttioD is complete. Hie cold liqiiid Is mixed hot, and the piedpitate washed idth hot water* 
wMi 100 e.e. cl water and bdtoo, tbe barium dri^ calobm at not lower t^ 90IFCL lor 
•ohliam and liUeafae^ filtered 30 minutes, and weighed as T 10 |« ^ 

e«5p.e.sd]riiintoacUsdution. Asieductor With a mixed dgment eoidiiofcag 

JiliilliHni fMw vr^ini niili • ant ndihitte Md 40 o.e. «l MUpnriajnU (U 
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for M laitutteBv mdihBa boiled for eboot 
10 ttSneta, ODoled» diftited to 300 c.c.« boiled 
lor 30 nifiuteey am filtered while hot. The 
xeddoa is washed with^fi p.c. snlphiiric acid 
solution; it contains 8il&^ nnoedomposed 
silicates wad all the lead and barium as sul- 
phates. The hot filtrate, oontaining the ti- 
tanium, iron, ainmininm, zinc, and calcium, is 
treated with excess of ammonia, and filtered, 
the precipitate being washed with hot water, 
redissolv^ in hyd^hlorio acid (1 : 1), and 
again precipitated with ammonia. The pre- 
cipitate is filtered off and washed with hot water, 
the filtrate being united with that from the first 
separation; if desired, this filtrate may be 
tested for aluminium and used for estimating 
the calcium and zinc. The precipitate is dis- 
solved in dilate hydrochloric acid, and the 
titanium separated and estimated as described 
above, the filtrate being used for estimati^ the 
iron and aluminium (L. £. Barton, Ohem. Trade 
J. 1923, 357,-^58 ; Analyst, 1923, 48, 403). 

For the volumetric estimation of titanium, 
see also Morley and Wood (J. Chem. 6oo. 1924, 
125, 518; Abstr. 1924, 120, u. 351); Lundell 
and Jones (J. Amor, Chem. I^c. 1923, 45, 2620 
2623; J. Soc. Chem. Ind. 1924, 43, B. 38). 

Titanium oxide is used os a mordant, and in I 
at least two cases it has an advantage over 
alumina; thus alizarin yellow produces with 
titaniuM as bright but a much faster colour than 
with alumina, whilst the scarlet obtained from 
alizarin orange on a titanium mordant is the 
fastest scarlet that can be obtained on wool. 

For this purpose the titanium mordant must 
be freed from iron, and this can be done by dis- 
solving freshly precipitated titanium hydroxide, 
oontaining iron, in tartaric acid, making alkaline 
with ammonia and precipitating the iron by 
the addition of the requisite amount of am- 
monium sulphide. The filtered solution is then 
warmed nnul most of the free ammonia has been 
expelled (Barnes, J, Soc* Chem. Ind. 1899, 15)< 

Aooorwg to Sabatier and Mailhe (Compt. 
tend. 1910, 150, 823) the dioxide forms a veiy 
efficient catalyst in the esterificiftion of acel ic acid. 

According to £. L. Nichols (Physical Rev. 
1923, [il] 22, 430), cathode rays Ihit not ultra- 
violet lij^t from an iron spark excite a very 
faint, orange-red fiuoresoence in titanium oxide, 
or, after fusion of the surface layer, a fine blue 
fluorcsoeuce, with rapid fatigue. A thin lay«sr 
of the oxide, when heated, gave a very feeble 
grnrUi-blue fluoresoonoe up to 425^, strong red 
Sont 435^ to 677^, and strong yellow from 677^ 
to 1000*. When the orido is heated directly 
with an oxym-faydrogen fiame, two distinct 


Tetramethyl ritauate prepared from methyl 
aleohol, sodium, and titauiuxn tetrachloride 
crystalUses at 210* and boils at 243^ corr. 



titaaki mU » number 

•f totobM knowii m ortho- nod aw^ti^c 
mUS (ViCMr. Bet. 1888. ». 880; Pfotdte^ 
iniJlmi 887. 818; Zeitwh. 

1908, 41. 870; BomenuuMi 
Own. Zantr. 1010; ii- 187W. 

thetnoeompew^ 
«mI XJn<V4H;0 by 

„ ^ |lMwliMli|M»mbrCMleBberg 



at 

62 mm. Tetraethyl-, tetraisopropyl-, and tetra- 
n Jmtyl ritanates have also b^n prepared 
(Bisohoff and Adkins, J. Amer. Chem. Soo. 1924, 

46, 266; Chem. Soc. Abstr. 1924, 126, i. 269). 

Chloro-aoetato compounds of titanium have 
been prepared from TiCl 4 and aoetio acid (Qiua 
and Monath, Zeitsch. anorg. Chem. 1925, 143, 
383; Chem. Soc. Abstr. 1925, i. 531). 

Titanium peroxide TiOg (dasaen, Ber. 1888, 
21, 370) resembles hydrogen peroxide veiy 
closely in its reactions in solution. Faber 
(Zeitsch. anal. Chem. 1907, 46, 277) has prepared 
the hexavalent acetate and phosphate 

Ti(OH)aP 04 

both of which are stable at low tem^ratures, 
but, particularly the acetate, are explosive on 
heating. Hypertitanates of potassiw and 
sodium have also been prepared (Melikoff and 
Pissarjewsky, Ber. 1898, 31, 678). 

According to Billy (Con^t. rend. 1921, 172, 
1411) all salts of the oxide TiO, are really com- 
plexes of hydrogen peroxide and pertitamo salts 
corresponding with the peroude TiiOi* 

Halogen eompounda. — Tt fiuilnm Mraelitorida 
Tidt can be obtained readily by pas^ ^ 
chlorine over a mixture of the dioxide with 
carbon ; by passing the vajj^fir of chloroform 
over titanium dioxide (Benz, Ber. 1906, 39, 349), 
and by heating the latter with sal|diur mono- 
chloride (Hall, J. Amer. Chem. Soc. 1904, 26, 
1235 ; Bourion, Ann. Chim. 1910, [viii.] 20, 547 ; 
ibid, 21, 49), or by passinx sulphur dioxide into a 
warm, strongly acid solution of tita a i uy tri- 
chloride (Smythe and Wardlaw). 

Titanium tetrachloride is best prepared from 
industrial ferro-titanium by treating the latter 
with hydrochloric acid to remove most of the 
iron. It is then levigated to remove titanio 
anhydride, and after drying the mass is 
duc^ into a porcelain tube, heated t o gull 
redness, and subjected to the action of a current 
of dry chlorine. The ferric ohloride is separated 
by filtration, and <the filtrate u fractional 
distilled when the pure subrianoe is obtained. It 
boils at about 136*, is colimrleas, and does not 
fume in air (Vigouroux and Airivaut, Oompt. 
mnd. 1907, 144, 485). 

The tetrachloride can also be prepawd 
rutile by igniting the latter with yu inini um and 
then heating the mixture in a current of chknine 
(EUis; Chem. News, 1907, 95, 188^ 

It is a mobile, transparent, cotouima uuuia 
of n>.gr. l*7604ikt ©/“i* (l%oipe},'wliid; wMSM 
.t —S3® Mid boib .t 136v wdor 700 mm, 
prearare (Thorpe). I* !■ deoempowd br « 

exeew of water yieldii!gtitMfc*(W.»i«OBUJtoi. 

with ammonia, forming a anmow ol fowl iwp 
tion oomponnda (RoMoheia and 
Zeltach. anorg. Chem. 1901, 88, 889 |8tlWto 
and Wirthwein, Ber. 1908, 88,. 8818). Whfo^ 
latter an extmotod 

yoltow lilwwfoifo Ti(NHt)4 to JHteaibll 

UoMatOe, lik. rtannfedthirii^y M^a iMff 
number «• oiyatolHn. emno^ ^ 
ohlotide. (Romnhdm and ScUltfo l>%; 
and Ipmn, B«. M»8..^»8r 177^ to i 
th. mSotia* by hfo^ 
MRiBway.Mf»k#fo (to to 
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A wdiitioB in eonontnted hydrod^lorio 
•# (iepo oKu^ on eTaporation in tbe oc^ over 
^ fril^biuic ininet oolonrlem, rhoinbotdal 

. ptalos of XiCl(OH)^H|iOn decomposed in moisi 
(J^enberg and Sandved, lx. I 

^ Ittaohan MehiorMe TiCls is formed when a 
inuctiire of titanium tetrachloride vapour with 
bnliogen is passed through a red-hot tube 
. ifieoiges and StEhler, Ber. 1009, 42, 3200 
. StlUiler and Baohran, Ber* 1911, 44, 2906), and 
can be prepared by electrolysing a solution of 
the tetrachloride and then evaporating the 
aointlon to the sp,gr. 1*6 at 60®-70® (Spence, 
U.Sn Pat. 723217, 1903; J. Soo, Chem. Ind, 
1903, 495, 628 ; D. R. P. 154542). As prepared 
the latter process, it forms violet crystals of 
|£e composition TCln,6HnO, which decompose 
into the tetra- and di-chloride on heating, the 
latter also being formed when the trichloride is 
heated in hydrin (Geoiges and Stabler, lx.). 
Titanium trichloride may be prepared by 
reduction of the tetrachloride by means of 
hydrogen, provided that the reaction products 
are quicldy cooled and the hydrogen chloride 
is removed by means of metallic titanium. The 
trichloride so prepared consists of large violet 
crystals, which are fairly stable in the air. The 
reaueti(m is not direct, but three reactions, 
TiC^+Ha«Tia2 -f 2Ha; TiO, +TiCl4=2Tia,; 
2 TiCl 4 + 2 HCl» 2 TiCl 4 -fH,, may proceed simul- 
taneously (F. Meyer, A. Bauer, and R. Schmidt, 
Ber. 1923, 56, 1908-1914 ; J. Soc. Chem. Ind. 
1923, 42, 1067 A). When titanium tetrachloride 
is liMt^ with magnesium, zinc, aluminium, 
arsmiic, or antimony it is reduced to trichloride, 
the resetion being accelerated by aluminium 
chloride. Phosphorus and sulphur reduce the 
tetrachloride only in presence of aluminium 
ohlofide. Reduction with aluminium and 
aluminium chloride In absence of air is the best 
method of preparing titanium trichloride. The 
tiidiloride can be subltmed at 425^0. at 1 mm. 
pteanuie. At 475*’C. it decomposes into di- 
diioiide and tetrachloride. Titanium dichloride 
Is a black powder, stable at least to 600T. in 
absence of air, but catching fire at once in moist 
air* It decomposes watea immediately with 
evdiatioii of hydrogen (O. Ruff and F. Neumann, 
Zeltsdbi. anorg, Gh^ 1923, 128, 81-95 ; J. Soc. 
Caiem. Ind. 1923, 42, 1220 A). 

Ipvestkatioii of the reduction of the tetra- 
dkiondes cu titanium and zirconium by sodiuifi 
aaia||aiii, nu^nesittm, zinc, aluminium, tin, 
amme, nhosimonis, etc., has shown that re- 
dUGtkm by ajuminium at about 250^ affords a 
eonvefueat means for the jmparatkm of the 
tilehloiidee, from which excess of tetrachloride 
and akanh^m chloride can be removed by 
/ dh f iai a t lon. TiUminm trichloride thus pre- 
jMed is a height violet, non-cry$talHne powder 
««Mliiuiigat 425V<I wn. to form dark violet, 

- -'g riffimitfo etyitals; it is very sensitive to oxygen 
and meiatine, mid dimoetatee at 450* to form 
Ibe yoiattle tetrachfeiye and a black reudue of 
llm dfaddbride^ whidh k very reactive, takes fire 
lb moM idr» wd daeompoees water with evolu* 
Mmi of hydrojgeii (O. »uff and F. Ncumanii, 
ZeUedt anorg. CSiem. 1923, 128, 81}.« 

The tridilorfde Is a powerful reducing agent. 


the pktimim metals, mereuiy, and oemm firm 
solutions of iiifiir salte, and reduces mtric arid 
and nitrates to mnmoaia. It reduces isrria 
salts quantitative]^ to riie ferrous ooudkhm* 
reacts with a gold solutfonlike stannous dbforide^ 
producing colloidal gold, anakttous to poxph of 
Cassius, organicnitro compounds to amines, gives 
characteristic coloured jaedpitAteB or criorar 
tions with many organic acids or riioir salts. The 
intense violet coloration with solutions of alka li 
citrates is a riiaraoteristic and sensitive test. 




1907, 40, 3819; J. Chem. Soc. 1924, 125, 1537). 
This reducing property has also been made use 
of in cloth printing (D. R. P. 138503 Frdl. 
1902-4, 477). Titanium.trichloride form! double 
compounds with the chlorides of rubidiaba mid 
caesium (Stabler, Ber. 1904, 37, 4405), aim also 
with nitrogen sulphide (Davis, Chem. Soc. Trans. 
1906, 1576). ^ ’r 

The use of titanous chloride in the titiation 
of iron is discussed by Brandt (Chem, Zeit. 1924, 
48, 265, 270; J. Soo. Chem. Ind. 1924, 43, 
B. 469). 

The standardisation of titanous chloride 
solutions, using the potontiometric method, has 
been studied by Zintl and Rauch (Zeitsch. 
anorg. Chem. 1925, 146, 281 ; Chem. Soc. Abstr. 
1925, ii. 1003; see also Tomitek, Chem. Soc. 
Abstr. 1925, ii. 243). 

A brown polymorphic modification of ti- 
tanium trichloride, obtained by the action of the 
silent discharge on a mixture of hydrogen and 
the vapour of the tetrachloride, has described 

by B<>ck and Moser (Monatsh. 1913, 34, 1825). 

Titanium dichlorideTiClg, prepared as above, 
is a hygroscopic Light-brown powder. 

TUanium Utrdbfomidt (Ruff and Ipsen, 2.c*), 
and iribromide (Stabler, the friiodidt 

(Stabler, /.c.), tetra^odide and the diiodids 
(Defacqz and Copaux, Compt. rend. 1908, 147, 
65), the Ifira- and tri-fiuoruks (Ruff and 
Ipscn, l.c. ; Ruff, Plato and Graf, Ber. 1904, 37, 
673), and a number of ulkali tUanofrmoHdu 
(Marchetti, Zeit4mh. anoig. Chem. 1895, 10, 66 ; 
Piccini, t6td.*438; Ebler and Schott, J. pr. 
Chem. 1910, [ii.] 81, 552) have been piepaied. 

Titanium forms three mlpkid^r TiSt, TiJ9» 
and TtS (Mtiller, Chem. Sfontr. ISIO* iL 1195), 
and also a chlorosulphide. 

TttanliiBi tstqiiltnlphitt Is 

obtained when the metal is diasoheoto wite 
anlphuiic add. It is deoomtxHMid hf bMt anA 
forms alums and doable satts with the aBcall 
sulj^tes. 

eleotndytie leduethm of insii^ omude 
oompoon^ is grertiy {Militated by tha adalSoa 
of a small qnanti^ of a titaidum sail, smh M 
fto sulphate (D. R. P, lagtTS j lUh 
115). lltaaoua sulphate Is also nnjonnasidbia 
for detecUng oamer ia dyaS fdbtiehj(lMkit.,w« 
Soo. Dyers, 190A Rh n). Ww* dhuifWWptlls 
titratiim of ddoiu^ jbioiiata, iQdats,aBd ieni* 
OTsaide ifith titsaew sufphats is diwa— d hy 
Hendrizaott (JT. Abmut. Cawta. 0M. IflB. 4R 




ya tBiosa^aates, uid sebahna from titaaic sulphate, sodhua silpluf s, i»d 
wi mriri u » i d i , aayy metals, ychy gold. sUrut acid. i;im shotioStt S mPP Ml <iMh 
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in » Imd-Iia^ veMid^ tlw 
Hmtioa beias fiiuffly Wsonttod to » «».gr< of 
I'liSk vbm tiw aoft otyitalUaes o«fc. 

It ii ft MwMfnl M^deoK mkiA, «nd oaa be 
ftppliMi bi the pcwpufttira <n otb«r titanoua selts 
(Petn S^peaee «id Sona, D. B. P. 140602, 1604). 

IttMmua dlw^ih^te Ti(SO()„3HfO fonns 
doable eftite witili the sutohates of the idkaliB 
sod ri k ftliBe eortos (Weinland and KnU, 
Zeitwdi. anoig. Chem. 1907, 64, 262). A number 
ot baeie enlj^tet (Bbadell, Boll. Soc. chim. 
1889, [hi.] 21, ^ ; Boseheim and Schdtte, l.e.) 
and titanoaulphurie acid (Boichard, Chem. Zeit. 
1904, 28, 16) have alao been luepared. The 
weporatimi of eolations of titenyl sulphate 
Ti(wO« is described by Weusmann and Blnmen- 
lehl (E. P. 209480, 210033 ; J. Soc. Chem. Ind. 
1924, 43, B. 266). 

Titaniam forms a number of nitrides and 
sJso a chloro- and bromo-nitride (Buff and 
Eiser, Ber. 1908, 41, 2260 ; J. Soc. Chem. Ind. 
1008, 809 ; Buff, Ber. 1009, 42. 900 : Buff and 
Tre^, ibid. 1912, 45, 1364). The mono- 
nitride Tij|N( is a bronze yellow mass of sp.gr. 
5|18, and is hard enough to cut rubies and 
diamonds (Moissan, Compt. rend. 1895, 120, 290). 

According to Shukoff, however (J. Buss. 
Phys. Cbem. Soc. 1910, 4S, 40), titanium only 
forms solid solutions with nitrogen, but no 
definite compounds. 

Titaniam also forms a carbide (Shimer, 
diem. News, 1887, 55, 156 ; Moissan, Lc . ; and 
dimpt. rend. 1897, 125, 839) ; a carbide of 
titaniam, m.p. 3400'’-3500' Abs. was prepared 

Priedetich (Z. Physik. 192.5, 31, 813; Chem. 
Soc. Afaetr. 1925, ii. 374); Titanium forms a 
qfamnifride Ti(C^),'3TijNi (Wohler, Annalen, 
1860, 73; ibid. M, 74, 212 ; Franck, Chem. 
ZAi. 1897, 21 , 520; J. Soc. diem. Ind. 1908, 
809) : and a tUkide TiSi. (Honigsmid, Compt. 
renm 1906, 143, 224 ; J. »)c. Chem. Ind. 1909, 

!nUe double pyrophosphates of titanium 
and alkali are prepared by mixing together 
alkali pyro{dioe]^tes and basic ' titanium 
sulphate (Barnes and Spenoe, Eng. Pat. 6329, 
IM^ J. Soc. Chem. Ind. 1907, 93). 

Tikumm pkoepkide TiP forms a brittle 
msM with a metaUio lustre. It bums when 
hea t ed in air, is a-oondnetor of electricitv, is 
jneohshle in diinte and in eoncentratod alkiJis 
and ardds (Oeweoke, Annalen, 1908, 361, 79). 

Titanic aeid forms crystalline iktomnotes 
uf ^ type K^ 0 ( 8 CN) 4 H^ and double salts 
wmpjrnfflae (C|NsH),H^O(SCN) 4 , and omino- 
Uaa (RosMiheim and Cohn, Zeitsoli. anoTS. diem. 
1901,28,1671. 

Donbls fluorides titaniam .with some 
aftalrtda am de scri b e d by Behaefler (J. Amei^ 
daoi, Sw. 1908, 30, 1862). 

. / Ohanlex aao* aalts a titantom have been 
yeepiMr^ MasmeeheBi and Pantandil (Gass. 
4h$k ttatriOSOi U 666). Other thanfaim 
aottpoaiidB ate deouihed by Ofltlisy 
ml mi Anaafan, VMS, 344, 300), 
and Sohnabel (Ber. 1806, 38, 2777), 
, 1 (CiMa. Beit. 1908. SO, 907), Xnasue* 

Me Sdtte Ittiiime iBMp i 0 M}t 
oi Milng ttliniui oMnnoiM 
mmIM diMMimed 


BaixUMi in 1877. For the behATioor of titanio 
acid towards dyes, see A. U. Morky and J. K. 
Wood (J. Soc. Dyers aiid OoL 39, 100- 
105). The salts used axe: the solidiatep 
<]|bdoride 8 p flnorideg oxalate, tartrate, lattes, 
and the double all^i derivatives of these saltSe 
The sfldts for this purpose are obtained by 
he following process. 

The ore is melted with sodium hydroxide 
and the mass is lixiviated with water; the 
residue is then washed free from alkali, dissolved 
in hydrochloric acid, and the solution is treated 
with alkali to precipitate titanium as hydroxidee 
The product is freed from iron by uie addi* 
tionof sodium sulphide, the precipitaVe washed 
and treated with sulphurous acid* It is then 
converted into titaniam oxalate by treatment 
with ammonium oxalate and oxalic acid 
(Erban, Chem. Zeit. 1906 » 30p 145; ef. also 
Dreher, Eng. Pat. 1835, IMS; J. Chem. 
Ind. 1904, 18 ; Spence, ibid. 1900, 246). 

The hcUUea ate convenientlv prepared by 
dissolving titanic acid in hydrcx^oric acid and 
pouring the solution into a warm solution of 
an alkali or alkaline earth lactate (Dreher, 
Parber Zeit. 1902, 13, 293; D. R. P. 149577; 
Frdl. 1902-4, 43; J. Soc. Chem. Ind. 1902> 
988, 1245 ; 1903, 906). • 

The soluble salts of titanium, such as the 
oxalate, are very efficient fixing agents for the 
tannates of the basic colours, the results obtained 
being as good as, and in many cases better than, 
those obtained with antimony. For this purpose 
it is unnecessary to purify the titanium salts 
from iron (Barnes, J. Soc. Chem. Ind. 1899, 15). 

Titanium tannate washed free frem 8 ui|d[iate 
and chlorides, and dissolved In warm aqueous 
oxalic or tartaric acid, is an excellent Hye for 
cotton, the shade varying with the 8 p.gr. of 
the solution. The solution of titanium tafinate 
can also be employed as a further fixing and 
modifying bath after dyeing, the colours beccmi- 
ing faster and more yellow after sneh treatment. 

It also serves as an excellent fixing agent lor the 
Janus colours which have been dy^ sabstaii* 
th'^ely. Very good colouip are also obtained 
with methylene blue, rhodamine, and amUne 
black (Barnes, lc. ; Kearns and Barnes, Eng, 
Pat. 8589; J. Soc. Ch»m. Ind. i899» 491; 
Erban, Chem. Zeit. 1906, 30, 145). 

A solution containing a titanium salt givesp 
with tannic acid, an orange precipitate; with 
gallic and pyrogallio acids, oiange or hiownish- 
yellow solutmns ; and with sali^lio acid a pale- 
yellow coloration: a yellow to deep orange 
colour is also produced by hydrogeis peroxide ; 
these colours are imparted to wool when the 
latter is steeped in the hot solutions (Barnes, J, 
Soo. Ghem. Ind. 1896, 420; 1897, m; Eng, 
Phi. 5712). 

The oxalate, tartrate, titanium sodium oxa- 
late, Utaaioni tanno-oxalate, titanium sodium 
sulphate, and titanous chloride osn be md wi^ 
gOM results in dyeiiig, and mordantiii^ aim* 
Ihs titanium moimts are also useful sn the 
chrome devekq^ oolours, and hi the lAor 
treatment of silk previoiisly dyed with ant^ 
oene yellow or brown or alkam colouiM Jw 
this purpose titanium potassiom oanOi^ m, 
iitanittm sodium sut|Aate are beat used (BuM% ft 
J, Booa Dyers, im 19,106; Ba»^ls^ I > 
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Titanium salts units with the tannin matter 
of leather to form on the fibre a yeliowish^^biown 
titanium tannate, which is very last to light and 
to the action of soap. On account of its cheafp* 
nes8» potassium titanium o:italate is the most 
applicable. It is exceedingly soluble in hot 
water and can be applied to tanned leather 
either in the dye-bath or with a brush. The 
mode of application and the mevious and subse- 
quent treatment of the leather depend on the 
quality of the latter, whilst the shi^e of colour 
obtained, which varies from bright yellow to a 
reddish-brown, depends on the nature of the 
tannage and on the amount of titanium salt 
used. The basic colours especially give much 
fuller and richer shades with titanium than 
without (Lamb, J. Soc. Chem. Ind. 1901, 1111 ; 
U.S. Pat. 722867, 1903 ; Dreher, J. Soc. Chem. 
Ind. 1902, 771 ; 1903, 294 ; 1904, 71 ; Eng. 
Pats. 9556, 1901 ; 27597, 1902 ; Stiasnky, J. 
Soc. Chem. Ind. 1902, 1329 ; Erben, l.c.). 

According to Barnes (Z.c.) titanium tannate 
can also be used efiectively as a pigment in 
water-colour drawings, the colour depending 
upon the conditions of preparation of the pig- 
ment and varying from brick-red to almost pure 
yellow. Titanium sfilts are also said to be 
employed in the manufacture of artificial teeth 
ana in colouring porcelain (LadofP, f.c. ; Barnes, 
J. Soc. Chem. Ind. 1896, 421). 

JSee A. H. A. l^binson on Titanium, Dept, of 
Mines, Canada. 

The titration of triphenvlmethane and azo 
dyes with ,N/20 titanous chloride solution is a 
satisfactory method for determining the strength 
of commercial dyes of these classes, and has 
been applied to the routine analysis of about 
30 members of the former and over 100 of the 
Ij^ter class, giving results that could be relied 
upon to aj^ut 0*5 p.c. The concentration of 
sodium tartrate and of alcohol in the solution 
to be titrated and the temperature of titra- 
tion can be varied within wide limits without 
materially affecting the results obtained. In 
the case of the aso dyes difBculty was en- 
countered in the intense colour of the reduced 
solution, which masked the* end-point of the 
titration. It was fou^ that this colour depends 
to a large extent on the nature of the solvent, 
and that by a judicious choice of solvents a 
dhect titration is possible. Details are given 
ot a direct titration method and a black titra- 
tion method to use with azo dyes. In the 
latter method the reduction products of the 
dye frequmit^ serve as an indicator, but if not 
a 0*1 p.c. folution of reduced methylene blue 
mav be added. Water, alcohol, acetic acid, 
and mixtures of these wme used as solvents. 
Tb0 am4yris of bamc brown dye-stnffs was 
poadbis the indirect method if the titanous 
ftbteridy ww added at room temperature. 
M tfe mtaHym of chi^soidines the temperature 
had to be mpt below 70^C. to avoid deeomposi- 
thai oonsequmit low results (W. & CSalcott 
7. U Eimlkh, Ind. Eng. Chem. 1923, 15, 
Soc. Chto. Ind. 1923, 42, 

Titaaiiim tont»ya^ 

ptefNU^ far adding potosium f errooyanide to a 
aohmen al hyiliatadi titanic oxide in hydro- 
chloifiD a^ has been suggesled as a substitnte 
to SohwebliuA freen and letiba# axieiiM 


lents (Msner, Dingl.. poly. J. 905, 130) 
mtele, ibid. 140, 238). * 

TIZA, A local South Amodcan name for ^ 
ulexite ^.v.). . 

TJl.T. Trinitiolotuene v. Exrpovmm. 

T.1I.X.' Trinitroxylene. 

TOAD’S EYE. Native oxide of tin v. Tin 
eaUe and oxides^ art. Tin. 

TOAD VENOMS. Toads have loi^ been 
known to be poisonous, and in the ei^teenth 
century toadsl^ were employed as a remedy 
i^ainst dropsy. This ap^^tion now only 
survives in China. A scientific basu to this 
therapy has been supplied by the isolation of the 
following crystalline active principle® having a 
powerful digitalis-like action on the heart. 

JBvfotalin m.p. * 

from alcohol, 2 C 2 $Ht 20 e,C 4 H 202 , m.p. 154^ i 
ethyl acetate. In each case the^ solvenfi 
cr 3 rstalli 8 ation is slowly lost in a high vaoub 
at 160° On careful heating bufotalin subl**^ 
at 225°-230°, [o]jj=+5*4°. This subst 
was first obtained in an impure form from the 
skin of the common European toad by Faust 
(Arch. exp. Path. Pharm. 1902, 47, 278), and 
was subsequently obtained pure by Wieland and . 
Weil (Ber. 1913, 46, 3315; see particularly 
Wieland, Sitzber. bayer. Akad. Wise. 1920, 329 ; 
Abstr. Chem Soc. 1922, i. 199). Each toad skin 
yields about 10 mg. of bufotalin (and also 3 mg. 
of suberic acid). Of the six oxygen atoms, two 
are present as a lactone group, two as an acetyl 
group, and two are hydroxylic. ^ Of the latter^ 
one is capable of acetylation (which yields aeebul 
bufotalin CjgHjgO^, m.p. 254°), the other can 
be oxidised to a ketone group (present in 
bufatolone Ca^Hj^Oe, m.p. 261). Tetrahudro- 
bufotalin m.p. 204°-205°, and lufo- 

talan C 24 H 2 .O 2 , m.p. 198°-199°, have also b^ 
prepared, the latter by the removal of one 
molecule of acetic acid and of water by the action 
of concentrated hydrochloric acid on bufotalin. 

Bufotalin is not present as such in the sldn 
of the toad, but is a product of the decomposition 
of the actual poison bufotoxin CaaHaiOiiNi, 
m.p. 204°-205°, hydrolysed by dilute acids to 
bufotalein CaclIsoOt and suberylarginine {Wie- 
land and Alies, Ber, 1922, 56, 1789). Bufote- 
lein diffeis from bufotalan (above) by having 
four double bonds, and being yellow. 

The carbon skeleton of bufotalin, apart from 
the acetyl group, consists of 24 carbon atoms, 
with four^ rings, and the same arratmem^t Is 
believed to be present in the bile acids. Mmce- 
over, cholic acid has been shown by Windaui 
and Neuldrchen (Ber. 1919, 52 [B]^ 1915) to 
differ from cholesterol by haying an iaqpiqpyl 
group at tha end of a side chain 

n^ioh in cholic ndd is fepnemtod 

In hafoUUn this dde ehaia is pfotoUgr 
(ncidked Utf, y>lMtone 

, 00 ; Q/ \ . 

BfiJMidim Ht- * seo^ , 
julMtwioe feou dw EvNOMn.liMd. 

With dkolnlof <ayi t«n i wt i o pi^ 17^* - 
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v^uum at 228^^290^ ; 
it k pfo^bal^ oiE^ufotam 

m-P- 217^-^218% [a^ 
aB+U%oooais the»seetetion of the parotid 
gland of the large Oential'American toad Bv^o^\ 
agm (together nearly 7 p.c. of adrenaline), 
and was isolated by Abel and Madbt ( J. Pharma- 
ool. eiq^. Ther. 1912, 3, 319). According to 
Bhimizu {ibid. 1916, 8, 347) it is also present in 
the Giinese drug ‘ senso.* 

Bufo agwk is need for the preparation of an 
arrow poison by South Amencan Indians. 

Wimnd considers that the formula for 
bufamn may require alteration to 
which is that of the methyl ether of bufotuiin. 
The above toad venoms are pharmacologically 
similar to digitalis and strophanthus (q*vJ). 
Digitoxigenin is, according to doetta (Arch. exp. 
Path. Pharm. 1920,88, 113),O24Hs0O4,and stro- 
phanthidin (—cymarigenin, see art. Stropham- 
TfiU8),has 23 or possibly 24 carbon atoms. All 
these heart poisons from animal and vegetable 
sources seem to be related to cholesterol and the 
bUe acids. G. B. 

TOBAOCO. The botanical order of the 
Scianaceae includes many well-known plants 
which are extensively cultivated because certain 

g ortions of them arc of great utility to the 
uman race. The tuber of the potato and the 
fruit of the tomato are food substances of great 
value and of almost universal consumption. 
Other genera of the order, however, afford in- 
stances of cultivation simply for the production 
of foliage ; the dried leaves of the thorn-apple 
(Daiwra Stramonium [linn.]) are sometimes 
smoked’ as a remedy for asthma. The most 
important plants of this class, however, belong 
to the genus Nicotiana, and their dried leaves 
are known as tobacco. The etymology of the 
word ^tobacco’ is somewhat obscure; the 
geographical origin assigned to it by tracing 
it either from Tobago, an island in the West 
Indies, or from Tabasco, an island in the Gulf 
of Mexico, is probably incorrect. When the 
Spaniards drst visited San Domingo they found 
that the natives used a peculiar contrivance for 
inhaling the smoke of burning ttobacco leaves. 
TMs instrument was called a " tabaco,' and was 
shaped like a Y wilh the arms so close together 
that they could be inserted up the nostrils, and 
it is bighlv probable that the word tobacco thus 
originate 

Upwards of 40 species of the genu^ Nicotiam 
have been describe, but many of them are 
sim^ mo^cations resulting from the influence 
. of soU and climate on the chiei species. Nkatiana 
Tabamm (linn.), the most important member of 
the genus, is a flue plant, indi^nous to America, 
wbm it grows from 6 to 9 ft.1l^h. * The stem is 

« viscous, and the leaves, which are 
or lanceolate in shape, are attached 
^ . altcasiatdiy, and surround the stem in the form 
oi a (of which the ninth leaf overhangs 
' ^ first, the tenth the second, and so on). The 
distanoa between the leaves is usually about 
2 ins. Charaeteristio soft downy glandular 
. hairs cover the stem and the under surface of 
fhefiNtves, and these are of great service in the 
Uhmtifteation of tobacco by the mierceoE^ 

. fibwera have faanel-dii^m corolla^ ehoul, 
S ins. long, of a rose or pinH sh ooloiir4..j^ are. 

olustersi lie seed 


pods have two valves, and the seeds are veiy 
small and numerous. Modifications in the type 
have resulted in the production of several 
varieties of this species, differing chiefly in the 
eiae of their leaves. The two prindpsl groiq>s 
now reoegnis^ are Nico^iana Tabacump var. 
maerofihffia, or ‘ Maryland tobacco,’ comprising 
stalked and stalkless forms, and Nicoiiana 
Ta5aciim, var. anguMt/olm, or ‘ Virginia tobaooo.’ 
The finest growths of Cuba, Manila, and Turkey 
(including Latakia), are now attributed to a 
form of the stalked Maryland tobacco. Under 
the name of ^iraz toba!^, JV. persica, a very 
fine variety, is cultivated in Persia; but the 
plantispiolMblyaformof Todoeum, obtained 
by cultivation of seed derived from a Brazilian 
variety. Of the remaining species, Nteoiiana 
ruHica (Linn.) is the most important. It is of 
hardier constitution and dwarier habit than the 
preceding species, and the flowers are also of a 
lighter colour. It is cultivated largely in 
Germany, Hungary, and in the East Indies, 
and includes the common Hungarian and 
Turkish varieties. 

The use of tobacco for smoking purposes is 
supposed to have orimnated among the North 
American Indians. When America was first 
discovered, and afterwards when fresh {mrtions 
of the continent were explored, the practice was 
found to be prevalent amoi^ all the native 
tribes, and its introduction into Europe .very 
soon followed. The ^lant was first cultivated 
in Spain early in the sixteenth century, and was 
introduced into France and Italy about the 
year 1560. It attained consideiable fame as a 
medicinal herb, and was at first regarded with 
universal favour. Sir John Hawkins is smd to 
have brought plants home in 1566, but Sir 
Walter Raleigh, who learned the uses of the 
plant from Mr. Ralph Lane,Govemor of Viij^nia, 
probably first introduced its cultivation. The 
habit of smoking soon became ^neral, but this 
use of the plant met witbaoonsideiable amount 
of opposition, not only in England, but also 
throughout Europe. Nearly the whole of the 
early literature oi^ the sul^ect was written in an 
ant^nistic strain. Bangs’ eounterUasts, P^mes* 
anathemas, Sultans^ deorees and even violent 
punishments failed to dieok the growuig habit, 
and plantations sprang up, not omy in w New 
i, but also all over the United 


England States, 

Kingdom. In the year 1604 the tax on the 
im^rted article was raised from 2d. per lb. to 
10^ per lb., and English planters were iofbidilmi 
to produce more than one hundiedvvight of the 
leaf. Shortly afterwards the preemption of 
tobacco was made a royal monopolty, and the 
King enjoined the plumdbug ujp of aU tobacco 
fouTO growing in England and ueland. In tihe 
years 1652, 1660, and 1663, Aets weco pmnd 
^hibituig the oidtivatibn of tohaooo in 
and Ireland, and tiiese Acts were ex te nded to 
Sootlaod in the year ^1782, The pioUliitim 
as regards Xteland ^ removed in the year 
1779, but was subsequent^, letmposed in fhe 
year 1831. Notwitbmiidtng these meameoi, 
the oultiystioa oi tebaoeo In Endand did not 
mOf bbm unta the year 1782, wlien >ma 
dsntm in tim vde <d York wm impilmned and ^ 
ioedthesm of 23^000^ TheiestmtiveimiM^ 
tioh as ngaids bebnd was npeiled ig IWtTm 
for OmuStiafliin i«10v ^ 


.tOSAOOQ. 


Hie tobeoeo thotM^ enaen 

tiaiBy tvof^cal, oan, iHth svdtabie mo<Sficationi 
in lie onitonii detadlsy be grown successfully in 
Imaiiiiertte dimates. It is cultivated for com* 
iswemal purposes in the United States, Cubd, 
Brasil, Paraguay, the Butch Indies 
Sm North Borneo, Australia, India, CMoa, 
Burmah, the PhiiippineB, Persia, the Tmnsvaal, 
j^odesia, Nyasaland, the Levant, Greece, 

. Suagaiy, Qennany, Russia, Prance, and Hoi 
tand, and is grown on a small scale in the United 
Ungdom, In Spain and Egypt its cultivation 
is pibhil»ted« Ciigar leaf is grown in Cuba, the 
Mirt Indies, North and South America, Rhodesia, 
and Qennany ; tobacco for pipe smoking in th 
United States, the Levant, Germany, th< 
Hansvaal, Nyasaland, Australia, China, Java , 
tobacco lor cigarettes in the United States, the 
Lsvhat, Greece, Persia, and other countries* 
Jm the United States, several types of leaf are 
grown, of which the principal are the Seed Leal 
and Florida varieties of Cuba and Sumatra 
tobacco for cigars ; White Burley ; the Heavy 
Shroping or di^k tobacco of Kentucky, Virginia, 
and Mar^dand ; the Yellow tobacco of Carolina 
and Virginia ; and the Perique of Louisiana. A 
Mangled type of yellow tobacco is grown also in 
Ohio. SeM Leaf rrouires a strong, highly* 
roantned soil, which will promote a rapid growth, 
so Giat the plants may be harvested when ex* 
pansion of the leaves ceases, and the process of 
granulation and secretion of the gummy sub- 
stances begins. White Burley flourishes in a 
li%h]y fertile disintegrated limestone. Heavy 
Smpping tobacco thrives best on ferruginous 
tdayey soils. Yellow tobaccos need a sandy 
norousf sterile soil, to wfakb just sufficient lerti- 
nsers (supmr^osj^te, potash, and nitrogenous) 
ham been aokled to promote summer growth ; in 
autumn the plant's declining vitality causes 
the leaves to turn more and more yellow until the 
tint desired is reached, which is i^rwards fixed 
Hw coring process. Perique is grown on low- 
lying lands, black with humus, in the swampy 
of Louisiana. Climate has a great 
Isflttenca 6n the iavoor, Igit the texture of 
tks leal diepends largely on the nature of the 
aoB in which the pumt grows. The northern 
vucMass, lor examine, pknted in the Southern 
BMaS g^ually change in ehaiacter; the plants 
ripen eaxBer and the leaves assume a lighter^ 
Mb«r« diminish In rise, and increase in thickness 
nod sweetness. • Special attention must be paid 
tP the fartUiaein used to ensure that the.pro- 
poerioiis af ammonia, potash and phosphoric 
arid most sidtabfe for the type of leidf are em- 
ployed. Too much ammonia darkens the 
pmm of the leal and increases its nicotine- 
while too Ifttto ammonia retards the 
gtamrrii; AlkaBne materiab encourage the 
IfMSwIh .ol eectain fungoid diseases, especially 
root4m^ mid lime is tneiefofe much less used 

The ssod k sown in» Febniaiy, March, or 
dteri, In aetri Imli, oompoeed of a light friable 
1 imro liom bribmlmiid, mri a b^ 
dl mi tlri giwimd prior to pew 
liafiKMaed ksmols. The youM ptante 
Iritherinhot bods, or in cold mmes 
plwDt-ainslin^ aoooiding to the 
! Bb Martlsm moidluf from A|Ndt to 
are aftotT ink 


they are tianrofamted Udo writ plougbaft aA 
thrown up in ndges ; and if the weather is dw, 
they are wateredln. Asnaceof from 
is allowed between eariifilant in the rows, which 
are made from 3 to 4 ft. apart. The constant 
removal of suckers from the idants (*surimnng 
frequent harrowing of tlm soil, and deatnaclim 
of weeds and insect pests are necessary. In 
Turkey mid other Eastern countries, where 
small leaves are desired, and the bu^^aim 
flowers are also used, ‘ toppiim ’ is not pcaenmo, 
but the larger growths of the United States, ho., 
usually require this treatment when the first 
bloom b^ins to show. Ten to a dosen leaves in 
the case of Heavy Shipping tobacco, and 16 to 
18 leaves in the other varieties, me allows^ to 
remain on the stem, and the increase iiit leaJ 
surface may be as much as 50 p.c«, when \ 
pared with leaves of normal size. Seed 
requires from 2 to 3 weeks after this ofi 
ripen, yellow leaf and Burley take a month, 
H^vy Shipping tobacco 2 or 3 weeks Ion 
An abnormal amount of organic matter accuil 
lates in the cells of ripe tobacco leaf, owing to i 
* topping * and ‘ suckering ’ of the plant. 1 
continuous accumulation of nicotine, oxidiring 
enzymes and acids which takes place in the cells 
finally causes the chlorophyll granules to acquire 
a yellowish colour. The change from t^ normal 
deep green tint of the leaf is very noticeable to 
the experienced eye, and indicates that the time 
for harvesting has arrived. Another sign of 
ripeness is that the leaf becomes brittle, and 
snaps when bent between the fingers on account 
of the great increase in its starch contents. The 
constituents of the cells havii^ fulfilled their 
functions are at this stage going back to the 
stem to be transferred thence to the upper 
leaves, to be used for other purposes in the 
economy of the plant. Compart with the 
young leaf, the ripe leaf has a density half m 
high again, and contains about 2| times as 
much matter soluble in boiling water. 

;uring of tobacco is a skilful operation, invoivinn 
much more than the simple drying of the leaf. 
Its object is to promote by favourable oon^tioiis 
the important changes in composition which are 
brought about by enzyme action on the suzpliw 
food material stored in the ripened leaf. Until 
this is accomplished, it is necessary that the life 
of the leaf, which may pmrist lor several days 
after harvesting, should be preserved. Any 
actions wjiich tend to kill the leal mematurely 
are to be avoided, e.y. breaking or brulaiiig ikm 
leaf, freezing or very rapid diying. The 
methods of curing are fully de^bed In iramer’a 
Bulletin, No. 573 of the U.6. Department of 
Agricultuief 1916. White Burley and Seed Leif 
are air ourrii in houses that can be ventilated at 
uril: this opemtten requires from 6 to 8 weeks. 
An alteniatiiig change Jrom the moiti to the d9 
tmHikm of m leaves lakes 
.toioinlwrio cfoaditiaM at tiM enriac aliaiiMhI. 
T«Ua« leri k cn^ I 7 Mtiflrial tMil* 
bated by 4aee to ato4ight barm. Tba to** 
peratore to maintatoed at 80 * to 80 *f!> for It lo 
80 boom for tbe toaf to ooqtMn the yiMfic oaloaiv 
Uie heat to tbtn latoad A* to 10? ab a miHf 
aboai erety 8 booah to lit* to .tlOV.i 
at iHiito wtfl titoltaf to-jp 

oaad. niaeartof oi^atoOtatotbtoii 
^ xatotog tlM toBqpenitoiM A* le IV 





|iaO« m eperi^ 

mm' tbm 4^^ Umry Skipping 

toteooo to hti&i^ 6& «6albldA or in bams for some 
days to boeome yelldv^ and the earing is eom* 
ptoted by opm ll^-fires, kindled diieetly under 
the tobaooo and gMiially increased in nbse. In 
India, CSeylon, and other Eastern countries, snn* 
during is sufficient. Where resort to artifioia! 
heat to necessary, it to essential that the Increase 
of heat ihould be at first vem m^ual, as the 
<di|eot to not so mudb to dry tne leaf as to fix as 
far as possible its qualities as iM;ards colour, 
stoength, elasticity and flavour. A hi|;h initial 
temperature causes the leaf to dry rapidly and 
retain its green colour, whereas by slow drying 


the leaf to of great financial importance to the 
purer. The leaves, except those of the yellow 
varieties which are harvested as they ripen, are 
not usually removed from the stems prior to 
curing. Perique tobacco undergoes a special 
rocess of curing. After the leaves in the 
rying-houses have acquired a brown tint they 
are twisted into rolls containing about fiO leaves ; 
these rolls are packed into boxes holding about 


TeBovr tobaccos are also buBee^ 
month or two to fix the dfiour, and are alters 
wards packed looediy. Cuba, Somatm, and 
other cigar tobaccos are carefotly graded aceotd* 
lug to colour, do., and are fermented in ham 
bttlks^ varying ham 9000 lbs., lor the light 
varieties to 16,000 lbs. lor the dark varietfas of 
leaf. The fermentation to aBowed to proeeed 
for from 6 to 8 days, and the heaps are then 
re-made, the outsiae portions bding plaoed in 
the centre. The operations are conducted In 
rooms heated by steam pipes to about but 

if the temperature of the neaps to allowed to ttoe 
much above 140°P. the enzymes present are 
liable to undergo oxidation with consequent 
deterioration in the quality of the tobacco. 

Eome-grown tdbaeco. In the year 1888, 
owing to the agricultural depression in thto 
country, efforts were made to remove the 
restrictions then existing on the home eultiva* 
tion of tobacco, and permission was obtained to 
try experimental growings in several seleeted 
localides. These experiments were rqmted in 
f ‘ ‘ ‘ ^ 

factory to Justify the opinion that tobacco could 
be grown successfully as a farm crop in the 
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:tlor aaipoetti sate deep eidtiyaticu^ a fine eoii» and 
0dMfl nfoteeted from cold vinds by bigh hedges 
or otLer meeiis. As regaids manuiest the 
initial growth is found to be more' rapid when 
Uxmym manure is supplemented by artifieipl 
tusunree^ The largest yield is obtained on 
t^plan^ when manures containing a large 
proportion of phosphates are used; potash is 
more effective for moorlands. Nitrogen and 
tdiosphates have a tendency to produce a coarse 
leaf; withpotashasmoothleaf is obtained, and 
the burning qualities are improved, but the 
^ growth is somewhat retarded. In consequence 
m the minute size of the seed, about 300,000 to 
the ounee, the plant is forced to rely unusually 
earl^ on external nourishment. The seeds are 
sown in glass-covered hot-beds some time 
between the middle of March and the middle of 
April* and the plants are transplanted at the 
latest by June 1st. The usual cultural details 
are followed : insect pests, on the whole, are 
not so troublesome as they are abroad, but the 
cod, moist climate greatly increases the tendency 
.to produce suckers. ^Topping’ of all the 
vaiieties, except Turkish, is usually practised. 
Ripening is ratened by the ‘topping’ and 
‘sucked^* open^ions, but the usual indica- 
tions* change of colour, curling of the edges of 
the leaf, Ac., are less manffest under Irish 
climatic cbndirions. Harvesting lasts from 
about the end ot July to mid-Octd)er, according 
to whether the leaves are primed off as they 
ripen* or whether the whole plant is harvested 
uuth the leaves still attached to the stem. The 
prmctioe of allowing the plants to wilt in the 
open air on scaffolds which are capable of being 
piotwBted from heavy rains* has been found very 
valuable. Air-curing* supplemented by suitable 
tt^dal heat at critical periods* has proved to 
Wllbe best method for most clawes of tobacco. 
The subsequent preparation of the leaf for the 
market involves the usual operations of grading 
or sorting, fermentation in bulk, and ageing, 
after the tobacco is packed, A statute acre of 
land yields on the average about 1000 lbs. of 
tobao^ at a cost of from £20 to £60. 

The enactments agdhst the growth of 
tobacco in 6cotlaii<l and England were repealed 
by the Einanoe Act of the year 1900-1910* and 
from 1911 to 1913 a rebate of one-third of the 
duty was allowed on home-grown tobac<g>. 
Grants have since been made by the Develop- 
ment CSommli^nerB amj^he Bomrd of Agricul- 
tore with the object of iK>mbting experimental 
work on the culture of tobacco whicn has been 
nndtaialen in i7 counties in the United King- 
.dmn under the auspices of British Tobacco 
Gfowers Sodeiy. Thirty-three acres were 
planted in the year 1913, in addition to 30 acres 
cuilifated by private growers. In the year 
1915 duty was char|B^ upon nearly 33,000 lbs. 
of tebacoo jpown in Englsiid, and upon 2000 lbs. 
grown in Dootland; but no tobacco has been 
grown^in Scotland since 1916. The MinisUy of 
AgikniltiiiiO have abo ^undertaken experiments 
m the growth and after-treatment of tobacco 
on govenitiieiit-^^ Norfolk. In 1923 

about 14^090 lbs. of leaf were obftdned hroqi 
18 aicanetuiiier cultivate Since 

1915* bowen^tbereW bean a marked decrease 
Ml the inid«r Jobaopo cultivation in the 

VnitednpQf^^ and tim 


Iridi State. Growers contended that the? 
rebate cl one-sixthirom the duty aBoimd My law ' 
in 1919 in the case ci home-grown tobacco iras ^ 
not suffidient to allow pf tobacco being grown at a . 
profit. A Government Committee appointed by* ‘ 
theTreasu^to inquire intothisquestibn reported . . 
in 1923, Gmd, 1983, that though a limited : 
number of agriculturists might derive soma 
benefit from some measure of assistance to the 
industry of tobacco growing in this country* . 
tfiey came to the conclusion that the nature- 
and extent of that benefit were not such that . 
the committee could recommend any further 
expenditure of public funds over and above the 
help already given by Imperial Preference. , 
The principle grounds on whion the comnpttees’ 
conclusions were based as follows j 

(1) Even allowing for the imfiromnonts 

which might be effected in British Wown 
tobacco as the outcome of further expefienoe* 
they could not anticipate that anythingimore 
than a low-grade artide would be grown gener- 
ally in Great Britain. ^ \ 

(2) There is accordingly no prospect of 
tobacco being grown on a lame scale so as to 
compete successfully with mreign tobacco* 
except under a preference such as the industry 
now enjoys; and the amount of such a pre*' 
ference will always be liable to alteration (apart 
from the antomatic decrease which a reduction 
of duty would bring about). 

(3) " Competing overseas products would 
always have the advantage of more suitable 
climates and of cheaper labour, and it cannot 
be assumed that Great Britain will have a 
monopoly of improvement. 

(4) The crop is not suitable for smallholders* 
owing to the heavy capital expenditure required* ' 
the uncertainty of the quality and amount of 
the yield, and the interval which must elapse 
before a return on the outlay can be expected. 

(5) Exc^t on a limited area of land, the crop 
does not offer such a prospect of effecting a 
general improvement in the system of agrii^- 
tnre qor so remunerative a substitution for 
existing ctoim, as would justify some oonsider- 
able outlay^ in bringing about its astaUish- 
ment. 

Provision is made for remission of duty bn . 
such home-grown tobacco as is used for the * 
preparation of tobacco extract for insecticidal 
purposes. An approved denaturant must, how- 
ever, be added to the extract before it is allowed 
to pass 'out of revenue control. * 

Uomporifmu.— The tobacco plant oontaiiis^a 
large number of substanoes eomnion to tim 
vegetable kingdom, .chief among which ore edilu- 
lose, starph, aJbumittokls* saccharine matlenv" 
resins, cU<»rophyl]* and many omnie mekbi* 
(hi the diaraeter and jmpcutiontff mie 
substancea depend laq^y the uses to whUi 
several varieties cd tobacco are Mi fMNIjiV \ 
cut green leavea contain bom 80 to 99 |i.e^ Of 
moisture: the normal percentaga in the leaf 
when reyly for tiie market is from IS to 14 M* 
bat in too finer grades of oigar and othsr Ml 
20 p.o. is not nnoommonly feiad. Tae aoKNUit 
of nicotine* the charaoteristic eontiitaant ot 
tobaooo, varies bom about 1 to 10 |i.e«t tidek* ' 
leaved vmiietiee oontalb more than thoee with, 
thin ieavei* and the too haivee of a pleal ; 
rkbm ip nieotiae tiuM Ohm at the turn o( 





hm j4|own fSM tlii» amonsl 
taiM itf w teaviw tetireMe« m gipwtli int^ 
iam ieavM of th<) iiBiae kmd coUeoted 
MAjr 2^ AitosI 27f BBd September 2$» he 
4*32 TI.O, of nieotine 
. Darff, imry tobMeos contain 
'eemderal^ " more nloptine than the lif^t 
^bkmiied F^ieties. Hie nae of large^'quantitiee 
bf nh^Qgenona manuree larotus the production 
' of id^tina in the plant Java leal contalna 
; from 1 to 2 p.c»« Haramiah, Maryland, Manila, 
and Tnrkidi from 2 to 4 p.c., Virgmia and 
Kentucky up to 7 p*c., while aome heavy French 
, varieties contain as much as 10 p.o. of nicotine. 
The oiganio'aoids present in tobacco are chiefly 
citric, oxalic, and pectic ; acetic acid is 
aometizneB found in fermented leaves. Some 
proportion of these acids exists in combination 
as salts and gives an acid reaction to the 
odfl-sap. malates, owing to their hygro* 
' scoittc properties, are said by Behmns to exercise 
a considerable influence on the * life * of the leaf 
its elasticity and softness. The 


dhriim the curing process are concomitant with 
consi&rable changes in the chemical composi- 
tion, brought about partly by the etiolation of 
the chlorophyll granules, and partly by the 
subsequent oxidation of the sap contents of the 
dead cells. The aciditv of the leaf, and the 
proj^rtions of soluble alouminoids, and of starch 
also markedly diminish. Further changes of a 
complex character occur in the sweating pro- 
cess. The nicotine which exists in the leal in 
comhinatibn with various ozgimic acids is 
1/ partially liberated, and part of it and of the 
i.^ amino nodies and albuminoids also, are elimin* 
^ "atedt The nitric acid and ammonia-content 
should be little affected, but excessive fer- 
mentation favours the production of ammonium 
salts. Experiments by Dr. Loew of the United 
States Department of Agriculture, supple- 
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mented by those of Oosthuizen and Shedd,iiave 
proved that various soluble ferments or enzymes 
exki in the tobacco plant during its growth, 
and thrir rebearches have thrown light on the 
cotnsiderable influence enzymes exe^ise on the 
6lMhgBi which occur during the ripening, curing, 
'<asid; fermentation stages. Invertase, diastase, 
^ebohusinvaikd reductases have been identified 
ij);, in the tobacco seed* and in the leaf, not only 
i; duriim all stages of its growth, but also after the 
^|K)m|N^ticMl ^ the curing process. Oxidases 
: wve been found to be present in the growigg^ 
ieat, but aftei^f^ 'topping* operation th^ 

. l^uaUy dunmish in qumirity until maturity 
reached, and almost entirely vanish during 
Jha process. Starch is converted into 
early in the curing stage by the action 
ol^diastase, bat mmy disappear at a later stage, 
probably throui^ the action of the oxidases 
jxrasent* Friitemytie fennents accomplish a 
< ^ reduction in the amount of <lat* 

I htihir leaf, and reductases exereiiie a 

r; cm the nitrates an^nioorine 

Cl(»iid,|ttblelowo(irti^ 
'iapS' ■amiag ^md ieakiwitamn 
'.MMir MMW to M 9 «dl M 15 p. 0 . la the 

fip5er Mgo tkm, of iHddh obo^t «. tauter ii 
|Miii.,HilChr^ SlMntMatioBefiaaqnMaotipB 

la tte eattiag om 


flavour and odN^ of the tobdoco/'^llany 
attempts have beeh made to Isolate and id^tify 
the bodies which hnpart the amba to tobacco, 
but th^ have so far proved nnsueoessfuL At 
ona«time the source of the aroma wae believed 
to be the so-called tobacco-camphor, or nieo* 
tianiu, a oryi^lllne volatile substance obtained 
by the steam distillation of fermented tobacco ; 
but experiments have shown that it is not 
always associated with nicotine in tobacco leaf, 
as was supposed. The theory of Suchsland, 
that the distinctive aromas which chazacteriae 
the different types of tobacco axe due to the 
action of speciflo bacteria during the sweating 
process, has not been substantiated by other 
observers. The formation of the aromatic^b- 
stances is believed to bo due Isd^gely to the 
influence of enzyme action, whereby elixninaricm 
or breaking down occurs, especially in tho 
nicotine, amino-bodies and other nitrogenous 
constituents of the leaf, during the fermentation 
stage. It is well known that a high nicotine 
content in a cigar is often associated with a poor 
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content the quality of the aroma is espeoiaily 
liable to be deteriorated by imperfect curing. The 
deficiency in aroma which is charaoteristio pi 
bright yellow leaf is no donbt due to the destruo- < 
tion of the enzymes which occurs in cons^uenoe 
of the high temperatures requir^ during the 
caring stage of this class of toba^.* !the aromatie 
matters of tobacco are soluble in water, andmore 
or less so in alcohol, and are readily dissipated by 
heat. The odour developed in smoking a cigar 
may be due partly to the mere volatilSatiaii of 
the aromatic products of the sweating proceos . 
and partly to the destruction of certaiii«eoiif 
stitueots. Nicotine, ammonia, carbon monoxidh^ 
pyridine, trimethylamine, butyric acid, and 
traces of niootianin, hydrogen cyanUe, form* 
aldehyde, and hydrogen sulpmde, in additkm to 
water and carbon dioxide, have been Iouiig^ Iu 
tobacco smoke. Kissling recovered from the 
smoke of two different samples of burrang 
tobacco, each containing origu^y 3*75 p.c. <3 
nicotine, 27*8 and 52*0 p.c. of the nicotlBe, 
while the quantity in the unbcmsuiiied portions ^ 
of the tobacco increased tp 4^ and o*0 pwc. 
respectively. 

Armstrong and Evans (Brit Med. |$22|, 
(I), 992) found that the amount of eaa^ 
monoxide varied with the rate of 
XS|;arette8 smoked nontmlly yieldA 
’Naming 0*6 to 0*8 p.c. carbon monoxide^ \ ; 
tobaccos from 0*7 to M4 juo., and cigata m«n 
6to8p.c. As legardsoimn thereout 
affected by malmorquamT,dosetieeaolMQ^^ 
and rate of smoking bmngthedctemhrite^ 

The table bn p. 82 w manaivieitd odHhiii 
.kinds of tobacco sems to show the wide differ* 


anidysiB of many kinds of tobacep, which went 
made in the Inland Bev^pue JAboiatoiy under 
the direction of Dr, Janm BoO. 4 

The amount of eah found ln%>haeeo vaifee 
ond when oateulated on the dir lent 
rangee ftoiff about 10p,c, ip as mudt aeJi 
or even more. The losMeit anmunl fe found jh|' 
the itoht vntialles need for efoeaelieiiL 
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Kiootine . 

Malic acid (anhydride) . 

Oxalic „ „ 

Acetic „ 

Tannic „ „ 

Peotio ff 
Nitric „ „ 

Oellulose 
StoSrch 

Saccharine matter 
Ammonia 

Inaolnbla albaminoids . 
Beaina and chlorophyll . 
Fattv anbatanoes . 

Soluble extraotiTe matter 
rich in Nitrogen 
Indefinite inaolnble matter) 
Ifineral matter 


3-00 

10-72 

3-94 

3-72 

0-36 

0-30 

10*63 

0*43 

11*73 


0*30 

11*27 

7*51 

2*04 

8*34 

9*45 

16*26 


Vir- 

tfNa 


3*86 

9-06 

3-09 

1*58 

0*80 

1*34 

7*72 

0^ 

10*38 


0*05 

14*29 

5*21 

1*07 


Ws 


Wfcay 


2*20 
4*17 
1*00 
1*72 
0*35 
6*32 
7*51 
0*14 
12*64 
1*73 i 
14 *59 ! 
0*03 
4-68 
3*41 
2*27 


0*90 

4*90 

1*90 

1*38 

0*14 

3*39 

9-62 

0*05 

9*72 

6*28 

12*07 

0*05 

5*30 

7*90 

0*49 


3*88 

12*11 

2*05 

1*53 

0*42 

1*13 

11*36 

1*32 

15*76 


0*49 

9*75 

5*15 

1*03 


16*24 1 13*47 13*24 | 7*74 
12*93 , 12*41 9*71 8*68 

11*95 11*36 12*96 17*50 


1*17 

9*07 

2*40 

1*98 

0*36 

2*33 

6*25 

0*76 

10*00 

0*69 

1*46 

0*10 

7*25 

6*62 

M2 

18*97 

14*94 


Ken* 

Cooky 


4*i 
11*57 
3*40 
2*03 
0*43 
1*48 
8-22 
1*88 
12*48 


0*19 

8*10 

1*99 

2*28 

13-90 

13*10 


322 

12*94 


2*51 

0-34 

0*68 

10*23 

0*37 

14*48 

o^i 

8-62 


^aea 


3*30 

6-04 

3*30 

3*38 

0-22 

0*51 

10*13 

0*23 

11-82 


0-23 

9*63 


2 *13 \ 6 *45 
‘ \0*81 


0*89 

8*10 

12*56 


14 *53 '14 *36 ‘21*72 


10*39 

15*20 

18*46 


2*60 

7-46 


3-91 

0*31 

3*13 

7*48 

708 

1*54 

12*93 

004 

4*49 

6*02 

0*25 

14-35 

12-61 

13*42 


containa potaah, lime, magnesia, iron-ozido, 
alumina^ soda; carbonic, silicic, si^hurio and 
phoanhorio acids, and cldorinc. The potash, 
whion earista in the tobacco mainly in combina- 
tkMi udth the oiganic acids, may be present to 
the extent of iufly 30 px. of the total amount 
of the aah« The amount of lime present is 
generally lower than that of potash : mi^esia 
and ailto rank next, while the amounts of soda, 
alumina and iron oxide are relatively amalL 
and manganous oxide are occasionally 
nnaent in very small quantities. The com* 
bined chlorine varioa from a mere trace to aa 
much aa 15 p.c. of the total amount of the ash 

Roberta, Analyst, 1918, 254). 

Th» lofiowing table shows the percentage 
oompoaitkm of the ash of the several kinds of 
tobacco enumerated in the preceding table. 


The l^ves of tobacco contain more magnesia 
and silicic acid, and less alkali, phosphoric acid 
and chlorine than the stalks. The crates are 
confined almost entirely to the stalks and stems 
of the young plant, and decrease in amount as 
the plant comes to maturity : analysis of 
stalks from Missouri and Conneeticut showed 
from 0*5 to 0*75 |).c. of nitrates, as 
0*15 p.c. found in cigarette leaf. Home-mwi| 
tobacco as a rule contains a considerably higlmr 
percentage of ash than is pesent in similar 
varieties grown abroad : this circumstanoe is 
probably accounted for by the use of matiuiea 
either in excessive quantities or of unsuiiaUe 
character, especially when large quantities of 
combined chlorine are present. 

Good burning qualities in tobacco are 
associated a ith a nlgn percentage of ash, rich in 


Pjsbcentaqe GoxposmoN of^Ash. 








































~Um«iiApiMk^ii^t cUoiiilMt Iikoeok ill tlw i 
MfilHM tcii iftiiOh pmm iiid limttriiikTe ak< 
4MMMB9' mmtkit oft tlw oqmbiittioiit 
M ijriio^riMei jmd Mlplyto ham 

ft IftoiBatftt MlimkoMa hliidftr^ but 

odttiibift pi!oniot«ttlift|^iKimb^ 
tobftftso; wUb aAotiiift ftppwi to be un uu* 
bupoirtaM ffteto& Ibft eoaipftiffttivft burning 

l^^Ueaf* Tftrjr Irm ftb^t fo^^imndg in 
y^ow Tftxic^ to fti mueh fts 175 eeoonde in 
Pefta^hwift cigftr*leat. 

Tooftcoo is imyeed m regards organic and 
inorganic constating by toe usual methods 
desmbed in tcxt^books dealing with agricnltnral 
and quantitative chemical anidysis. Special 
processes applicable to tobacco are described in 
the report on the culture and curing of tobacco 
in connection with the 10th United States 
Oonsus of 1850. The percentage of moisture is 
liable to be under-estimated if the drying-oven 
is not maintained at a temperature of 100 . The 
ash should be re-carbonated by the addition 
of strong solution of ammonium carbonate, 
and suh^uentiy dried before ascertaining the 
weight. A convenient method for the estima- 
tion of nicotine in tobacco is that of Kissling, 
which is as follows : Take 20 grms. of toWco, 
finely ipowdered and dried at a temperature not 
exoeMing 60^, grind it up in a mortar with 100 
O.C. of Mcoholio solution of soda (6 grms. of 
NaOH dissolved in 40 c«o. of water and then 
made up to 100 cc. with absolute idoohol). 
Transfer the mass to a Soxhlet extraction 
apparatus and extract for 3 hours with sulphuric 
ether. Remove as much of the ether as possible 
careful distillation, mix the residue with 
C.O. of a 4 p.c. solution of soda, and distil 
in a imixent of steam. The flask containing the 
nicotine extract should be connected with the 
ocm^nslng apparatus by meahs of a tube 
having a s^ty bulb, and the disUDation con- 
ducted rapidly and in such a manner that when 
200 C.C. of the distillate have been ooUeoted not 
more than 15 c.o. of liquid remain in ^e dis- 
til l i n g flask. Titrate the distillate witfi deci- 
normal H|SO|, using laomoid or litmus paper as 
an indicator. By using a series of*test papers 
and not^ the burette-reading against each, 
the exact point of neutraUsauon can readily 
be ascertained when the papers are dry. 

The method of Bertrand and Javillier, based 
m the precipitation of the nicotine as the le^co- 
nu^pitate, may^ advantageously be employed 
vhen the niootine distillate also contains mu- 
nonift. A gravimetric a^ptation of their 
^ftoeiMs has been described by R. Spsdflino (Gass. 
Aimu ItaL 1018» 48, 482*4$6). firt grms. of 

S bftceo are placed in a KJridaU flask wift 20 
water mA 8 e.e« of 10 p.c. soda solution, and 
^ miariuie steam-disriO^ 

1^ ^ ^ distillate are added 10 c.o. of 

lute SO, atid 10 c.o. of a 18 p.c« solution of 

and dlcw^to stand Iwl* bouts. 
ladMwedtliioiighft^ 

4 udtti water ariduiated wildi 

'UW: 



ot niootia. in tobaom Mwto. Pm mmI 
OontaMi <qbim 2^. IMS. 46, lOOt) fowA dtot 

tobMMo vtuM p.o. to S4^^e. 

smoke from these tobaccos contained trom 
0*20 pi«. to 1*05 p.o« of nicotine. 5^ee also 
Anelyst, 1923, 33. According to H. Rhode 
{Zeitcch. Unteisuoh. Nahr. Qenussm. 1083, 4& 
112-115), the five brands of tobacco exunjnea 
contained from 0*68 to 2*87 p.c. of nicotine calcu- 
lated on the substance. When the samides 
were smoked in a pipe, attached to an asmrator 
with an intermittent acUon, from 15*4 to 2^8 p*c. ^ 
of the total quantity of niootine was found in the 
smoke. The amount of the alkaloid present in 
the smoke was not proportional to that in the 
tobacco itself (Analvst, 1923, 48, 568, 334).* 
Various methods of estimating nicotine in 
tobacco and tobacco extracts have been critically 
examined by Rasmussen (Zdtsch. anal. Chem. 
1916, 55, 81 ; Analyst, 1916, 206), who found 
that the polarimetric method of Koenig as well 
as the suicotungstio method of Bertrand and 
Javillier, and the method of Kissling above 
described, gave accurate results; whilst Keller's 
method and that of Toth were less accurate, 
and those of Ulex, Degrasia, and Thoms were 
untrustworthy. This investigation has been 
carried further by Shedd in the Journal of Agri- 
cultural Research (Washington D.C.) 1923, 961- 
970. In the recovery of nicotine by the distilla- 
tion method he used solid sodium hydroxide and 
found that, unless the bulk in the distilliiig flask 
was maintained at from 15 to 25 o.e., extreme 
difficulty was experienced in distilling ofi all 
the nicotine, especially when derived firom 
tobacco. On the other hand, when 2 gragis of 
soda were added to liberate the nicotine, hi^^ber 
results were obtained from the distillate bv 
precipitation than when less quantities of alkali 
were used. He attributes the difference to the 
presence of some other volatile substance, 
produced by the action of the strong alkali on 
the small bulk in the distilling flaric, which is 
precipitated by siliootungsUc aokL for these 
reasons he suggests that instead of using the 
distillation method, the ether extract oi the 
nicotine obtained by the &xblet extractibn, 
after careful reduction in nulkf should be ex- 
tracted in a separator with cold dilute bydbo* 
(^oric acid (1:4) from 4 to 6 times. The ex- 
tracts are bulked and an aliquot pert, rq^ment- 
ing about 0*25 gram of tobs^ hx|raot, or frem 
I to 2 grama of tobacco, is telm and dUwled to 
400-500 c.c. with water. Suffioinit ^ute 
hydrochloric acid— at least 8 p.o. is reqsirad^ 
is added to show an arid reaction with mellgd 
orange before prseipitatkm. IVwthispumseSe 
uses a 18 p. 0 . aolutiou of sUiootungriioerid wring 
the spe^c formula SIO»,4iLO,18WO|,a8B^ 
The factor for oouverting the wei|M of the 
ignited residue to niwtine is 0^^ Imdeteila 
m the method tie ee fbObwei Vive gnMiw 
of finely powdered dry tohaceoi or I griai «d 
tobacoo extract (about 49 mo. pedeh m mali- 
toned with 85 e.m ri aicriirib sod^ 
solotlim (6 grams of sodium 
ot waAcr ghd 60 c.m of 90 p^e. elcchqlh "" 
oiltoiom 4 mm of aoda cehrite 
igIxMm made ih^ 
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Jooket does not rise nbove 2I0^(X $M that the the aumofaetoveof tojbiMm : 


▼oliuna of advent in the extraction flask is 
never less than 25 0 . 0 . After extraeiion, the 
excess of ether is removed, but the volume 
remaining must be suffiolent to keep the whole 
Cff the extracted matter in solution, llie ether 
extract is transferred to a separating funnel, 
the flask being rinsed with ether and Anally with 
hydrochloriG acid (1 : 4), and shaken with from 
4 to 6 iO- 0 . 0 . portions of hydrochloric acid (1 : 4). 
The formation of emulsions can be avoided bv 
adding 1 o.c. of alcohol. The washings are fib* 
tered through glass wooLinto a 100 c.c. graduated 
flask. When tested portions of the washings no 
longer give a turbidity with silico-tungstio acid 
reagent, the whole volume is made up to 100 c.c., 
an aliquot portion equivalent to 1 to 2 grams of 
tobacco u ^uted to 400-500 c.c., and sufficient 
hydrochloric acid (1 : 4) added to ensure that at 
least 3 0 . 0 . of it is present in 100 c.c. of the solu- 
tion ; 1 C.C. of silicotungstic acid solution is then 
stirr^ in for eveiv 0*01 gram of nicotine supposed 
to be |>resent. After stirring for 3 to 5 mins, the 
precimtate appears crystaUine and settles 
readily. The solution is allowed to remain for 
18 to 24 hours aqd filtered, preferably through a 
Hirsch or Buchner funnel. The precipitate is 
washed with hydrochloric acid (1 : 1000), dried, 
and transferred^— -with the paper to a {flatinum 
(vucible. After heating until all carbon is 
removed the crucible is finally ignited for not 
more than 10 mins, over a Teclu or Meker 
burner. The welj^t of the residue x 0*1 14 gives 
the wei^t of nicotine in the aliquot portion 
taken, ^e silicotungstic acid reagent is a 12 p.c. 
solutcon of the acid 4H|0,Si0|,12W0|,22H80. 
The other silicotungstic acids do not |ive a 
svdtable crystalline precipitate with mcotine 
(0. M. Shedd, J. Agric. Bes. 1923, 24, 961-970 ; 
J. Soc. Chenu Ind. 1923, 42, 1150A). 

Jfanq/ocfure.— In several European coun- 
Uks, among which may be mentioned France, 
Spain, Italy, Austria-Hungary, and Turkey, the 
manubcture of tobacco is a State monopoly. 
In CSaoada, Hie United States, Germany, Holland, 
and othiv European countries the manufacture 
is In private hand^ In the United Kingdom, 
tobacTO is subjected to a heavy import duty, 
bat a rebate of one-fourth is allowed on tobacco 
grown in the British Empire. Certain legpl 
restrictions are imposed, which, however, 
chMy aiect the manufacturers of the com- 
moner Jdnds of tobacco. The only substance 
allowed by law to be used in the manufacture 
of toMseco is water. The use of olive oil is 
permitted in spinning and making up roll 
tobacco, and essential mis are allow^ for 
ftsvouriiig purposes. The finished article must 
not conmn more than 32 p.c. of moisture, and I 
if it is roil tobacco, not more than 4 p.c. of olive ^ 
oiL leaves of plants other than tobacco may 

not be em^yed, nor any preservative except 
aoellc add. Ikmiad oils for flavouring pur- 
posies may be added to snuff, and the addition is 
idioweil the carbonates, chlorides and sul- 
pAites oodiam and potassium, anmioniiun 
is^ of i p.c. of lime in 4he form of 
: The anufi, when dried, however, 

imii* IM eontcln more than 26 p«e. cf dkaline 
12p.c« of tim oxides of lime 
tKjiMmsiArii aittiraliv 


the addition of foreign leaves is not pemittod, , 
hut any suitable swooning or fiavounng matter 
may be used. Sugar, honey, liquorice^ glycmin, 
gum, salt, and loffwood are the ingredients most 
commonly used for this purpose in the manu- 
&cture ox this kind of tobac^, which is knpwn 
as Cake- or Cut-Cavendish, and is manufactured 
chiefly for exportatioh. If intended for home 
consumption, this tobacco is required to be 
enolosea in a specially designed Customs* 
wrapper to distinguish it from the ordinaiy 
article, and it is subjected to a hkher rate m 
duty. The sale of cigarettes containmg sweeten- 
ing matter is not permitted. j 

Tobacco leaf is imported inuo this county 
either entire or with that portioiM of the mid-rib 
removed which cannot be used in mnufacturing, 
in which ease it is called * strips,! and assessed 
at a slightly higher rate of duty] Apart from 
fluctuations due to war-time oondilions, the pro- 
portion of ‘strip’ tobacco imported is steadily 
neolining, having fallen from 39 p.c\ in the year 
1907 to 30 p.c. in the year 1925. Over 85 p.o. 
of the raw material comes from America, and 
about 6 p.c. from other foreign sources, chiefly 
the Levant, Dutch Indies, China, and Japan. 
Empire-grown tobacco secured preferential tarifi 
treatment in 1919, and in 1925 the rebate of 
duty allowed was increased from one-sixth to 
one-fourth. About 8 p.c. is now imported, 
chiefly from India, Nyasaland, Rhodesia, Canada, 
and i^orth Borneo. The principal kinds of 
foreign tobacco used aa'i Virginia, Kentuoky, 
Western, Burley, Ohio, Ferine, Havannah, 
Japan, Java, China, Sumatra, &>meo, Turkish, 
and l^takia. The more tender varieties, such 
as Turkish, are packed carefully in bales leaf 
upon leaf, but hogsheads are the usual packages 
employed : the leaves are packed either in layers 
or in hunches of ten to a dozen leaves, bound 
round with another leaf and known as * hands.’ 
Price, colour, texture, burning qualities, aroma, 
and l^dy or drinking power, that is, ability to 
absorb and retain moistuie without becoming too 
wet, are all factors which influence manufacturers 
in selecting'tobacco. 

Imported leaf, although apparmitly dry, 
usually contains from 10 to 20 p.o. of moisture, 
but 14 p.c. may be regarded as a fair average. 
There are two rates of duty on imported leaf; 
tobacco d^nding on the amount of moistlird 

P resent. The duty on leaf containing less tbus 
0 p.c. off moisture is levied at a rate sub- 
stantially higher than on leaf ogntrining 10 p.c. 
or more of moisture. The manufaeturer of the 
cheaper kinds of tobacco endeavouis thexelore 
to secuBc leaf containing xAoistore as litHe. ip 
excess of 10 p.o. as possible, and so to obtiin a 
larger profit from the greater amount of water 
he can add in the process of manu&oture. Ip 
cigarette, cigar, am other varieties of, leaf 
requiring carefol handllpg^ a higher initiat 
percentige of mdsture is osrirab)e, and Hm . 
varietiss of leaf aometimss c<mtaixi as m 
20JP.O. of mdatuxe. 

The prinripel kinds of nmupCiotiirisd tohiinw^ 
are cut, twist or 10B, and calsa totecp r 
eigaxwttiBS, and snofl. Mmy Unds of MToit 
bmded for aimnfeetiiring out tobaoeo^ andja 
Oo ooBmooer UiA 



ThM luid then adding m outer 
'stilhetiMMiVwmadp^^ ^JBIakes’ and ‘Cut Cateodiah 


in tine United States of North Amerioa* 
winch caused a temporary shortage in the 
supphes of Viigiida leaf tobacco* Many of 
* ettbstHntes * have the distinct advantage 
of being able to retain a large quantity o^ 
moisture without appearing to be unduly mcnst. 
Other btonds are made entirely from Empire- 
grown tobacco. 

The first process in manufacturing tobacco 
is the * liquoring ’ stage : the old crude method 
of employing a watering-pot has now been 
supers^ed by the use of steam appliances which 
ensure a more even distribution of the moisture. 
When * strips ’ are not employed, the mid-rib 
of the leaf w'hioh absorbs more moisture than 
the lamina is then removed — ^this operation is 
called * stripping.’ A mechanically actuated 
knife is eiwbyea to cut the tobacco into shreds : 

’ shags such like tobaccos undergo the 
furtM pfooess of * panning,’ which consists in 
thorough^ mixing up the cut tobacco on copper 
trays heated to a suitable temperature; the 
tolNMoo is then set aside to cool on racks. The 
moisture in the common kinds averages about 
30 p.c., but the better kinds of smoking mixtures 
contain from 15 to 25 p.c. The distinctive 
flavours of these tobaccos are due either to the 
presence of Latakia, Perique, Ac., in the blend 
of leaves used or to the edition of essential oils 
such as oils of cassia, geranium, cloves, bergamot, 
and winter-green. Acetic acid is employ^ as a 
preservative. For ’twist’ tobacco the darker 
varieties of American leaf, such as Kentucky, 
Western, ^larksville, Ac., are chiefly employed, 
but a smalrquantity of Empire-grown leaf is now 
used in this class of tobacco. * Twist ’ tobacco 
is made either by hand or on a spinning-wheel : 
the damp Btrim or ’fillers’ are formed into 
ropes, the thiclmess of which depends on the 
denomination of ’ twist ’ intended to be manu- 
factured, and these ropes are enclosed in a 
ooverii^ wrapper of leaf. The tobacco, at this 
stag^ is known as ’ brown twist,’ for winch a 
condderaUe demand exists, chiefly in the North 
of England. If the tobacco is intended for 
’ black twist ’ the rope of tobacco is made up 
into ’rolls,’ consisting of several concentric 
laveca superimposed one on the other. The 
rolls, after being enclosed in oiled cloths, and 
tightly bound up with rope, are then baked in 
steam-heated h^waulic presses until the tobacco 
baeumee a rich black colour, and develops its 
full areaia; they are then removed to a cold 
preae until cool and fully matured. In order to 
itteveiit the coilg from ariddng to one another 
m i^Sg, <^ve (fil is implkd to the tobacco 
the * iqplimkig ’ and ^toUing ’ or ^ mal^ 
up* the amount of <fil used is 

fstulated 10 ae to ensure that the flnidied 
; does not oontain more than 4 p.c. oil. 
Acetic aobl and eaaential oils are idao employed, 
d nMM m fiTen to dUteeut toias 
V ^ tmu LadiM* twkt, Alloa twist, 

' itaWM^HWttoe 

Itafst is a tbiok twist 

: 'Oskia* Mmoso is 
t s h saso ar 
lalte 



ace pmined by 

cutting these cakes. 

The leal employed for the mantdacture of 
high-class cigars hae to meet many l^uke- 
meats, and Uends of difierent ,varietieB are 
therefore employed. The component parts of 
a cigar are the ’ filler,’ the ’ bunch wrapper,* 
and the * outer wrapper.’ The ’filler’ consisto 
of fragments or cuttings of leal, or even out 
tobacco. The ’ bunch wrapper ’ is shined like a 
balloon gore, and cut from a tobacco strip of 
fairly g<^ quality. The outer wrapper la.a 
long rectangular strip of leaf out from a tough 
leaf with small veins, of a light and uniform 
colour and should not possess a pronoqnoed 
flavour, as it comes in contact with the lips and 
tongue in smoking; the filler must, however, 
possess a good aroma, emit an agreeaUe odour 
on burning, and have good burning qualities. 
The finest leaf for cigars comes from Cuba, but 
Sumatra, North Borneo, Java, Ac., supply a 
considerable quantity of the leaf used for cigar- 
making in this country. The leaves are 
moistened with water, opened out oarefully, 
deprived of the midrib, smoothed out and 
sorted ; the perfect leaves are cut in halves and 
are uscii as wrappers. The ’ filler * is placed on 
the ’ bunch wrapper,* near one end, and rim 
bunch wrapper is then carefully wound round 
the filler. Over the ’ bunch wrapper * the cigar- 
.maker then winds spirally the ’ outer wrapper,’ 
commencing at the open end and finishing off at 
the pointed, or montn, end. Uniformity m the 
commoner kinds is secured by the practice of 
pressing the cigars in moulds bmore applying the 
outer wrapper. The cigars are then g^med 
and cut to the proper length, sorted aooonung 
to size and colour, dried and iMicked. Qteat 
de xterity is necessary in makiim m^an, especially 
in manipulating and keeping the cigars to shapes 
size, and weight, as. well as in evmj packing. 
The moisture in the finished cigar is ledueed to 
about 10 to 15 p.o, by storage in a drying-roomu 
The manufacture of cigarettes was intiodueed 
into this countij by a Greek in the year 186(^ 
and originally Iwush^varieties of tobacco oxdy 
were employe, but ’ Virgiqjan * blends are now 
made in very large quantities from American 
and other varieties of bright leal As the 
character and the aroma<*of a cigarette deMnd 
on the suitable blending of the various kinds of 
tobacco employed, this branch oi the tobnoeo. 
industry has become highly speoialisedL The 
tobacco used for cigarettes is ompMairiVfte 
dry, the moisture added is just sujBdSUt ^ 
permit of the leaf being satislaetcnffy enf lyr 
the machines. The finer VMietiee of cigarettes 
«e invariably made by hand, either hjy lollibi 
np the tobac^ in the papc^ or hy fiSint it 
paper tubes dosed at one' end. In rile ,lbUm 
method, charging eytinders sl^hriy smaUe^lll 
diameter are used, and the tobam is 
lerred therefrom to the tqjbes by means of Wl; 

the closed ends of the paper tubes Bmtgftfh 

S ienriy out off. A great impetus 
vun to the production of okaretteii 
emidoymetb of cigaieite-manim w 
edueh can easiiy turnout over 6Q,Att4|| 
per hour. Madunes for anurtfng ahjt j 
the oigarettw in oartons are also ^ 
singla mbaKiA lyAig able to Aal ^ 


tOBACOO. 


^aieltos Aiqf, The mtMm k 
Tairiea Moovding to tlie time they axe 
stoted in ttie dr]^-room» ftOtd tisually raogee 
from IjS to 18 p.o. ; if the tobacco ki made too 
dry it is liaUeto be ahakenoutoftheviapper; 
on the othw hmi, if the tobacco is left too dmp» 
the eigazette ivill not bum well. Mouthfdeoee 
Me often fitted to cigarettea made from T^kish 
tobacco, on account of ita superior burning 
quafity. Cigarettea varv considerably In weight; 
an ounce may contain from 12 to 40 cigarettes, 
but 20 to 30 is about the average. Sweetening 
matter is not allowed to be used in making 
cigarettes, but the paper wrappers of the 
^pectoral* kinds sometimes contain a small 
quantity of saccharin. Alcoholic solutions of 
essential oils may be added bv manufacturers 
to the tobacco usm in perfumed cigarettes. 

Snuff is sold in two forms, dry and moist, 
the former is made from the stalk or midrib of 
the leaf, the latter contains a proportion of the 
lamina. The difference in the quality is de* 
pendent on the flavour, the pui^ncy, and the 
scent The dry varieties— tne Welm, Scotch, 
Toast, and Irish kinds-~are, as a rule, 
more flfiely ground than the moist varieties. 
The moisture ranges from about 20 p.c. in 
Scotch snuffs, to as little as 5 p.c. in Irish snuff. 
* Rappees’ include such well-known varieties 
as Latakia, Macuba, and Prince’s mixture, 
and contain from 30 to 50 p.c. of moisture. The 
tobacco stalks used for snuff-making are cut 
into small pieces, moistened with alkakie water 
or sometimes with lime-water, and allowed 
to ferment, the fermentation period frequently 
lasting for several months. The material, in 
the due of Scotch snuff, is then ground to the 
required degree of fineness, dried down, flavoured, 
aqq sifted. The stalks for Irish and Welsh 
snui^ before being muod, are qently roasted, 
fcy which means the chs^teristic odour of 
these varieties is produced. For moist snuffs 
the material is ground wet in a special kind of 
mortar, and is then allowed to ferment until the 
r^uized depth of colour is produced. Certain 
lam of aimdke salts are mixed with the snuff- 
flour to increase ite pui^iency, but, as already 




may be ompb^ are defined by statute. 
Ihseiilial oili^ ground orris-root and ground 
fioBQttk bemss are used for flavouring purposes. 
AduRmtion of snuff is now rarely practised, 
but suGh snbstanoes as the oxides of iron, red 
had* lead chromates, Ac., have been used as 
cobnrfpg materidb, and chalk, magnesia, borax^ 
mmd, lad excessive quantities of alkaline salts 
£ave been employed to increase the wei^t. 
l^Kior to due passing of the Pure Tobacco 
I8a, the aduHerailon of tobacco 
w^ idgar, treade, honey, gum, Ac., and such 
; ngetaUe matters as rirabarb, odiafoot, 
AOtt vmy feneial; but in oonseqnence of 
tbb boavy pmiMliet impost that Act and 
liiq vigflaaiee of the Revemie Authorities these 
foiielbes Imve ahsiom ceas^ The enactments 
i^tlDg to the amounts of moiatiiie and oil in 
ave also atriotly eufoteed. JBuch sub* 
•Miii «i malt comttagia aoss-littsr, Ac., aie 
oMpsaiib offend as «ihsHlotsi for tobacco, 
biff- tim offmdm raiely escape detection and 
piritfMiil, IbfiaAieti^ 


manufaetumm in amwtisM snapa^ 

It as an adidtevant. thalcaft hoimm^ 
comes into their poteesrioa itiQ ktattkf a 
proportion of the sand 'fhkh was dj^poimod 
upem it from the soil by the aoriemof winid 
and rain during growth. A portion of this sand 
only is detaohSl from the leaf durix^ the manu* 
laoturing operations, which accounts for the 
presence of sand in the finished arric^. 

In the manufacture of tobacco^ a eonridmahle 
quantity of waste material is produced, siftings, 
Bweepinn, Ac., and in addition the <||uantiiy of 
stalls obtained by stripping the xxuidrib from 
the imported leaf is far in excess of that required 
for conversion into commercial kuff. R^y* 
ment of the duty, called * drawbar’ is made by 
the Grown Authorities on this remseof tobacco 
when it is exported or deposited in an approved 
warehouse to be abandoned to thaCkown, or in 
a bonded factory to be utilised m the manu* 
facture of niootine or the preparation of * sheep- 
dip,’ hop-powder, insecticides, Ac. \ Denaturing' 
materials are required to be added to the ground 
tobacco before it is allowed to be sold, in order 
to prevent such tobacco being used as a sub- 
stitute for the duty-paid article. Anthracene 
oil, bone oil, ground moss-litter, and sulphur are 
some of the substances used for this purpose. 

Statiitic$, — ^The' amount of tobacco leaf 
imported into the United Kingdom and the 
consumption of manufactured tobacco have 
steadily increased. The imports ixK the year 
1851 amounted to about 28,000,000 lbs. and the 
consumption was just over I lb. per head of 
the population ; in the year 1925, the amount 
imports was over ]5l000,000 lbs. and the 
consumption was slightly in excess of 3 lbs. per 


tobacco is now one of the most important d 
the minor industries, and according to the 
returns made in connection with the Census 
of Production for the year 1997, the number 
of persons then employed in tobacco factorise 
was 37,458. The net value of the raw material 
was £17,988,000 and, including 11,816,000 lbs. 
of manufactured tob^oo emrted, the output 
amounted to 108^,000 Ibe^ repMuting a 




different kinds was m idlovs : of ent and toU 
tobacco, 69,880,000 lbs. ; of cisaiettoa, 29,906,000 
lbs. ; of dgars, 3,696,000 us. ; metss^ 
cavendish, 8,136,000 Iba; andofsnitll^},0IMttl. 
lbs. The degiw of the popoladto of tbo. 
jffindpal kinds of tobaooo, ss asoertaued frqii 
these nguiea, is pipe tobaooo OT'ff ^e., cigaioNW 
fO-O p. 0 ., ana dgara 3*5 p. 0 . leqpemmlKt 
(%arettes have, ho«ov«r, npteiiaQp labMd ii^ 
favonr in leoent yean, and tin nraont #6# 
thdr prdl^orto nay bo wtiMitBd, lie. Mi ;; 

Tobaooo oooi^M aa io^oitaiit yn w l D lt’ii. 
a aouroe of menie in tho floeal byrtkM.ill 

tbaa draU^'sfaioe tin yeaM^di and iho Mk 
amount of dnto paid into tiko Eae b o qa sr bi 


amount of dnto paid into tiko Eae b o qa sr bf 
tbe Snantial war INM iMilr fnvfbN 

fltilUoapoiiaataioiliHi. 


OB womiiii, or bv ortw 
otM^aUviMpiMlM 
uiffiL mb* odenriiai dL ' 
oeiidiMH » 
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irtAiidi Um nir. Aoid Taluib 9*5; taponlf*, 
MtiMMNki Md iodii5 mhie, 131*9. ^ 

to Paris (Bol. tee. 1920, 17, 101), 
tobacco seeacoiitsiiMi : mtet, 9*17 p.e. ; omda 
protein, 21^ p.c. ; fet, 37*08 p.e. ; amides and 
sugar, 6*05 |ms. ; nantosana, 2*9p.o. ; oeliuloae, 
7*15 me. ; and aui, 3*84 p.e. The ash oontains 
SO|, 1*97 jp.o. ; P|Of, 22*12 p.o . ; Nafi, 3*48 p.o. ; 
KfO, 28*5 p. 0 . ; CaO, 9*54 p.c. ; IfoO, 14*63 p.o. 

A sample of oil from Kentucky seed had 

0*9408; temp, of solidiOoation, 12^; acid 
number, 4; saponif. number, 196; iodine 
number, 132*8; ether number, 192. The oil 
consisted of about 52*4 p.o. of olein, 22*1 p.G. 
of linolein, and 23*9 p.c. of palmitin. Nicotine 
is not present in ttie seed except when germinat- 
ing. The dry, fat-free seed contained 6*5 p.c. 
of total nitrogen ; 3*76 p.c. of protein nitrogen ; 
2*39 p.o. of nuolem nitrogen, and 0*35 p.c. of 
non-protein nitrogen. Arginine is present. 

TODDAIXA AOULBATA (Peis.). This 
Indian plant, belonging to the Ryiaceat^ is a 
rambling shrub found in the sub-tropical 
Himalayas, in the Khasia mountains, and 
throughout the Western Peninsula and Ceylon. 

The root bark is or was used in Madras as a 
vellow dyestuff, and it is also highly spoken of 
by various writers as one of the most valuable 
Indian medical products, tonic, 

stimulant, and antipyretic properties. It was 
introduced into European m^cine in 1771, and 
at one time enjoyed some celebrity under the 
name of ^I^opea Boot,’ but it has long since 
fallen into disuse. 

According to Brooks (Philippine Journal of 
Science, 1910, v. 442), the plant is common in the 
Philippines, but so far as is known is not used as 
a dye by the natives. 

The colouring matter it oontains is berberine 
(Perkin and Hummel, Chem. Soc. Trans. 67, 
413). A. G. P. 

TOHAKU OIL, An unsaturated acid 
CiiH|,Og, light yellow oil, was isolated from 
Tdhaku oil obtained from Lindera o&ltwtlo&a, 
B.L., and purified through the methyl ester, 
b.p. 183MS5®C„ its propmijes being as follows : 
iodine value 126*33, neutral valu^ 282*26, m.p. 
1*0®-I*6**a, 8p.gr. at 1574 ® 0*9246, 
1*44922, 1*45113, molecular refraction 

57*71 ; 100 narts of water dissolve 0*027 part 
of the at 17®0. By Baauia*s orida- 
Uon m^^ the oU yielded a hydroxy acid, 
Pi AsOt(OH)|, fine needles, Bi.p. 102®G, which 
m eariiy solttbie in tot water, aleotol, and ether, 
tot Spitting^ sdttto in eold water and ether. 
Whim the ominai aeU was oaonised and deoom- 
]MNM with not amtor, sucoinie and n-caprylio 
ooto and lamanv^^ were. Isolatod. 
7, Itosftoio ttofeeforu aari^ the formula 


CHtCCH^gCSH : OH(CHt)*CO|H 
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volume at satusatad sodium eUerids sohitlcwu 
Tbs salt is aUowed to orystaUtofmr 20-40 mto^ 
is filtered off and washed with saturated sodium 
chloride solution, dissolved in warm water, and 
t^ base liberated with slight excess of ammonia 
solution, methyl red being used as indicator and 
a measured vdume of standard ammonia briim 
run in. The precipitated tolidine is filtered off 
and washed with water and the excess of am* 
monia titrated with N/10 hydrochloric acid; 

1 o.c. of N710 ammonia solution equals 0*0106 
gram of tolidine. Test analyses carried out on 
purified tolidine gave results varying between 
99*52 p.c. and 99*96 p.o. Varimons in the 
concentrations of sodium chloride and hydro* 
chloric acid used are without appreciable effect 
on the result (8. Palkin, Ind. Eng. Chem/ 1923, 
15, 1045 ; J. Soc. Chem. Ind. iM, 42, 1121 A). 

TOUDENE {Orthotolidene) v. DmmrvL. 

TOLITE, A French term for trinitrotoluene. 
Used as an explosive. 

TOLU V, BaXiSAHS. 

TOLUENE, toluol or methylbeniene, CyH. 
or CcH.CH. ; first discovered by Pelletier and 
Walther (Ann. Chim. 1838 (2), 67, 278) among 
the by-products in the manufacture of illuminat- 
ing gas from the resin of Pinua marUimaf and 
named by them retinaphtha. • Also obtain^ by 
distilling Tolu balsam (DeviOe, ibid. 1841 (3), 3, 
168) ; from dragon’s blood (Qknard and 
Boudault, Conmt. rend. 1844, 19, 605); from 
coal tar (Mansneld, Chem. Soc. Trans. 1847, 1, 
244) ; from wood spirit and wood tar (Cahours, 
Compt. rend. 1850, 30, 320) ; from Rangoon tar 
(De la Rue and Muller, c/. Chem. Soc. Trans. 
1861, 14, 54) ; tom American petzolettm (Young, 
ibid. 1898, 73, 906) ; tom Borneo petroleum 
(Jones, Chem. Soc. tirans. 1907, 81, ll46f; said 
tom other hydrocarbons (Bittmann, Eng. Put. 
9136 of 1915 ; J. Ind. Eng. Chem. 1915, 7, 945, 
1014, 1019) ; in the products of distillation of a 
large number of substances (Bitthauaen, J. pr. 
Chem. 1854, 61, 74; Bunte, J. Gasbeieucnt, 
1892, 35, 571 ; and others) ; and in a number of 
naturally occurring substances (Poni, Anal. 
Acad. Tomane, 23; and ottors). For souroes 
of toluene, see also Bh4ad ( J. Soc. Chem, Ind. 
1917, 36, 764). 

It may ito be prepsled by the actkm of 
sodium on a mixture of bromobensene and 
^ethyl iodide in ethereal solution, thus proving 
Its constitution as methylbemsene (Flw sm 
T ollens, Ann, 1864, 131, 303) ; to the action of 
methyl chloride on benzene m presenoe of 
aiummiom chloride (Friedel and Crafts, Aim. 
Chim. 1884, (6) 1, 459; Slftoti, Bto. Pats. 
^ and 9437 of 1915; IV. Pat. 47^7), and 
by otiher methods (Qaxdenr, Chm. Xentr. 1999, 
i489; Itommai)dAch«»t,Ber.l^ 

m , jrMd of IS jko. ^ tmlbf i nk m 
S-4 ^ 0 . of rtunimiott ddwUb rt m iMaw 
of lEgrlMW for t Iwoo if. mi 

14«^. 
kMtdl 

rEAbf^'uufi-.TlES; 

^ MUMwrToatMkr 
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betwm 100^-120^ (Coupler^ DingL poly. J. 
1866i» 181, 386 ; Jjeuohart, J. jpr. (hem, 18^, (2) 
41, 301 ; c/. J. Soo. aem. Ind. 1915, 34, 170, 
416, 539, 1001 ; Bailer and Popliam, J. Soo. 
Chem. Ind. 1918, 37, 220 T). 

Toluene may be purified by treatment wiUi 
Bulfdinxio acid (Friswell, Chem. News, 1893, 68, 
27), and freed from thiotoluene by treatx^nt 
witb aluminium chloride (St. Denis Co., Fr. Pat. 
240111 of 1894 ; D. R. P. 79505 of 18941, whilst 
analytically pure toluene is obtained by con- 
verting the less pure substance into the well crys- 
talline potassium toluene p-sulphonate, which 
is subsequently hydrolysed (Miller, Chem. Soo. 
Trans. 1802,61, 1025; see also Kelbe,Ber. 1886, 19, 
93 ; Kraemer and Bottcher, %bid» 1887, 20, 601). 

Properties, — ^Toluene is a colourless liquid, 
b.p. 1 1 r/760 mm., 46*8®/92-0 mm., 38‘*/66*6 mm., 
31*9742 mm., 23726-58 mm., 14*5714-56 mm. 
(Kahlbaum, Siedetemp. u. Druck, 95 ; ef, 
Keubeck, Zeitsch. physikal. Chem. 1887, 1, 
656 ; Young, C2iem. Soc. Trans. 1898, 73, 906 ; 
linebarger, Amer. Chem. J. 1896, 18, 437) ; m.p. 
~97® to —99^ (Archibald and McIntosh, J. 
Amer. Chem. Soc. 1904, 26, 305 ; c/. Laden tog 
and Krugel, Ber. 1900, 33, 638 ; Altschul and 
Schneider, Zeitsch. physikal. Chem. 1895, 16, 
26) ; Dj! 0-8812, 0-87403 or 0-87417 (Orton 

and Jones, Chem. Soc. Trans. 1919, 115, 1067) 
B 0-8723, B|^‘0-8649 or 0-85680 (LineUrger, 
le.){ D|^0-8490, D}g®!0-8237 (Perkin, Chem. 
Soo. 'ftan*. 1896, 69, 1191); 0-8708, 

DJ?»* 0-77805 (Schiff, Ann. 1883, 220, 91); 
critical temperature 320*8° (Pawiewski, Ber. 
1883,^16, 2634); critical pressure 41*0 atm. 
(Altschul, Zeitsch. physikal. Chem. 1893, 11, 
600); magnetic rotatory power 12*16 at 13*1° 
^erkiii, /.c. ; ef, Schonrock, Zeitsch. physikal. 
Chem. 1893, 11, 785) ; vapour pressure at low 
temperatures (Kahlbaum, Zeitsch. physikal, 
Chem. 1898, 26, 586, 616 ; Woringer, ibid, 1900, 
34, 257) ; dielectric constant (Drude, ibid, 1897, 
23, 309 ; Abegg, Ann. Physik. 60, 56 ; Landolt 
and Jahn, Zeitsch. physyml. Chem. 1892, 10, 
29^; idfrikotive index (Landolt and Jahn, l.c,) ; 
mobonlar refraction 60*06 (Briihl, Ber. 1892, 25, 
3075); cafttUarity constant at the b.p.a*=4*746 
(Sehifft Ann. 1884, 223, 104) ; molecular heat of 
combustion 933,762 Cal. (Stohmann, J. px? 
Chem 1887, [2], 35, 41 i e/, Richards and Davis, 
J. Amer. Chem. Soc. 1917, 39, 341 ; 1920, 42, 
1599). For the volatilisation of tojuene in steam, 
ees Barbaody (Compt. rend. 1923, 176, 1616). 

^Die nature of the products of oxidation of 
Mime is largely dependent upon the oxidising 
aiNit emidoyed, thus, whilst chromic acid and 
miie niSrie acid jMd mainly benzoic acid, 
gjMAm persulphate yields a mixture of 
iOeaiaiaaa benzaldehyile (Moritz and Wolien- 
Ber. 18^, 32, 432), and manganese 
f aMIc and sidphuno acids yield o- and 
Imiiy'liiifltlxaii^ Hbenzddehyde, benzyl 
, Imme add, complex hydrocarbons and 
oiAox^ acids (Weiler, W. 1900, 33, 464). 

On nddetkm with manganese disdphate at 
40*-^, tofaeiie yields beozaidehyde a^ost 
. wHlst at temneiatures 
iafiifmad (&jL Ea Phi 
E. a 17a85<41f0«| totte 



oxidation of tduena by ^meaeis of lea# peroxide, 
Wnganese peroxide, cbromyl chlorme, and 
pemulphates, see Law and F. M* Perkin (Chemi* 
Boo. tW 1907, 91.260; 1908, 93, 1633), 
lor the preparation ol benzslddiyde by dxidishig 
toluene in presence of various ohMysts, see 
Woog fCompt. rend. 1907, 145, 124) and 
Ooquillion (ibid. 1873, 77, 4^). Benzaldehyde 
and benzoic acid, together with other pr^u^, 
are also obtained by the elecirolytio oxidation 
of toluene in essence of alcohol and dilute 
sulphuric acid (Renard, Compt. rend. 1881, 92, 
966; Puls, Chem. Zeit. 1901, 25, 263; Merz- 
bacher and Smith, J. Amer. Chem. Soc. 1900, 22, 
723), the course of the reactions involved during 
the electrolytic oxidation is detailed by Fichter 
(2^it. elektrochem. 1913, 19, 781)L 

100 grams of toluene contains 5 grams ol 
anthraquinone yields, after exposure to sunlight 
and air for six weeks, 40 grams of T enzoio acid, 
10 grams of isohydrobenzoin and hi irobenzoin, 
0*2 gram of l^nzaldehyde, and y*l gram of 
dibenzyl (Eckert, Eng. Pat. 182487, \1922). 

When the vapour of toluene is pae ed through 
a red-hot tube, benzene, naphthalene, anthra* 
cene, phenanthrene, dibenzyl (Berthelot, Bull. 
Soc. chim. 1867, 7, 218; Graebe, Ber. 1874, 7, 
48), styrene, diphenyl, &c. (Ferko, Ber. 1887, 
20, 662) are formed ; but when a mixture of the 
vapours of toluene and benzene is heated in ' 
this manner, a highly complex mixture of 
hydrocarbons is formed (Camelley, Chem. Soc. 
Trans. 1880, 37. 702 ; cf. Barbier, Ann. Chim. 
1876, [5] 7, 472). When electric sparks m 
passed through toluene, a gas containing 
acetylene (23-24 p.c.) and hydrogen (76-77 p.c.) 
is formed (Destrem, Bull. Soc. chim. 1884, 42, 
267; Compt. rend. 1884, 99, 138), whilst ^dis- 
tillation over rod-hot lead oxide (PbO) yields 
stilbene, diphenyl, anthracene, phenanthrene, Ac* 
(Lorenz. Ber. 1874, 7, 1098 ; Vincent, Bull. Soc. 
chim. 1890 (3), 4, 7 ; Compt. rend. 1889, 110, 907). 

When air charged with toluene vapour is 
passed over finely divided platinum or man- 
ganese dioxide, the temperature rises until the 
metals *become incandescent and the toluene, ji 
completely oxidised to carbon dioxide and waM» 
In the presefice of iron, nickel, or ooppmr oxide, 
at temperatures between 150°-300°, it is con- 
verted into benzaldehyde, bat with carbon at 
370°, benzoic acid is formed (Woog, Compt. rend. 
1907, 145, 124; c/. CoquiUion, ibid. 1873, 77, 
444). 

When tohiene is boiled in the presence ef 
aluminium chloride, a complex mixture of hydro- 
carbons, including ethyltoluene, ditdlyl (Friedd 
and Crafts, Compt rend. 1885, 100, 092), ben- 
zene, HI- and a little p-xylene (Ansdifitib Ann- 
1886,235*178; AnschOtz and ImmendMI, Ber^ 
1885, 18, 657) are formed ; irUkt iritb 
tetrabromide, methylene diloddh or Moimbm 
in the presence of amminiom chloride, I* s 6- and 
2 : 7-dimethylanthraoeike, m.pv 240f 4jbd 244*3*: 
respectively, tether witii a. iH" ’ 

anibracen^ di-m- and di-ji* 
benzene, m- and p-xylene, and 
ipgims are produced (Ftiedel and (iMMi Am* 
Ohsm. 1887, [8] 11, 208; Lavauit OtSnfbjdjM 
1904, 139, 976; 1905, 140, 44, 

1906, 143, 687 ; 1906, 146, 135, 345; UlL tfBi 
1400)« WithethjdideimditaideaMr 
on tbe otM 
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%h 0 pokit of view of * halogen carriera * and the 
eleo&odieiiiktry of light has been given by 
Banemfi (J, Phye. Oheniu 1908. 12, 417)1 When 
ehlcnine or bromine acts upon toluene, side- 
chain substitution takes place in the sunlight %t 
0** and at higher temperatures (Schramm, Ber. 
1884, 17, 2292 ; ibid. 1885, 18, 350, 606, 1272 ; 
ibid^ 1886, 19, 212; Bull. Acad. Sci. Cracow, 
1898, 61), in diffused daylight and in the dark, 
a mixture of o- and n-chloro- and bromo- 
derivatives is formed. According to Schramm, 
the most active rays are the yeJlow and green. 
fjhkseouB toluene and chlorino vapour on sub- 
iection to the action of ultra-violet rays yield 
bensyl chloride, benzal chloride, and benzotri- 
chloride (Gibbs and Geiger, U.S. Pat, 1240739 of 
1917). 

Cannizzaro (Compt. rend. 1855, 41, 517) 
found that side-chain substitution also takes 
place in the dark at the boiling-point of 
toluene. 

In the absence of a catalyst the chlorination of 
toluene at 100*^ yields benzyl cldoride almost 
exclusively, but in the presence of lead chloride, 
however, the product is a mixture of o- and p- 
chlorotoiuenes containing about 62 p.c. of the 
o-isomeride (Wahl, Normand and Vermeylen, 
Compt. rend. 192if, 174, 946 ; Book and Eggert, 
Zeitsoh. Eiektrochem, 1923, 29, 521). 

According to Haussermann and Beck (Ber. 
1892, 25, 2445) side chain substitution is greatly 
facilitated in the case of nitrotoluene by the 
Xuresenee of sulphur, whence it apf^iears that 
sulphur behaves differently from the usual 
* hidogen carriers.’ 

Selenium accelerates substitution by chlorine 
in the nucleus (Silberrad, (’hem. Soc. Trans. 
1925, 127, 2449). 

On the other hand,* nuclear substitution is 
effected in the jkresence of such 'carriers’ as 
fenie chloride, molybdenum |)entachloride, 
antimony jwntachloride, iodine chloride, pyridine, 
and the iduminium-mercury couple. 

The work of Holleman, Polak, van der Laan 
and Suwes (Proc. K. Akad. Wetenscli. Amster- 
dam, 1995, 8, 512 ; Rec. trav. chim. 1908, 27, 
435), and of Bruner anc) eo-wprkers (Zc'itsch, 
phyatkal. CSiem. 1902, 41, 513 ; Bull. Acad. Sci. 
Cracow, 1907, 691 ; 1909, 221, 265, 322 ; 1910, 
516, 660; Zeitsoh. hUektroebem. 1910, 16, 204) 


which enters the side-chain is not only inci 
by light, but ig the dark it is increased by rise of 
tempmatnie and by dilution of the reacting 
heomine, the tnfluenoe of light being greater 
than that of heat in inducing substitution in 
the side-chain (Cohen, Dawson, Blockey and 
Woodmanssy, Chem. Soc. Trans. 1910, 97, 
1623; Cohen and Datt, ibid. 1914, 105, 504; 
sss also Cbhmi and Dakin, ibid. 1906, 89, 
I4a^ 

Imlnffneiiee of the nature of the medium on 
the disiraiitiofi of brcmiiiie between the side- 
chain agdtlm nimletm has also been invesUgated, 
and ft turn been found that tbe influenoe d such 
iolvsbts as eaibon disulphide, carbon teua 
ddofidet, tMsenef cUorafom, acetic a<dd, 
heiinoiiflefle» and nitrobeiiacaie is %ot mdy 
obsemAia in the daih, bat also manifeato itself 
hi themomnel]^^ Theeiiet 

1^ to a kssar enloitt, of aaetie 


proportion of side^h^^ substitiition, whilst 
m tne case of dilution inth carbon tetraehloiide 
the distribution is the same as in the case of 
pute toluene* The ngMrt notewortto cemtribu* 
tion is the work of Cohen, Dawson, Blockey and 
Woodmansey (f.c.), who showed tlmt at the 
boiling-point of toluene moist chlorine in ibo 
dark produces nuclear substitution to the extmit 
of nearly 90 p.o., whereas, in the light, dnr 
chlorine increases side-chain substitution, yield* 
ing on the average about 94 p.c. of bmucyl 
chloride. It thus appears to be established that 
side-chain substitution is favoured by light, 
rise of temperature and the absence of moisture, 
and that the effect of moisture is opposed to 
that of light. 

Various hy})othe8es have been ^proposed to 
account for these phenomena. Briber supposes 
that side-chain suDstitution is due to momcular 
halogen, whilst nuclear substitution is effected 
by atomic or ionic bromine, resultigg from the 
dissociation of the bromine molecules. Ac^rd* 
ing to this hypothesis, the action of 'carriers,’ 
such as iodine, consists in forming compounds 
with bromine, which undergo diss^iation with 
the production of bromine atoms or ions in mu^ 
gre^ater concentration than that which is obtained 
in the case of pure solutions of bromine ; hydro- 
gen perbromide is supposed to be a diabciatitig.. 
com|K>und of this nature. 

Bruner’s theory that nuclear substitutioa 
is due to ionic bromine is shared by Bancroft 
(/.r.), who further assumes that nuclear subetitu- 
tion only occurs when negative bromine ions ate 
present in excess of the corresponding positive 
ions, a condition which would be attainea by the 
combination of molecular bromine with the 

positive bromine Ions, thus: Br|SsBr*fBr ; 

Br,-f Bx^Br^}^. On the otheT hand, Bancroft 
maintains that side-chain substitution is effected 
under conditions which tend to produce a pre* 
|K>ndcrance of positive bromine ions. 

Holleman (/.e.), hoirever, assumes that side* 
chain substitution is due to molecular bromine 
and that nuclear substitution is induced by 8 
perbromide, flBr^. 

According to Cohen (l.c.), the view that 
nuclear substitution is due to halogen in the fom 
of polyhalogcn compounds appears, on the 
whole, to be tbe more accejp4abl^ for tbe te^ta 
are difficult to reconcile with the kxnic iheoiy of 
nuclear substitution, and it must be ecuilsiissd- 
that nothing definite is known about Um 
mechanism of the process. An exidmiatioii of 
these and similar pfaeoamena on the haeia of tho 
electronic theory of valency has boon jpit 
forward by Eiy (The Electronto Cbnoofttaai 0( 
Valency, and the Theory of Betteene, by 2i« & 
IPry, Longmans, Green and Oo^ 19it)« 

FIchter and Gl antti t e in (Boiv t9Mt 0^ $ti$i 
have observed that at leeet thins amm of 
ch lorine are intimtoeed hsto the 
Mm tluynMlliyl gmm te 

k t*k«ii M av«lmo» in Mmort 
hnwtliMto ntonik dUqrinn nttadki wi 
Md noleednr diloriM fh* tibAttk akk- 
ebaib. ud tlw fact tlint tka ak Siti A im i Mi. 
oUoiteKttai k M nlmoat tenpoMlhh amp. In 
the nUptetk aaitamdbm 
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Vtvom XlsmvATirsn ot Toi^rrt m 

OaH^CHF,* By treating 
ai • difiooro • w - chtoromuene with sodium 
amak^ in aloohoUo dblufciom liquidL b.p. 
133*5\ Decomposed by warm oonoentrated 
•ulphttrkaoidorwaterat2()0%yieldiim hvdrogen 
flocnde and henaaldehyde (Swarto, Sull. Acad, 
xoy. Belg. 1900, 414). 

with w-di- 

duorocU^toluane and <c-aiohloxofluorotoluene 
by treating benaotrichloride with antimony 
fluoride. Colourless liquid, b.p. 103*5% 
J>140 i.i9eS2, w«l-41707. Very resisUnt to 
the action of water, alkalis, arylamines, phenol 
and oopper (Swarts, Bull. Acad. roy. Belg. 1920, 
389, 399). 

p • Flmro-UdMne , — By heating p • fluoro- 
toluene suinhonio add (prepared from p-tolui- 
dine m-sulphonio acid) with concentrated hydro- 
chloric acid (Fatemo and Oliveri, Gazz. chim. 
ital. 18^ 13, 535) ; by treating p-toluenediazo- 
pipeiidide (obtained by treating a cold aqueous 
solution of p-toluenediazonium chloride with 
piperidine) with concentrated hydrofluoric acid 
(Vraliach, Ann. 1886, 235, 261 ; c/. HoUeman, 
Bee* trav. chim. 1906 (2), 25, 330) ; by warming 
an aqueous solution of p-toluenediazonium 
chloride with hydrofluoric acid (Valentiner and 
Schwarz, Eng. Pat. 9827 of 1897; U.S. Pat. 
656229 j Pr. Pat. 206155 ; D. R. P. 96153 of 
1896). 

I^uid, with odour of bitter almonds, b.p. 
116M17% sp.gr. 0*992 at 25** (Wallach). 
Oxidised by cmomic acid mixture at 160'' to 
p-ftuorobenzoio acid. On nitration it yields a 
very small proportion of two fluoronitrotoluenes, 
in.p. 27% b.p. 138^-139783 mm., and b.p, 134®- 
135®/83 mm., respectively, the chief product 
being S-rdtro-p-cresol (Slothouwer, Chem. Week- 
blad, 1914, 11, 956). 

Chloro Drbzvitives. 

As pievionsly mentioned chlorotoluenes arc 
usnally prepared by means of chlorine in the 
presence of a carrier, but there are other methods 
of producing these compounds, thus the electro- 
lytic chlorination of toluene has bes^n studied by 
Cohen, Dawson and Crossland (Chem. Soc. 
Trans. 1905, 87, 1034); Brunner and co-workers, 
Bull. Acad. Sci. Cracow, 1907, 091 ; 1909, 221, 
205, 322; Fiohter and Olantzstein (Ber. 1916, 
49, 2473). Datta and Fernandes (J. Amer. 
Chem. Soc. 1914, 30, 1007) found that toluene 
•could be chlorinated by means of a mixture of 
'ilitrio and hydrochloric acids, whilst advantage 
often tak^ of the ease with which deriva* 
pves of toluene, such as the suiphonic adds, 
pm chlorinated and subsequently hy^lysed 
A. 8. F.. D, It P. 294638 of 1914^ GesTfiir 
. lad. in Basel, D. R. P. 183000 of 1901^ 
and Bcrbert, Bim. Pnt 170050 of 1980j. 
Mktlvidves of to&mim aie 
Lin the tmeleiiis by means of sodium ohknnte 
i petkand kvdroobkdead^ (Beveidin and 
fitar* l90(h 33, 2503), and this reaction 
the Sandbimm reaction readily 
tn higher eUorfaiated 

TEhe m ot powder as n 

“ ta *ho emU smiieMeritn- 



Imrans. 1900, 77, 790, Ao.V-— isoftsnol advantags 
for the pxepaxation of ohloio-deiivatives of 
toluene, me by this method bettmr yields are 
sometimes obtoined than by the ordinary 
methods. 

Toluene on chlorination in the presence of 
the aluminium-mercury couple yields 65 p.o 
o-chloro-toluene and 35 p.c« p-chloro*tolaene 
(Cohen and Dakin, Chem. Soc. Trans. 1901, 79, 
1111). For the rapid analysis of chlorinated 
toluenes, see Luba and Clark ( J. Amer. Chem. Soo. 
1918, 40, 1449). 

Fiior to the exhaustive examination of the * 
products of the nuclear chlorination of toluene 
by Cohen and his collaborators, the work carried 
out by various observers on the formation of 
dichloro-toluenes was both conflicting ara un- 
satisfactory. Beilstein and Geitner (Ann. 1866, 
139, 331), Beilstein and Kuhlberg (t6ui. 1869, 
150,313; 152, 234) in their first papers described 
only one monochlorotoluene. Hubner and 
Majert (Ber. 1873, 6, 790) found two chloro- 
derivatives, and identified them as o~ and p- 
oompounds. Aronbeim and Dietrich (Ber. 
1875,8, 1401), using molybdenum xmntachloride, 

g ave proof of the existence of two dichloio- 
erivatives, by conversion in|o the barium salts 
of the dichlorobenzoic acids, thus agreeing sub- 
stantially with Beilstein and Kuhlberg, R. 
Schultz (Ann. 1877, 187, 260) repeated the work 
of the previous investigators, and by the frac- 
tional orystailisation of the barium mts of the 
chlorobenzoic acids, obtained on oxidation of the 
crude product of chlorination, gave evideDoe of 
the existence of three dichloro-toluenes. A more 
thorough investigaiion by Seelig (Ann# 1887» 
237, 129) of the action of chlorine on toluene In 
the presence of ferric chloride or molybdenum 
chloride, showed the presence of a 2:4- and 
2 : 3-dichloro-derivative, with no mentkm oi 
either the 3 ; 4- or 2 : 6-isomeridea. Aceoxding 
to Seelig Uie 2:3- and 2 : 4-dichloroto ln eneB 
may be separated by means of their calcium 
sulphonates, and the 2 : S-diehlorotoluene gives 
a dinitro-compouttd, m.p. 121% and the 2:4- 
dichloro-toluene a dinitro-derivi^ve, m.p. 101^- 
102% Wynne (Ghem* Soc. Trans. 1892, 61, IWl) 
regards the evidence in gupport of the 2 s 3- 
formula as inoondusive, and consldeni the 2 : 6- 
formula more probable# Anustiong {Aid. 1892, 
dOl, 1035), after a study of the bromlnalioii of 
toluene carried out by Miller {AUL 1892* 91, 
1023), also favours the 2: 5-formukk MUkrfie#) 
states that by bromlnating o-bromotohiaiae, 2x9* 
dihromotoluene is formed as dilit pc^aet 
and 2 : 4-dibromotoluene as the adbridimy 
product, whilst horn j^hiomciloliiM m 
obtained 3 : d-dihromolohieBe as the ehM, sad 
the 2 : 4-iaomeride as the snhdidbn p to dn e fc ,* 
Oontiary evidence, however, is affetded % the 
work ot Willgeiodt and Sahanaiin (J# us, Gheia, 
1889, (2) SMW), who simwed that W Srom^ 
ing o-chlorotoliiess the 2x4* sad SxdHOoab* 
pounds aie fonned, ,wlilliit hf shkiritisliSf 
p-bromotcduensi the 2 x 4- and 3 x 4*dedhmiivei 
are produoed, no 2 : S^aivmtive Iwing 
daus a^ StavenhsM (Ann, 1892, WKk 22t) 
have fenSd that by Alsirihatint s-eUacotMtas 
two dieUocotoinenis aio feemed, sddaih* sSi 
ghw 2 x4* and 2 x d-dldttwruhi^ ; 
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of ohiorination. The combined results of all couple, whilst 2 : 3 : 5^: G-tettacUorotdtnene is 

! 3 


of four dichlorotoluenes formed by chlorinating 




under similar 001 


toluene in the presence of molybdenum or On the other hand, there is no evidence of the 


ferric ehloride, 2:3-, 2 : 4-, '3 : 4>, 2 : production of 2:3:4: d-tetrachlorotoluene by 

with the p) 86 ibinty of a fifth, 2 : 5-dichloro- the further chlorination of 2:4: 5-trichloro« 
toluene. The cause of these conflicting results toluene (Cohen and Dakin, Chem. Soc. IVans. 
is the impossibility of separating the liquid 1904,85,1279; 1906, 89,1453). Beilstein and 
dichloro^derivatives into the constituents by Kulilberg (Ann. 1869, 150, 298) by chlorinating 
fractional distillation as their boiling-points toluene initially in the presence of iodine and 
lie too close together, and the isolation oi solid finally aith phosphorus pentachloride obtained 
derivatives is a matter of difficulty. Cohen and pentachlorotoluene. 

Dakin pern. Soc. Trans. 1901, 79, 1111), by Benzyl ekbride, w chhrotolmit, Cfimfil 
using the alujnmium-mercuiy couple as the bv passing hydrogen chloride into beiayf alcShoI 

0 ;• (f^imaaaro, Ann. 1853. 88 . 130; iV 90, 
2 :6.,.3:^,andtheprobableexi8tenceof 2:5- DeviUe, Ann. Chim. 1841, 13] 3, 17(8); by 
Achlorotoluene, tut ^uld find no trwo of the on boiUng tolienetOmnia. 

/-Chlorotolucne on chlorination Chim. 1855. [3] 45, 468; lUitein 

yields 2 : 3-, 2 ; 6 -, 2: 4-, and probably the 2 : o- j Geitner- Aim. 1866. 139. 337! Wahl. 


i«iun pern. soc. irans. iwi, 7», nil), ny Bearyl ckloride, w-cWorotolneBe, C.H.CH.a ; 
using the alummium-mercuiy couple as the bv passing hydrogen chloride into beiayf alcShoI 

0 ;• (f^nn«aaro, Ann. 1853, 88 . 130; iV 96, 
2 :6.,.3:^,andtheprobableexi8tenceof 2:5- DeviUe, Ann. Chim. 1841, 13} 3, 17(8); by 
Achlorotoluene, tut ^uld find no trwo of the on boiUng tolienetOmnia. 

/-Chlorotolucne on chlorination Chim. 1855. [3] 45, 468; lUitein 

^ ' ■ l\ t’ ““'I F ^ ® u' Grftue*'. Ann. 1866, 139, 337 ; Wahl, 

w ^ m-chlorotoluene yields Vermeylen. Compt. te^. 1922, 

: S-dicWorotoluene, and n-chloro- , 74 ^ 946 j. the action of chlorine on tduen^ 

»“ *unlight (^hramm, Ber. 188.5, 18, 608); from 

Sri, r : dS T.i.i'Se 

01 various earners, it is preferable to obtain /t..- i^ki: 

them by chlorinating the dichlorotoluenes. ‘ r ^ 

Thus, 2 : 4 : 5- an<} 2 : 3 : 4.trichlorotoluene have 

w 1 I Q 4 UI 1 oo benzylammc and nitrosyl chlonde in ethereal 


326), Aronheim and Dietrich (Ber. 187.5, 8, 1401 ). ph“! % ‘ “ iF „ F,",'?*’ 

and Seelig (Ann. 1887,237,231), by chlorinating it®’ 

toluene wd o- or ^^chlorotolueiie in presentc of 

iodine, molybdenum pentachloride. or ferric ““ benzylaimnc (botonina. 


iodine, molybdenum pentachloride. or ferric f * 'FFot ““ benzylaimnc (botonina, 

chloride, whilst the former is also obtained, ’ 

together with 2 : 3 : 4-trichlorololuene and iH'nzv] chloride is manufat^tured by pausing 
probablya small amount of the 2 -4 :()isomeride, chlorine into toluene contained in acid-proof 
by chlorinating 2 : 4 -dichlorotoluenc in presence earthenware vessels and heated to boiling by 
of the aluminium-mercury couple, and, together » lead steam-spiral. The operation 

with 2 : 3 : 6 -trichlorotoluenc, by chlorinating ^ inte^pted when the toluene ithowf tlm 
2 ; 5-dichlorotoluene in a similar manner (Cohen Iheoreticaf increase in weight (37'5 p,"c.). Uie 
and Dakin, Chem. Soc, Trans. 1902, 81, 1340, we condensed in a reflux worm, and 

1342). 2 : 3 : 4-Trichlorotoluene is accompanied escaping hydrogen chloride pas 64 .Hi into water, 
by a tetrachlorotoluene when 2 : 3 dichloro- ^^e.P^uct is shaken with dilute alkali and then 
toluene is chlorinated in presence of tlie couple ^^ectified, by wliich means it is freed from un- 
(Coben and Dakin, ibid. 1339). 3 : 4-DichIoroto. changed toluene and liigher cWorinated products, 
tuene^ on the other hand, yields 2 ; 4 : S-trichloro- addition of a small quantity of phosphorus 


toluene almost exclxwiveljP in a similar manner. 


J he addition of a small quantity of phosphorus 
trichloride apd the action of sunlight increases 


whilst 2:3: 5-trichlprotoluene and 2 : 3 : 6 - velocity of chlorination. Very good yields 
triohlorotoluene are obtained almost exclusively *^id to be obtained by allowing sul* 

from 3 : 5- and 2 : 6 -dichlorotoluene, I’espectively. phuiyl chloride to act on an excess of toluene in 
chlorinating toluene Limpricht (Ann# ®wk at a tempc*rature a little below 130* 
1886, 139, 327) obtained a tetrachlorotoluene, (^ohl, I). R. P. 139552 of 1901). Farther. A 
2*?*ii.^*^* 276*5*, whilst Beilstein and nwxture of toluene and bleaching powder is 

Ktthlb^ ^ (Ann. 1869, 150, 286), rejieating with sulphur dioxide, and the Teaultiim 

Limpncht 8 work which they carried out in the *^« 2 yl chloride separated bv dM Oh itiS 
first st^e with iodine and subsequently with (Sonant, U.S. Pat, 1233086 of i017* i Son. 
antimony pentacliloride, obtained a product, Chem. Ind. 1917, 30, 1002), ' 

/f® b.p. 271*. Pieper, M.p, -48* (Haase Ber 1803 26 loaoi 

eblorotoluene (b.n. 280*-2fl0''^ hv luo? mi ooo. 


would be either 2 : 3:4 :’ 6 - or 
ohloiatoluenei m,p. 0l*-92* ai 
tively, or a mixture of the twi 
poonds are formed on chlorii 
IWkm, Gliem, IBoc* Trans, 
2:3(4: 6 -Tetraciiiorotoluene 
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{Hhn and ir» ZeHtcL physical. \ d]^te> GgH«CHtCi*CrOtCla, which is converted 
Cheht. 1^ 387)« slowly hy moist air into hensaldehyde. Tbo 

InsohiUe in watmr. bat by heating iHth water comwimd when heated to HOMoses hy^g^ 
to 100*-410^* or by boilhig with water under a ohlwidet fonniag a compound, GgHiCJnCl^CrOjCl, 
reflux ter 24 hours, H is converted into benayl J^^ch ^bo yicl^ bensal^hy^ with ak 
alcohol (Vandevelde, Bull, Acad. roy. Belg. (Etwd, Ann. 1^1, [5] 22, 235). With 
1897, [31 34, 804; Niederist, Ann. 1879, 196, aniline, ben^l chloride forms ^nzyhmliiie, 
353); the same transformation is still more and with methylamline it gives the hydrochloride 
teaMy eilected by boiling benzyl chlonde with of benzylmetbylaniline, from which the free base, 
the oalcuteM, quantity of potassium carbonate ^*P; 305^-306 , may be obt^ed by treatineitt 
dissolvodinabout8tolOpartsofwater{Meunier, with sodium hydroxide. The cor^gpnding 
Bull. 8oc.chim. 1882, (2J 38, 169; Baseband ethyl compound, b.p. 288^/710 mm., 1*034, 
Weiss, Ber. 1900, 33, 2702). When boiled with is obtains in a similar manner. Both these 
hydraanne hydrate in aqneons alcoholic solution, substances and their sulphonic acids are used * 
it yields a*aibenzyl-hydmine (Busch and Weiss, as intermediates in the prenaratinn of dyes. 
I.C.), dibenzyl and stiibene (Eothenburg, Ber. When treated with a metallic salicylate at 
1803, 26, 867). On oxidation it yields first 130^-140'^ benzyl chloride yields henzyl Mkylale, 
beni^ehyde and then benzoic acid, and on an odourless, colourless liquid, b.p. 208^/26 mm., 
heating with water at 200^ and distilling the which is said to be useful for external application 
product, anthracene and benzyl-toluene, amongst in medicine (Eng. Pat. 25735 of 1899). When 
othersubstances, are formed (Dorp, Ber. 1872, 5, subjected to an electric current^ hydrochloric 
1070; Ztneke, Ber. 1874, 7, 276; Limpricht, acid is evolved and stiibene is formed (Loeb, 
Ann 1866, 139, 308). When treated with Zeitsch. Elektrochem. 1903, 9, 903). 
aluminium chloride in carbon disulphide solution, Benzyl chloride is used in the preparation of 

an insoinble hydrocarbon (C^Hg). is obtained benzaldehyde and benzoic acid, and also for 
(Friedel and Crafts, Bull Soc. chim. 1885, 43, introducing the benzyl group into basic colouring 
53). Aluminium chloride or zinc dust acts upon matters, prior to sulphonatiop, in the piepara* 
a mixture of benzyl chloride and benzene yielding lion of acid colouring matters, 
dipheoylmethano and a product which on Commercial benzyl chloride generally con- 
dikiilation yields anthracene and toluene tains moisture, benzal chloride and benzo- 
(ZinolEe, Ann. 1871, 159, 374; Friedel and trichloride, chlorotoluenes, and even onchan^ 
Crafts, Ann. Chim. 1884, (6) 1, 478 ; c/. Perkin toluene. It should show the correct boiling- 
and Hodgkinson, Chem. Soc. Trans. 1880, 37, point and specific gravity. In order to deter- 
726; Hirst and Cohen, ibid. 1895, 67, 827; mine the chlorine present in the side-chain, a 
Radziewanowski, Ber. 1894, 27, 3236; 1895,28, weighed quantity of the substance is boiled for 
1130). With a large amount of tenzene in some minutes with a hot saturated alcoholic 
pmenoe of aluminium chloride, anthracene is solution of silver nitrate under a reflux^ the 
the main product (Schramm, Ber. 1893,26, 1706). silver chloride, which will represent only the 
On boiliim with zinc dust a vigorous reaction chlorine from the side-chain, is then collected 


oooum with evolution of hydrogen chloride, and and weighed (Schulze, Ber. 1884, 17, 1675). 
the product, ofi distillation, yields toluene, Benzotrichloride may be detected by the green 
authraoene, phenyl tolyl methane and a sub- colouring matter (Malachite Green) which is 
stance OgiHgf (?) (Prost, Bull. Soc. chim. 1886, formed when the substance is heated with 
[2} 46, 248). Phenyl acetate and bonzy I chloride dimethylaniline and zinc chloride (Dobner). 
in the presence of aluminium chloride yield acetic m Chlorobensyl chhnde ; by chlorinating 

anhydride, toluene, anthracene and an oU, b.p. m-chlorotoluene at its boiling-]raint until the 
3lO’-*32(P (Perkin and Hodgkinsc^, f-c.). By increase in weight aihounte to about one-hat! 
heating benzyl chloride with aromatic hydro- of that required by theory.# B.p. 213®-214®/7^ 
carbons and zino dost, the benzyl group enters mm. (Kenner and \Vitbam, Chem. Soc. Trans, 
the hydrocarbon nucleut, thus with benzene, 1921, 119, 1460). 

benzylbemeiie is lonfled, and with toluene, # p.Cktero5efizyfcAtenWc;hychlorinatingbettiyl 
l^bewylloloene, a little o*benzylloloene,anthra- chloride in presence of iodine, or more con- 
oena, and a hydrocarbon Cg|H|g are formed veiiiently, by chlorinating p-chlo»toloene at its 
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vfhim hektod with aodhim or copper, bensyl Ann. 1 » 68 , 146, 320 ; Jackson and FiekL Ain«-. 
oIik«id« is ooBvmiM into dibensyl (Oanniisaro Oiom. J. 1880 - 1 , 2 , 85 ; P. Amwr. A, 14 , «; Bw. 


llU M [Q « nTiAt > M ' 4iii 
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;il»iOB«riowics,B«r. 1884. 17,838). When 
faenqliAloiidnis boiled vHb an aqueous solutioi^ 
ot im idteato bennUebj^ it obtained. The 
httark alwfccinod,tagstW with bensoio acid 
Md an t hraoeoe, by heating benxyl chloride with 
potaunhni aittlta and a UtUe water at 150** 
(JBlUNWrBw, 1878. 8, 1745). Fnising nitric 
and pMdl «iti«bMa]d eUoride, vidist 
aasaiMaia . jWib a aixtum td hem^lainiiie, 
dibaaniMoijna and tribeonlaiiiiiie (OanniBaro, 
AHTTlISt IM. Wi mL SnnL 4, 24. 80; 
Phnwiadt, Qbh#. lawd. 1801, UB;88e). Wbra 
UaaMI wSlt «dM«^ ddorida la oarbon diaul* 
flUio gefaMon hiiaM uUoridti viiMa 4 te 


Wetrikh, J. pr. Chem. IMO, (2] 61. 187; ef. van 
Kaalte, Rec. tear. chim. 1888, 18, 387). Needles 

8*1 Afe mA it • W W 


aadNenhof.Ann. 1868,147.338). OnboiHngwM 
water it yields p-chlorobensyl alcohol (Jwrinm 
and Fim), whilst with lead nitrate it yidds 
i».dih»obMua)dehyde (BeUstdn and Knubenb 
W 18W 146, 320; 1868, 147, 358). and *i|i 
agents pchlorobenioifi acid. tte' 
aotion «i»taasium ernnide on a boiling ahohotts 
niation at m*-l 8 a*. It yishk p-cbtal^- * 

aaetoattrik jektilld. I.C.), aa^m 


TOLUENE, 


’tetMsitiiit iodide, p^cManhenxyl iodidet needlei, 
m.p. 64®, 

IHehlorcbenzyl chloride, b.p. 241®; by chlori- 
iiikiitig benzyl chloride in presence of iodine 
iBeihrtein and KnhlbeiK). « 

Trichhrdbenz^l chloride ; by chlorinating hot 
trichlorotoluene. Oil, b.p. 273®, D**® 1*647 
(Beiistein and Knhlbere, Ann. 1869, 150, 286). 

Tekwhlorcbenzyl cMoride; by chlorinating 
tetrachlorotoluene at high temperatures. Oil, 
p.b. 290®, 1*634 (Beiistein and Kuhlb^, 

Ann. 1869, 15 0,298). Further chlorination gives 
hexachlorobenzenc and carbon tetrachloride. 

Pentach^obemi/l chloride; by chlorinating 
benzyl chloride in presence of antimony penta- 
cUoride; also by chlorinating boiling penta- 
chlordloluene (Beiistein and Kuhlberg ; cf, 
Deville, Ann. 1841, 44, 304). 

Bemylidene chloride, hemal chloride, (o-di- 
chlorokluene, OsHsCHCl^; by the action of 
phosphorus pentaemoride (Cahours, Ann. Chim. 
1848, (3) 23, 329 ; Ann. 1849, 70, 39 ; Suppl. 2, 
253, 306), succinyl chloride (Rem bold, Ann. 
1866, 138, 189), or phosgene (Kempf, Zeit. f. 
Chem. 1871, 7, 79), on benzaldehyde ; by chlori- 
nating toluene at the boiling-point (ifeilstein, 
Ann. 1860, 116, 336; Beiistein and Kuhlberg, 
Ann. 1868, 146, 322; Lauth and Grimaux, Bull. 
Soc. chim. 1860, 2, 347 ; cf. Limpricht, Ann. 
1866, 139, 318) ; in nearly theoretical yield from 
toluene with 2 mols. of phosphorus pentachloride 
at 170®“200® (Colson and Gautier, Ann. Chim. 
1887, ( 6 ) 11 , 21 ). It is manufactured by chlori- 
nating jailing toluene in direct sunlight. 

Colourless, powerfully refractive liquid, b.p. 
212®-214® (Hubner ani Bente, Ber. 1873, 6 , 
804), or 203*6®/756*2 mm. (Schiff, Ber. 1886, 19, 
663), m.p. —16*1® (Zoitsch. physikal. Chem. 
1897, 22 , 234 ; cf. Altschul, ibid. 1895, 16, 24) ; 
DjI 1-2699} D®?'®’ 1-2122; Dj?'®* 1-1877; 

1-0407 (Schiff, I.C.), D**" 1-2567. 

Water at 140®-160®, or sulphuric acid at 50® 
(Oppenheim, Ber. 1869, 2, 213), alkalis and silver 
oxalizte (Golowkinsky, Ann. 1859, 111 , 252), 
convert benzylidene chloride into benzaldehyde. 
When treated with sodium it yields stiltene, 
and with c^per powder at 100 ® stilbene di- 
ohlotide, C«H|’CHC 1 ^)HC 1 *C«Hb, and the corre- 

j|^,^1884, 17, 833). Ammonia yields hydro- 
benzamide (CyHeliNg {cf. Bottinger, Ber. 1878* 
11, 840). Th^ reaction with triethylphosphine 
in presence oi alcohol at 120®-130® proceeds 
thus: 

8P(C5rf,),+C,H,a,+H,0 

-{C,H/3k»MC,H,),Pa+(C,H,),PHa+ 

wjlilst phosphonium iodide yields tribenzyl- 
phosphine (Hofmann, Ann. .Suppl. 1 , 323). 
Whi^ treats with anhydrous alkali acetates 
fyt iO -20 hours at 180®-200® cinnamic acid is 
iomed (B. A. S. F., Eng. Pat. 3330 of 1880; 
IV, Pot. 138275 ; U. E. PP. 17467 of 1880, and 
l8l232 6 t 1881). For the behaviouT of b^zyl- 
ideiie chloside with acid esters or alcohols in 
pnamoo of metals or metallic saltl, see E. 
JaedbsoUf Eng. Pat. 2878 of 1880; Fr. Pat 
137419^ JD/lt PP. 11494 of 1879, and 13127 of 

lloAi p-nitro-beiui^Seiie chloride 



(Hhbner and Bente, Ber. 1879, 8 , 883i 
Beiistein, Ann. 1868, 146, 333); mdj-hot foda 
lime forma benzmm (Limpricht, Bull* Soe. dhiin* 
1866, ( 2 ) h, 467) ; eafi zinc ethyl diluted with 
benzene forms CnH.i, diethylphen yl mi^ a ae> 
and C„H„ (Bafert, Monatsh. 1884, 4, 618), 

lienzyUdine chloride is employed in the manii* 
facture of benzaldehyde, bcu^c mxM and 
cinnamic acid. The commercial jiroduot ia 
always impure. It may bo tested by its boiling* 
point, and by determining the percentage ox 
chlorine. 

o-ChJorobemylidene chloride; from salicyt 
aldehyde and phosphorus pentachloride (Henry, 
Ber. 1869, 2, 135); by passing a current df 
chlorine through a mixture of dir . (^ohloro- 
toluene and phosphorus pentachloride' ift 150®- 
180® in bright daylight (Erdmann, Ann. 1893, 
272, 151 ; vanino, Praparative Chemm, 1923, 
vol. ii. p. 410) ; by passing chlorine over o^feiuene* 
sidphonyl chloride at 160®-200® ((Milliard, 
Monnet and Cartier, Eng. Pat. 29717 of 1896; 
U.S. Pat 606470; Fr. Pat 268607; D, E. P. 
08433 of 1896); by chlorinating benz^Mdene 
chloride in presence of iodine (Beiistein and 
Kuhlberg, I.C.). Oil, b.p. 227®-230® [H], or 
228*5® (Gill, Bor. 1893, 26. 650); D*® 1*4 [H], 
D^*® 1*399 [G]. It is decomposed by water at 
170®, yielding o-chlorobeiizaldehyde and hydro- 
gen chloride, and with chromic acid yielding 
o-chlorobcnzoic acid, whilst with silver in methyl 
alcoholic solution it yields o : o-dichloro-stilbone 
dichloride, and on distillation with dry oxalic 
acid o-cldoro- benzaldehyde is formed (Anschutz, 
Ann. 1884, 226, 19). 

p-Chlorobenzylidenc chloride ; by chlorinating 
benzylidene chloride in presence of iodine 
(Beiistein and Kuhlberg, t.c.) ; together with 
p-chlorobenzotrichloride by passing chlorine 
over toluene o-sulphonyl chloride (Gilliard, 
Monnet and Cartier, Lc.). Hubner and Bente 
(Bor. 1873, 6 , 804) obtained a chlorobenzylidene 
chloride, b.p. 255®-260®, which on oxidation 
gelded impure p-chlorobenzoio acid. p-Chloro- 
benzylidcne chloride is a liquid, b.p. 234®. 

ip) 2:4’Dichlordbemyltdene chloride: by 
passing chlorine into 2 : 4-dichlorotoluene heated 
at 230®. Liquid, b.p. about 260®. On treat- 
ment with sulphuric acid it yields the corre- 
sponding dichlorobenzaldehyde (SeeUg, Ann. 
1887, 237, 167). 

2 *. 5-Dichlorobenzylidene chloride ; by careful 
addition of chlorosulphonic acid to a chloroform 
solution of 2 : 5-dichlorobenzaldchyde. Cubic 
crystals, m.p. 42® (Gnehm and Schuole, Ann. 
1898, 299, 358). 

3 : A-Dichlordbenzylidcne chloride ; by oblori- 
nating boiling 3 : 4-dichIfirotoluene. Oil, b.p. 
257®, D*f® 1*518 (Bedstein and Kuhlbei;^. 
When heated with water at 220®, 3 : 4-diehloro^ 
benzaldehyde is formed, 

2:3; it-Triehlorobenzylidene chloride : by 
chlorinating 2 : 3 *. 4-triohlorDtoluene near the 
boiling-point. It melts at 84®, bdls at 275®- 
285®, and^yields 2 : 3 : 4-ttichiofobenzaldeh]^ 
with fumi^sulphuric acid (Seelig). 

2:4: 6--Tricmordbempliiene cMoride : by 
chlorinating 2:4: 5-tnohlorotoliiene at the 
boiling-point. LiqukLiolidifying to omtal^ 
needles at 0®. It at l^- 2 Sl^ imd hm 
ptio ]^.g 07 , Deoompomd waiter it 256% er' 
\ff sulphuric add, yiddiiq; 



mmm. 


fSeBMinia and 

K«iia^ iim. im tSS. 8M>. 

fPmcKMatdbmugUdimiMirUU ; t)y (dilotinAt- 
{og bojUbag Mnwhiofotfdtimia. liiiraid« b>p. 
a(»”>3oe% D**” i-m Wi& watw «t w it 
yidds MnciikTObeaM^^de (Beiktein And 
Kn^lbarg; cf. CtoelilA k (ja,» Eng. Pat. J6317 
of 11^14). ^ 

P«nfod^kro&en^ ; by chlorinat- 

titg beniylidono ohloride in presence of iodine 
aira sabsi^uently in presence of antimony penta- 
chlmide. Long fiat plates, m.p. 109% b.p. 334*^ 
(Beilvtein and KuhlMig), m.p. 119*5^ (Zincke, 
Ber. 1893, 26, 318). It is not affected by water 
at 300% 

Benzotrichloridet phenyhchhroform ; from 
benzyl ohloride and phosphorus pentachloride 
(Scmschkoff and Rosing, Compt. rend. 1858, 
46, 367 ; Limpricht, Ann. 1865, 134, 55 ; 1865, 
135, 80; Ban. Soc. chim. 1866, (2) 6, 468; 
Wohler and Liebig, Ann. 1832, 3, 265); by 
exhaustive chlorination of heated toluene 
(Limpricht, Ann. 1865, 135, 80; 1866, 139, 
.123) ; by chlorinating toluene (Naquet, Gompt. 
rend. 18o2, 55, 407 ; 1863, 56, 482), pr benzyl- 
idene chloride (Cahours, i6td. 1863, 56, 703); 
manufactured by chlorinating boiling toluene in 
direct sunlight until the weight of the product 
no longer increases. Colourless, powerfully 
refractive liquid, m.p. —22*5^ (Haase, Ber. 
1893, 26, 1053) or —21*2^ (Schneider, Zeitsch. 
physikai. Ghem. 1897, 22, 234); setting-point 
-17® (Altschul, ibid. 1895, 16, 24); b.p. 213®- 
214® (j^lstein and Ku^berg) ; D^*® 1*380 [L]. 
With water at 150® or with water in presence of 
iron or iron salts at 90°-95® (Schuitze, D, R, P. 
82927 of 1894) it yields benzoic and hydrochloric 
acids; with alcohol, ethyl benzoate and hydro- 
chloric acid ; with sodium ethoxide, ethylortho- 
benzoate CeHiClOCtHi),; with ammonia, 
benzoic acid, benzamido and benzonitrile ; uith 
aniline, benzenyldiphenylamidine ; with di» 
methylaniline and zinc chloride. Malachite 
Green; with metbyJdiphenylamine or diamyl- 
aniline, similar green colouring matters ; with 
aniline hythochTorido, nitrobenzene and iron 
liiings at *180® for 3-4 hours, diamino-tripbonyl- 
oarbinol (NH,C,H 4 ),C*OH(C.H 5 ) ® (Doebner, 
Ber. 1882, 15, 232) ; with phenol, dihydroxy- 
trij^enylcarbinol (l^bner, Ann, 1883, 217, 
226); with copper powder, tolane tetrachloride 
OiiEEioClit and ff-tolane di-chloride 

(Hanhart, Ber, 1882, 15, 899; c/. 
Oiiufrowioz, Ber. 1884, 17, 825); with zinc 
ethyl in presence of benzene, diethylphenyl- 
methane C«HsGH(C^Hc), (lippmann and 
Lougkdne, Zeitooh. f. Chem. 1867, (2) 3, 674) ; 
with fuming nitric acid, m-nitro-benzoic acid 
^atein and Kuhiberg, Ann. 1868, 116, 333). 
By tteating benzotriohloride with chlorine in 
aQiOaghtg ike wmwund m.p. 152®-153®, 

is brained, whicn on treatment with zinc and 
suMuric Acid yields the compound 
m-p. 102® (Smith, Jahresbericht, 1877, 420; 
Ber. 1889, )8» 33). Por the behaviour of benzo- 
tnckiaMe wik metak, metallic chioSdee and 
other salts, m E. Jacobsen (Eng, Pbt. 2878 of 
JPr, fbt, 137419; D, R. PP. 11494 of 
16^; 4^ 13127 ^ 1880); .and for its use in t^ 
pMNiraliim of rhojaadne. dyes, m B. A. 8. F. 

IbTiiiioOlS 011888). 

v ^ . beaara^ is tested by 


ekamining its bcdling-pcdat. It genmlly con- 
tains compounds ehlonnated in the nucleus. 

o-OhimbwoUrkhMde ; from salkylalde- 
hyde and phosphorus pentaohloride (Kdbe and 
Lautemann, Ann. 18o0, 115, 195), m.p. 30®, 
b.p. 260®, B 1*51 (in liquid state). With water 
at 150® it yields hydroobiorio acid and o-chloro- 
benzoio acid, and mik copper powder in presence 
of benzene it yields a- and jS-o : o-dixhloTOtolane 
dichloride (Fox, Ber. 1893, 26, 653). 

m-Chlortkenzoirkhloride ; from m-sulpho- 
benzoic acid and phosphoms pontadiloride 
(Garius and Kammerer, Ann. 1864, 131, 158) ; 
from m-h 3 rdroxy-benzoic acid and 3 mols. 
of phosphorus pentachloride at 180® (Anschiitz 
and Moore, Ann. 1887, 239, 342). I^uid, b.p. 
247®-250® (A. and M.). 

p-ChlorobenzotricMoride ; by chlorinating 
benzotrichloride m presence of iodine (Beiktein 
and Kuhlberg, {.c.); by heating p-oi^benzide 
yB 

G«H|(; ) with phosphorus pentachloride at 
^CO 

290®-300® (Klepl, J. pr. Chem. 1883, (2) 28, 
204); in small quantities by hating 1 mol. 
of p-hydroxybenzoic acid with 3 mok. of 
phosphorus pentachloride at 180® (Anschutz and 
Moore, Lc. 347) ; in small quantities, together 
with benzotrichloride, from TOnzoyl ohloride and 
phosphorus pentachloride in a similar manner 
(Limpricht, Ann. 1865, 134, 57 ; 1866, 139, 326) ; 
from toluene p-sulphonyl chloride bv the action 
of chlorine at 150 -200® (Gilliard, Monnet and 
Cartier, D. R. P. 98433 of 1896). liquid, b.p. 
245® or 255®, B^^® 1*495 (Limpricht). With 
water at 200® or warm concentrated sulphuric 
acid it is decomposed, yielding p-chlorobegzoic 
acid. 

Dkhlorc^benzoirkhlonde ; by chlorinating 
boiling dichlorotoluene. Liquid, b.p. 273®, 
D*^® 1*587 (Beiktein and Kuhlberg, Ann. 1869, 
150, 298). From the work of Aronheim and 
Dietrich (Ber, 1875, 8, 1401), as well as that of 
Schultz (Ann. 1877, 187, 260), it appears that 
by the chlorination of dichlorotoluene three 
isomerides are formed, since orudedichlorotolnene 
is itself a mixture of 3 komerides. 

2:4: 5-Trichlor6bcnzo^rkMor^ ; by passing 
chlorine into boiling tricnlorotoluene. * Very 
fine needles, m.p. 82®, b.p. 307®-308®. Decom- 
posed by water at 250, yielding 2:4:5-tri- 
cnlorobenzoic acid (Beiktein and KoUbeig, 
Ann. 1869, 156, 305). ^ 

relmcAkro56iu{o;nc^«de ; by chlorinating 
boiling tetrachlorotoluene. Needles, m.p. 104®, 
b.p. 316®. Decomposed by prolong^ action of 
water at 270® into tetrawlorobenzdk acid 
(Beiktein and Kuhlberg, f.c., 306). 

DichhrokduenehexaSihrideQ^*CfiM 
by treating toluene with an excess ox chlorine 
kand allowing the mixture to stand (Pieper, Ann. 
1867, 142, 304). Laige prisms, ]n.p. 150®, 
partially decomposed by water at 200®. When 
treated with alcoholic potash at 100® it k said 
to yield a Mrachlorotoluene, b.p. 280®-290® (but 
this is either impure or possibly a totally different 
substance), ana dichlorobenzoio aoid. 

w-l>iflverO‘ap*cktorotidueno C|H|*CC3F| ; to- , 
gether with trifluoiotcduene from bennotri- 
chlo^e and antimony fluoride. Goloitriees 
liquid of strongly irritant odour, b.p. li 
mm., D^® With mUmlt r 


TOLUENE 


•cid; and with sodium amal^m, co-difiuoro 
toluene ; with fuming nitric acid and ti^OBphori( 
oxide below 0® it yields a nUro-dematm, colour- 
liquid, b.p. 230®, D*®® 1*4638, and some 
mtrobenaoic acid (Swarts, Bull. Acad, rqy 
Belg. 1900, 414). 


ta^JM^hro-tti fium^ohluene; by the action of 3022). Jil.p. -47*8®; b.p. 162*2®/766*62 mm. ; 
antimony fluoride on benzotrichloride at low jym2^ 0*92723 (Haase, Ber; 1893, 26, 1063) ^ 


toluidine and 3^chlor9-p-to1uidine by treating 
the eorramnding hydrazines mm copper 
sulphate solution (Wynne, Chem. Soc. Tna^ 
1892, 61, 1047, 106(t) ; from the dibromide of 
dihydro-m-ohlorotoluene by boiling with quino- 
line (Klages and Knoevenagel, 1894, 27, 


^47*8®; b.p. 162*2®/766*62 mm. ; 


temperatures. Colourless liquid of piercing 
Odour, b.p. 178®-180®, D“® 1*3138, nD== 1*6180 ; 
derivative, colourless liquid, b.p. 260® 


Df?" 1*07218 (Seubert, Ber. 1889, 22, 2620); 
molecular refractive power and dispersion co- 


(Swarts, lx.). Fluorine derivatives of toluene efficient (Seubert, /.c.) ; specific gravity and. boil-,, 
have been described by Holleman (Rec. trav. 


chim. 1906, (2) 25, 330). 

o^CMorotoluene ; by chlorinating toluene in 
presqjnoe of iodine (Hiibner and Majert, Ber. 
1873, 6, 790), or better, in presence of ferric 
chloride or molybdenum pentachloride (Seelig, 
Ann. 1887, 237, 152) ; in a yield of 65 p.c. by 
chlorination in presence of the aluminium- 
mercury couple (Cohen and Dakin, Chem. Soc. 
I^ans. 1901, 79, 1119) ; from o-toluidinc by the 
diazo-reaction (Beilstein and Kuhiberg, Ann. 
1870, 156, 79; Erdmann, ibid. 1893, 272, 145; 
Sandmeyer, Ber. 1884, 17, 2651 ; Gasiorowski 
and Wayss, Ber. 1885, 18, 1939; Vanino, 
Praparative Chemie, 1923, voL ii. p. 406 ; Wynne, 
Chem. Soc. Trans! 1892, 61, 1072) : by chlorina- 
tion of toluene p-sulphonic acid, or its chloride 
or amide in sulphuric acid solution, followed by 
removal of the sulphonic group by heating 
in a current of steam (B. A. S. F., D. U. P. 
294638 of 1914) ; by hydrolysis of o-chloro- 
toluene p-sulphonic acid iy boiling with 80 p.c. 
sulphuric acid (Ges. fiir Chem. Ind. in Basel, 
D. R. P. 133000 of 1901) ; readily by hydrolysis of 


Zeitsch. physikal. Chem. 1889, 4, 76). On 
nitration it yields a mixture of o- and j^nitro- 
chlorotoluenes (Reverdin and Or^piqux, Ber. 
1900, 33, 2505). On heating with dilute nitric 
acid in a sealed tube at 130®“140® P 3 dllds 
3-chlorobenzoic acid, needles, m.p. 152®1 Wynne, 

l.C.). ill 

\i-Chlorololuene ; by chlorinating toluene in 
presence of iodine (Beilstein and Geitnw, Ann. 
1866, 1.39,3.34: Bull. Soc. chim. 1869,(2)1,251), 
or molybdenum pentachloride (Aronheim and 
Dietrich, Ber. 1875, 8, 1402), in a yield of 35 p.c. 
by using the aluminium-mercury couple (Cohen 
and Dakin, Chem. Soc. Trans. 1901, 79, 1119); 
from p-toluidine by the diazo-reaction (Gasio- 
rowski and Way ss, Ber. 1885, 18, 1939; Hubner 
and Majert, Ber. 1873, 6, 794; 'Sandmeyer, Ber. 
1884, 17, 2651 ; Vanino, /.c.) ; by hydrolysis of 
p-chlorotoluene o-suiphonio acid (B. D. C., Green 
and Herbert, Eng. Pat. 170056 of 19^). M.p. 
14^ (Seubert); b.p. J62-37756-4 mm.; D^. 

I 0847, D{|.“ 1-0749, 10C72 (Perkin, Chem. 


O.chkrotolaene o-sulphonic acid (B. D. C., Green Soe. Trana. 1896, 69, 1243), 1)??* 1 •06974(8eubett, 

-34 ^r. 1893, 26, 10o3) ; b.p. lo9-5 / Zeitech. phy«ikal. Chem. 1889, 4. 78) ; magnetic 

7o9-5mm.,n«9* l-497/(Wibaut,^c.trav.chim. rotatory power at l3-2°, 13-25 (Perkin, /.e.). 
1913,(2)32,244); DJo 1*0973, DJ^, I -0877, D|5o It is oxidised by chromic acid mixture or by 
1*0801 (Perkin, Chem. Soc. Trans. 1896, 69, 1243', potassium pennanganate (Cohen and Dakin, U. 
I^?" 1-08073 (Seubert, Ber. 1889, 22, 2520). *1^) “j-’ “ Pj ^1' 


Ifh O'Chlorotoluene in presomie of the aluminium- 
ma gn^ rotatory power at lo-4 , ld-<2 mercury couple; from 2‘ChloTO-3-toluidino Ity 

' ruitu u 1 ui -j j diazo-reaction (Cohen and Dakin, CShem. 

Soc, Tran*. 1901, 79, 1128); o-oMoiotolucoe >ul. 

{Wynne and Orceve*. Chem. Soe. 
* •' ; by chlorination of tolaoDe 

m\ •^the^wt^ o cblorotoluene in presence of ferric chknride 

molybdenum i»ntachloridc (Soattg. Ann. 

nhS J.. “ by hydnodic dichlorotolueno being lem aoluble than that ^ 
liieoke, J. pr. &»em. 1900. tlfTl. 322f*tirhikt ..L otolrdtiena, ^E!fao 


Cohen and Dakin, {e. 1120). o-Chlorotolueno t^ 

«Knto in two modification* (von Oatiomisslensky, iw„g 

Ziritaeh. phyrikal. Chem, l^, 67, Ut). ^ A*mitooii| (tWd, 

m<CMerafof«eae ,- from m-toluidine or 3- UauM. b.t>.*204--906-nj<S'mm irvdiM ».i 
ohb«^Bi*» (Wroblewekf, Ann. 1873, 168, Daffl /“' 

IHifmimf. Britoatative Ghemk^waa. **1 « 


Jm mii^feaotknfi; famt 6-«dik^^ in a mM tabs at far ^ 
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d ;i*^Uof0beiizoio in.p, 163^ (Cohen and 
BaUn, or 164"^ (Wynne and GTeeves>lx.)»or 
166° (6e6iig^ Lc»)« It jiddfl a nUro^detivaUve, 
in.p. ; a dimtro-derivaiiff€p m.p. 

71-73°; a iulphammide, in.p. 221°-222° 
(Cohen and Dakin, /.c.) ; a mdphofnyl Morid», 
needles, m*p. 45° (Wynne and Greeyes; Ic,), 
Wynne ana OreeTM state that 2 : 3*dichloTo- 
toluene on sulphoiiation yields two isomeric 
siilphonio acidi^ the one whose amide and 
chloride ape described aboTe beine accompanied 
hy 2 : 3-dlchlorotolaene 5-sulphonic acid 
(ckloride, prisms, m.p. 86°, amiae, m.p. 183°), 
but ^is was not oonfinned by Cohen and Dakin. 

(fi 2 : 4i»DiehU>rot(dnene; by chlorination of 
toluene p-chlorotoluene (S^lig, Ann. 1887, 
237||| 162), in presence of the aluminium- 
mercury couple (Cohen and Dakin, Chem. Soc. 
Txunsi 1901, 79, 1116); from 2 : d-toluylene- 
.diamine, (£rdmaan, 1891, 24, 2769; 

:Vanino, Ic.) or o-chloro-p-toluidine (Lellmann 
^4nd Klotz, Ann. 1885, 231, 314) ; by treating 
4^ i 4-dibromo-o-toluonediazomum chloride with 
hydrogen chloride in alcoholic solution (Hantzsch, 
1897, 30, 2334) ; from 2 : 4-dinitro-o-tolui- 
dme ; from o-ohlorotoluene sulphonic acid (Wynne 
and Greeves. Chem. Soc. Proc. 1895, 11, 151). 
M.p. 26-6° (Hantzsch, f.c.), b.p. l94°/735 mm. 
(Lelknann and Klotz) ; b.p. 199°-2007760 mm. 
Wynne and Greeves, l.c.), D^O* 1*24697 (L. and 
K.). • It yields a mononitro-campound, m.p. 54°~ 
'55% and a ^inUrosfiompound, prisms, m.p. 103°- 
104° (Cohen'*and Dakin, Ic. 1129) on nitration ; 
2 : 4-aichlorotoluene 5-8ulphonic acid (chhride, 
1^. 71 % nmide m.p« 177°) on sutphonation 
(Wynne and Greeves, Le.) ; and 2 : ^diohloro- 
oenzoio acid, m.p. 159°-160% b.p.* 198'^-200% on 
md^tiop (Cohen and Dakin, /.c.). 

^ : 6-DichloraUduene ; from 5-chloro-o- 
toluidine by the diazo-reaction (Lellmann and 
Klotz, Ann. 1:885, 231, 318 ; Wynne, Chem. Soc. 
7i^ns; 1892, 61, 1049); by chlorination of o- 
Tand ' miOhlorotoluene in presence of the 
^uminium^meronry couj^e (Cohen and Dakin, 
i4t.) ; , by chlorination of aoeto-o-toluidide 
^tcimwed by hydrolysis and replacement of the 
%mjno-kioan.fy cluo^e (Lellmann tod Klotz, 
uie aotioh of sodium hypochlorite 
aneto-o^toluidide followed by conversion of 
'the '^trogen chloride into 5-chloroaceto-o- 
Ibldidide, hydroiysts and replacement of the 
. amino-group by chlorine (Chattaway and 
Orton, C&em. Soc. Trans. 1900, 77, 790; Cohen 
|and Daldn, f.e. 1130) ; by hydrolysis of 2:5- 
'.diohlorotoiuene p-sulphonio acid which is pte- 
ipared hy chlorinating toluene p-sulphonio acid 
im its sdnlde salts (B. D. C., Green and Clibbens, 
i:Pai. 109O25o£ 1920; Wynne, Ic.). laquid, 
hp. 2007770 mm. (Wynne, UX 194°/7l6 mm. 
iLeB maim and Klotc), i98M997760mm., whidi 
in a treeziim inixtnre to cmtaU, 
m and Dakin, Ic.). 

; (M nilmition it yi^ a immmUro-deHvaim, 
U|^50°“51% and a dliM^*deH«aftve,in.p. 100°- 
11% and m oiidation srith dilute nitria aoid at 
1^140° for 16 hbnit it yietda 2 : 54ioUoro. 
- 168° (Wynne, U; CWieii«id 

at the almhinlnm* 
and BaU^ 
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or d-nitro-p-toluidine (Cohen and Dakin, ibid, 
1131); iwadily by distuUng an aqueous solution 
of the sodium salt of 2 : 0-dkhlorotohiene 
p-sulphonio add with superheated steam at 260° 
(Davies, Chem. Soc. Trans. 1920, 119, 873). 
liquid, b.p. 197°-199°/757 mm. (Davies), yield* 
ing on nitration a mononibo-dariwiriue, m.p, 53% 
and a dmUro-deriinaive, m.p. 121°-122® (Cohen 
and Dakin, ibid, 1132; Davies, Ic.); and, on 
oxidation with dilute nitric add in a sealed tube, 

2 : 6-dichlorobenzoio acid, colourless needles, 
m.p. 139°-140° (Cohen and Dakin, he, ; Wynne 
and Greeves, he, ; cf, C3au8 and Stavenhagen, 
Ann. 1892, 269, 224.) 

3 : 4-Diehlaroieluene ; from S-diloro-p-msol 
and phosphorus pentachloride (Schail * and 
Dralle, Ber. 1884, 17, 2535) ; by ddorination ot 
toluene, o- and m-chlorotoluene (l^ilstein and 
Geitner, Ann. 1866, 139, 341; Milstein and 
Kuhlberg, Ann. 1869, 150, 313 ; Aronheim and 
Dietrich, Ber. 1875, 8, 1401 ; Neuhof, Zeit. f. 
Chem. 1886 (2) 2, 653; Schultz, Ann. 1877, 187, 
263 ; Cohen and Dakin, he,) ; from 3-nitro-p* 
toluidine (Cohen and Da^n) ; from S-chloro-p- 
toluidine (Lellmann and Klol^ Ann. 1885, 231, 
312 ; Wynne, Chem. Soc. TranB.i892, 61, 1060 ; 
Vanino, he,) ; by hydroiyra 01 3 : 4-dichlozo- 
toluene sulphonic add (Wynne, «6fd« 1069). 
Liquid, b.p. 205-6°-206*6°/763-5 mm. (Wyime), 
200-57741 mm. (L. and KL); 1-2512 

(L. and K.). On nitration it yields 3:4-di* 
ckloro-^^niirotoluenef m.p, 63°-64% and 3:4- 
diehloro-2 : 6-d*nffroldt(efie, m,p^ 9I'5°-02*5° 
(Cohen and Dakin, Chem. Soc. Trans. 1901, 79, 
1 133 ; 1902, 81, 1349) ; and, on oxidation with 
dilute nitric acid in a sealed tube, 3 : d-diehmio- 
benzoic acid, m.p. 202° (Wynne; Cohen and 
Dakin). 


3 : b-Dkhlorololuene (cf. Hantzsch, Ber^ 

30, 2334) ; from 3 : 5-dichloro-p-toluidiiie (L^« 
mann and Klotz, Ann. 1885, 231, 323) ; from 
3 : 5-dichloro-o-tolaidine (Wynne and Greeves, 
Chem. Soc. Trans. 1892, 61, 1060) ; from 3 : 5- 
dichloroaoeto-o-toluidide (prepared aooording to 
the method of Chattaway and Orton, «5idri%(L 
69, 850) by hydiolyds with hydrochloric add 
in a sealed tube for Slburs A 150% followed by 
elimination of the amino-group (Odiea wid 
Dakin, ibid, 1133). JMLp. 26% b.p. 1^/729 mm. 
(If, and K.), or 201°-202°/atm« (Wynne and 
Greeves), sublimes at the ordinaiy tempeSsAnrew 
Yields a miro-dmvalfce, needles, 61°-62^, 
and a dimtro-dmvativef needles, soup. 99MO0^, 
and on oxidation with dilute idfctic aekf at 
150° it yields 8 : 5-dichloiobenido long 
needles, m.p. 182°-183° (Oohen apd DaUn}* ^ 
(p) 2 : 3 : 4-TndUml^^ togetiier with 
2:4: 5*trichlorotolaene, by ddoriwtfaig eltlisf 
w- or p-ohlorotoluene in iwesenceof 
or molybdenum pentaehbride (Seo^ Aim« 
^7, 237, 36, 133; Ifae nnt ie jl L Ana* 1897^. 
^,180) ; togetiber with a 
by chlonnatiiig 2 s S-dlcblovotohiene In jHasmii 
of the amminlum-niemuty togedid 

witii 2 r4 : d-trichlocotolaene and ptoMma" 
small amoant of 2 : 4 : S-tiidilofotoliieBe hr 
2:4-dyUorotdaeiie in a 
; 6m 4-nitio-2 : 3-diohloTotdaeae tar. 
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Forms a m<m(mitro-d&rivativ€, white 
m.p. 60®-61®, a 5 ; e^dinitro^derivaitve, m.p, 140 - 
141®, and a Bvlphonic acid which is decomjpowd 
by superheated steam at 210®, whilst on oaddaUon 
with dilute nitric acid in a sealed tube at 15^ it 
yields 2:3; 4-trichlorobenzoic acid, m.p. 186 - 
187® (Cohen and Bakin; Seelig, gives 

m.p. 129®). , ^ , 

2:3: Q-TrichlorotolueTie ; almost exclusively 
by chlorination of 3 ; 5-dichloro toluene in 
presence of the aluminium-mercurj' couple; 
&om 3 ; 6-dichloro-o-toluidinc (prepared by 
hydrolysis of the acetyl-derivative obtained by 
the action of bleaching powder on aceto-o- 
toluidide according to the method of Chattaway 
and'Orton, Chom. Soc. Trans. 1900, 77, 701) by 
the diazo-reaction, and from 2 : .5-dichloro-w- 
toluidine. Long needles, m.p. 4/)®— 40®, b.p. 
229®~231®/767 mm. Yields a nitro-derivaticc, 
felted needles, m.p. 58®-59®, a dinitro-derivative, 
flat needles, m.p. 149®~150®, and with 20 p.c. 
nitric acid in a sealed tube at 140®, it yields 
2:3: 5-triohloroberizoic acid, m.p. 1()2® (Cohen 
and Bakin, Chem. Soc. Trans. 1902, 81, 1330). 

2:3: ^‘Trichloroioluene ; almost exclusively 
by chlorination of 2 : 6-dichIorotoIuenc ; to- 
gether with 2 :*4 : 5-trichlorotoluene by chlorina- 
tion of 2 : 5-dichlorotoluene in presence of the 
aluminium-mercury couple ; from 2 : 6-dichloro- 
m-toluidine by the diazo-reaction. On nitration 
it yields a mononitro-derivative, long needles, 
m.p. 57®-5S®, and 2:3: €i-trichlorO‘4: : 5‘dinitro- 
loluene, prisms, m.p. 140®- 142®, and on oxida- 
tion, 2:3: 6-tricblorobonzoic acid, flaky crystals, 
m.p. 163®-164® ((k)hen and Bakin, Chem. Soc. 
Traps. 1902, 81, 1331, 1343). The chlorination 
of toluene p-sulphonic acid or its soluble salt^ 
results in the formation of 2 : 5-dichloro- and 
2:3: 6-trichlorotoluene p-sulphonic acid. The 
latter is readily separated on account of the 
much greater insolubility of its sodium salt, and 
on hydrolysis a good yield of 2 : 3 : G-trichloro 
toluene is claimed (B. 1). C., Green and Clibbens, 
Eng. Pat. 169025 of 1920). 

(a) 2:4: 5’Trichlorotoluene, together with 
2:3: 4-trichlorotoluei!b by cldorinating toluene 
in presence of iodine (Liiwricht, Ann. 1866, 139, 
326), p.c. of mo];^BdGnum pentachlorkle 
(Aronheim and Bietrich, Ber. 1875, 8, 1401) or 
ferric chloride (Seelig, Ann. 1887, 237, 131), the 
crude product being shaken with two }>arts*of 
fuming sulphuric acid for a minute at 60® 
(whereby only the 2 . 3 : 4-isomeride is sul- 
phonated) and precipitated with water and 
stetfina distilled ; together with 2:3: 4-tri- 
ohlorotoluene and probably a small amount of 
2 : 4 : 6-trichlorotoluene by chlorinating 2:4- 
diehlorotoluene in presence of the aluminium- 
mereuxy couple; together with 2:3:6tri- 
ohlorotoluene by chlorinating 2 : 5-dichJor(i« 
toluene in a Bimiiar manner, and as sole product 
by chlorinating 3 : 4-dichlorotoluene in a similar 
manner ; from 4 : 6-dichloro-m-toluidine and 
4 : 6-dichloro-o-tolaidme (Cohen and Bakin, 
Chem. Soc. Trans. 1902, 81, 1332, 1343); from 
2 : 5-diehloro-p-toluidine and fl-chioro-2 : 4- 
toluylenediamine by the diazo-ieactton (Morgan 
and Brew, ibid. 1920, 117, 789; 1900, 77, 12W). 
Long white needles volatile with steam, m-p. 81"^- 
82® (Cohen and Bakin), b.p. 1^®*^230®/716 mm* 
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m.p. 226*-227% and«on oxidatioa 
ohlorobenzoio aoid, 

162<’-164”(Colu>Dandl>a]dn; Saeilg; 

Ann. 1867, 142, 301). « « ^ 

2 • 4 : ; see 2 : Sr 4^ and 

2:4: 5 -trichlorotoluones ; by chlorina^gaoeto- 
m-toluidide in glacial aoetic aoW — hydrochloric 
acid solution by means of sodium chlonte St 
16®-25®, followed by ^drolysiB and eliittiiiatioii 
of the amino-group (C3ohon and Bakin, CSiem. 
Soc. Trans. 1902, 8J, 1335); frtmi O-chlcm* 
2 : 4 -toluylenediaminebytheSandmeyerreactio» 
(Morgan and Brew, ihia, 1920, 117, 786). Long 
white needles, m.p. 33®-34®, yielding pn nitmtion 
the Z nitro derivative, m.p. 64® (indg^tc), the 
3 : 5-dinitrO‘deripative, m.p. 178® ''180®, on 
oxidation 2:4; 6-trichlorobenzoic ^^id, «.p. 
160®-161® (Cohen and Bakin, Ic.). ' * 

3:4: d^Triehloroioluem ; by by8rol;piB of 
potassium 3:4: 5-trichlorotoluone Sttlfmonate 
(Wynne, Chem. Soc. Trans. 1892, 6l, 1070); 
from 3 : 5-dichloro -p-toluidiuo or 4 ; 6*dichloro- 
;n-toluidine (Cohen and Bakin, ibid. 1902, 81, 
1336) ; as a derivative of the products of the 
action of sulphttr\d chloride on aceU)-w-toluidide 
(Wynne, ibxd. 1892, 62, 1042). M.P. 44-5®'- 
45*5®, volatile with steam (Cohen and Bakin). 
On oxidation with dilute nitric acid it yields the 
corres|x>nding trichlorobenzoic at^kl (Wynne ; 
Cohen and Bakin). 

2 r 3 : 4 : 5- Tctrachlorotciuenc ; from 2:4;5* 
or 3 ; 4 ; 5-trichlorotolueno by nitration, reduc- 
tion and riMilacemcnt cif the amino-group by 
chlorine. There is no evidence of lortnailon 
of this substance by the further chlorination of 
2:4: 5-trichiorotolueno (Cohen and Bakin, 
Chem. Soc. Trans. HKHl, 89, 1453) ; the product, 
m.p. 86®-88®, previously stated {ibid. 1904, 85, 
12H0) to be 2:3:4: 5-tetraehlorotolucne is 
prol>abIy a mixture of tetrachlorotolucfic and 
trk'hlorcmitrotoluenc (m.p. 81®). 2 : 3 : 4 : 5- 
Tetrachiorott>luene melts at 97®-98® and forms a 
ftiiro’derimtive.^ m.p. 159® (Cohen and Bakin, 
ibid. IIKH), 89, 1483). 

2:3:4: Q-TeirachloroUdueM ; from 2:4:6- 
trichloro-aceto-m-toluidide by hydrolysis and 
replacement of the amtno-mitp by chlorittc; 
by further chlorination of 2:4: 6-trichloiOr 
toluene in presence of the alttminiain-mefoiii^ 
coujde. Shining needk^i, imp. 9i*5®-4tt®« 
yUro-derivativCt m.p, I3l®-134® (not pare), and 
on further nitration a c/mpauni^ l%hly rBmetiv 9 
plates, m.p. 153®, is formed (Cohcti and Dal^ 
Chem. Soc. Trans. 1904, 85, 1280, 1284). 

2:3:5; i^Teirachhrakdu$ne ; from 8 : 8 1 •- 
trichlorotoluene by nitmtioii, rsdoetioit ssMt 
replacement of the amino-groop by 
by chlorination of 2 ; 3 : 5* and 2 : 3 : 
toluen^ in presence of the sJlitlliiaiumi»a^^ 
20 uple. White c»i>aij[ue fsltsd mbdim, llt^ 
94® ; i nibr(hdmpali»€^ small baxafoml 
in.p. 160®-152® (Cohen and BSOhsnTi^ 
Trans. 1904, 85, 1281), Tim 
derivatives obtained by UmiMdiQM fiMu 
m 189, 327), Beilste inland 
1869, 150, 286), and Befwr fA^ l«it 
W5) ^ impure, A teUacMow^olii^ hm 
^ obta^ia 80p.o. si^iatiilhMn 

«ai K 

pwtMddototnhHOi^I 

k ^ Uimm ifil 

Uorid, via mtitaai S* 
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vliibt* ^ tlie temperatufe be' 
kept tridifootolaene is formed 

[Oftsselk ft 0o.t iSog. Pet 16317 d 1914). 

i^mioelUbidQ^^ l^•dllorillatil)iff toluene 
initie% in presence of iodine and finally in 
piesenoe of dhosphoros pentaobloride. Long 
^-liJm needieSi m.p. 218^ b.p. 301^ (Beilstem 
snd KuUberg^ inn. 1869, 150, 298). 

Brom dmvtUms.'^A quantitative ezamina- 
bion of the infiuence of light, temperature and 
li^mine ' carriers ’ on the action of bromine on 
sn excess of toluene has been carried out bv 
KoUeman and van der Laan (Proc. K, Akad. 
Wetensoh. Amsterdam, 1905, 8, 612), van ./der 
Laan (CSfaem. Weekblad, 1906, 3, 15), Holleman, 
Polaok, van der Laan and Euwes (Rec. trav. 
shim. 1908, (2) 27, 435 } ; cf, Andrich and le Blanc 
[Zeitsoh. Wins. Photochem. 1916, 16, 148) and 
Bwensson {ibid, 1921, 20, 206). The investiga- 
tions of van der Laan have left the question 
undecided whether m-bromotoluene is formed 
by the bromination of toluene in addition to o- 
snd p-bromotoluene and benzyl bromide. 
Holleman (Rec. trav. chim. 1914 *(2), 33, 183) 
concludes, on the evidence of the index of 
refraction and of the first and second points of 
solidification of the products of bromination, 
that fa-bromotoluene is not produced when 
bromine acts on a large excess of toluene. 
Cohen and Butt (Chem. Soc. Trans. 1914, 105, 
504), however, arrive at a contrary conclusion 
when using the aluminium-mercury couple, 
although Holleman regards the experimental 
proof of the presence of m-bromotoluene as not 
Bufficiently uefinite. A further proof of the 
eontontion of Cohen and Dutt is given in Chem. 
Soc. Proc. 1914, 30, 271. 

In addition to the ordinary methods for 
luominating toluene, a mixture of nitric and 
Dvdrobromic adds may be used, but it is prefer- 
able to use a mixture of bromine and nitric acid 
iPatta and Chatterjoe, J. Amer. Chem. Soc. 
1916, 38, 2545). 

o*Bromotolaene on further bromination in 
of the aluminium-mercury couple 
i mainly 2 : 5-dibromotoluene with smalW 
boantities of 2:4-dibromoioluene; ^m-bromo- 
similarly yields 2 : S-dibromotoluene 
' with 3 : ^dibromotoluene, a little 
|r4 : 5^tribroxnotoluene and a trace of 3 : 4-di* 
omotblueDe; whilst p-bromotoluene yie)^ 
11 4«dibromotoluetie as the main prodhiot 
ether with 3 : 4-dibTomotoluene (Cohen ^d 
Ip Le,) and 2:4: 5»tribromotolueiie (Miller, 
1892, 61, 1023). 

,2 : 3*>&ibrcimotoluene on similar treatment 
2 : 3 : 6-trihroiuotoluene as the main 
Ud, together with a little of the 2 : 3 : 5- 
, whilst the presenoe of 2:3:4* 
oluene is doubtful; 2 : 4-dibiomo* 
> yields a mixture o{2:4:5-aiid2;4:6- 
lotofaieiies; 2:5-dibromotelttene yields 
2i4i64adbroiiiotolueiie together with 
,Si2;6*laoiiieridb; vrbibt 3:4«dibromq* 
ylilds nislnly 2:4{5*tiifaromc^iieiie, 
4dth a venr iSBsll amount of 3:4:5* 
BtoliMie,^ 

1 1 fi^lrifaforadicdneim (CU^ 

** 1914, 195, 501), The faronddatto 
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2-oh]oro*4*btomotolueiie ; of m*eldoxotolueike, 
3*chloro*6*bcomotoluene and smaller quantities 
of 3*ehlorD-4*bromotolii6ne ; of p-chlorotoluene, 
fludnly 4*ohloro-2*hromoioluene together with 
4-qhlorq-3-bn>motolaeii6. The ohkmnation of 
o-bromotoluene under similar conditions yieldB 
mainly 4*ohloro-2*bromotoluen6 together with 
6-ohloro-2*bromotoluene ; of m-bromotolnene, 
mainly 6-chloro-3-bromotoluene together with 
4-chloro-3-bromotolttene ; and of p-bromo- 
tohiene, 2-chloro-4-bromotoluene as main pro- 
duct together with 3-chioro-4 bromotoluene 
(Cohen and Smithells, ibid, 1914, 105, 1910). 

Benzyl bromide ; by saturating benzyl 
alcohol with hydrogen bromide (Kekm4, Ann. 

1866, 137, 190) ; by the action of bromine on 
toluene at the boiling-point (Beilstein, Ann. 

1867, 143, 369; Jaewn and Field, Amer. 
Chem. J. 1880-1, 2, 11), in sunlight (Schramm, 
Ber. 1885, 18, 608; c/. Grimaux and Lauth, 
Bull. Soc. chim. 1867 (2), 7, 108). From benzyl 
chloride and arsenic tribroinidc (Brix, Ann. 1884, 
226,163). Liquid, b.p.l98'-199'’ 1^*1*4380. 
The vapour has lachrymatory properties. 

The zinc-copper couple reacts energetically 
with benzyl bromide yielding two isomeric 
benzylenes (C,H«)jB with evolutiSn of hydrogen 
bromide, wldlst i]E the reaction be carried out in 
ethereal solution no hydrogen bromide is evolved, 
and toluene and dihenzyl are formed when the 
reaction product is treats with water. Similar 
products are obtained in presenoe of ethyl 
alcohol or water (Gladstone and Tribe, Chem. Soo. 
Trans. 1885, 47, 448). 

o-Bromdbemyl bromide ; together with the 
p-compound by brominating crude toluene, most 
of the p-compound being removed by pieodag 
the cooled pr^uct, the remainder being disliUed 
with steam when the o-compound dimls fimt; 
in a pure condition by brominating o-bromo* 
toluene. Crystallises at 0^ in veiy puimiit 
rhombic plates, volatile with steam, m.p.^% 
and on treatment with sodium in ethereal 
solution it yields phenanthiene, aztthiaoe&e. 


Amer. Chem. J. 1879, 1,* 93; 1880-1, 2, 315;" 
Ber. 1876, 9, 932; 1879, I?, 1965; 1880, 13, 
1218). 

m-Bromcbenzyl bromide; by bromliiatiiig 
hegted m-bromotoluene. Pungent j^tes or 
ne^ee, m.p. 41^ sl^tly volatile wtUi steam, 
but very volatile with ether vapour; IQca a* 
bromobw3ri bromide, it is unattached Igr 
ohiomio add (Jackson, Ber. 1876, 9, 9SI; 
Amer. Gbem. J. 1879, 1, 93). 

p-J^’ornoteiisyl bromide; by passing faiom^ 
vapour into ooiling p-bmmotdlnm ; by 

brominating benzyl bromide (Jacksem, Lc.) ; ^ 
brominatiim p-br^otohiene in the edd and in 
brsaenoe of sonlkht (Sohzamm, Ber. 1884, IT, 
^2; 1885, 18, 350). Veqr pnagiM needlmi 
or large rhombic prisms, imp. 51^ vdatfbuhh 
steam. When bdkd with slcdk^ pctadi tt 
irombbengyl alcohol and etb " * 

(Bths, J. pr. Ghcin, 18^1! 
and with ^dne tet jM/^diT 
VSnMp 04m ebto. ttat. 1888, 
and Stelh^ imm 1808, 13! 


plmqpiHViwpcmtol^ 
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fund Quedenfeldt, J. pr. Chem. 1898, (2) 

Liquid, b.p. 166®/23 mm., 1*61, nu -1-641 
It u decomposed by cold water forming hydrogen 


t yields — . _ 

mm. (0«H5-CHBr0C8H5 ?), which on t^tmen 
with water yields hydrogen bromide and 
benzaldehyde (Curtius and Quedenfeldt). ^ With 
sodium at 180® it yields toluene and dibenzy!* 
(Michaelson and Lippmann). 

p-Bromdbemyl chlonde ; by heating p-bromo 
benzyl alcohol with fuming hydrochloric acid a1 
160® for .3-4 hours. Glistening needles, ra.p. 
38®-39® (Errera, Gazz. chim. ital. 1888, 18, 239) 
o-Brcmotoluenei together with p-broino 
tolupne by brominating cold toluene in the dark 
in daylight or in presence of iodine (Longuinine. 
Ber. 1871, 4, 514; Dmochowsky, Ber. 1872, 5, 
333 ; Schramm, Ber. 1885, 18, 607 ; Glinzer and 
Fittig, Ann. 1865, 1.3.3, 47; 186.5, 136, 301: 
Kekul4, Ann. 1866, 137, 192; Cannizzaro 
Ann. 1867, 141, 198; Beilstein, Ann. 1867, 143 
369; Fittig, Ann. 1868, 147, 39; Hubner and 
Post, Ann. 187.3, 169, 1 ; Hubner and Jannasch 
Ann. 1873, 170, 117; Hiibner and Wallach 
Ann. 1870, 154, 293 ; Zeit. f. Chem. 1869, (2) 5 
22, 138, 499 ; JRosenstiehl and Nikiforoff, Chid. 

1 869,’ (2) 5, 635 ; H ii bner and H^tschy, ibid. 1871, 
(2) 7, 618; Lauth and Grimaux, Bull. Soc. chim. 
1866, (2) 6, .347 ; 1867, (2) 7, 108; Miller, Chem. 
Soc. Trans. 1892, 61, 1025). 

The product is shaken wi*h dilute sodium 
hydroxi<fe to remove bromine, steam distilled 
and fractionated. The cnide mixture of o* and 
p<bromotoluenes is then subjected to the 
alternate action of a good freezing mixture and 
weakly fuming sulphuric acid, when an approxi- 
mate separation is effected (Miller); another 
method of separation is given by Keyman (Bull. 
Soc. chim. 1876, (2) 26, .533). A better method 
of preparing o-bromotoluene is to add bromine 
to a concentrated solution of pure potassium 
toluene p-sulphonate and to heat at 60®-70®. 
The mixture is then steam distilJod, when the 
o-bromosulphonate crystallises from the residual 
solution on cooling, "pn hydrolysing the latter, 
pure o-bromotoluene Is obtained (Miller). It 
may also be prepared from o-toluidine by the 
Sandmeyer reaction (Wroblewsky, Ann. 1873, 
168, 171) and together with naphthalene by the 
action of a*bromonaphthalene on toluene .in 
the presence of aluminium chloride (Roux, Bull. 
Soc. chim. 4886, (2) 4.5, 520). M.p. -25*9®; 
b.p, 180*33®/753*91 min, (Haase, Ber. 1893, 26, 
1053 ; c/. Feitler, Zeitsch. physikal. aiem, 1889, 
4, 73); D*: 1-4437,D}|: 1 -iSOOor 1 •431 ,D“:i-4222 
(Perkin, C%ein. Soo. Trane. 1896, 69, 1243; 
Miller, 1892, 61, 1029 ; Kelbc, Ber. 1886, 
Ifl, 93), 1-4222 (Scubert, Ber, 

2520), D***-**® 1-21861 (Haaae, l.c.) ; 
refractive power and diapersion 
(Senbert, lx.)i magnetic rotatory 
16-7* 15-67 (Perkin, lx.). ' 

On treatment with dilute nitric acid (Zincke, 
Ber. 1874, 7, 1502) or by prolonged heating with 
potaMinm fenooyanide (Noyes, Amcr. Chem. J. 
1985, 7, 145) it is oxidised to o-bkmobenaoio 
^ ; ijdth chromyl chloride in carbon 
d^ldude loiiilaon, followed by decomposition 
watM-, it jjekia o.i»oino. , 
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(Stuart and Elliot, C&em. Soo. Ti*niu 1.8^ (m, 
804). When brominatod in pie^ ofk^ 
(Miller, ibid. 1892, 61, 1<»8) « 
mercury couple (Colmn and Dutt, 1914, JOfc 
501) it yiel(& 2 : 5-dibromotolnene and a nnau 
quantity of 2 : 4-dibromot-olueiie, and on vedue* 
tion with hydriodic acid and phosphorus s^fiO® 
it yields toluene (Klages and Lisoke, J. pr. Ghoixu 
1900, (2) 61, 322). The zino-copper wuplo has 


1889, 22, 
moleculaf 
coeHicient 
power at 


no action (Gladstone and Tribe, Chema Soo. 
Trans. 1885, 47, 448). For its conversion into 
o-ditoiyl, see Fittig (Ann. 1866, 139, 178) and 
Cameliey (Jahresbericht, 1877, 384), and for the 
twq modi6 cations of o»bromotoluene, ass 
Ostromisslensky (Zeitsch. physikal ♦, Chew* 1906, 

57, 341). * 1 ‘ ^ 

For its conversion into o-cresol, fee isooroox 
(Compt. rend. lfK)3, 1.36, 158; BuUh^ Soc. ohiin. 
1904,(3) 31,34). J 

III- Jiromtjtoluene from iii-toluidme by the 
diazo -react ion and from tw-bwmo-p-ioluidinc by 
the elimination of the amino-group (Wroblewsky, 
Zeit. f. Chem. 1871, (2) 7. 609; Ann. 1878, 
168, 155; cf. Grete, ibid. 1875, 177, 231 ; 
Morgan and Clayton, Chem. Soc. Trans. 1^5, 
87, 950) : from m-brorno-p-toluidino by nitration, 
elimination of the amino-group, reduction and re« 
placement of the amino-group by bromine (Wro- 
blewsky, Ann. 1878, 192, 206). M.p. -39-8®; 
b.p. 183-67 7759*46 mm.; 1*20082 

(Haase, Ber. 1893, 26, 1053; Fcitlor, Zeitsch. 
physikal. Chem. 1889, 4, 73); I>|?* 1*10988, 

H**" M009 (Wroblewsky) (Seubert, Ber. 1889, 
22,2520). Optical behavrour(8eub(^rt) Oxidised 
by cbroniic acid to ni-bn>mobenzoic acid. When 
sodium acts on a mixture of m<bromotoluene 
and bromolienzcme in ethereal solution at 40®~ 
5t}® for .5 hours, a mixture of diphenyl, m-ditolyl 
and ?«-]ihenvltoluene is formed (rerrier, Comi^ 
rend. 1891, 1 14, 484 ; Bull. 8oc. chim. 1892, (3) 
182). On bn>minatioti in presence of the 
aluminiura-inereur>* couple, in-bromotoloens 
ields 2:5- dibrc>motoluene, 3:4- dibnnno- 
toiuene, a little 2 : 4 : 5 - tribromototuene * 
nd a trace of 3 : 5-dibromotolaene (Oohen 
nd Dutt, Chem. Soc. Trans, 1914, 105, 508), 
w'hilst on shlorination under similar conditions 
yields mainly 4-chloTO-2-bromoifl4oeiie 
bogetner with 6-ehk>ro-2-br«imotolaene (Cohen 
and Smitheils, ibid. 1914, 105, 1910). 

p-Brofnatoinene ; together with o-hromo* 
toluene by brominating cold t4tluene (see under 
»-bromotoIuetio and Hubner and Post, Ann* 
873, 169, I ; Miller, Chem. goo. Trans, 

1, 1025; Micbaelis and Qenaken, Ann* 
887, 242, 165) ; Uigetber a*ith o-bitmioioiiMnis 
-sulphonic acid by brominatlM potssrinm 
oluene p-sulphcmaie (kliifer). The innitools 
the latter reaction are steam dMiuedi asd 
he oily, volatile product, consMteg of p^hfomo* 
oluene, a dtbromoioluono and 
»romide, is fnmrinnaJly rikrtiUwi. Th, ttMtifla 
wiling »t ftbont 185* wilidiilM on floobif mi 
wnninto of p-broinotolWMMi, ll tMidfIr 

ion (Miller). 

Rhombk- eijvtob (Hfibnur and fW*) # “ 
(Mator); m.p. »$*i 
(HiilKwr Mid Pi(Md) Of ItHi 


85-2* 
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IMin, M0309 ^Hfibner ud PMtj 

ef. lUtbrKD^ 1 '38977 (Seubeit. Per. 1889, 
m, »!»; d, Kekuli. Aaa. 1866, 137, 
192) ; magoism rotaioiy )fow 0 t ai 39^ 15*00 
(BEirkin); optical belmtkiir (8^ 

On mnlnation in pmence of the Mtuninium* 
mercury cbu^ (Oohen and Dnti» Chem. Soo. 
Trans* 1914, 105, 509) or iodine (Miller, ibid. 
1892, 61, 1304)vit fields 2:4- and a little 
3 : 4-dibromotoiuiene, and on treatment with 
chromyl chloride in carbon disulphide, foUowed 
by decomposition of the product with water, 
it yields p-bromobeuzaldeavde (Etard, Ann. 
Chim* 1881, (5) 22, 241), whilst on reduction 
with hydriodic acid at 250^ it is converted into 
toluene (Klages and Liecke, J. pr. Chem. 
1900, (2) 61, 322). Sodium reacts Urith a 
mixture of p-bromotoluene and bromobenzene 
to form p*phenyltoluene (CamoUey, Chem. 
Soc. Trans. 1876, 29, 16; 1880, 37, 706). 
With sodium it yields 4:4-ditolyl, dibenzyl, 
3 : 4-ditolyl and 4-toly]phenylmethai)e, etc. 
(Zlncke, ]^r. 1871, 4, ; Longuinine, Ber. 

1871, 4, 514; Weiler, Ber. 1899, 32, 1056). 
The zinc-oopper couple has no reaction (Glad- 
stone and Tribe) .w^hilst chromic acid yields 
p-bromobenzoic acid. When chlorinated hot 
p-bromotoluene yields p-bromobenzyl chloride 
(Boeseken, Rec. trav. chim. 1904, 23, 98). It 
condenses with benzophenone in the presence 
of sodium to yield p-tolyldiphenylmethane 
(Acree, Amcr. Chem. J. 1903, 29, 588). 

The magnesium derivative of p-bromoioluene 
on treatment with oxygen yields p-cresol 
(Bodroux, Compt. redd. 1903, 136, 158 ; Bull. 
Soc. ohim. 1904, (3) 31, 34), whilst it condenses 
with 'ethyl-o-formate to yield p-tolualdohydo 
(Bodroux, Bull Soc. chim, 1904, (3) 31, 5*86; 
Compt. rend. 1904, 138, 92, 700), with dimethyl 
sulphate to form p-xylene (Werner and Zilkens, 
Ber. 1903, 36, 2116; Houben, ibid. 3083), and 
with carbonyl sulphide to form p-thiotoluic 
acid and a little tritolyl-carbinol. A similar 
reaction takes place with the magnesium deriva- 
tive of o-bromotoluene (Weigert., ibid. 1007). 

2 : 3-i)»brofttokd«sne ; from 5:6-dibromo- 
pis^tdttidine by elimination of the amino-group 
fMevile and Winther, Ber. 1880, 13, 962 ; 1881, 
|4, 417; Chem. Soo. Trans. 18^, 37, 420). 
According to Fittig (Ann., 1868, 147, 39) a 
pAmikMmM, long needles, m.p. 107^-108^ 
obtained by brominating cold toluene with- 
at the addition of iodine. The constitution of 
product is questioned by Nevile and 
nntner, and Miller (C&em* Soc. Trans. 1892, 
\t 1031) regards it as being probably impure 
s 4 : 5*tiibiomotolttene. 

2 j 3-])i)iromololuene melts at 27*4^7*8^ 
and WJ or '80*-31® (Wynne, Chem. Soc, 
nSi Uiw* 61, 1040)* On oxidation with 
ibtld niHiio acid at 130^ 2 : 3-dibromobmizoic 
m.tk 146^448% U formed, whilst on 
mm in mhm tetrachloride solution 
preienoe the . couple 

'Ida ittainifjJ^,3r6^tribKomo to* 
idth i ; of lha 1 1 3 : d*tiib«omo- 
m the 3 

(CMiia and 

.. Obem* 8oc. Ibmm 1914^ 10& 616k 




d3aao«reaetion(Nevifeand Winther, U.); together 
withagreaterptoportiQnof 2 s 5-difaroiaotohieae 
by bromination of o-biomotoluene, or togelher 
with 3:4-dibfomotoiueDe and 2 : 4 : 5-tiibro- 
mctoluene by brominating p-bromotoluene 
(Miller, Chem. Soo. Trims. 1892, 61, 1023). 

Liquid, which does not solidify at —20% 
b.p« i52M58^/80 mm. (Cohen and Zortman, 
Chem. Soo. Trans. 1906, 89, 50). On oxidation 
with dilute nitric acid it yields 2 : 4-dibromo* 
benzoic acid, tables, m.p. 168M70^ (N* and W.), 
whilst on bromination a mixture of 2 : 4 : 5- and 
2 : 4 : 6-tribromotolueDe is formed (Cohen uid 
Dutt, /.c.). 

2 : 5-I)ibr&mokjluene ; by brominating toluene 
(Wrobiewsky, Zeit. f. Chem. 1870, (2) 6, 2^) or 
m-bromotoluene (Wroblewsky, Ann. 1873, 168, 
681); from 6-bromo-m-toluidine or 5-bmmo- 
o-tolttidine by the diazo-reaction (Nevile and 
Winther, Lc .) ; as the main product, toother 
with 2 : 4-dibromotoluene, by brominating o- 
bromotoluene ( Miller, Chem. Soc. Trans. 1892, 61, 
1031 ; cf. Cohen and Dutt, ibid. 1914, 105, 506). 

Liquid, which does not solidify at —20®, 
b.p. 236% D^*® 1*8127 (WroWewsky). On 
prolonged boiling with dilute nitric acid it 
yields 2 : 5-dibromobenzoic add, and on bromina* 
tion in carbon tetrachloride solution in presjmoe 
of the aiuminium-mercuiy couple, it yields 
mainly 2 : 4 : 5-tribromotoiuene toother with 
the 2:3: 6-isomeride (Cohen and Dutt, Cliem. 
Soc. Trans. 1914, 105, 518). 

2 : B-Dibramoioluene ; from 2 : 6-dibfomo* 
ra-toluidine, 2 : 6-dibromo-p-toluidine (Nevile 
and Winther, f.c.; Wrobieiraky, Lc.), and 
6-bromo-o-toluidine (Blanksma, Chem. Week* 
blad. 1912, 9, 968) by the diazo-reaetion. • 

Colourless crystals, m.p. 2® (Blanksma), 
b.p. 246% D«® 1*812 (Wroblewsky; c/. Cohmt 
and Zortman, Chem. Soc. Trans. 1906, 89# 51). 
On bromination it yields 2 : 3 : 6-tribEDiao* 
toluene (Cohen and Dutt, f.c.). 

3 : A-Dibromok)imm ; from 3>^bromo-p-tohii- 
din© {Na\ilo and WintW, lx.; WroWewsky); 
the product obtained by Jannasch (Ann. 1875, 
176, 286) by brominatiqg toluene is stated to 
be a mixture of isomerides by IfiUer (Cbenu 
Soc. Trans. 1892, 61, 1695); together with 
other products by brominating p-bminotaluetie. 
(Miller, lx.). Liquid, b.p. 160M65%65 mm. 
(Cohen and Zortman, Chem. Soc* Trans. 1606, 
89, 52), b.p, 238®-239% D“®l* 812 (WK>blew«k 3 r). 
On oxidation with dilute nitric aw or duomie 
acid, 3 : 4-dibromob6nzoio aoid, in*p. 332®^-233^ 
(e/. Biughardt, Ber* 1875, 8, 559k hi obtain44« 
On further bromination 2:4: 5-tribit>im)4olwm# 
together with a very small quantity of 3 : 4 : 6^^ 
tribromotoluene, is formed (Cohen and Dmt# 
Oiem* Soo. Trans. 1914, 105, 519). 

Zib-Dibfmalotuen^; 3s5fdilMniio^ 

Vtohiidine or 3 : 5*dibrDmoH(i-tWQk&i0 (Wib* 
{nlmlQrf Le.; NevSe and Wfoth^ 
needles, m.p* 39% b.p. t4r (Mevileatid 
Ori oxi^rion with efoeomie acid it 3 i#*, 
dibromobeiiaofo add, nkn. 908^^4M)lr* whOii on 
further brnminatfon 

DftmiAiliieiis# m.p. VHP. The rndmmm 
ol ttas Sttbwi^ said to be lonnd ky 
brominaMeii of t^Mne (lil% Ami; UH^ Uffi 
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bromo-m*tolaidine (Nevile and Winther» Z.e.); 
by btomination of 4 : 5-dibromoac6to-m-tolu- 
idide, followed by hydrolysis with dilute sulphuric 
acid and elimination of the amino-group. It 
melts at' 45*'--46*’ and when heated for 6 ho^ 
in a sealed tube at 150'’~160'’ with dilute nitric 
acid it yields 2:3: 4-tribromobenzoic acid 
(Cohen and Dutt, Chem. Soc. Trans. 1914» 105, 
511). 

2:3: 5-Tribramotoluene ; from 3 : 6-dibromo* 
o-toluidine (N. and W.) or 6 : 0-dibromo-m- 
toluidine (Cohen and Butt, Lc.) by the diazo- 
reaction. Long Hat needles, m.p. 52^-53^ 
On oiddation with dilute nitric acid at 135^~ 
140° for 6 hours it yields 2:3: 5-tribromobenzoic 
acid, m.p. 193°-194°. 

2'; 3 : ^•Tribromotoluene ; from 2:5: 6-tri- 
bromo-m-toluidine (N. and W.), 2:5: 6 -tri- 
bromo-p-toluidine, and 5 : 6-dibromo-o-toluidine 
(Cohen and Dutt, Chem. Soc. Trans. 1914, 105, 
614). Flat needles, m.p. 58°-59° (N. and W.). 
The corresponding tribromobenzoic acid could 
not be obtained by direct oxidation with 
dilute nitric acid in a sealed tube (Cohen and 
Butt, Lc.). 

2:4: b-Tnbromotoiuent ; from 4 : 6-di- 
bromo-m-tolui^e and 4 : 5-dibromo-o-toluidine 
(Nevile and Winther, Lc. ; Cohen and Butt, 
7.C.) ; from 5-bromo-2 : 4-toluylenediamine 
(Morgan and Clayton, Chem. Soc. Trans. 1905, 
87, 951) ; by nitration of 3 : 4-dibromotoluene 
followed by reduction (Nevile and Winther, 
Ber, 1881, 14, 417) ; by brominating p-bromo- 
toluene (Aliller, Chem. Soc. Trans. 1892, 61, 
1033). 

Colourless needles, m.p. 112°-113°. On 
oxidation with dilute nitric acid in a sealed 
tube it yields 2:4: 5-tribromobenzoic acid, 
m.p. 195-196° (Cohen and Butt, Lr.). Ac- 
cording to Pfankuch ( J. pr. Chem. 1873, (2) C, 
108) a trtbromotoluene, small needles, m.p. 1 50°, 
is obtained by heating the potassium salt of 
tribromophenol with potassium acetate. 

2:4: ^-Tribromotduene ; from 2:4; 6-tri- 
bromo-m-toluidine by the diazo-reaction (Nevile 
and Winther, Ber. 1880, 13, 975; 1881, 14, 
417 ; Chem. Soc. Trans. 1880, 37, 446) ; by 
brominating m-toluidine followed by the elimina- 
tion of the amino-group (Cohen and Butt, Lc.). 
M.p. 66° (N. and W.), b.p. 290° (Wroblewsky, 
Ann. 1873, 168, 194). On oxidation it yields 
2 : 4 ; 6-tribromobenzoic acid, m.p. 186°-187° 
(Cohen and Butt). 

3:4: 5-Tribromotoluene ; from 3 : 6-di- 
bromo-p-toluidine by the diazo-reaction. M.p. 
8S°-%9° (Nevile and Winther, Lc. ; Cohen and 
Butt, Lc.). On oxidation it yields 3:4:5- 
tribromobenzoio acid, m.p. 235° (Cohen and 
Dutt). 

^ {v)-2 : 3 : 4 : ^-Tetrabromotoluene ; from 4:5:6- 
, tribromo^m-toluidine by the diazo-reaction.* 
Needles, m.p. 111°~111*5° (Nevile and Winther). 

(a)-2: 3:4: ^^Teirabromotoiuene ; from 2:4:6- 
tribfomo-m-toluidine and tetrabromo-m-tolu- 
idine (m.p. 224°) hy the diazo-reaction. M.p. 
106’S°-I08° (Nevile and Winther). 

(e)-2 : 3 : 5 ; ^•Teirabrimiokiiwm ; from2 : 5 : 6- 
trilroino-m-toluidine by the didko-ieaction. 
Fine needles, m.p. 116°-117° (Nevile and 
Winther). 

; by caref^ addition of 
toluene to ptdPfc brpmine at 0° ft piesence of 


aluminium bromide • (OustavBon, J. Buss. 
Phys. Chem. Soc. 1877, 9, 286 ; Bull. Soo.chim. 
1877, (2) 28, 347 ; Ber. 1877, 10, 971) ; from 
tetrabromo-m-toluidifie (m.p. 223°-224°) (Nevile 
and Winther, Ber. 1880, 13, 976 ; Chem. Soc. 
Trans. 1880, 37, 450); from c^loheptane 
(Markownikoff, J. Russ. Chem. Phys. Soc. 
1893, 25, 544) or methylcyclohexane (Kursanoff, 
Ber. 1899, 32, 2973) by the action of bromine 
In presence of aluminium brondde ; from ethjrl- 
and propyl-cymene by means of bromine in 
presence of aluminium (Klages and Sommer, 
Bor. 1906, 39, 2306; Klages, Ber. 1907, 40, 
2360). 

Long needles which sublime, m.p. 282°- 
283° (Kursanoff) or 279°-280° (Zelinsky and 
Grenerosow, Ber. 1896, 29, 732 ; cf. Jiger, Z. 
Kristall, 1903, 38, 89). Tt is reduced to tolpene by 
phosphorus and hydriodic acid at 302° Xlages 
and Liecke, J. pr. Chem. 1900, (2) 61, 32^). 

2~CMoro-^-bromotoluene, m.p. 18°, on pxida- 
tion jdclda 2-chloro-3-bromobcnzoic acid^ m.p. 
165°, and on nitration yields a maninitro- 
derivative f m.p. 44°-45°, and a dimtro-derivlUive^ 
m.p. 89°-93° (Cohen and Smitholls, Chem. 
Soc. Trans. 1914, 105, 1908). 

2~ChloroA-hromotolue.ne ; ^ from 2-nitro-p- 
toluidine (Cohen and Raper, Chem. Soc. Trans 
1904, 85, 1266) ; together with 3-chloro-4- 
bromotoluene by chlorinating p-bromotoluene 
(Cohen and Smithells, Lc. 1910; cf. Willgerodt 
and Salzmann, J. pr. Chem. 1889, (2) 39, 
465.) Liquid, b.p. l()b°-110°/10 mm., vrhich on 
oxidation yields 2-chloro-4-bromobenzoic acid, 
m.p. 166°-167° (Cohen and Eaper). Its 
nitro-derimtive melts at 65°~66° and its dinitro^ 
derhHUive at 110°-111° (Cohen and SmitheUs). 

2-ChloTO-t)A)romotoluene ; from 5-nitro-o- 
toluidine. Liquid, b.p. l27°-129°/45 mm. It 
3 deld 8 2-chloro-5-bromobenzoic acid on oxida- 
tion (Cohen and Raper), and on nitration a 
momnitro derivative^ m.p. 68°~69°, and a diniiro- 
derivative, m.p. 109°-110° (Cohen and SmitheUs). 

2-Chl^o-(i-broniotolven€ ; from 2 : 6-dinitro- 
toluene. Liquid, b.p. 118°-120°/40 mm. which 
yields 2-chloro-6-bromobenzoio acid, m.p. 143°- 
144°, on oxMation (Cohen and Raper, Lc. ; WilL 
gerodt and Salzmann) Ckiide^Tnononitro-derivative, 
m.p, 50°-52°, and a dinitro-derivatitfe, m.p. 143°- 
144°, on nitration (Cohen and SmitheUs). 

^•ChU)ro-2-hr(}moiduene ; from 3-nitro-o- 
toluidinc (Cohen and Rajxir, Chem. ,Soo. Trans. 
1904, 85, 1266). It melts at 4°-5° (Cobon and 
SmitheUs, ibid. 1914, 105, 1908) and boils at 
103°-10o°/25 mm. On oxidation it xdelds 

3- chloro 2-bromobenzoic acid, m.p, 143-144° 
(Cohen and Raper), and on nitration a mono- 
and a dinilro-derivtUive, m.p. 58°-59*5° and 81° 
respectiyely (Cohen and SmitheUs). 

Z-CkloroA-broTnotoluene ; from fa-cldoro-p- 
toluidine by the diazo-reaction (Cbhen and 
Raper, l.c.) ; by chlorinating p-lmmotoluene 
(Willgerodt and Salzmann, Lc.)*. liquid, b«p. 
125°-130°, whioh on oxidation ^!ds S-ohloro*^ 

4- bromo^nzoio add, m.p. 218^ (Ool^n rad 
Raper), and on nitration yiejds q mono- and u 
dlmfro-derinoriee, melting at 72° rad 10i°^l02° 
respeotivdy (Cohen andl^thells, 

Z-Ohkno-5-hrontokiLn^ from acc^«|^•iolti« 
idide by successive bromteation and 
tion with hvdiodilorio acid rad imdinwi 
in •<^ae(^, follow^ by bjdlffolyi^ 
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5-brQ]a0^toliiidiite* ati4 elmbiatloii of 
amop-cioiip } by ohMoatioii of aoeto- 
toloidiae and byd&olysis to S-chloto-p-toloidizie 
followed by bromination and elimination of the 
amino-grouii Crystals, xsup. 26^-27^ Its 6« 
niirfhdmvaUw^ ocdourless needles, m^ts at 71^ 
and its 2 : 6(t}-d^ni^o*deHtuf»ee at 144^ On 
oiddaUott it yields 3-ofaloTO-6-broniobenzoio 
acid, m,p. 189^-120'’ (Cohen and Eaper ; Cohen 
and Simwells ; Cohen and Murray, Chem. Soc. 
Trans. 1915, 107, 847). 

i-CKhro»24>romiMue7ie ; by chlorinating o- 
bromotoluene or by brominating p-ohloro- 
tolnene ; from 2-nitro-p-toluidine. Liquid, b.p. 
112M 14712 mm. On oxidation it yields 
4-ohloro-2-bromobenzoio acid, m.p. 154-156^ 
(Cohen and Bapr, Chem. Soc. Trans. 1904, 85, 
1267 ; c/. Willgerodt and Salzmann, J. pr. 
Chem. 1889, (2) 39, 465, and Cohen and Dakin, 
Chem. Soc. Trans, 1899, 75, 895), and on nitra- 
tion a movonitro- and a dinitro-derivative^ 
melting at 64®-65® and 124*5® respectively, are 
formed (Cohen and Smithells, Chem. Soc. 
Trans. 1914, 105, 1908). 

4-(7A/oro-3-5fomofolttene ; from m-nitro-p- 
toluidine. liquid, b.p. 120®-125®/28 mm. It 
yields 4-chloro-3-bromobenzoic acid, m.p. 214®, 
on oxidation (Cohen and Baper, f.c.), and a 
mononiiro-denvativet m.p. 67*5^, and a dinitro- 
derivative^ m.p. 127®, on nitration (Cohen and 
Smithells). 

4t-Cfihro-dibrofnntoluene ; 
bromo •p ^ chlorotoluene in 
aluminium mercury couple, 
and Dakin, Chem. Soc. Trans. 
6-CJdorO‘2d)r<nnatoluene ; 


by brominating 
presence of the 
M.p. 94® (Cohen 
1899, 75, 893). 
from 5-cliloro-a- 


toluidine. Liquid, b.p. 98®-100®/25 mm. The 
nitro-deriixitive melts at 66°~677 the dinitro-^ 
derivative at 117®, and oxidation yields 5-chloro- 
2-bromobenzoic acid, m.p. 153® (Cohen and 
Baper ; Cohen and Smithelb). 

The following compounds have been obtained 
by Willgerodt and Salzmann (J. pr. Chem. 
1889, (2) 39, 482) : o^Moro-dibromotoluene^ 
needles, m.p. 100®, b.p. 276®-280®, by bromina- 
ting o-chlorotoluene ; dic}dorO’pd)romat6luenef 
glistening needles, m,p. 87®, b.p. 240°-245®; 
fncAloro-p-brotnotolaeae, needles, nap. 56®-60®, 
b,p. 265-275®; and ^efrac^lofo-p-5romotoiffMne, 
needles, m.p. 213®, by chlorinating p-bromo- 
toluene. 

3:4: 6(?)-Tnc^foro-5-&romotofaene, m.p. 98®~ 
100®, is obtained from 3 : 4-dichloro-5-bromo- 
toluene by nitration, reduction and replacement 
of the amino-group by chlorine. Its nifro- 
deHvoHfoe melts at 171®-173® (Cohen and Dakin, 
C9iem. Soc. Trans. }906, 89, 1453). 

2(t) ; 3 : 4-Tnc/^o-5-5romo<(Nae7»e, m.p. 92®- 
94 ®, is formed W chlorinating 3 : 4-^ohToro-5- 
r^ybrotnotoluene. Bs niiro-dmvaiive tnelts at 
175®-176® (Cohen and DaWn, U). 

2-<7hloro-$ : 4 : 5 : 6-fetm5fanic4olaene melts at* 
^58®-269® (Monneyrat and Pourdt, Oompt. 
.iwd. 1899, 129,907). ^ 

a-lodvMium; from o-toluidine by the 
‘ (Beilstem md Kuhlberg, Ann, 

m^ 71, 158, 847| SekuU, Ber, 1874, 7; 1007; 

^ Ifobtown, Amer. Chem. J. 1882, 
4, lOlk 


a ^ tolueim fii Bgi^ pebroleum witL 

, pawoeredsttlbhurio^de and an excess of dilute 
nitric acid 0 1*34) fqr lewml hours at; lOO® 


(Bdinget*and Goldbergs Ber. 1900, 33, 2875). 
Oil, b.p. 204® (B. and K.) or 211® (Kekul4), D*®* 
1*697 (B. and K.). 

When oxidised with d^te nitric acid it 
yields o-iodobenzoic acid, m.p. 157®. With 
chromyl chloride and treatment of the product 
with water, it yields o-iodo-m-dichlorotohiene 
and a little o-iodobenzaldehyde (Stuart and 
Elliot, Chem. Soc. Trans. 1888, 53, 805). When 
heated with sulphuric acid it yields di- and tri- 
iodotoluene, together with iodotoluene sulphoxdc 
acid (Neumann, Ann. 1887, 241, 62 ; Ber. 1887, 
20, 581), whilst on nitration mainly 6-nitro-2- 
iodotoluene is formed (Beverdin, Ber. 1897, 
30, 3000). On treatment with chlorine in 
chlorofrom solution o-iodotoluene yields a 
dichloride, crystals, decomposing abouli 91® 
(Willgerodt, Ber. 1893, 26, 360). 

Iodotoluene : from m-toluidme by the 
diazo-ieaction (l^ilstein and Kuhlberg, f.c.). 
Liquid, b.p. 204®, D^O* l>698. 

p- Iodotoluene ; from p-toluidine by the diazo- 
reaction (Korner, Zeitsch. f. Chem. 1868, (2) 4, 
327 ; Bull. Acad. roy. Bolg. 1867, 157) ; together 
with o-iodotoluene by the iodination of toluene 
according to the method of Edinger and Gold- 
berg (above). Plates which sublmie, m.p. 36®, 
b.p. 211*5®. p-Iodotoluene iff stated to be 
formed also by the action of iodine on mercury 
ditolyl, the melting-point being given as 20® 
(Dreher and Otto, Ann. 1870, 154, 171). 

When chlorinated, two forms of the iodo- 
dichlorido are obtained, the a-form separates 
from chloroform in needles, decomposing at 85®, 
and the fi-form in irregular rhombic crystals, 
exploding at 110®-1 18® (Willgerodt, Ber. 1893, 
26, 357). With nitric acid (D 1*51) at the 
ordinary temperature it yields p-nitrotoluene, 
p-iodo-o-nitrotoluene, and a di-iodo-nitiotoluene . 
(Beverdin, Ber. 1897, 30, 3001), and on heatiim 
with sulphuric acid di- and tri-iodotoluene and 
iodotoluene sulphonic acid are formed (Neumann, 
Ann. 1887, 241, 58 ; Ber. 1887, 20, 581). On 
oxidation it 3 deids p-iodobenzoic aci^ 

2 : ^ Di-iodotoluone ; from 2-iodo-m-tolu- 
idine by the diazo-reaction. Colourless plates, 
m.p. 31®-32® (Wheeler and Liddle, Amer. 
Chem. J. 1909, 42, 441), 

2 : ^^Di’iodotdluene ; by heating 1 part of 
o- or p-iodotoluene with 1 part of stuphurie 
acid (D 1*85) at 170®. OU, b.p. 295®-296®. 
With dilute nitric acid at 200® it yields 2 : 4- 
di-iodobenzoic acid (Neumann, Ann. 1887, 241, 
51 ; Ber. 1887. 20, 681). ♦ 

2 : 6^Di’iodokiluon€ ; from 5-iodo-o-toiuidiiie 
by the diazo-reaction. Long oolouTkaB plaiea, 
m.p. 30®-31® (Wheeler and Liddle, Amer. 
Chem. J. 1909, 42, 498). 

2 ; 6-Dt-todofolaene ; from 2-iodo-8*aiiiiiio- 
toluene by the diazo-reaction. Almost eolourlesn 
needles, m.p. 40®-42® (Cohen and Miller, Chem, 
Soo. Trans. 1904, 85, 1627). 

3 : O-Di-iodofoliieiie ; ikom 3 : 5-^-xoda*p* 
toluidine by the diaao^ieactdon. Teliow needlMb 
m.p. 44*5®^*5® (Wheelmr and Liddle, Amer, 
Chem. J. 1909, 42, 441). 

2tZi^Tri-iodo4€tumei from 4:5:tUtri* 
iodo-m-toniidine by tiie diaro^reaetion* It 
melts at 92 ® (Whedbr, BrauUeoht, BoftODtaai 
and Sdioles, Amer. CSiein. J. 1910, 4i^ I2K 

4#3>. ^ 
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2:3: ^•Tri-iodMwm ; from 2 : 5- or 6 : 6 - 
di^iodo-m^tohiidtne by the diazo-reaetioa. Pab 
otahge plates, m.p« 72M3** (Wheebr, etc.). 

2:3: ; m.p. S0*5^ is ob- 

tained from 2 : 6 -di-iodo-m-toliiidine or 3 : 6 -di- 
iodo-o-tolnidine by the diazo-reaction (Wheeler, 
ete.). 

Si A: B-TrUiodotoHuene; from 4:5-di-iodo- 
o-t 6 luidine> 2 : 5-di-iodo-p-toluidine, and 4:6- 
^-iodo-m-toluidine (Wheeler, etc.) ; or by heat- 
ing equal parts of o- or p-iodotoluene with sul- 
idiiirio acid (D 1*85) at 170^ (Neumann, Ann. 
1887,241, 55). Long brown needles, m.p. 119^~ 
120 ®, b.p. above 300®. 

2: 4:6-Tn-iodoiolttene; from 2:4:6-tri- 
iodo-m-toluidine by the diazo-reaction. Colour- 
less needles, m.p. 105® (Wheeler, etc.). 

Zii:6-Tri-todotoluene; from 3:5-di-iodo- 
p-toluidine by the diazo-reaction. Long silky 
needles, m.p. 122®~123° (Wheeler and Liddle, 
Amer. Ghem. J. 1909, 42, 441). 

2:3:4: 5-Teiraiodot(due7ie ; from 4:5:6- 
tri-iodo-m-toluidine by the diazo-reaction. 
Straw-coloured needles, m.p.284°-285® (Wheeler, 
etc.). 

2:3:4:6-r6iraiodotolue»e; from 2:4:6- 
tri-iodo-m-toluidine by the diazo-reaction. Long 
needles, m.p. ]7p® (Wheeler, etc.). 

2:3:5:6-!reimiodok)luene/ from 2:5:6 
tri-iodo-m-toluidine by the diazo-reaction. 
Colourless needles, m.p. 125® (Wheeler, etc.). 

Penkt-iodotoluene ,* from 2:4:5: 6 -tetraiodo- 
m-toluidine by the diazo-reaction. Small dull 
yellow needles, m.p. 340® (decomp.) (Wheeler, 
etc.). 

Chhro-o-iodotoluene ; from chlorinated o- 
toluidine. B.p. 240®, B^*® 1*702 (Beilstein and 
Kuhlberg, Ann. 1870, 156, 82). 

a^CJwmodotdiiene does not solidify at 
-14®, b.p. 242®, D^'® 1*716 (Wroblewsky, Ann. 
1873 168 210). 

B^ChloraioMoluene solidifies at 10®, b.p. 240®, 
UiAo 1,770 (Wroblewsky). 

S-CkkroS-MaUduene ; from 2-chloro-6- 
aminotoluene by the diazo-reaction. Colourless 
li^aid, b.p. 132‘’-133725 mm., D|§‘ 1 -844 (Cohen 
and Miller, Qiem. Soc. IHrans. 1904, 85, 1627). 

5^Abro-4-i(Mlb-3-niiroiol«ene ; from 5-chloro- 
3-iiitto-p-tduidine. Colourless plates, m.p. 92® 
(Kenner and Judd, ibid. 1920, 117, 776). 

m-Brmo-o-Ud(Miteim ; by treating m- 
bromcH>rdiazo-toluene with hydriodic acid 
(Wroblewsky). Colourless liquid, b.p, 260®, 
P»«® 2*139. • 

S-Srom-B-iodotolvme ; from 2-bromo-6- 
aminetoluene by the diazo-reaction. Colourless 
liquid, b.p. 135®-140®/15 mm., 2*044 

(Cohen and MUler). 

3- j8ivmo-4-»odotol«6ne ,* from m-bromo-p- 
totttidine by the diazo-reaction. Oil, b.p. 265®, 
pss» 2^044. It yields a momnMfo-dmvoAm, 
.m-p. 118® (Wroblewsky). 

3-j9refao>2«bdob^^ from 6 -iodo-m-tolu- 
: idlne by the diazo-ieactkm* B.p. 262®-265®, 

Iw4 (Hdbman, Reo. trav. chim. 1912, 
31, 237). 

Hhe oonstitution of the product obtained by 
Milts; (Selr. 1898p 29, 1406) by brom&atii^ o- 
ipdomime it is doubt- 

ful, m the Mielm-product is of a very oom^ 
pIbaM ffloileaiaii, U.). ^ 


3 : b^DArtmp^S^iodfdduem ; from 8 : Mi* 
bromo-o-toluidine by tire diazo-reaction. NeecBes, 
m.p. 68 ®, b.p. 314® (with slight deeomp.). 

On chlorinatiDg in chloroform solution it 
yields a dictdoride^ yellow cubic crystals, m.p. 
95® (deeomp.) (McCrae, Chem. Soc. bans. 1898, 
73, 691). 

3 : 5 *Dibromo-i-iodotduene ; from 3 : 5-di* 
bromo-p-toluidine by replacement of the amino- 
group by iodine (Wroblewsky, Ann. 1878, 168, 
190) ; from 3-bromo-5-nitro-p-toluidine by 
replacement of the amino-group by iodine and 
of the nitro-group by bromine (Wroblewsky, 
Ann. 1878, 192, 209). Long ne^es, m.p. 86 ®, 
b.p. 270®. Its rnowmiiro-dmvative melts at 69®. 

Z : 5-Dihrmo^2 : Mi-iodoUduem ; from ni- 
trated bromoiodotoluene by replacing tie nitro- 
group by iodine. Prisms, volatile with steam, 
m.p. 68 ®. Its mononitro-derivatm at 

129® (Wroblewsky, Ann. 1878, 192, 212).! 

o-Iodo80toluene ; from o-iodotoluedie di- 
chloride and dilute sodium hydroxide solution 
(Wiilgerodt, Ber. 1893, 26, 361) or water and 
pyri(fine (Ortoleva, Gazz. chim. ital. 1903, 30, 
ii. 5). Almost colourless crystals, m.p. 178® 
(deeomp.), acetate m.p. 130®~132® (Ortoleva). 

Z i Q-Dibr<mu)‘ 2 -iodmMuene 9 is obtained from 
the corresponding dichlorido by treatment with 
soda solution. Yellow amorphous mass decom- 
posing at about 87®. Its aceUde forms needles, 
m,p. 66*5® (McCrae, lx.). 

m-lodosotoluene ; from m-iodotoluene di- 
chloride (yellow needles, decomposing at 104®) 
by the action of water on a solution in pyridine 
(Ortoleva), or by the action of sodium hyoroxide 
(Wiilgerodt and Umbach, Ann. 1903, 327, 269). 
Yellowish- wliite amoq)hous powder exploding 
at 206®-207® (Wiilgerodt and Umbach) or de- 
composing at 1 80®~1 85® ( Ortoleva). The axetaUf 
colourless needles, melts at 148®-! 49® (Ortoleva ; 
Wiilgerodt and Umbach), the difluoride^ small 
colourless needles, melts at 180®, decomposing at 
188®, on rapid heating (Weinland and Stilie, 
Ann. 1903, 328, 132). 

^•lodoBotoluene i by treating p-iodotoluene 
dichloride with dilute sodium hydroxide solution, , 
followed by purification of the cruds product’ 
with chloroform (Wiilgerodt, Ber. 1893, 2d, 359) ; 
or in a manner analogous to that of the 
o-isomcride (Ortoleva, l.c.). It decomposes at 
176®-178®, and on boiling with water yields a 
mixture of p-iodotoluene and p-iodox^oluene 
(Wiilgerodt). On adding hydn^uono acid 
slowly to a solution of p-iodosotoluene in acerio 
acid, p-toluene-iodo'fiuoride, small yellow 
needles, m.p. 112®, decomposing at 115®, is 
formed (Weinland and Stilie, f«c.). 

O'lodoxytotuene ; by boiling o-iodosotoluene 
with water in presence of air (Wiilgerodt, Ber. 
1893,26,361); by oxidising o-iodotohiene witly 
Caro’s acid (Bamberger and Hill, Ber. 1909, 33,1 
535). Crystalline mass, exploding at 210 ®, 
which when treated with hy di^fluoxio acid yieida 
oMuene^iodoBofiuaride, leafly agf^tes xi 
granules, commencing to melt at iM® and de* 
composu^tat 170®-190® (Weinland and S^, 
Ber. 1901, 34, 2631). 

m-ZodoryfoItteas ,* by treating an intimate 
mixture of m-tolyl MomoUoz^ and a eone^nv 
trated solution of bleaofaing powdeer vrith a ttttie 
hydxoehloriG add (WiUgsirodt and Umbad) ; 
by oxidising a pyiid^ sdtttion 
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with^^oiiiie (OHoldv»^ Qazz. chim. ital. 1900, 
a0» 1). yfh!^ neediiA, explodins at 220^ 

(Ortoleva, lx , ; ef. Bamberaer and Hill)* On 
wanning with aqueous h^wogen peroxide it 
yields m*iodotoluene. 

p-Iodaxiftoluene ; in a similar manner to the 
0- and^ m-uomeridea. Silky leaflets, exploding 
at 228^ (Wfl^erodt, Ber* 1896, 20, 1573 ; Bam- 
beiger «nd Ber. 1900, 33, 525 ; Ortoleva, 
Gass, ohim* ital. 1900, 30, ii. 8). It forms an 
iodosofiuonde, lustrous needles, decomposing at 
206^ (Weinland and StiUe, lx.). 

Nitboso- and Nitbo-derivatives* 

2 -Nitro 9 aUduene ; by oxidation of o-tolyl- 
hydroxylamine (Bamberger, Ber. 1895, 28, 249) ; 
by the action of nitrogen trioxide or peroxide on 
a cold chloroform solution of mercury-o-ditolyl 
(Kunz, Ber. 1898, 31, 1530). White needles, 
melting at 72^-72*5^ to a green liquid, extremely 
volatile with steam. On treatment with cold 
concentrated sulphuric acid it ^elds 4-mYroso-2'- 
Z-dMylhydroxylamine, gliatemng yellow needles 
{+HjO), decomposing about 130^; the anhy- 
drous product melts at 110®-115® (Bamberger, 
Biisdorf and S^id, Ber. 1898, 31, 1517). Z-Nitro- 
Z-nitroaotoluene, pale yellow leaflets, m.p. 126^- 
127^ (decomp.), is obtained by oxidising 3-nitro- 
o-toluidine with Caro’s acid, and is transformed 
by nitric acid into 2 : 3-dinitrotoluene (Moisen- 
heimer and Hesse, Ber. 1919, 52, 1101). Its 
Z-nifyro^dertvaiive, almost colourless crystals, m.p. 
143^-^144% is formed by the action of Caro’s acid 
on the corresponding amino, and together with 
dinitroazoxytoluene by treating 2 : 5-dinitro- 
toluene with hydroxylamine followed by acidifl- 
cation. It is readily oxidised to 2:5-dinitrotoluene. 
When the reduction of 2 : 5-dinitrotoluen6 by 
means of hydroxylamine is effected in highly 
concentrated solution 'potassium nUrdoluene^iso* 
diazoMe is precipitated in yellow needles, decom- 
posing at 202^ (Meisenheimer and Hesse, l.c.). 
Its Z-nitro-d&rivative, obtained by oxidising an 
aqueous alcoholic solution of 6-nitro-o-tolyl- 
hydroxylamine with ferric chloride in presence of 
sodium acetate, forms colourless needles, molting 
at 117*^ to a green liquid (Brand and ZflUer, Ber. 
1907, 40, 3324). 

Z-Nitroaololuene is prepared in a similar 
manner to the o-deriyative. Small needles, 
readily volatile with steam, m.p. SZ^-ZZ-5^ (Bam- 
bemer, l.e.). Its 2-nitro-derivatwe forms yellow 
leaflets, m.p. 92^-93^, and its 4k-nttro-derivative^ 
yellow leaflets, m.p. 141® (Meisenheimer and 
Hesse, Z.e.); its Z-nUro^derivative, m.p. 113®, is 
obtained by oxidising 6-nitro-m-toluidine by 
means of Gaio*s acid (Kenner and Parkin, Chem. 

Trans. 1920, 117, 859). 
r 4r>NiiroB(46luene ; by oxidation of 
dzoxylamine (Bambeimr, lx. ; Bamberger and 
9tady, Ber4 1900, 83, 274); by oxidation of 
' potassium permanganate 

' shjMtmurio acid solution in presence of form- 

. ^49i^lhbetger and Tsohimer, Ber. 1898, 
^1» lam ; together with other products by the 
f aeuon of nitrc^^ trioxide or peroxide on a cold 
^ roform somtlon of mereuiy-p-ditolyl (Kunz, 
I , 1628). White needles, extremely 
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32, 216). Its 2‘nUro-derivaiivef colourless 
needles, m.p. 87®, is formed by oxidising 2-nitrO' 
p-tofylhydroxylamine (Brand and ZolW) ; its 
Z-i9^0‘aerivatwe is obtained by oxidising m- 
nitro-p-toluidine by means of Caro’s acid 
(Bamberger and Hubner, Ber. 1903, 36, 3803), 
or together with 4-7i»^ro-3-m^roso-to/uene and 
other products by the action of hydroxylamine 
on 3 : 4-dimtrotoJuene, followed by aeidmcation 
(Meisenheimer and Hesse), and forms greenish- 
yellow needles, m.p. 146®-145*5®. 

As a result of the work of Green and Rowe 
(Chem. Soc. Trans. 1912, 101, 2452; 1913, 103, 
897), Forster and Fierz (t6td. 1907, 91, 1942), 
and Forster and Barker {ibid. 1913, 103, 1918), 
the compounds originally regarded as ^ o- 
dinitroso ’ compounds are shown to be actually 
iso-oxadiazoio oxides, furoxans or furazan oxides, 
and whereas the above constitution has been 
proved to be correct for the ‘ o-dioitroso ’ com- 
pounds, it appears probable that only the ‘ p- 
dinitroso ’ compounds have the constitution of 
‘ quinonc-dioxime peroxides,’ ascribed by Forster 
and Fierz to the whole class. 

Tolu-2: Z-iso-oxadiazole oxide^ tolufuroxan, 


N 


tolufurazon oxide, CH3< 


N 


from 3- 


nitro-2-diazo-toluene-imide by the action of 
heat. Leaflets, m.p. 60® (Zincke, J. pr. €2iem. 
1896, [2] 53, 340; Zincke and Schwarz, Ann. 
1899, 307, 28). The corresponding diopdme 
melts at 140® (decomp.) and the iso-omdiazoU or 

furazan, CH3*C0H3<^ | ^0, at 44® (Zmcke^^and 

Schwarz). The 4( ^)-nitro-derivative forms brown 
crystals, m.p. 162® ; the Z-nUro-derivalwe, 
yellow plates, m.p. 70® ; the 4 : 6(7)-diai*ro- 
derivative, yellow needles, m.p. 122®-128® 
(Zincke and Drost, Ann. 1900, 313, 299). 

T6lu-2 ; 5-quininiedioximeperoxide 

0 






by oxidation of 2 : 6-toluquinonedioxime with 
alkaline potassium fenicyanide (Nietzki and 
Guitermann, Ber. 1888, 21, 432 ; Mehne, ibid. 
21, 734). Yellow crystals, volatile with steam, 
m.p. 133® (N. and G.) or 1^® with slight' detona* 
tion (M.). Oxidation with nitric* acid yie^ 
2 ; 5-dinitrotoluene, whilst treatment with 
hydroxylamine regenerates the dioxime, wits 
^-Moro-derivative is a lemon-yeHow powder, 
m.p. 163®-165® (Kehrmann, ^va and Keleti, 
Ber. 1915, 48, 2029). 

Tolu-Z : 4-iso-oxadkuude oxide^ m.p. 96®-87®, 
4 b formed by heating the conesponding nitro- 
diazoimide (Zincke, J. pr. Chem. 1896, {2) 53, 
340), or by the oxidation of m-nitro-p-toluiidine 
or p-nitro-m-toluidine wiGi alkaline sodium 
hypochlorite (Green and Bowe)« The corre- 
sponding dioxime^ yeliowish-brown needka, 
melts at 127®-^128®, and the taa-cmdiaz^ or 
furazan, long white needier, meltB at 37® (Zincke 
and Sdiwiw, Ann. 1899, 307, 28) ; the Inttwr 
compound is idso formed tar the exiddllon of 
m^ndamoaoeto-^toluidide with dkaflmjmdiiim 
tOteen and Obem» 
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Thmw. 1917, 111, 612). The 2 (or 6)-»<(ro.^w. 
tice, obtained by nitrating the furoxan 
imide of o-nitro-p-toluidine and hating the 
product of the latter reaction in a brine- bath, 
forms pale yellow needles, m.p. 164 (decomp.). 
This nitro- compound, on nitration in presence 
of sulphuric acid, yields the 2 : Q-dinitw-denva- 
tive, silky yellow needles, m.p. 1^3° (decomp.). 
Its &(7Vnitro-derimtive forme yollowish-leatlets, 
m.p. 145® (Zincke and Drost, Ann. 1900, 313, 
299). 

Nitro Dtsbivativbs. 

When toluene is nitrated with nitric acid 
(D 1-475), the quantity of o-, w-,or p-mononitro- 
derivative obtained depends on the temperature, 
solvent, and other factors (HoUeman, Proc. K. 
Akad. Wetensch, Amsterdam, 1908, 11, 248; 
HoUeman, Vermeulen and de Mooy, Rec. trav. 
chim. 1914, 33, 1 ; Bruner and Vorbrodt, 
Anzeiger Akad. Wiss. Cracow, 1900, 221 ; cf, 
Kohn, Monatsh. 1910, 31, 745 ; Fischer, Zeitseh. 
Elektrochem. 1910, 10, 101 ; Bell and tipry, 
J. Ind. Eng. Chem. 1921, 13, 00; Friswell, 
J. Soc. Chem. Ind. 1908, 27, 258 ; van dcr 
Arend, Verslagcn. K. Akad. Wetensch. Amster- 
dam, 1908, 208; Gibson, Duckham and Fair- 
baim, Chem. S5c. Trans. 1922, 121, 275 ; Holder- 
mann, Ber. 1900, 39, 1250). When the nitration 
is carried out at —30®, 0°, 30®, and 00® uith nitric 
acid (D 1*475) the product contains 41*7 p.e., 
40*9 p.c., 39*9 p.c., and 38*5 p.c. respectively, 
of p-nitrotoluene, 55*0 p.e., 50 p.c., 50*9 p.c., 
and 57*5 p.c. respectm'Iy, of o-nitrotoluene, and 
2*7 p.c., 3-1 p.c., 3*2 pro., and 4*0 p.c. res|)ec- 
tively, of f»-nitrotolucne (HoJlemann), thus 
shoifing that the percentage of /^-nitrotoluene 
decreases with rise of temperature, win 1st that of 
the o- and m-nitro toluenes increases, the last 


1894, 12} 50, 567k o- 
aho be eeparated 

pressmre of 20 nun, (MoUncri^ AW Cbngr. K«r, 
Qum. Ind., 1924, 402; Sao« Abitr. 192^^ 
128, i. 380), 

For the estimatioii of sitrotohieiieg by meaiie 
of stannous ohloride and Utanoue hhkme, He 
Colver and Prideaux ( J, Soe. Chem. ind, 1917, 
36, 480, 856) and Knecht (ibid. 1917, 36, 

o-Niireioluene ; by nitration of totaene 
(Glcnard and Boadault, Oompt rend. 1844, 19, 
505; Hofmann and Muspiatt, Ann. 1845, 53, 
221 ; KekulA Zeit. f. Chem. 1867 [2] 3, 225; 
Koseustiehl, Ann. Chim. 1872, [4] 27, 433) ; by 
elimination of the amino-mup from 2-altro*j»* 
toluidine and nitrated m-tmuidme (Beilstein and 
Kuhlberg, Ann. 1870, 155, 1 ; 1871, 15f, 348). 
When freshly distilled o-nitrotoluene is cooled 
rapidly to —20®, it solidifies sometimes to the 
iabUe a* modification, m.p. —10*56®, ahtf some* 
times to the stable j8-form, m.p. •— 4*14®,. The 
latter mav also l>c prepart'd by cOoHng the liquid 
to ~ 50 or -(K)®, when the afonn separates first, 
but changes rapidly into the )5*forin. Super* 
heating of the vapours during dIstiUation also 
favours the formation of the latter modification 
(Ostromisslensky, Zeitseh. physikal. Chem. 1907, 
57, 341 : e/. Walker and S]H*neer. Cliem. Soc. 
Trans. 1904, 85. 1109). Aci ortling to Knoe- 
venagel (Bt^r. lfK)7, 40, 508) the a-form melts 
at —9*4® and the ^donn at —3*6^ (r/. Streng, 
B<*r. 1891, 24, 1987, and Schneider, Zeitacb. 
physikal. Clicm. 1898, 19, 1.57). It is possible 
to purify o-nitrotoluene by cording the crude 
jir<»du(‘t io tejnjK*iatur<*« betwen^n — 4"^ and —10®, 
and removing the liquid portion by moans of 
the centrifuge when about half ban erystaUised 
(M. L. B., 1). R. P. 158219 of 1903; Fr. Bit. 
350200of 1904). 


being always present only in small quantity. 
When a mixture of pure nitric acid and acetic 
anhydride is added to toluene at .30® a violent 
reaction sets in and the product contains 57*7 p.c. 
0 -, 4*4 p.c. fw-, and 37*3 p.c. p-nitixdoluene 
(HoUeman, Vermeulen and I>o Mooy). 

Toluene is readily nitrated in the cold with 
nitric acid of specific gravity not loss than 1 *5. 
In the manufacture of nittotoluene 1 part of 
toluene is poured into IJ parts of nitric acid 
(D 1-5), the temperature not exceeding 15®. By 
this means the o-derivative is readily formed 
and is isolated by fractionating the oil a-hich is 
formed when the nitration mixture, after .stand- 
ing for 10 Hours, is poured into water. Com- 
mercial nitrotoluene usually contains about 
60 p,c. ortho^, 2 p.c. and 38 p.c, para- 

nitrotoluene ; this mixture has a sjieciiic gravity 
of 1*167, and distils between 220 -240®, 

o- and p-Nitrotoluene may be scparatc'd by 
treating the crude nitrotoluene with sulphonating 
agents, whereby the o-derivative is sulphonate^ 
and the p-isomcridc remains unchanged (l^nge, 
Eng. Pat. 1407 of 18^), or by fractional reduction 
by means of sulphides or hydrosulphides, par- 
ricularly with Le Blanc soda residues (Claytim 
An i li ne Go., Fr. Pat. 255957 ; D. K. P. 92991 of 
1896). o-Nitrotoluene may also be separated 
from its isomerides by heating w^flh salts of 
arsenious acid, and the o-nitrotoluene, which is 


Pure o-iiitiotoluene is a clear liquid, solid!* 
fving at — 10*5(> (see above), b.p. 218® (l^rsng, 
iW. 1891, 24, 1987) or 225*7® (corr.) (Perkin, 
Chem. Soc. Trans. I8(K>. 69, 1250) or 220*4^/760 
mm. (Kahlbaum, Zeitseh. physikal. Omni. 1898, 
20. 624) ; 1 1742, 1>|*' 1 1643, 1)^ M678 

(Perkin), 1168(8r.rcMg). Ref racUv, index. 
see Briihl g(Z(utscb. physikal. Chem. 1895, 10, 
218); abiu>rption spectrum, Spring (iioc, tiav. 
chim. 1897, 10, I); majpetic rotatoiy power, 
Perkin (Lc.) ; dielectric coiislaut, iNariier 
(Zeitseh. physikal. Chem. IWI, 421); 

1*5462, »^«**» 1*5271 (HoUeman, Vemeukai 
and de 31ooy, Rec. trav. chim. 1914, 33, 1), 
When oxidi^Hid wiUt nitric aidd or olmiXlie 
acid in the cold it yields o-nitm*bensaldkAiMa 
(Lautb, Bull. Soc. chim. 1904, (3) 31, IM), wUlal 
tnuvtinent with potassium permanganate or kmg 
boiling with alkaline potasstmn feiticymnjde 
yields o*nitrobcnzoic acid. The extent to wtik# 
manganese dioxide and sulphorU^ aeid oxMm 
o-nitrotoluene depends upon the ooeeeiitfii^iQtt 
of the aifid. When heatca in an antoolave wttll 
2 parts of finely powdered nmnipmeie diOKUe 
and 10 parts of snlphurio aeid ( 6 1 * 2 ^ 1*111 Wl 
140®-]05® for 2-3 holmi at a pmrnm 
mg 10 atmospheres, tim piodnet 
bcnzaldehyde, whilst with sulphurfe eetoT 

Fillet (B. A. S. F.. ]}. &. F, 

Umm pRidwt k-abo lainHSi 
'OxidfttiM k 'Cfeetod tigr wmiiwt lof 
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iMnd (60^ p.0.) 80»^ 

P, 174^ of 1903). Whefi 


and «i|d^orio 
(m: Zi. a E. F. 
oxidiped o^nitrotohtene j^lda 

chied^^ldtKC^MiiQrl alcoh^ (Pierron> BnlL Soc. 
chim. 1901» (3} 25, 352 ; Mchter and BonhOte, 
Eelv. Oltiin* Aota. 1920, 3, 395). When treated 
with bromine at ITO*’ o^nitrotolneoe is converted 
into 3 : 4>dibxomo*2«(or 6)-amiiiobeiizoic acid 
( Wachmidorff, Ann. 1377, 135, 231 ; Greiff, Ber. 
1880, 13, 288), but with bromine in the preeence 
of iron 4«bromo»2*idtrotolaene i« formed (Glnud, 
Ber. 1915, 43, 432). It forms a compound with 
ohrom jl chloride which on treatment with water 
regenerates o-nitrotoluene and yields a little 
o-nitrobenzaldehyde (Richter, Ber. 1886, 19, 
1062). On chbrination it yields o-nitrobenzyl 
chloride, o-ohlorotolnene, and o-chlorobenzyl 
chloride and other products (Kalle A Co., Eng. 
Pat. 11260 of 1397 ; D. R. P. 110010 of 1898). 

On long keeping in contact with alcoholic or 
aqueous potassium hydroxide, anthraniiic acid, 
toge^r with the corresponding azo* and 
azoxybenzoic acids are fonne^ (Preusa and Binz, 
Eeit. fur angew. Chem. 1900, 14, 385 ; B. A. S. F., 
Eng. Pat. 18319 of 1899; Fr. Pat. 292468; 
D. E. P, 114839 of 1899). With nitrous esters 
and sodium ethoxide it yields o-nitrobenzald- 
oxime (M. L. B., 1). R. P. 107005 of 1898 ; Fr., 
Pat. 290643 of 1899). When reduced by heating 
with iron or zinc and sodium hydroxide at 100^, 
it yields o-aizox 3 rtoluene, but when acid is added 
to the product, toluene*o>azobenzoic acid is 
produoedt. The sulphonation product of o-nitro- 
toluene difers from that of p-nitrotoluene in 
giving no red colour w^hen boiled with alkalis 
(Reverdin and de la Harpe, Bull. Soc. cMm. 1888, 
f2]60,44). 

m^NUrotduenB; in small quantity by nitration 
of toluene (c/, Holloman and co-workers under 
o-nitrotoluene ; Monnet, Reverdin and Nolling, 
Ber. 1879, 12, 443 ; Ndltingand Witt, Bor. 1885, 
13, 1337) ; fiom nitrated o- or p-toluidinc (Boil- 
stein and Kuhlberg, Ann. 1378, 158, 3.35; Vanino, 
Pr&parative Chomie, 1923, voL ii. p. 4.5J); or 
from 3-nitro-p-tolttidin6 (Bnchka, Ber. 181^, 22, 
8291 by the diazo-reaotion. M.p. 10% b.p, 230^- 
23r (c/. Neubeck, Zeitsch. ph>*sikal. Chem. 
1887. 1, 653), 1 ^163, n» I 5470, 1 -5275 

(Holieman, Vermeulen and de Mooy, Rec. trav. 
chim. 1914, 33, 1). It is oxidised readily to 
m^nitrobemmio add by chromic acid mixture 
l and slowiy by alkaline potassium ferrioyanide. 
When oxmlBed eleotrojytically it yields chiefly 
m^nittobenxaidehyde (nerron. Bull Soc. diim. 
f 1901, {3] 25, 352) and, in sulphuric acid solution, 

: 5-anii^-<<H»ie8ol (Gattermann, Ber. 1394, 27, 

; J990}, With hroBune lit it pMi m-nitro- 
bKaoide ud ni'nitrobeiuyfidann bromide 
||WMlMiidatff, Aon. 1877, 185, S,r. 1876. 
||l,1845)> StuiKmacbkwideuKlMneovMhjrdro- 
( flhlotte Mid xedm it to sore oftoloidiiie, whUe 
lidiie dnift nod o^neoni hydroddoiio Mid yield 
a>Sitiot(diMlieienadily 

1806, S. 168), loqoiiv 
• yUd of 81 p. 0 .: farther 
|i*M mdijdiMotdaeoe (fiohde, ibid. 
ILSH).. Wl^Hi-n it to t oi oe jneif nitmted 


1v {nustioimtioB in wmd ud freertng the 
dilute (HoUnau end Sbhs, Vtae. K. Aked. 
WewBMh. Amsterdion, 1006, 9, 280; Sizka, 
Bee. trev. chim. 1007, 27, 208; cf. Gibeon, 
Duokhem end Shixbehm, CSiem. 8^ Trene. 
1622, 121, 276). 

p-NUrolduene {«ee aleo andmro-nittotohiene) ; 
by nitoetion of tohiene (Boeeostiebl, Zeitech. 1 
diom. 1869, (2) 6, 190 ; cf. Jewon^, ibid. 1805, 
223): 1 pert of tdnene is ponied into 3-4 peite 
of nitric acid' il) 1*5) end beeted to 30°. The 
yellow oil piodnced oonaiste chiefly of p-nitio- 
tolnene, ndiich cryetelluee on oo<flmg the 
fraction boiling above 225°. 

LerM thick rhombic eiysteb, m.p. 51 ’6°- 
61-9° (iUntonI, J. Soc. Chem. Ind. 1915. 34, 
60), 51*4° (HoilemaD, Vermenlen end de Hooy, 
Rm. trav. chim. 1914, 33, 1 ; ef van der Atend, 
ihid. 1909, 28, 40S), or 54° (Schiif, Ann. 1864, 
223, 261 ; Oazz. cUm. itol. 1884, 14, 181). The 
increase in melting-point with berease of pee- 
sure hoe been stndiod by PosSIn (Chem. Soc. 
Trans. 1924, 126, 2628), B.p. 237*7°/760 mm. 
(Kahibaum, Zeitseb. phpikal. Chem. 1898, 26, 
624); 1*1392, Dg. 1*1858 (Pertun, Chem. 

Soc. Tram. 1896» 60, 1239) ; magnetic rotatory 
power at 54*3® i0i7 (Perkinf; n“ 1*5554, 
«•*•* 1*5346 (Holieman, Vermeulen and do 
Mooy). It is much lees volatile with steam than 
the o-nitro-derivative. Chlorine in presence of 
aluminium chloride or iodine yields j^nitl 


300^ 
dtit dMe Md 

IkiiinAQhaiiig, 



adUb at (KF, 8:4* 
with fBialier anouuts 
MflMWMMLtlw 


maim and Mui!er, Her. 1835, 13, 996). By the 
electrolysis of p-nitrotoluene in 5-10 of 
sulphuric acid, amino-nitro-o-benzyHoliieiie is 
obtained (Gattermann, Ber. 1393, 23, 135!^ c/. 
Gattermann and Koppert, ibid. 2311). When 
heated with bromine at 140®, it ^ids f^nitxo* 
beozvl bromide and p^nitrobenzyUdene bromide 
(Wa^hendorff, Ann. 1877, 135. 263). tt is 
oxidised by alkaline notasrium ferrioyanide Ao 
p-nitrobenzoic acid (Koy<», Ber. 1838, 16, 1^), 
whilst electrolytic oxidation in aoetao-snlpliiiiio 
add yields p-nitrobem^l alcohol (Mhe, Zeatn^ 
Elektrochem. 1896, 2, 522), i^nitmbettinldehyde 
and p-nitrobenzoic a^ (Fiditer and Bonhdte, 
Helv. Chim. Acta. 1920, 3, 395). It is reduced 
by iron and dilate hydrod&lorio add to 
dine, whilst zinc dust and dilute hydrodibrie , 
acid yield a chlorinated tohiidhiie. Reduction 
in alkaline solution p-aaotohieiie, and in 
presence of formaldehyde and hydrp^loiio add 
p-dimethyl-toluidine and dineShyiene-diAoU* 
dme are produced (LSb^ Zeittdk EfektiodmoL 
1303, 4, 428). It eondenses wHk ethjioadttate 
in presence of sodium ethoxide yMditig w^nlbe^ 
|»|^nylpyruvio acid (Redssert; Ber. IWy 

lino dust and sodium hydroxide yMd am* 
Uduene, m.]^ 144% two amxy-oonmiiimip mup. 
75® and 70^ respectlvdy, and a miaae^^ 
pound, imp. 123^ (Janowski end lUfanaan, Ber« , 
1330, 22, 40). For Hub mdkm of mSbm Iwd 
caustic alk ali s on jhaitrolclneiimesi ehd; 

Bchulti (Ber. 1336, 19, 3884), SehmhR (sML 
\m. 82, 2911), Bihmr {ibUn 1338, lO^ IMi). 
Hieher awd Hepp im, 88, 8181), Oieee: 
iiideoQilxmidon({M I3»7,8lh8ai7 ; 8U«HSi 
Oiem. Boo, Triwe. 18^ 8^ 
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in sulphuric acid it is converted into p-amino- 
benzaldehyde (Gcigy & Co., D. R. P. 86874 of 
1895). When treated with amyl nitrite in 
presence of sodium ethoxide the oxime of p- 
nitrobenzaldehyde is formed (Angeli and 
Angelico, Atti E. Accad. Lincei. 1900, [6] 8, ii. 
32 ; Gazz. chim. ital. 1900, 31, i, 27 ; cf. M. L. B., 
Er. Pat. 290043 of 1899; 1). R. P. 107095 of 
1898). For estimation of p-nitrotoluene, see 
Reverdiri and de la Harpe (Zeit. f. analyt. Ohem. 
1890, 29, 215), and for volumetric estimation of 
p>nitrotoluene in crude niirotoluene, see Glas> 
mann (Ber, 1903, 30. 4200; J. Russ. Phys. 
Chem. Soc. 1904, 30, 312). 

N ormal-w^nitrotoluene, phenylnilromethano, 
CellgCH 2 (N 02 ) ; together with plithalic anhy- 
dride by decomposing a dilute aqueous solution 
of the disodium derivative of nitroboiizylidene- 
phthalido with 12 mols. of very dilute acetic 
acid; by boiling hydroxynitrobenzyldiphenyl- 
maleidc with water (Cohn, Ber. 1891,* 24, 3807*) ; 
from toluene and nitric acid(l). 1*12) by heating 
for 48 hours at lOO'"’ in a scaled tube (KonowaloAv, 
Ber. 1895, 28, 1801 ; J. Russ. Phys. C:hem. Soc. 
1899, 31, 254) ; from benzyl chloride (Holleman, 
Rec. trav. chim. 1894, 13, 405) or benzvl iodide 
(Hantzsch and Schultze, Ber. 1890, 29, *700) and 
silver nitrite, or preferably mercurous nitrite 
(Neogi and Adhicary, 2eilsch. anorg. Chom. 
1911, 40, 270) ; together with other products by* 
the intera<;tion of iso-nitromethane and diazo- 
benzene in alkaline solution (Bamberger, Sclinjidt 
and Ixjvinsteiii, Ber. 1900, 33, 2053) ; together 
with phthalic anhydride by dissolving uitroxylyl- 
idenephthalide in sodium hydroxide and saturat- 
ing the solution with oxalic acid (Goldberg, Ber. 
lOCKly 33, 2818), and by other inethod.s (van 
Haalte, Rec. trav. chim. 1899, 18. 383), 

Liquid, which docs not solidify in a freez- 
ing mixture, b.p. 225*^-227'', decomposing into 
benzaldehyde, or b.p, 
158°--160735 mm, with slight decoiniiosition 
(Holleman); Ijg: M758, Dj?' 1*1,598; molecular 
refractive power 36*61, 1*5.3230, 

On treatment with zinc dust and dilute 
sulphuric acid it yields benzvlainine. With 
fuming hj^drocWoric acid at 150“ it is decompobed 
into hydroxylamino and benzoic acid (Gabriel 
and Koppe, Ifer. 1886, 19, 1145). With alkalis 
It IS converted into the salt of iso-phoiiylnitto- 
methane, from which phenylnitromethane is 
obtained by ^treatment with cartnui dioxide, or 
w-phenylnilrometliane by treatment with cohl 
dilute hydrochloric acid. It is unaffected bv 

Schulfse, Bti 

1896, 29. 22 j 4 ) its o-, and p-nitro-deriva- 
tives melt at 72“, 94’-, and 90" rnsiK-cti vely ( Hollo- 
i^n, tmv. d,im. 1896, lo, 350, 365; Md. 

32 621) 

Phet^l-iao-mlTomethane, 

the Mtion of dilute hydrochloric acid on the po- 
MHO^ ult rf phenylnitromethane (Hantsseh 

with 

r^> by oxidising bensaldoxime with 
amd (B^berger, Ber. 1900,93, 1781). 

It ci^taUisea from a mixture of absolute ether 

’"'ben heated 

2^^ ^r. 1890, 29, MSI). It is 

**adily soluble m soda solution, mm in 


to the indi£Perent phenylnitromethane, when 
treated with ammonia in jiresenoe of water-free 
solvents it yields the ammonium salt. It also 
readily reacts with phenyl tso-evanate and 
phosphorus pontachloride (Hantzsch and Veit, 
Ber. 1899, 32, 020). On warming with ether or 
alcohol, or on keeping with hydrochloric acid, 
it is converted into the normal jihenyinitro- 
methanc. On reduction with sodium amalgam 
or zinc dust in alkaline solution it yields benzald- 
oxinie. When the sodium salt is treated with 
acetyl chloride acetylbonzhydroxamio acid is 
forn,ed (van Haalte, t6id. 1899, 18, 383). When 
treated with benzoyl chloride, dibenzhydroxamic 
acid, m.p. 161®, is produced, and with p-nitro- 
benzoyl chloride it yields bLs-p-nitrbl^nzoyl- 
benzhydroxamic acid and p-nitrol)enzoylbenz- 
Jiydroxamic acid (Holleman, Rec. trav. chim. 
1896, 15, 35(s 365), whilst its sodium salt on 
treatment in aqueous solution with hydrochloric, 
acid yields benzhydroxamic acid (Bamberger 
and Rust, Ber. 1902, 35, 45). 

w - Dinitrotoluene, plienyldinitroinethane, 
large white })rism8, in.p. 79® (Ponzio, Gazz. chim. 
ital. MK)1, 31. 133; 1908, 38,417; Ponzio and 
(.’harritr, Atti K. Accad. Sci. Torino, 11KJ8, 43, 
475). 

Divttbotolukn i:h. 


Coniinenial dinit roioiuene is chielly a mixture 
of the a-, /J-, ami y-dinitrotoiuenes, and forms a 
cake of yellfiw crystals, m.p. tM> (Is , b.p. about 
300'' (partial decuinp.). 3'he 2 ; 4-dinit ro-euni- 
poutui is present in the greatest proportion in the 
din itrotol none used in tlie explusive industry, 

'2 ili-JJinilrotolnaic; by heating 2 : 3-(ii- 
nilro-p-toluic itcitl with 5 p.c. hy<lrocliloric acid 
for 6 hours at 2tl5^ (Hozanski, Ber. 1889, 22, 
26S1); from 3'nitro-o-toluidine by replaciug 
the amino-group by a iiitrii-group (GrtfU, Ber, 
189.5, 28, 2565). It is best obtained by nitrating 
aceto-o-toluidide with nitric acid in presence oi 
acetic acid and treating the mixture of 3- and 
o-nitro-aceto-o-toluidides with hydrochloric acid, 
the separation of the isomeric aminos Ixfing 
accomplished !>y diluting the acid solution largely 
with water ;a'hen tlie very* fwbly basic S-nitro-o- 
tolukline is prt*cipitated. The latter is con- 
verted into 3-nitro.2-nitrosotuluene, which is 
then transformed into 2 : 3-dinilrotoluene 
(Meisenheimer and He-sse, Ikr. 1919, 52, 1161); 
also from 5 : 6-dinit ro-7a-t^duidine by the diaz«>- 
Inaction (Hrady, Day and Holt, l3iem. Soc. 
Trans. 1922. 121, 531). Al.p. 6D (At. and H.) 
or 63® (Uo/Ar)ski). 

(a) 2:4- JJinitrtftoinenf : ; by nitration of 
toluene (Deville, Ami. Ls42, 44. 307; Gahours. 
a>mpt. rend. 1847. 24. 555 ; Xmdting and WiU * 
Ber. 1885, 18, 1336 ; Beiistein and Kuhlbers 
i-imprkht, Ber. tiMA, ig’ 
and of 0 ‘ and p-nitrotoluario ; by boitiiijr 
2 ; 4-toluylenediamine with sodium iMroxkto 
solution (O. Fischer and Trust, jBer. 1893, 20, 
3085) ; from dinitrotolttidino by eUmitiaiiou of 
the amin^-gixmp (Staedel, Ann. 1898, 259. 220). 

34, 160). When ircuttod for a long lime with 

acid. Pmifl redaction with amm anlnm «a). 
phide fa the cold yielili 2^dtix>.p.t4>l ufal{at, 
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at higher temper&taree 4<|utro-o-toluidine is also 
formed (Graen, Ann. 1885^ 229» 343 ; limpricht, 
Ber. 1885, 18, 1400). Alcoholic stannous 
chloride, on the other hivid, 3 deld 8 4-nitro-o- 
toluidine (Anschutz and Heussler, Ber. 1886, ' 
10, 2161). When reduced com^etely it yields 
w-toluylenediamine (Baeyer, wr. 1874, 7, i 
1638). On electrolytic oxidation it yields 2 : 4 - 1 
dinitrobenzoic acid (Sachs and Kempf, Ber. | 
1 902, 35, 2704). It does not react with chromium | 
oxychloride (Richter, Ber. 1886, 19, 1062). It 
condenses with benzaldehyde in presence of 
piperidine to form stilbene derivatives (Thiele 
and Escales, Ber. 1901, 34, 2842) ; mth dimethyl, 
aminobenzaldehyde to form 2' : 4'-dinitro-4- 
dimethylaminostilbene (Sachs and Sieinert. Ber. 
1904, 37, 1733) ; with nitrosodimethylaniline in 
presence of sodium carbonate to form 2 : 4-di. 
nitrobenzaldehvde- 7 Adimethylarainoanil (Sacha 
and Kempf, ibid. 1902, 3.5, 1224). 

(fi) 2 : t} ‘ DiniirotolmTie ; from 5-nitro-a- 
toluidine by the diazo-reaction (Gndl, Ber. 1895, 
28, 2565) ; by the action of nitrogen peroxide on 
toluquinonedioxime in ethereal solution (Oliveri 
and Tortorici, Gazz. chim. ital. 1900, 30, i, 534) ; 
by treating ‘ p-dinitrosotoluene * with cold 
fuming nitric arid (Nietzki and Guitermann, 
Ber. 1888, 2t, 433); readily from .5-mtro-2- 
nitroHotoluene by oxidation with nitric a(*id 
(Moisenheimer and Hesse, Ber. 1919, 62, 1161) ; 
by boating 2 : 5-dinitro-p-toluic acid with 3 parts 
of 6 p.c. hydrochloric acid for 6 hours at 250^ 
(Rozdnskhllcr. 1889, 22 , 2079). It ap|>ears to 
occur also among the products of the nitration 
of toluene (Limpricht, Ber. 1885, 18, 1402). 

Needles or lai*ge wedge -shaped crystals, m.p. 
60®-5l® (Meisenlieimer and Hesse), 52*5® 
(RozAaski) or 48® ( Nietzki and GuiU^rmann). It 
is reduced by alcoholic ammonium sulphide 
to 6 -nitro-w- toluidine (Limpricht). On reduc- 
tion with stannous chloride in presence of 
alcoholic hydrochloric acid it yields a mixture 
(m.p. 97®) of monnaniinc.s, consisting of 62 p.c. 
of 5-nitro-o- toluidine and 38 p.c. of 6 -nitro«m> 
toluidine, a little 2 : 5-diamin<^to[uenc being 
formed also (Burton and Kenner, Chem. Soc. 
Trans. 1921, 119, 1053). , 

2 : 6 -i)mtfroto/«fac ; from 2 : 6 -dinitro-p. 
toluidine by the diazo-reaction (Staodcl, Ann. 
1883, 217, 206 ; Rosenstiehl, Ann. Chim. 1872, 
[4] 27, 470; Cunerth, Ann. 1874, 172, 222; 
Glausand Becker, Ber. 1883,16, 1597 ; Holletnan 
. and Boeseken, Roc. trav. chim. 1897, 10 , 427): 
together with other products during the manu- 
facture of trinitrotoluene (Molinari and Giua, 
;Zeit. ges. Schiess. Sprengstoffw. 1914, 9, 239; 

1 cf. Haeudsermann and Grml, Ber. 1894, 27, 2209). 
| 6 listening needles, m.p. 60®-^! ® (Slacdel), or 65*6® 
||H. and G.). On reduction with suliiliurctted 
|liydro^n in alcoholic ammonia a mixture, m.p. 
|W®, of 6 -nitro- 2 'amino-m-cre«ol and 6 -nitro-o- 
boluidine is formed, the former being produced 
py the action of the boiling hydroclUoric acid 
Httsed to extract the amine) on the intermediate 
P«nitro-o-tolylhydroxylamine (Cohen %nd Mar* 
hall, Chem. Soc. Trans. 1904, 85, 527). It 
ondenses with dimethylaminobenzaldehyde to 
iorm a oondensation product, bluish-violet 
lies (Sachs and Steinert^ Ber, 1904, 37, 
|746), 

(y) 3 : ; together, with 2 ; 3-, 

f 1 5-, and 3 : 6-diiiitrotoliitne by nitratioii of 


m-nitrotoluene, and is leadilv separated from the 
mixture by fractional distillation in vaeu6 and 
freezing the distillate (Beilstein and Kuhiberg, 
Ann. 1870, 155, 25 ; Haeussermann and Grell, 
Ber. 1894, 27, 2209 ; Holleman and Sirks, Proc. 

K. Akad. Wetensch. Am8terdamK4906, 9, 280 ; 
Sirks, Rec. trav. chim. 1907, 27, 208); from 
3 : 4- or 4 : 5-dinitro-o-tolaidine by elimination 
of the amino-group (Brady and Williams, Chem. 
Soc. Trans. 1920, 1 17, 1 139) ; from 5 : 6-dinitro-wi- 
toiuidine in a similar manner (Brady, Day and 
Rolt, ibid. 1922, 121, 531); from 3-nitro-p- 
toluidine by the diazo-reaction (Haeussermann 
and Grell, /.c.); conveniently by oxidising 
3- nitro-p- toluidine by Caro’s acid to 3-nitro-4- 
nitrosotolucne and completing the oxidation of 
the latter with nitric acid (Meisenheimer and 
Hesse, Ber. 1919, 52, 1161). Long needles, 
m.p. 59®-4>0® (M. and H.), or 61® (H, and G,). 
On reduction with stannous chloride in presence 
of absolute alcoholic hydrochloric acid, it yields 
a eutectic mixture (m.p. fO®) of 4-nitro-w- 
toluidine and 3-nitro-p-toluidine together with 
a little diamine (Burton and Kenner, Chem. Soc. 
Trans. 1921, 119, 1053). 

3 : 6-DinitrotolueM ; from 3 : 5-dinitro-o- or 
p-toluidine by elimination of t^e amino-group 
(Stoedel, Ann. 1883 217, 1S9; Ber. 1881, 14, 
909 ; Hiibner, Ann. 1884, 222, 74 ; Nevile and 
Winthor, Ber. 1882, 15, 2984 ; Chem. Soc. Trans. 
1882, 41, 416; Honig, Bor. 1887, 20, 2418; 
Cohen and McCandlish, Chem. Soc. Trans. 1905, 
87, 1270 ; Brady, Day and Rolt, ibid. 1922, 121, 
528). It is best proofed by adding aoeto-^p- 
toluidide slowly to 8 times its weight of nitric 
acid (D. 1 *79) "below 0®, purifying the dinitro* 
derivative by extracting with hot benzene, 
hydrolysing with concentrated sulphuric acid 
(k4ow 90"^), diazotising the resulting base at 
— 10® in concentrated sdphuric acid in presence 
of alcohol, warming and purifying the dinitro- 
toluene by extraction witn alcohol (ELremann, 
Hdiiigskfg and Mauermann, Monatah, 1923, 
44, 65). Monoclinic needles or prisms readily 
volatile with steam, m.p. 92®-93®. 

TBIKITROTOLirorB. 

The following method gives satisfactory 
results for the preparation of trinitrotoluene 
tom toluene of about 99 p.c. nurity. 50 gnns. 
of toluene are added gradually with constant 
stirring to a mixture of 73 4 grms. 4 pf nitric acid 
(D. 1*42), and 146*8 grms. of sulphuric acid 
(D 1*84), the temperature not being allowed to 
rise above 30®. The reaction is alloweS to 
continue fur hall an hour after the addition of 
the toluene, and, after keeping, the spent acid 
is drawm off. The crude product {804l3 grms., 
consisting of about 60 p.c. of mono* and 40 p.o. 
'of dinitrotohiene) is dissolved in 109*2 gnns. of 
sulphuric acid (D. 1*84), the solutionis l^atod to 
50 , and a mixture of 54*6 grms. each of nitric 
acid (D 1 *5) and sulphuric acid (D 1 *84) is added 
gradually during a period of at kast 1 hour, the 
temprature not exceeding 100^ The mixture 
m then heated for 2 hours at 90®-100®, after 
which it it cooled to 90®, and 145*6 grmB. of 
oleum (15 p.c.) are added slowly lollop by a 
mixture of 72*8 gnna each of oleum (15 p.e.) 
and nitric acid (D 1*6), The edition 
taims 2 hours, and ^ temperatimis notalle^ 
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to exceed The mixture is then heated at 

90®-*117° for 2 hours. After keeping for at least 
8 hours, the spent acid is drawn off, and the 
crude trinitrotoluene crushed and washed first 
with cold water and then several times in the 
molten state ynih hot water. A yield of 75 p.c. 
is obtained and the product melts at 78®— 80®, a 
further yield of 8*5 p.c. (m.p. 69®--7i>®) can be 
recovered from the spent acid. If the product 
be purified by crystallising from, or washed with, 
a mixture of 9 voluTiies of 95 p.c. alcohol and 
1 volume of benzene the yield is 09 p.c. (m.p. 
79®-81®) and 7*5 p.c. (m.p. 7S®-81®) (Hoffman, 
U.S. Bureau of Mines, Met. and (/hem. Eng. 
1916, 14, 467; cf, Humphrey, J. Ind. Eng. 
Chem. 1916, 8, 998 ; Langenscheidt, Z. ges., 
Schiess. u. Sprengstotfw. 1912, 7, 425). For 
the manufacture of TNT (trinitrotoluene) and 
its intermediate products, sec Technical Methods 
of Explosives Supply, 191 5-191 8, No. 2, Ministry 
of Munitions and liepart merit of Scientiti<* ami 
Industrial Research. An account of the miiii- 
mum amount of water required to preeijhtate 
trinitrotoluene from its acid mother liquor i- 
given by McHutchison and Wright { J. Soc. ('hem. 
Ind. 1915, 34, 781). 

For freezing-point solubility diagram of 
TNT and picric acid, see Taylor and Rinkenbach 
(J. Ind. Eng. Chem. 1923, 15, 795). 

The specific heats of trinitrotoluene, tetryl 
and picric acid have been determined by 
Tavlor and Rinkenbach (J. Araer. Chem. Soc. 
1924, 46, 1504). 

For quantitative experimentii on the Iriuit ra- 
tion of toluene, see Gibson, Duckham and Fair- 
bairn (Chem. Soc. Trans, 1922, 121, 282), 

A^ review of the jircparation of tin* .^ix 
isomeric trinitrotoluenes uj) to date Is given by 
Brunswig (Zeitsch. angew. ('hem. 1923, 3t). 75). 

(a) 2:4; (^-Trinitf oioluene ; by prolonged 
boiling of toluene w*ith nitric and sulphuric acids 
(Wilbrand, Ann. 1863, 128, 178) or from a- or 
j3-dimtrotoluene in a similar nianiu r ; by treat ing 
1 part of 2 : 4-dimtrotoluene dissolved in 4 })ari.s 
of sulphuric acid (95-9(i p.c. ILSO4) with U 
parts of nitric acid (90-92 p.c’ HNO^), the 
mixture being heated gradually to 90M>5'^ with 
agitation for about 4-5 hours (Haeussermann, 
Zeitsch. angew. Chem. 1891, 5, 661); by boilifig 
trinitrophenylacetie acid with water or alcoliol 
(Jackson and Phinney, Ber. J 895, 28, 3007 ; 
Amer. Chem. J. 1899, 21, 431). 

Pseudo-rh^)mbic crystals, belonging tf> the 
prismatic class of the monoclinic system (Art ini, 
Atti R. Accad. Lincei, 1915, [v.] 24, ii. 274; 
cf. Friedlander, Zeitsch. Kryst. Min. 1879, 3, 
168), m.p. 80*52® (xMills, Phil. Mag. 1882, (5] 
14, 27), 80*5® (Brunswig, Zeitsch. angew. Chem. 
1923, 36, 75), 80*6® (Will, Ber. 1914, 47, 704), 
or 80*8®-80*85® (Rintoul, J. Soc. Chem. Ind. 
1915, 34, 60), Electrical conductivity in liquid 
ammonia (Franklin and Kraus, Amc‘r. Chem. J. 
1900, 23, 294) ; cryoscopic behaviour (Bruni and 
Berti, Atti R, Accad. Lincei. 1900, tv.J9,i. 274; 
Gazz. chim. ital. 19(MJ, 30, 76) ; Ixduiviour with 
methyl alcohol, &c. (Hantzsch and Ki.s.Hel, Bt'r. 
1899, 32, 3140); solubility in organic solvents 
(Taylor and Rinkenbach, J. Amor. 6hem. Socj. 
1923, 45, 44). It forms additive compounds 
with hydrocarbons and with aniline (Hepp, Ann. 
1882, 2Ji^, 3651 On reduction with aicofaolic 
ammonium suifhide it yields 2 ; 6-dinitro-p- 


toiuidine (Tiemann, $er. 1869, 3, 218), whilst 
in hydrochloric acid solution in presence of 
cupric chloride it is reduced at a copper cathode 
to 2 : 6-dinitro-p-to]iaidine and 4 : 6-dinitro-o- 
toluidine (Brand and Eisenmenger, J. pr. Chem. 
1913, ii. 87, 487). On oxidation with nitric 
acid at 180® it yields 1:3: 5-trinitrobonzene 
w*ith evolution of carbon dioxide (Claus and 
Becker, Ber. 1883, 16, 1597). With acetone and 
ammonia it gives a deep rod coloration, and is 
not so sensitive to alkalis as the p- and y-com- 
pounds. In alkaline alcoholic solutions it forms 
coloured salts which, under the simultaneous 
action of oxidising agents, yield a hexanitro- 
diphenylethane (m.p. 212®) (Will, /.c. ; Giua, 
Atti R. Accad. Lincei. 1914, [v.] 23, ii. 484; 
Gazz. chim. ital. 1915, 45, 345), When exposed 
to light 2:4: 6 -trinitrotoluene forms two sub- 
stances (»f the f'>rmula C-H^O^Ng (Schultz and 
Ganguly, Bt‘r. 1 925, 58, 702 ; i<ee also Wichort 
and Douat, Zeitsch. ges. Schiess-Sprengstoffw. 
1925, 20, 69. 

2:4: (i-TrinitrotoIucnc condenses with diazo- 
mcthaiic (lltinkc, Ber. 1898, 31, 1399) ; with 
iiitro-iodimcthylaniliiu^ to form the coinj.K>und 
CfiH2{NG.)3-Cli N*('4ll4N((‘H;d2 and 

Evefding,’ Bor. 1903, .36,959) ; it combines with 
diincthvlaininoben/.aldt4iv(b* (Sachs and St^dnert, 
ihid, 11K)4, 37. 1733) : nud with n- and naphthyl- 
amine it yields ecmipounds which melt at 113*, 5® 
and 141*5® n“-|K*clivt4v (Sudbonmgh, (diem. *Soe. 
Trans. 1901, 79, 522).‘ 

1 8 ) 2 : : 4 Tf hntntfol ui ift ; t<»gethcr with 

3 : 4 ; 6-trinitrotolucne by nitration of w-nitn»- 
toluene (IJepp, Anti. 1882, 215, 366); by 
nitration of 2 : 3 dinilrotoIuene, and to tJie extent 
of 17 juris together with 83 j>arts of 3:4:6- 
triTiitr4>tolu(me by llie nitrathm of 3 : 4-dimtro- 
toluene (Br.'idy : s(€ al^o Gibson, Duekbam and 
Fairbaini, (‘licm. S' Trans. 1922, 121. 282); 
by oxidation of 2 : 3 dinitro-p-toluidine in 
j SO p.e. sulphur! acid with ('aro'h acid, hdlowed 
by treatment of the introso-dcrivalivo with 
nitric aeui (Sco't and Robinson, Chem. 80c. 
I’rans. 1922, 121, 816); from 3 : 4-dinitn)-o- 
toluidinc in a .similar manner (Brady and 
Wiiiiam.s, ibid. 1920, 117, 1140). Slender 

leallets <»r flaky needles from alci^hol or thick 
trirnetric jdaics from acetone, m.p. 112®. On 
oxidation with chromic acid mixture it yields 
2 : 3 : 4-lrmiti*olKmzoic acid, m.p. 202 ' (Giua; 

: Brunswig). With acetone atul ammonia 
it yi(4d.s a greenish-yellow coloration (Will ; 
Giua). 

2:3: 4-Trinitrot<»lucne when b<d!ed with 
hydrazine bydrato in ulcobolie ^ulutiou yields 
4-nitro-l-bydroxy-5(or7)-met.hyM ; 2 : 34Knj*o 
triazolc, ]*alc yf liow hexagonal prisms -f-UgO, 
m.p. 2(i5® (decfniip.) when anhydrous. On 
methylatioa this forms cxchi.^'ivcly the 0-othe*r, 
browniah-ycllow lu'^dlcs, m.p. 152®, and on 
acetylation an acclyl-dcrivalive, colourless 
monocUnic pri«m«, m.pl l82®(<le(Munp.), wformotl 
(Brady and Bowman, Ghcm. Hoc. TVans. 1921, 

1 19, 894 ; Brady and Day, ibid. 1923, 123, 2258). 
Converted by aqueous sodium sulphite into 
Kodiuin 2 : 4-dinitrotoluone 3-sulphonate (Bmdv* 
HewcUon and Klein, Chem. Soc. Trans. 1924, 
126,2400). * 

(y) 3:4: 0-2Vimtrcioluene ; (see above) ; in 
a Yield of 80 p.c. by adding a solution of 2 grtns, 
of 4 : 6-dinitix>-o.toluidine in 10 c,c. of $6px* 



TOLUENE. 


Ill 


Buiphurio acid to Caro b «aoid, prepared from 
10 grms. of ammonium persulphate and 7 c.c. of 
concentrated sulphuric acid, and pouring on to 
20 grms. of crushed ice. On keeping over night 
and on further dilution the dinitro-nitrosotoluenc 
separates and is oxidised by wanning witl 
10 times its weight of nitric acid (D 1‘6) (Brady 
and Williams, Chem. Soc. Trans. 1920, 117, 
1139); from 2 : 5-dinitro-p-toluidine in a 
similar manner (Scott and Robinson, ibid, 1922, 
121, 846). Yellowish rhombohcdral crystals 
from alcohol or rhombic plates from acetone, 
m,p. 104®. With alcoholic ammonia it yicid#* 

4 ; 6-dinitro-m-toluidine, and with aniline, phcnyl- 
' dinitrotoluidine. With a<j^ueous sodium sulphite 

I ; yields so^um 4: 6-dinitro toluene 3-sulphonate 
Brady, Hewctson and Klein, lx, ). On oxidation 
dth chromic acid mixture it yields 3:4:0- 
riiiitrobenzoic acid, laminae, m.p. 190®-“191° 
iecomp.) (Hepp ; Giua). For the action of 
Ikalis, aldehydes, and aminos on a-, jS-, and 
^trinitrotoluenes, Bte 0*Riodan (Proc. Ro}’. 
rish Accad. 1918, 34, 175). and y-Triuitro- 
olueno react even with 1 p.c. sodium carbonate 
olution or lead oxido and alcohol with the 
Drmation of dinit rotolyloxides. In all three 
asos the salts are very explosive. Wit h acetone 
nd ammonia it yields a blue coloration (Will, 
ler. 1914,47, 704 .: Gina. Atti R. Accad. Lincei. 
n4, [v.] 23, u. 484; Gazz. cbirn. ital. 191.7, 
5, 345). 

3:4: 6-Trinil rot ol none when treated in 
:>iling alcoholic solution with an excess of 
irdrazine hydrate yields 0-iiitro-l-h3'droxy-5- 
lethyl-l : 2 ; 3-bcnzo triazole, yellow prisms, 
i.p. *194® (docomp.). The latter conij)ound on 
lethylation yields a mixture of the O-methyl 
iher, long, pale canary -yellow needles, m.p. 
35®, and the N-methyl ether, canary- ytdlow 
lathery tufts, m.p. 2*05® (decomp.), and on 
letylation an acetyl derivative, faintly pink 
lonoclinic needles, m.p. 100® (decomp.), i.s 
)rmed (Brady and Day, Chem. Soc. Trans. 
923, 123, 2258 ; c/, Brady and Bowman, ihitU 
921, 119, 894). 

(f) 2 lb’ Trinitrotoluene : from 3 : 5-di- 
itro-o*toluidine. Large, slightly yeH)W ])risms, 
donging to the bi -pyramidal class of tlu^ 
hombio system. It melts at 97® (Brunswig, 
eitseb. angew. Chom. 1923, 36, 75). It dissolves 
acetone containing a few drops of ammonia 
Iving a rose-red coloured solution, which 
hanges to red, then brown, and finally black. 
?ith chromic acid it yields 2:3: a-trinitro- 
nzoic acid, m.p. 82® (+ 2 H 2 O) or 171® (an- 
drous) (Komer and Contardi, Alti R. Accad. 
jlncei, 1915, [v.] 24, i. 888). With aqueous 
3ium sulpUto it yields sodium 3 : 5-dinitro- 
Auene 2-sulphonate (Brady, Hewctson and 
ein, lx.). 

2:3: d-Trioitrotoluene when boiled with 

jino hydrate in alcoholic solution forms 

^tro-l-hydroxy- 4 -methyl - 1:2: 3-benxotria- 
‘ . pale yellow prisms, m.p, 225® (decomp.), 
jhe latter on metXviation yields a myciure of 
» 0-ether, needles,* m.p. 137®, and the N-ethcr, 
'ow needles, m.p. 220® (decomp.), and on 
^yktion an aoetyl-derivative, almost colour- 
cubic orystals, m.p. 142®, is formed (Brady 
Day, Chem, Soc, Trans. 1923, 123, 2258; 
f Brady and Bowman, ibid. 1921, 119, 894). 

' {«) by direot nitra- 


tion of toluene (Drew, Chem. Soc. Trans. 1920, 

1 17, 1615) ; together with 2:3:4- and 3 : 4: 6- 
trinitrotoluene by nitration of m-nitrotoluene 
(Marqueyrol, Koehler and Jovinct, Bull. Soc. 
chim. 1920, [v.] 27, 420 ; Drew, l.c. ; Brady, 
Chem. Soc. Trans. 1922, 121, 328) ; in a yield of 
15 p.c. together with other products by nitration 
of 2 : 3- and 2 : 6-dinitrotoluene (Drew) ; from 
2:4: 6-trinitrotoluene by reduction, bromiua- 
tion, elimination of the amino-group, and replace- 
ment of the bromine atom by an amino-group, 
followed by conversion of the 2 : 6-dinitro-m- 
toluidine into 2:3: 6-trinitrotoluene via the 
diazo-nitrate (Korner and Contardi, Atti R. 
Accad. Lincei, 1916, [v.] 25, ii. 339) ; from 
3:6- or 5 : 6-dinitro-o-toluidine by treatment 
with C^aro's acid and oxidation of the dinitro- 
nitroso-lolucne produced (Brady and Taylor, 
Chem. Soc. Trans. 1920, 117, 876) ; from 2 : 6- 
dinitro-m-cresol (l)rcw). 

Molinari and Giua (Zeitsch. ges. Schiess- 
Sprengstoffw. 1914, 9, 239) obtained in the 
manufacture of trinitrotoluene a compound, 
m.x>. 79*5°, which they stated might be 2 : 3 : 6- 
triiiitrotoliienc, together with 3- and 4-nitro- 
tohiene, 2 : 4-, 2 : 5-, 2 : 6-, 3 : 4-din it rotoluenes, 
and 2:4: O-trinitrotolueue. Brajly and Taylor, 
however, sliowed that this com2)ound was 
jirobably a mixture of 2:3:4- and 3:4:6- 
trinitro toluenes. 

The formation of 2:3: 6-triniirotoluene by 
the direct nitration of toluene has been ques- 
tioned by Giua (Gazz. chim. ital. 1921, 51, ii, 
113), but Drew's contention that 2:3:4-, 
2:4: 5-, and 2:3: G-trinitrotoluone are formed 
by the nilratiem of w-nitrotoluene is further 
supported by Brady (l.c.). • 

Shining white needles belonging to the 
prismatic class of the monoclinic system, m.p. 
ill®. By treatment with alcoholic ammonia m 
a sc*aletl tube at 1 10®~120® it yields 3 ; 6-dinitro- 
1 o-toiuidine, m.p. 151®, and a complex mixture 
of Kubsitances, m.i>. 128®. It yields 2:3: 6-tri- 
nitrobcnzoic acid, m.p. 55® (-f 2 H 2 O) or 160® 
(anhydrous), on oxidation with chromic acid 
(Korner and Contardi ; <*/. Brun.«!wig, lx.). 

(8) 3 : 4:1 r>- Trinitrotoluene ; from 3:5-dinitTO- 
p-toluidine. Greenish-yellow transparent prisms 
or plates, belonging to the prismatic class of the 
monoclink* system, m.p. 137 '5®, With chromic 
acid it yields 3:4: 5-trinitrobenzoio acid 
(Komer and 0>ntardi, Atti R, Accad. Lincei, 
1914, [V.] 23, ii. 464 ; 1915, fv.] 24, L 888; cf. 
Brunswig, Zeilseh. angew. Chem. 1923, 36, 75). 
With aqueous sodium sulphite it forms ao^um 
3 : 5-dmitrotolucne 4-sulphonate (Brady, Hemt- 
son and Klein, Chem. Soc. Trans. 1924, 12^ 
2400). 

3:4: 5-Trinitrotoluene when boiled with 
hydrazine hydraU=^. in alcoholic solution yields 
1 4nitro- 1 -hydroxy -6 -methyl- 1:2: 3-benzotri- 
I azole, yellow needles, m.i). 241® (deoomp.), the 
monohydratc of which, deep orange prisms, 
loses water at 90®-05®. The iriazole on methyl- 
ation yields exclusively the 0-ether, yellow 
plates, m.i>. 183®, and on acetylation an acetyl- 
derivative, colourlesa prismatic crystals, m.p. 
210® (decoly).), is formed (Brady and Day, 
Chem. Soo. Trans. 1923, 123, 2258; Bndy 
and Bowman, ibut. 1921, llX 894)* 

Up to th^ present, the form|^n <4 hSg^ 
nitfo-derivatives by the nitration tolnana baa 
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failed, for if the reaotioii ie promoted by heat or 
pressure either trinitrobenzoio acid or even tetra- 
nitromethane is obtained, whilst 3:5*dinitro- 
toluene could not be nitrated to yield any 
trinitro-derivative (Will, Ber. 1914, 47, 704). 

o^Nitrobemyl chloride; together with the 
p-isomeride by nitrat^n of benzyl chloride 
(Noelting, Ber. 1884, 77, 386 ; Kumpf, Ann. 
1884, 224, 100; Ber. 1884, 17, 1073; cf. Boil- 
stein and Geitner, Ann. 1866, 139, 337) ; from 
o-nitrobenzyl alcohol and phosphorus ponta- 
chloride (Geigy and Konigs, Ber. 1885, 18, 2401 ; 
Gabriel and Bormann, Ber. 1883, 16, 2066) ; by 
the action of chlorine on a mixture of o-nitro- 
toluene and sulphur at 130°-! 40® (Haeussermann 
and. Beck, Ber. 1892, 25, 2445). Calcspar-like 
crystals, m.p. 47*9®; ® 1*5557 (Holleman, 

Vermeulen and de Mooy, Rec. trav. chim. 1914, 
33, 1). With potassium iodide it yields o-nitro- 
benzyl iodide. With stannous chloride and 
hydrochloric acid it is reduced to o-benzylene- 
hnide (Lellmann and Stickel, Ber. 1886, 19, 
1604 ; Thiele and Weil, Ber. 1895, 28, 1650), 
whilst on reduction with stannous chloride in 
presence of alcoholic hydrochloric acid o-amino- 
&nzyl ethyl ether is obtained; By reduction 
with excess oi stannous chloride in aqueous or 
ethereal solution in presence of hydrogen 
chloride, followed by treatment with hydrogen 
sulphide, o-diaminobenzyl sulphide is produced 
(Thiele and Bdmroth, Ann. 1899, 305, 112, 122 ; 
Ber. 1896, 28, 914). With aluminium chloride 
in presence of benzene it yields o-nitrodiphonyl- 
methane and other products (Freund, Monatsh. 
1896, 17, 395). When reduced with sodium in 
methyl alcoholic solution o-nitrobenzyl chloride 
yields o-nitrobenzyl methyl ether (Thiele and 
Dimroth). 

m-NUrobenzyl cldoride ; from «i-nitrobenzyl 
alcohol and phosphorus pentachloride (Gabriel 
and Borgmann, Ber. 1883, 16, 2064) ; together 
with o- and p-nitrobenzyl chloride by treating 
benzyl chloride in the cold with nitric acid 

f ’6) (Abelli, Gazz. chim. ital. 1883, 13, 98 ; 
pi, i.c.). Yellow needles, volatile with steam, 
44*8®, 1*5677 (Holleman, Vermeulen 

de Mooy, Bee. trav. chim. 1914, 33, 1). 
When treated with sodium sulphite it yields the 
s^um salt of m-nitrobenzyl sulphonic acid’ 
(Poigotti and Monti, Gazz. cUm. ital. 1900, 30, 
u. 2l3). 

•p^NUrdbptzyl chloride ; by nitration of benzyl 
chloride (Beilstein and Geitner, Ann. 1866, 139, 
337 ; Strakosch, Ber. 1873, 6, 1056) ; by the 
action of 1 moL of chlorine on p-nitrotoluene at 
186®-190® (Wachendorff, Ann. 1877, 186, 271). 
Needles, m.p. 72*4®, 1'5647 (Holleman, 

Vermeulen and de Mooy, l.c.). Chlorine at 
180®-190® is without any action. It is oxidisec^ 
by alkaline pyrogallol to p-nitrotoluene (Pelliz- 
« zari, Gazz. &im. ItaL 1884, 14, 481). For its 
reduction with stannous chloride under various 
conditions, see Thiele and Dimroth (lx,) ; Boser, 

. (Am, 1887, 238, 364). With zinc and hydro- 
chlorio amd it is reduced to p -tolui din e (Budolph, 
D.B. P. 34234of 1885). With sodiuij^ acetoxime 
in warm idoohol it yields p:p-dimtTostilbene 
^SolizOI^ Peschkes, Ber. 1900, 33, 1981). 
It fixntti colouring matters with primary, 

a* well as with 

phmiB in im pmmeo ^f oxi<}isitig agents 


(Oieiff, B. B. P. ISm of 1881; Lembaoh 
and Schleicher, D. B. P. 14945 of 1880). 

2 i 4 i S^TrinUrobenzyl chloride; m.p. 85 ® 
(Ganguly, Bar. 1926, 59, 708). 

2:3i4t‘Trichloro-6-nitro-benzyl chloride. 
Needles, m.p. 122® (Ganguly, l.c.). 

Q‘N%tr6bewtylidem chloride ,* in a yield of 23*3 
p.c. by nitration of benzyUdene chloride. M.p. 
25*7® (Holleman, Vermeulen and de Mooy, Bee. 
trav. chim. 1914, 33, 1 ; cf, Kliegcl, Ber. 1907, 
40, 4937). 

m-NitrcbeneylideTie chloride ; m.p. 64*6®. 
Yield 33*8 p.c. (Holleman, &c.). 

’p-Nitrobenzylidene chloride; m.p. 42*8®. 
Yield 42*9 p.c. (Holleman, &c.). / 

CHLOBOKlTBOTOLUnNES. 

The nitration of o-chlorotoluene leads to 
formation of all the possible chloromononit 
derivatives, 2 : 3-, 2 : 4-, 2 : 5-, and 2 : 6-, althoug 
the 2 : 4-i8omeride is difficult to detect. Usind 
10 grms. of o-chlorotoluene and nitrating with\ 
40 grms. of nitric acid (D 1*62) at 0®, the per- ^ 
centage yields of the products in the above order 
are 19*2, 17*0, 43*3, and 20*6 respectively. In 
the case of m-chlorotoluene the 3 : 6-, 3 : 5-, 3 : 4-, 
and 3 : 2-chloromononitrotoluenes are obtained 
in a yield of 58*9 p.c., very little, 32*3 p.c. and 
8*8 p.c. respectively (Holleman and Wibaut, 
Proc. K. Akad. Wetensch. Amsterdam, 1912, 
15, 594). The nitration of o-chlorotoluene with 
nitric and sulphuric acids primarily at 8®-10®, } 
and finally at the temperature of the water-bath, 
leads to the formation of four isomeric dinitro- 
derivatives in the following proportions: 2- 
chloro-3 : 5-dinitrotoluene, 55-60 p,c,; 2-chloro- 
6 : 6-dinitrotolurne, 18-20 p.c. ; 2-ohloro-4 : 6- 
dlnitrotoluone, 18-20 p c, ; 2-chloro-4 : 6-dinitro- 
toluene, 1-2 p.c. (Morgan and Drew, Chem. Soc. 
Trans. 1921, 117, 793). 

2'ChlorO'3’mtrotoluene ; from 3-nitro-o-tolu- 
idine by the diazo-reaction (Wynne and Greeves, 
Chem. Soc. Proc. 1895, 11, 151 ; cf, Cohen and 
Dakin, Chem. Soc. Trans. 1^1, 79, 1127). 
M.p. 21° (HoUeman, Bee. trav. chim. 1908, 27, 
455), 1*5327 (Wibaut, ibid, 1913, 32, 

244). 

2'Chloro-4-nitrololuene ; from p-nitrotoluene 
and phosphorus pentachloride (Lellmann, Ber. 
1884, 17, 534) or antimony pentachloride 
(Wachendori!, Ann. 1877, 185, 273) ; in a yield 
of 95 p.o. by chlorination of p-nitrotoluene at 
66®-76® in presence ctf antimony trichloride 
(Davies, Chem. Soc. Trans. 1921, 119, 868; 
1922, 121, 809) ; from 4-nitro-o-toloidine (Cbeen 
and Lawson, ibid, 1891, 59, 1017), or 6-ohloro* 
4- nitro-7u-toluidine (Morgan ana Drew, ibid, 
1920, 117, 789), or 2-chloio-4-mtro-tn-toluidine 
(Morgan and Glover, ibid. 1921, 119, 1704) by 
the diazo-reaction. Lo^ white points ueemes, 
m.p. 68® (Green and Lawson), or m.p. 62*3®, 
n69*4 1*5470 (Wibaut, Bee. trav, chim. 1918, 
32, 244), b.p. 267®-260®/766 mm. (Davies, Ic.). 
Volatile arith steam and develops an intense red 
coloration with hot alodbolie sodium hydroxide. 

2-Chloro-b-niirot6luene ; by nitratum dt th 
oUorotoloene ; from 5-nitro-o-toluidiae <€kdd* 
schmidt andHdnlg,Ber. 1886, 19,243^; )887*M. 
199), or 2-ch]ofo«5-idtro-p^tolulfbbe (Cohen and . 
Daldn, Cbem. Sock t|D2, 8), 1884)1 r 

tc^thmr 
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6*dilo»>4^ti!o^tol^ (Mbxga^ md BreWj ] 
4bii* 188Qt 117, "787) by tbe diazo-readlOB. 
Yc^wbdt iQpiMJiiids, 44% b.p. 24S%71I mm. 
(Q. aad S*)# ^ 3tti-P- 42*0% 1*5511^ Wibaut, 

Beo. trav. cbim. |013» 82, iU). 

2*Ohkro*t-nUr()Uiuene ; from 6-tiitro«o-tolu- 
idine (Green and lAWon, ?.c.; Morgan and 
Drew, Chem. Soc. Trans. 1920, 117, 787) by the 
diazo*zeaction ; by the reduction of 2 : 6-dimtro* 
toluene by means of hydrogen sulphide in 
ammoniaoid solution followed by the diazo- 
reaction (Wibaut, Eec. trav. chim. 1913, 32, 
244); together with considerable amounts of 
4-chloro-2-nitrotolu6ne by chlorination of o- 
nitrotoluene (Cohn, Monatsh. 1901, 22, 471; 
cf. Janson, D. B. P. 107505 of 1898). Needles, 
m.p. 35'3% n.®®*4 1*6377 (Wibaut), or m.p. 37° 
(Green and Lawson), b.p. 236°-238° (Janson). 
Readily volatile with steam. On reduction with 
zinc dust and sodium hydroxide it yields 6-chloro- 
o-toluidine, o-o^-dichloroazotoluene, and o-o'-di< 
chlorotolidine (Cl : CH, : NH2»2 : 3 : 4) (Cohn, 

l. c. ; c/. Akt. Oes. f. Anilfabr., D. B. P. 82140 
of 1894). 

3-Chloro-2‘nUrot6luene ; by chlorination of 
6-mtro-aoeto-o-toluidide in glacial acetic acid, 
followed by hydrolysis and elimination of the 
amino^group (Cohen and Hodsman, Chem. Soc. 
Trans. 1907, 91, 974). M.p. 23'4° (HoUeman 
and Wibaut, Proc. K. Akad. Wetensch. Amster- 
dam, 1912, 15, 694), 1-5904 (Wibaut, Bee. 

trav.. ohim. 1913, 32, 244). It may also exist 
in a metastable form. It is oxidised to 3-chloro- 
2-nitrob6nzoio acid (Brand and Zdller, Ber. 1907, 
40, 3324). 

3-Ohloro^4^nUratdlue'ne ; from 5-chloro-4* 
nitro-o-toluidine. M.p. 24-2°, n®®’® 1*5428 
(Wibaut, f.c.). 

Z-Chhro-h-nitreioluene ; from 5-nitro-m-tolu- 
idine by the diazo-reaction (Honig, Ber. 1887 
20, 2419). Yellow needles, volatile with steam 

m. p. 55° (Hdnjg), m.p. 68*4% n®®*® 1*5404 

S /ibaut, Bee. trav. chim. 1913, 32, 244), m.p. 

® (Wynne and Grooves, Chem. Soc. Proc 
1895, 11, 151). 

Z^OhloroS^nUrotolueTie ; from O-nitro-m-tolu 
idine (Cohen and Hodsman, Chem. Soc. Trans. 
1907, 91, 975) or 2-nitro-5-chloro-p-toluidin6 
(Brand and ZoUer, /.c.). It appears to exist in a 
stable form, m.p. 24*9°, and a metastable form, 
m.p.. 24*2°, n«®‘® 1*5495 (Wibaut, f.c.). 

4^hhro-2‘nitroi6luene ; tc^ether with the 
4j 3*isomeride by nitration of p-chlorotoluene 
(Ihmlbrecht, Ber. 1874, 7, 797 ; Goldschmidt 
1886, 19, 2440; cf. Wroblewsky, 

, A nn , 1873, 108, 203) ; £tom 2-nitro-p-toluidinc 
1 ^ tiM di(U»-i«aotioa (Bdistoia and Kuhlbera. 
Ami. mi, 168, 336 ; Qieen and LawBOQ, Oiei^ 
..Soo. Xrana. 1891, 69, 1019). Long needles. 

239*6 -W/718 nun., loadih 
, <waaole inih steam. On leduotion it yields «- 
m)lotllH^tdtnidine (Ooldsolmudt and Hdnig). 

‘ i together with the 

idtrating p-ddorotolunne (see 
; fi»m 

J^AiM?<«««tion (Oathtromnn and 
_ ^ r;J^. 1886; MOO). oawhidisoHdifles 

h.p. 260*/746mm. 

1^. 1M7 -(GatteanaaB and .Kaiser). 
r bom 3 < 4 ^ 


nltro^^toMdine by the Sandmeysor reaction. 
Cbiourlesi^ needles, mup. 89% With warm 
aqueous sodium hydroxide the following colour- 
thanges oocur ; yellow, yeUowicm-brown, 
browni^-red; with alcoholic s^umhydromde, 
pale green, dairk green, greenish-blue, orownish-* 
blacl^ and after heatiim and keeping for 2 hours, 
pale red ; with alcohouo ammonia, faint yellow 
(Morgan jand Glover, Chem. Soo. Trans. 1921, 
119, 1703). 

2^Chiloro~3 i B^dinitrotolluene : from 3:5-di- 
nitro-o-toluidine by the diazo-reaction (Kdmer 
and Contardi, Atti B. Accad. Lincei, 1915, [v.] 
24, i. 888 ; Babaut, Bull. Soc. chim. 1895, [3] 
13, 634; Compt. rend. 1895, 120, 1123); to- 
gether with other products by nitration of o- 
chlorotoluene (Nietzki and Behe, Ber. 1892, 25, 
3005 ; Borsche and Fiedler, ibid, 1911, 45, 270 ; 
Morgan and Drew, Chem. Soc. Trans. 1920, 117, 
784); best prepared by heating 2-ohloro-3- 
nitrotoluene or 2-chloro-5-nitrotolueDe with a 
mixture of equal parts of sulphuric and fuming 
nitric acids for 2 hours on the water-bath 
(Borsche and Fiedler, lx.). Stout yellow 
rhombs, or large prisms ; m.p. 63°-04'5° 
(Borsche and Fiedler). With anhydrous liquid 
ammonia it 3 ri 6 lds an intense violet to bluish- 
violet colour (red by transmittechlight) ohan^g 
to greenish-black; with alcoholic ammonia a 
greenish to azure-blue colour changing to red ; 
with alcoholic sodium hydroxide a pale yqllow 
colour changing through greenish-blue to intense 
rose-red and on heating to bright orange-red 
(Morgan and Drew). 

2-Chloro-4 : 5-dinUrotduene ; from 4 : 5-di- 
nitro-o-tohiidine by the Sandmeyer reactioa 
(Morgan and Glover, Chem. Soc. Trans. J1921, 
119, 1703) ; in 85 p.c. yield together with 
upwards of 4 p.o. of 2-ohloTo-4 : d-dinitro- 
toluene by nitration of 2-ohloro-4-nitrotoluen6 
(Morgan and Challenor, ibid. 1921, 119, 1539 } ; 
in 1^20 p.o. yield by direct nitration of o-chlozo- 
toluene (Morgan and Drew, ibid. 1920, 117, 786, 
792). OolourlesB hexagoned leaflets or prismatic 
needles, m.p. 88*5°. It yields a trazispaxent 
orange-red colour with anhydrous liquid am- 
monia which changes to bluish- apd brownish- 
black, a transparent orange-red coloration with 
alcoholic ammonia, and with alcoholic sodium 
hydroxide a pale yellow colour which changes 
through emerald-green to brownish-red (Morgan 
and Drew), 

2-CJU<^oA : Z-dinitrotduene ; in a yield of 
about l’-2 p.c. by nitration of o-cRlorotoliiene ; 
in a yield of 12 p.c, by nitration of 2-Qhioro-4- 
nitrotoluene (Morgan and Drew, Chem. ^8oo. 
Trans. 1920, 117, 786, 792); in small yield, 
together with 2-ohloro-5 : 6-dinitrotolu6ne by 
nitration of 2-ohloro-6-nitxotoluene (Morgan and 
Jones, ibid. 1921, 119, 187). Oolourkis rect- 
or prismatic needleB, mun. 49% 


With anhydrous liquid amm< 
intense violet coloration which 
violet, magenta, and finallv 
alcoholic ammonia a bright 
to bluish-mreen, intense azure 
transmitted light) to, deep 
aloohdlio zpdiw hydroxide 
changing to greeidah-Uue and 
and on neati^ to seddish-bladk 
tranqfMuent deep orange-ned 
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di^'togetber ^th a small amomit 

.; 4 i^ by the gradual addition 

ef 2 -ohk>ro- 6 -nitrotoluene to a mixture of nitric 
aetd <D 1 * 4 ^) and sulphuric acid at 20 % the 
temp^ature being raised subsequently to 70^ 
for 1 hour (Morgan and Jones, Ohem. Soc. 
Trans. 1021, 119, 187; c/. Janson, D, R. P. 
107505 of 1898 ; Cohn, Monatsh. 1901, 22, 475 ; 
. Morgan and Drew, Chem. Soc. Trans. 1920, 117, 
787). Colourless needles or prisms, m.p. 106*5^ 
Wi& fudiydrous liquid ammonia it yields 


(Bonohe and Fiedler), or etcmt yww 
ginna, a.^11 4;^ (Bjtw ^ ~ Owrtiwli^ 

of 3-diloro-4 : 8>dinibnot(diiaie *4 160M78*, or 
of S-ohlorotoluene witii st^hurie add (D 1*84) 
and nitric acid (D 1*51) (Reverdia, Dim! ana . 
Del^tra, Bull Soc. chim. 1904, [3] 81, 631) « by 
condensation of trioitro-m-creeol with tofamie 



orange-red, fadmg to"" transparent "brownisli- 
^^ow and finally to light orange (Morgan and 

Z-Chloro-2 : 4-dinUrotolue7ie ; by the action of 
cupric chloride on 2 ; 4-dinitro-m-tolyl-hydrazme. 
Long silky pale yellow needles, m.p. 92° (Brady 
and Bowman, Chem. Soc. Trans. 1921, 119, 897). 
These authors consider that the compound, m.p. 
73% obtained by Borscbe and Fiedler (Ber. 1913, 
46, 2117) is identical with 3-chloro-2 : 6 -dinitro- 
toluene. * 

Z-Chloro-2 : 6-dmilrotoluene ; large, almost 
colourless prisms, m.p. 7.5° (Kornorand Contardi, 
Atti R. Aocad. Lincel, 1916, [v.] 25, ii. 339 ; r/. 
Boische and Fiedler, /.c.). 

Z^CMorO'4t ; Z-dinitrotciutne ; from O-nitro- 
m-toJttidine by replacement of the amino- 
poup by chorine, followed by nitration with 
fumiBg nitric add and sulphuric add ; or by 
nitx§tion of m-chlorotoluene (Reverdin and 
Ca^uz, Ber. 1900, 33. 2506 ; Bull. Soc. chim. 


Fine ne^es, m.p. 50’5°-51*5** (OAih and 
Dakin, Chem. Soc. Tians. 1901, 70/1128; 
1902, 81, 1327, 1347; cf. Seelig, Ann: 1887, 
237, 163). 

2 : Z’Dickhro-h-nUrololuent ; from dodUoro^ 
5-nitro-o-toluidine by the diazo-reacUon (Vfytm 
and Oreeves, Chem. St>c. Proc. 1895, 11 , 151). 
Pale yellow needles, m.p. 83°, 

2 : 4-Dichloro-H‘nUrotoluene ; by nitration 
of 2 : 4-dichloro toluene with cold fuming nitric 
acid. Needles, m.p. 54'’-.'>5‘’ (Cohen Mid Dakin, 
Chem. Soc. Trans. 1801. 79, 1128; 1902, 81, 
1334, 1348 ; f/. Seel«, l.c.). I 

2 : 5-J}ichloro-3-nUrobjbieHe ; from fi-chloro. 
3-nitrD*o-toluidiiic by the diaao-reMition. Long 
slender needles, volatile with steam, m.p. 

1 wP Chem. Soc. Trana. 1902, 81, 

2 : 5-I}ieUoro-4-nitrololiieHe ; by nitration of 
2 : 5-dichlorotoliieoe (Cohen and Daldn, Clmm. 
Tra^. 1901. 79. 1180; 1902, 81, 1847); 


I«fi» «\OT Mfti 5 .Tr II irans. iwi, /», i|«|. jimg, gi |,g 7 l . 

P«JeyeUowneedlea,orriuning from 6.cUoro.4.nitro.iii-toluidiiio 1 ^ the duum. 

reaction (Morgan and Drew, ii»dL 1920. IIT 
vilified witk an alcoholic solution of ammo- 789). Fine neediee m n 80*-fll“ <C ami fi 1 * 

2 i^’ S chloro-O-nitoo-o-toInldwe by the di^ 
oea^ OmnOt^ imp. 262 (^vetdm and ^Mten (Cohen and 1 , 07 ^ 


On$MHUEs e/. BoTMhe and Redier. Bw. loTs, 
2117). On nitration it yields 3-chIoro- 
2:4: 6 -trinitzotoluene. 

4^Moro-2 : Z-dirntroUduene ; by nitration of 
y-wofotohiene with nitric acid (D 1*4). Small 

Ber. im, 19, 2439 ; Hdnig, ibid, 1887, 20, 242m. 

by oxidation 

Cf 4-ciiloro-2 : 5-dimti08otoluene with warm 
cmioentiated nitric acid. Short amber 
jpaor jKehrmMm, SUva and 

. tO-diitaroWaeiie ; by nitration of 

«fMM O-»^itiiotahieiie with mised acid. Lomt 
^ needles, m-p. lOl* (Hdnig, Ber. 1887, 20® 


8r-458*, 
the oold 
I Dakiii. 


976). 

2 : 0-DteUoro-S-ntlrotolMM ; m.p. 
by nitrating 2 : d-dichlorotolnone in 
joth fpiiliK nitric aeid (Cohen an 
Ca»m. Sm. ftwna. im, 81. 1346). 

2 ; Z-DH:hkmyi^nitroidim^ ; tegerUter 
rther prodneto in a yield of moie &ui 30 IM. 
«.rm ‘•‘®. “®“«cl»l»rinatkm of 2-eUonHh.aifam. ■ 

warm toluene m the preranoe of anUmonytakhloddiee 

femcohl.^. Thfckcoloortem&KSSi 

Kcleti Uiut needles, m.p. «8*, l».p. 2?8”-7n7M0Ml! ^ 
It IS VArv iifjLKU i ’■ 


fktoTmSk 


It is veiy stable ‘towai^ 
nate solution (Davies. 

1«22,121,810).' ’ 

. ?'• ; fraat iMyaik 

.44Hfa»3 : WiiuiiiafoliteM • bv . ^'^4ro-)^toluidine tw the dkaa.mmaiiil " Ka. 

.*Lr?* *. “ quantity by the 


; '4|.' 


toliiene p-nilphcmyl 
■MPSe e-p-mesol in presence ci 
and Fledhv). In 
the first 



JM). 80*-81'> (0^ iaj iwfci. 

. . -- Trans, 1902, 81, 1338, |Moi **■"*», 

’• ^^-64*’ (GoIumi nad 4lS 
3: 5*Z)idltow.2w|i4MMkiAa - 

3 rehtfieUofotolMink “ 


d-efahm-g 

ffl3* (OohMrMdxSSr' ^ 
cMthite ly the, ^ I99lt$ 81, tl M), 




WUOmi, 


HI 


ii litiwftlhid itf WioUttinfeif 


i^WK^ihim)^ 




IVMMI 

_iMiioto- 
000* T**-M 1ll r 

B0lV99.'Uli« 1MI,»,U^I8M; OoiwnMd 
goiuota, m, U07, 91. 975; Jkmm. ihUL 
im at, 812 ; fiMl%, inn. 1887. 237. 129). 

2:3'i)<dUpro4:64KnAra(o)MM; m.p. 1V~ 
72*(C!.MiD.). 

, 2]«'‘JMeftfo>«>3:8-8tfij(ro<o}HeM; priamt. 
kp. 1 <»*-< 1 M<* (a md D. : &). 
n 2 s 5*iNdlfer94 : t-HmitrMiiitM; in.p. 100”- 
|01”(0.aiulD.; CudlL). 

2:6>i>Milo>«>3:44«fNfrmwM; by nitre- 
2 j O-dicbloro-d-nitrotolaeiw with nitno 

iwioncidnt 
for 1 hour. 
■_13r (D). 

: 6-J!MciUm>- 3 • S-dtiuirololueM ; oolonrku 
. m,p. 121” (C. uid D.) ; alao prepared 
2 : 0-whtoo-S-nitro-p-toluidine o^ elusi- 
^ting the amino-group followed by nitration 

iii- DkUorO'2:6‘d%nilrobilwne; long, 
hnoat oolourieaa needlea, mp. 91'5”-92*6” 
XandD.). 

3 : 5-2)KiUaro-2 : 0-dinitnlolwne , long white 
'■ a, m-p. 9»”-100” (C. and I).). 
5-ZneA2oro-2:4:9-(rtni(nitoliteiie; by 
ethyldicbloroirinitrophen}! acetate in a 
tube with concentrated hydrochloric 
at 150”-i60”. Long flat white pruma, 
200”-201” (Jackaon and SmiUi, Amer. 
u J. 1904, 32, 108). 

!0-DKiUoro-3:4:5-(r*at(ro(oI«ieaa; bypro- 
notation of 2 : 6-diohloio-3 : 5-diiutro- 
with a mixture of nitric add (D 1*5) 
lining aulphurio add (20 p.c. SO,) at 155”- 
Small oolonrleae neeiUM, m.p. 100”- 
(Daviea, Qnm. Soc. Tmna. 1922, 121, 

fdlowing trkfaloiouitiotdomiea have 
obtainid by nitrating the ooneapoiuling 
M (Seelig, inn. 1887, JS7, 140 ; 
and BaUn. Cum. Soc. Tmna. 1902, 
[1824. 1344). 

^s8t4*2Vidiinm{(rdd«KM ; white needlea, 
.80*-01”(&). 

E 1 3 s 6-lV«eMorMHin)l 
.58”^ClaadO.}. 

liflrO-SVjoUwwiitraloiieaa,' long needka, 
.5T^i8”(a«tdD.). 

Iriii'flVMtormdfivloh^ needlea or 
imp. 0}”>O2” (&) (<tf. Bdletdn and 
Mft inn. 1609. 152. 240; Schnlta, inn. 
167, >77). 

(^4 1 ♦»>bitMwia4‘tri M elM w ; 

.aodlX). 

; ptimnib 


ene; idted needlea. 


nup. 


^(aMdthL 

rate 


2 { 8 $ViPHdUNo-4 i MmHnthmf adaraa, 
»i.p. H0“-I42” fC. and D.). 

titti-frieuav-tti 4 Mnkkm^ amall 
neecSa^ 19.0. 227* (&). 

2«4^4<'2V4eMar»4i5-dHi«(rela(^^ am 
178”-180‘{aandD.). 

3i4:5-2V4cUaro.2s8>dhd(ra(ahiaM, pda* 
matk needlea, imp. 103**484” (C. and O.). 

The following tetiadilenimtotolneaaa have 
been obtained in a dmibr manner (Odmn and 
Dakin, ibid. 1904, 80, 1274; 1906, W. 1483). 

2 ; 3 ; 4 ; 5- TrtracAioro-O-att r oto ia a f W ; ja.p. 
159”. 

2:3:4:0*2'e(raeUoro-5-»«frotetiMM,’ m.p. 
131”-184* (not pure). 

2:3:5: 0-x<lraeJUoro-4-iulralo)aeae / amall 
hexagonal platea, m.p. 150”-152”. 

2- ibomo-4-ntfrdd«eae , diminatfon of 

the ammo-group from 0-bKWM>*4-nitio-m*tota* 
idine (Nevifo and Winther, Chem. Soft Thena. 
1881, 39, 85; Bw. 1881, 14. 418); by hao«fog 
p-niUotolnene with bromine in p r eaa n ee <» 
fenoua bromide (Sohenfolen, inn. 1886. 231, 
171) ; by the action of hydrobromfo add on 
p-nitrotoluene-o-diaaopiperidide (WaUaoh.inn. 
1886, 235. 248). Ne^ea, m.p. 77*5” (S.) or 
74”-75”(N.andW.). 

i-Bromo-H-Ttiinloluate ; from 6-nit((Ni*toin- 
idmo (Nenle and Wmther, Oum. Soo. Xmoft 
1880, 37, 429); by heating «*nitiDtolnena 
with bromine in preaenoe of fertOHB bramlda 
(Scheufelon, inn. 1885, 231, 180); frena 2* 
bromo-5-mtro-p-toluidine or 6*biomo4*nkin* 
o-toluidme by the diaao-ieaotion (BkadamH^ 
Chem. Weekbiad. 1912, 9, 968). U nHitl at 
78” (S.). 

i-Bromo-d-niinktueM ; from O^dtro-o-tda* 
HUne (Fnedlander, Brncknee and Dentaeb, ianu 
1912, 388, 23; Ndting, Ber. 1904, 37. 1018). 
YeUowisii-white needka, m.p. 41* (N.) or 38* 
(F. B. and D.). 

3- BromO‘2‘nitntiAuM; from 2*flltio4* 
biomo-m-toluidinebythediaao*naetiim. linbl 
(Nevile and Winther, Chem. Soe. Tmna. U(Hl 
37,630; Ber. 1880, 13, 1946). 

3- Bromo-5-»itrafatatae; bom l.bioHaKi* 
nitro-p-toluidine, O-brorno-i-nitaOH^toinidte W 
3-bromo.5-nitio-o-tohiidiiw liy the #ma* 
reaction. Friama, m.p. 81Slr-814* Clivtfl* 
and Winther. Chem. Soft Ikaiia. 13861 17| dMi 
Ber. 1880, 13 564) or m.p. 86*. kp. IWMW* 
(WroUewaky, Arm. 1878, 192, 308). 

4- /bomo>2-ailroiehiaM: from I 
toluene by repiedng the 
bromine (seiktdn and 

lik 340) : togrthw with 4-h 

by nitrating p-bnmHitolaine , 
inn. 18737108.176); by teodteatl 
on o-nitn*olMM in preoenoei " ‘ 

I^. 1916. 49, 433). &Bdir y 
or liitti iDUMkodPM ttal 

and Booo, Ber. 137k 8, 89^ 
ter (WtoUwnly), 

BofttmT. 


e)iinbl918,lkll») 

itiUl Ml ttbilndniift i 




TOLUENE. 


(I> 1*52) cooled in ice a mixture of 4-bxomo-2* 
nitrotoiuene and 4-bromo-3-nitrotoluene, in 
the relative proportijpns of 56*3 : 43*7» is obtained. 
Analysis by deoon^K^t^n with sodium meth* 
oxide show^ the mMm to contain 41*5 p.c. 
of the 3 : 4-isomeride, whOst calculation from 
theoretical considerations gave the relative 
proportions as 2:4/3 ^==52*4 : 47*6 , (Hollo- 
man, Bee. trav. chim. 1915, 34, 283)*; from 

3-nitro-p-toluidme by the diazo-reaction (Nevile 
and Winther, Chem. Soc. Trans. 1880, 37, 442 ; 
Ber. 1880, 13, 972) ; by treating ta-nitrotoluene 
with bromine in presence of ferrous bromide 
(Soheufelen, Ann. 1885, 231, 180). M.p. 33^ 
1*5682 (Holleman; c/. Hiibner and 
Rods), b.p. 255®-256°, D”® 1*631 (Wroblewsky)- 
By the mectrolysis of its solution in sulphuric 
acid, 4-bromo-5-amino-2-cresol is obtained 
(Gatterman, Ber. 1893, 27, 1931). 

2- Bromo-Z : b-dinUrotoluem ; slender white 
prisms or large prisms, m.p. 86*2*^ (Komer and 
Contardi, Atti R. Accad. Lincei, 1916, [v.] 25, 
ii. 339 ; Blanksma, Rec. trav. chim. 1901, 20, 425). 

3- Bromo-4 : 6-dinUrotoluene ,* by nitrating 
m-bromotoluene or t»-bromomononitrotoluene 
with fuming nitric acid (Grete, Ann. 1873, 168, 
258 ; Ber. 18*75, 8, 567 ; Bentley and Warren, 
Amer. Chem. J. 1890, 12, 1) ; by the decom- 
position of ethyl bromodinitrophenylmalonate 
(Jackson and Robinson, Amer. Chem. J. 1889, 
11, 541). Long pale yellow prisms or needles, 
m,p. 103*^-104® (G.). 

4- Bromo-3 : S-dinUrotoluene ; from 3 .* 5-di- 
nitro-p-toluidine by the diazo-reaction ; by 
nitration of 4-bromo-3-nitrotoluene with nitric 
acid (D 1*52). Yellow prisms, m.p. 118*4® 
(Jackson and Ittner, Amer. Chem. J. 1897, 19, 
7, 199, 205; Korner and Contardi, Atti R. 
Accad. Lincei, 1914, [v.] 23, ii. 464). 

3-Bromo-2 : %4riniircioluene ; by boiling 
10 grms. of 3-bromo-4 .* 6-dinitrotoluene with 
20 c.c. of a mixture of 1 vol. of concentrated 
sulphuric acid and 2 vols. of concentrated 
nitric acid (Bentley and Warren, Amer. Chem. 
J. 1890, 12, 4) ; from 3-bromo-2 : 6-dinitro-p- 
toluidine (Komer and Contardi, Atti R. Accad. 
Lincei, 1916, [v.] 25, ii. 339). Small needles, 
m.p. 143®. With alcoholic ammonia it yields 
2:4: 0-trinitro-m-toluidine. 

2 : 3-JDi&fomo-4- (or 6) nitroioluene ; by ni- 
trating 2 : S-dibromotoluene. Needles, m.p 
56*6®-57*5? (Nevile and Winther, Chem. Soc. 
Trans. 1880, 37, 434; Ber. 1881, 14, 419) 
or 59® (Wroblewsky, Ann. 1873, 168, 184). 

* 2 : 3-2)i&fomo-5-mfrotoZuene ,* from 3-bromo- 

5-nitro-o-toluidine by the diazo-reaction. It 
mdts at 105*4® (Nevile and Winther, Chem. Soc. 
Trans. 1880, 37, 429; Ber. 1880, 13, 965; Cohen 
and Dutt, Chem. Soc. Trans. 1914, 105, 512). 

2 : ^Dibromo-B-nUridahtefie ; by nitration bf 
2 : d-dibromotoluene (Davis, Chem. Soc. Trans. 
1902, 81,^ 872 ; cf. Nevile and Winther, /.e.) ; 
from 2-bromo-5-nitro-p-toluidine by the 
diazo-reaction. Colourless needles,' m.p. 85® 

g llanksma, Chem. Weekblad. 1912, 9, 968) or 
®-82® (Davis). ^ 

,2:4-i>»5fomo-6-aiantoIaene(?); by nitrating 
ditoomotoluene derived from cUbromo-m-tolu- 
It mdts at 80®-^!® (Nevile 
and wlnduo^ Chem. Soc. Transe 1880, 37, 441 ; , 
mif m, 86; Ber. 1881, ^4, 419). I 


2 : 5-i>t5rcMno-3-njtrpto2aene ; from 5-broino- 

3- nitro-o-toluidine by the diazo-reaetton. It 
melts at 69*5®-70*2 (Nevile and WinUier, Chem. 
Soc. Trans. 1880, 37, 448; 1881, 39, 86; Ber. 

1880, 13,974; 1881,14,419). 

2 ; 5-Di5romo-4-m<foto2uene ,* by nitrating 
2 : 5-dibromotoluene ; from 6-bromo-4-nitro- 
m-toluidine by the diazo-reaction (Nevile and 
Winther, Chem. Soc. Trans. 1880, 37, 445; 

1881, 39, 86) ; together with other products by 
treating dibromo-p-cymene with a mixture of 
nitric and sulphuric acids (Claus, J. pr. Chem. 
1888, [2] 37, 18). Needles, m.p. 87®--89® 
(N. and W.), 89® (C.). 

2 : 6-Dt6romo-3-m<rok)laene ; by nitration 
of 2 : 6-dibromotolu6ne with nitric acid (D 1*^ 
the 3-nitro-compound is formed and not toe 

4- nitro-derivative as stated by Nevile^ and 

Winther ; from 6-bromo-3-nitro-o-toluidina 
Pale yellow crystals, m.p. 60® (Blanksma, l.c. 1 
c/. Cohen and Dutt, Chem. Soc. Trans. 1914,) 
105, 502). \ 

2 : e-DibromoA-nitrotoluene ,* from p-nitro- ^ 
toluene by the action of bromine in presence of 
ferrous bromide (Scheufelen, Ann. 1885, 231, 
178) ; from 2 : 6-dibromo-4-nitro-»i-toluidme 
(Nevile and Winther). Needles, m.p. 57®-68® 
(S.) or 66*8®-67® (N. and W.). 

3 : 4-Dibramo-5-nitrok>lttene ; from 3-bromo- 

5- nitro-p-toluidine. Leaflets, m.p. 62®-63*6® 
(Nevile and Winther, Z.c.) or 63°-66® (Cohen 
and Dutt, Chem. Soc. Trans. 1914, 105, 610). 

3 : 4fDibr(mO’6-nitrotoluene ; by nitration 
of 3 : 4-dibromotoluene (Wroblewsky, Ann. 
1873, 168, 184; Nevile and Winther, Chem. 
Soc. Trans. 1880, 37, 429 ; 1881, 39, 86 ; Ber. 
1881, 14, 417); from 6-bromo-2-nitro-p-tolu* 
idine (Cohen and Dutt, Chem. Soc. Trans, 1914, 
105, 515). Needles, m.p. 86*5®-87*5® (Nevile 
and Winther) or 83*5®-84*5® (Cohen and Dutt). 

3 : B-Dibramonitrotoluene ; by nitration of 
3 : 5-dibromotoluene. Prisms, m.p. 124® (Wro- 
blewsky, Ann. 1873, 168, 189). 

3 : B-D%hromO’2~n%troioluene ; obtained to- 
gether with a by-prodtict of higher melting-point 
by the diazotisation of 3 : 5-dibromo-2-nitro-p- 
toluidinet It melts at 67®, and on nitration 
with nitric acid (D 1*52) it yields a mixture of 
3 .* 5-dibromo-2 : 4-dinitrotoluene and 3 ; 5-dl- 
bromo-2 : 6-dinitrotoluene, but in presence of 
sulphuric acid 3 : 5-dibromo-2 : 4 : 6-trinitro- 
toluene is obtained (Blanksma, Chem. Weekblad, 
1909, 6, 728). 

3 : 5-Df&romo-4-ai/roiolasas ,* obtained to- 
gether with a compound, m.jp. about 250®, from 
3 : 5-dibromo-4-nitro-o-tolui<une by the diazo- 
reaction. Colourless crystals, m.p. 84® 
(Blanksma, 2.c.). 

2 54-D^fomo-3 .* 5-dinUr<a6luene ,* by nitra- 
tion of 2 : 4-dibromotoluene or 2 : 4-dibroino-5- 
nitrotoiuene. light yellow prisms, m.p. 127*5® 
(Davis, Chem. Soc. Trans. 1902, 81, 873) or 
130® (Blanksma, Chem. Weekblad, 1912, 9, 
968). 

2 1 S*Dibr(mo-4t : B-dinitrciahienB ; treat* 
ing dibromo-p-c 3 ^ene with a mixture of niMc 
and sulphuric acids* Small aoioular needles, ot 
large yellow ptisms, m.p. 142®. It subBrneo 
readily in lesnets <C3ai|s, J« pt« Chem. 1888|» 
[2] 37, 16). 

2 : B-DibromoiiwUtak^ . 

2:9-dfbiomotoliiene. m:«®-162#®v 



toluehb: 117 

(Neyile and TiliQtliet, Soe. Traiis« 1^0» 2i4ti^-Tr%bfmu)difiU^ oolourlees 

37, 437 ; Ber, 1830, 13, 067). Ratals, m.p. 217*^-218® (C. and D. ; N. and 

2 ; 6-JD<6r(Wk^3 : 6-dma*ft)to2i*eae ; by niti:a- W.). 
tion of 2 : 6«^bromo-3-aitiotoltten6. Colourless 3:4: ^-Tribrtmodiniirokiuem ; oolonrless 

oiystals, m.p. 1,61*^ (Blanksma, {.c.)« prisms, m.p. 211*5*^ (C. and D.). 

3 : 6-Dibromo-2 : MinUroteluene ; when 3 5-. 3:5: ^■‘Trtbtxmi^nUroMuem ; by nitration 

dibromotoluene is added slowly to four times its of 3 r 5 : 6-tiibromo-2-nitrotoluene. Colourless 
weight of nitric acid (D 1*52) and the mixture cr 3 rstals, m.p. 208*^ (Blanksma, Chem. Weekbla^ 
is warmed for 10 minutes at 100^, 3 : 5-dibromo- 1914, 11, 185). 

2 : 4-dinitrotoluene, needles, m.p. 157% is 2:3:4: 5-Te6rabr0im~^-nUrcMuene, m.p. 

obtained, together with a product, cubes, 212"^ (N. and W.). 

m.p. 106^-108% which appem to be a mixture 2:3:4: Q-Tetrdbromo-B-nUrotduene, m.p. 

the above substance with the 2 : G-isomeride 215^-216^ (N. and W.). 

(Blanksma, Beo. trav. ohim. 1904, 23, 125; 2 : Z z 5 : Q-Tetrabromo-4:~nitrotoluem ; by 

cf. Nevile and Winther, Z.c.) ; also, prepared by nitration of 2 : 3 : 5 : 6-tetrabromotoluene (Nevile 
nitration of 3 : 5-dibromo-4-nitrotoluene and, and Winther, Chem, Soc. Trans. 1880, 37, 4p0) ; 
together with the 2 : 0-isomeride, by nitration from 2-bromo-4-nitrotoluene by bromination in 
of 3: 5^dibromo-2-nitrotoluene (Blanksma, Chem. presence of ferrous bromide (Scheufelen, Ann . 
Weekblad, 1900, 6, 728). 1885, 231, 179). It melts at 213^ (Nevile and 

3 : 5-‘Dibr<mO’-2 : 6^dinitrotoluene ; (see above) ; Winther) or 227°‘4Scheufelen). 
from 3:5- dibromo-2 : 6 - dinitro - p - toluidine. m-Chloro-p^hrommUrotohLene ; by nitration 

White needles or flat plates, m.p. 120® (Komer of chlorinated p-bromotoluene. Needles, m.p. 
and Contardi, Atti R. Accad. Lincei, 1916, [v.] 61® (Willgerodt and Salzmann, J. pr. Chem. 
25, ii. 339) or 117® (Blanksma, lx.). 1889, [2] 39, 478). 

3 : 5-i>i6romo-2 : 4 : 6-frimZroZoZuene ; by ni- o-CM(yr6br(ymonitroUdwne ; by nitration of 
tration of 3 : 5-dibromotoluene in presence of brominated o-chlorotoluene. Needles, m.p. 68® 
sulphuric acid (Blanksma, Roc. trav. chim. (W. and S.). • 

1904, 23, 125) ; by nitration of 3 : 6-dibromo-4- Dkhloro-p-brcmionUroitoluene ; by nitration 
nitrotoluene, 3 : 6-dibromo-2 : 4-dinitrotoluone, of dichloro-p>bromotoluene. Pearly leaflets, 
and of 3 : 5-dibromo-2 -nitrotoluene, the nitra- m.p. 106® (W. and S.). 

tion in the last case being carried out in presence TrkMoro-p-bromonitrotoluene / by nitration 
of sulphuric acid (Blanksma, Chem. Weekblad, of trichloro-p-bromotoluene. Needles, m.p. 162® 
1909, 6, 728) ; from 3 : 5-dibromo-2 : 6-dimtro- (W. and S.) 

p-toluidine by the action of nitrous gases on a 2-IodonitrGloluene ; by nitration of 2-iodo- 
suspension in concentrated nitric acid at 0® toluene. Microscopic ne^les, m.p. 103®*-104® 
(Komer and Contardi, Z.c.). White flat needles, (Beilstein and Kuhtberg, Ann. 1871, 158, 347). 
m.p.240®; Palmer (Ber. 1888, 21, 3501 ; 1896, 2-Iodo-Z-nitrotoluene ; from 3-nitro*o-1!iolu- 

29, 1346) describes it as long yellow prisms, idine. Light yellow plates, m.p. 67®-68® 
m,p. 229®-230®. (Wheeler and Liddle, Amer. Chem. J, 1909, 42, 

2:3: ^•Trtbfomoniirotclttenx ; by nitration 441). 
of 2:3: 4-tribromotoluene. M.p. 107®-108® 2-IodoA~n'Urol6luene ; from 4-nitro-o-tolu- 

(Nevile and Winther, Chem. Soc. Trans. 1880, idine. Yellowish plates, m.p. 51® (Reverb, 
37, 446 ; Cohen and Butt, Z.c.). Ber. 1897, 30, 3000) or rhombic plates, m.p. 58^ 

2:3: b-TtibromonUriOoluene ; on nitration (Willgerodt and Kok, Ber. 1908, 41, 2077)^ It 
2:3: 5-tribromotoluene yields two morumitro* yields a dichlcride, sulphur-yellow prisms, 
d^vtuives, m.p. 67®~68® and 88*6®-89® respec- m.p. 83®, which on treatment with sodium 
tivelj^ the former in greater quantity (Cohen carbonate or sodium hydroxide yidUls 2-uxZosa- 
and Dutt, Z.c.). 4-nitrololuene, yellowish-white powder, exploding 

2:3: 6-Tribromonitrotolueine ; m.p. 91®-92® at 180®-181®. The latter on treatment with 
(C. and D. ; N, and W.). hypochlorous acid is converted into 2-iodoxyA* 

2:4: 6-Tribromoniirotoluene ; colourless nitrotoluene, white flocculent precipitate, ex- 
crystals, m.p. 131®-131*6® (C. and D.). ploding at 204® (Willgerodt and Kok, Z.c.). 


; %i- j. T%oTomon%vrofotuene ; m.p. 

(Wroblewsl^, Ann. 1873, 168, 195), 

2:4; O-S’rthromontirotoZueue ; colourless 

crystals, m.p. 74®-75-5® (C. and D.). 

2:6: 6-!m5mno-4-n»fo>9ioZueu6 ,* from 2 : 6- 
dibmmo-4-nltro-^-toluidine. It melts at 106*6®- 
107® (a and ; N. and W.). 

3:4s .6-7VZ6fnfiicmslMDZttsns / colourless 

0*?'^ (0. »iid D.)- 

3r6:6^7Vi6mnc-2-niirotoZi^ bom 3:6- 

It melts at 93® 
Weekblad, 1914, 11, 186). 

‘ m*. m*- 

aijSfJ'ilSJ— “-t- »»°- 

3:4; ^Tfibrom o di n krtM^^ j et^oariess 




2 -ioao-b-nurototuene i trom o-mtro-o-tolu** 
idine by the diazo-reaction (Beverdm); by 
gr^ual treatment of o-iodo-toluene with nyrie 
acid(Dl*61)(Reverdin; Beilstein and Kuhlb^^ . 
Ann. 1871, 158, 347). It melts at 103®-104®aiui 
forms a dkhloride, m.p, 102® (decomp,), when 
chlorine is passed into a saturated solution in 
xhloroform (McCrae, CSiem. Boo. Trans. 1878, 
73, 693), . 

2-Zodb-6-ntWoZo{aef»f 6-idtro-o-wi^ 
idine. It forms thidi ffnilw.' 

m.p. 35*5® (Ndltingj:}:»i|P%4, 37, 
yeOow needl^ in.p. and IflPlri 

Chem. Boo, Trans. 1904, 88, 1627). 

B-Zodo-J-ntfroloZueas/ bam 6-iodo-6-ifltrok 
o-toluidine. Colourless mrismatic plates, impi. 
65®, volatile with steam^Wlieeler and &ai^jecht, . 
Aider. Chem. J. 1910, 44, 126). 

3«i<Mto-5-ai»froMii«ne/ from 
idine. Tdlow lecdangi^ m.p. 73f 



m TOLtfENE. 


(Wheeler and Scholes, Amer. Chem. J. 1910» 
44, 126). 

Z-IodoS-nitrotoluene ; from G-nitro-m-toln- 
Jdine. Orange needles, volatile with steam, 
m.p. 84° (Artmann, Monatsh. 1905, 26, 1091). 

Z-Iodo-nitro^fiene ; by nitration of 34odo- 
toluene. Small needles, m.p. 108°~109° (Beil* 
stein and Kuhlberg). 

4-Iodo-2-mtrotolttene ; from 2 : 4-dinitro- 
toluene by replacing the p-nitro-groiip by 
iodine (Heynemann, Ann. 1871, 158, 337); 
together with other products by the nitration 
of p-iodotoluene (Reverdin, Ber. 1897, 30, 3001). 
Pale yellow crystals, m.p. 60*5°-61% b.p. 286° 
(decomp.). 

^Iodo-3-nitrotoluene ; from 3-nitro-p-tolu- 
idine. Flat yellow needles, m.p. 55°-56° 
(Beilstein and Kuhlberg, Ann. 1871, 158, 344). 
Yields a dichhride, large yellow plates, m.p. 71° 
(Willgerodt and Simonis, Ber.d90G, 39, 269). 

2»Iodo-Z : S-dinUrotolueTie ; from 3 ; 5-dinitro- 
toluene>2-diazonium nitrate and cupric iodide. 
Small lemon-yellow plates or long prisms, 
m.p. 1 19*6° (Komer and Contardi, Aiti R. Accad. 
Lincei, 1915, [v.] 24, i. 888). 

3-/odo-2 : ^-dinitroioluene, ; by boiling an 
alcoholic solution of 2 : 4-diniiro-3-tolylhydrazine 
with excess of iodine. Yellow leaflets, m.p. 117° 
(Brady and Bowman, Chem. Soc. Trans. 1921, 
119, 897). 

3- Iodo-2 : 6-dinitraioluene ; large aggregates 
of small colourless plates, m.p. 90° (Korner and 
Contardi, Atti R. Accad. Lineei, 1916, fv.] 25, 
ii. 339). 

4- /od(^3 : 5‘dinitrotoluene ; by nitration of 
p-iodotoluene (Glassner, Ber. 1875, 8, 561); 
from 3 : 5-dinitro-p-toluidme. Lemon-yellow 
needles, m.p. 158° (Korner and Contardi, Atti 
B. Accad. lancei, 1914, [v.] 23, ii. 464) ; Glassner 
gave m.p. 137°-138°. 

Di-iod(mUroUiluene{l) ; formed together with 
other products by nitration of p-iodotoluene with 
nitric acid (D 1-51) ; m.p. 112°. (Reverdin, lx.), 

2 : 3-D%-iodo~^-nitromume ; from 3-iodo-5- 
nitro-o-toluidine. light brown prismatic 
needles, m.p. 143° (Wheeler, oto., Amer. Chem. J. 
1910, 44, 126, 493). 

2 : b-JH-Hdo-3-nittololuene ; from 5-iodo-3- 
nitro-o-tolnidine. Colourless prisms, m.p. 95° 
(Wheeler, etc.). 

2 : 5~l)i-‘iodo^4-nUrot6luene ; from 5-iodo-4- 
Ydtro-o-toluidine. Buff coloured prismatic plates, 
itt.p. 117° (Wheeler, etc.). 

2 1 ^-IH-%od»-3-nUroMuene ; from 5-iodo-6' 
nitro*o-toliiidine. Colourless needles, m.p. 105° 
(Wheeler, etc.). 

3 : ^•DUu^-S-nitrotduene ; from 3-iodo-5- 
mtrp-p-toluidine. Rectangular orange prisms, 
m.p. 84°-86° (Wheeler, etc.). 

i-Bromo-i-iodtmitroidttene ; by nitration o^ 
3-bromo-2-iodotoluene. Prisms (Wroblewsky, 
Ann. 1873, 168, 165). 

2’>Br<ma^-iodonUr(itdmne : by nitration of 
o-bromo-p-iodotoluene. Yellow needles, m.p. 
92° (Hirtz, Ber. 1896, 29, 1405). 

; by nitration of 
3*lifomo-44odotoluene. Needles, m.p. 118° 
(Wroblewsky, Ann. 1873, 168, 160). 

3 : 5^Dihr&mo-4i-iodo-2^nitr€Muene ; by nitra- 
fleii of 3 : 5*dibromo*4*iodotoloene. Large 
^ipeecBest^fvolat^^ with steam, m.». 69° (Wro* 
Aim7t87S, 192, 210). 


Z:5-IHbramo-2t4-di-iodom^rotol by id*' 
tration of 3 : 5*dibromo-2 : 4-di-iodotolueiie 
(m.p. 68°). P]ates,^m.p. 129° (Wroblewsky). 

SULPHINIO AND STTLrHONXO AOID DXEIVATlVSa. 

Tciuene o-avlphinic acid; by boiling o- 
tolyltoluenesulphazide with baryta water (Lim- 
pricht, Ber. 1887, 20, 1241); by dn^ping 
toluene o-sulphonyl chloride into a warm mixture 
of zinc dust and water (Troeger and Voigtl&nder, 
J. pr. Chem. 1896, [2] 54, 513) ; treating an 
ice-cold solution of o-toluenediazonium sulphate 
in sulphuric acid saturated with sulphur 
dioxide with copper (Gattermann, Ber. 1899, 
32, 1140 ; Fr. Bayer & Co., Eng. Pat. 26139 of 
1896 ; Fr. Pat. 252787 and addn. ; D. Ri P. 
95830 of 1896) ; by the action of sulphur 
dioxide on an ethereal solution of o-tolyl magme- 
sium bromide (Rosenheim and Singer, Mr. 

1904, 37, 2152). Long needles, m.p. 80° 
(Limpricht). NaA'4*4H20, glistening plates; 
CaA'a+SHgO, crystalline powder; BaA'g+SHgU, 
nodules; SrA'g-fSHgO, crystalline powder. On 
passing hydrogen sulphide into the methyl 
alcoholic solution, a mixture of o-tolyl tetra- and 
pentasulphido is formed. On boiling with 
water for about 3 hours, the sulphinic acid is 
converted into o-toluic disulphoxide and 
toluene o-sulphonic acid (T. and V.). For its 
behaviour with diazo-compounds, see Troeger 
and Ewers (J. pr. Chem. 1900, [2] 62, 369). 

Toluene m-sulphinic add; from diazotised 
m-toluidine, sulphur dioxide and copper powder., 
Unstable oil (Troeger and Hill, J. pr. Chem; 

1905, (2) 71,201). 

Toluene p-aulphimc axid ; prepared as in 
the case of the o-sulphinic acid (Limpricht); 
by treating toluene p-sulphonyl chloride with 
sodium amalgam, zinc-dust or sodium sulphite 
(Otto, Ann. 1867, 142, 92; 1868, 145, 19; 
Ber. 1876, 9, 1586; Bloomstrand, Ber. 1869, 
3, 965) ; by Gattormann’s reaction (Ber. 1899, 
32, 1141) ; by the action of sulphur dioxide and 
aluminium chloride on toluene or its halogen 
derivatives at low temperatures (Knoevenagel 
and Kenner, Ber. 1908, 41, 3315). Plates, 
m.p. 86°-87° (Thomas, Chem. Soo. Trans. 1909, 
95, 344). KA^-|-2H20, leaflets (Casanova, Ber. 
1887, 20, 2088) ; CaA'g+4HgO ; BaA'g, smaU 
leaflets ; ZnA%+2H20 (Otto) ; NH^A^ small 
needles, m.p. 175°; hydrazine edU, glistening 
plates, decomposing at 140°; aniline eaii, 
m.p. 118°; o-Uduidine saU, m.p. 124°; p- 
toluidine salt, m.p. 14Q° ; m-xylidine mUf m.p, 
129*5° (Halss^, J, pr. Chem. 1897, f2] 56, 213) ; 
phenylhydrazine eaU^ m.p, 114° (Kohler and 
Reimer, Amer. Chem. J. 190^ 31, 163; cf. 
Halssig). On electroMio oxidadon it yields 
p-sulphObenzoio acid (Sebor, Zeitsch* Elektro- 
chem. 1903, 9, 370), When treated Mdth an 
excess of thionyl chloride, it yields the eutphinyl 
chloride, m.p. 54°-58° (Hilditoh and Smiles, Ber. 
1908, 41, 4113), When ammonia is paesed into 
an alcoholic or ethereal solution of tbbene 
sulphinio acid, the oonesponding ammonium 
salt is formed, whilst in benzene solutioti a ^ 
mixture of p-tolyl disulphoxide Siud toluene f- 
sulphonic acid is produced (Heidusotdu^ Vm. 
Ges. deut, NaturlcNrsch, Aers^ 1907, U, 170 1 
HZlssig, J. pr. Cbimeu 1097, 56, 213), 

Eor theaotioii of toluene 
idtrosobisitzeiie mA 
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Bambeiger ftiid fUring 1[Ber. 1901, 34, 229, 
241), am to iurthar Me Kohler aad 

Macdonald (Amer, Oiem. J. 1899, 22, 235), von 
Meyer, Naoke and Omeiner (J. pr. Chem. 1901, 
68, 167), von Meyer (Hid. 1903, 68, <263), HMasig 
(ibid. 1897, 66, 218), Troeger and Ewers (ibid. 
1900, 62, 369), Hantzsch and Horn <Ber. 1902, 
35, 877), UUmann and'Lehner (ibid. 1906, 38, 
729), KoWer and Beimer (Amer. Chem. J. 
1904, 31, 163). 

Tolt^ne ^‘Sulphinic anhydride; melts at 
76® (Knoevenagel and Polaok, Ber. 1908, 41, 
3323). 

Methyl ester; a very unstable yellow oil. 
Oxidation yields the corresponding sulphonato 
(Otto, J. pr. Chem. 1893, \2] 47, 166). 

Ethyl ester; from sodium toluene p-sulphi- 
nate and ethyl chlorocarbonate^ Oil, 

I *121 2. On treatment with hydrogen sulphide, 
(CHalCeH^SOaH, CaHfiSH, (CH3)CeH4SH, 
[{CHOCaHJoS* and sulphur are produced (Otto 
and bossing; Ber. 1885, 18, 2504; 1886, 19, 
1226; 1887, 20,2278; 1893,26,310). 

Nitrotoluene sulphinic acid; from o(?)-nitro- 
toluene p(?)-snlphonic acid and sodium amalgam 
in ethereal solution. Crystals, NaA'+JH^O 
(Otto and Gruber, Ann. 1868, 145, 24). 

2 ; 6-Dinitrotoluene ^-sulphinic acid ; from 
the corresponding sulphonyl chloride and zinc 
dust. Solidifies after prolonged keeping over 
sulphuric acid. KA', crusts; BaA^-j-xHgO, 
pearly leaflets ; PbA^j+SHgO, microscopic 
prisms (Perl, Ber. 1885, 18, 71). 

Toluene 2 : 4:-disidphinic acid ; obtained as 
its zinc salt by the action of zinc dust on the 
corresponding disulphonyl chloride. The free 
acid is an oil, zinc salt, white needles, sodium 
and barium salts, white crystals. When heated 
with water the free acid yields toluene 2 ; 4-di- 
sulphonio acid and tolylene-toluene-2 : 4-dithio- 
sulphonate, C,H5(S02S)2 : C^H^ (Troger and 
Moine, J. pr. Chem. 1903, [21 68, 313). 

Benzyl svXphinic acid; by treating benzyl 
sulphonyl chloride with zinc dust or sodium 
amalgam. The free acid is very unstable and 
is readily decomposed with evolution of sulphur 
dioxide ; NaA^ small leaflets (Otto*and Liiders, 
Ber. 1880, 13, 1287). 

Bulphonation of toluene : The quantities of 
the three isomeric monosulphonic acids produced 
are dependent upon the temperature, the 
concentration, and the amount of the sol- 
phonatmg agent. Increase of temperature 
xavouzs the production of toluene p- and 
m-sulphonic acids. The concentration of acid 
between the limits of 96—100 -p.c. appears to be 
without influence. Increase in the amount of 
aeid favours the production of the odsomeride 
at low temperatures, but this influence is 
neutralised at higher temperatures by the 
eflect due to rise of temperature. The audition 
of potassium sulphate, mercurous sulphate, and 
silver sulphate ^ no effect. At 35® and 76® 
the tzanslormation of the o* and p-isomerides 
into one another ocours very sloufly, whilst 
toluene n»-sidphpiiio add is unaltered after 
Mting with sulphuric add for 6 hours at 100®. 
, With chlotoulphoflio acid the chief product is 
ji-lscweride (JSoQeman, Cmahd, van 
^ 1911, 44, 2604K 


of toluene, the mdn product is the p-acid, 
but if the temperature oe not allowed to rise 
above IQQ® and ordinary concentrated acid is 
dnployed, 40-60 p.c. of the o-sul{flionio acid is 
obteined (Fahlberg, Fr. Pat. 163797 ; D. B. P 
35211 of 1884 ; Fabr* de Thann, Eng. Pat. 14390 
of 1901 ; Ft. Pat. 312797 ; D. B. P. 137935 of 
1901 ; Eng. Pat. 10810 of 1897 ; Norton and 
Otten, Amer. Chem. J. 1885, 10, 140 ; Bourgeois, 
Chem. Zentr. 1900, L 263 ; Beverdin, Ber. 1909, 
42, 1523). 

Toluene o-sulphonic acid ; in small quantity 
together with the p-isomeride by dissolving 
toluene in hot fuming sulphuric acid (Engel- 
hardt and Latschinoff, Zeit. f. Chem. 1869, (2) 
5, 617 ; Wolkoff, ibid. (2) 6, 321 ; Bourgeois, 
Rec. trav. chim. 1899, 18, 436) ; by gradual 
addition of concentrated sulphuric acid to 
boiling toluene only the p>isomeride is formed 
(Chrustschoff, Ber. 1874, 7, 1167), whilst, 
according to Fahlberg (Ber. 1879, 12, 1048) no 
m-sulphonic acid is produced ; in a yield of 
40-50 p.c. by sulphonating below 100® with 
concentrated sulphuric acid with efficient agita- 
tion (Fahlberg and List ; cf. B. B. PP. 35211, 
35717 of 1884, and 137935 of 1901) ; from the 
sulphonyl chloride obtained togefther with the m- 
and p-isomerides by the action of ohlorosulphonio 
acid on toluene (lOason and Vallin, Ber. 1879, 
12, 1848 ; Noyes, Amer. Chem. J. 1886, 8, 176 ; 
Gilliard, Monnet and Cartier, B. R. P. 98030 of 
1894) ; from 4-bromotoluene 2-sulphonic acid 
by reduction with sodium amal^m (Terry, 
Ann. 1873, 169, 27) ; from 4-nitrotolu6ne 2- 
sulphonic acid by elimination of the nitro- 
group (Jenssen, Ann. 1874, 172, 236) j by 
treating diazo-derivatives of o-toluidine with 
sulphurous acid (Muller and Wiesinger, Ber. 
1879, 12, 1348) ; by treatment of p-diazo- 
toluene o-sulphonic acid with sodium m^hoxide 
in methyl alcoholic solution (Moale, Amer. 
Chem. J. 1898, 20, 298) ; by warming the salts 
of o-sulphotolueno-p-hydrazine sulphonio acid, 
(CH8)CeH3(S08H) NH NH-S08H. with potas- 
sium hydroxide (Ges, f. Chem. Ind. B. R. P. 
68708 of 1892). For separation of the o- and p- 
acids by means of magnesium and zinc salts, see 
Fahlberg (Eng. Pat. 17401 of 1896 ; B. R. PP. 
103299 of 1898, and 103943 of 1896), or by 
means of sulphuric acid, see Lange Pat. 
232539; B. R. P. 67391 of 1890). 

Free acid, thin leaflets containing 2H3O; 
NH4A', thin leaflets ; NaA'+H-O, tables ; 
KA'+HjO, monoclinio plates; KA', needles; 
CaA%, leaflets ; BaA^j+HjO, plates ; « 


ZnA'a+7H30; CdA' 3 + 2 H 30 ; PbA^+dHaO, 
needles (Terry; Hiibner and Post); +H3O 
(Klason and Vallin) ; MnA'j+flHjO ; CuA'i+ 
4H2O; AgA^ MnA'3+2H*0; ZnA'.+THaO; 
MgA'24'7H30 (Klason and ValBn, l.e.j^Hubner! 
and Post, Ann. 1873, 169, 1); 

Chloride; by the action of ehloiiniy 
o-sulphinio acid in presence ol dil^ 
hydroxide or hydrochloric acid at taj, 
bmow 35® (Basler Chemisohe Fabrik, 

4626 of 4900, and |2686 ol 1900; BJ 
667861; B. B. P.124407 of 1900), or on pptasrium 
toluene o^sidphinate in aqueoxis Qoiiirion (BU 
mann and Lehner, Ber. 1906, 38, 729). Oil, 

kj. 1-3M3^U. ilia :y, dr 

aaau (Mem. 
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Soc. Trans. 1921, 119, 878). See also Fahlbere 
and List (l•c.),and Majert and Ebers (X). R. P. 
96338 of 1898); Fabr. de Thann, £^. Pat. 
1^90 of 1901; U.8. Pat. -692598; Pat 



,0 (ValHn, Bat. 
tabies(Q.); 

iOAi 


11077 andTll078 of 1898 ; 16299 of 1903. 

Bromide; by the action of bromine on an 
aqueous solution of toluene o-sulphinio acid. 
M.p. 13®, b.p. 137'5®-138710 mm. 

Troger’s compound (J. pr. Ohem. 1896, [2] 
54, 523) contains some of the p-isomeride 
(XHimann and Lchner, l.c.). 

Amide ; octahedra, m.p. 154® (Noyes), 
m.p. -ISO’S® (McKie, Chem. Soc. Trans. 1918, 
1 13, 799 ; r/. Wolkoff. he , ; Kla-son and Vallin, 
Ber. 1879, 12, 1850; Heffter, Ann. 1883, 221, 
208; Miller, Chem. Soc. Trans. 1892, 61, 
1030 ; Thomas, ibid, 1909, 95, 343 ; Noyes, 
/.c. ; Fahlberg and List, /.c.). It can be 
separated from the p-isomeride by fractional 
precipitation from an alkaline solution by 
means of acids or by fractional crystallisation 
of the sodium salts (von Hoyden, 1). R. P. 76881 
of 1892, and 77435 of 1894; c/. Barger and 
Givaudan, Eng? Pat. 848 of 1903 ; 1). R. P. 
154055 of 1903) When oxidised in alkaline 
solution with potassium manganate or pota.<«> 
sium permanganate it yields o-suljdiamino- 
benzoic acid, in neutral solution benzoic 
sulphuude is the chief product, whilst in acid 
solution the product is o-sulphobenzoie acid 
(Fahlberg and List, Ber. 1888, 21, 242; cf. 
Fahlberg and Bemsen, Ber. 1879, 12, 469)- it 
is copverted in 4N>amraoniacal solution in the 
presence of ammonium sulphate at 40® at a 
platinum gauze anode into * saccharin ’ ; the 
material yield being 43*7 p.c. and the current 
^eld 9*2 p.c. The most favourable results, 
however, (material yield 75*4 p.c., current yifld 
42-6 p.c.) are obtained by the electrolysis of 
a BUSx>ension in 2N*sodium carbonate solution 
at about 60® with a platinum gauze anode and 
a rotating lead cathode (Fichter and Lowe, 
Helv. Chim. Acta, 1922, 5, 60 ; vide. Sacchabin). 

Meihylamidef thin striated plates, m.p. 73®~ 
75®, when oxidised with alkaline potassium 
permanganate yields potassium o-methylsulpha- 
minobenzoate (Remsen and Clark, Amer. Chem. 
J. 1903, 30, 247). 

Tduem m-sidphonic acid ; in small quantities 
by sulphonation of toluene (HoUeman and co- 
workers, he ,) ; from o-bromotoluene m-sulphonic 
add* (Muller, Ann. 1873, 169, 47) or 4-bromo- 
toluene S-sulphonic acid (Nevile and Winther, 
Chem, Soc. Trans. 1880, 37, 628) and sodium 
amalgam ; or from 2-bromotolttene 5-8ulphonic 
add and zinc dust in alkaline solution (Miller. 
Ctem, 8oc. Tra^ 1892, 61, 1030); from 

(Pechmann, Ann. 

• Nevile and Winther, l.c,\, 
o4olnidine m-snlphonic acid (Panel. Ann 187.5 
176, m or o-tofeidine 6-snIpho4 a^(Ne^e 
and Wmther, I.C.); by treating m-toluidine 
d^.8alt8 with sulphur dioxide (Muller and 
Wnwinger, Ber. 1879, 12, 1348); from p-diaro- 
tohieae ^anlphonic add by treatment with 
zw) d^ u ethyl alcoholic solution (Griffin. 
An^ J. 1897, 19, 173, 189). ' 

4 -WO ^eHqt*scent scales 

+H,0 (Klasoo and ValUn); NH,A', scales ; 


^V.l, -t-OXlaV/, lung a 

(V.).-f7H*b. tables (KJ and V.) ; Vhk s+gt® 
(Peckmann), +2H,0 (M. ; Pagpd; V.), +8^ 
K. and V.) ; Mni',+6H.O (V.), +7H.0 
andV.); CuA',+7H,0 (V.), +4H,Oj[K. Md 
V.), +THjO (G.); AgA', glistening prisma (V.), 
rectangular tables (G.). 

ChUfride; oil. 

Amide ; monoclinic needles or tables (Noires 
and Walker, Amer. Chem. J. 1886, 8, 1^), 
hexagonal scales, femlike aggregates 
water, or monoclinic prisms from aiecuiol 
(Griffin) ; m.p. 108® (Klason and Vallin, !.«?* ; 
Klason, Ber. 1886, 19. 2887; Griffin, Amet, 
Chem. J. 1897, 19, 176) or 91® (Noyes, Amer. 
Chem. J. 1886, 8, 177). According to Noyes, 
the amide, m.p. 108®, is a mixture of the o- and 
p-isomerides. On oxidation with potassiuin 
permanganate or chromic acid mixture it yields 
7 ?i-suIphaminobonzoic acid. 

Twitene p-ettlphonte acid ; chief product of 
sulphonation of boiling toluene (DeviDe, 
Ann. Chim. 1841, (3) 3, 172; Fittig and 
Tullens, Ann. 1864, 131, 310; Mkrcker, ^id. 
1865, 1.36, 85 ; Engelhardt and I,4atscrhinoflf, 
Zeit. f. chcni. 1869 (2) 5, 617 ; Jaworski, ibid, 
1865, 22] ; Otto and Gruber, Ann. 1867, 142, 92; 
1868, 145, 10; Chnistsehotf, Ber. 1874,7,1167; 
Fahlberg, Ber. 1879, 12, 1048); from toluene 
and chiorosiilphonic licid (Klason and Vallin, 
Ber. 1879, 12, 1848); by the action of sul- 
})hurous acid on p-diazo-toluene salts (Mdller 
and Wiesinger). Thick plates or flat pdirms 
-fHaO (K. and V.), m.p. 92® (Norton and 
Otten, Amer. Chem. J. 188K, 10, 140), or 35®, 
b.p. 146®~l47®/0 mm. (Krafft and Wilke, Ber. 
1900, 33, 3208). Fusion with potash vields 
p-cresol and p-hydroxyUmzoic acid. F^usion 
Mith sodium formate" yields p-toiuio acid 
(Remsen, Ber. 1875, 8, 1412). H>alrolyws with 
steam conAncnces at 1.50® (Aimistrong and 
Miller, Chern. Soc. Trans. 1884, 45, 148). On 
electrolytic oxidation in 10-20 p.c. sulphiliic 
acid using a lead anode at 70®, it yicjuls p- 
sulphot>enzoic acid (6&bor, Zeitsclk il&litiiu* 
chem, 1903, 9, 370). 

(K. and V.); NaA^-f 211*0, or 
-r4H,0, rectangular tables (VftlUo, Ber. IwL 19. 
2953) ; KA'+HjO, six-sided plates, pristtt or 
triinetriccnrstals (Otto and Kdhta. Ber. 1886, 19^ 
1834) ; BaA',. crystallises in aiwydroiw kniiria 
as needles -f SBLO belmr a0» 
Kcibc. ^r. 1883. 10, 622); 
monoclinic prisms (K. and V.); MgA* Hh'f W j p! 
large tables (K. and V.); aSnA*,.f Sw Vi tr'lfc 

If- •»( y-) I “*'.+»a A ; 

PbA „ long needles (K. and V.) ; lft|A''.4>6&a 


noedtesilCandV.); 

The following 
described b^ 
NH,(CH,)C,t 
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. r feriftHnie isryila3a 

(oSowTtm^ki^ 1% 18WK 

kp. and Boo#, B©r. 

1^, % 2iMi m-lf/ll mm*, Wl^®/20 mm. 
^ (Botiiigeoi0,B€O.tmT* ctlrn* 1889, 18,486), 164^/33 
mml^Bi^w, CMau Soc. Xmas* 1821, 119, 878), 
80®/0mm. (K»«t and Wilke, U.). On warming 
with alkaliiie eolatioiis, or better, by boiling 
with 80 p.e. eulpbwio acid, it yield* o-chloro- 
toluene (Ges, flir. CSiem. Ind.,B. B. P. 133000 
of 1901). Toluene p-sulphonyl chloride when 
heated with ethylena chloiohydriii ^Ide 
jS*ol^roeihyltolaene p*su]^honate, b.p. 210^^1 
; mm., wUoh ia a valuable xeagent for introducing 
[; the chloroettobgmp into aminea and phenols 
UClemo and W. H. Perkin, Chem. Soc. Trans. 
.1922, 121, 642; B. B. C., W. H. Parkin and 
[ demo, Eng. Pat. 193618 of 1922). 

Toluene p-sulphonyl chloride when treated 
t at 70®-76® with antimony pentachloride vields 
!. a mixture of the 2 : 6*di- and 2:3: 6-trichioro- 
'derivatives, converted on hydrolysis into the 
corresponding sulphonio acids, or, on removing 
the aoyl-groiip into a mixture of 2 : 6-di> and 
2:3: o-trichlorotoluenc (Gcigy & Co., B. R. P. 
2KKB56 of 1^8). When ci^trolysed in 2^- 
alcoholic hydrochloric acid solution it yields 
as the main product, the corresponding sulphinic 
acid, which is partially converted into its 
ethybester, and decompo^ thus : 
3C,H4(CHa)SO,H«(CH,)C4H4SO,-S-C^4(CH,) 
+C4H4(CH4)S0aH-fH40. 
I In the presence of titanium trichloride using a 
i' nickel gauze cathode, tlie main product is p- 
^ tolvl mercaptan, which is also produced by 
[ Macing a suspension of the sulphonyl chloride 
in aqueous sulphuric acid at 80^ at a lead 
oathode (Fichter and Bemouilli, Zeitsch. Elek- 
trochem. 1907, 13, 310). Toluene p-sulphonyl 
, chloride on nitration on the water-bath with 
fuming nitric and concentrated suljihurio acids 
yields 2 : 6-dinitrotolnene 4-sulphonic acid in 
almost theoretical yield (Reverdin and Cr^pieox, 
Ber. 1901, 34, 2992). 

from toluene p-sulpliintc acid 
and bromine. Monoolinic prisms, ^.p. 96* 
(Otto, Ann. 1867, 142, 98} or 93*-94* (Zinoke 
rand IVohnebmg, Ber. 1910, 43, 837). 

: IpiUki friim sodium toluene p-sulphinate 

’and iodiiie. Yellow powder, m.p. 84*--86*. 
^ By heating with water or alcohol it is decomposed 
« inW tolmme p^sulphonic acid, iodine and little 
i:p«toiui(aie iBmphoxide, whilst by heating witA 
fe|ia teaahim hydroxide it yields toluene p-sumhinic 
hedd. jSno^tJiyl yielas the zino sulpninate 
1(0^ meA Xt^ger, 38er. 1891, 24, 479). 

^ JMfl ailflr; itnm the cblorido (Jawomki, 


|Zeit {.'dual, mi) 

^ 1887, 142, 100) ; by treating the ethyl 

E^edeir of Idhmiie p-aulptiiiiio add with potassium 
ft a iM Mjj^ ^ (Otto a^d Bdssing, 

19* 1226). Monodiolo ctyaUls, 
ULiK b.{(. 73^/16 mm., B*** 1*1786, 

11^1678 and Boos, Ber. 1892^ 28, 

2280), The o-, m*. and safara 

hmH at 86^-86*, 84^^, 81*, and 69MO* 
( and OjMetn, BalL Soo. 

UKB, Q) 27, 741; 



methyl- and ethyl^tohiftae p-aulphonatea aa 
alkyletiiHK agents, see ITllmami and Wmmer 
(Ann. 1903, 327, 120); Knzi (Ansudi 01dm. 
Appi, 1925, 15,41). 

Anhydride ; formed together with the 
chloride by heating toluene p-aulphonic acid 
with pure thienyl chloride. Oiystals, m.p. 
122M26* (Meyer and Schlegl, Monatah. 1913, 
34,561). 

Amtde ; leaflets, m.p. 137*-137*5* (Claesaon 
and Wallin, Ber. 1879, 12, 1853; MoKle,Chem. 
Soc.Trana. 1918, 113,799). It forma a potassium 
salt, C^HySO^NEK (Wolkoff, Ber. 1872, 5, 140; 
Zeit. f. Chem. 1870, (2) 6, 323, 580). Mtdhyl^ 
amide^ m.j). 76*-77*; ethylafaMie, m.p. 64*; 
dimethylamidk^ m.p. 76*; dietkyUmide, mp. 
59*-60*; anUide^ m.p. 103*; methylanUiae, 
m.p. 95*; ethylanilide^ m.p. 88*; p-lda»dtde, 
m.p. 118* (van Romburgh, Proc. K. Akad 
Wetensch. Amsterdam, 19()2, 616; e/. Bee. 
trav. chim. 1884, 3, 7 ; Jaeger, Proc. K. Akad. 
Wetensch. Amsterdam, 1920, 23, 347 ; Eemsen 
and Palmer, Amer. Chem. J. 1886, 8, 241 ; 
Marckwald and von Broste-Halshofl, Ber. 1898, 
31,3262; 1899,32,561 ; B.R.P. 105870 of 1897); 
propylainidt, m.p. 52* (Marckwald, Ber. 1899, 
32, 3509) ; propylucbuiylamidet xfl.p. 59* (M.) ; 
bromoaJlylamidet m.p. 45®-46* (Rudziek, Ber. 
1901, 34, 3543) ; henzylamids, m.p. 116* (Chatta- 
way, Chem. Soc, Trans. 1905, 87, 145) ; 6ein^- 
fM^hylamide, m.p. 95* (Holmes and iDgoId, 
Chem. Soc. Trans. 1925, 127, 1813); anaide, 
m.p. 103* (R. and P.); Z-iodoaniiide^ m.n. 128* 
(Uflman, Ann. 1904, 332, 38); 2;4-diiiihw- 
anilide^ m.p. 219*; o-t6lwdid€t m.p. 108*, on 
nitration yields the 5-nitro-o-toluiaide, and m 
little 3-mtro-o-toluidide and 3 : 5-duiitro»o- 
tolnidide, which, on hydrolysis, yield 5-ttitfo- 
O'toluidiDe, S-nitro-o-tolukline, ana 3 : 5*diititto- 
o*tolaidine, respectively; m-toMdide, m.p. 
114*; u-ldaidide, m.p. 117*, on nitaratfon 
yields tne 3*mtTo-p-tolaidide ; p-pleaelidtda, 
m.p, i06*-107*; the amides with o-, ia-,and 
p-phenyknediamine melt at 201*-202V 172* 
and alx>ve 250*, reapeotively ; di-p-tolaeiia- 
mdphonbenzidide^ m.p. 243*, and its dmusAiA* 
demnlive, m.p. 235* (Reverdin and Ck4|iieiiz; 
Willstfttter and Kalb, Ber. 1904, 27, 3761). 
For other derivatives, sea Eseh and HarekwaU 
(Ber. 1900, 33, 762) ; Howard and Marclogald 
{te ,) ; von Meyer (J. pr. Chem. 1901; 68» 167).. 
For N-halogen derivatives of the amidas s*a 
Ghattaway (Chem. Soc. Trans* 1908, 87; 
145). 

Bsaaidaidplbnic oetd; by oxtdjBhMt hbnivi: 
disulpliide with nitrie add (P * — « 

1872, 5, 270, 688} ; by Ix^ling 
with aqueous potaaaium nr m 
(BdUer, Ann. 1870, 184, 80; 1888; 

Mohr, ibid. 1883, 221, 216; Otto and TAdm, 
Ber. 1880, 13; 1286); by hsato ^ ^ ^ ~ 

ketone with aolphurir add 
1886, 19, 2628). Ve«y * 
ThepoUwdiimssltwlienh _ _ 

pentaoidotide yidda beiiioldkdd^ 

mnkie it yMds hamyl oytodia 
, Ce.), and on foaioa with nnftailiiwto 
it yMds and bwiv ftli ft ■ 

(Otta. B«r. 1880 , IS. USB). 

JSA'+r* 






•at :SiA\+. 

J. i . •* • * 



m 


pktee ; AgA^ crystalline scales 



iate; PbA'at 
(Bdhler, Le.). 

The o^ehtaro-deriveUivey obtained by treating 
o-cMorobenzyl chloride with sulphites, forms a 
dinitiXHieTivatiTe whose calcium salt forms 
needles. The free acid on heating with ammonia 
at 136®-140® yields a nitroaminohydroxybenzyl 
s^phonic acid (Kalle and CJo., D. R. P. 141783 
of 1902). 

Chloride ; prisms, m.p. 92°. Decomposes 
on heating into benzyl chloride and sulphur 
dioxide (Pechmann, Ber. 1873, 0, 534 ; Otto and 
Luders, Ber. 1880, 13, 1286). 

Amide; small prisms, m.p. 102° (0. and L.) 
or 105° (P.). 

(o) Tcduene 2 ; 4-di8ulphonic acid ; by sul- 
phonation of toluene, toluene-o- or p-siilphonic 
acid (Hakannson, Ber. 1872, 5, 1085 ; Chiesson 
and Berg, ibid. 1880, 13, 1170; Gnehm and 
Forrer, 1877, 10, 542, 1276 ; Klason, ibid, 
1887, 20, 354 ; Senhofer, Ann. 1872, 164, 126) ; 
by the action of iodine and potassium iodide 
on potassium toluene disulphinate (Tropor and 
Meine, J. pr. Chem. 1903, (2) 68, 313); by 

chloride with sul- 
1879, 12. 1052; 
1880, 2, 182) ; 
from p-toluidine 2-suiphonic acid and o-tolu- 
idine 4-8ulphonic acid by the xanthate method 
(Wynne and Bruce, Chem. Soc. Trans. 1898, 
73, 754). 1 

(NH4)2A"+H20; H^O; BaA'M H/). i 

silky needles (W. and B.) or BaA''4- (V)2H^O, 
prisms (H.); ZnA"4-6Hj() ; (^uA"+8H;;0, 

four>8ided prisms ; AsgA^'-f 2 H 2 O (Senhofer). 

^Chloride ; elongated prisms or ])risTnatic 
needles, m.p. 56° (W. and B.) or 5l°”52'' (H.). 

Bromide ; wliite solid, m.p. 78° (Troger and 
Meine). 

Amide; prisms, m.p. 185°-186°. On oxida- 
. tion with potassium permanganate it yields 
disulphaminobenzoic acid (Fahlberg). 

Anilide ; small prisms or tufts of needle.^, 
m.p. 187° (W. and B.). 

O'Toluidide; m.p, 170°- 171" (T. and M.). 
m^Taluidide ; m.p. 138° (T. and M.), 

(jS) Toluene 2 : b-diaulphonic acid ; by bub 
phonation of toluene ; by heating toluene 
o-sulphonic acid with faming sulphuric; iwid at 
160° (Hakannson, /.c.), or toluene ?7^-»ulp)iotiic 
acid with suJphuric acid at 180° (Klason, U.) ; 
from o-toluidine 5>8u]phonic acid by replacing 
the amino-group by a mercaptan group and 
oxidising the thiocresol sulphonic acid obtained 
w4th permanganate (Klason, Ber. 1887, 20, 
354) ; from p-toluidinc 2 : 5-disuJphnnic acid 
conversion into the hydrazine and tre^atment 
of the latter with copper sulphate, or from o- 
toiuidine 5-8u)phonic acid by the xanthate 
method (Wynne and Bruce). • 

K,A"+i,0; BaA-d-H^O. 

Chloride ; four-sided 
iii.p. 98° (W. and B.). 

; microscopic prisms, m.p. 224° (K.). 

prismatic needles, m.ii. 

ITo iW. and B.). 

(®)^®^****** 2 : ocmJ; by reduc- 
4 -l»omo- or 4 -cliIorotolaene 2 ; 6 - 
^acid with sodium amalgam 
Ann. i^, 221, 190 ; Wynnolmd 
Soc. Xnns. IS98, T*, 771), 

■ * " ‘ • BaA''+2H,0, 


TOLUENB. 

rhombs (above or 


plates or prisms. 


Bnue^ 

K,A 


+4B;.0. flat needloB 

(below 60*). , . 

Chloride ; monoclinic pnsms, m.p. w . 

Amide ; long slender needles, melting above 

260* (Komatrid). . , . . 

Anilide; minuto diamond-shaped inisms, 
m.p. 162* (W. and B.). 

Toluene ^ A-diauljihmui acid; worn p- 
toluidiue 3-sulphonio acid by oonver^ into 
p-thiocrosol S-sulphonio acid and oxidaton of 
the latter with potassium permanganate (Klason 
Ber. 1887, 20, 356), or by diazotisation, treat- 
ment with potassium xanthate, saponification 
and oxidation wdih potassium permanganate 
(Wynne and Bruco, Chem. Soc. Trans. 1898, 73, 

'*^ksA"4HjO. needles; BaA"+2H.O, pr^ms. 

Chloride; scale.**, m.p. 111°, or pnsml^tic 
crystals, m.p. 70 --S0\ from benzene, (nmiainiilg 
benzene of crystallisatioji, which is bwt rapidty 
on exposure to air when the meltifig-^>lnt 
rises to 111" (Klason ; Wynne and Bruce). 

Amide; m.p. 235° -i39 (slight deeomp.) 
(Klason). 

Anilide ; small prisms <»r clusters of miniile 
plate.s, m.p. 190"' (W. and B.). 

{y or e) Toluene 3 : ^h dimi phono' acid ; from 
o-tohiidine 3 : 5*disuli»hoiiic acid by conversion 
into the hydrazine and treatment %vith copper 
sulphate (Wvniie and Bruce, f'hem. iSoc. Trans, 
j 1H9S, 73. 718 ): toi!‘ ther \%ith ( he 2 : 5 by 
I 8ui]}horuition of toluene /a phonic acid (Kla« 
son, Ber. iNSti, 19, 2889; 1887, 20, ;i52) ; by 
treatment of p-iodotoluene disuljdioide acid 
with sodium arnulgain (Limpricht and Riebler, 
Ber. 1885, IS, 2179; Kiehtcr, Ann. 1885, 23Ch 
326). 

K^A", anhydnvuH ndcroaropic scales ; 
BaA"4-3iHj(), smallHcales, beiNiimiiig anhydrous 
on cxjKi.sure to air (W. and B.), The product 
obtained by Richter is the 3 : 5 •dlnu) phonic acid 
and not tin* 2 : tb or 2 ; 3* isoimTide, as he wm 
led to liclieve from the experiments of Hasse 
(-Vnn. 1885, 230, 2 m>), whilst the (^ompoimd 
* described by HaKM* is not the 3 : 5-aeid. 

Chloride; pale yellow prismatic cmtafai, 
m.p. 95° ^W. and B.) (ilassc; givea m.p. iS2% 

Amide ; short prisms, m.p. 214° (K.) or 
216° (R.) (Ha.ssf3 gives m.p. above 230^'). 

Anilide ; thin Hc;ale«, rn.p. 163° (W. and B*)* 

Toluene 2:4: HArienlphmk acid ; by boat- 
ing i mol. of poUikssium toluene 2 ; 4-dtsu!^oiiata 
with 3 mols. of ehlorosulphomc acid at 24U** 
Thc^ product is con%x*rt«d, rwi tho bartum and 
potassium salts, into tho sulphonyl ebloi^, 
which is then itcated with 12 parts of watarat 
I30°-I40\ 

I.ong slender needles d eH^O, wbtefa loia 
3HjO at 100° and melt at 146°, 

KA'"+3jH,0, large rhombic tablea; 
Ba,A,^-f 14H,0 : Pb|A"'',-b8H,0, amoipbottti 
crystals (Klason, Ber. 1881, 14, 307), 

Chloride ; tables, m.p. 163° (K,), 

microscopic crysi^ iii.p. abovt 

300 (1C,). 

^FhuntalucM i-mdjjAoHk mid; bom 
toluidine 2>sti)phcmie Mid. 

bige 


umuJluialM. * ' BaA.-f^a 

Ckto^ ! «il, Lp, . • 

”*** "' ^ ***** IWlillH 

WbM ojddwgd udili pm- 


Amidt. . 
«.)». 10* or 



wtxmm. 


m 


iiiiAigMittb it Tieldfl wtjihinide. 

^jlttorvaoohanv colourfotti needles or rhomb«i 
m-p. 200% whieh is very sireet bat has a some- 
what bitter after-taste (Boode, Amer. CSiein. J. 
1891» la, 219; HoUeman, Keo. trav. chim* 
1906, 26, aao)* 


4-ofilorotoluen6 a-snli^oiiic add together wit] 
4-ohlorotoluene 2-aalphonic add (Wynne, Chem< 
Soo. Trans. 1892, 61, 1082 ; Wynne and Bruce, 
(3hem. 8oc. Proo. 1896, 11, 162; Vogt and 
Henninger, Ann. Ohim. 1^6, (4) 27, 133; 
Ann. W3, 166, 362), whilst toluene o.pdphonic 
acid or its soluble salts when chlorinated in 
cold aqueous solution yields a mixture of 4- 
and 6-chlorotoluene o-sulphonic acids. The 
latter mixture is readily separable owing to the 
much greater insolubiuty of the salts of the 
4-ohloro-aoi(L Chlorination in more dilute 
solution at a temperature not exceeding 60^ 
yields a mixture of oichloro- and trichlorotoluene 
o-Bulphonic acids (B. D. C., Green and Herbert, 
Eng. Pet. 170056 of 1920). 

On disulphonation with 20 p.c. fuming 
sulphuric acid p-chlorotoluenc yields a mixture 
of the 2 : 6- and 2 : 5-di$ulphomo acids in the 
proportion of about 3 parts of the former to 
1 part of the latter, together with some of the 
3 : 5-disulphonic acid. A Kimilar mixture is 
obtained also when 4-chlorotoluene 2‘Sulphonic 
add is treated in this manner (\V3mne and 
Bnicc, Chem. 8oc. Trans. 1898, 73, 768). 

Z»Chlorot6luerut o-*ulphonic acid ; from m- 
chlorotoluene and 100 p.c. sulphuric acid. 

NaA'+HjO, monosyinmetric rhombs ; KA', 
monosymmetric rhombs ; BaA^+H^O, small 
nacreous plates (Wynne, Chem. Soc. Trans. 
1892, 61, 1075), 

Chhride; orthorhombic prisms, m.p. 53® 
(W.). 

Amide; thin Scales, m.p. 182® (W.), 

A*Chhr(doiuem 2-atUj^onic acid; sulphona- 
tion of p«chlorotolaone (above) or chlorination of 
tolueiM o-sulphonic add (above) ; from p- 
toluidine*2-8ufphonic add by the diaxo-reaction 
(Jeassen, Ann. 1874, 172, 239 ; Eoodo, Amer. 
(amm. J. 1891, 13, 221 ; Wynne dnd Bnico, 
Chem. Soc. Trans. 1898, 73, 761 ; c/, Wynne, 
ibid. 1892, 6U 1078). 

NaA^-f |H|0, rectangular scales ; KA', 
Morons prismatic neetUes (W. and B. ; R.), 
+H|0 (Hillmer and Majert, Ber. 1873, 6, 703 ) ; 
^ BaA%4*H|0, microscopic plates (H. and 11.), or 
prisamic aggMates (W. and B. ; Jennsen) ; 

fft and M.); PbA%+8H,0 (H. 
r wd IL) ; CttA%+7H»0 (H. and M,). 

J CUknejAe ; large foar-dded elongated platea, 
^;wup,84♦(W.andB.). 

; AmiAe; dender needles, m.p. 142® (W* wtd 
BL; HeAar, Ann. 1M3, 221, 209, gives m.p. 
188®). 

AniBds; monos^metrio plates, m.p. 144® 
{wTaiukl B«). 

; »!tli k inmt twte irat Vttw 
On biimM Mt lao* with 
tiw tm add 

yWa • als^ St«- mmI S: 6dM. 

imi ^ . Mik 


^lonaUon of p-chbrotoluene (Vogt and fien- 
ninger, Ic .) ; from p-tolmdine S-solpfaonio acid 
bv dUi^tisatkm and treatment with cuprous 
chloride (Wynne and Bruce, Lt.). 

NaA'-fH|0, long needles or flat prisms 
(Wynne) ; NaA'+6H20 (Hubner and Maieii, 
U); KA'-fJH,0(Wyttne),KA'-f iH,0,lammis, 
KA^-fHaO, rectangular plates or prismatic 
needles (W. and B.) ; BaA (H, and M.), 

BaA%-f Hj|0, thin scales, BaA%-f2H.O, rect- 
angular prisms (W. and B.), BaA 
(Engelbrecht, Ber. 1874, 7, 796); CdA't-f 2HjO; 
PbA%-h6H,0; CuA'j-flOHjO. When heated 
with 20 p.c. fuming sulphuric acid at 160® it 
yields a mixture of the 2 : 5- and 3 : 6-disulphoDic 
acids. 

Chloride ; large elongated hexagofnal j^ates, 
m.p. 56® (W. and B.). 

Amidea ; spear-shaped crystals, m.p. 166® 
(W. and B.). 

Anilide; small monosymmetric prisms or 
needles, m.p. 188® (W. and B.). 

iS-Chhr^mne 2aulphonic acid; non-ddi- 
quescent laminae, m.p. about 72®, is obtamed 
from the sulphonyl chloride which ts produced 
in a yield of 38*6 p.c., together with other 
isomerides, by chlorinating tmuhne o-sulphoi^] 
chloride at 75®-90® in presence of antimony 
pentachloride. 

NaA'-fHjO, large laminae; BaA%-fH,0, 
smail lustrous flakes. 

Cfdoride ; large thick white prisms or plates, 
softening at 71®, m.p. 72®. 

Amiae; glistening scales, m.p. 180®. On 
oxidation with alkaline permanganate a6 96®*- 
97® in the presence of carbon dioxide, it yjdds 
1-6 -chloro-o- benzoic sulphinide (^O-chioRHMic- 
charin*), small plates, ni.p. 210®-212®. The 
latter product is more than half as sweet m 
saccharin, but has a somewhat astring^ teste 
except in very great dilution (Davies, CSiem. 
Soc. Tmns. 1921, 119, 878). 

^•Chhrotoluem 3-aulphome acid; from o* 
chlorotoluene and fuming sulphuric a<M (HhbiiMr 
and Majert, l.c. ; Wynne, Cliem. Soe. Ttaoa. 
1892, 61, 107.3); from o-toluidine 
acid by the diazo-ieaction (Wynne, l.e., 1010), 
It crystallises with 4H,0« 

Kh^A'+HjO; NikA'+iHtO. tiiia fItttM; 
KA'4-|1L0, laige quadratic tables ““ — w. 


mdi^honati.. . 

20 p.c. fuming .Bulphuric nckl «t IffW 
o-chiorotoloene 3 : S^kulj^Knio wiiA^ || ^ 

also produced by snljdtoimt^ 
under similar oonditkms. . 

CUoride; long, pearty prisiiu^ nun. W* or 
65®. 

• firomtds ; thin flat prinou, aup. 97*5”; 

.tmiile ; Uiin glisten mg scales. m.p. Ufl*. 
An&Ukt thin irrefluttt aoalM or mptttde 
plates, in.p. 93® (Wymie, Ia; 

Brueo, C3iem. Soc. IYim 18^ 73, W). 

%CUorvlobuM i’^rntphemle mMf Inm 4- 
toluidine 4>BiilplM»iio aod dlMOtialitiaB aad 
tnatmenA deiUi canons duorido (Wtims and ' 
Bruos, Cbna. Soo. Tnuw. ISM^ 7^ Tflfij I* 

a.) 
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TOLUENE. 


amall scales ; BaA's+H^O, thin scales (W« and 
B.), anhydrous (P.) ; CaA%, glistening rhombic 
leaflets (P.). 

Cfhhride; long massive prisms, m.p. 37% 
b.p. l78®/36 mm. (W. and B. ; Davies, Chem. 
8<^ Trans. 1921, 119, 860). 

Amide ; in the usual manner (W. and B.) or 
by treating the sulphonamide of diazoamino* 
toluene udth hydrochloric acid (P.). Long slender 
needles, imp. 137^ (Davies). 

Anilide ; rhomb-shaped plates, m.p. 96^ 
(W. and B.). 

On sulphonation with 35 p.c. fuming 
sulphuric acid at 150^ potassium o-chloro- 
toluene 4-8ulphonate yields a mixture of the 
4 : 6- and 4 : 6-disulphonio acids (W. and B.). 

2 : ^Dichhrotoltiene avlpkanic acid ; 2:3- 
dichlorotoluene is stated by Wynne and Greeves 
(CSbem. Soc. Proc. 1895, 11, 151) and Wynne 
(Ghem. Soc. Trans. 1892, 61, 1045) to yield two 
sulpbonic acids on sulphonation, which are sepa- 
rate by their barium salts. The acid from the 
less soluble barium salt yields a very soluble 
ehU>ride, radiating needles, m.p. 45®, and an 
amidCs m.p. 221% whilst that from the more 
soluble barium salt is the 5-sulpJionic acid, and 
yields a chloride^ prisms, m.p. 85®, amide, m.p. 
183®. Cohen and Dakin (Chem. Soc. Trans. 
1901, 79, 1 129) could only isolate one sulphonic 
acid, forming the sulphonamide, m.p. 222®. 

NaA'+H^O, large pearly leaflets; CaA'j 
-fHjO, leaflets; BaA^-fH^O, leaflets (Seelig, 
Ann. 1887, 237, 159). 

2 : 4c-Dichlorotoluei7e S-svIpJionic acid ; by 
sulphonation of 2 : 4-dichlorotoluene. 

NaA'-f-liHgO, long thin needles; CaA% 
+3S[2^> Ihin neemes ; BaA%-|-2 or 4H2O 
(Seelig ; Wynne and Greeves, Chem. Soc. Proc. 
1895, 11, 151 ; Cohen and Dakin). 

Chloride: elongated scales or hard prisms, 
m.p. 71® (W. and G. ; C, and D.) ; amide, 
m.p. 176®-177® (W. and G. ; C. & D.). 

2 : 5-Dichloroioltiene p-sulphonic acid ; (see 
2:3: 6-trichlorotoluene p-sulpbonic acid) i by 
chlorination of toluene p-sulphonic acid (B. D. C., 
Green and Clibbens, Eng. Pat. 169025 of 1920). 
Chloride is formed together with 2 : O-dichloro- 
toluene p-sulphonyl chloride by chlorination of 
2‘'Chlorotoluene p-sulphonyl chloride (Davies, 
Catem. Soc. Trans. 1921, 119, 874). 

2 : S-DichlcrolohieTie stUphonic acid ; by 
sulj^onation of 2 : 5-dichlorotoluene. 

lCA.% long needles which break up into a 
ozystalline powder ; NaA'-j- l^HoO, long slender 
n^idles; diamond-shap^ plates 

and large prismatic needles (Wynne, lx,). 

CJdoriae ; brownish coloured tables, m.p. 43® 
(W.) or colourless plates, m.p. 46® (C. and D.). 

Amide^: long thin flat needles, m.p. 191®- 
192® (W.; C. and D.; c/. Seelig, Ann. 188'^ 
237, 159). 

2 : ^DichlorololueTte p-eulphonicacid ; colour- 


colourless fan-like needles; 
BaA minute silky needles. 

Chloride: by chlorinating at 65®-70® a 
fused inaas of 2-chloro-p-toluon6 sulgihonyl cblor- 
i(to hours until the necessary increase in 
weigSWi has been aj^tained. Large flat plates, 
A eubtdofictf hair-like colourless 
needie^r 218®, appamitl^s pentachloro- 
toluene, is ooUuned as a fy-product. 


Amide: scales, ifl.p. 191® (Davies, Cbeim 
Soc. ^j^ns. 1921, 119, 871). 

2 : 6’>Dichlorot6hiene enlphonic ac%d ; by sul- 
phonation of 2 : 6-dibhlorotolaene. ^ 

CMoride ; prismatic needles, m.p. 60 . 

Amide; m.p. 204® (Wynne and Greeves, 
lx. ; c/. Cohen and Dakin, lx.). 

3 ; 4:‘DicMorotoluene sulphonic ac%d ; from 
3 : 4-dichlorotoluone and 5 p.c. fuming sulphuric 

KA', long thin prismatic needles ; 
long slender brittle needles ; BaA'2+2(?)H20, 
long slender needles. 

Chloride ; long monosymmetric prisms, 
m.p. 82®. 

Amide ; elongated prisms, m.p. 

Chem. Soc. Trans, 1892, 61, 1060) or 190 -191 
(Cohen and Dakin, lx.). 

3 : 5-Dichlorotolmne sulphonic aetd ; by 
sulphonation of 3 : 5-dichlorotoluone. 

Chloride ; thick prisms, m.p. 45®. 

Amide : needles, m.p. 168®-169® (Wynne and 
Greeves : Cohen and Dakin). 

2-ChIorotolmne 3 : o disvlphonic acid ; by 
sulphonating 2-chlorotoluene 5-sulphonic^ acid 
and from o-toluidine 3 : 5-disulphonio acid by 
the diazo-reaction. Very small needles. 

K2A"-l-2pi2D, masiive irregular crystals, 
or -f-2H20, small nticdles ; BaA"-f 4JH2O, 
minute needles. 

Chloride ; short slt^nder needles, m.p. 85®, 

Anilide; small ehmgatcd flat prisms, ni.p. 
183® (AVvnne and Bruce, Chem. Soc. 'JVana. 
1898, 73.‘750). 

2-Chlorotoltiene 4 : oAisulphonic acid ; by 
sulphonation of }H>tassium o-chlorotoluene-4- 
sulphonate and from o-toluidine 4 : 5-disttlphonic 
acid by the diazo-reaction. 

KjA^-j-HjO, long prismatic needles; BaA'' 
+ 21120, small rectangular prisms (W. and B.). 

Chloride ; plates or monosymmetric prisms, 
m.p, 158®. 

Anilide ; small prisms, m.p. 183® (W. atul B.). 

2’Chlorotoluene 4 : ij-dievl phonic acid ; from 
2-chlorotolueuc 4 -sulphonic: acid and 35 p.c, 
fuming sulphuric acid at 150® . 

KgA^'-f 211.20, largo prisms; BaA''-f6HgO, 
microscopic prism.s ; BaA'**KjiA"+3HjO, very 
small needles. 

Chloride: octahedral prisma or four-aided 
plates, m.j>. 88®, 

Anilide ; small plate.s, m.p. 180® (W. and B.}, 

4-Chlorololuene 2 : HAisutphonie acid ; from 
p-toluidine 2 : 5'disulphonic acid. Email sosioe. 

K2A"+2H20, small scales; BaA"-fH|iO« 
minute prisms. 

Chdor^ : very small prisms, imp. 144®, 

Anilide ; small diamond-shaped scale# or 
large jflisms, m.p. 245® (W^ and B.). 

4-Chlorololuene 2 1 d^dmUphonsc ocH; by 
sulphonation of 4-chlorotolttene 2-attlplioiiiic 
with 20 p.c. fuming sulphuric acid at 150% 

K,A^% anhydrous scahss; BaA"+SiH.0« 
small prisms. 

Chloride ; large prisms or large palsvydloir 
monosymmetric plates, m,p, 108% 

lurtjtoui mmJm. a.p. w 

(W. and B.). 

ii-CMoralohme S-.&dimiMtmic aeU: kem 

bMn; netdlw, vhlgh:. 



TCfumm. 


m 


becaaAlMliSfdtFaQi oa Mpoauie to oic; 

BaA"+3HtO. ptbm. 

OMorkkf imall. , nooomiiunetrio piimu 
fnm beiuseDOi oontiiQ^. |C^a> wliieh w lost 
nnutib at 140*. or pbtea mm Iqjbt petit^ni. 
BoUi fw»"« melt at 118” with ptevtons softening 
iWrone and Bntoe, CSiein. Soo. Trans. 1898, 73, 
U ; Pope, Z. f. Kiist., 1900, 81, 128). 

2 { 3 { 4 - 3 Vi 6 )UaMo)aisM ; when shalwa snUi 



(Seelig, Ann. 1887, 287. 136). 

2:3: S^TricMorohluem 4:-iwphon%cacid ; ob- 
tained tcmther with the 2 : 5-dichloro48omeTid6 
by neutmiaing 680 grams of toluene p-sulphonic 
acid with sodium hydroxide dissolved in sufiB- 
oient water to make about 11 litres and 
ohlorinating until 10 c.c. of the solution have 
acquired an acidity equivalent to 5*5 c.c. of 
N-alkali. Nearly the whole of the sodium 
triohlorosulphonateoiystallisesyand thedichloro- 
Bulphonate is recovered practically p^ by 
evaporating the mother-liquor (B. D. C., 
Qreen and CUbbena, Eng. Pat. 169025 of 1<>20). 

3 : 4 ifi^Trichlordciuene eulphonic acid ; NaA^ 
needles; KA', scales; BaA'j-i-H,0, 

scabs. 

CMoride; short needles, m.p. 88® (Wynne, 
Ghem, Soc. Trans. 1892, 01, 1069). 

2*Br<mot6luem ^aulpho7iic acid; from o- 
toluidine 4-8ulphonio acid by the diazo- reaction 
(Hayduck, Ann. 1874, 172, 205) ; tocether with 
n-bromotoluene and ^-bromobenzyl bromide 
by brominating potassium toluene p>sulphonaio 
(Miller, ^em. Soc. Trans. 1892, 61, 1027). 

KA', white plates (M.); BaA%+2H,0, 

plates (Ml.) or microscopic tables (H.) ; 

PbA',+2iH,0 (H.). 

Chlonde ; m.p. 54® (H.). 

Amide; microscopic prisms, m.p. 151® (H.). 

2-JEIh>ffiofaftce9»e 5-aicfpAanic acid; from o- 
bromotoluene by sulphoiiation (Miller, Cliem. 
Soo. Trans. 1892, 61, 1029 ; Hubner and Post, 
Ann. 1873, 169, 31 ; c/. Dmochowsky, Ber. 1872, 
5, 333) ; from brominated p-to]uidine 3- 
sulphonio acid by elimination of the amino- 
group (Peohmaim, Ann. 1874, 173, 212) ; fxx>m 
o-toluioine by sulphonation and reidacement of 
the amino^gronp by bromine (Paget, Ann. 1875, 
176, 39^; Nevile and Winther, Chem. Soc. 
Ttaiuu 1880, 37, 628; Ber. 1880, 13, 1943; 
Wynne, Chem. Soc. Trans. 1892, 61, 1041 ; c/. 
Q^er, Ann. 1873, 169, 384). 

NaA'+iH»0, striated prisms; KA'+4H.O; 
BaA''t+2H«0»rhomboidaltables; PbA%-f2HgO 
(H.MdP.)or8H.O(P.). 

Ckloridt; doaotod flat piinns, m.p. 6t* 
(W.l, (N. and W.L as” (P,)' 

Amiitf (diatening aoalea, m.p. 63-6” (W.). 

Amifk, aMldlM. imp. U7” (W. ; K and W.) 
ttt U8^ ^.). 

2-Jbfmidcihtim add; in ainaQ 

flofiMliiwr with S-btomotohuHM 3fi^onio< 
ltdd nipiwiMtiiig mbioaiet^^ Xnatwo 
tea tepaap^ by vmm U tiMbr barhun 
Mtte. ^ mK <d tlw 64(fld 


BaA'i-fSUOtininiitoMalMtllillWtl^^). 
Aeawding to WroUomlgr (Am. 1873, !«»■ 
138), ».tnwMtolhMi» itaolvBd inlm 


sulphuric add ^elds three sulphonio adds of 
which the a-add is formed in greatest quantity. 
Serration is effected by means of tbeir barium 

drete (Ber. 1874, 7, 795; 1875, 8, 565; 

Ann. 1875, 177, 233) only obtained one add 
corresponding to the a-acid of Wroblewsky. 

a-Aouf or S-bromotoluene 2-8ulphonic acid; 
BaA',+H,0; CaA^,+2HgO; 8rA',-|-H,0; 
MgA';4*6H,0; PbA',+3HtO; CuA',-f4H,0. 

B-Actd or 3-bromotoluene b-sulphonic amd ; 

KA'; C3aA't+2p[,0; BaA',+ 1*6,0; PbA', 
4-3H,0. 

yAcid; formed in smaHest quantity; 
BaA',-i-2JH,0. 

m-BrwneMuene o-^suLph/tme mid; by bromi- 
nation of p-toluidine 2-suiphonic acid, followed 
by elimination of the amino-group (Weekwarth, 

Ann. 1874, 172, 191). 

NaA'-f iH,0, scales or nodules; KA'-fH,0, 
yeUow rhombic plates ; SrA's4'2*H|0, yellow 
needles; BaA^+S^HxO, scales or plates; 
PbA% + grouped prisms ; PbA', + 5H ,0, 
yellow prisms; CuA'j-fiHjO;' yellowish-green 
plates or thick prisms. 

Chloride; liquid, solidifying in a freezixig 
mixture. 

Amide; thick yellow needles from chloro- 
form, m.p. 162®“165®. 

This acid appears to be identical with 
Wroblewsky^s )8-acid, although some of the salts 
differ in the content of water of crystallisatiQn. 

^•Bromotduene 5-eidphon$e acid; from 3- 
bromo-o-toluidine 5-Bulphonic add or 5-broino- 
p-toluidine 3-8ulphonic add by eiunination d 
the amino-group (Nevile and Winther, Ghem^ 

Soc. Trans. 1880, 41, 420 ; Ber. 1880, 1% 1944), 

Chloride ; m.p. 52® (N. and W.). 

Amide ; m.p. 138®-139® (N. and W.). 

Brotn/okluene eulpfumic acid; from toluene 
by sulphonation, nitration, reduction and re- 
placement of the amino-group by brofnine 
(Weekwarth, Ann. 1874, 172, 193; Hayduck, 
ibid. 1875, 177, 57). BaA\ f HtO. 

Ckhride ; oil, solidifying on cooling. 

Amide; nodules, which do not melt at 230^, 

4;-Bromokduene 2-evlpkonie acid ; chief pro- 
duct, together with the 3-acid by 8d|dioiiating 
p-bromotoiuene (Hubner and P^t, 187$ 

169, 6 ; Zeit. !. Chem. 1871, (2) 7, 618; Hiller, 
Ghem. Soo. Trans. 1892,61, 1026}trm|>-toluid£iie 
2-8ulphonic acid by the diaso-rsaotion (Jensstui, 
Ann. 1874, 172, 237). Free add, lai4GB platee, 
Oxidised by chromic add mixture to 
sulphobenzoio add and reduced to mama ih^ 
aulphooio acid by sodium amalgam, a ^ 

NaA'-fH.O; KA'+H,0, aoafai (Boddop 
Amer. Ghem. J. 1891, 13, 222); KA'^P(.0 
(MiHer); MkA',.i-8m.Om ; 
rhombic neem; SrV«+^0$ BaAV*f 
•BaA%+2H,0 (H); ?bA^+3HA 
PbA%+2H»0(M.); OiiAV4*7H«0, : - 
Chloride; plates, nup^ 38^ (3EU Ond FJ 

Amiir.; 1^ fino aeedles^ Jtkp. 

(SLandP,), Wminomdisedwithpei^^ 
it yields p-bromobensote sulpidBMe^^ 
•otnewhai sweet with a Uttar aller^aite (& : 

4- AroiiidofiieiM S-SM^AoiiiD meU; (sssMtffe); . 
by cutphonation of p-bvomotoioeiie| bam.jk , 
tohridine S-selphoiile add ky 







IW ' TOLUMB. 


ie», 7 i BMdimMm, ibid. 1874, 173, 308^ Nevile 
and Winther, CSKem. Soc. Traps. 1880, 37, 631). 
hmhm +H,0, m.p. 106®-110® (P,). Oxida- 
tion with ehromio add Piixture yields p-bromo- 
beiuBoio-i»- 6 ulphoiuc add. 

BaA^+THjO, long rhombic needles ; SrA'. 
+7HaO; PbA^+SHjO. 

Chloride; oil, solidifying on keeping, m.p. 
62° (P.; N.andW.). 

Amide; long needles, m.p. 151°-152° (H. 
and P.). 

2-Br<mGt6luene 3 : 5‘dieulphonic acid ; from 
o-toluidine 3 : 5 -disulphonic acid by the Sand- 
meyer reaction (Wynne and Bruce, Cliem. Soc. 
Trans. 1898, 73, 749; Hasse, Ann. 1885, 230, 
295). 

K 2 A"+H 20 , small needles; BaA"+ 4 H 20 , 
short slen^r needles (W. and B.). 

Chloride ; white needles, m.p. 102°. 

Anilide; small square prisms or irregular 
needles, m.p. 194° (W. and B. ; the products 
obtained by Hasse were impure). 

^•BromotcHuene disulphomc acid ; by passing 
sidphur trioxide into a mixture of «-bromo" 
toluene and sulphuric acid (Kornat'Ai, Ann. 
1883, 221, 192). Very deliquescent crystals. 
On boiling with nitric acid it yields dibromo- 
nitrotoluene disulphonic acid, nitrotoluene di- 
sulphonic acid, and disulphobromo benzoic 
acid. 

KjA^'+HjO, fine needles or large rhombic 
prisms; BaA"-f 6 H 20 , thick prisms or fine 
needles or plates; PbA"-|- 2 H 20 , glistening 
needles. 

Chloride ; large rhombic plates, m.p. 99° (K.). 

Amide ; irregular crystals, m.p. above 260° 

(K.). 

p-Bromokluene disulphonic acid; from p- 
tolnidine disulphonic acid by replacement of the 
amino-group by bromine (Limpricht, Ber. 1885, 
18, 2179; Bichter, Ann. 1885, 230, 324). 


Amide ; amoiphoi|js powder, diAiziiqs w^i^ 
melting when heated. 

2 -(or %)-NitroM>ume Z-solphomc add ; item . 
p-toluidine m-sulphpnic acid by nitration, re- 
duction and elimination of the amino-group 
(Pechmaxm, Ann. 1874, 173, 214). 

BaA' 2 + 2 HgO, plates. 

Chloride, m.p. 58*5° (Foth, Ann. 1885, 230, 
308). 

Ami^; m.p. 163*5° (F.). 

2- Nitrotoluene d-sulphonic add; together 
with other products by nitrating o-nitrotoluene 
p-sulphonamide (Keverdin and 04pieux, Ber. 
1901, 34, 2992) ; by sulphonating o-nitrotoluene . 
or nitrating toluene p-sulphonic acid (Beilstein 
and Kuhlberg,.Ann. 1871, 155, 18; Engelhardt 
and Bek, Zeit. f. Chem. 1869, (2) 5, 209; 
Kornatzki, Ann. 1883, 221 , 180). ^ 

BaA' 2 -f 2 H 20 , scales; PbA' 2 + 2 H 20 . Onf 
electrolysis in sulphuric acid solution it yields! 
6 -amino- 3 *cresol 4*sulphonic acid (Gattermann, \ 
Ber. 1894, 27, 1938). ' \ 

Chloride, by nitration of toluene p-sulphonyl ] 
chloride. M.p. 45° (van llomburgh, Proc. K. * 
Akad. Wetensch, Amsterdam, 1902, 616; cf, 
Otto and Gruber, Ann. 1868, 145, 23) or 36° 
(Reverdin and Cr^pieux). A suspension in 
alcoholic sulphuric acid is readily r^uced at a 
lead electrode below 20 °. The product is 2 - 
aminotolyl-4-mercaptan sulphate which readily 
changes to the suljDhate of 2>aminotoly]-4-di8uf- 
phide on keeping in a loosely closed vessel 
(Fichter and Bernouilli, Ber. 1909, 42, 4308). 

Amide ; four-sided rhombic columns, m.p. 
128° ( 0 . and G.), 139° (K.), 144° (Reverdin and 
Crdpieux, Ber. 1901, 34, 2992, 2996; Keale, 
Ann. 1880, 203, 73). When heated with fuming 
nitric acid two mononitrotoluene sulphonic acids, 
of which one is 2 -nitrotoluene 4-sulphonic acid, 
and a dinitrotoluene sulphonic acid are obtained 
(Reverdin and CVepieux, he,). 


Ciystalline mass. 

KgA^'+HjO, silky felted needles; BaA" 
+ 6 H 2 O, silky needles. 

Chloride; prisms, m.p. 133° (R.). 

Amide ; long prisms, m.p. above 240°, 

2 - hlHbromotoluene 5-sulpho7iic acid ; from 
2 -bromotolaene 5 -sulphonic acid by nitration 
and replaoement of the nitro -group by bromine 
(l^h^er, Ann. 1874, 174, 365). Syrup. 

HaA'+2H20; BaA\+2ili,0 (B.). 

Bi^^Dibromoiduene ^-sulphonic acid; from 
2-^bromo-o-toluidine 5-sulphonic acid by the 
Satidmeyer reaction (Wynne, Chem. Soc. Trans. 
1892, 61, 1038). 

^aA'+HgO, long flat needles ; KA', long 
needles ; BaA^+SiHgO, long thin needles. 

Chloride; small four-sided prisms or needles, 
».p.93°(W.). 

Bromide ; needles, m.p. 97° (W.). 

I : Amde; small prisms, m.p. 214° (W.). 

\ ix%ili^Tfihfomotduem 4:-sulphonic acid; 
frm n-tolnidine p-sulphonic acid by dibromina- 
tion asid Zffdacement of the amino-group by 
bjwapmjiie (Hi^duck, Ann. 1874, 174, 354) ; or 
3 ; 5 -dibromo-o-toluidine 4-sulphonic acid 


libromo-o-toluidine 4-sulphonic acid 
aent of the amino-group by bromine 


(Cfcns and Immd, Ann. 1891, 265,^7). Free 

nctdkd^aescent. 

KA', imte needles; BaA'j+UHgO, white 

“«?L 

cUtSSkiU^, 


For the preparation and properties of the 
anilide, p-toluidide, 2 : 4t-dmitroanilide, a- and 
B^naphlhalidc, the diamide of o-, m-, and p- 
pkenylenediamine ; and also the esters of phenol, 
0 -, m-, and p-cresd, p-nitrophenol, resorcinol and 
nitroresorcinol, &c,, see Reverdin and Or^pieux 
(Ber. 1901, 34, 2992, 2996; 1902, 35, 314, 1439; 
Bull. Soc. chim. 1901, (3)25, 1044; 1902,(3)27, 
745). For the N -halogen derivative of the amides, 
see Chattaway (Chem. Soc. Trans. 1905, 87, 146). 

2- Nitrotoluene b-sulphonic acid; by heating 
the diazo-comjiound of 2 -nitro-p-toluidine 
sulphonic acid with absolute alcohol at 100 ° 
(Foth, Ann. 1885, 230. 305), 

KA^ reddish-yellow thick prisms; barium and 
lead salts, readily soluble in water and alcohol. 

Chloride ; thick prisms, m.p. 50° (F.). 

Ami§o ; long glistening needles, m.p. 133*6° 
(F.). 

m-Nitroteduene sulphonic add ; by sulphon- 
ating Tn-nitrotoluene (Beilstein and Kuiubeog, 
Ann. 1870, 156, 27). 

BaA' 2 + 2 H 20 , nodules ; PbA'g+SiHgO, 
small granules. 

von I%.ge] (Ann. 1875, 176, 304) has described 
a nitrotdume sulphonic acid obtained by nitrating 
p-toluidino o-sulphonic acid and eliiniimtiiig the 
amino-group* 

BaA'2+2^HaO, tufts of red needles. 
d-Ni$roimme2^ddpho^ brnitoatiag 
tolnene o-sulihonic acid or by 
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i( Jairbtd^t Z^. t Chem. 1865« i, 
'w; BdUstein aM Ktibi 8 M^» Jenssezi, 
Ann. 1S74» 172» 230; Hart Aod EeseiaeQ, Ber. 
1877, 10, 1046; AitoJ. J. 1879, 1, 349; 
&hwanert. Aim. 1877, 186, 3$1 ; Ber. 1877, 10, 
29: Noyes, Amer» Chem. J. 1886, 8 , 168; 
Hausser, Bull. Soo. clxto. 1890, (3) 3, 797) ; by 
sulphonating p-cymene to its o-sulphonio acid 
aQd treating the sulphonation mixture at 40*^--60° 
with nitric and sulphuric acids (Hintikka, Eng. 
Pat. 123548 of 1918; Can. Pat. 200291; cf. 
Osakeyhtlo, D. B. P. 327051 of 1918). Prisms 
or rhombic tables + 2 iH| 0 , or prisms +aq., 
m.p. 133*5® (Hintikka, Ajin. Acad. Sci. Eennicae, 
1917 (A), 10, 1). 

For the action of sodium hydroxide, see 
Fischer and Hepp, Ber. 1893, 26, 2!S»3 ; 1895, 28, 
2281 ; Bender, tbid. 1895, 28, 422 ; Green and 
Wahl, ibid. 1897, 30, 3099 ; Kalle & Co., D. R. P. 
79241 of 1892 ; Cassella & Co., D. R. P. 75369 
of 1893 ; Leonhardt & Co., D. R. PP. 96107 of 
1893, 46252 of 1888, and 38735 of 1886; for 
tke action of zinc and sodium hydroxide, see 
Neale, Ann. 1880, 203, 80; Kornatzki, Ann. 
1883, 221, 182; Bender and Schultz, Ber. 1886, 
10, 3235 ; for the action of sodium hypochlorite, 
see Ris and Simon, Ber. 1897, 30, 2618 ; 1898, 
3U 354 ; Geigy & Co., Fr. Pat. 269466 ; D. R. P. 
98760 of 1897 ; Green and Wahl, Ber. 1897, 30, 
3097; 1898, 31, 1078; Levinstein, D. B. P. 
106961 of 1897; Green, Chem. Soc. Trans. 1904, 
35, 1424 ; for dye formation by condensation 
with p-diamines in presence of alkalis, see 
Geigy & Co., Eng. Pat. 15671 of 1890; U.S. 
^at. 455952; Fr. Pat. 208626; B. R. PP. 
59290 of 1890, 75326 of 1893. 

NH 4 A', long prisms not decomposed by 
lulphuric acid at 100 ” ; NaA'+ 2 H 20 , prisms 
teaiisser) ; KA' (Noyes) ; CaA'a-fHgO 
fechwanert), or + 4 H 2 O, needles (H. and R.), or 
jf-OHjO (Hart) ; BaA'a+SHgO (Jaworsky) ; 
^bA'j+SHaO, needles (Beilstein and Kuhlbeig), 
+ 2 HjO (Schwanert). 

Chloride ; rhombic tables, m.p. 43°-44*5°. 
Amide ; long needles, m.p. 186®. With 
ermanganate it is oxidised to anhydro-p-nitro 
ksulphaminobenzoio acid (Noyes). 

! o-Nitrobenzyl stdpkonic acid; by Boiling o- 
l^trobenzyl chloride with sodium sulphite 
elution (Eug. Fischer, Fr. Pat. 193686; D.R. P. 
8722 of 1888 ; Marckwald and Frahne, Ber. 
(^98, 31, 1855). Very hygroscopic crystals. 

NaA'+HjO, silver- white scales ; BaA'a 
‘■ 3 H 2 O ; AgA'+SjO, needles. 

m-NMr<jlbenayl stdphonic acid ; from m-nitro- 
enzyl chloride and sodium sulphite (Purgotti 
nd Monti, Gazz. chim. ital. 1900, 30, ii. 247). 
jfhite crystals H-HjO, m.p. 74®. 

NaA'+HaO, needles ; BaA'a+SHjO ; PbA'j, 
edles ; AgA^, leaflets. * 

Chloride; m.p. 100 ®. 

Amide ; m.p. about 159® (decomp.). 

Meihyl ester ; m.p. 77 ®. 
p^Niircbenzyl sul^^nk acid ; from u-nitro- 
enzyl chloride and alkali sulphites (Dahl A Co., 
R. P. 55138 of 1889 ; Purgotti and Monti, 

) ; by nitration of barium benzyl sulphonic 
cid (Bdhfer, Ann. 1870, 154, 55 ). A Httle 
N|ad is formed also (Mohr, ibid. 1883, 221, 
W). If the .crude mixture is oxidised with 
le potasiinm peemangsnate p-nitrobeazoio 


The following salts are described by B^bW, 
and axe |m>bal3y those of p-nitxoben^yl sid- 
phonic add. 

BaA^ 2 + 2 HtO, needles; PbA^+SH^O, 
needles ; FbO^A^ crystals. 

Chicride; oil. 

Amide ; prisms, m.p. 204® (Mohr). 

NUrotoluene disu^himic acid ; together with 
other acids by boiung p-bromotoluene disul* 
phonic acid with fuming nitric acid (Kornatzki, 
Ann. 1883, 221, 198). 

fine needles. 

The same acid (?) is obtained by wanning 
toluene disulphonic acid, obtained from p-bromo- 
toluene disulphonic acid and sodium amalgam, 
with nitric acid for 2 hours (Kornatzki, Z.c., 201). 

K 2 A'^, fine needles; BaA^^+3H20, small 
needles. 

2:6-Dinitrotol'uem 4t-sidp%onic acid; by 
nitration of toluene p-sulphonic acid (BeUstein 
and Kuhlberg, Ann. 1870, 155, 21 ; Schwanert, 
Ann. 1877, 186, 342; Ber. 1877, 10, 28; cf. 
Marckwald, Ann. 1893, 274, 349); in almost 
theoretical yield by nitrating toluene p-sul- 
phonyl chloride with fuming nitric and concen- 
trated sulphuric acids (Reverdin and Cr6pieux, 
Ber. 1901, 34, 2992 ; Bull. Soc. chim. 1901, (3) 
25, 1043). 

Pale yellow flat rhombic prisms + 2 H 2 O, 
m.p. 165° (anhydrous) (Schwanert). 

NH4A', flat rhombic prisms ; KA'; 
CaA^ 2 +^^ 2 ^» needles or scales; BaA'2+4H20, 
prisms; PbA' 2 + 2 H 20 , clumps of needles; 
PbA'2-h3H20, &.min» (Schwanert). 

Chloride ; rhombic needles, m.p. 125® (S.). 

Amide ; white needles or laminie, m.p. 203® 
(S.). 

Dinitrobenzyl svlpJ^nic acid; by warming 
nitrobenzyl sulphonic acid with nitric and sub 
phuric acids (Mohr, Ann. 1883, 221, 225). 

KA', yellow leaflets ; BaA'^+^H^O, yeflow- 
ish nodules; PbA'2+4H20, yellow crystals. 

Ghloronitrotoluene sulphonic acid ; from 
liquid (a)-chloronitrotolueue and fuming sul- 
phuric acid (Wroblewsky, Ann. 1873, 168, 204). 

BaA'j-fiHgO, needles. 

b-ChUyroA’nUrololuene 2-stilphonic add; by 
successive sulphonation and nitration of m- 
chlorotoluene. 

BaA' 2 + 2 H 20 , yellowish-brown plates or 
needles (Schraube and Romig, Ber. 1893, 26, 
579). 

6 Chhro - 4 - nitrotoluene 2 - stUphonic acid ; 
slightly hygroscopic, colourless flattened needles 
(Davies, Chem. I^c. Trans. 1921, 119«881,885). 

NaA'+HjO, plates ; BaA'^+H^O, ne^les^i 

Chloride i formed in about 60 p.c. yield 
together with about 40 p.c. of 6-chlQro-3-iutro<» 
toluene o-Bulphonyl chloride by nitratinff 6- 
oMorotoluene o-sulphonyl chloride at 20^-30® 

Amide; minute needles, m.p* 161^ A rod 
colour is formed by boiling for a few mitmi 
with ammonia solution (D.). 

Q-Chhro-Z-nUrohluene o-saipibnic acid (see 
above). Very deliquescent miorosoopio nrisi^ 

NaA'+3i or mfi, needles ; Bc£47HA 
small needlesjideoomposing at about 140®. 

Ohhride; long cdourim needfes, ]n.p. 60®. 
When boiled with sodium hydroxide the sul- 
phonyl group is reiflaoed by hydrOi^l 
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; i-€M0i^-6*n^rokiiuen€ p-wlplumit acid; 
ittuiH non^liquesoent ozy&bls whioli after 
dryiiig at 120*^ melt at 123®-128'* (Baviee). 

NaA^+2HsO» yellow or oolourless 

needles; BaA's+2£[,0» colourless scales. 

CMaride; formed together with 2-chloro*6 
nitrotoluene ^-sulphonyl chloride, by ncMlual 
addition of 2-chlorotoluene p-sulphonyl ^loride 
with stirring to a cold mixture of nitric acid 
(D 1*5) and sulphuric acid. 

Lar^e oolourless prisms, m.p. 99*2^ (B.). 

Amtde, small neemes, m.p. 181^ (D.). 

2’-Chloro->^-nitroU)lue^ p>stdpAonfc acid (se 
above) ; deliquescent plates. 

KaA%* colourless microscopic plates; KA' 
colourless laminss; BaA'i+SHgO, colourless 
leaflets (Davies). 

Chloride; long colourless needles, m.p. 70° 
(D.). 

Amide ; needles or scales, m.p. 182° (D.). 

o-BromonUroMuem m-sulpliofiic acid; by 
nitration of barium-o-bromotolucne sulphonate 
(Muller, Ann. 1873, 169, 42 ; Pagel, ibid, 1875, 
176, 299). 

Pree acid is crystalline and very deliquescent. 

NaA'-fHjO; KA'; BaA'a-fH^O, small 
needles or nodules; PbA'a-fSHgO, microscopic 
crystals. 

o-Bromonitrotolue7ie p-sulphonic acid ; by 
nitration of barium o-bromotoluene-p-suljjhonate 
with nitric acid (D 1*5) (Hayduck, Ann. 1874, 
174, 347 ) ; from o-toluidine p-sulphonic acid by 
nitration and replacement of the amino -gi-oup by 
bromine (Hayduck, ibid, 1 874, 1 72, 2 1 9). 31icro. 
scopic needles. 

BaA'j-f3H,0, needles. 

• Chlonde ; crystals which do not melt at 220°. 

^ Amide ; does not melt at 200°. 

m-Bromonitrololuene O’BtdpImiic acid; by 
nitration of barium ()3) m-bromotoluene o-sul- 
phonate (Wroblewsky, Ann. 1873, 168, 169). 

CaAj'-l-4JHjO, large prismatic crystals ; 
BaA'j-j-3iHjO, needles; PbAj'+SHjO, pris- 
matic crystals. 

m-Bromowitrololuene o-sulphonic acid ; by 
nitration of 9n-bromotoluene o-sulphonic add 
(Weckwarth, Ann. 1874, 172, 200). 

NaA^ yellow granules ; CaA'j+SHjO, 
pale yellow prisms ; BaA'2-r3JHjO, yellow 
needles. 

Nitro-p-bromokilaene o-avlphonic acid; by 
nitrating p-bromotolucne o-sulphonic acid (H&s- 
selbarth, Ann. 1873, 169, 22). Deliquescent 
laminas. 

BaA'a-f 2H,0 ; SrA',-f 7HjO ; PbA%+3H,0 ; 
«ttA',+6H,0; AgA'. a-r > . 

Nitro-p-bromotoluene m-etUphonk acid; by 
minting barium p-bromotoluene m -sulphonate 
(Hasselbarth, Lc,), Small deliquescent needles. 

BaA'.-f 6H,0 or H^O ; SrA%-f5H,0 ; 

PbA'*-f2iH,0. 

DibromonitraUdueTie eulphonk acid ; to- 
gether with other acids by boiling p-bromo- 
tmuene disulphonic acid with nitric acid 
(Komatzki, Aim. 1883, 221, 197). 

BaA'a-f-SJHaO, thin 

Amxno derivatives. 

line ; by reduction of o- nitrotoluene 
Ktthlberg, Aiin.l87I, 158, 77); I 


(BeUstein 


by catalytic reduction bj pasa^ JJib 
Babied with hydrogeft overheated xedueedecqppcr 
or nicdml (SaWtier and Sendexens, OCmpt 
1901, 133, 821) ; imd by otter 
lytic reduction (Henke and Browne, J* rhyiail^ 
4em. 1923.27,62); by heatinjj 1 part of o-^I 
with 1 part of ammoniim chlo^ and 4 paf^ 
ammonium-zinc chloride for ^ 

340° (Merz and Muller, Ber. 1887, 2(^ 647): 
together with p-toluidine by the artion 
hydroxylamine on toluene m preaetme 
amminium or feme chloride (Oraebe,r Ber. 1901, 
34 1778). Colourless, thick, refractive liauid, 
which does not solidify at— 20®, b«p» 199*7 /760 
mm. (Kahlbaum, Zeitech. physikaL Ghem. 1898, 
26, 621) or 1984°- 198 *67736 *4 mm. (Brilhl, 
Ann. 1880, 200, 189) ; 1*0112 ; D}|I 1*0031 ; 

Di|a 0*997; D|go 0*9862 (Perkin, 

Trans. 1896, 69, 1246); D**'*® 1*003;\ 

0*998 (B. and K.); magnetic rotatory I 
at 15° 17*18 (Perkin); heat of combu 
constant volume 963*8 CJal. ; at 
pressure 964*7 Cal. (Petit, Ann. Chim. H 
18, 152; Compt. rend. 1888, 107, 266)^^ 
fraoiive index, see Bruhl (Zeitsch. pbi 
Chem. 1895, 16, 216) ; surfime tension, Datoit 
and Fridcrich (0)mpt. rend. 1900, 130, 328); 
cryoscopic tehaviour, Ampoia and Rimatori, 
(Gazz. chim. ital. 1897, 27, i. 43, 63). May te 
seimratcd from p-tolui«line by means of the acid 
oxalates (I hie, J. pr. Chem. 1876, (2) 14, 449; 
Bindschedler, B(*r. 1873, 6, 448 ; Miniati, Booth 
and Cohen, J. Soc. (Ibein. Ind. 1887, 6, 418) i 
by freezing (Rostmstiehl, Bull. Soc. chim. 19 1« 
(2) 17, 7) ; by means of the nitrate (SohadL Ber. 
1873, 6, 1361) ; by means of the hydrooUoride, 
sulphates or phosphates (tewy, Zeitaeh* anal* 
Chem. 1884, 23, 269; Ber. 1886, 19, 1717, 
2728; D. R. P. 22139 of 1882 ; cf* WilMlli, 
Ber. 1886, 19, 2132). The crude product oon- 
tains abrmt 63 p.c. o-, 2 p.e. in-, and 86 pwc* 
p-toluidine. 

According to Friswell (J. 8oc. Cliem* Znd» 
1908, 27, 258) the best methcKi of i^cparatiotl is 
to freeze in presence of water or ice. p-ToIttidfltia' 
forms a hydrate (W alker and Beveridge, Ghem, 
Hoc. Trails. UK)7, 91, 1797) which can be xecdib 
4e|)arat€d from the other isotneridee, A fiw 
de.scription of the method and appaiwtnc is ffaren 
by lYisweli. 

The proof that 2-aimnoto)iieii0 is idettllsat 
with 6-aminotoloene Is given by Wxohlewshy 
(Ann. 1878, 192,213). 

Kstimation of aniline and 0- and p*tohiidilia> 
see Reinharylt, anal. Chefn, I89l» Mi» 

90 ; Dobrincr and Hchranz, tbtdL 1894 14, 734j 
Liebmann and Stoder, J, Soe. Chem. Ind. IMd 
18, 111; for estimation of small 
of p-ioluidine in o-loiuidtne, see HisnsssriHrtnx 
Zeitsch. anal. Ctem. 1887, 26, 760| inliwMitInn 
of 0 - and p-toluidine by spedte mvily dilsi^ 
nation, see Zeitsch. anal CteaxL |88d id 46i| 
te Holldiflcatkin point at the wmm #6|im 
dcnv)^iv^ (HoUcnian, Rea tmt. 

21,4m ; Proc. K. Akad WetMselt AmBtiidtalS 
1904, 7, 396). ■' 

•* B“KC^S»a! 

1891, 18, 1 19, 179, For tbo two 
m o-UriukUno, mt OrtiwaS 
phjF^. Owm. 1908. 57, Mil 
Aotdoar teM to 




imUSNE. 


'1^; 


itnl tile time tohridHUw ti dteoiibed by Morris 
(Clmn. Nem, Ua Cl 

Stilt («se Beihi^ end ]Cidilb«& Aim. 1870, 
ISO, 76; BoenutieU, Ae.), B'Hd+HjO, 
Melee, sitp. OIA'S-AIS*, b.^ S40’S*/78S mm. 
or 202'2'’/760 mm. (IBImeqB, Ber. 1898, 81, 
1099); B’|H|CI|OeCl,(P(HBqr,Oomirt;.mid. 1887, 
1Q;(, 806); B^HBr, trimetrio prime (StSdd, 
Ber. 1883, 10, 28); B'HI, emder rhombic 
priems (StSclel);, B'HNOiv leeflete; B'(H|fi04, 
smell cryetele ; B'HtSO« ( WcUington end 
ToIlBiia, Bw. 1885, 18, 3813); B'H,S04+H,0 
(Hitzel, BnU. Soc. eldm. 1894, (3) 11. 1054); 
B'H,PO« (Lewy, Ber. 1860, 19, 1718); 


poMer (Tea d«r Biet, Amt. 


,232); (oliteM prai^iaic 06*4 wit, aeedlec, 
m.p. 124* (HlMg, J> pr. Cbem. 1897, (2) SO, 
217) ; Bt'Oe (BiAnWi end Smiaeen, Ann. 
1908,301,52). 

e>Toliiidiiie fcmne prei^totee with selte of 
riie rare metele ( Jefimon, J. Amer. C9iem. Soc. 
1902, 25, 640). 

o-Tolvidine dkaohned in dilated su^nrio 
edd end treated with chromio add au sal, 
^orie add yielda a Une oohmr, ourrerM into 
led'violet on dilation (Boaenstiehl, BnlL Soc. 
chim. 1868, (2) 10, 200), whilst a aolathm of 
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B^CfHtUOi, m.p. 95** (Beimer, Ber. 1888, 21, o-toluidine in diluted Bulj>httrio acid gives tan 
12W) ; oxalate, small plates ; B^ 4 H 4 FeC«N« orange coloration with nitric acid (Loieia, Aim. 
(B^senbei^g^ Ann. 1880, 205, 271; Ber. 1879, 1874, 172, 180). When an equal volume of 
12, 2234) ; B^JliSnQf, silkv needles, m.p. 164'^; water is added to a sohition of the base in etlier, 
B' 4 H|SnCl 4 + H|0, short pale pink ne^es ,begin- and a very dilute solution of bleaching powder is 
ning to decompose at 210^ (Dnice,Chem. Soc. added drop by drop, the aqueous lay^ is 


Trans. 1918, 113,716); (B'Ha),Zna.+2HA 
tables (Base, Amer. Chem. J. 1898, 20, 653) ; 
B'2Hg0L, plates (Swan, t5uf. 1898, 20, 622); 
iB'HCf-HgCl. (Swan); (B'HCl),HgCL (Swan); 
iB'HCl-HgBr, (Swan); B'HClSnd*+*H,0, 
><oolour]es8 prisms (Slagle, Amer. Chem. J. 1898, 
<20, 640); (B'Ha),SnCln+2H*0. (Slagle); 
f(B'HCl),Sba, (Higbee, ibk. 1900, 23, 150); 
dB'ECi)fiia^ (Hauser and Vanino, Ber. 1900, 
p3, 2271); (B^HBr)*ZnBr,+2HjO (Base); 
lirB'HBr)|8bBr3 (Higbee) ; B'.HsPtClg, decom- 
by boiling water, unlike the aidt of p- 
oidine (de Coninck, Bull. Soc. chim. 1886, 
45, 131); B'4Znan+2H,0 (Lachovicb, 
»natsh. 1888, 9, 513) ; B',HgCl„ m.p. 115*’ 
leinp Ber. 1878, 11, 743); ; 

, gBr^, leaflets, m.p, 104^ (iCldn, Ber. 1879, 

; §35) ; B^ZnBr. (Leeds, Jahresbericht, 
603); B%ZnI,; B'.OdI,; B'wHgC^N,; 
iHfFeCfN^; B^H|Ctt,(S0«)| ( Deniges, Compt. 
id, 1870, 112, 870); B"HgH,(^,),-^H,0; 
1H1PO4 and B^|H4P04 could not be prepared ; 
HoCN0r(SCN)4*2KH|, red plates (Christensen, 
pr. Cfliem. 1892, (2) 45, 362) ; picrofe mono< 
nio crystals, m.p. 212*’~215^ (Jerusalem, (Them. 
. Tnw. 1^, 96, 1284 ; Carrasso and Padoa, 
ti B. Accad. lincei, 1906, (v.) 15, i, 699) 
HISbL, red needles (Hkbee) ; (B'Hf )4(Sbl4)4, 
)nxe leafleta (H.); B^MgCla (Tombeok, 
mpt. rend. 1896, 124, 963, 1532 ; Ann. Chim. 

. (7) 21, 397); B^ZnBn (Tombeck, Ann. 
m. 1900,(7)21,466); B^CdO,; B^GdBrw; 
^06804; r,AgNO,; B^Ag.SO*; 3BH2SiF4 
Euney and Jackson, Amer. Cmm. J. 1888, 10, 
2). CUoraU^ white plates exploding at 88 
atta and Choudhoiy, J. Amer. Chem. Soc. 
|6» 889 1079); B'ddClw, tables (Lachowics, 


colonred yellow or brown, and ^ etbeieu layer 
with sulphuric acid colours this 


reddish-violet (Bosmistiehl). If a trace of a 
salt of o-toluidine be added to^a solution of a 
salt of 2 : d-toluylenediamine, followed 1^ ferric 
chloride, potasium dichromate, or manganese 
dioxide, a gcemi colonr is fon^ (distinction 
from m- and p-toluidine) (Nietski, B^. 1877, 10, 
1157). 

passed through a hot tube o-toluidine 
is converted into ditoi^amine, with evolution of 
ammonia and hydrogen (Seyfaerth, Ber. 1886, 29, 
2594), whilst under the influence of an dectric 
discharge it yields a little ammonia and fcMrms 0 
strongly basic polyamine(BeriAdot,(}ompAfenidL 
1808,126,780). It is oxidised in alkaliimsototifm^ 
forming azotoluene, oxalic add and amiao|;ta, 
whilst in acid solution it forms quinones. Asuh- , 
derivatives are formed also witli uitrie add 
(Niqtdd, Ber. 1877, 10, 662; Ulfaaaiui and 
For:^, Ber, 1901, 34, 3805; ef. Bsaddiaw, 
Amer.Chem.J. 1906,35,326). ItshydioclJQride^ 
when electrolysed or when tzeaM witli po* 
tassium dichromate yields dyestufti (OoppelS'' 
roeder, DingL poly. J. 1877, 223, ^7, TO; 
Coninek, Compt. rend. 1898, 127, 11^1).^ 

o-Toiuidine printed on the fibre ' ^ bo 
oxidised to a moderately peimanent dark vioM; 
dye by means of sodium ddorateandpotiislwm 
ferrocyanide ; m-toluidine under Ibeceetm^l^^ 
yields a blackish-viofet coloat dad jp^tolpd&m o 
chestnut*brown colour (KirpHa^syto^ Zettielu 
Farb. Text. Ind. 1905, 4, 233). / 

It gives a violet edouring miAlsg^ 
tbaliium chloride (Bims, to, 1902, 8^ 2788). 
When treated with hydrogen in the meddnsil 
OQ, wtwfi AAvuvif, boiuicii \jA«caQwii», reduced nickel it yidds miiHiyl 
naii^ 18889 10, 898) ; B^H^, (Laohowicz) ; (Sabatier and Seudeiens, BiuL Im. dibeu 190^ 

It reacts with diaio-oompovusds 
J. pr. (tom, 1902, 65, 401); wlA 
iod& (Senier and (todwin, Ckmu Sod 
19(^ 81, 280) ; with phenyl uetkane i(I)ix!Q% 
ttid. 1901, 79, 102)1 with pbiMqiiMNwriy^ 
eyanate (AM. HIU wtOi e wmlm iiS» 
bydes0W>ndPb^ 


744); 2B'HgBr|, lamina!^ oryst^, m,p, 
^*-104^ (Klein, to. 1880, 13, 835) ; 2B'Hg4 


i« 


46^50* (Klein); 4]Bi'+ 
bNO. (iMhowiei, Hoantdi. 1C 
3B'+20nSO4+H.O (LMhoito) ; 

fB-Znl,; 2B'Odr,} 3B'%a.i 
|(Ca(]L : IffiVaCL (liMde). Bemm tt^ 
Mtfeall, m.p. la?** (Norton luid Weiteiii 
Artec, O l Mnn, 3. 18M. 136) ; faiiKm p- 

netf «A. bMrt ptau. a.,. IW 

JKJ ■ Q Na wn. 144) ; . w f i e rt i t i 




tose. Bull. Soo. ehim. 1991, flf) SSpStfit'ltaiNl; 

, 0*4.1883.(1139.830; FiaM.&. l888»tlbl«lli 
wd lmp(^ Ber. 1809. 18^ INMtrOoIrtj 

W Bfart. iBrt&h. leoi. a08t trJS 
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ei^r at IM® or ait tho boiling point 


TOLUENE 

d-bromo-dotiiraidvo. 


iooarbamide, m.p. 
;em. Soc. Trana. 1905» 


vielda ohkfly acetyl»o*l 
':}d4® (Doran and Dillon^ 

338). With dichloroaootic acid» o-toluidino 
yidds chiefly o-methylaminophenyl-o-tolnidine- 
aoetic acid, prismatic needles, m.p. 239®-240®, as 
well as some o-tolyl-o-metliylimesatin C„H, 40 N„ 
goldeii-yellowleanetB,m.p.225®(08tromisslensky, 
Ber. 1907, 40, 4972; c/. Meyer, Ber. 18^, 16, 
2261). The magnesium iodide derivative of 
o-toluidine reacts with ethyl chloroacetate to 
yield iodoaceto-o-toluidide, long white needles, 
imp. 142® (decomp.) (Bodroux, Compt. rend. 
1905, 141, 195), and with a-iodopropionate and 
a-iodobutyrate toform a-iodopropion>o-toluidide, 
m,p. 148^ and o-iodobutyr-o-toluidide, m.p. 
i38°-l39®, respectively (Bodroux and Taboury, 
ibid. 1907, 144, 1437). 

The diazoamino-compounds derived from the 
three toluidines and diphenylaminc are descrilied 
by Vignon and Simonet (Compt. rend. 1905, 140, 
788). 

Fcrmyhderivative ; by continuous boiling of 
o-toluidine with formic acid (l^denburg. Ber. 
1877, 10, 1129; Tobias, ibid. 1882, 15. 2446). 
Plates, m.p. 62® (Nef, Ann. 1892, 270, 310), 
b.p. 288®. When boiled for a long time it 


mixture of hydrochlori( 

diohloroaooto-o-toluidide, 

Gaez. 


treated with 1^; 


m.p* 165M«r 
chim. ite{. 19i^, 


(Maanino and Doi^to, 

38,ii.20). j 

Aeeto-o.tduidlde fornw oomMiaa^ wltt 
sodium hydroxide, 
sodium methoxide, 
with sodium ethoxide, 

(Cohen, Archdeacon and Brittain, Cwem. Soo^ 
Trans. 1896, 69, 93; 1898, 73, Ifll)* ' 

With methyl iodide in j^nce of ^ silver 
oxide, aceto-o-toluidide yields a mixture of 
methyl aceto-o-toluidide and N-o-toIylaoetimino- 
metliylether, whilst with ethyl iodide it y^ds 
N-o-tolvlacetimino-ethylether (Lander, Chjsm* 
Soc. Trks. 1901 , 79, 690). (^oroaoe^l di 
in the presence of aluminium chlonde 
chhroacBtyl-odoluidint, m.p. 160® (Kum 
Ber. 1900, 33, 2644). On heating with diac 
hydrazine, aceto-o-toluidide yields l-o4o{yl-2 
: 3 : 4-^rfa.to/e (Pellizzariand Aloiat^ 

Atti R. Accad. 1-incei, 1901 [v,] 10, 444), ^ 

N-CA/oro-rferi miivt, CHi'O^HiNQCCXJH 
from aceto-o-toluidide and potassium hypo- 
chlorite at the ordinary tempe rature. Prisms or 
plates, m.p. 43^ At* 160‘, or when a drop of 


decomposes into o-toluidine, methcnyklittdyl- , sulphuric acid is added to its solution in aoetio 

. ^ m .. . 1 .. .*1 'iv if * * 


amine, carbon monoxide and carbon dioxide. 

For solid and liquid modifications, see OrlofT 
(J. Russ. Phys. Chem. Soc. 1905, 37, 439). 

Silver mU, amorphous precipitate (Comstock 
and Clapp, Amer. Chem. J. 1891, 13, 526) ; 
sodium sm (Wheeler, ibid. 19(Kf, 23, 46<»); 
ethyl-o-tolylformimino ether, 

CHAHiN-CHOCslU 

• 

from silver o-formotoluidide and chloroformic 
ester, liquid, b.p. 101®/i2 mm. (Wheeler and 
Boltwood, Amer. Chem. J. 1896, 18, 389); 
mdhylether; from the silver salt and methyl 
iodUde. Liquid, b.p. 2ll®~213® ((', and C.). 

ThiofoTmyhderimiive ; by heating the 
formyl-derivative with phosphorus [lentasul- 
phide at 120®. Another method of preparation 
Is given by Nef (Ann. 1892, 270, 313). Yellow 
neraes, m.p. 96® (Senier), or colourless needles 
in.p. 100®~10r (Nef). On distillation in vacuo 
it forms metbenyldi-o-tolylamidine. On heating 

under pressure for 7 hours at 190® it yields a { Ann. (Iiim. 1886, (6) 9, 215; 
ciystalline compound, CnH„N,S. m.p. 160® { Widman, U . ; Wallach, Ber. ‘ 
(Senier, Ber. 1885, 18, 2292; Chem, S«c. Trans, 1883, 16, 147), 

1885,47, 762). . ! 

Acetyl^derivalive ; by heating the base with 
acetic acid (Beilstein and Kuhlberg, Ann, 1870, 

155, 77 ; Alt, ibid. 1889, 252, 318), or bv shaking 
with water and acetic anhydride (Hinsberg, Bi?n 
1890, 23, 2962). See also Lumi^re and Barbicr 
(Bull. Soc, chim. 1903, (3) 33, 784); Pawlewski 
(Ber. 1902, 35, 110), Long monoclintc ciystalsj^ 
m.p. 110® (Alt ; Sudborough, C^hem. Soc. Wns. 

1901, 79, 537) or 107®-109® (Bwlnon and Kinir 
foe. ^ 1880, 37, 733). b.p. 296“ 

(Betlstein and Kuhlberg). 

Witib permanRanate it vi«td» 

aoe^l-«-aimobenzoic acid and with phowihortw 

imino&ride. 

^which _on caretjl beating 


acid, 5 chloro-accto-o-toluidide is formed (Cbatta- 
wav and Orton, ('hem. Soc. Trans. 1900, 77, 790). 
N-2lro/«o-dcruti/icc ; formed by the action of 
pota.ssium hy]>obrotnite on a suspemnkin of the 
acfdyl-dcrivative in sodium bicarbonate solu- 
tion* at 0^ Yellow, four-sided plates, mpl 
I (K) ; < )u keeping at the ordinary temperature 

for j few seconds, it is transformed into 5- 
bromoaceto-o-toluidide ((Jhattaway and Geton). 

Chloroacdyhderimiivt 

ClIjC.H^aNHCOCH.a 

by the action of chloroacetyl chloride on a well- 
cooleil solution of o-toluidine In beniene 
(Abenius and Widman, J« pr. Chem. 1888, (2) 
38, 299; cf. Bischofl and Walden, Ann. 18^, 
279, 62 ; Grothc, Archlv. der. Pharmade, 18^, 
238, 588). Slender needles, nup. Ill®-U2®, 
B'or the comtsponding bronto-, dtohloio-, tri- 
chloro-, anti thioacetyl-derivativee, lc«Ro|dh^^ 
and Hoffmann, Ber. 1885, 18, 2987 rOWi, 

Abeoiiie 
la^ mx 


^hMe’e fiN-ara VK'*^ “•‘"-o-totaWidewlUil 


I^ropumyl-dtrividim ; from Mid 

pmjuoniv acid (Pkt«t Mid PoMn, Bw. 

20, 3421). X«cdiM. m-p. 87*. b-p. IM*/7i0 tm. 
Oxidiwd by iMtawmin pMTWinigMiX, to fto* 
pHinyl-o-aroimi-bcncoic am 

benzoyl litrimlivt ; kmg bMtdl HMfd^ a.ai 
131“ {^ademan. Ba. 18^, ». ism Vt 1# 
(Bruckner. Ann. 1880. 20S, UO). nusOmm 
Mntachloride yhddt 0,H,I|->0CICiil^ 0^ 

t bgr 'lMMn§^:4'' jpMrtli. 8t' 

I IpAofaMifleaiaa* 
iki mSw mmSo 



^atidENii. 


'lit. 


Bn. 1886, *8, 18«i B«. im ^ 

1606 ; Sild[bc«w#» Ihtns. 1901» 79, 

537). 

4*(;M»R>.o4a(f(jd8if«; if lednodon of 4- 
o!iloro-2>nittotoin«io (QoMiohaiidt and flSnk, 
Bn. 1886, t9, 2441; Cohn, Monatah. 1901, 
22, 478; e/. Engeltmokt, Bar. 1874, 7, 797); 
from 2 : 44unitrotolttene and Kuhl- 

beig, Ann. 1871, 168, 337). 21‘-22“, b.p. 

2377722 mm. (0. and H.). B'fid, needlro; 
(B'HCI),PM34+2H,0, dendn yellow needle*. 

Aetial-denvatiw, leaflete, wn.p. 139°-140° 
(E.) or 130‘’-131'’ (0. and H.). Oxidised 
permanganate in presence of mupieeiam si 
phate to 4-oldoro-2.aoety]amino-benzoio acid 

^6”^Albro-o4bfi»»df«e; by chlorination of aoeto- 
o.toluidide followed by hydrolysis (Lcllmann and 
Klot*, Ann. 1885, 231, 317) ; by the action of 
Bulphniyl chloride on aceto-o*toluidide in carbon 
disulphide solution followed by hydrolysis with 
hydrochloric acid (Wynne, Chem. Soc. Trans. 
1892, 61, 1045). The same ( ?) chlorotoluidine is 
obtained together with o-toluidine by reducing 
o-nitrotolnene with tin and hydrochloric acid 
f^ilstein and Kuhllxsi^g, Ann. 1870, 156, 81). 
Mdn plates, m.p. 29®-30® (W. ; B. and K. ; 
L and K.), b.p. 241" (B. and K.), 236"-238"/730 
mm.(L. and K.), or246®/746 mm. (W.). B'HCl, 
small tables ; BUNG,, leaflets. 

Ae^yl^derivative ; by chlorination of acetone- 
l;oluidide(L.andK.); by theaoiionofant^ueous 
elution of bleaching powder on an ice-cold 
plution of aoeto-o4oluidide in diluted acetic 
cid solution (Claus and Btapelbcrg, Ann. 1803, 
74, 286; ct Ohattaway and Orton, f.c., and 
oben and Dakin, ibid. 1902, 81, 1329); or by 
dorination using sodium chlorate and hydro 
dorio acid (^verdin and Cr6pioux, Ber. 1900, 
I, 2497). Small slender needles, m.p. 129"- 
40" (W«; 0. and 0.). N>C/doro-deriwdiuc : 
lur or six-sided prisms, m.p. 66". On heating 
solution in acetic acid 3 : 5-dichloroaceto-o- 
duidide is formed (Cliattauay and Orton, 
hem. Soc. Trans. 1900, 77, 790). 

t-CMoro*o*tolu%dinB ; " 6-nitro-o-toluidino is 
snveried into 6 -chloru- 2 -nitrotolue 4 e and the 
itto is reduced (Eeverdin and Cr4pieux ; c/. 
^ynneand Giecves; bolting; Cohn). Liquid 
; the ordinary temperature, m.p. 2*8", and 
jrikens rapidly in the air (Wibaut, Rec. trav. 
Im, IWObi 244), b.p. 242"-244". B'HCI, 
fery Ieaflets» decomposing at 250"-252"; 
^iSOi, iilv^ needles, decomposing at 250"- 

ries^pUsKsaftee; needles, m.p. l56"(Wibaut), 

TMflO" (Janson, D. R. P. 107505 of 1898; 

Monatahe 1901, 22, 473); (Hdnig, Ber. 
7f 20!, 2417 me 136"). 

170*471" ^baut; Cohn) or 173" (N.). 

by brominat« 
followed by ddorination 
i bydmyrtk Cbkmrless neelK n«p* 00" 
UvmSf Chem. Soc. Trans. 1915, 

o; 171"; 

I a n d 

lodnchig 
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AatiMemaUve ; colourless needles, m.p. 
187" I &icelifi.dmvoUoi, m.p. 85" (C. and M.). 

5(7)4mme€(c-o-(o{aW»d0 ; by treating aoeto- 
o-tdmoide iriith iodine monochbride in glacial 
acetic acid. U melts at 169*5" and yimds a 
dichlorid$t which decomposes at 109", and an 
iodoBo^ieriwdive (Wilkemt and Heusner, Ber# 
1907, 40, 4077). 

*S:S-l)kWhiro-o4ah by chlorination of 
aceto-o-toluidide, followed by hydrolyBis {(Sam 
pnd Stapelberg, Ann. 1893, 274, 291) ; readily 
obtained by Cbattaway and Ortona method 
(above) (Cohen and Dakin, Chem. Soc. Trans. 
1902, 81, 1329). Glistening needles, m.p. 53" 
(C. and S.). 

AceiyhdmtfaHve ; needles or columnsi, m.p. 
186". N-c5/oro-deftt»ftse, four-sided prisms, 
m.p. 78" (Cbattaway and Orton {.c.). 

4 : 5-Dichl(m>-o-Mmdine ; by reducing 3 1 4- 
dichloro-d-nitrotoluene with stannous chloride. 
Plates with a silky lustre, m.p. 100"-101" (Cohen 
and Dakin). 

4 : 6-jDic5foro-o-folau2tne (T) ; by reducing 
dichloronitrotoluene (Wroblewiky, Ann. 1873, 
168, 213). Leaflets, m.p. 88", b.p. 259". Does 
not form salts. 

2:4-DicA{broiofttidine(?); by reducing S- 
clichloronitrotoluene. Plat^ in.p. 87" (SAig, 
Ann. 1887, 237, 163). 

2:3:4-Tric51ofO-o-iolaidifie(t); by reduc- 
tion of 2:3:4-trichloronitrotoluene(T) with 
stannous chloride and hydroohloricMid. SnuU 
noedlas, m.p. 105* (Seelig, Aim. 1887> 337, 
142). 

3;4:6-7VKUoro-o4ol«N{iM(7); by mhw- 
tion of trichloromtrotoliiene with aim hydro' 
oMorio acid (Schults, Ann. 1877, 187, t76). 
Needles, imp. 91* (Schulte) or 94*-95* (Sedig. 
Ann. 1887, 237, 141; Ber. 1885, 18, 433). 
Becomes rose-coloured on keeping. 
Acetyf-deritative ; imp. 191*. 

Bemosl-derivatm ; imp. 213* (Sdiulte). 
S-JSromo-o-tolttidiae; byrednetioBOf 3-MimiO' 
2>nitrotoIaene (Nevile um WintlMr, Ber. 188(h 
13. 1945; Caiem. Soo. Itens. 1380^ 37, 630; 
Wynne, ibid. 1892, 61, 1036, note). (ML Wm 
bromine water it ywlds 3 : 5.dibroin0.«4(dttidina. 

i-Bromo-oAoluidint ; by xednethm of O' 
bromo-S-nitrotoluene (KOtner, Zeit i. Chen. 
1869,(2)5,636; HutoatandWaHadi, Ann. 1870^ 
164,298; H&lmer and Boos, Ber, 1873^^700; 
Wroblewsky, Ann. 1873, 188, 77; Nevilt and 
Winther, Chem. See. Ttw 1080^ 97, 41(1) ; from 
dinitrotoluene by oonTeidm into I 
tolttidine, ledaomnent of the aniMM 
bromine and reduction of the an 
(Heinemann, Ann. 1871, 158, 340). 
m.p. 32* (H. and R.). kj. 3SS*-«57« with l 
deoomposition.^ BHU, iix.diisd xMmUt 
Plate* fH. «nd B.); FHHO» lM« liwnite. 
tebiw(W.{ EL); B',H|8Q4, pLtet. 

S-fironom4eI«iiw*,* kyaa c teW h atatlrt^ 
tko and hydrofani* of atete«AalMMi (With 
Uawdiy, Aw. 1873, 10$, 10I)| hf MdMIiM 
of 5.bromo.34iBintolBMM (Chak Mm IBNL 
177, 340; Bet. 1875, 8, 3% BImhtiK 





TOLUENE. 


m.p. 183®; B'*H,S04+2Ha6 (Alt); oxalcUt, 
QeedleB^ rO.). 

Aet^-dmixUive; by bronunation of aoeto-o* 
(W. ; A.; K.); quantitatively by 
treating 5-iodoaoeto-o-toluidiae with bromine 
in ohloroform solution (Malleis and Meyer, J. 
Amer. Chem. Soo. 1913, 35, 970) ; by the action 
of hy^bromio and nitric acids on aceto-o* 
toluidide (Mannino and Donato, Qazz. ohim. itaU 
1908, 38, ii. 20). Long nee^es, m.p. 156®-157® 
(Cohen and Dutt, Chem. Soc. Trans. 1914, 105, 
511). For compounds with sodium and po- 
tassium hydroxides, see Cohen and Brittain 
(ibid. 1898, 73, 161). N-Bromo-derivative ; yellow 
rectangular plates, m.p. 91®. On heating with 
water at 100® it yields 3 : 5-dibromo-aceto-o- 
toluidide ((^hattaway and Orton, ibid. 1900, 77, 
794). 

b-Bromo-o-tdluidine ; by reduction of 6- 
bromo-2-nitrotoluene with tin, stannous chloride, 
and ^drochloric acid (Friedlander, Bruckner 
and Deutsch, Ann. 1912, 388, 23). Yellow 
oil, b.p. 263®-265® (Nolting, Ber. 1904, 37, 
1016). 

JSuiphate ; m.p. 256® (N.), 

Acetyl-d^vattve ; white needles, m.p. 158® 
(N.), or 169*6®-161® (C)oh^n and Dutt, lx . ; Cohen 
and Miller, Chem. Soc. Trans. 1904, 85, 1627) 
or 163® (F., B. and D.). It is oxidi^d by 
potassium permanganate at 80® in the presence 
of magnesium sulphate to bromoacetylanthranilic 
acid, m.]^ 224®. 

3 : 5^jMromo-o-toluidine; by passing bromine 
vapour into a solution of o-toluidine hydro- 
chloride (Wroblewsky, Ann. 1873, 168, 187) ; by 
boiling bromoacetodibromo-o-toluidide with ex- 
cess M alcoholic potassium hydroxide (Abenius 
and Widman, J. pr. Chem. 1888, (2) 38, 288) ; by 
dibromination of o-toluidine and by the action of 
bromine on o-toluidine 5-sulphonic acid (Nevi)e 
and Winther, Chem. Soc. Trans. 1880, 37, 429, 
629 ; cf. Wynne, ibid. 1892, 61, 1038). Needles, 
m.n, 46®-46® (N. and W, ; Cohen and Dutt), 50® 
(W. ; Mdhlau and Ohmichen, J. Chem. 1881, 
(2) 24, 478), volatile with steam. It forms 
turntable compounds with strong acids. 

Compounas with mercuric chloride, with 
due chloride, and with the chloride and bromide 
of cadmium are described by Hann and Spencer 
(J, Washington Acad. Sci. 1925, 15, 163. 

(BW).PtCl4, yeUow needles (A. and W.), 
-f HH4O (daus and Immel, Ann. 1891, 265, 70). 

Aciyl-denvaiwe ; needles, m.p. 205® (Chatta- 
way and Orton, Ber. 1900, 33, 2399). 

N^BronuhdenvtUive; plates, m.p. 120® (Chatta- 
wsSf “d (hion, C9iem. &>c. Trans. 1900, 77, 794). 

J^romoaceh^derwative ; slender needles, m.p. 
207® (A. and W.). 

Diaeeiid-derivative ; slender needles, m.p. 

(A. and W.). 

At!^2Hbram(ho-tduidine ; by reduction of 
4 1 5<dB»roiim-2-nitrotolu6ne. It melts at 96*8®- 
28® (Nevile and Winther, Chem. Soc. Trans. 
tm] 37, 439 ; Cohen and Dutt, ibid. 1914, 105, 
515; cf. Wroblewat^, Ann. 1873, 168, 184). 

5 ; 6*JDj5mfM>-o-foluidfne ; by bromination 
of 6«‘bf0iai060eto-o«toit^ followed by hydro- 
lysis. XtnaaltsatdS®. • 

m.p. 166*5®-166*5® (Cohen 

and DntI* 

Tritvam^^ m.p. |p5®-106®, is 

dasoiibedl^^QIsrveS (Aim* 1878, 169, 379) as 


being «Jbt&i]^ by ^ iiStion of 8 mols. of 
bromine on o^tediddine, and he states further that 
1 cl bmmihe and a dilute aloolMdio solution 
of ottolttidine 3deldi| a mixture of di^ and tti^ 
hromotbluidines, . m.p. 85®-89®. Nevila and 
Winther (Chem. Soc. Trans. 1880, 37, 438) could 
not proj^re any higher derivative than a di- 
bromotmuidine, however, and state that Cervet^S, : 
o-toluidine possibly contained aniline. ; 

3 : 5 : 6-Tf t5romo-o-iolnuftne ; by xeduott#|i 
of 3:5: 6-tribromo-2-nitrotohiene with ilw ^ 
powder and acetic acid; by bromination of 
6-bromo-o-toluidine (Blanksma, Chem. Week- 
blad, 1914, 11, 185). Colourless ciystals, m.p. 
87®, 

AcetyUderivative ; colourless crystals, m.p. 
218® (B.). 

Tribromotoluidine ; from p-bromotoluene 0- 
sulphonic acid by nitration, reduction, and 
bromination (Schafer, Ann. 1874, 174, 362; 
Ber. 1874, 7, 1355). M.p. 72®. 

4-IodO‘04oluidim ; by reduction of 4-iodo- 
2-nitrotoluene (Heinemann, Ann. 1871, 158, 338). 
Needles, m.p. 48°-49®, b.p. 273® (decomp.). 
B'HNOa, leaflets. 

tS-lodo-o-tduidine ; reduction of 3-iodo-6> 
nitrotoluene with ferrous sulphate and ammonia 
in aqueous solution at 66®-70® (Artmann, 
Monatsh. 1905, 26, 1091) ; by the action of iodine 
chloride on aceto-o-toluidide followed by hydro- 
lysis (Fichter and Phillip, J. pr. Chem. 1906, (2) 
74, 297) ; by the action of iodine on o-toluidine 
(Wheeler and Liddle, Amer. Chem. J. 1909, 42, 
498) ; and by trituration of o-toluidine hydro- 
chloride with iodine and calcium carbonate, the 
yield being 98 p.c.^(Hann and Berliner, J. 
Amer. Chem. Soc. 1925, 47, 1709. Long white 
needles, m.p. 9r~92® (A.), or short, oolourless 
crystals, m.p. 88® (F, and P.), or 87*2® (H. and 
B.). 

B'HCl, short white needles, m.p. 214® ; 
B'HNOs, slender tetragonal scales. The salts 
are dissociated hy water. B\HgCl|, m.p. 134*5®. 

Acetyl-derivative; slender matted needles, 
m.p. 162®~I63® (A.), 168® (F. and P.), 169® 
(W. and L.), or 176® (Malleis and Meyer, J. 
Amer. Chem. Soc. 1913, 35, 970). Oxidised bv 
potassium* permanganate to 5-iodo-o-acetvl- 
aminobenzoic acid, m.p. 235® (decomp.) (W. 
and L.). 

Benzoyl-derivative; colourless needles, m.p. 
184® (W. and L.). 

6-Iodo-o-toluidine ; obtained by teducing 
2-iodo-6-nitrotoluenc, is a liquid. B^HCl, plates 
(Cohen and Miller, Chem. Soc. Trans. 1904, 85, 
1627), m.p. 254® (deoomp.) (Nolting, Ber. 1904, 
37, 1015). 

Acetyl-derivative; white needles, m.p. 166® 
(N.). ^ 

ZiS-Di-iodo-o-Uduidine; by reduction of 
2 : 5-di-iodo-6-nitrotoluene. Coloiirless needles, 
m.p. 86® (Wheeler and Brautlecht, Amer. Cbem. 
J. 1910, 44, 126). 

4t : 5’Di-iodo-o-ioluidine ; by the action of 
iodine chloride on p-iodo^o-tohiidine. Stout 
needles d!r long prisms (Wheeler and Brautlecht, 
ibid. 1910, 44, ^3), 

3 : 5-i>i&fonio-4-iodD-o-folutdEjns ; by reduc* 
tion of dibromo-iodonitrotolueiia (m.p. 69®) 
(WrohhwekXf Ann. 1878, 192, 216). Needles, 
64®. 05 tiwat>ment with sodium amalgam . 
it yM^ o-toliMiiia. 
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Ae0i^^4erip0tkei 

6 *Niiro 9 o<ht 6 Md%ne ; by faaaUng a mixture 
of 1 part of S-aitroso-O'orasdU 5 parts of am- 
monium chloride^ and 15 parts of dry ammonium 


731). 


acetate at 100^ (Hdmei Ber. 11 , , 

Small green needles urith a bluish lustre^ m.p» 
llSMiS*’ with slight detonation. On heatuig 
with sodium hvdroxide it yields nitrosocresol ana 
ammonia, and with hydiox;^lamine it is trans- 
formed into tola<j[uinonedioxime. 

^•Niiro'^o-tclutdim ; together with the 5- 
nitro-isomeride by nitration of aceto-o-toluidide, 
followed by hydrolysis (Beilstein and Kuhlberg, 


Ann. 1871, 158, 345 ; Lellmann and Wurthner, 
ibid, 1885, 228, 240 ; Beverdin and Cr4pieux, 
Ber. 1900, 33, 2498; 1902, 35, 1439; li^isen- 
heimer and Hesse, ibid, 1919, 52, 1161 ; Gabriel 
and Thieme, ibid. 1079; Cohen and Dakin, 
Chem. Soo. Trans. 1901, 79, 1127). Also bv 
heating oxalo-o-toluidide on the water-bath with 
concentrated sulphuric acid until water-soluble, 
cooling to 60® and nitrating slowly with a mixture 
of nitnc acid (D 1*52) and sulphuric acid, keeping 
the temperature below 50®. The product, wer 
keeping for some hours and diluting with water, 
is heated at 140® until solution is complete, and 
finally at 150® for 50 minutes. This is then 
considerably diluted and steam distilled (Had- 
field and !^nner, Chem. Soo. Proc. 1914, 30, 
253). By treating 2 : 3-dinitrotoluene with 
2*5/N methyl alcoholic ammonia under pressure 
at 160®-160® for 15 hours (Kenner and Parkin, 
Chem. Soo. Trans. 1920, 117, 856) ; from 3- 
nitro-o-toluidine 5-sulphonic acid 1^ eliminating 
the sulphonio group (Gnehm and Blumer, Ann. 
1898, 304, 105 ; Nietzki and Pollini, Ber. 1890, 23, 
138 ) ; together with the 5-nitro-isomeride by the 
transformation of o-toluene-nitroamine (Bam- 
berger and Stingelin, Bor. 1897, 30, 1259). 

Orange-yellow prisms, m.p. 97® (K. and P. ; 
Zincke and Schwarz, Ann. 1899, 307, 44) or 95® 
(Wibaut, Bee. tray. ohim. 1913, 32, 244 ; B. and 
0 .). 

Acetifl^derimiive ; large shining plates or 

g risms, m.p. 158® (L. and W. ; Corner and 
bntardi, Atti B. Accad. Lincei, 1915, (v.) 24, i. 
888 ). 

A-NUro-o-ioluidiw ; together with the 6- 
nitro-dexivatiye by nitration of phthalyl-o- 
toluidide, followed by hydrolysis (St&del, Ann, 
lS84f ^ 225, 885) ; together with 2-nitro-p- 
toluidipe by treating 2 : 4-dinitFotoluene with 
warm aloonolio ammonium sulphide (Graeff, 
Ann. 1885, 229, 843) or alone by reduction with 
stannous chloride and alcoholic hydrochloric 
acid (Anschutz, and Heussler, Ber. 1886, 19, 
2161); by wanning 2 : 4-toluylene<Bamine 
with ap aqueous solution of sodium peroxide 
(0. Fischer and Trost, Ber. 1893, 26, 3085); 
by a modification of the method of Green and 
Lawson (Chem. Soo. Trans. 1891, 69, 1013) by 
adding powdered potassium nitrate to a solu- 
tion of o-toluidine in concentrated sulphuric 
acid cooled to ^5®, a small amount jaf the 6- 
nitro-iiomeride being formed simultaneously 
(Oolim and Dakiari6«. 1902, 81, 1383) ; by 
b55ttog i-ifitio-fi-amlno-ei-toluic acid or its 
•wtyWsiflvetixe with concentrated sulphuric 

^0 m 75 ue. pbiL tegethev with 2-4 

‘ |».0t ot mtiatiitt e-tofah 



1530} with mixed adds (Brady end Winiams, 


ibid. 1920, 117, 1138). The Utter method is 
much simplm* than that of Ndlting and Collin 
(Ber. 1884, 17, 265). Monoolinio prisms, m.p. 
107® (N. andC), 109®(S.), 104®-105® (A. andH.); 
cf. JiUer, Z. Kdst. 1903, 89, and Willgerodt 
and &k, Ber. 1908, 41, 2077. 

B'Ha, white needtes, m.p. 230® (Wiltorodt 
and Kok) ; B^EBr, small lustrous pale red 
crystals (Staden, J. pr. Chem. 1902, (2) 65, 249) ; 
B/H2SO4, plates, decomposed by water. 

Nitrous acid yields 4-nitro-o-oiesol and nitro- 
indazole, whilst with sodium amalgam it yields 
azos^oluidine. 

Farmyhderivaiivet small yellow prisms, m.p. 
178®-179® (Geigy & Co., U.S. Pat. 722630; 
Fr. Pat. 306655 ; D. B. P. 138839 of 1902). 

AcetyUderivative ; yellowish-white needles, 
m.p. 160®-161® (Nolting and Collin, l.c. 269). 

6 -Nitro-o-toluidine / by nitration of toluene 
p-sulphonyl-o-toluidide (lEUverdin and CrCpieux, 
Bull. Soc. chim. 1902, 27, 742) ; by nitration of 
aoeto-o-toluidide, followed by h^^rolysis (see tbe 
3-nitro-deriyative) ; as a by-proauct of the action 
of nitric anhydride on o-toluidina (Bamberger 
and Hoff, Ann. 1900, 311, 95) ; in low yield by 
heating 2 : 5-dmitrotoluene with alcoholic am- 
monia at 150® for 15 hours (Kenner and Parkin, 
Chem. Soc. Trans. 1920, 117, 859). Small citron- 
yellow needles, m.p. 127® (K. and P.) or 130® 
(Wibaut, Bee. trav. ehim. 1913, 32, 244 ; J&ger, 
l.c. ; Beyerdin and CrCpieux, Ber. 1900, 33, 2498). 

Aceiyhderivative ; short white needles, m.p. 
201*6® (Komer and Ck>ntardi, Atti B. Accad. 
Lincei, 1916, (v.) 24, i. 888). 

Q-NUro-o-toluidinie ; obtained in 80 p.o. 
yield by the gradual addition of a^ 15 p.o. am- 
monium sulphide solution to 2 : 6-dinitiotoluene 
in boiling alcohol, followed by complete extrac- 
tion of ths product with dilute hydrochloric add 
(Cohen and Marshall, Chem. Soc. Trans. 1904, 
86, 627; UUmann, Ber. 1884, 17, 1957; 
Bemthsen, Ber. 1882, 15, 3018 ; Cunerth, Ann. 
1874, 172, 223) ; in small quantities tc^ther 
with the 4-nitro-i8omeride by nitrating 0 * 
toluidine in presence of an excess of sulmuric 
acid (Green and Lawson, Chem. Soo. Trans. 
1891, 59, 1014). For sepaiatioii from 2-nitro- 
p-toluidine, see Bemthsen (le.). Thin tiiombio 
leaflets ( Jfiger, Z. Kristall. 1903, 38, 8^ or long 
yellow needles, m.p. 91*5® (U.). B^HO, long 
flat prisms ; B'HBr, yellowjwh leaflets or long 


thin needles, decomposed 1^ water; BlIX, 
rhombohedra or flat prisms (Tatsohaloff, J. pr. 
Chem. 1902, (2) 85, 239. 

Aceiyl-denvaiitfe / prisms, m.p. 167*5®'-158® 
(U.), m.p. 160® (Cohen and Hodsman, Chem. 
Soo. Trans. 1907, 91, 975), or colourless ] 


m.p. 163® 


benswl-derimiive, 
o-iaao fn\ 


m.p^ 


(U.), or 146M46® (G). 

M auiB piodaot, 
together with 4 : 5<41nitr«Mi>tolnid&iiB, hy oddhlg 
ft Bolphario ftdd eolation of Irnitmoeto^ 
toluidide to aitrie ftoid (O. I'd) eooled in hwi 
followed hr hodrolyek by benting for 4-5 boon 
on tbe Wfttor-bftth with dilate su^hniie ftttid (1 
j^ftcid; 2 jezte wftttt) (Btftdy tad IKWeau. 
Ohem. 8oo» n»as. IWMh 117, 1138; Mutpm 
Md Glover.niMI. 1921, 119, 17^ lUntiNnn. 
•inlk>w^.btown wohmM-.- tiLtL ISlVlIt*,* . 
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TOMJBNB. 


. A(^fiyl4&rkQiUve; yeUoneiflh^^te Heedtei 

m.p, 186^ (It W O.)* 

$ : ; in small quantity 

nitial^ng^bcduane )>- sulphonyl • o- toluidide 
/Bemdin C^pieux* Bim. Soc, chim. 1802, 
, j(21^ 742) ; heating dinitro-o-oresol and its 
wiln alooholie ammonia (Stfidel, Ann. 
im, 217, 182, 202; Ber. 1881, 14, 900; van 
Ebmhml^ Beo. txar. chim. 1884, 2, 398; Barr, 
Bdr. 1888» 21, 1542); by traiisfonnation ol 
8-iiitro*CN-tolimne nitroamine (Bamberger and 
Seita, Bsr. 1897, 20, 1255; Bamberger and 
.Hoff, Ann. 1900, 311, 111); in upwards of 
95] ^.c. yield by llie action of liquid ammonia, 
methyl or ethyl Alcoholic ammonia on 2>chloTO- 
3 : 5-dinitrotoluene (Morgan and Drew, Chem. 
Soc. Tmns. 1920, 117, 790). 

Tdlow columns or long tables, m.p. 208® or 
209®-210®“(H.), 211® (B. and S.), 213® (M. and 
D.). 

Ajedyl-4^vcUive ; slender white needles, 
m.p. 205*2® (Kdmer and Oontardi, Atti R. Aocad. 
Lineei, 1915, [v.] 24, i. 888. See also Reverdin 
and Cr^pieux, Ber. 1902, 35, 1439). 

2 : 6-Dinitro‘0-t6luidine (see 5 : 6-dinitro-o- 
toluidine). Brilliant orange-yellow prisms, m.p. 
151®- 

AcetyUderivaiive ; pale yellow microscopic 
prisms, m.p. 209® (Brady and Taylor; cf. 
Kdmer and Oontardi). 

4 : 5-DinUr<ho-tdluidine (see 3 : 4-dinitro-o- 
toluidine). Yellow needles, m.p. 1 9 1 ®-l 9 1 *5®. 

Acetyl-derivative; colourless needles, m.p. 
180® (Morgan and Glover ; Brady and Williams). 

4 : %-D%niUro-o-t6luidine ; together with 2 : 6- 
dinitro'p-toluidine by reducing 2:4: 64rinitro* 
toluene with ammonium hydrosulphide (Holle- 
man and Boes^en, Rec. trav. chim. 1897, 16, 
426) or by reducing in hydrochloric acid solution 
in presence of cupric chloride at a copper 
cathode (Brand and Eisenmenger, J. pr. Chem. 
1913, (2) 87, 487) ; together with 2 : 6-dinitro- 
tolyl-p-hydroxylamine by reducing 2:4:6- 
trinitrotoluene in cold alcoholic ammoniacal 
solurion with l^drogen sulphide (Anschutz and 
Zimmermann, wr. 1915, 48, 152). It melts at 
156® (H. and B ; A. and Z.) or 135® (B. and E.). 
On di^tisation it is converted into 2 : 4-dinitro- 
toluene and 2 : 4-dinitroindazole (B. and £.). 

AeetyUderivative ; white needles, m.p. 224® 
(B. and £.). 

6 : ^Dinitro-o-Uduidine ; formed together 
with 3 : 6-dinitro-o-toluidine by adding 6-nitro- 
aceto-o-toluidide to a mixture of sulphuric add 
and nitric acid (D 1*5) at 4®-~7®, and allowing the 
te&perature to rise to 12®, followed by hydro- 
lyns with concentrated sulphuric acid at 100®. 

bases are separated by conversion into the 
acetyl-derivatives or by crystallisation from 
glamal acetic acid and sieving the crystals (Brady 
and Taylor, CSiem. Soc. Trans. 1920, 117, 876). 
Deep ydlow needles, m.p. 216® (B. and T.). 

; large white cr\'stals, m.p. 

180® (B. and T.)/ 

' 3’^ldor{h&-nUfo-o-Uiiluid%ftc; by chlorination 
. €df INpl^ It melts at 168® (Wynne 

sMUSfaceeves, Chem. Soc. Proc. 1896, 11, 151). 

. .'9*Chhro - 6 - mfro- o • kduidine ; ^iapparently 
'temed together with 5-ohloro-6-mtro-o-tolui^ne 
hf hcffliting 6-nitrotolyl-o*hydroxylamiiie with 
' jBrand and 


: :S!»er, Ber: 


40, 3324). 


d-47U(:^8*nilra-o*^t^^ in poew ytelA? 
together. . with 5-chloro-4'tiiiro-o*to&u<|iiie by 
dissolving 1 part ol 5*ohloro-2-tohiidii)e 
in 25 parts of nitriq add (W p«o.) and keqjnng 
lor 6 nours. On pouring into water only the 

4- iutio-^rivative separates (Claw and Stapel- 
berg, Ann. 1893, 274, 296). YeBow plates, 
m.p. 118®-119® (0. and S.J,or long onam-^lbw 
needles, m.p. 129®-130® (Cohen and P^rin, 
Chem. Soc. Trans. 1902, 81, 1330). 

Aeetyl-derimtive ; in excellent yidd by 
nitrating 5-chloro-aceto-o-toluidide in glacial 
acetic acid at 15®-20® (C. and D.). Glistening 
needles, m.p. 187® (C. and S.), or prismatic 
needles, m.p. 197®--198® (C. and D.). 

5-ChloroA-nitrO’O-ioluidine ; sec 5-ohloro- , 
3-nitro-o-toluidine (c/. Reverdin and Odpieux, 
Ber. 1900, 33, 2505). Yellow columns, m.p* 
128® (C. and S.), or 124® ( Wibaut, Rec. trav. chim. 
1913, 32, 244), 129®-130® (C. and D.). 

5-OhloroS-nitro-o4olmdifi€ ; by heating 6- 
nitrotolyl-o-hydroxylamiiie (Brand and Z511cr, 
/.c.) ; by chlorination of 6-nitroaceto-o-toluidido 
in glacial acetic acid, followed by hydrolysis 
with hydrochloric acid in a sealed tube (Cohen 
and Hodsman, Chem. Soc. Trans. 1907, 91, 975). 
Yellow needles, m.p. 95®~96®. 

Acetyl-derivative ; m.p. 168®— 160® (B. and Z.), 
or 163® (C. and H.) ; bemoyl-derivative ; m.p. 
212®-213® (C. and H.). 

Q-Chloro-3-nUro-o-toluidine ; obtained quanti- 
tatively by the action of liquefied ammonia, or 
saturated alcoholic ammonia, on 2-chloro-5 : 6- 
dinitrotoluene. Pale amber refractive prisms 
with p 3 rramidal ends, m.p. 151*5® (Morgan and 
Drew, Chem. Soc. Trans. 1920, 117, 787). 

3( ?) : 5 - Dkhloro - 6 - nitro - o - toluidine ; by 
chlorination of 6-nit roaceto-o-toluidide in jdacia) 
acetic acid for 5 hours at 100®. It mdts at 
195®-197® (Cohen and Hodsman, /.c.J. 

(ayTrichloronitrotoluidine ; by the action of 
alcoholic ammonia on trichlorodinitrotohictte 
(m.p. 227®). Orange-yellow needles, m.p. 191® 
(Seelig, Ber. 1885, 18, 423; Atm. 1887, 237, 
140). 

{p)-TricIUoronitroU)luidine ; in a similar 
manner to the a-compound from triohloro- 
dinitrotoluene (m.p. 141®). Orange-red needles, 
m.p. 192® (Seelig). 

3-Bromo-3-nUro-o-toluidine ; by bromination 
of 5-nitro-o-toluidinc (Nevile and Winther, Ber* 
1880, 13, 964 ; Chem. Hoc. Trans. 1880, 37, 431 ; 
C^hen and Dutt, C^eni. Soc, Tims* 1914, 105, 
572). It melts at 180*3®-! 81 *3®* 

5’BrQmo-3-nitro-o*tohiidins ; by iueceistve 
bromination, nitration, and hyditdyris of acMsIo* 
o-toluidide (Wroblewsky, Ann. 1878, 192, 306 s 
Nevile and Winthcr, Ber. 1880, 13, CSmuii^ 
Soc. Trans. 1880, 37, 436, 448). Orange 
m.p. 139® (W.), or 143® JN. and W.)* 

AceiyldtrimUve ; by tfeathi^ 5«bmno« 
aceto-o-ioluidlde with 4 |»arta of tdlrio ndUi 
(D 1 *48) below 25®. Needlea, iii*n* 205® (HitNneti* 
towski, Ber. 1892, 23, 869; Qms and Bedk« l 
Ann. 1892, 269, 219). 

5-Br(^A-ni^v-o-tobiuUns ; hy ialti 

5- bromo-o-tolnidine in iulnbnrie mmi irith niMb 
^ (D 1*42) and auhterio aetd betow 
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(IHftiybaiaik . 

Oraiige-yeilow tuflMAt m.p. 144^ (B»)» 

AcOifhiermtm: yerllow efystab* IdO^ 

1 >' i ‘i • *, - - 

ot 4«s^1to>^tcdhilii^ Ifetlbw omtals, 
^;jn,p, 1M®». .'V^. ^ ' 

Acdpl4^^ipi^ oolonrfess orvstakt m.p. 
JKOl"* ; m.p« 15^^(Blimksma, 

CS^Miit lilt Morgan wad 

.Cla^a» le. 951^, It ahows o remarkable 
stamlity to diasotisiiig agents^ which leave it 
praotiouly anafiected* 

3 : 5-i$Anmio-6-nibo-o-iohtid»ne r by bromi- 
naticm of 6-nitro-o*toliiidine* It melts at 105° 
(Blanksma, Chem. Weekblad, 1914, 11, 185). 

6*Bfomo-3 : b-dinUro-o-tduidine ; by heatii^ 
2 : 6-dibromo-3 1 5-dinitrotolaene with alcoholic 
ammonia at 100°. Yellow crystals, m.p. 200°. 

Acetffi-dmvaiive ; ooloarless crystals, m.p. 
above 300° (Blanksma, ibid. 1912, 9, 968). 

5-Bromo-3 : 6{7)-dinUro~o-toluidine ; ace^yh 
derivative; by treating 1 part of 5-bromo- 
Bceto-o-toluidide with a mixture of 1 part of 
sodium nitrate and 20 parts of sulphuric acid. 
Pale yellow hair-like needles, m.p. 244° (decomp.) 
(Niementowski, Ber. 1892, 25, 870). 

3:5- JHbromo -4:6- dinitro - o - toUuidine : 
acefyl-denvative ; by the action of nitric acid (D 
1*52) and sulphuric acid on 3 : 5-dibromo*4-nitro* 
aceto-o-toluidide.. White crystals, m.p. 280° 
(Blanksma, (}hem. Weekblad, 1909, 6, 717). 

3:5: ^-TribromoA-nitro-o-ioluidine ; by ni- 
tration and hydrolysis of 3 : 5 : 6-tribromoaceto- 
o-toluidide. Light brown crystals, m.p. 203°. 

Ae^yl-desrivaiive ; colourless crystals, m.p. 
275° (Blanksma, Giem. Weekblad, 1914, 11, 
185).^ 

3-/o<lo-5-nitro-o-foiuidtae ; by the action of 
iodine chloride on 5-nitro-o-toluidlne in glacial 
acetic acid. Long brown prisms, m.p. 173° 
(Wheeler, Brautlecht and Hoffman, Amer. 
Ghem. J. 1910, 44, 493). 

5-/o(fo-3*nfb’o-o-(olutdtne ; by the action of 
iodine chloride on S-nitro-o-toluidine in glacial 
acetic add. Orange needles, m.p. 135° (Wheeler, 
Ac.). ^ 

^ 5*/odb-4^nilro-o-<olutd«fie ; similarly from 

4-iiitro-o-t6hiidiiie. Bright yellow prisms, m.p. 
109° (Whedmr. Ac.). 

5-2(m-6-asbt^>o-tof«idif^ by warming equal 
wei|||ila of O-idtro-o-toluidine and iodine for 
with ether, water, and caloiam 
):earho«iata. YUbw priemB, ni.p. 85° (Wheder, 

by reduction of niiroso- 
viiietlg4*^tKMdh^ with tin and hydrochloric 
' a^ Bevex^ and Nditing, Ber, 1878, 

11, n79) I by heating o-toMglyoine eA 2(X)°- 
310° (Ab^iis and Wimian, J. pr. Cham. 1888, 
(3) 33, SOS); in a yield of 46 p.o. by methyla- 
jUoa vi e-t^dine hydrobromiae or hydroiodide 
with methyl alcohol at 150^ (Reinhardt and 
Staedd, Ber. 1888, 16, 29) or with dimethyl 
•iilUiate(|}ltei^ Abbu 1908,887, 104; Qnehm 
.aadBiiii^ Ooburkm oil, b.p. 3(n°-808°; 

ami. B'tHJ^(iuaiid WO; B'Ha, 
{dmmfQpd amiMiimv,Aniuia8^8(>i,n)t 
yC^gl^lia^ (O, and B.) r INrhiiia 

Ikt tta mattidM^^ 


Jiisg- ^ un of 1895 ; svr ^ USM i 
90266 of 1895; Md H. L. D. B. P. 
80758 of 1894; W^bo^. Bar. 1893, 26, 307 ; 
Semthsen, ibidl 993, ; ^ - 

Aceli^i4erim$&» ; m.p, 55^-56°, b.po 260° 

(M .0 B, and N.), or 250°-251° (B., and K). 

NUroaoamiiie ; oSl, , Tiwnsforin^ by alcoholic 
hydrochloric acidinto 5-fiUre8o*metkyl<>-U^^ 
green plates, m.p. 151°. With boiling aqueous 
sodium hydroxide it yields nitroso-e-coesm and 
methylamine. It is oxidised by potassium 
permanganate to nitrme^Uduidine^ greeniah- 
yellow needles, m.p. 134° (Kock, Ann. 1888, 
243,308). 

4c-Chior<m€thyl'0-tdmdine ; by meU^laHag 

4- chloro-o-toluiaine (Stdrmer ara Hoffmann, 

Ber. 1898, 31, 2532). Liquid, b.p. 248*5°- 
249‘5°/760 mm., Dw° 1138. 

NUroaoamine ; oil. D*®° 1*226 (B. and H.). 

5-Cklor<melkyl-o-toluidifie ; oil, b.p. 245°- 
246°/740 mm. (Geigy & Co,, D. R. P. 105103 of 
1898). 

DkhhromeihyUo-toluidine ; by heating di- 
hloro-o-tolylglycine above its melting-point 
Hentschel, J. pr. Chem. 1809, (2) 60, 83). Oil, 
b.p. 258°~269^; B'aH,PtOl„ slender yellow 
needles (H.). 

Z-NitromethyUo-tdluidine ; together with 5- 
nitromethyl-o-toluidine by the transformation 
of the N-methylester of toluene o-nitioamine 
(Bamberger and Stingelin, Ber. 1897, 30, 1259), 
Yellowish-red oil. According to Gnetm aid 
Blumer (Ann. 1899, 304, 103) when methyl-o- 
toluidine is nitrated a mixture of 4-iiitroiiieUiyL 
o-toluidine and a product, m.p. 48°, is obtains 
This latter is stam to be possibly tho^j^-nitro* 
derivative. - , 

4- NUromMyt-o-i6luidine ; by bbOing its 
acetyl-derivative with oonoentratM hydrochloric 
acid (Gnehm and Blumer, f.e.) ; by nitxatloii d 
methyl-o-toluidine ; by methylatiott of 4<-iiitro* 
o-toluidine. Bed leaflets or yellow prisms, 

107*5°. 

B'HCa, leaflets decompos^ by water ; 
ptemfe, compact red prisms ; iiitroSQttfiiiiic» pak 
yc^ow need!^ m.p. 95°. 

Acetyi^derivative ; m,p. 119°* ’ ' 

5- 3rilromrikyl-o-fo{»«cmis; by oddathm of 

a dilute solution of S-rntrosoarnttol-b^iolwl^^ 
with potassium permangatiak(Kn<h;, imau 188B^ 
243, 309); together with 5-Mtiodhoaelhd-o* 
tolttidine by methylating ll^iiilxOHC4diiiQ^^ 
The products are separatM v ^ 

distillation with steam (Benmiiwa^ w 
3131); together with the 
the method of Bambexgar and SMwfishk, “ 
Yellow Ubks, m.p. *137° (B.). It im 
a sulphate with sulphurio am. <• 

y»(rosoomtfie; dl wMch eijatalBaeq oai' ; 
keeping, m.p. 65° (B.). • ■ . 

AetM-derivaHve ; ihombohedra-fifaenalals^^ > 
m.p.97°(B.)« 

by Urn.)'. 

action of methylamine on indiksshg l O-mltab* 
toloeneinalcoholioeolutiop; by IhaMhsgO^cMoio* ^ 

5- nitro-o-toluidiim with im edphate /I 

and 2 pariaof tohmefor shonnat 11 tliDq[jat..A; 
and doneMGbam. we. item, iw* 

■. «Mrf«hiiL ht, J, 844. 
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m.j». 101^ (BmlMeii, Wk, 18^ 31, 

Il45}. 

, ,^li3Tic ft<nd SflK* 1883# 33, dl37)« • 

Fheni^-04fM4in^^- tOi«^ iviA diobeavl. 
i^ne »nA dltoMiui^^ «-«3iiidtiie 

with Aniline At 383** (Gizwrd and 

Willm, BnU. ohini. 1878, (1) 35,348) or by 
heaili^ a mixture of I part ol bromobenzene 
with 3 pMts of o-toloidiim and S parti oi soda 
Ume for 8 hours at 390*^ (Mere and Paechko- 
weaky, J. pr. Chem. 1893, (3) 48, 461). M.p. 
41% o.p. 365**/727-5 mm. (Graebe, Ann. 1887, 
238, 363). It forms a violet-blue coloration with 
nitric acid. 

ii^Chkfr 0 ^^--nitrafhenyi~o-toluidim ; bv heat« 
ing 2-ch]oro-5 : d-oinitrotoluene with alcoholic 
aniline for geveral weeks ; in 75 p.c. yield by 
heatii^ 2-chloro-5-nitro-c-toluidine for 10 hours 
uiider a reflux with bromobenzene in presence of 
nitrobmizene, potassium carbonate, and cuprous 
iodide. Rhomboidal plates, m.p. lOB'^-lOO*’. 

Niiroeoamine, yellow prisms, m.p. 91® 
(Morgan and Jones, Chem. Soc. Trans. 1921, 1 19, 
190). 

2 ; ^IHnitrophenyho*t6lwdine ; from chloro- 
2 : 4«dinitrobenzene and o-toluidine. M.p. 101®- 
102® (Leymann, Bor. 1882, 15, 1236), or 123® 
(M« L. B., ISm. Pat. 17639 of 1895; Fr. Pat. 
250460; D.IL P. 85388 of 1895), or 120® 
(Beitaenatem, J. pr, Chem. 1903, (2) 68, 251). 

3 : 5 • JHnUro^enyl • o • Uduidine ; from 2- 
chloro-3 $ 5<^dinitrotolaene and aniline. Red 
leaflets, m.p. 169® (Nietakl and Rehe, Ber. 1892, 
25, 3<>07), 

Di^o^ioiylamine (see phenyl - o • toluidine, 
Giranl and Willm) ; by heating c-cresol, am- 
moninm-zino chloride, and ammonium chloride 
at 330®-340® (Mens and MuUer, Ber. 1887, 20, 
547). Liquid, b.P. 812®/727-6 mm. (Graebe). 

AahydSn/orma ; from for- 

inaldeh^e and c-toluidine. Oil (Wellington and 
ToUens, Ber. 18^, 18, 33^), or lustrous plates, 
m.p. about 100® (Eberhardt and Welter, Ber. 
1894,27, 1808). 

MMf^m^*di-o-tolyl-dimid€ ; by Jheating a 
mixturs of c*toluidine, lonnaldehyde, potassium 
hydroxide, and alcohol at 100® (Eberhardt and 
Welter, ; or by the action of lormaldehy^ 
m an aqueous solution of c-tolnidiiie (Eibner, 
Aim.lL8M,302.349). 

Pkismatio needles, m.p. 52® (E. and W.). On 
heating with aniline hydrochloride it yields 
diaminoditollylinethane, and by boiling with 
akohol it 2 ^ 1 d 8 anhydrofonnaldehydc-o-tolu- 
ldiiie(Z.aiidW.). 

The oondensation of formaldehyde with o- 
toluidine in presence ol conoentratM snlphurio 
and acetic adeb {ef. J. Ross. Phys. Chem. 8oc. 
1904^ 36, IIM) yields as sole product 6-ainino*5- 
c^ylbeniMM^ (Nastukofl and 

K«»ebMg. 

. . **•? when 4 BU^. of 

MbWm tad ;Jt moi. of awtlnrleaiB dUbcide am 


hycbocUdfide, dihydrebmnide, 
dicxidate ((Mnhagen, Ann. 1890, 358» 308). 

Td^'^owhpd^^ W reduelng o*iiiliio* 

tdlimie whh aino dost andOo p.e. alcohol hi the 
pee^noe of ealdum chloride and suttdent ether 
to keep the tempezatufe et about 66® . (Bret- 
Schneider, J. m. Chem. 1897, (2) 55, 393K* by 
eleciaolytle rednetion of e^nittotoluene In dilute, 
acetic aeid(Haber, Zeitseb. Elektrochem. 1^8, 6, 
77); by oxidbingo-tcflnidiim wilhapenidp^ 
in presence of ether and in contact witn Ice 
(Bamberger and Tschimer, Ber. 1899, 32, 1677), ; 
It solidines to a resia in a mixtnie of sdid 
carbon dioxide and ether and is readily oxidised 
to o-nitroBotoluene. On mixing with thsonyb 
aniline in benzene solution it yields o46bM%n6 
phenyl atdphoiuzrnaie^ m.p. 205®, and aco-o- 
toluene (Michaelis and Petou, Ber. 1808, 31, 
984). The action of methyl alcohol, ethyl 
alcohol and sulphnrio acid, dilute sulphuric ac&d, 
dilute and concentrated hydrochloric acid on 
0 -, m-, and p-tolylhydroxylamine under varkms 
conditions is described by Bamberger (Ann. 
1921, 424, 233, 297). 

6-NUrotolyho*hydm^hmine ; obtsaned in 
5(M90 p.c. yield when 2 : 6-diiiitrotohiene is 
redneed electrolytically in presence of sodiam 
acetate, acetic acid and alcohol (Brand and 
Zoller, Ber. 1907, 40, 3324). It exists in three 
modifications, two stable and one unable, 
which are interconvertible by innoculalaon dF 
their solutions in benzene. The stable ydlow 
form has m.p. 117®-117*5®, the stable cohmrless 
form becomes yellow at 105® and melts at 117®-** 
117*5® (Brand, Ber. 1911, 44, 2045). 

With aqueous sodium hydiox^ it yisldB 
mainly 2 : 2'*diiutro-6 : 6^azoiq$rtolueBe, siuid 
when heated dinitroazotoluene is imnnied. 
When oxidised with ferric chloride and sodium 
acetate in aqneons solution 2*mtco*6*iiitros0- 
toluene, colourless needles, m.p. 117®,isobtainsd, ^ 
whilst with concentrated sulrauric acid it yields 

2- nitro-6-amino-3'hydroxytoliiene, and whsn 
heated with coneentrabMl hydioolihirio asid 

3- ohloro-2-nitro-6-aminotolneiie, togeilier with a 
small amount of the isomeric 5^)hlofn-S-mtso-6- 
aminotolnene, is produced (Brand and ZNQsr, 

4 : 6*J9iu»iruaJy{-o-hydft^^ togsMisr 
with 2 : 6-dmitrotolyb|^hydxoxylaiiu^ by le* . 
during 2 : 4: 6-trinitrotoluene In almost neutiat ; 
solution at a silver cathode. UlfiA ^ 

cxystals, m.p. 109® (Brand and Efseunengsr, 
pr. Chem. 1913, (2) 87, 487 ; Ber. 1916, 49, 673). 

m-Toluidine; by reduction rit m^ritrotolasne 
(Beilstein and KuUbeig, Ann. 1870^ 165,^1 
1870, 156, 66) ; from p-tohddine by suoinesstvs ^ 
acetylation, nitration, hydrolysis, rilwiiaiditai^ 
of the amino-group, and roouction (LomittL 
Ber. 1874. 7, 448); hy heating uMxesol wttli 
ammonium-zinc bromide asA assamdiiaa 
bromide at 830®-340® (Man and KOBsTn Bhr,: 
1887, 20, 548) ; by reducing m-gHrobssnyl^^ ' 
ohiorkfe with lino in pra s en es of sieefed and ' 
hydrochloric acid below U® (Bolkiu Ber. 188^ 
15, 3011 } Widman, AuL 1861k 1*. VTtz tkn, 
AM. 1885, 18,3396; Sirinsr and Vlsniih ^ 
Soa oUm^^lC' «»; VUttnm: 

1881 , <» 36 . ^ ^ 
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^ .. {SdowSeas oil. t>.p. ^*3* (KaMbaniOt 
XOiMh. tdijrikaL Ohem. 1898. S 6 , 621, 648), 
ta2*-205^(M. »md M. ; Loranz, Aim. 1874, 172, 
i 86 ), 109”-2Q2° (Bnokha and Sobaohtebeok, 
Bar. 1889, 22, 840), 199‘’-199<6'‘ (Schianbe and 
Ktnn^ ibid. 1893, 26, 679); D^. 0’98912 
rikaliUMHim). 1-0041. D][gr 0-9961, 

(Ferkhly Chexoa Soc. Trans. 1896, 69, 
tl245; e/. Neubeck, Zeitsoh. physikal. C^em. 
C' 1887, 1, 668 ) ; magnetic rotatory power at 16® 
?:16*21 <P.) ; refractive power, see Briihl (Zeitsch. 
pkydkal. Ghem. 1896, 16, 216) ; molecular heat 
of combustion at constant volume, 964*6 Cal. ; 
at constant pressure, 965*6 Cal. (Petit, Ann. 
Chim. 1889, [ 6 ] 18, 154). 

Its solution in diluted sulphuric acid is 
coloured yellow-brown by chromic acid and 
sulphuric aci^ and dark red by nitric acid. 
When m-toluifline is dissolved in ether and an 
: equal volume of water is added, followed by a 
lew drops of calcium hypochlorite solution, the 
aqueous layer is coloured brownish-yellow, and 
the ethereal layer reddish (Lorenz, Ann. 1874, 
172, 180). 

It resembles the o-compound in many of its 
properties, but may be distin^ished from the 
fatter by its acetyl-derivative, m.p. 65*5® 
(aoeto-o-toluidide melts at 110 ®). It may be 
detected and also estimated by conversion into 
the dimethyl-derivative, winch, unlike the 
conesponding o- and p-comx)ounds, readily 
yields a nitroso-dexivativc as a yellow crystalline 
precipitate when treated with nitrous acid 
(Wurster and Riedel, Ber. 1879, 12, 1796). 

When hydroj^enated in the presence of re- 
duced nickel it yields m-methyl cyclohexylamine, 
together with the corresponding secondary and 
tertiaTY bases (Sabatier and ^nderens. Bull. 
Soc. chim. 1904, (3) 31, 709). It reacts with 
diphenylthiocarbamido in presence of lead 
hydroiroe to yield diphenyl-m-tolyl guanidine 
(Alway and Viele, Amer. Chem. J. 1902, 28, 
294) ; with benzylidene-acetyl-acetone to yield 
^-toluidinebenzyl • acetyl - acetone ( Ruhemann 
and Watson, Chem. Soc. Trans. 1904, 85, 1170) ; 
with methylene di-iodide to yield di-m-tolyl- 
^snethylenediamine (Senier and Goodwin, ibid. 
1902, 81, 280) ; with chloroacetylurethane to 
yield 8 -«n-tolylhydantdin (Frerichs and Breu- 
stedt, J. pr. Chem. 1902, (2) 66 , 231), and with 
benzaldehyde cyanhydrin to yield m-tolylamino- 
bem^l cyanide (Sachs and Goldmann, Ber. 1902, 
35, ^19). Coupling with diazo-compounds has 
been studied by Mehner (J. pr. Chem. 1902, (2) 
61^ 401). The action of dichloroacetic acid on 
fii-tolnidine has been studied by Heller (Ann. 
1908, 368, 349). 

It is only employed to a limited extent 
teehnicallyin the production of dy 6 stu£f 8 (M. L.B., 
Eng. Pat. 6119 of 1897; Fr. Pat. 264579; 
D. R. P. 93499 of 1896; Eng. Pat. 14937 of 
1908; 0.a Pat. 913940; D. R. P. 219210 of 
1907 ; Xonnet, Reverdin and Ndlting, Ber. 

; 18T9, 12, 446 ; Rosenstiehl and Gerber, Compt. 

1882, 94, 1319 ; 95, 238). 

' sensiUve indicator from m- 

Lorenz); B'HCl, leaBet#, m.p, 
b.p^7*g®/728 mm. or 2M^®/760 mm. 
.v; {CllmaiinrRr. 1898. 31,1699); laq^ 



yeOow slender nee^es (Widman); 

(Sraut, Ann. 1881, 210, 323); B'.HgZnOji 
needles (Base, Amer. Chem. J. 1898, 90, 
664); needles (B.); 

tames (Swan, Amer. Chem. J. 1898, 20, 634U i 
BHa*HgCa^, tables (Swan); (B^-HCl),*BM^ 
leaflets (Swan); B'HSnCl^+JH.O. ^ver 
leaflets (Slagle, Amer. Chem. J. 1898, 20, 642); 
B'jHjSnCle-f H^O, monoclinic tables (Sh^) ; 
B'-H^SbCL+HjO (Higbee, Ammr. Cnem. 

J. 1900, 23, 150); B^H^bd^, rhombic 

tables (H.) ; B' 2 H 2 ZnBr 4 + 4 H 20 prisms (B.) ; 
B^HjZnBr., needles and prisms (B.) ; 
B'jHjSbBr^-f HjO (H.) ; BASbl, (H.) ; 
B^sH^SnCli, pearly white plates, m.p. 76® 
(Bruce, Chem. News, 1919, 119,272) ; B/HiSnd^, 
pale pink, nacreous plates, m.p. 284® (D.) ; 
picrate, striated monoclinic crystals, decom- 
posing when heated above 180® (Jerusalem, 
Chem. Soc. Trans. 1909, 95, 1284). 

Formyl-derivaiive ; liquid at —18®, b.p. 
278®/724 mm. (Niementowski, Ber. 1887, SA, 
1802). Decomposes on long boiling, forming 
methane ditolylamidine, CH(NC 2 Hy)NHC,H 7 , 
needles or plates, m.p. 123®. 

AcetyUaerivaiive ; long needles, m.p. 66*5®, 
b.p. 203® (Beibtein and Kuhlberg ; Morgan and 
Micklcthwait, Chem. Soc. Trans. 1913, 103, 
1400); henzoyl-derivative ; m.p. 125® (Just, Ber< 
1886, 19, 983). 

Chlaro<u^yl’derivatitfe ; m.p. 141**. On fusion 
with potassium hydroxide it is converted into 
5 : 5'-dim6thylindigotin (Kuhara and Chlka»hig 6 , 
Amer. Chem. J. 1902, 27, 1). 

DichioroaeetyhderivcUive ; plates which sub- 
lime, m.p. 98®~100® (Rugheimer and Hoffmann, 
Ber. 1885, 18, 2988). 

2-Chloro-m-toluidine ; by reducing 2-chloro- 
3-mtrotoluene (Wynne and Greevee, Chem. Soo. 
Proc. 1895, 11, 151; Chem. Soo. Trans. 1895, 
67, 1548 ; cf. Cohen and Dakin, ibid. 1901, 79, 
1128); by the action of hydrochloric acid on 
m-tolylhydroxylamine (Bambemr, Ber. 19(^, 
35, 3697).. M.p. 6 * 6 ® (Wibaut, Keo. trav. elite* 
1913, 32,^44), b.p. 228®-229® (W, and G.), and 
is volatile with steam. 

Acetyl-derivative; needles, m.p. ]32®^133® 
(W. and O. ; W.), or 133®-134® (Bamberger, 
Ter-Sarkissjanz and de Werra, Ber. 1906, 36, 
3697, 3711), or 126®-128® (Cohen and Dakin, 
Ic. 1321); benzayl-derivativs 1 needles, m«p. 
126® (W.). 

A-Chhro-m^ialuidine ; by the action of hydro- 
chiorio acid on m-tolylhydroxylamine (Bam- 
berger); reduction of 4-chlo!ro-3-iiitiotohiene 
(Gold^hmidt and Hdnig, Ber, I 8864 19, 2442 ; ^ 
Gattermann and Kaiser, Ber. 1886, 18, 2601 ; 
ef. Engelbrecht, i&td. 1874, 7^ 797; (Sim, 

J. pr. Chem. 1892, (10 46, 29). Thin very : 
volatile colourless leaflets, ia.p, 29^*^80® m 
52 ®, bjp. 230®/768 mm, (a ntel £ $ a). 

B'UOU needte, partiidly 4Bi#oeiated in \ 
water (G. and K.). . 

(a and K.; |R),or 11 ^ 

(C.), f v-'*/.!':, ^ 

5-CMnu^n4aIiH(|{M; Iqr ttdMhMi ,1 * " 

Liquid, b.p. iWfm ma,. Mrtjs itjMji iNHif 



uMles; 

(deooiiqp.)4B.). 

Ae^UimveMw; needlM;, m.p. 146** (Hli Pr 
161® (W. and Q.), • 

hf th4 actlim ol 
iiydvodiloi^ aold on mViolyihTd^ior 
(Bambcower) ; % Iho mo^od of <%attaii!«Mr and 
Orton (Oieatu m. Tttm. 1901, 79, 461); ^ 
, ledudiiitf 6Hddoio-34iita^ (Htexy , and 
RadaiBa9WH%« l«d9, 2, 308, 609 ; Wrobiew- 
sfa^r, Anm 1873, 168, 2D6; OoldBohmidt Md 
Hdnif, Bor. 1886, 19, 2443; 1887, 20, 199; 
Hoigan and Challencnr, Chem. Soc. 7^an8.l921, 
119, 1644) ; by reducing m-nitrotoluene with 
zinc and bydxoohloric acid (Kock, Ber. 1887, 
20, 1667). Tables, m.p. 83-5®-84-l® (Bamberger, 
Ter-SM:kisBjanz and de Werra; Reverdia and 
Ck4|U6UX, Ber, 1900, 33, 2603 ; Chattaway and 
Orton). . 

B'HCl, long slender needles ; B^HNO^, long 
broad needles, m.p. 164® ; 

Acetyl-derivative ; colourless plates, m.p. 89 
(G. and H.), 91-2®-91-7® (B., T-S. and de W.), 
92® (M. and C.). 

2 : 6-l)ichtorQ-m-t6luidine ; by reduction of 
2 : 6-dichloro*3-nitrotoluene (Cohen and Dakin, 
Chem. Soc. Trans. 1902, 81, 1330). It melts at 
69®-70®. 

2 : 6-Dichloro-m-ioluidiiie ; by chlorination 
of 2^chloro-aceto-in-toluidide followed by hydro- 
Ims with bydrochlozic acid at 130® (Cohen and 
Mkin), or by reduction of 2 : 6-dichloro-3- 
nitrotoluene, followed by distillation with 
steam (C. and D., Z.c. 1346). Colourless needles, 
m.p. 69®-60®. 

Ac^hderiwaive ; long needles, m.p. 120®- 
122® (C. and D.) ; hemcTMsulflumyl-d^vative, 
m.p. 114® (Raper, Cohen and Thomson, ibid. 
1904, 86, 371). 

4 ; t^-DicMoro-m-kduidim ; < by reducing 3- 
nitro - 4 ; 6 • dichlorotoiuene ; acelyl - derivative^ 
needles, m.p. 168®-169® (Cohen and Dakin, U. 
1338). 

4 : ^-JHchhro-m-toluidine ; by chlorination 
of aceto«n»<.tolttidide in glacial acetic acid with 
wdium chlorate and hydrochloric acid, followed 
by hydrolysis (Beverdin and 0r4pieux, l.c.); 
w reduction of 2 : 4*dichioro>5>nitrotoluene 
(Cohen and Dakin, lx.). Crystals, m,p. 85®, 
yQla^udths^m(c/.Seelig,Ann. 1887,237,163). 

Ac^l-dm^im; as above (R. and C.); by 
IT bleaching powder on aceto*m- 

(C- and D., lx. 

1382h Colourless needles, m,p. 166®-! 57® (R, 
and 0. j CL and D.). ' 

• 6-flH5Wora*m-foluidine; by reducing 2 : 3* 
Needles, m.p, 88®, 
b p. 292^ (Wynne and Oreeves, Le.). 

(W- S-i- 

^ ^ * 8-2Vic4foro-m-ftrf»Ml»iie ; by oblorina* 
ton w a(^.m-toluidide in aoetio and hydn>- 
ottlono a^ with sodium chlorate at 16^-25®. 

^ hy^ly^ of the aoetyl-derivatlTe 
I »cid (Cohen and Dakin,. 

^ 1836; Beverdm and CMpieux), aiistening 


TojDbieife m 

4rByiiUhia-t6huiine ; Ijr of 4 p : 

famo-S-ntbratdiim ^ WhitiKr» 

1880, 8T, 4*8; Bw. 18»,I3i 
S2*l,CS^. f pr-,<a«h. 1893, m 48, 45; 
Wmiiin^. Aon. 187^188. 77 ; mbaeir Md 

^ V.J. 85* (a)i 87* (W.), 76^ (H, Mid 

R.}. Tlie Mghor meUii^>poiiii oonnaowidi ue 
pnpmw. 

and W.), 164* (C.). , ■ 

,* by ndiuing 5-broiiiop 
S^^toluene (WroblewsW, Ana. 1878, IM, 
2M). It crystalliM. with ufflonliy; m.p. 36^“- 
36», 2560-260*; Di»* 1-442 (W.; Bimle 

^ Winther, Ber. 1880, 13, 964; Ghrai. Soo. 

1880, 37, 429). BUCa, taUe. j B'HNO. 
long nradles ; tabtea. - 

Aeefyl-derivative; m.p. 167M68®(N.a*id W.). 
6-&romo-m-totuidine ; by brominntiog aooto* 
m-toluidide, followed by hydrolyns of nro- 

wwfk /7nrr2Li.i 


\ Laxu 



duct with alcoholic potash (WroblewslDr, A 
1873, 168, 172) ; by reducing 6-bromo-3*nitro« 
toluene (Nevile and Winther, l.c. ). Crystals, m.p. 
78‘4®-78*8®, b.p. 240® (N. and W.). B^HNO,, 
pnsms. 

It is probable that the product, described as a 
liquid and obtained by Hubner and Roos (Ber. 
1873, 6, 801) by the reduction of nitrated o- 
bromotoluene is identical with tlub amine. 
B'HCl, small rhombic tables; B'SENOg, stmill 
rhombic tables ; B^'H^SO^, very slightly solnl^ 
in water* 

2 : b-Dihromo-m-Muidine ; by reduction of 
2 : 5-dibromo-3-nitrotoluene. M.p. 72*4®-73*l® 
(Nevile and Winther, lx.). 

Acetyl-derivative ; m.p. 144®-145® (N. and 

W.). 

2 : ^-Dihromo-m-Uduidine ; this compound 
is stated by Wroblewsky to be formed uy the 
action of 2 mols. of bromine on aceto-ws-toluulida, 
followed by hydrolysis, and is dieBcribed as 
melting at 92-5®. Nevile and Winther (CSiem. 
toe. Trans, 1880, 37, 439) found that under 
conditions a mixture of a monobromotofaiidine, 
m.p. 76®-77®, 4 : 6-dibromo-m-toluidiiie, 2 ; 6*di* 
bi^o-m*tolaidine, m.p, 33®-36®, and 2:4:6- 
tribromo-m-toluidine is formed. 

4 : S^Dibromo-m-Uduidine ; by redttoiiig the 
^iresponding dibromomtrotolueoe (Nevile and 
Wmther, l,c . ; Cohen and Dutt, CSiem. Socw Trans. 
1914, 105, 510). ioM neoun or flat p.*n^, 
m.p.58»-59*(N.MidW.). 

AeatflAerivaHvt; m.p. 183-6M54* (01 tu4: 

D.). 

4 : ^-JMbr(mo-m4€heUine ; topAkex ; 
2 ; 6>dibromo.m-tolaidme iiy brommatiag M)Mo> '' 
m-to luidide, separation ming . eflaotoii !by ' 
JOnt^Q^tiion from alcohol in whi^ tin' 4 : €■ 
aH^ratiro is mote solubles hy bKnniiiatjiM 
l^itm-aoeto.«.Wni^ foBo^ 

(N*vila w»d Winther, U.): by tttoniiiMttioB' ' 
of 6-bromoaoeto-m-tohiidi(i^ KSoAMTlaSn^L- 
®J®)i by x^Botioa el .4)4-ii|aKiine^ ‘ 

l o li riAat i ' ' ■ 
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tnr jpediia^jlffiai of 8 % S^ii^U)t!i^^ 
filooliollo %3r4fo<dilode »ci4; wiA stftanouB 
cblONPide «iia olMhtH oleoliol^t 7** and keepiuig 
tho mizimfiiB lor 12 hmn. It formo deep rea 
prisms, nwpv 107^-10$^ (Botioii sad Kenner, 
UiOm. Soo. ICrim. l&l, 119, 1052)^ nnd was 
formerly emmeooriy xej^zded as a dinitroaso** 
tolnene (Kenner and Parkin, t6id« 1920, 117, 
857}., Wken 2 $ 8-dimtrotoliiene is reduced 
with hydroTOn sidphide in alcoholic ammoniacal 
solution^ Kenner and Parkin {lx.) obtained a 
dkdtrodliolyl sulphide (most probably the 
2 : 2^ : 6 : 6 -compound) and a suMance, m.p. 
64^. 2-Nitio-m-toluidine is obtained also by 
, heating 3-chloro-2-nitrotoluene with concen> 
trated ammonia solution (D 0*880} at 200° for 
8 hours, 

Aeelphdmrwaiive ; trani^rent prisma, m.p, 
126° (B, and K,) or 136° (L.), 

4- NUro-m-ioluidine ; from 4-nitTo-m-tolyl- 
ethyl ether and ammonia (SteUlel and Kolb^ 
Ann. 1890, 259, 224 ; Green and Rowe, Chem. 
Soc. Trans. 1913, 103, 898 ; Morgan and Scharif, 
Chem. Soo. Trans. 1914, 105, 121); by hydro- 
lysis of the acetyl-derivative, obtained together 
with O-nitroaceto-m-toluidide by nitrating aceto- 
m-toluidide with fuming nitric acid in glacial 
acetic acid (Cohen and Dakin, Chem. Soc. Trans. 
1903, 83, 333) ; from 4-nitro-2 : 5-toluylenc- 
diamine by the dia7X)-reaction (Morgan and 
Mioklethwait, ibid. 1913, 103, 1399 ; Moi^an and 
Scharif, lx .) ; by heating 3 : 4-dinitrotoluene 
with 2*5/N-methyl aloohoBc ammonia at 150° 
for 6 hours (Kenner and Parkin, ibid. 1920, 117, 
858). Golden-yellow plates, or orange-yellow 
spicules, m.p. 109° (S. and K.), 110°-110*5° 
(C. and D,), or 112° (M. and M.). 

Aeetffl-derivaiive ; yellow needles, m.p. 88°~ 
89° (M. and M.) or 86°-87° (C. and D.) ; benzoyl- 
derivative; long yellow needles, melting in- 
definitely at 83° (M. and M.) ; benzeneeulpSonyl- 
derivative; prisms, m.p. 137°~138° and S.). 

5- Nitro^m4oluidine ; in 80 p.c. yield by 

reducing 3 : 5-dmitrotolucne with alcoholic 
ammonium sulphide (Stadel, Ann. 1883, 217, 
199 ; NevUe and Winther, Ber. 1882, L5, 2985 ; 
Brady, Day and Rolt, Chem. Soc. Trans. 1922, 
121, 529). Yellow or brownish-rod needles, 
m.p. 98°-98*4° (N. and W. ; Haibach). B'HBr, 
thin leaflets (Haibach, J. pr. Chem. 1902, (2) 
65, 242). ' ' 

Acdjfi^defivative ; white microciystalline 
powder, m.p. 187° (B., D, and R.). If a solution 
of the acetyl-derivative in concentrated sul- 
phuric acid is adUed to nitric acid, or if the solid 
compound he added to a mixture of nitric and 
sulphuric adds, 6 : 6-dinitroaoeto-fii-toluidide is 
Ihe main product, but if the acetyl-comppund 
iis added directly to fuming nitric acid 4 : 5- 
idiidtfQaoeto-fU-toluidide preponderates (B., D. 
^odB.). . 

I by successive nitration 

^Attd hydedyslii of aoeio-m-toluidide (Beilsteln 
|kiid KidilMg,^ AntL 1871, 158, 848), or together 
prUk tii4 d^pfiibrkmmeride whm the nitration Is 
In aesfrie add eolutlon (Cohmi 

^Ad Dakin, Ghenu See. Trans. 1908, 88, 338; 
bok and Btady, tMdL 1980, 117, 762); by 
iswtiiig withliydfe- 

1 «$ 8 ^ 


ethy4 sthm^ wtiOi cbiioenfrated ammoiila 0 O't) 
at 140°^160° for 6 hours (Stfidd and Kolb, Ann. ^ , 
i8M, 859, 214) ; as chief prbdudi^ togeths^ w^ 
the 4-nitn>4wm6ride, by nitrating m^toluidiiie 
dissolved ki riadal acetic add and sulbhario ; 
acid with nitric add (68 p.c.) and sulphuxm add 
at 0°, the isomerides being separated by distilling 
with a current of steam (N^ing and Stoecklin, 
Ber. 1893, 26, 564 ; cf. Morgan and Hicldethwait, 
Chem. Soc. iSrans. 1913, 1(3, 1397 ; Kenner and 
Parkin, ibid. 1920, 117, 858). l^ng, slender, 
saffron-yelldw needles, m.p. 138° (H. and B.), 
138°-140° (M. and M.), 133°-134° (C. and D.), 
or 135°-138° (Cohen and Hodsman, ibid. 1907, 
91, 976). 

Acetyl-derivative ; small rhombic cubes, m.p. 
101°-102° (B. and K.), or masdve red misms, 
m.p. 103°-104° (C. and D.l, or m.p. 109° (^ and 
M.). It is separated from 4-nitroaceto-m- 
toluidide by mechanical means, followed by 
crystallisation from alcohol (C. and D.), or by 
pouring the reaction product into water when 
the 6-nitro-isomeride separates, whilst the 
filtrate on keeping deposits 4-nitroao6to-m- 
toluidide (C. and B.). 

2 : tk-Dinitro-m-toluidine ; oceM-derivative ; 
colourless needles, m.p. 211°~212° (C. and B.). 

2 : ^-Dinitro-m-toluidine ; in 10-16 p.c. 
yield by the action of hydroxylamine hydro- 
chloride on 2 : 6-dinitrotoluene in methyl 
alcoholic potassium hydroxide solution at 30°, 
and addition of much water to the resulting 
solution (Meisenheimer and Patzig, Ber. 1906, 
39, 2533) ; by the action of 10 p.c. alcoholic am- 
monia on 3-bromo-2 : 6-dmitrotoluene (Kfimer 
and Contardi, Atti R. Accad. Lmcei, 1916, fv.} 
25, ii. 339). Pale yellow prisms or needles, 

133*8° (K. and C.) or 132*5° (M. and P.). 

Acetyl-derivative ; colourless plates or large 
prisms, m.p. 166° (K. and C. ; C. and B«). 

4 ; b-Dtnitro-m-tcluidinx ; see 5-nitTO-m-toln- 
idine. Large brownish -yellow needles, m.p. 
131°. 

Acetyl-derivative; fine white needles, m.p. 
l77°(B.,D.andR.). 

4 : 6-lHmtro-m-t6luidin€ ; by keepliig a 
mixture of 3 : 4 : 6-trinitrotoluene and alcoholki 
ammonia for 1 day (Hepp, Ann. 1883, 215, 368) ; 
by heating m-bromo-4 : 6-dhiitrotoltteiie with 
aicoholio ammonia (Bentley and Warren, Anker. 
Chem. J. 1890, 12, 2) ; by heating 4 : 6-diiiiiro- 
m-cresyl ethyl-ether with concentrated aqueous 
ammonia at 100° (St&del and Kolb, Ann. 1880, 
259, 220) ; as the main product, tc^ther with a 
smsdl qumtity of 2 : 6-ainitro-m-toluidine, and 
very little, if any, 2 : 4-dinitro-fii-toluidini^ li^ 
gradual addition of aoeto-m-toluidida to 10 
times its weight of nitric add (D 1*5) wtUi 
thorough amtation, keeping the tampetmtwiitt 
b^w 25°, followed by hv^fyda. Oooipmhfo, 
8:4: 6-trinitit>*m^toittiatne is fonned alK; (Cook 
and Brady, Chem. Soo. Trans. 1980^ 117» 
together with the 8 : 6-diiiitl«»4sciii^^ 
gradud additkm of 6-nitroaeeti>-i%tdnM^ 
an excess of nitric add (1) 1*5) 
toUowad by hydrolysis (C. and &). mm 
golden-yellow cryataui, in.p. 198°-m'* (H.) or 
and'SL). ■ w... -.v.; 
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iiijriooho) ^ imm (Wvnjteor 
aiHi BMbli 

b> brominatiiig 

dimethyKm^okJdiiiiA kgrdixMUbi^ (Wmter 
siidKed 0 l,Ber.l 8 ?»»Utl 8 OO)« Wliitelea&t 8 , 
m.p. 98»» b*p, BrA*WCai)i+4H,0; 

B'tH|^CN)«4^4iH«0 (W«^ md Boser, 

4^NilnM/fhm4iAM hj treating the 
ethyl^ther of d^nitroHm-omol with ethylamine 
at 165'^*170^ It mdts at 60** (Fischer and 
Bigattd, Ber. 1801, 34, 4202). 

2:4: il^^TnmtroMyl’-m-Muidine ; in a 
similar manner from 2:4: 0-irinitro-m-oreBoL 
It melts at 98% and the nUroamine at 79^ 
(Blanksma), 

JHMyUm-toluidint ; b.p. 227^-228° (Rein- 
hardt and Stadel, Ber. 1883, 16, 31). 

Phenyl-m-toluidiite ; by strongly heating a 
mixture of 6-phenylainino-m-cresol with zinc 
dust (Zega and Buch, J. pr. Chcm. 1886, (2) 33, 
542). Reddish oil, b.p. SOO'^-SOb^ Its solution in 
sulphuric acid is coloured an intense green by 
nitric acid. 

4t*NUfaphmyl*m-toluidine ; by heating 5- 
phenylamino-4-nitrotoluene 2-6tiiphonic acid 
with sulphuric acid (25 p.c.) at 145"^ for 4 hours 
(Sohraube and Romig, Ber. 1893, 26, 581). 
Yellowish-red plates iSom alcohol or six-sided 
tables from ligroin, m.p. 110^ 

XHphenyhm-ioluidine ; by the interaction of 
m-ohlorotoluene and potassium diphenylamine 
(Haeussermann, Ber. 1901, 34, 38). It melts at 
69M0% 

^•Chloro-4t^nUrophenyl-m-toluidine ; by boil- 
ing 2-chloro-4 : 5-dinitrotoluene with aniline in 
ralcoholio solution for 36 hours ; in a yield of 
iO p.o. from 6-chloro-4-nitro-74-toluidine by 
ieatiu|[ under a reflux with bromobenzene, 
mtassuun carbonate and cuprous iodide ( Morgan 
md Jones, Chem. Soc. Trans. 1921, 119, 190). 
teothngular pyramids, m.p. 95^-96^. 

[ NUroioamtne; yellow prisms, m.p. 95®-96®. 

; 2-Chlor<h^-nUrophenyl-m-toluid%n € ; in a 
*‘^milar manner to the 6 : 4-isomoride from 2- 
|iloro-3 : 4-dinitrotoluene and 2-chloro-4-nitro- 
f-toluidine, respectively (M. and J.). tOrange- 
ffd. needles, m.p. 95^. 

K Di^m4dykmin€ ; by heating indoluidine 
ith its hydrochloride at 210°»240^ (Oosack, 
lor. 1880, 13, 1091) ; by heating m-oreaol with 
monla, zinc chloride and ammonium chloride 
330^-340^ (Merz and Muller, Ber. 1887, 20, 
)). LiaiMd, b.p. 319M20% volatile with steam. 
Aum-4eHviaive ; tables, m.p. 43^ (C.)* 
Td^-m*h^oxyUmine ; plates, m.p. 68^ 
iberger, Ber. 1895, 28, 248). On oxidation 
Ids m-azoxytoluene and m-nitrosotoluene. 

(CH,)*C%H4N(NO)OH, 
glistening needles, m.p, m*'-> 54«5'’ (B.). 
•la-hydroxylamine when treated in the 
with foisniudehyde or when acted upon by 
yidos 

B, OH,[N(OH)-C,H4-CHa],, 
imp. XW (Bambergw and !bQhtovir, 
Mlp 33, 951, 958), ana when added in a 
brubd condition to ooneentimted hydro- 
add ssemted at to —10” with 
eUoride and the mixtiue allowed to 
in M ton ehest for 7 days, woduot 
of imaimqinlttsiim 


{^mberger, 

and de Werra, Ber. 1902, 35, 3697 ; 4 /. ; 
B^bcttger and de Wma, ibid* 3711). ft 
reacts tdtb tiiionyl aniline jidding m-tolnidiiie 
idienybidpi)^^ and benzene-aao-ei-tbliwiie 
(Miohaelis aiiid Pet^ Ber. 1898, 31, 9H)* 

p-TiduiUne ; see o-toluidine ; by muctioii 
of p-nitrotoluene (Muspratt and Hofmann, 
Ann. 1845, 54, 1; 1848, 66, 144; Noad, ibid. 
1847, 63, 305 ; Miller, Zeit. f. Chem. 1864, 161 ; 
Sell, Chem. Soc. Trans. 1863, 16, 186); together 
with ditolyl oxide by heating p-cresol with 
ammoniacal zinc chloride at (Buch, Ber. 
1884, 17, 2637 ; Merz and MiUler, ibid. 1887, 20, 
545); by reduction of p-nitro^nzyl chloride 
with zinc dust (Rudolf, Jahresbericht, 1885, 
2082 ; 1). R. F. 34234 of 1885) ; by treating p* 
aminobenzyl alcohol with a solution of stannous 
chloride at 100^ for { hour (Thiele and Dimroth, 
Ann. 1899, 305, 121) ; by reduction of poly- 
merised anhydro-p-aminobenzyl alcohol with 
zinc dust and hydrochloric acid (Kalle A Co., 
Eng. Pat. 1963 of 1895; Fr. Pat. 246918; 
BTr. P. 83544 of 1894) ; by the action of heat 
on the salts of methylaniline (Hofmann, Ber. 
1872, 5, 720). 

The conversion of methylaniline into p- 
toluidine hydrochloride has been studied by 
Beckmann and Correns (Ber. 1922, 55, 852). 
who showed that the main factor ffoveming the 
change is the temperature, the addition of such 
salts as zinc chloride or aluminium chlmide 
having little effect. p-Toluidine is also fomed 
by the action of hyarpxylamine on toluene in 
presence of aluminium”or ferric chloride (Otaebe, 
Ber. 1901, 34, 1778), and by heating j^drazo-p- 
toluene with alcohol at 120”-130” (Bsehringsi:, . 
and Busch, Ber. 1903, 36, 339). 

Commercial p-nitrotoluene usually couiaiiiB 
some nitrobenzene and o-nitrotolm^ oonse- 
quently the crude reduction product oontsiiui 
aniline and o-toluidine. The omde produet 
may be first purified by distillation, freeiiiig the 
fraction, b.p. 195'’-205% followed by ctyiiftal- 
Using the smid product from ligrtiom 

p-Toluidine crystallises from aqueous alcalud 





b.p. lifts*’ (Mospntt and Hohnaan), av 400*4* 
(HnleU, Zeitsch. i^TsikaL CSum. lOWi SC 001. ; 
657; Kahlbaom, tbid. ISOS. 4^ 1^. 

Neubeck, ibid. 1887. 1. 650). or 400*4* ^ " 

D|«: 0-973, Dj®: 0-967 (R). 1-048 (KW^ J 
B«r. 1879, 12, 252) ; magnetio roUSdiy 
at SO* 15-87 (P.); diasoeiation noaiMaat. X 
«20-6xl0-** (LSvcnhinm. 

Cbem. 1898, 26. 394); nfiaetive .|ia!«w, not'? 
Br8U{*bMl. 1895, 16,216), tmti\ 

cbim. 1803, 12, 278) ; omMoopie bdiitlaai^ Mi’y 
Auwen (ibtd. 1807, 23. M), ‘mmI ' 

Riaatori (Oass. ddm. itaL 1807, fl.i M : 

of oombnstion at ooutaiit ]ftfnme,.,0iS04 
beat of ootabnaUon at «aw£|at ' ipliwlih 187#',' - 
Cab (Potit, OoniA, 

caum. 1889, {0) ft, 164). - • " ■ . .--'Vi 

p-TolukUA may be sMiiiated firum-tsilllael# " 
UM of tlM oniMo (St&aiiBm, Mi 1 
1808. ft) 1, 613), or by MOtabMi (Wtia Midi 

aldflln4bfl)tS.-P. tl8t8ot toon. JLi 
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fowmm, 

ib- jp^^Adldiiie my be separated in a ) be^.i B!, , 

manner (Boisenstiehl). Tins mettiod lias J 
.Men md quantitatively lor tbe s^arationoio* 

,:aDd j»4£olttMUne (Bosenstiehli Ann. Chim. 1872, 
m 26, 249; Losenc, Ann. 1874, 172, 190; c/. 
lUtalM, Zeitsoh. anid. Chem. 18^, 30, 720). A 
method of estimating p-toluidine in admixture 
with o-toluidine wmoh depends upon the 
. sblidif^g point of the acetylated product is 
given oy HoUeman (Proc. K. Akad. Wetensoh. 

Amstm^, 1904. 7, 395). 

iSMEto ; B^Cl, scales (Bosenstiehl, Bull. Soc. 

Ohim. 1868, (2) 10, 199), needles, m.p. 238^<-240<’ 

(Bisehoff and Walden, Ann. 1894, 279, 134), 236° 
fKrafft, Ber. 1899, 32, 1601), 243°; b.p. 

266*5°/728 mm. or 257-5°/760 mm. (Ullmann, 

^ 1898, 31, 1699); B'HBr, plates (Stadel, 


de Ooninok, Btdi. ohlm. 1 ^, 
( 2 ) 45. 131) : B'lBCa, (Gordon, Ber. 1870, 3. 
m : Cochin, Bull. Soo. ohim. 1S79, (2) 31. 499): 
B'PtC3,P(00,H,), (Saillard, BuU. Soo. ohia. 
1872, ( 2 ) 18, 111); B',Pta, 2 P{OCH .), 5 

B'Pta,2P(OC,H,), JpooMn, Jnhiwberioht, 



B',ZnI,; B',CdBr,i B'.OdI,; B',Od(NOJ,s 
B',*Hgdi,: B;,feg(N0,),; B-,Hg(CN); fr.UrOjCr,; 
B'jMnCl, {Leeds, Jahiesbericht, 1882, 503); 
mucate, y^How crystals; picnefe 

B^C^HaNaO,, flat yellow prisms, m.p. 169° 
(dccomp.) (Smolka, Monatsh. 1885, 6 , 923); 
phenate, needles (Dyson, Chem. Soc, Trana 
1883, 43, 468); cofnpouiid wUh fkramidf^ 
B'CaHaCXOaljNHj, black needles with a brown 
reflex (Mertens, Ber. 1878, 11, 843) ; toluene 
sulphinic acid salt, nctMiles, m.p. 140° (Hhimig, 
J. pr. Chem. 1897, (2) 56, 217). 

Sodium salt; from p-toluidine and sodamide, 
amorphous (Tithorley, Chem. Soc. Trans. 1897, 
71, 4fo). p’^Toluidine monohydrate, see Walker 
and Beveridge, ibid. 1907, 91, 1797 ; Lewy, Ber. 
1886, 19, 2728. 

A solution of p^toluidine in ether or water 
is not coloured by calcium hypochlorite, and a 
blue colour indicates the iiresenoe of o<toluidine. 
A solution in diluted sulphuric acid is coloured 
red by chromic acid, and blue, changing to red 
and Anally to brown by nitric acid (Bosenstiehl, 
Bull. Soc. chim. 1868, (2) 10,200). A solution 
in acetic acid, dilated with water or alcohol, is 
coloured bright red by lead peroxide (Lsuth, 
Compt. rend. 1890, 11)., 075). 

When a few drops of ferric chloride solution 
are added to a slightly acid solution of p* 
toluidine in hydrochloric acid and boiled, a 
bordeaux-red colour is produced. If aniline or 
o-toluidinc is present, a bluish-green precipitate 
is formed and the filtrate is red. This reaction 
is so senAtive that traces of p-toluidine may be 
detected in *pure’ 8 {)ecim 6 ns of aniline and 
o-toluidine (Biehringer and Bosch, Chem. Zeit. 
19(^,26, 1128). 

p-Toiuidine acts as a very weak base (Walker, 
Zeitsch. physikal. Chem. 1890, 5, 105; Breiiig, 
ibid. 1894, 13,323; Lowenherx, Md. 1908, 25, 
3m. 

By (he action of Mtadnun tUcbronuito on 
p-toluidine eolphate, Peridn (diem. 800 . Tiww. 
1880. 37, 546) obtained two oxidatim nndnet*. 

and C„U„N. (hddatkm witii iMd 
peroxide leadii to one or other of thew jRodnoli 

«pon the condiUotti (Btomteto, Bar. 

“onociinic 1901, 34, 1274). Oxidation with OMM :rk)il, 
Jahrabencht, 1882,636); p:p ' axotolaeno (Otti^ Ann. QMm. isgA flrj 
B'A 8 na.,y^wm»t^( 8 t.); (B'Ha),2SbP, 13. 143). TtTicn treated in ealphinlo addUn. 
1*' Pbarmacie, 236, 273) ; tion with potawinm nmnaimiaata, 

1900 , 


iM, 

ibid. 1883, 16, 28) ; B'Hl, plates (8.) ; B'HNO,, 
loim rhombic tables; B'jHjSOi, scales (Beilstein 
and Kuhlberg), B^H,S 04 (Wellington and 
Tollens, Ber. 1885, 18, 3311), -fH^O (Hitzel. 
BnlL Soc. chim. 1894, [3] 11, 1054); cldorale, 
long white crystals, exploding at 125° (Datta 
and CSioudhury, J. Amer. Chem. Soc. 1916, 38, 
1079) ; B^HsPOi, large glistening plates 
(Levy, Ber,' 1886, 19, 1717), B'C^HaCiO,, 
needm, m.p. 101°-102° (Baralis, Jahresbericht, 
1884, 698) or 97-5° (Suchin, Ber. 1888, 21, 1259) ; 
B^CwHsCljOj, needles, m.p. 135°-136° (Duisberg, 
Ber. 1885, 18, 194) or 140°-141° (Baralis); 
B'CjHajOj, m.p. 137° (Baralis) ; B'CjHaClaOj, 
prisms, m.p. 135° (Baralis) ; B'CjHjtOi-fiHjO 
(Bomemann, Ber. 1889, 22, 2710 ; Bosenstiehl, 
BuU. Soc. chim. 1871, ( 2 ) 17, 4); B'HBrl 4 , 
glistening leaflets (Kraut, Ann. 1881, 210 , 324) ; 
(B'|H 4 S 04 ) 4 HI *14 (Jorgensen, J. pr. Chem. 1876, 
( 2 ) 14, 3^); B'|Si|Fg (Comer and Jackson, 
Amer. diem. J. 1888, 10, 173) ; B',Znd,+3H,0, 
mystalline precipitate (Litchowicz, Monatsh. 
1889, 9, 513) ; B',H,Znd. (Grafinghoff, Zeit. f. 
dmm. 1865, (2) 1, 699), tables (Base, Amer. Chem. 
J. 1898, 20, 6 m) ; B',H,ZnCl„ triclinic ciystals 
(B.) ; B',+ 2 ZnS 04 (L .) ; B',M^, (Tombeck, 
Ann. diim. 1900, (7) 21 , 397) ; 2B'Cdd, (L.. U 
898; T.); B'HCIH^,, ne^es (Swan, Amer. 
diem. J, 1898, 20 , 626); B',HgCl„ thick 
needlcB, m.p. 123-125“ (Klein, Ber. 1878. 11 , 
744); 2 B'UgBr„ large plates, m.p. 120“-121° 
(Kl^ ibid. 1880, 13, 835) ; 2 B'HgI„ m.p. 81“ 
(K.); B',Cn,H,(SOJ,; B'HgHdSO,),+H,0 
(Oeid^ Gompt. rend. 1891, 112, 870); 
B'Hi^N‘Cr’(NH|),(SCN). (Ch^tensen, J. pr. 
Chem. 1892, ( 2 ) 45, 362) ; B',H,Co(CN),+ 2 H, 0 ; 
(B'HCN),+(B'HCN)Co(CN),+liH,0 (Wesel- 
Ay, Jahresbericht, 1869, 314) ; B',God, (Lipp- 
mim and Vmtmann, Ber. 1879, 12 , 81); 
2B',Nia.+2C,H,OH(L and V.); 4B'+Ag,80, 

•f 2a,0,l^-Uke iwei^jilfixter, Amer. (?hem. 
J.1890— 1, 
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Otto, Ann. 

Ghim. 1898, (7) 1S» 142). When heated with 
aqaa regia ji-toliiiditie yielda ohlorotoloene ; with 
hydi«^ hxlide toltkene ie f^tioed; and when 
beam with a meta<4etiTativi9 of nitrobenseiie 
in Ihe pmonee of hydfoohlotio aoid, dyeituffs 
of the Muyeaniline series are fomed (D. R. PP. 
45985 of 1892; 78377, 79263, 79585, 79877, 
81648 of 1894). , ,, 

e^Toluidine heated with sulphut gives nse 
to the priiauUne bases (Green, Ber. 1889, 22, 
968; JMobsc^ ibid, 330; Gattermann, ibid, 
422; Gattermann and Pfitzinger, ibid, 1063; 
Hunter, J. Soc. Chem. Ind. 1923, 42, 302 T). 
Heated with ethyl alcohol and zinc chloride 
p^toloidine forms 4-aniino-l-metfayl-3>ethyl* 
Mnzene (Willgerodt and Brandt, J. pr. Chem. 
1904,(2169,433). 

p-Toluidine condenses with bromo* and 
snlphonated methylaminoanthra^noncs, Ac., 
forming bluish-green dyes (Fr. Bayer A Co., 
D. R. P. 159129 of 1901 ; Wacker. Bor. 1902, 
35, 2593; Friedlander and Schick, Zeitsch. 
Farb, Text. Ind. 1904. 3, 218 ; see also M. L. B., 
Eng. Pat. 8905 of 1903; U.S. Pat. 748373; 
I). R. P. 149780; Bayer A Co.. D. R. P. 148767, 
153517 of 1903; M. L. B., I). R. P. 174131 of 
1905). 

p-Toloidine also condenses with diazo-com- 
pounds (lifehner, J. pr. Chem. 1902, (2) 65, 401) ; 
with phenylurethane (Dixon, Cliem. Soc. Trans. 
1901, 79, 102) ; with methylene iodide (Senier 
and Goodwin, ibid, 1902, 81, 280) ; with acetylene 
tetrabromide (Saban4eff and Kakovsky, J. Russ. 
Phys, Chem. Soc. 1902, 34, 408) ; with phenyl 
Isocyanate (Walther and Stenz, Bull. Soc. chim. 
1901, (31 26, 395) ; with epichlorhydrin (Cohn 
and Finlander, Ber. 1904, 37, 3034) ; and with 
Irinitrotoluene, p-toluidine forms an additive 
impound, dark red crystals, m.p. 68° (Jackson 
and Ckihe, Chem. Soc. Proc. 1906, 22, 84). p- 
iToluidine reacts with phenylazoimide at 140° to 
orm a substance C,aU| 4 Ns, colourless needles, 
|l.p. 116°, converted into a brown viscous mass 
|n benzoylation, from which benzo-p-toluidide 
i obtain^ by treatment with alcoholic hydro« 
Jiloric acid (Wolf! and Kolasius, Aim. 1912, 
,59). 

a in the case of o-toluidine, the p-isomeride 
i diazotifled in sulphuric acid solution, then 
orated with sulphur dioxide, treated with 
iper, filtered, washed with ammonia and the 
ited filtrate treated with ferric chloride, the 
do toluene sulphinate, Fe(C,H 4 (CH|)SO.)„ is 
' (Thomas, Chem. Soc. Trans. 1900, 95, 

^Toluidine condenses with aromatic alde^ 
in the presence of its hydrochloride 
I acridines (Ulhnann, Ber. 1^, 35,,107). 
ler condensation products of p-toluidine 
aUdiydes, m Eibncr and Amann (Ann. 
, 329, 211) ; iVic^nder (Ber. 1892^ 25, 
sober and Panioker (ibid. 1900, 33, 
4 $ Hsntlissoh and Schwab (ibid. 1901, 34» 
, 841); Cohn and Sdedlinder (ibid, 1902, 
1265)1 Odm and Blsn (Monatsb, 1004, 25, 
Ac. Ob iKydrogea8t«Hi in presence of 
- ^ yWdi p-methyl* 

ii^4c£^ Ibiies {Sabato aiS 
Ijm, (3) 31, 768). 

I of 




zinc ohhnide it yields aodiiomdtM 
(Wfilgmdt and Brandt, J. pr. <2iem. 1604, <2) 
69,^3). With diohlorboetic add it yi^ 
^^M^o-p-methyl-oxindcle (Sdler.Anlt lOCii, 

On eiduMisttve chlorination in acetic add 
with moist chlorine p-toluidine yields hepta* 
ehloromethykpdohexanone* When p-toluidine 
is chlorinated in 97 p.c. sulphuric add it is 
converted mainly into 3-chloro- and partly into 
2-chloro-derivative8. The same pn^uots, to* 
gether with 3 : 5-dichloro-p-toluidine, are ob- 
tained if 40 p.c. sulphuric acid is used. B-Ghloro-i 
3 : 5-dichloro-, and higher chlorinated products 
are obtained by chlorinating aceto-p-toluidide 
(Hafner, l^r. 1889, 22, 2535; Wrol^wsky, 
Ann. 1873, 168, 196; Lellmann and Klotz, 
ibid, 1885, 231, 308 ; Zincke, Ber. 1896, 28, 3121 ). 
Chlorinate products are obtained also when 
p-toluidine Is electrolysed in an excess of hvdio* 
chloric acid (Elbs and Brunschweiler, pr, 
Chem. 1895, (2) 52, 559). 

FormyUderivative ; together with the oxalyl* 
derivative by heating p-toluidine oxalate 
(Hiibner, Ann. 1881, 2^, 372) ; by boiling p* 
toluidlne with formic acid (Tobias, Ber. 1882, 
15, 2446). Very long needles, m.p. 62® (T.) or 
53® (Bamberger and Wulz, ibid, 1891, 24, 2<^), 
NaCgH^NO-hHjO (T.); AgCgHgNO, needles 
(Comstock and Clapp, Amer. Chem. J, 1891, 13, 
527); Hg(CgHgON)g, needles (Wheeler and 
MacFarland, tbil 1896, 18, 545) ; H^CuH^ON, 
needles, (W. and M.); (Cgl^ON),HBiCo,Brt, 
colourless prisms (Comstbk, ibid, 1898, 20, 79), 
For crystalline and liquid modifications ii 
formvl-p-ioluidide, see Orlofi (J. Buss. Rhys, 
Chem. Soc. 1905, 37, 439). • 

Acetyl-derivaiive ; vlien p-t<^uidine is boiled 
for i hour with an excess of acetic anhydride a 
mixture of 32 p.c. of the monaeetyl-dmvidIviB 
and 60 p.c. of the discetyl-derivative is fiomied 
(Sudborough, Chem. Soc. Trans. 1901, 78, 637), 

Dimorphous, crystallising in monodiltie 
forms (Panebtanco, Gazz. chtm. ital. 1879, 9, 3(^; 
Riche and Berard, Ann. 1864, 129, 77), ntp. 147* 
(Hubner and Wailach, Ann. 1870, 154, 302; 
Relbe, Chem. Soc. Abstr. 1883, 44, 915), 148®"* 
149® (S.), or 153® (Feitler, Ztiteoh. physOial^ 
Chem. 1889, 4, 76), b.p. 307® (Beilstem Mod 
Kuhlberg, Ann. 1870, 156, 74), On oxidatioii 
with potassium permanganate it yields aoe^bp- 
aminobenzoio acid, and on tmtmmit vri’lm 
phosphorus pentachloride the iiniiiodhbfids 
CHgOai«^N(CgH 4 iCHg) is formed (WaBmAu Amk 
1882, 214, 203). The zilrosoamtiieis dbtalbd 
the action of nitrous acid on an acetic edliil 
tion of aoeto-p-tolttidide (0. Fbcher, Ibr. 1^7,; 
10. 959), or by treating a stronglv ilfadlim iol^ 
tion of toluene-n-dlasoniam chtoride at **-*iS^ 
with acetic anhydnde(^hinaimaiidXetib^ 
Ber. 1894, 27, 653), It loms necdlei^ ZBup^ 80^ 
(decomp.), and regenerates aceU^p^tcduidilb M 
reduction. 

Aceto-p-toluidite forms cKmipoimdi 
sodium methoxide and ethoiddb mid 

Archdeacon, Chem. Soo. Trimi. IWk 884 fNi)b 
and yields an 
prims, imp. 81*^92®, and an 
yellow fottr.sided misms, SLp. 94®-68* (<3Mta« 
way and Orton, Chem. Soc. Tnme. Tt. 
m , ; il* .li 
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toliddide containing the halogen in the acetyl 
group, aee Tommasi (Bull. Soo. chim. 1873, (2; 
16, 400) ; Eckenroth and Donner (Ber. 18wi 
.23, 3287); Bischoff and Walden (Ann, 1894, 
279, 65) ; Grothe (Archir. der Pharmacie. 238, 
589); uech (Ber. 1877, 10, 879); Kugheimer 
and Hoffmann (ibid. 1885, 18, 2980) ; Judson 
(Ufid. 1870, 3, 784) ; aoez (Ann. Chim. 1886, (6) 
9, 216) ; Al^nius ( J. pr. Chem. 1889, (2) 40, 433) ; 
Meyer (Ber. 1875, 8, 1154) ; Keller (Ann. 1904, 
332, 247). 

Diacetyl-derivative : colourless crystals, m.p. 
48^ (Sudborough, Chem. Soc. Trans. 1901, 79, 
537; c/. Qa^on, Ber. 1898, 28, 1665), b.p. 
153-5M545711 mm., 177-5®-! 78-5730 mm., 
211-5®-2127100 mm. (Kay, Ber. 1893, 26, 
2852). B'HCl, m.p. 120® (Dehn, J. Amor. Chem. 
Soc. 1912, 34, 1399). 

Benzoyl-derivative : from p-toluidine and 
benzoyl chloride ( Jaillard, Zeit. f. Chem. 1865, (2) 

I, 440; Kelbe, Ber. 1875, 8, 875; Hiibner, Ann. 
1881, 208, 310; Wallach, Ann. 1882, 214, 217 ; 
Qudeman, Ber. 1888, 21, 2553 ; Muller, Ber. 
1889, 22, 2404). Needles, m.p. 158®, b.p. 232®. 
p-Nitro-derivative^ yellow needles, m.p. 197® 
(Gattermann, Ber. 1892, 25, 1082). 

PJUhalyl-derivalive ; m.p. 204® (Frohlich, 
Ber. 1884, 17, 2679). 

2-Chhro-p-toluidine ; by reducing 2-chloro- 
4-nitrotoluene or 2-chloro-4-nitrobenzyl bromide 
with tin and hydrochloric acid (Witt, Ber. 1892, 
25, 86 ; Lellmann, Ber. 1884, 17, 535) ; together 
with other products by reducing 2-chloro*4- 
nitrotoluene with sodium disulphide (Blanksma, 
Chem. Weekblad, 1909, 6, 899), or with iron pow- 
der in the presence of a smallquantity of sulphuric 
acid (Wibaut, Rec. trav. chim. 1913, 32, 244), 
or almost quantitativel^jr with iron filings and 
hydrochlotio add (Davies, Chem. Soc. Trans. 
1921, 119, 868) ; by boiling acetyl-p-toluidine-2- 
diazop^ridide with concentrated hydrochloric 
add (Wallach, Ann. 1886, 235, 253). Colourless 
ciystidline solid, m.p. 26® (D.) or 23-1® (W.), b.p. 
237®-238-5®, or 242*-244®/760 mm. (D.), or 245® 
(Wynne and Greeves, Chem. Soc. Proc. 1895, 

II, 151). B'HQ, very large needles ; B' 2 H 2 S 04 , 

^ small leafiets ; B'sHsPtClf. 

Aeel^Uderivative ; m.p. I + IH^O) 86® (W. 
and G.), 104®-105® (anhydrous) (Blanksma, l.c . ; 
Kunckell and LUlig, J. pr. Chem. 1912, (2) 86, 
517 ; Wibaut, Ic.) ; benzoyl-derivative ; needles, 
m.p. l^® (Wibaut). 

Z-ChUjfo-p-iolnidine ; in poor yield by 
Bucoesaive chlorination and hydrolysis of aceto- 
j^tolttidide (Wroblewsky, Ann. 1873, 168, 196 ; 
^iicSmann and Klotz, Ann. 1885, 231, 309; 
Lelfanann, Ber. 1894, 24, 4111); as the chief 
product 1^ passing a rapid stream of chlorine 
through a boiling solution of aceto-p-toluidide 
in its own weight of acetic acid, followed bv 
^hydrolyds, a aichloro* derivative being simul- 
, Imeouluy formed (Erdmann, Ber. 1891, 24, 

; 27M}; tiy chlorination of p-toluidine hydro- 
diloim in 15 times its weight of 40 p.c. hydro- 
ehlocto add (Hafner, Ber. 1889, 22, 2536); 

: together with 3 : 5*diohloro-p-tolttidine and 
: byher. ehhmnated products by the action of 
chloride on a susj^nsidn of aceto-p- 
tedmw in carbon disulphide, followed by 
, (Wvnne, Cbm. Soc, l^ns. 1892, 61, 

C^!ld58); %egdlier with other pjoducts by the 
rjaetliiii of hydiochhuic add on J^nitrosotol 1 ]ene 


(Bamberger, Biisdori andt Ssedaydd^ Ber. 

32, 218) : by treating aoeto-p-tolnidide in Sijoetle 
acid with aqueous sodium chlorate followed by 
hydrolysis (Beverdin and Odpieux, Bear. 1909, 
33, 2500); by reduction of 3«diJoro-4-nitro- 
toluene (Reverain and Crdpieux, Bex. 1900, 33, 
2505) ; in a yield of 50 p.o. by chlorination of 
aceto-p-toluidide by means of bleaching powder^ 
follow^ by hydrolysis with alcohol and suL 
phurio acid (Chattaway and Orton, Chmn. Soc, 
Trans. 1900, 77, 792). Oil, which solidifies ht 
0®, m.p. 7®, b.p. 218®-219®/732 mtp. (L. and K. ; 
LeUmann, Ber. 1891, 24, 4111), or 223®-224® 
(Cohen and Dakin, Chem. Soc. Trans. 1902, 81, 
1337); Dwo M51 (W.). B'HCl; B'HNOa; 

B'jHjSOi; B'CjHjO*. 

Acetyl-derivative; Anorthic crystals (Pot 
Chem. Soc. Trans. 1892, 61, 1057), m.p. 118® (L 
llS® (L. and K.), 111®-112® (E.), 113®-!!^! 
(Wynne ; C. and D.) ; 1^-chloro-derivative ; 8boi[ 
prisms, m.p. 48® (C. and O.); benaoyl-derivativ 
m.p. 137®-139® (C. and D.). 

2 : Z-Dichlaro-v-tdluidirie ; by reducing 2 : 3\ 
dichloro-4-nitrotoiuenc with tin and hydro*\ 
chloric acid (Cohen and Dakin). It is volatile^ 
with steam and melts at 40®-42®. 

Acetyl-derivative; needles, m.p. 128®-129® 
(C. and D.). 

2 : b-Dkhloro-p-tdmdi'ne ; by reducing 2 : 5- 
dichloro-4-nitrotoluene (Morgan and Ihew, 
Chem. Soc. Trans. 1920, 117, 789 ; c/. Cohen and 
Dakin, ibid. 1901, 79, 1130; 1902, 81, 1347). 
It melts at 91®-92®. 

2 : ^-DicUoro-p-toluidirie ; by reduction of 
2 : 6-dichloro-4-Ditrotoluene with iron filings 
and dilute hydrochloric acid (Davies, ibid. 1922, 
121, 813). Colourless needles, m.p, 56®-57®. 
B'HCl, long colourless needles. 

Acetyl-derivative ; colourless slender needles, 
m.p. 220® (D.). 

3 : 5-Dichloro-p-toluidine (see 3-chloro-p-tola- 
idine) ; by successive chlorination and hy^Iysis 
of aceto-p-toluidide and of 3-chloroaceto-p- 
toluidide (Lellman and Klotz, Ann. 1885, 231, 
322 ; cf. Cohen and Dakin) ; by other methods 
(Bamberger, Biisdorf and Szolayski; Wynne; 
Chattawpy and Orton; Cohen and I^lrin). 
Needles, scarcely volatile with steam, m.p. 60®. 
Sublimes. 

Acetyl-derivative ; crystals which sublime in 
long needles, m.p. 201® (L. and K.) or 190® 
(C. and D.). It is hydrolysed by heating with 
concentrate hydrochloric acid at 120®. N* 
chloro-derivative ; slender four-sided prisms, 
m.p. 72® (C. and 0.). 

2:3:5- TrkUofo-p-idnidine ; acetifi-demeh 
tivCf formed by the action of sodium ohloxate 
on a solution of 3 : 5-dichloroaceto-p-toluidide in 
prese^ice of acetic acid and hydroceorio acid 
(Cohen and Dakin, Chem. Soc. ^ans. 19(^ BJ, 
1337); by the action of a mixture of faydro<« 
chloric and nitric odds on aoeto«p*toliiidide 
Mannino and Donato, Gazz. Mm. ital. 1908, 
38, ii. 20). Colourless needles, m.p. 179®. 

2-Bromo-p-toluidine ; by reduction ot 2 « 
bromo-4-mtrotoluene (Nevile and Winther, Bet* 
1881, 14, 418; Chem. Soo Trans. 1881,39, 85) ; 
by boiling acety^j^toluidine•2^iazoplriBr^^ 
with concentrsted faydrobromie add (Widlaoh,^ 
Ann. 1886, 235, 255) ; together with 34iroiiio*«. ; 
tohddine by keeping a mixture of p4dhifalisie 
stil{ii^te aM bromine in the pcesence ol aul# 



g nric acid fosP ® B^. 1889, 28, 

93); togo^ir with 2-lmnio<4-a]i^ 
ddhydo h^ Tefi9^i*cni of 2<^hcoiiio«4«]iitrotolH6iic 
with sodium disol^ido in ppmence of alcohol 
/^lanhsma, Chom* iiyi^oh hla g, 1909, 8, 8^9)* II 
melts at 25*’-26^ (N. and W.), and boils at 254^< 
257® (H.). B'HCl,, needles; B'HBr(W.). 

^ AcetyUderivativi ; m.p/113®(B.). Onboilin; 
with potassium p^rmnganate solution it yield* 
2-bT0^4-acetykminobenzoio acid« 

B*Br<m(hV-1<diuidine ; by successive bromina 
tion and hydrolysis of aceto-p-toluidide (Wro 
blewsky, Ann. 1873, 168, 163; Nevile am 
Winther) ; together with other products bv th 
action of hydrobromic acid on p-nitrosotoluen 
(Bamberger, Biisdorf and Szolayski, Bor. 189^ 
32, 219) ; by bromination of p-toluidine hydro 
chloride (Klages and Liecke, J. pr. Chem. 190C 
61, 326). Large plates, m.p. 26° (Claus am 
Iteinberg, Ber. 1883, 16, 914), b.p. 240° 
D“° 1-MO (W.), 1-498 (Hand, Ann. 1886, 234 
166). B'HCl, softens at 210° and melts a 
221° (decomp.). B'HNOa, plates, m.p. 182° 
B'.H8S04+2H,0. Thebromotoluidineobtaine t 
by Peohmann (Ann. 1874, 173, 210) by distillin j 
brominated p-aminotoluene wt-sulphonio aci I 
with potassium hydroxide is probably identici I 
with the above. 

Acetyl-derivative ; needles, m.p. 11 7-5° (W. . 
Jst-hnmo-derivaJtive \ yellow four-sided, plate » 
m.p. 87°. On heating at 110° it yields 3:i • 
dibromoaceto-p-toluidide (Chattaway and Ortoi , 
Chem. Soc. Trans. 1900, 77, 796). 

Diacetyl-derivative i thick prisms, m.p. 76^ - 
76-6° (Ulffers and J ason, Ber. 1894, 27, 98). 

Bemoyl-derivatk^ , !12f° (Pi, , 

Ber. 1891, 24, 4170). 

2 : S-Dibramo-j^-toluidine ; by reduction d 
the coiresponding nitro-derivative (WroblewsP % 
Ann. 1873, 168, 185; Nevile and Winther, B % 
1880, 13, 962 ; Chem. Soc. Trans. 1880, 37, 44i I. 
Prisms, m.p. 83° (W.), leadets, m.p. 84-r'' “ .° 
:N. and W.). 

2 : B-Dibramo-jf-tdluidine ; by reduction d 
'/he corresponding nitro-derivative (Nevile a d 
lYinther). It melts at 88°--89°. 

Z : 6-Dibrimo-n-t6luidine ; by the action d 
lydrobromio acid on p-nitrosotoluenh (Ba i- 
Muger, Biisdorf and Szolayski) ; from p-toluidi le 
md bromine (Wroblewskv, Ann. 1873, 168, 18 ; 
'Revile and Winther ; Klages and Liecke, J. ; r. 
/hem. 1900, (2) 61, 3^) ; together with 3-broxx >• 
)-tokddine 6*BUlphonic acid by the action >f 
vomine^on p«toluidine 3-sulphonic acid (N. a d 
7. ; c/« Peohmann, Ann. 1874, 173, 216). Lo ig 
aonodhiio needles, m.p. 73° ( Jftger, Z. Kristi IL 
903, 38, 89), or 73-6^74-5° (Bamberger, B r. 
899, 32, 221). Does not combine with acid • 
Ae0tyl4mmim long needles, m.p. 1(3° 
Md Berbabny, Ann. 1891, 266, 3777) or 
idms, l99®~2KX)®(XMer8and Jan8on,Ber« U 14, 
, JO; cf. KuliokeU, ibid. 1908, 41, 411 ); 

thick tables and pris 
i5nM®‘-i0l-6® (TJ. and J.), 

by reducing he 
>miip<9ldk^ nitro-compound (N. and ^ \ i 
M.p. 98® (N. and W.), or 16® 
V.). 

2:3: S^^lMbremo-p-iclMine ; by bromii i:t^ 
g 2:broino^tohiiiuiie hydrochloride (Ne ito 
id Winder: lit ; BAr.. 1881. 14. 4IAI 


tiZiZ-Trihrom-p-talhtidine; by leduoiiig 
the oorrespoBdiiig nitro'derivative with iron 
and aoetio add (N. and W.)^ Needles, m.p, 
118®-*119^ (Cohen and Dutt, Chem* Soc. Trans. 
1914^ 105, 614), 

Peohmann (Ann. 1874, 173, 217) obtained a 
tribtmuOoluidifiie, loi^ needles, m.p. 113®, by 
the action of bromine on p-aminotoluene 
snlphonio acid. 

TetrahTtmo-v-iotuidine ; bybrominating2 : 6- 
dibromo-p-toluidine hydrochloride (N. and W«) ; 
together with dibromonitrotoluene by heati^ 
n-nitrotoluene with bromine and a little iron 
bromide at 90° (Scheufelen, Ann. 1886, 231, 
179). Slender needles, m.p. 226°-227°. 

Z-Chlaro-5-bromo-'p-t6lutaine ; bybrominating 
S-cUoro-jP-toluidine in glacial acetic acid 
boiling until most of the hydrogen bromide 
is removed (Orton and Reed, Chem. Soc. Trans. 
1907, 91, 1570) ; from aceto-p-toluidide by 
successive bromination and chlorination with 
hydrochloric acid and sodium chlorate in glacial 
acetic acid, followed by hydrolysis (Cohen and 
Murray, ibid. 1916, 107, 847). Colourless 
needles, m.p. 66° (O. and B.) or 63*6° (C. and M.). 

Acetyl-derivative ; prisms, m.p. 189° (0. and 
R.), or 199° (C. and M.); diacetyl-derivative; 
m.p. 82° (C. and M.). 

2-Iodo-p-t6luidine ; by reducing 2-iodo-4- 
nitrotoluene with ferrous sulphate in ammoniacal 
solution (Willgerodt and Gartner, Ber. 1908, 41, 
2813) ; or together with 2-iodo-4-aminobenzalde- 
l^de by reducing with sodium disulphide 
(Blanksma, Chem. Weekblad, 1909, 6, 899). 
Large white needles, m.p. 37°-38°. B'HCl, 
long dark needles ; B'4H3S04, leadets ; B'HNO|, 
rhombs ; B'C4H404, small rhombs. 

Acetyl-derivative ; white needles, m.p. 130°; 
iodochUnride^ yellow needles, decomposing a 
110° (W. and G.). 

Z-Jcdo-p-tduidine; by the interaction o 
iodine ana p-toluidine (Wheeler and liddlc 
Amer, Chem. J. 1909, 42, 441). Golourkfi 
needles, m.p. 40°. B'HCl, m.p. 188° (decomp.) 
B'04H404 m.p. 119°~120° (decomp.). 

Acetyl-derwative ; long colourless needlei 
m.p. 136° ; benxoyl-derivatxve ; colourless needlei 
m.p. 161° (W. and L.). The acetyl-derivativ 
when boiled with concentrated hydrochloric aci 
yields 3 ; 6-di-iodo-p-toluidine. 

2 : b-Di-iodo-p-Muidine ; by seducing 2 : i 
di-iodo-4-nitrotoIuene with ferrous sulph^ an 
ammonia Buff-ooloured prisms, m.p. 109 
(Wheeler, Ac., Amer. Chem. J« 1910, 44, 

Z : b-JDi-iodo-p-Muidine ; by the lu^n < 
iodine chloride on p-toluidine hydrodb^ovkl 

S lchael and Norton, Ber. 1878, 11, 115); ti; 

iling 3-iodoaceto-p-toluidide wiA ooiMmtmte 
hydroohloric acid (Wheelmr and 1^^} or b, 
the action of 2 mols. of iodine on jhtdluidiii 
in presence of water and oalcutm carbmuil 
(Wheeler and Liddle). Long sknder needte 
m.p. 124-6° (M. and N.). / 

Acet^-dmvative ; stout coloiirless prim 
m.p. 226° (W. and L.). 

2^NUTo-v4du%dine ; togethm^ indUi 4-idt 
o-toluidine by partial reduction of 1 1 4«dlnit 
toluene with aleohdlio ammoniinn 
(Qraeff, Ann* 1885, 229, 348; Ansdiii^ 
Heus^, Bea 1886, 19, 2161; i 



'm 


TOLUENE. 


ni in milphinio add witli nitric acid, 

/ whan a lai^ amount of sulphurio acid ii 
ngM onfy die • ^-nitro-isomeride is obtained 
4^iibner, Ber. 1877, 10, 1716; Nolting and 
Cbllin, ibid. 1884, 17, 263 ; Foth, Ann. 1885, 230, 
296). Yellow glistening broad needles, m.p< 
61*^ (Haibaoh, J. pr. Onem. 1902, (2) 65, 246)< 
B'HCSt, m.p. 220® (decomp.); B'HNOs, m.p, 
186®; B'jHjS 04 + 2 H 20 , stellate needles; 

, 4C,H8N202-fAgN0j, greenish-yellow crystals. 

131®-132° (Mixter, Amer. Ohem. J. 1880, 1 

Formyl-derivative ; white voluminous needle; 
(Geigy & Co., U.S. Pat, 722630; Pr. Pat. 
306655 ; D. R. P. 138839 of 1902). 

Acetyl • derivative ; needles, m.p. 160' 
(Cunerth, Ann. 1874, 172, 229) or 144*5® (Wallach 
ibid. 1886, 234, 354). 

Benzoyl-derivative ; pale yellow prisms, m.p 
172® (Bell, Chem. News, 1874, 30, 202). 

Z-Nitro-'p46lu%dim ; by successive nitration 
and hj^rolysis of benzoyl-p-toluidine, aceto- 
p-toluidide, or toluene p-sulphonyl-p-toluidide 

S »lstein and Kuhlberg, Ann. 1870, 155, 23 
renz, ibid. 1874, 172, 77 ; Hubner, ibid. 1881 
208, 313 ; Lellmann, ibid. 1883, 221, 7 ; Cosack, 
Ber. 1880, 13, 1088 ; Ehrlich, ibid. 1882, 15, 
2009; Gattennann, ibid. 1885, 18, 1483 
Ndltingand Collin, ibid. 1884, 17, 263 ; Reverdin 
and Cr5pieux, ibid. 1902, 35, 1439; Bull. Soc. 
ohim. 1902, (3) 27, 743 ; Noyes, Araer. Chem. J. 
1888, 10, 475) ; by heating S-nitro-p-cresol with 
35 p.c. ammonia for 16 hours at 170®-180® 
(Barr, Ber. 1888, 21, 1543) ; by the transforma- 
tion of p-toluene nitroamine (Bamberger and 
Hoff, Ber. 1897, 30, 12.58; Ann. 1900,311,93); 
oii together with other products by the action 
of nitric anhydride on p-toluidine (B. and H.). 
Red monocunic prisms (Panebianco, Gazz. 
chim. ital. 1879, 9, 358; Jager, Z. Kristall, 1903, 
38, 89), m.p. 114® (B. and K. ; R. and C.), 
116®-! 17® (echraube and Roraig, Ber. 1893, 26, 
579), or 117®-! 18® (Morgan and Mieklethwait, 
Chem. Soc. Trans. 1913, 103, 1401). Volatile 
with steam. B'HCI, yellow prisms immediately 
decomposed by w'ater ; B'HNO,, six-sided 
wllow tables or slender needles (Hiibner}; 
B'HBr, large laminse (Haibach, J. pr. Chem. 
1902, (2) 65, 249). 

Acetyhderivative ; slender 


of potMsiwn niteote (SooU »nd BoliiiiwMi, C^. 
Soo. TrwM. im.* 121, 844). Omnge-jnUow 
needks, in.p. 124®. Weak bate. 

Aetiyl-amvcUi^ ; oolonriao* silky naena,. 
m.p* 174*5®, 

2 s S-JDinitro-p-toluidina (see above). De^ 
orange-red needles, m.p. 189®. Peeble base, 

Aeetyl derivative ; aggregates of oolourleaa 
slender needles, m.p. 132*5® (S. and R.), 

2 : 6-Dinitro-]^-toluidine ; by reduction of 
2:4: 6-trinitrotoluene with ammonium sulphSle 
(Tiemann, Ber. 1870, 3, 218; BeUstein, ibid. 
1880, 13, 243; Stadel, Ann. 1884, 226, 384; 
Holleman and Boescken, Rec. trav. chim. 1897, 
16, 425) ; by reduction of 2 : 6-dinitro-p-tolyl- 
hydroxylamine with copper powder and hydrOf 
chloric acid ; or togetner with 4 : 6-dinitro*p| 
toluidine by reducing 2 : 4 : 6-trinitroto)uene i 
hydrochloric acid solution in presence of cupii ^ 
cliloride at a copper cathode (Brand and Eiwn- 
menger, J. pr. Chem. 1913, (2) 87, 487; ef. 
Cohen and Dakin, Chem. Soc. Trans. 1902, 81, 
27 ; Cohen and McCandlish, ibid. 1905, 87, 1265). 
Yellow hair-like net'dles, m.p. 166*5®-! 68® (T. ; 
B.), 171® (H. and B.), 168®-169® (C. and P. ; 
Anschutz and Zimmermann, Ber. 1915, 48, 152). 
It exists in four distinct crystalline phases 
(Artini, Atti R. Accad. Lincei, 1917 [v.] 26, i. 
392). 

Acetyl-derivative; slender white needles, 
m.p, 223® (Korner and Contardi, ibid. 1916, (v.J 
25, ii. 339). 

3 : l)-Dinitro-]^’toluidine ; by successive nitra« 
tion and hydrolysis of the acetyl- or benzoyl- 
derirativc of p- toluidine (Beilstein and Kunl* 
berg, Ann. 1871, 158, 341 ; Jackson and Ittner, 
Amer. Chem. J. 1897, 19, 6; Hubner, Ann. 
1881,208,278; 1884,222,73; Brady, Day and 
Rolt, Chem. Soc. Trans, 1922, 121, 527) ; from 
3 : 5-dinit ro-p-cresol alkyl etW and alcobolic 
iimmonia in the cold (Stadel, Ann. 181^, 217, 
185); by transformation of 3-niti^-p-toliiene 
aitroamine (Bamberger and Voss, Ber. 1897, iOp 
1257 ; Barabergerand Hoff, Ann. 1900,31 1, 112), 
Yellow needles, m.p, 166® (B. and K.), 168* 
Hiibner ; B. and V. ; Niementowsl^ Bctr. 
.886, 19. 717). 

Aca^-derhxtiive ; long yellow needles, ni.|l. 
90*5'" (B. and K.), or 195'^ ( Wiedoiiei, Ber. 187$L 
1, 1975). 


yellow needles 

from water or concentrated alcoholic solution, Diacettjhdtriiaiive ; thick citron 
loM colourless needles from dilute alcoholic n.p. 129*5- (Ulffers and Janson, Ber. 1884. 27. 

fiOilltlAII. tn /n2<k4'4'Amrria.^n\ liVvw 4 ‘01) ^ 


solution, m.p. 04®-95° (Gattennann). For the 
relation and properties of the two forms of 
S-nitro-aceto-p-toluidide, see Schaum, Ann. 
«I898, 300, 224; Ber. 1898. 31, 129; Schenck, 
Zeitscb. physikal. Chem. 1900, 33, 450; Auwers, 
ih'fL 1897, 2.3, m. 

Diaeetjfl-deriveUive ; citron-yellow prisms, 
ni.p. 78° (Ulffen and Janson, Ber. 1894, 27, 101). 

Bemo^-derivtlipe ; yellow needles, m n. 
146°— 148 (M. and M.) or 143° (Huhner). 

pie e^rolytic reduction of 3-nitro.p- 
tohuduie yidds a mixture of p-diamino-o-axoxy> 
tolnmie and p-diamino-o-axotoluene (Elbs and 
Behwani. J. pr. Chem. 1901, (2) 63, 562). 
f 2;8-i)i*£«ro-p.farf«iiij|«; by hydrolysis of 
the ,eoe^-<teiratiTe which is obtained as the 
Md^ftMaetby nittatinf; 2-nitrDaceto-p-tohiidide 
idtric acid abm ; or ti^her with 2 ; 5- 
)o-p-toliiidide .when nitration ia 
i proBenee of tnlphuritPacid by means 


BemoyhdtrivoHvt ; needle*, m.pi. 

Hubner). 

{p)-Di%itro-\>-Uiiuidint. ; by baatiBg S 1 8 ; 4* 
rinitrotoluene with alcoholio ammonia at 10^ 
Hepp, Ann. 1882, 215, 371), atot 
yellow needles, m.p. 94*. 

i^hloro-2-nitro-p-U)luidina ! by htating tr 
nitn>U)lyl-p.hydroxyiamine with bydnidiSiMili 
wid (Brand and Zoller, Ber. 1«W, 4ft tlia 
Pale yellow needles, m.p. 63* (B. imi ft) # 
67°-6§° (Burton and KaiZm. OhU. 6 m 
1921. 119, 1052). 'Tt 

3ehloro-p-tohiidiiie nitrate wm tmm « 
rafj^iiric add at -12* to --ti* fiOteit ilnii^ 

» t^'peodvet of tne aettott df iiym6Ne4N:id|||.'; 



immsjt. 


on (Bnuid And 

ZoUer). latest isu|i. (dam 

and Davidson), 13^ (B. and ^). 

Aca^dmvaUve, 143^0. and D.). 
%'Cmro-5*nUr(h]^kmidim ,* onooeosive 
nitration and hydrolyds of 2 -onloroaooto* 2 >o 
toluidide (Claus and Bdcher, Ann« 1891, 265, 
354; Davies, Chem. Soc. Trans, 1921, 119, 
^8) ; by adding 2 -chloro- 2 >*tolaidine nitrate to 
vrell-cooM sulj^uiio acid (Cohen and Dakin, 
l.c.) ; together with 6-ohloro-4-nitro<-fn-toluidine 
by Idle action of alcoholic ammonia on 2-chloro- 
4 : 5-dinitrotoluene ; or from o-toluidine by 
nitration, replacement of the amino-group by 
cUorine, reduction, acetylation, nitration and 
hydrolysis (Morgan and Challenor, Chem, Soc. 
aprons. 1921, 119, 1538, 1545). Golden-yellow 
plates, m.p. 165^. 

AcHvlderivaiive ; pale yellow crystals, m.p. 
112^ (Blanksma, Rec. trav. chim. 1910, 29, 410), 
113" (C. and B.). 

3-CAloro-5-mYro-p-to/tttdtfie ; by nitration 
of 3-chioroaoeto-p-toluidide (Claus and David- 
son) in presence of glacial acetic acid at 20", 
followed by hydrolysis with hydrochloric acid 
(Cohen and Dakin). Orange-r^ needles, m.p. 
72®-73®, slowly volatile with steam (C. and D.) 
or orange-red plates, m.p. 70*5" (CL and D.). 
AeetyUderivative ; m.p. 196" (Cl. and D.j. 

2 : 6-J)ichhro-Z‘niirO‘]^-toluiditie ; by the 
^gradual addition of 2 : 6-dichloroaoeto-p- 
( toluidide to nitric acid (D 1*49} cooled in ice- 
water, followed by hydrolysis with alcoholic 
Isodium hydroxide (Davies, Chem. Soc. Trans. 
1922, 121, 813). Minute orange needles, m.p. 
130"-131". B'HCl, clusters of colourless needles, 
»nediately hydrolysed by cold water. 

. Aedyl-JeriwUive ; colourless needles, m.p. 

foso- (D.). 

2-CMoro^Z : S-dinitrO’-p-ioluidine ; by the 
_-^nal a<Wtion of 2-chloroaceto-p-toluidide to 
nrell-coolea nitric acid (D 1*5), keeping for C 
Ibours, followed by hydirolysis with cold sul- 
huric acid (Davies, ibid. 1921, 1 19, 808). Thin 
lolden-yellow needles, m.p. 137". 
AcHyl^derivative ; colourless leaflets, m.p. 
* (D.), 

2-BronuhZ-nitro-p-toluidine ; by nitration 

hydrolysis of 2-bromoaceto-p-tolu]did6 

Blanksma, C^iem. Weekblad, 1912, 9, 968). 
ige-red needles, m.p. 165". 

Acdfd^dirkaiive ; yellow needles, m.p. 

MB.), 

; S-Brome-S-nAro-p-lofi^tne ; by nitration 
hydrolysis of 3-bromoaeeto-p-toluidide 
If roblewsk^, Ann. 1878, 192, 292) ; by bromina- 
and nitration (or etes ver^) of aoeto-p- 
ide, followed by hydrolysis (Nevile and 
w, Ber. 1880, 13, 968 ; Chem. Soc. Trans. 
,37^ ^}. Oron^-ied needles, m.p. 64"- 
' (Cmn am Dutt, Chem. Soc. I^s. 1914, 

; imp. 210" (C. and D.); 

laige greenish-yellow taUes, 

79" (DUhit and JwMon, Ber. 1894, 27, 


Soo; Trans. 1905^ 87, 948), or I18"4l9" (Cohen 
and Butt, ibid. 1914, 105, 515). 

hy bromi** 

nation of 2-nitro-p-toliiiaiiie (Blanksma, Chem. 
Weekblad, 1909, 6, 717). YeUow ciystab, 
m.p. 82". 

AceiyUdmvaim; by nitrat^ 3 : 5-dibromo« 
aceto-p-toluidide with fuming nitric acid 
(KunekeU, Ber. 1908, 41, 4111); hy aoetylatii^ 
3:5-dibromo-2-mtro-p-tolufdine with acetic 
anhydride and a drop of sulphuric acid (B.). 
M.p. 238". 

3-Bromo-2 : 6-dinilro-p-lolaidtne; together 
I with a little 3 : 5-dibromo-2 : 6-dinitro-p-tolm 
idine by the action of bromine on 2 : 6-dimtro-pi> 
toluidine in presence of sodium acetate and 
acetic acid (Korner and Contardi, Atti R. 
Acoad. Lincei, 1916,[v.]25,ii.339). Pale yellow 
prisms or short ne<^es, m.p. 174". 

Ac^yUderivative ; almost colourless plates, 
m.p. 151" (K. and C.). 

3 : 5‘Dibrom{h2 : 6 • dinitro - p - Uduidine; by 
further bromination of the 3-bromo-derivative 
(K. and C.). Pale yellow prisms, m.p. 177®. 

Ac^yl-deritxUive ; m.p. 265®-267", by nitrat- 
ing 3 : 5-dibromoaceto-p-toiuidide with fuming 
nitric acid in presence of sulphuric acid (Kunckell, 
Ber. 1908,41,4111). 

5-JodO‘Z-nitro-p4oluidine ; by waanDoing 
nitro-p-toluidine with iodine chloride in glacial 
acetic acid (Wheeler and Scholes, Amer. Cbm. J. 
1910, 44, 126). Golden needles, m.p. 98". 

Acetyl-derivatim ; by aoetylating the above 
(W. and 8.) or by nitration of 5-iodoaoeto-p<» 
toluidide (\Vlieeler and Liddle, tbid. 1909, 4^2, 
441). Prisms, m.p. 202"~203". 

MMtfUp-Uduidine by methylation wfth 
dimethyl sulphate (Ullmami, Ann. 1903, 327, 
104); together with dimethyl-p-tolukUne by the 
action of methyl chloride on wiling p-toiiodiiie. 
The product is extracted with ethw and the 
unchanged p-toluidine precipitated by snlphurie 
acid. The remainder of the product is aoetyl*t^ 
fractionally distilled, and the ^acetyl-denvative 
hydrolysed with dilute hydroohlorie add of 
s^um hydroxide (Thomsen, Ber. 1877, 10, 
1582); by the reduction of nitrosomethyl-p» 
toluidine with tin and hydrochloric acid 
Ber. 1878, 11, 2279); from p-tolumine and 
diaxomeihane (von Pechmann, tbtd. I899| 

858), Liquid, b.p. 208" (T.). BH0, imp.. 
119*5" (Bamberger and Wulx, ibid. I891« 2^ : 
2081); B'H.BCl,. \ ■ 

Ace^^dmvaim; large platee, imp. ; 
b.p. 283". It yiekls trinitromethyl-p4middinq^.^ 
on boiling with nitrio acid. 

NUroioamine: large prfems, in.pw M" (T.K 
or 52"-63" (B. and W!). 

2-NUrmMtkyhp-tduyiine: by nitnUop ol ^ 
methyi-p-tolttidine in meeenoe of snlphtaie add 
below 0" (Ptnnow, Ber. 189S, 28, 
methylation of 2*nitro-p-tohudine (laimerfc, *:: 
BuIL Boe. (him. 1899, (3) 21, 10). tMK:: 
crystals, m.p. 45" (J.). or stente iMt 


by diwolvifig 
t oti m 34g^o-p4ofaidbe nitrite in 
add at —10" and keeping 
r 04 dmTChns and Herhahny, Anm 189L 


BulL Soc. dum. I8W, <3) 21, t^. tM; 
(UTital*, nup. W ( or Header iMi aweaw «ie:‘ 
Uiiok priuu, ai.p. ITf* (P.). 

ailrmmmi eh a dar pdhnr nnrrtka nf 
tldcic M- (P.). 


4Miim: hm %b 
toikfe. uA ■HM' . 





m muEKE. 

of niMd aeid on p-tolylmethyl nitroamine in I iuldcadd(NortonindIiremore,Ber. 1887j^ 


piMnofi of aoetio add (Pinnow, Ber. 1897^ SO, | 
S35); 1^ oxidation of S-nitrodimethyi^p-toiu- 
idine with dixomio acid in acetic acid (Pinnow, 
It. mi ; J, 2 »r. Chem. 1900, (2) 02, 514). Bed 
pdaam, m.p« 84*^--85'' (Q). 

Acti^’derivalive: small plates, m.p. 

yellow crystalline preoipit^ m.p. 


• i by the action of fnmmg mm»m 
on 3 : 5 -dimtioctoeliiyl-p-toliiiafe (Rnnw 
and Sfotoovioh, for. 1898, 
gradual edition of 60 o.c. nitno add (D 1^) 
to a solution of 5 o.c. of dipaeUiyl-jg-to tuidme 
in 5 e.c. of glacial acetic acid (Van Bommngii, 
Ber. 1896, 29, 1016) ; by^ the action ; of 


yeuow crysuuiuie pjreuiuiwoe, m.u4 joor. lovu, , -y -- --- 

210®-212** (decomp.) (NiementowAi, Ber. 1887, nitrous add on a solution of 3-nitrodimeth;w-p* 
20, 1876). toluidine in 40 p.c. nitnc acid (Pinnow, ^r. 

(y) 2 : 3-I>initromethyl-'p4duidine ; see below 


fPinnow). Long orange-yellow plates, with a 
Muiah shimmer, m.p. 1 58^-1 59*5^ On treat- 
ment with nitric acid (D 1*62) it yields trinitro- 
tolyl-p-methyl nitroamine; with alcoholic am- 
monium sulphide, y-nitroaminomethyl-p-tolu- 
idine; with tin and hydrochloric acid 2:3- 
diaminomethyl-p- toluidine (Pinnow, J. pr. 
Chem. 1900, (2) 62, 507). 

Aeetyl’derivative ; bright yellow needles, 
m.p. 90*6*^; benzoyl-derivative; m.p. 110*6^ 
Nitrosoamine ; yellow needles, m.p. 128°- 
128-6° (Pinnow, Ber. 1897, 30, 840). 

ifi) 2 : 6-DimtromeiAyl-p’toluidine ; the nitra- 
tion of dimethyl-p-toluidine in concentrated 
sulphuric add and further treatment of the 
product with nitric acid in the presence of sodium 
nitrite yields d,initrotolylmethyl nitroamine. 
The latter on boiling with phenol and sulphuric 
acid in the presence of amyl alcohol yields a 
mixture of 2:5- and 2 : 3-dinitromethyl-p- 
toluidine (Pinnow, Ber. 1895, 28, 3040; 1897, 
30, 836, 840; J. pr. Chem. 1900, (2) 62, 507). 
Al^ formed by the oxidation of dinitrodimethyl- 
p- toluidine (m.p. 103*5°-104°) with chromic acid 
and acetic acid (van Romburgh, Rec. trav. chim. 
1889, 8, 248). Bright red prisms with a greenish 
re6ex, m.p. 184*5°-185*5°. On reduction with 
alcoholic ammonium sulphide 2-amino-5-nitro- 
methyl-p-toluidine is formed; with tin and 
hydrocldoric add at low temperatures it yields 
2 : 6-diaminomethyl-p-toluidine, and at higher 
temperatures met%ldiaminocresol (Pinnow', 
J. pr. Chem. 1900, (2) 62, 607). 

Aedyl-derivative ; bright yellow needles, 
m.p.l61°(P.). 

Nitrosoamine; m.p. 123M24° (P.). 

(a) 3 : ^-Dirntromel^yl-p-UilluidiM ; by nitra- 
tion of methyl-p-toluidine (Thomsen, Ber. 
1877, 10, 1582; Gattermann, Ber. 1885, 18, 
1487); by boiling 3 : 5-diDitrotolyl-p- methyl 
nitroamine with a little phenol (Van Romburgh, 
Ifer, 1896, 29, 1015); by the transforma- 
tion of the N-methylester of 3-nitro-p- toluene 
^troamine with acids (Bamberger and Voss, 
^er. 1897, 30, 1258); by the prolonged 
action of nitrous acid on methy]-p-toiui<£ne 
fStdrmer and Hoffmann, Ber. 1898, 31, 2535) ; 
by die tcandormation of an alcoholic solution 
of 3 : 6-dinitro-4-nitromethylamino-toluene in 
presence of sunlight (Reverdin, Bull. Soc. dum. 
1913, [4] 13, 486; J. pr. Cliem. 1913, (2) 88, 
90). ^ht xed ne^es, m.p. 129° (Q.), 

Nikasoamine; yellow needles, m.p. 125° 
bUermann), or 128°-128*6° (Van Romburgh; 
imow, Ber. 1897, 30, 840). 

aeHon of nitiic 


1895, 28, 3044) by difflolving mettyl-jf-tofyl- 
nitrosoamine in a mixture of aoetio acid and 
nitric acid (D 1 '4) with cooling (Pinnow). Ye^ 
serrated needles, m.p. 126“ (P.), or 138 (VanR.). 

2 : 3 : 5 -J'm»<row«<*yl-p-toltMdtn*; by Wil- 
ing a mixture of 2 : 3 : 0 -triidtro-^-tdylmethyl- 
nitroamine, phenol, sulphuric acid, and ainyl 
alcohol (Pinnow, Ber. 1897, 30, 838) ; by 
nitration of mono- or dinitromethyl-p-toluidine 
(Gattermann, Ber. 1885, 18, 1488). Orange-xed 
needles, m.p. 129*5°-130° (P.), oryeUow needles 
or large prisms, m.p. 137°-138° (G.). 

NUrosoamine ; yellow plates, m.p. 108 - 
109° (P.). The nitroamine is obtained by heating 
2-nitro-p-tolylmethylnitro8oamine with nitric 
add (D. 1*52) at 100°. It melts at 156*5°- 
157° (P.). 

Dimethyl-p-toluidine ; together with isomer- 
ides and homologues by heating the trimethylam- 
monium iodide, CjH 5 N(CH,)|I, at 220°-230° 
(Hofmann, Ber. 1872, .5, 707) ; from p-toluidine, 
methyl iodide or methyl chloride (Thomsen, Ber. 
1877, ‘ 10, 1586 ; Clarke, Amer. Chem, J. 1906, 
33, 496) : by beating its trimethylammoniom 
iociide with water and lead oxide and distilling 
the product (Hubner, Tolle and Athensiadt, 
Ann. 1884, 224, 337) ; togetlier with dimethylene- 
ditoluidine by the electrolytic reduction of p- 
nitrotoluene in presence of alcohol, hydro- 
chloric acid and 40 p.c. formaldehyde (I3b» 
Zeit. Elektrochem. 1898, 4, 428). Liquid, b.p, 
209*5°/ 760 mm. (Kahlbaum, Zeitsefi. p^kal. 
Chem. 1898, 26, 623. 646), or 211*2° (Perkin, 
aem. Soc. Trans. 1896,69, 1245), 0-92870 

(K.),L*.“ 0-9502, Dj|I 0-9424, D||t 0-9364 (P.) ; 
magnetic rotatory power at 16*4° 22*84 (P.). 
Refractive power, su Briilil (Zeitsbh. physikaL 
Chem. 1895, 16, 218). 

Dimethyhp-Uduidine oxide ; by the action of 
hydrogen peroxide on dimethyl-p-toluidine at 
60°-70° (Bamberger and Tschirner, Bmr. 1899, 
32, 353). PicfoU; sulphnr-yellow needles or 
prisms, m.p. 106°-107°. 

2-NUrodmethyhp-Uduidine ; by niiratlofi of 
dimethyl-P'tolnidine (M. L. B., D. B. P. 69188 of 
1891 ; cf, Morgan and Clayton, Cbem. Soc. Trana. 
1905, 87, 947); by meroylation of 2-niirt>-|h“ 
toluidine (Haibaoh, J. pr. Chem 1902» (2) W, 
246). Orange-red prisms, m.p. 35* (H.), or 
37°(M.andC.). 

2-Nitrodmethyl-p-(6lwdm; by the action 
of a concentrated aqueous aolntiDn of aodlmii 
nitrite on a solution of dimeibyl-p-Udttiditie In 
hydrochloric acid (D 1*06) (Pinnow, Bee. 1895, 
28,3041; 1897,30,3119). Six-sided oidunmi, 


mdhylnUrot^ine; by the m.'pr^*5°-25°.' W'rodttotion with tin md 
(D W8) on ^©thyl-p- hydrochloxioacidamixtm{d^6inethylt<^^ 


tidnldineORpn Eoxnbtu^, Rec. tiav. bhim. 1884, 






taubmm. 


m 


toluidins #f(i lor 8 |i^ «t 

140M90^ Xho^midtflbt ini]^ is treated 
with ftOQtie to hny anaitec^ 

base or seootidaiy amoel pforgao uid daytoa, 
2,c.}. Yellow oeedleiii ia.p/8^» 

3 : ; by the action 
of 30 p.o. nitiie add on a sohitlim of diineihyl-ii- 
tolnimne diesolved in dilute snlphorio acid 

g Minnow and ISatooTicht Ber. 1898« 31, 2518). 

right red needles or four-sided prisms, m.p. 95^ 
With fuming nitric acid it yields 3 : 5-dmitro- 
tolyl-p-methyl nitroaminc, m.p. 138^-139^ 
2:5- JHTUtrodimethyU'p* Muidine ; together 
with other products by the action of sodium 
nitrite on 2-nitrodimet^l-p-toluidine dissolyed 
in hydrochloric acid (Finnow, Ber. 1895, 28, 
3041); together with 2-nitrodimethyl*p-tolu- 
idine by nitrating dimethyl-p-toluidine and 
pouring the product into water so that the 
temperature rises to 30*’-40^ (M. and C.). Glisten- 
ing red plates, m.p. 103-5^-104° dark red 
needles, or scarlet scales, m.p. 103° (M. and 0.). 

E^yl’-p-toluidine ; from p-toluidine by heat- 
ing with hydriodic acid or hydrobromic acid and 
ethyl alcohol (N. and L.) ; from p-toluidine and 
ethyl iodide by heatihg for 2 days at 100° 
(Morley and Abel, Ann. 1854, 93, 313). Liquid, 
b.p. 217°, D« »° 0-9391. B',HJS04 ; ; 

B sH^PtCl., pale yellow crystals. 

Acayl-ierivotive ; liquid, b.p. 258° (Norton 
and Livermore, Ber. 1887, 20, 2271). 

2^Nitroeihyl‘'p-toluidine ; by nitrating a solu- 
tion of p-ethyltoluidine in 20 parts of sulphuric 
acid (Ndlting and Strieker, Ber. 1886, 19, 549) ; 
by ethylation of 2-nitro-p-toluidine (Jaubert, 
Bull. Soc. chim. 1899, (3) 21, 20). Long flat red 
prisms, m.p. 47°-48° (N. and S.), or yellow 
needles, m.p. 50° (J.). 

S-Nitroethyl-^-iduidine ; by ethylating 3- 
nitro-p-toluidine (Gattennann, Ber. 1885, 18, 
1483); by successive nitration and hydrolysis 
of ethylaceto-p-toluidide in presence of sulphuric 
acid (Nolting and Abt, Ber. 1887. 20, 3000). 
Laigo bright red crystals, m.p. 58®-59°. 

3 ; 5-DinUroethyl-p‘t6luidine ; by nitration of 
S-nitroethyl-p-toluidine at about 30° (Gatter- 
mann, /.c., 1485). Long orange-yellaw nee^es, 
m.p. 126°-12fl-5°. 

Nitraeoamim; large yellow rhombic crystals, 
m.p. 77°-78° (Q.). ^ 

3 ; nUroatnine ; by add- 

ing diethyl-p-tolnidine to nitric acid (D 1-48-1-5) 
and boiling the solution until it becomes yellow 
^aa Bciinburgh, Rec. trav. chim. 1884, 3, 409; 
wyttonnann) by boiling ethylaoeto-p-toluidide 
wim 10 p.ej!^nitno acid (Norton and Livermore, 
Ber. 1887, 2Q, 2271). Long straw-yellow 
needles, m.p. 116°, On boiling with 4 p.c. 
sodium hydroxido it yields jinitro-p-cresol, 
.m.p. 83° 

IHsKil^p-fofatdiYic ; by heating potaamum 
l^kduldiim m-sulnhot^^ ^yl^T^de 
1^ ibsdlute akmiol at 150° (Schmidt, J. pr. 

1 ethyl-p-tolttidum 

^ ^ W (Morby and Abel, /,c.); in 
95 miD. yieU by heatueg p-toluidine hyto- 
famni^ w hydmodido witfi 5 n.c. excess of 
siMhid for a houm at 150° (fieinhardt and 


B'1B[&,foonodfobcmtsb$ FENO^^mcmoolinb 
crystsls^ B'HL crystab; B^HCraga«4-ia«0, 
trudfoio ctystals, The sidts are described by 
S55EUi«(JSlMbei^^ 1884, 463). 

Pbii^p-fofoidins; by disrilling tritolyl* 
rosaniline acetate (Hofmi^ Ann. 1864, 132, 
291); together with dip^n^wmine and ditolyl- 
amine by heating p-tolnidine and aniline hydro- 
chloride at 210-240° (Girard, de Laire and 
Chapoteaut, Ann. 1866, 140, 347; BoU. Soc. 
cMm. 1867, (2) 7, 360) ; by hating phenol with 
p-toluidine and zinc chloride, or p-cresol with 
aniline and zinc chloride at 260°-300°, or with 
antimony trichloride (Buch, Ber. 1884, 17, 
2634); by heating p-toluidine with hromo* 
benzene and soda lime at 360°-380% or p-htomo- 
toluene, aniline, and so^ lime in a shnibr 
manner (Metz and Paschkowezky, J. pr. Chem. 
1893, (2) 48, 455 ; see also Merz and WMth, 
Ber. 1881, 14, 2345). Ciystab, m.p. 87°, b.p. 
334-5° (H.), or 317°-318°/727-5 mm. (Giaebe, 
Ann. 1^7, 238, 363). Dissolves in nitrio acid 
with a blue colour. B'HCl, leaflets. 

Acetyl-derivaiive ; m.p. 51° (Bonna). 

Nitrodoamine ; slender yellow needles, m.p. 
82°(Boiuia, Ann. 1887, 239, 56), or 45° (Keichol^ 
Ann. 1889, 255, 163). 

j^-Nitroao-derivaiive ; blue prisms or talfles 
from alcohol, or green leaflets from benzene, 
m.p. 163° (Reichold). 

For condensation with nitrochlorobenienes, 
see Schopff (Ber. 1890, 23, 1843) ; Jacobson and 
Ldschke (Ann. 1898, 303, 377) ; Engelhardt and 
Latachinow (Zeit. f. Chem. 1870, (2) 6, 233) ; Will- 
gerodt (Ber. 1876, 9, 980) ; Hepp (Ann. 1882, 
215, 369) ; Jackson and Ittner (Amer. C2iem. J. 
1897, 19, 10, 199, 205; Ber. 1895, 28, 3068); 
Laul^nheimer (B^. 1878, 11, 1157); Bitzea- 
stein ( J. pr. Chem. 1903, 68, 251) ; Eehrmami 
and Kragler (Ber. 1901, 34, 1102). 

Di‘]^’tolylamin€ ,* by heating p-oresol with 
ammonium-ziuc chloride and ammonium chloride 
at 330°-340° (Merz and MtObr, Ber. 1887, 20, 
546) ; by heating a mixture of j^bromotoluene, 
p-toluidme, and soda lime at 390° (Merz and 
Paschkowezky, J. pr. Chem. 1893, (2) 48, 463). 
It melts at 79°, and boib at 328*5°/7i^’5 mnu or 
330-5°/760 mm. (Graebe, Ann. 1887, 238, 363). 

NUroMmiw ; m.p. 100°-I01° (LebWt Ber* 
1880, 13, 1544), or 103° (Cbsack, OuL 109$^. 
For its nitro-derivatives, see Lefimanp (Bmt. 
1882, 15, 831); Jaubert (ibuL 1895, 28, 1649) ; 
and Lehne (U). 

Anhydfo-fcfnuM%kyd% - p - ; ieem: 

formaldehyde and p-toluidiiie (WelUngtOB add 
ToUens, Ber. 1885, 18, 3302). It exbis in tm, 
forms : (a) readily solubb tom which 
Usee in long needles from ether, io.p. I27M2B* 
(Eihner, Ann. 1898, 302, 352) or m^(»MBiiisrdt 
and Welter, Ber. 1894, 27, 1804); (5) ffipsrifi|dy 
solubb form, m.p. 225°-<227° (E.), 

(E. and W.), The lower meltl^ SubeUaos Is 
converted on subUmaUon into, the hb^ 
melting modtfleation. Both fomis haye the 
same moboabrw«ig|Kt(BiBdbeit Bar. 1898^8)^ 
3253). 

Vot condensation with benzsidehwls 
potssi^im V(»»de, ees von Milbr, H&oU end 
Sbbwllbr. 1898, 81. 27)1). 


mixtae 
hjnbmDUb, 



OoSi 
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' Wd^tar, Ber. 1894, 27, 1808) ; by the action of 
fonnaldehyde on an alcoholic solution of p- 
tolniduie (Eibner, Ann. 1898, 302, 350). 

Rhombic tables, m.p. 86° (E. and W.) or 89° 
<E.). On heating with p<tolmdine or on long 
boinng with alcohol it yields anhydroformalde* 
f-tolnidine, whilst on heating with p* 
toluidine hydrochloride it yields diaminoditolyl* 
methane, silky needles, m.p. 92°. It is also 
stated that two compounds possessing the con 
sUtution (CHj'CeH^’NHlgCHj, are formed by 
heating 1 mol, of methylene chloride with 4 mols. 
of j>-toluidine for 34 hours at 100°. One is a 
symp, b.p. above 350° with decomposition and 
forms iSkB salts, B'HCl, B'jHgPtCl*, and 
B'HAuCl 4 , all of which are amorphous. The 
other is an amorphous solid, m.p. about 156°, 
b.p. above 350°, with decomposition. AH the 
salts of the latter with the exception of the acid 
oxalate are amorphous and unstable (Grtinhagen, 
Ann. 1890, 256, 286). The same author states 
that di-methylene<di-p- toluidine is sometimes 
formed during the above reaction. 

Tolylgp-hydroxylamine ; by reducing p-nitro- 
toluene with zinc dust in the presence of aqueous 
alcohol and calcium chloride (Lumi^re and 
8^witz, Bull. Soc. chim. 1894, (3) 11, 1040; 
Bamberger, Ber. 1895, 28, 245, 1221); by 
oxidising p>toluidine with a pcrsulphato in 
presence of ether and in contact with ice (Bam* 
Deicer and Tschirner, Ber. 1899, .32, 1677 ; »ce 
also Wohl, Eng. Pat. 11216 of 1894; Fr. Pat. 
23917.3 ; D. K. P. 841.38 of 1893 ; Kalle & Ok, 
D. R. P. 89978 of 1895). LeaHet.s m.p. 92°-^93° 
(L. and S.), 93-5°-91° (B.). At 115° it decom- 
.poses into p^azoxjtoluene, and w'hen warmed 
with dilute sulphuric acid it Yields p-azoxy* 
toluene, p-cresol, amino-cresol, p-hvdrotolu- 
quinone, and a little p^toluidine. Oxidation 
with chromic acid yields p-nitrosotoluene. On 
treatment with thionybaniiinc in benztme 
solution it yields p-toluidine phcnylsulphona* 
mate, white plates, m.p. 236°, and* (probably) 
o-tolaene-azo*p-toluene, m.p. 68°-72° (Michaelis 
and Petou, Ber. 1898, 31, 988). 

NUroso-p4dylhydraxylarnine ; from p-nitro- 
tolnene and hydroxylamine in presence of 
frodiiim ethylate (Angeli and Angelico, Atti R. 
Accad. lancei, 1899, (v.) 8, ii. 28) ; from p-nitroso- 
toluene and the sodium salt of nitrohydroxyj- 
aminic acid (Angeli and Angelico, ihid, 1901, (v.) 
10, L 167). Leaflets, m.p. 69°-59-5°. 

2-NUrcikdyh^-hydroxylamii^ ; by electro- 
lytic reduction of 2 : 4-din itrotoluene in nearly 
► ■autiai solution (Brand and Zdllcr, Ber. 1907, 
40, 3324). Compact yellow crvsials, m.p. 99° 
(B. and Z.) or 106° (Burton and Kenner, C^em. 
Soc. Trans. 1921, 1 19, 1052). 

2 ; B^DinUroUdyUjt^hydroxylamine ; together 
with 4 : 0-dinitro-o-toluidinc by reduction of 

4 : 6*trinitrotoiuene in cold alcoholic ammo- 
niaeal solution with hydrogen sulphide ^ Anschiitz 
and Zimmermann, Ber. 1915, 48, 152 ; c/. Cohen 
and Bakin, Cbem. Soc. Trans. 1902, 81, 27; 
Cohen and McCandlish, ibid. 1905, 87, 120.5) ; 

with 4 : 6-dinitrotolyl-o-hydroxylamiiie 
by laducing 2:4: 6-trimtrotoluen# in* almost 
l^ntral solntioxi at a silver cathode (Bxand and 
Eaenmenger^ J. pr. Chem. 1913, (2) 87, 487 ; 
Ber. 191^49, 673). It melts at I35°~I36°, 
«d IS converted by boilttig concentrated 


hydrooliloric aoid ifto 2 : 0-dinltro-jp-tolnldiab 
and 2 : 6-dinitro-4-azoxytoluene. ^ 

o-TditidimZsuli^ieacid: byroduotionof 
2*nttrotoluene 3-sulphonic aoid (von F^hmann, 
Ann. 1874, 173, 216) ; from tolyl-o-hydiwyl- 
amine and sulphurous anhydride (Brotschneioerf 
J. pr. Chem. 1897, (2) 56, 291). Microsoopio 
needles. The aqueous solution lonns an 
intensive reddish-yellow colour when warmed, 
with ferric chloride. ^ ^ 

o- Toluidine i-sidphonic acid; by redurins 
the corresponding nitro-acid (Bek, Zeit. f. Chem. 

1869, (2) 5, 211 ; Beilstcin and Kuhlberg, Ann. 

1870, 1.55, 21) or o-nitrotoluene p-sulphonyl 

chloride with tin and hydrochloric acid (Reverdin 
and Cr^pieux, Ber. 1901, 34, 2903) ; sulphonation 
of o-toluidine sulphate with 30 p.c. or 60 p.c% 
fuming sulphuric acid (Claus ana Iromel, Aim. 
1891, 265, 71; c/. VVcckwarth, ibid. 1874, 172, 
193; Hayduck, ibid. 1874, 172, 204; 1874, 

174, 343 ; Wynne and Bruce, Chem. Soc. 
Trans. 1898, 73, 74.5). Ix)ng need^les or four- 
sided prisms. The aqueous solution forms a 
dark violet coloration with ferric chloride 
(Herzfeld, Ber. 1884, 17, 904). With bromine 
it jields a dibromo-dcrivative. NaA'-fH^O, 
small lustrous scales (W. and B.), -fSHiO 
(C. and I.). -f4H,0 (B.); KA'-j-HjO (W. and 
B.) ; (;aA'g-f OHjO, small prisms ( W. and B.) ; 
BaAjji-2iHjO, tables (W. and B.); PbA',, 
anhydrous (H.). 

Amide; by reduction of 2-uitrotolueoe 4- 
sulphouamide with ammonium sulphide (Paysan, 
Aim. 1883, 221, 210 ; r/. Heverdin and Ondpienx, 
/.e.). l.iarge four-sided columns, m.p, 176°. 
BTICI, long silky nwMiles, m.p. 240°. 

o- Toluidine ChStUphonic acid; by heating 
o-tolui^e with fuming sulphuric acid at 160°* 
180° (Gender, Ann. J873, 169, 374),or a-toiuidine 
ethylsulphate at 200“ (Paged, Ann. 1876, 176, 
292) ; by reducing 2-nitrotolueiie 6-sul|ihoiiio 
acid with amnumium sulphide (Foth, Ann. 
1864, 230, 30ti) ; by berating o- toluidine hydrogen 
sulphate at 220 -230" (Neviie and Wintber, 
(-hem, Soc. Trans. 1880, 37, 626; Wynne, 
ibid. 1892, 61, 1037 ; cf. (3atts and Immel, 
Ann. 1894 26.5, 67) ; by heating di-o-tolyiurea 
at 150° with concentrated sulpfaurio acid 
(Cazeiieuve and Moreau, Bull. Soc. chim, 1898, 
(3) 19, 23). Large inonocliiuc prismatic ciyaUls 
-fHjO (Zepharovkh, Ber. 1888, 21, 1803; 
r/. Hasse, Ann. 1885, 230. 287) or ndedlos 
(Wynne). NaA'-f 4H,0, tables (N, and 
W. ; Wynne); KA'4 11,0, tables and prisaiii 
(^^ and W.) ; BaA4-f 7H,0 {N. and W.; fVrtli) ; 
PbA „ long flat prisms; AgAV M^ydfOttS 
prisms. 

The aqueouH solatiun when treated with • 
itUc l,ad peroxide in coburMi KMw>ted. then 
gmn and iinidly, on adding more lead pMoxide. 
blackish-violet. On bromination it yteMs aitmo* 
bromo-o-toluidioe 6-sulphonic acid attd S:fi- 
dibromo-o-u»lubine. On nitrathm the ehkf an- 
duct is 3 ; b-diatbv-S-nihniiM.aololMae, 
xpkwive ciystals. m.p. 92* (Zincke and Jauio. 
mesius, Ann. 1905, $39, 203). 

o-Tobtidine Z i b-dbmdfbimic acids tar na " 
pi^ttiig 2.toltiU^ Z-mdfbOBic oM « 

(NeiiBe and WiatlNV, ChMib 
Soc, Traaa. lSg2, 41, 421 $ Bmv l«a tt. tiitt .; 
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Hawe, Aon. 1888, 880, 818 i ' V* Wjnuia and 
Brace,. <a»m. 8^. Traas,. 1808, 73, 731). 
fjB^nAtf xwe^ '4-l^tO. .Seooinpo^ at 
aUf, forming {‘totnidiiie SiHiMbonio acid. 

m» {Me Hmm). Ka,A''+0Hi,p, tabbi; 
K,A" (ankydroaa) (W, and B.h ]^^'+2H,0, 
monominfo datee (H.)} CaA*+6H,0, tablee; 
BaH,A",+3iH.O, mimosoo^ needlee «w 
ftkimi iaA’^3H,0, triolinio ctystjfo; PbA", 
+6^H,0, ^nadiatio ^isnu; PbA"+2H,0, 
columns. 

Chioride, pale yellow piismatio oitbUIb, 
m.p.95‘’(W.BndB.),l32'’(lL). 

o-Toluidim 4 : acid; bjr sul* 
phonatmg o*tolaidino 4-sulphonic acid» linally 
at 180® (Wynne and Bruce, Needles, 

K-A" 4-21120, thin scales ; KjA", short slender 
annydrous needles; BaA”-fliH|0, small thin 
scales (W and B.). 

B*Bromo-o-toluidin€ ^-stdpkonic acid ; by 
brominating o4oluidine fj-sulphonic acid (Nevile 
and Winther, Ber. 1880, 13, 1942 ; Chem. Soc. 
Trans. 1880, 37, 429, 625 ; Claus and Immel, 
Ann. 1891, 265, 68 ; Wynne, Chem. Soc, Trans. 
1892, 6, 1037). Lustrous needles or nriams 
On heating with water or hydro- 
chloric acid at 160® a mixture of bromo-o- 
toluidine, m.p. 56®, dibromo-c-toluidine, m.p. 
46®, and a liquid bromotoluldine is obtained. 

KA', anhydrous thin scales (W.); NaA' 
-f I8H2O, sm^ rectangular prisms, which rapidly 
lose n^HjO on exposure to air ; BaA'2-f SnjO, 
long lustrous needles (C. and 1. ; W.). 

ragel (Ann. 1875, 176, 200) by heating 0- 
toluidkie with sulphuric acid obtained o-tolu- 
idine sulphonie acui, the amino-group of which 
was replaced by bromine, and the bromosulphonic 
acid nitrated and r^uced. The product 
fonned microscopic prisms ; BaA't+^t^* 
needles; whilst Oerver (Ann. 1873, 169, 380) 
by treating an aqueous solution of o-toluidine 5- 
sulphonio acid with bromine obtained a dibromo- 
o-toittidine 5-sulpfaonic acid together with a 
tribromo-c-toluidine, m.p. 112®. The former 
compound yielded BaA*2-f4H,0, long needles; 
PbA%-f 3H2O, needles or prisms. The validity 
of the latier author's work is questg^ned by 
NevUe and Winther. 

3 ; 5‘Dibromtho-tduidine i-mUphank acid ; by 
brominating o-toluidine 4-sulpbomc acid (Hay- 
dock, Ann. 1874, 172, ^11). Long slender 
needfes +HtO (see also Komatzki, Ann. 1883, 
221, 191); SaA'i-fQHiO, aggregates of small 
needles (IL). 

4- /o^o*<Dlt»idiiie 5-stdpltonie acid / by heat- 

ing diaaotised 2-mtro-p-tolttidine O-sufphonic 
acHHl udHi eonc^rated hydriodio acid (Foth, 
Am. 1865, 830, 308). Slender silky needles 
4 -HsO { Bm ihombio plates. • 

5- Jfilro-o-tMUidifie f^-mpkonk acid ; by ni- 

tmtbm aoei^^l-o-tolttidine 5-8ulphonic acid 
(NMuri and FoBi^ Ber. 1890, 138) ; by 

naatii^ aceto-o-tolui^e with 3 parts oi 80 p.e. 
f sidjpbiirio add at 100^ and nittmting the 
om pVDonot with mixed adds (Onehm and 
mmm, Am im, m, 105). SmaU yeUow 

dilute s^urio add 

it yiwaB 3-i>Kro-o-tidBidiiw. 

, hytnm- 

ing |qr4BaMi’«ii^j^ into m wnmowori 
mm ^|iA-4htopta^ mU 

Ili^' jigTondw 


needlm. KA\ leaflets ; CaA[|, needles ; BaA\ 
4*8|9|0, needles; AgA'-fi^O, needles. 

MMyl-o-ioiuidin$ 4*maphmk acid; by 
treating methyl-o-tohildine with 30 p.e. fuming 
sulphuric add with cooling «id thmi heating 
to 50® (Onehm and Blumer, Aim. 1889, 304, 
109). Leaflets or talfles. NaA% leaflets ; 
BaA%4'2H20, small irregular crystals. 

Acciyhamvaiive ; by acetylation of the 
amino-acid or sulphonation of methylaceto-o- 
toluidide. BaA^p, flat prisms (O. and B.). 

Methyl-o-Udwdine {1)^^ank acid; by 
sulphonation of methyl-o-tofusdine with mono- 
hydrate at 180®-210^ (G. and B.). Needles. 
BaA'2, readily soluble in water. 

IHmdhyUo-ioluidine {^)*mdpkonk acid; by 
heating dimethyl-o-toluidine with 4 parts m 
sulphuric acid at 180®~210® (Miomer and 
Sampaio, Ber. 1881, 14, 2168). Large glistening 
prisms which become opaque on exposure to air. 
CaA^i, nodules ; BaA%, leaflets ; ZnA'2, 
needles. 

m-Toiuidine 2-suipAo»ifi acid ; together with 
m-toluidine 2 : 4-di8ulphonic acid by heating 
m-toiuidine with fuming sulphuric acid At 160®- 
175® (Lorenz, Ann. 1874, 172, 185). The 
products are separated by crystallisation from 
water in which the disulphonic acid is more 
soluble. 

Rhombic tables or leaflets, charrtim above 
275® without melting. 
tables or long prisms ; PbA'i+^AHtO, noduka. 

m-Toluidine 4-sulphotiic acta; 2-broiiioto- 
luene 4-sulphonic acid is nitrated, reduced and 
then treat^ with sodium amalgam to remove 
the bromine (Hayduck, Ann. 1874, 174, 350). 
Microscopic needles. BaA\, amorphous; FbA^2* 
voluminous flocks. 

6-ChlorO’m-toluidinc i-culphonk add; bv 
reducing sodium 2-chloro-5-nitrotolnette p-sul- 
phonate with iron fllings and dilute aoetio acid. 
Thin small colourless anhydrous plates which 
turn red on exposure to air and light (Davies, 
Chem. Soc. Trans. 192), 119, 865). 

m- Tduidine 2 ; 4-di^pkMtc acid ; heai^ 
ing m-toluidine with fuming suMurm acid 
(Lorenz, Ann. 1874, 172, 185). Oii| sa^hoBio 
group is removed readUv with formatloii of 
m-toluidIne sulphonie aci^ BaA''+18K7)H|0, 
needles ; PbA''4;2H20, crusts. 

Acefo-p-tolutdtd^ 2-sidjAtukaetd,smaUeo^ 
less neeefles, m.p. about 160® (decomp.), li 
obtained by the action of aqueous soman 
sulphite on aooto-p-toluidide-2-sttlphoityIcUcsUe 
(Johnson and Smiles, Chem, Soe. Trans. 1888^ 
123, 2384). ' 

p-Taluidinc2-cidphonkadi; together vritli 
p-toluidine 3-fralphoitto add and 
disulphonic acid by heating p-tohiittBe vM 
fuming sulphuric acid (Sdl, Anm lMSi l86,Sii8| 
Malysehew, Zeit. I Omm. 1869, (8) 8» 
reducing 4-iubrotolQene S-sulphom add (Bsu* 
stdn and Kuhlberg, Ann. 1874^ im tili 
Wynne and Gbem. 8oc« Tmm. 1868, ^ 
713 ; ct Brackett and Hayes, Aioer, 

1887, 9, 400): from jp^mtiotdas^ 

Ann. 1874, 1^ 838) ; ^ hsatfng di^j 

with ooncenAtted submiizio add at t 

(OaMDsave and Mor^ BdLSee. ddni. 18 
(8) 19, 88). Honodinio ciystsb -f H|0 (Xsjj^ 
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* 1*1 ^ aqnooua solution is 
o«o»»a jmlourish-ted on troatinant with lead 
, ai^ witii ferric chloride a bordeaux* 

^ is modnoed on wanning (Janowsky 

^ Hemia^jBer. 1888, 21, 1217). It redact 
immoniftcal silver solution forming a minor, 
lu , and boili^ with absolute 
woohol toluene o-sulphonic acid is form^ 

*“*• ®5 Jenssen) and 
^thyoxytoloene o-sulphonic acid (^msen and 
P^aer, Amer. Chem. J. 1886, 8, 245). KA'. 
fei^ots or prisms; BaA',+H,0, leaflets; PbA' , 
oiystalline powder. 

Aee^l-derivaiive ; by sulphonating aceto- 
p-toimdide; acetyhuiphonykhlonde, m.p. 124®: 
o^UulfiumaniMe, m.p. 220“-221‘’ (Zincke and 
BoUhauser), or 230® (Johnson and Smiles, Chem. 
Hoc. Trans. 1923, 123, 2384). The acetyl 
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ing p-totuidine 2-suIphony] chloride with ehloro* 
sulx^onic acid at IdO® or with fuming crulphonto 
aora at 180^ (Richter, Ann. 1885, 280, 881; 
Wynne and Bnn;e, Ohem. Sooa Trans. 1888; 
73, 743). Long silky needles +2^gO, hydro* 
lysed at 200® with formation of p*toluldliie 
2<Bulphonio acid. 

K,A"+2H,0, long needles; BaltA''. 
+JH,0, nodules, +IJH80, silky needles; BaA^ 
+H 2 O. tables; PbA'^-f-liHaO. 

p-Tphiidim 3 : 6‘di^phonio acid ; by heat- 
ing p-toluidine with fuming sulphuric acid at 
200® (von Pechmann, Ann. 1874, 173, 217) ; by 
heating p-toluidine 3-sulphonic acid with chioro* 
sulphonic acid for 2 hours at 120® and then for 
2 hours at 140®-! 00®, or by heating with 
fuming sulphuric acid for 1| hours at 160® 
(Richter, Am. 1880, 230, 316), The product 


li T* 1 * acetyl- (J:ticiiter, Ann. ItJBO, 230, 316). The product 

cnionde when reduced with zinc dust obtained by the latter author was originally 
setyiammo-o-tolvlmercantan. 0.0®. rf%crA.rdAd na o . 
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•' *’®cetylamino-o-tolylmercaptan, m.p. 95®, 
wnich, on hydrolysis, yields 4-amino-o-tolyl- 
mercap^, m.p. 47® (Hess, Ber. 1881. 14. 488, 
) (Zincke and RoUhauser, Ber. 1912, 
4o, 1496 ; see also Johnson and Smiles, l.c.). 
Amide; by reducing 4-mtrotoluene 2-8ul- 
phonamide with hydrogen sulpliide in warm 
ammoniaxjal solution (Hetftor, Ann. 1883, 22J, 
208). Silky needles or pearly plates, m.p. 164®. 
JJy the action of nitrous acid on a mixture of 
the amide and concentrated hydrochloric acid, 
p*cmorotoluene o-sulphonamide is formed, and 
mth nitrous acid and alcohol toluene o-sul- 
phonamide is obtained. 

^’Tduidine 3-stdpfionic acid; by baking 
^tolwdine sulphate or hydrogen sulphate 
(Nev^and Winther, Ber. 1880, 13, 1947; Chem. 

^“1880. 37, 631; Wjune and Bruce, 
Caiem. Spc. Tium. 1898, 73, 739) ; together with 
p-tolmdine 2-8ulphonic acid and a disulphonic 


regarded as p-toluidine 2 : 3-disulphomc acid, 
but was shown by Wynne and Bruce (Chem. 
Soc. Trans. 1898, 73, 739) to be the 3:6.di- 
sulphonic acid. Microscopic needles -i-2H|0, 
converted heating at 200®, or with water at 
140°, into p-toluidine 3-8ulphonic acid. Salts 
Richter). K 2 A" 4 - 2 HaO, long acicular prisms ; 
BaHjA^j-f SHjO, nodules; BaA''+3H,0, leaflets 
or tables; PbA''-f2HjO, slender needles; 
PbA*. silky needles. 

Bromo^p-ioiuidine 2-eulp^o/tic acid ; by add® 
ing bronze to a boiling solution of p-toluidine 
2.suIphodic acid (Jenssen, Ann. 1874, 172, 234). 

KA'+H,0, prisms; BaA% 
“t-yHjO, prisms or noi^dlcs. 

^^)’BromO’p’toluidine Z-Bvlfihonic acid; to- 
gether with 3 : «5-dibromo-p-ioluidine by treating 
p-toluidine 3-sulpbonic acid with bromine (von 
P^hmann, Ann. J874, 173, 210; Kevile and 



1880, 37, 631). 
grouped needles 
needm -f IHiO. 


cMm. 1898, (3) 19, 22), 

« I' «nay be separated by 

wfebfe (Bi^, Ber. 1870, 3, 796; c/. von Ptoeb- 
•S"?*' means of the lead salts, that of 


,, , "'T t+4HtO, Sinai} 


, {^•)® Its aqueous solution gives a 

wne-red cofear with a little lead ^rorido 
1?“^!?^:?"* 2*' *804). On broSnation 

itrol^ Wttomo-p-toluidine 3-Bnlphonio acid 
ao® * • ^dibromo-p-toluidine (N. and W.). The 
nil^muo group » hydrolysed by water at 180®! 


u. jrvuuw lames. 

I^hyl-p^ioluidinc 2-milphank acid; 
imonatmn of dietbyl>i>.toJ^ditie at 18. 
(ocnmidt) ; by ethylation of potMHfaBt^ 
tdoi^ 2-rolphonato wiUt eUrol 
absolute alcohol at 160® (Si4ttidt), fUnM' 


212 ; 

«Wii«orystal8. * . -.r- - 
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2 : jMuoi^ 3- 
mtro*o*taliiime 'ffitb tan ati3J^dbEt>elucNrio «oid 
(Ldhnatuiy Amu 1883« 2^» 248} nr with hydr- 
iodio aeid (Oabnel and Thiune, Ber. 1918* 52 
1079). Oryatab, jn.p. 01®-68% bp. 255* (L.J 
or nup. 58^-64® (0. and T,). ^ 

6-c7MorO'2 : ^-Mus/knedumine ; by reducing 
6-ohloio*2:8-dinitrotoliiene with etaimotn 
chloride and hydrochloric acid (Ck»hn, Monatsh. 
1901, 22, 477); by reducing O^ohloro-S-nitro 
o-toloidine with aino dost and ammonium 
chloride in dilute alcohol (Morgan and Drew, 
Chem. Soc. Trans. 1920, 117, 788). Colour*-*" 
needles, nup. 46®-47®. 

Hydrochloride^ nacreous leaflets, deoom 
posing at 263® (M. and D.). 

AedyUdmvodive ; m.p. 201®-203® (M. and D.) 

^\^^Dkhloro^2:Z-iomyUnedia^ by re 
duoing 2 : 4-dichloro-5 : 6-dinitrotoluene (See 
lig, Ann. 1887, 237, 164). Leaflets, m.p. 110® 
On boiling with acetic anhydride for 25 houn 
it yields an a7ihydro4faae, m.p. 170®. 

4:5: 6-TrkAloro-2 : 2-toluylenediamine ; b] 
reducing the corresponding dinitro-compounc 
with stannous chloride in hot 50 p.c. alcoholii 
solution (Seelig, Ber. 1885, 18, 82 ; Prenntw^ti 
Ann. 1897, 298, 182). M.p. 195®-207®. 

Anhydro-base ; by boiling with aceti 
anhydri^ for 40-^ hours. Glistening browi 
needles, m.p, about 300® (S.). 

&*Sromo-2 : 2^tduylenediamine ; by succea 
sive bromination, nitration, hydrolysis, an< 
reduction of aceto-o-toluidide (Hiibner an< 
SchnpphauB, Ber. 1884, 1 7, 776). Small needles 
m.p. 59®. B'Hd, nee^es ; B'lH^SOi, plates. 

^•Nitro-2 : Z-toluyknediamine ; by reducinj 
3 : 5-dinitro-o-tolui^e with sodium sulphide 
Orange«red felted needles. 

Dtae^l-derivaiive ; obtained by warroini 
the base with acetic anhydride. Pale yelloi 
needles, m.p. 234®. When the free base i 
bmled with glacial acetic acid and formic acb 
it is converted into d-nUrO’2 : 1-dimethyl 
henzimintagoUf glistening needles, m.p, 18o^ 
and 5*niUro-7-rM&ylb€nzimimzole, white needlef 
m.p. 199®-200® 

6*CMor<u2-ffie%l-2 : 2-ioiuyhnediamine ; b 
reducing 6*chloro-3«nitromethyl-o*toluidine wit! 
sine dust and ammonium emoride in aqueou 
idcohoUe solution. Oil. B*HC1, coloorlee 
needles. IHaxomine, flesh-coloui^ prismatl 
needle, m.p. 238®-230® (Morgan and Jonef 
Chem. Soe, mas. 1921, 119, 191). 

,2 tZ^Tiduyhnodkmine b-aulphonic ocid; b 
iedtioing8*>nitroH(utoluidine 5 smphonic acid wit 
etannous chloride and hydrochloric acid (Nietal 
and J^Uini, Ber. 1890, 1»,X39). Needier 

2:4^2wfpbiisdfafiitns, m-Muyhnediamino 
by leducfaig 2 : 4-dinitrotoluene (Hofmani . 
Jidimberieht* 1861, 513) or 4*nitro.<Hta]uidin 
iid& tin and hydi^Uofie acid (Ndttiiig an i 
»tr, 1884, 17, 268); by treating 2 : 4 ^ 
dihitmbenhjrl ^hxride with ^ and hydroohlort : 
^ So« . 

UMlWf mi tSt)* Ung iitedlM, or rhombi 

ktim t^.l U 


lomiti iO. IWlier «ad Tnwt, Bn. 18921, IM, 
30SiJ. 

mti. M» Bffitauum; HeU «&d B<&oqhBer. 
1879. ^723. B'HCl (Bwntlnen and %om- 
petter.Ber. 1878, 11, 1799): B'2H€3»3'H,Bta,; 
B'2HBr; B'H'^4+2H,0, Img atonoolbuc 
minna (Steaan, Amt. 1868, 148, 167; «/. 
Beasts and KnUberg, Ann. 1871, 168, 261). 
Reactions aiih snlphnr, see Kalle and Co., 
D. B. P. 86096 of 1894; dayton Aniline Co., 
Eng. Pat. 4792 of 1900 ; B. B. P. 120604 oi 
1900; Cassella A Co., Eng. POt 11771 of 1902 ; 
U.S. Pat. 714642; It. Pat. 321122; D. B. P. 
139430 of 1902. 

With fonnaldehyde in nentnd aqueon. oi 
alooholio solntion it yields anhydrofonulid^- 
m-taivylenediamne, powder, nup. 160*-180”i 
whilst inacidsolntioD 3 : 3'>dimetliyl>4: 6 :4':6'' 
tetraaminodiphenylmethane, m.p. 203*’-204*, h 
formed (UUmann and Naef, Ber. 190(^ 33, 9l3 j 
D. B. P. 130943 of 1898). 

2-Aes^drnt»(i’t« ; hy reducing 4-nitH>' 
aceto-o>tolnidide, needles, m.p. 140” (Wallach 
Ann. 1886, 234, 360). 

4-Ace(jd'dertt!a(tas by prolonged boili^ 
of 2 : 4-toluyIenrdiamme with aoetio a<dc 
(Tiemann, Ber. 1870, 3, 221 ; Schiff and Ostro 
gorich, Ann. 1896, 293, 371), or by heat^ 
1 part of the diunino with j) jiart of aee t a roid i 
initiaUy at 110“ and finidly at 160“-170“ (8 
and 0.). Long yellow prisms or needles 
m.p. 161-5“ (S. and 0.) or 159*-160“(T.). 

Dioeetyl-derwative (Koch, Ann. 1870, 168 
132; Tiemann, Ber. 1870, 3, 8; Ladedbnig 
ibid. 1875, 8, 1211). Long needles, sup, 221’ 
(T.) or 224“ (L.). By boiling wilSh 1 moL a 
potassinm hydroxide 4-aoetamino>2-ainin6to 
luene is obtained (K.). 

Fomyl-derivotivt ; teanspaiest pyrandds 
m.p. 1I3“-114“; di/omjd-derieotisa: bnoehe 
of white needles, m.p. 176“-177“ (G^n; A Oo. 
C.S. Pat. 722630; Pat. 806666; P. B. P 
138839 of 1902). 

i-Benzoyl-diarivative ; by ndndng e*aIllo 
d-benaoylaminotoluene with tin nin hydra 
chloric acid (Bdl, Ber. 1874, 7, 1506). Pmmi 
m.p. 142*. 

JHbemojfi - dtrivativt ; taldea, sup. 224 

(Ruhemann, Bor. 1881, 14, 2666). « 

BauMdeM-dmvative ; ydSiam toUsst QU| 
90“-91“ (Meyer and Gnsa, Ber. 18W, » 
2358) : dibstugiidsm-deritattM] ydkaiiMl isyi 
talline mass, nup. 122“-128' (Sehil 
1866, 146, 98). 

5>CAfonu2!4-lo{iiadMeiwB»iia; by 
5‘Chlo(to-2 : 4^iinittotohleIM wiUi tin aAvi __ 
(ddorio acid (RcTeidin and CMpienx, Bat. 180 
33, 2507); by ancoeaeiva dtlorinathwi an 
hydmiyna of diaoe(yl-2:4<talnyieaadiiain 
(Morgan, Chem. Soc. Trans. 190(^ n» 1108 
Leaflets or rectaagnlar plates, B.n. 1J0M8I 
(M.) or 128“ (R. and a). 

* Aee^fMensetlM ,' ».p. 170? AAit G^ 
iiaet^/bdvwatiM, small ackaiMr 
above 200“ (B. and G; Mmaa. . ChiwBa*'' -8 qi 
Tohib. 1802, 81, 96). 
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, ;\^itcicide imd kjdroohlovio add in px^efienoe of 
/ or with sino dust, ammoniam chloride 

'Md afecdid (Morgan and Brew, Chem. Soc. 

117, 78^^^ 

, 6tB^I>H^dorO‘2:4-toluyhfi^iamine; hv xe* 
dhotion of 2 : 3-dichloro - 4 : 6-dinitrotoIiieiie 
(SadUig; Ann. 1887, 237, 184}« Slender needlea, 
ih.p. 137^ 

. ^ fi*Bromo-2 : ^-toluylenediamine ; by reducing 
either 8*bronio-2 : 4-dinitrotoluene (Grate, Ann. 
1875, 177, 231) or 5>bromo-4-nitTO-o-toluidine 
(Moi^n and Clayton, Chem. Soc. Trans. 1905, 
87, 950) ; by brominating dibenzoyl-2 : 4- 
toiuylen^iamine (Buhemann, Ber. 1881, 14, 
2659 ; Morgan and Clayton) or diacetyl-2 : 4- 
toluytenediamine (Tiemann, Ber. 1870, 3, 220) 
and hydrolysing the product. Lustrous n^les, 
m.p. 104®~107® (decomp.) (M. and C.), rhombic 
tables 107® (G.)., leaflets 104® (R). 

Monoacetyl-derivaiive, leaflets, m.p. below 100® 
(Koch, Ann. 1870, 153, 134). 

^ Acetyhderimtive, m.p. 254® (M. and C.). 
Dlbenzoyl-deHvative, m.p. 214® (R). 

DibrcmoA-acetyl-2 : 4-toluylen^iamine ; by 
brominating 4-acetyl - 2 : 4-toluyleue - diamine 
(Tiemann, lx.). liOng needles, m.p. 208® with 
blackening. 

3:5: 6-Tribromo-2 : 4-toluylenediamine ; by 
reducing the corresponding dinitro-corapound 
or 3 : 5 : 6-tribromo-4-nitro-o-toluidine with iron 
and acetic acid (Blanksma, Chem. Weekblad, 
1914, II, 185). Colourless ciystals, m.p. 180®. 

Niiro80‘2i4t-i6liiylenediam%ne ; m.p. 105® 
(Tauber and Walder, D. R. P. 123375 of 1900). 

6(1)*Nitro-2 : 4‘Uduyhnediamine ; by succes- 
sive nitration and hydrolysis of diacetyl or 
dil^nzoyl-2 : 4-tohiylenediamine (Tiemann, Bi^r. 
1870, 3, 219; Ladenburg, ibid. 1875, 8, 1211 ; 
Buhemann, ibid. 1881, 14, 2G50). Heddish- 
^llow nee^es, with a violet sheen, m.p. 154®. 
Weak base, whose- salts are decomposed by 
water. 

Diacetyl - derivative ; needles, m.p. 253® 
(decomp.) (L.). Dibenzoyl-deriwlive ; citron- 
yellow needles, m.p, 245° (R.). 

^•NUro-2 : 4-tdluyle7iediamine{ ?) / by reduc- 
ing 2:4: 6-trinitrotoluene with alcoholic ammo- 
nium sulphide (Tiemann, l.c.). Small red 
prisms, m.p. 132® ; hydrochloride, yellow needles. 

3 : 5^D%nitro-2 : 4-toluylenediamine ; together 
with a mononitro-derivative by nitration of 
diacetyl-2 : 4-toluylenediamjne in presence of 
urea nitrate, followed by hydrolysis with 
dilute sulphuric acid (Xietzki and Bosel, Ber. 
.^90, 23, 3216) ; from 2 ; 4-dibromo-3 ; 5- 
mnitrotoluene and alcoholic ammonia at 150® 
(Blanksma, (%em. Weekblad, 1912, 9, 968) ; by 
heating^ 3:4: 5-trinitro-2-methoxytoluene with 
^mmbnia in a sealed tube (Blanksma, Bee. 
trav, ehim. 1910. 29, 410). Bark brown 
crystals, m.p. 254®. 

Acetyhderivative ; does not melt below 300® 
(B.). 

t^methylamifUhi-aminotoluene ; by xeducing 
»^tro-methyi-o-toluidine with tin or zinc dust 

* coluurlem 

Jrhicld oil, b,p« 276®-276*5® (corr.), coloured brown 
W to air; mtfyhait, white needles. 

F<w its tt|e in fhe preparation ed azines and 


Vr. Pat. 225086 ; B. B. P. 92014 df 
B. A. S. R, B- B. P. 77228 of 1892. 

NUheoamine; 3 rellow needles, m.p. 83®; 
fkraie, needles, iA.p. 103®-106® (Pinnow and 
Oesterrmch, 1^. 1898, 31, 2928). 

HfUroamine ; by heating 2-mtrometbyl-p- 
tolylnitroamine with aloohoTio ammonium sul- 
phide at 100®. Bull red prisms, m.p. 83*5® 
(P. and O.). 

5-Nitro-2-ainino-4‘meihylaminatolvene ; fxota 
2 : 5-dinitromethyl-p-toluiaine and alcoholic am- 
monium sulphide (Pinnow, J. pr. Chem. 1900, 
(2) 62, 508). Brown leaflets with a bronae 
lustre, m.p. 168®. 

AcetyUderivative ; yellowish-brown needles, 
m.p 205*5°-207® (P.). 

3 : 5-Dimtro-2'amino - 4 • metAylaminatohiene ; 
by heating 2:3: 5-trinitromethyl*p-toluidinc 
with alcoholic ammonia at IDO® (Sommer, J. pr, 
Chem. 1903, (2) 67, 535) ; from 3 : 5.dimtro-2- 
ainino-p- tolylnitroamine by heating with twice 
its w'eight of phenol for 2 hours at 140®-160® 
(S.) ; from the ethyl-etlier of 3 : 5-dinitro-4- 
methylamino-o-cresor by heating with concen- 
trated absolute alcoholic ammonia at 100® 
(Sommer, ix. 559). Orange needles with a 
yellow reflex, m.p. 2(K)°“208®. 

Nitr€>soamine ; by the action of ammonia on 
the nitrosoainine of 2:3 : 5-trinitromethyl-p- 
toluidine. Brownish-yellow prisms, m.p. 164® 
(Sommer, Lc. 562). 

2 - Dim tthyUim i no A -a m i nololuene ; by re- 
ducing 4-nit Fodimethyl-O'toluidiae with stannous 
chloride and hydrochloric acrid (Ullmanti and 
MuhlhauscT, lier. 1902, 35, 332; Mohlau, 
Kiimmerand Kahl, Ziit. f. Farb. u. Textilcbem, 
1902, 1, 313). Yellow'ish oil, coloured ml by 
air, b.i>. 24K® (M., K. and K.) or 257®"-259®/730 
mm, with slight decomposition (ll. and M.). 

DihydrocMoridf : columns, m.p. 208®; 
sulphate ; m.p. 209® (M., K. and K.). 

Acctyl-dcrivalU't ; needles, m.p. 103® (M., 
K.andK.). 

2-dmi?io - 4 - dimeihylamincMucne ; by re- 
ducing 2-nitrodiinethyf-p-loluidine (M. L. B., 
1>. R. P. 69188 of 1891} with tm and hydroobJorto 
acid (Moigan and Clayton, Chem. Soc. Trans. 
190.5, 87, 948). 

Acetf/l-derivative ; wrhitc needles, umi. 135® 
(M. and C.). 

For the use of this base in the preparuUon at 
azines, see M. L, B., D. R. PP. 69188 of 1891 ; 
85231, 85232 of 1892 ; 87560 of 1895; of saliw. 
nincfs, Lconhardt & Co., B. R. P. 86608 of 
1892 ; and of other dyes, Act. Ge$, f. Aniifabr., 
Kng. Pat. 1289fl of 1900; Pr. Pht. 301793; 
B. K. P. 118392 of 1900. 

5- Br(mW‘2-amino • 4 - wamethylamiliMkem ; 
by brotninating 2-aeeiylamino-4-dimethylaitiiiio« 
toluene in glacial acetic acid, followed by 
hydrolysis (Morgan and Clayton, U,); hy 
reducing 3- bromo- 6 -nitrodimethyl - « • lolufatiiMr 
with tin and bydroehloHc acid (M. and CX 
Pearly leaflets, m.p. 40®. 

Acffd. derivative; onwUkb. 1 «|-, 

benz^-Aeruntive; ia.p. iienmnh 

m,ji. I78--17»‘ (M. 

^ ^ at mvtiQfknOm — - — -n-f—liri' 
botKi^ •looiif^ wlittion at f:S;j 
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(a) red plates, m^p. (6) yejlow needlei, 

m.p. iM eoarta^ into fiiB red modfifioatioe 
at 140^ Both mddifioatioDe yield with aqueoui 
potassium hyikoxide aeoordiaff to the oonoentim 
tion 8:5-€Uiilbo-2:4*dihyoroiy^ 

8 : 5-dimtro^2-m0thy]su^ (B.). 

1- NUroioamint^ ; from the oitrosoainiiie c 
2 : 3 : 5 -trixiltromethyl-p-toliiidine and methyl 
fLynttin, Smidl yellow needles# m.p. 186^—187 , 

2ii-DinUro9oamne; from either of i^i 
above compounds in aoetio acid solution witl 
sodium nitrite. Very stable white leaflets 
glistening cubes, m.p. 132*^ (S.). 

3:5- Dinitro - 2 - dim^ylamino - 4 - me^yi 
aminotduene ; from 2:3: 5-trinitromethyl.p 
toluidine and dimethylamine in alcoholf 
solution (Sommer, lx, 666). Yellow needle' 
m.p. 116°. 

3:6- Dinitro -2:4- di{fnethylnitroain%no] 
talnene ; colourless crystals, m.p. (Blanksms 
trav. chim. 1910, 29, 410). 

Taram€ihyl2 : ^^toluylentdiamine ; togeth 
with the m^ylamfiumium bromide; by heai 
ing 2 : 4-toluylenediamine hydrobromide wif 
methyl alcohol in a sealed tulie at 180'' (Morga 
Ohem. Soc. Trans. 1902, 81, 653). Yeliowisi] 
brown oU, b.p. 148°-160'^/24-26 mm.. 255'* 
266'*/767 mm.; I)"'* 0*9661. B'H,PtC> 

yellow prisms; picmte, yellow prisms, m. 
162‘*-163'*. 

2^Ethtilamino-4^minol6luene ; by rcducio 
4-nitroethyl-o-toluidine with zinc dust an 
hydrochloric acid (MacCallum, Chem. Br 
Tians. 1896, 67, 247). Liquid, b.p. 274°-275 , 

2- Aniino-i-eihylam.inot(Huene ; by reducin 
the corresponding nitro-compound (Nolting an 
Strieker, Ber. 18^, 19, 649). Liquid, b.p. 280' 
283® (N. and S.) or 289®-29l® ( Jaubert, Bull. So 
chim. 1899, (3) 21, 20). 

2^DidhylaminoA‘aminot(duene ; by reducir 
4-nitrodiethyl-d-toluidine with stannous chloric 
and hydrochloric acid (Ullmann and Muhihause . 
Ber. 1902, 36, 336 ; Mohlau, Kltrainer and Kal: 
I.C.). Yellowish oil, b.p. 259*'(M., K. and K.), 266* 
266®/730 mm. (U. ana M.). Volatile with stear 
B^2Ha+H,0, m.p. 213®-216® (dccomp.) m 
K. and K.). ^ 

2-Amino*i-phenylaminotolw!ne ; by heatii 
1 part of 2 : 4-toluylenediamine with U parts < I 

...ni.... 1 n Z 


snilsne hydrochlorkie and 3 parts of aniline 
240^-260® for 10 houn (Bayer Co., Eng. Ps 
MlOof 1894; Fr. Pat 240671 ; D. R, P. 809' i 
>f 1894). Prisms, imp. 76®-77®. Used for tl ^ 
mparatibn of azines (Bayer & Co., Eng. Ps . 
1610 of 1894 ; 3Pr. Pkt 240621 ; B. R. PP. 819 1 
ind 84604 of 1894). * 

ZiS>IHn^o-2-ph€nykinino*4-fnMyhmin • 
nfaeaa : from 2:3: 5-trinitrometbyl-p-toluidi. e 
i^nd aniline (Sommer, J. pr. Chem.* 1903, (2) 6 , 
137). Thick psisms, m.p. 197®. 

i-Nikoaoamine ; orange needles, m.p. 122^ 

3 : 5-DinitroBoamine ; sulphur-yellow needle 
leoomposingatWlS.). 

2 : 4-Bintlropfteayi-2 : 4-<oltty/eiiedfamtns ; 1 “ 
Kiiliog a mixture of 2 : 4-toluylenediamir >, 
hloro*2:4«duiitrobeniaiie and alcohol (Leyman i, 
hr. 1882, 16. 1237). Red Ubfaw, m.p. 184®. 

ntp. 163®-164® (L.). 

.2*Jra||lMhie - 4 * uhaisaii w iiicifc^^ ; y 

ioatiM B-«mlim4*ph6inrlaiBiM b 

tbrlteovOda at 16#^W Isr 10 hcibni i » 
^917801 1888,1 Ihr. jPM. 


ti:! 69W. 

Used lor dba pieperatmn of arineslBam 4^ Co., 
Sum Pat 9m of 1896; Vt. hiL 2M621; 
B/k P. 87976 of 1898), 

2 : 4>*Tolifyh<^hfii»a€ t^ndphonk acid; by 
warming 2-iiitro-^toitiidtae O-milphonic add 
with stminous duoiidd bxiA hydrochloric add 
(Foth, Ann. 1886, 230, 309). Smdl glidening 
pyramids or rhombohedra. KA^+B|0, uliaten- 
tng prisms; BaA%+61rH«0, glistenuig mafiets 
or tables ; B'HGl-fHsO, large rhombic prisms, 
decomposed by boili^ water; B'HBr+H|0* 
This suiphonic acid is possibly identical with 
that prepamd by Wiesinger (Ber. 1874, 7, 464) 
by sulphonatmg 2 : 4-toluylenediamine, dthough 
the water content of some of its salts differs tom 
those enumerated above. 

2i4fToluylenediamine 6-stdphoatc add; bv 
reducing 2 : 4-dimtrotoluene 6-6ulpbonic ado. 
Prisms (Oehler, Fr. Pat. 199668 ; B. R. P. 61662 
of 1889). 

AnhydroformaJdehyde-2 : 4-tofay2eiiedtafatfie; 
from 2 : 4-toiuyl6nediamine and formaldsbyde 
in neutral aqueous or alcoholic solnUon (Ullmaitn 
and Naof, Ber. 1900, 33, 913 ; B. R. P, 130943 of 
1898). Slightly coloured powder, m,p. 160®- 
180®. On heating in dilute acid solutkm it mldi 
acridines (Ges. f. Ohem. Ind. Basel, B. R. P. 
136617 of 1902). 

2 : 6- Tduylenediamine^ p-tolndenedM^ine ; 
by reducing 6-nitro-o-toluidine (Beilstdn and 
Kohlberg, Ann. 1871, 158, 362), o-amiDoaao- 
toluene (Nietzki, Ber. 1877, 10, 832) mr m* 
aminoazotoluene (Nietzki, Lc, 1168) with till 
and hydrochloric acid ; by reducing 6-nitro-iii- 
toluidine (Fileti and Crow, Gaaz. chim. ital 
1888, 18, 306). Colourless prisms, imp. 
b.p. 273®-274®. By treating a sdution of un 
ba^ containing a little o-tohudine with oxkBrini 
i^ents such as potassium dichromate, manganef 
dioxide, and ferric chloride an intense gtee 
coloration is formed (N.). 

Dihydrochloride; leaflets; safplhls, powde 
Diacetyl^Aerimtive ; large prims, noun, 221 
(Nietzki, tor. 1877, 10, 1157; ihUL ISm l! 
2237). 

d-Chloro-2 1 ^Uduffknediamime ; bvnsdneh 
4*chloro-2 : 5-toloquinonedioxime with stamioii 
chloride and hydrochloric add in preaenee < 
alcohol. 

Diaeetyl-ierivative ; silky snow^arhileiiaedli 
(Kehrmann, l^va and Kmri, Bw« 1916i 4 
2028). 

Chhro.2 ; 6-toluyknediomine by mhmh 
an alcoholic, ethereal or dam aasi 
solution of N nitT 08 o-o-Udy%lydii!S jqe 


34, 1651). White 
violet by air, m.p. 146®. It iiNfaiQQa ooil M 
moniaoai silver nitrate. Ferrio dMU 
chlorine water, Ac., give a green ookwalim i 
D^ydrockloriie and rafphate am cratoSh 
Btaee^-fZdivalies ; fine white aeeqm^ m 
above (V. and &), 

3:4:6-TncAW2:5-lBi»gh^^ ^ 

reducing a i^laelai aoetie add sdattoof fii4:; 
trichlofodirntrotoluene with alsmm\cUM 
and aqueofff hydrodilorio add 


1887, m, 143; 
needles, imp. 196®. 
Tr 
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dooii^ with tin 

mi Sydzochloiio add (Wiinster and Riedel. 

Bee. Id79. IX 1801). Xoxif needles. m.p. 28^ 

4edp{Hdenf«8n’e; in.p. 158^ (W. and R.). 

iMrfdwene ; by re- 
5-iutrcHlimethyl-o*toliiidiiie with sino 
dust and hydrochloric acid at 0^ (Bamthsen, 

Ber. 1892. 25. 3134), Oil, which solidifies in a 
freezing misture and melts at 47^ b.p. 253*^- 
2M^ small needles. Ferric chloride 

yields a bltush-red colour and potassium di> 
chromate a purple-red colour. 

Teirainethyl-2 : 5-toluylenediami7he ; by heat- 
ing fi-dimethylamino-o-toluidine with methyl 
alcohol and hydrochloric acid at 180° (Wurster 
and Riedel, he. 1802). Oil ,b,p. 260°, Ferric 
chloride yields an intensive blue colour which 
disappears on adding hydrochloric acid. 

5-ilmiao-2-e<^y2aminotoifiee7ie ; by . reducing 
5*nitro80-ethyl-o-toluidine (Kock, Ann. 1888, 

243. 307) with stannous chloride and hydro- 
chloric acid (Weinberg. Ber. 1892. 25. 1611). 

Viscid liquid, b.p. (in atmosphere of hA’drogen) 

204° (K.). 272° (W.). 

IHkydrochloride, m.p. 124° (decomp.) ; ml- 
l^ge crystals. 

b-Amino-2-di€ihylamiiU)i6luem ; by reducing 
5-nitrodiethyl-o-toluidine (Bemth^n. Ber. 1892. 

25. 3138. 3367); by hydrolysis of its acetyl- 
derivative (Weinberg). M.p. 24° (Weinberg, 

Ber. 1893, 26. 308), b.p. 266°-267°. 

HydrochUiride ; glistening leaflets ; sulphcUe, 

•j-xRfif prisms. 

2-Mhykmino-5-b€n2oylaminotoluene ; smaU 
needles. m.p. 174°(0. Fischer.Ann. 1895, 286. 166). 

4-Nitro-2 : ^l^uylenediamitte ; by nitration 
of ^ diacetyl-2 : 5-toluylenediamine in glacial 
acetic acid with a mixture of nitric acid (D 1*47) 
and glacial acetic acid, followed by hydrolysis 
(Morgan and Micklethwait, Chem.*Soc. Trans. 

1913, 103, 1398). Needles, varying in difierent 
crystallisations from bright red to dark green 
with a bronze reflex, m.p. 173°. 

Diacei^yl-derivative ; short pale yellow prisms, 
iii.p. 158° (M. and M.). 

2 : %-T^uylenediamine ; by reducing 6- ^ , 

nitro-o-toiuidine with tin and hydrochloric acid the 4-bcnzoyl-derivativo vtith benzoyl chloiidie 
(Oonerth^ A^,^J1874|^172, 227 ; Ullmann. Ber. (llubner ;* Bistrzyeki and Oybulski) or from m- 
^ methylbenzimidazoie with benzoyl chloride and 


2 : 0oid ; by 

reducing 2 : fl-dinitrotolaene 4«snJphoiiic acio 
or 6*nitro-2'*aminotoluene 4-siitohoxiio add ww 
tin and hydrochlpxic add (Sohwanert. Anh. 
1877» 186. 360; l^kwald. Ann. 1893» 274. 
351). Rhombic pillars, not melting at 280^ (a). 
B^'i-f4H|0. amorphous; B'HCl‘f2HiO» smaB 
rhombic piUw8;B'HBr+2H.O; BHNO,+H,0, 
rhombic needles ; B'jHjSO^+HjO, rhomnio 
plates (S.). e 

3 : i-T<duylenediamine ; reduction of 3» 
nitro • p - toluidine or 3 - nitro • p • aminobenzyl 
alcohol with tin and hydrochloric add (Beilstdn 
and Kuhlberg. Ann. 1871, 158, 351 ; Meyer and 
Rohmer, Ber. 1900, 33. 254). Scales. m.p. 88*5% 
b.p. 265° (B. and K.). Its aqueous solution 
darkens in the air. B"2HC1. needles (Hflbner. 
Ann. 1881. 209. 364); sulphaUt 
scales. 

Z-Aeelyl-derivative ; by reducing 4-nitro« 
aceto-m-toluidide with iron and acetic add. 
Nodular aggregates, melting indefinitely at 95°. 
The corresponding anhydro-hase melts at 145°- 
150° (Morgan and Micklethwait, Chem. Soc. 
Trans. 1913, 103, 1400); i-aceiyl-derivaiive ; 
by reduction of 3-nit^oa^^eto-p-t<ohltdide, leaflets, 
m.p. 130°-131° (Bossneck, Ber. 1886, 19, 1757) ; 
pkrait, leaflets (Bankiewicz, Ber. 1889, 22, 
1399) ; diacetyUderivative ; long slender ne^es, 
m.p. 210° (Bistrzyeki and Ulrors, Ber. 1890, 
23, 1878). The diaceiyl-derivative yields a 
nitro-ampound, long needles, m.p. 239 . and a 
dinilro compmnd^ fine silky needles, m.p. 251°- 
252° (Bistrzyeki and Ulffers, he. 1991). 

3-Btnzoyl-d€riv(Uiv€ ; by reducing 4-Diiro- 
benzoyl-m-toluidine with iron and acetic acid. 
Colourless felted needles or prismatic ciyslati. 
m.p. 158° (Morgan and Micklethwait, Chem. Soc. 
Trans. 1913. 103. 1403); i-benzoyt^AeriveUive ; 
crystals, m.p. 193°-194°, together with phenyl* 
tolimidazole by reducing 3-nitrobeiisy)*p-toni- 
idine with tin and hydrochloric acid (Huboer, 
Ann. 1881, 208, 314) or together with the 
dibenzoyi-derivative by direct benzoyiaiioii 
(Bistrzyeki and Cybubki, Ber. 1891, 24. 033); 
dibenzoyhdeniKUim ; by the further treatment of 


1884, 17, 1959). JErisms, m.p. 103*5°~105' , 
With ferric cUoride it yields a deep blue colour, 
and with p-nitrosodimethylaniline first a green 
and then a dark blue solution. 

Hydrochloride, crystals/ mlphate, -f UH.O, 
naaQsleiiderii^^. ' 

Diaceiyl-derivative ; sublimes in white woolly 
sddlocks, in.p. 202°-203 (Green and Lawson, Chem. 
Soc. Trans. 1891. 59, 1017), 

3 ; 5»I)tnitro-2 *. 3-UduyUncdiaminc ; by the 
aiCtion of alcoholic ammonia on 2 : 6-dibromo* 
3 : 5-dinitrotolaene at 150° (Blanksma, Chem. 
Weekblad. 1912, 9, 968). 

Aeee^-derivaiiot ; colourless crystals, do- 
cotmposiiig ateve 300° (B.). 

" 3:6-Dimiro*2 : 6 - dimelhyUduyhnediamine ; 
by the aorion of methylaminc on 2 : 0-dibromo- 
: 3 ; 5 - dinitrotolnene (Blanksma). Orange - red 
eiystals. m.p, 216°. ^ 

2iXT{Ai^^enediamine mlphini^acid; by 
l»^« th# oorrerooodiiw thiosidbonic aciS 
wia oonoeirtn^ Aydnx&ric nm flPeri, Ber. 
IW6» 18ir60). aiky aeedlea 


sodium hydroxide (Bamberger and Beri4. Anil* 
1893, 273, 349). It forms glistening needloe. 
m.p. 263°-264° (Hinsberg and Udratistky. Ann, 
1889, 254, 255), and yields a nUro-denvaiive, 
prisms or needles, m.p. 246° (Bisinyoki mi 
Ulffers, Ber. 1892, 25, 1994). 

2-Chioro-3 : 4-toluylenedkmine ; by reduciiig 
2-chloro-4-nitro-m-toIuiditie with who dmX 
dilute alcohol and ammonium chloride (Momn 
and Glover, Chem. Soc. Trans, 1921, Uv. 1706), 
Pale ffrown needles, m.p. 56°-56°, 

^•Chloro-3i4-toluyknediamim; obtaioid 
quantitatively as the hydrochloride by tedueinn 
o-chloro-4-nitro-iii-toluidine witib ^in e 
ammonium chloride and dilate alcohol, or with 
alcoholic stannous chloride (Mon^ and JDiww, 
Chem. Soc. Trans, 1920, U7, TOOTMonmn mi 

yellow lei^te, tii.p. |^* , \ 3 

fi-lwanD.a.ttiteo.«i. toh»Mh»* rdtli ~tiinimig ' 

chloride and i^pdnoUoiie acid (BfadnyekL Bet' - 




:84ir«mo4- 

nti 6 (WfleS 5 htdWi% 

' ctMii^oiiBMddbMidlwIbw^toiwM^ 

dTstab, nup. ffl< i HH» M >n , Bw. ISM 

28, tOj»): by : im- 

; »eetyl*tion« d i i toni a g BMSkt, ^ -228 

^daJu>MriSie^ Medlet. Im^ 

byredooiiu! 

3 -xutro 4 *m 0 thylaaiunotolim or its nitrosc 
nMiwk witn tin and hydrocblorio acid (Gattei 
mann, Ber. 1885, 18, 1487 ; 0. ITscher, Bcr 
1893, 26, 194) ; by reducing methyl-n-toluidine 
aaobenzene 4 '^solpliomc acid with stannoui 
kihloiide and hydrochloric acid (Bamberger am 
Wuls, Ber« 1891, 24, 2082). Quadratic tablei 
im,p. 48®-44®, b.p. 280®/762 mm. (Pinnow, Ber 
)1887, 20, 3121). B'2HCl, small glisteninf 
‘piisnis, decomposing at 180^^186^ (B. and W. 
or .175^-180® (F.); B'jHjSOi, deliquescen 
Reedies (F.); B'CaH* 04 . glistening needles 
m.p. 124® (F.) ; picraU, small yellow crystals 
m.p. 164® (F.). Symm-‘diac€tyl-deriv(Uive ; hexa 
Agonal plates, m.p. 183®-184® (Pinnow, J. p 
*Chem. 1900, (2) 62. 514). 

; 6^Chhro-^-amino-2-m€lhylaminoidu€ne; b; 
^reducing 6 • chloro • 4 - nitromethyl • m • toluidin 
,with zinc dust, alcohol and ammonium chlorid 
.^Morgan and Challenor, Chem. Soo. Tram 

1921, 119, 1542). Sublimes in arbore 

leedles, m.p. 60®. 

B-NUfoA-methyhmifM-Z-amifudduene ; b 
Mucing 3 : 5-dinitromethyl-p-toluidine wit 
hydrogen sulphide tn presence of alcohol an 
unmonia (Pinnow, J. pr. Chem. 1901, ( 2 ) 62 
160). Bluish-red plates or short prisms with 
en sheen, m.p. I3l*5®-132'5®. 
^•AminoA-MmethyhminaUjluene ; togeth< 
ith a compound whose pkraU melts at 254*5® b 
he gradual addition of tin to a solution of 3-nitr< 
i-djmethylaminotoluene in hydrochloric ac? 
tPinnow, Ber. 1895, 28, 3042; J. pr. Chen 
1901,(2)63,354). Oil, b.p. 234®. Coloured rc 
'erric chloride. B"2HC1, crystals, m.p. 192^ 
B'HjiHgCli, crystals, m.p. 205-206* 
biemfe, yellow • brown prisms, m.p. 150*5 
^^l-dentiorioe; plates, m.p. 111*5®-112*J * 

5 - NUro - 3 -acetytamino - 4 - dimdhf^min • 
jUtteae; by redocin(|^ 3 : 5-dinitrodimethyl-j 
bluidine w»h ammonium sulphide, foUowid b ' 
Mtment with acetic anhydnde (Pinnow an 1 
coTkh, Ber. 1898, 31, 2514). Yellow needb i 
Krisms, ntp. 97®. 

nitrating 3*aoetylamino-4^&methylamini - 
lene trith mixed acids below 0 ® (Pinnow, ^ . 
1, 34, 1131). Bright yellow rhombic table 
142*5®-143®. 

3yrll^mei3y^3:44ol«p2ef^ froniS^ • 

' medlamine and methyl iodide (Niemei - 
4 Ber. 1887, 20, 1888; cf. 0. Fischer an 
^ Bd, m ito, 86, 1263). h. u 

[•64B6*6‘*/717 mm. (N.). 260«-26^4O miu 
and a). Fenifi ohloiide g^vw % rra nolor 
' oiyitaUiiMi pktM. B'HCa, nwdk i, 
'F. and K). 

Mim 0 . 8 -amtiiolohieM; fay mdwii . 
adffjjj riwid i n e «itli . tin and faydr • 
IfltttenuuiD, Bw. 1886, 1^ 148< ; 

IMU. tafah L 
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wiih 2 ; 5-diinethyl-l-etlgdbeng^^ by the 
action oi acetic anhyittide on the base (0. 
Ilscher and BMiard, Ber. 1901, 34, 42^). 
Orystals, imp. 177®. 

2-BthytaminoA-aminokduen$ ; by reducing 
4-nitro-ethyl-ia-toluidine with tin and hydro* 
chloric acid (0. Fischer and iUgnard). Needles, 
m.p. 59®, coloured violet in piesmioe of air and 
mature. With ferric chloride it yielda a deep 
red oxidation product. 

8yimm. diethyhZ : ^Muylenedkmine ; from 
the methyl-derivative of diben2!en6SUlp]ione-3 : 4- 
toluylenediamine and concentrated hydrochloric 
acid at 160® (Hinsberg, Ann. 1891, 265, 191 ; 

0. Fischer and Rigaud, Ber. 1902, 35, 1265). 
liquid, b.p. 265® (H.), B''2HCl, needles. With 
ferric chloride in presence of hydiochlorie acid 
it forms a reddish-brown colour ; a colourless 
precipitate is formed on the addition of jpo- 
tassium ferrocyanide to the aqueous solution (Bf,). 

6-CAioro-3-ptoiy2afiittto-4^fntnoiol«€ae ; by 
redncing 6-ohloro-4-nitrophenyl-m-toloidine witn 
zinc dost and ammonium chloride (Morgan and 
Jones, Chem. Soc. Trans. 1921, 119, 191). 
Pink needles, m.p. 109*5®. 

Diozoifitf ne ; silky pink needles, m.p. 119®** 
«20®(M.andJ.). 

3 (or 2)-jV«7fo-2 (or 3)-amino-4-melk^leimtito- 
kducne; in small yield by reducing 2;3(y)* 
dinitromethyl-p-toluidine with ammonium am* 
phide (Pinnow, J. pr. Chem. 1900, (2) 62, 516). 
Nearly black prisms, m.p. 127®**128®» 

2i6-Tod/uylenediamint; biy reducing 3:6- 
dinitrotoluene (Stadel, Ann. 1883, 217, 200) or 
2 : 4-dibromo-3 : 5-dinitrotolueiie (Davis, Chmo. 
Soc. Trans. 1902, 81, 873). I^uid, b.p. S^T* 
285® (S.) ; syrupy liquid (D.). B'2HCS, white 
needles, m.p. 255 -260® (decomp.). 

Diocriyi - d/mvaiivt ; pike * shaped licanb 
morphio prisms, m.p. 235®-236®, wmeh baemns 
strongly electrical when day (D.). 

2-CMafo^Zi$-ioiuylenediaminc; by ledueiEiti 
2 * chloro * 3 : 5 • dinitrotoluene with atatmom 
chloride and hydrochloric acid (Nkiiki and 
Rehe, Ber. 1892, 25, 3006). Long 
73® (N. and R.) or 74® (Morgan, Chem. Soe. 
Trans. 1902, 81, 97). 

2 ; 4-2>inifro-3 : 6-kiuifiemiknmiei by beat- 
ing an alcoholic solution of 2 : 4*diiolho*6 
di&omotoluene with ammonia in a aenM 
at 150® (Blanksma, Reo. trav« ohiin* 19^ Hi 
126), Yellow crystals, m,p. 199®. 

Trinitro *3:5* tduifincdkmimj 
action of alcoholic ammonia on 3:M 
trinitrotoluene at 100® (Palmer, Bar. 1889; f j 
3501). SmaU yellow priaina, m^ 8t^.„ ; 

2:4* DitUifo *3:5* y 

from 2 : 4-diiat^3 : 5-dilmmoliotn^ 
methylamine (Blankama). rad aiyiMii ^ 

itt.p. 140®. On nitration H 

8^ m.p. 190®-200® (deoomp.) {B.I. 

2:4*2>iiiilro*3:5 -dip ' 
similarly to the preceding < 
using aniline (B.). BedcryaUh^akn. 18 

2 ; 4 : 6*miriftw *3:5 
red ciyiitdSm.p. U6®. te tiaalr" 
nitilQ aci^ 1-52) it yUHi iti 
kinoMM 

nali^iod-i 
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1- Ckhro-Zi^-kHu^nediamiM l-sulphonic 
ticid ; by redncinff 3 ; 5-(iinitro*4-chlorobenzyl- 
sulphonic acid with iron and acctio acid (B. A. 
S.F.,D.R.P. 134988 of 1901). White needles. 
An aqueous solution on treatment with ferric 
chloride gives a red colour which gradually 
charges through violet to blue. 

^•AminodiacelyhZ ; 4-tduylenedmmine ; bv 
nitration and reduction of diao6tyl-3 : 4-toluyi- 
enediamine (Maron and Salzberg, Ber. 1911, 44, 
2999). M.p.238°. 

TriacUyl-derivaitve ; m.p. 273®-274® (M, 
and S.). 

5-Aminodiacetyl-2 : ^-tduyknediamine ; by 
nitration and reduction of diacetyl-2 : 4-toluyl- 
enediamine (Maron and Salzberg, l.c , ; Kym 
and Ringer, ibid. 1915, 48, 1671). M.p. 252®- 
253®. 

Triacetyl-derivative (M. and S. ; K. and R.) 

2- Acetylamino-S : 6-toluylenediamine ; from 
3:5- dinitroaceto • o - toluidide and reducing 
agents, such as iron and acetic acid or minera' 
acids (Bayer & Co., U.S. Pat. 742845 of 1903 ; 
D. R. P. 183843 of 1902). Yellow needles, m.p. 
210®-2ir. 

Triaminotoluene ; by reducing trinitrotoluene 
with iron and dilute hydrochloric acid at 60®-80®. 

serves as an intermediate product, as a dye for 
ootton, silk and wool, and as a photographic 
developer (Bielouss, Eng. Pats. 137529, 166934 
of 1920). 

Aldehyde Derivatives. 

Tolualdehydes are obtained from o*, w-, 
and p-xylene by passing the vapour mixed 
with air over a metallic oxide, other than 
vanadium oxide, of the fifth or sixth jx'riodic 
group at 300® to a dull red heat, the period of 
contact being about 0*3 second (The Barrett Co., 
Eng. Pat. 189107). 

o-Tdlualdehydet'O-toluic aldehyde; by boiling 
<e*chloro-o-xylene with lead nitrate solution 
(Lauth and Grimaux, Bull. Soc. chim. 1867, (2) 
7, 233; Rayman, ibid. 1877, (2) 27, 498); by 
oxidation of o- xylene with chromyl chloride 
(Bomemann, Ber. 1884, 17, 1467), or with 
manganese dioxide and sulphuric acid (Fournier, 
Compt. rend. 1901, 133, 635), or of o-tolylcarbinol 
with potassium dichromate and sulphuric acid 
(Fournier, ibid. 1903, 137, 716). Liquid, b.p, 
90®/20 mm., or 197®/atm. (F.). Anti-oxime, 
HLp. 48®-49®, obtained in the usual manner 
(DoUfus, Ber, 1892, 25, 1922) or together with 
p-tolualdoxiroe and the nitrile by treating 
toluene with mercury fulminate and aluminium 
s^hloride containing small quantities of the 
Iwdrated chloride and aluminium hydroxide, 
ilie oximes are primarily obtained in the syn- 
form, but on separating from the nitrile, alkalis 
are used and the anti-forms are produced 
(Scholl and Kafier, Ber. 1903, 36, 322) ; aemi- 
eoi^asone, small white needles, m.p. 196° (Law 
and Trans. Faraday. Soc. 1904, 1) or 

(Fournier); fjhenvlhenzylhydrazom, m.p. 
87® (Foamier); diphemlhydrazone, white needles, 
Sl®: W-- 104^(4urenb^he^ Ber. 1906, 39, 
8583 * Borive and Tollens, did. 1907, 40, 3107) ; 

from tlimethyl-w- 
tohddiiio and formaldehyde, leaflets,, m.p. 67® 
(Qeigy A Oo., D. R. P. 105103 of 1898). 

by <^lorinating 4- 
heto-LinethyL 1 -dkdiioiomethyldiihydrobensene 


with phosphorus pentaoldoride and hating the 
crude pnmuct witn water at IfiO^-lSO^ (Auwers 
and Neil, Ber. 1905, 38, 1693), OU, b.p. 228®, 
solidifying to colourless crystals; 1*277, 
Semkarhazom ; colourless needles, m.p. 224® 
(A. and K.). 

m-Tcdwddehyde ; by boiling cc-chloro-w- 
xylene with lead nitrate solution (Gundelach, 
Bull. Soc. chim. 1876, (2) 26, 44; Muller, Ber. 
1887, 20, 1213 ; c/. Lauth and Grimaux, Ic .) ; 
by treating «i-xylene with chromyl chloride 
(Etard, Ber. 1881, 14, 848; Ann. Chim, 1881, 
(5) 22, 218 ; Bornemaun, Ber. 1884, 17, 14M) ; 
together with 3 : 3'-dimethyldibenzyl by oxidis- 
ing wi xylene with potassium persulphate 
(Moritz and Wolffenstein, Ber. 1899, 32, 2533); 
by oxidising w-xylyl alcohol with potassii^ 
dichromate and dilute sulphuric acid (Somm^ 
Ber. 1900, 33, 1078). Liquid, with an almond 
odour, b.p. 109®; D®*" 1*037; D«® 1*024. It 
forms an anilide, b.p. 313°-314® ; semicaf6o*owc,\ 
needles, m.p. 216® (Sommer) ; phenylhydraz(m€,\ 
prisms, m.p. 91® (B.) or 88® (Rudolph, Ann, \ 
1888,248, 100); diphenylhydrazon^, yellow ' 
plates, m.p. 74®-75® (Maurenbrecher; Rorivo 
and Tollens); For condensation products with 
ammonia and ethyl cyanoacetate, see Guareschl 
(Atti R. Accad. Sei. Torino, 1901-02, 37, 593). 

2-Niiro-m-t6lmldehyde ; together with the 
4-nitro-isomeride bv nitrating wi-tolualdehyde 
(Mayer, Ber. 1914, 47, 406 ; ef. Gilliard, Monnet 
and Cartier, Eng. Pat. 25634 of 1898 ; U.S. Pats. 
662074,662075; D. R.T. 113604 of 1898). The 
isomerides are separated by fractionation tu 
vacud. The product obtained by Bomemann 
(Ber. 1884, 17, 1473) and M. L. B. (Eng. Pat. 
3216 of 1882; U.S. Pats. 276889, 276890; 
Fr. Pat. 149935 ; I). R. P. 21683 of 1882) is 
a mixture of the isomerides. Crystals, m.p. 64® 
(G., M. and C. ; M.) or 61® (Reissert and Scherk, 
Ber. 1808, 31, 392); b.p. 135°-l45®/2 mm. 
With acetone it yields the g^tush-blue di- 
jnethylindigotin. Ammonia-deripative, m.p. 93"; 
anUide, m.p. 79"; oxime, m.p. 134"-136"; 
phenylhydrazone, m.p. 131"— 132 ; hydxtAent- 
amide, mj>. 93°. 

d-NUfo-m Udwildehyde (see above). Yellow 
needlce, m.p. 44°. With acetone it yields the 
reddish - blue dimethyl - indigotin. Ammonia- 
derivative ; m.p. 140° ; anuide, m.p. 61 '5° ; 
oxime, m.p. 104"-105°j phenylkydrazone, m^. 
14r-142"; hydrobemamide, m.p. 140" (G., 
M.andC.). 

Dinitro-m-Udmldekyde ; long silky needles, 
m.p. 110"-1 12" (Bomemann). , 

2 -Io^-m-Udnaldehyde ; m.p. 55"-66 (Blayor, 
Ber. 1914, 47, 406). 

A-^odo-m-kivaldehyde ; m.p. 83*-84® (M.), 
%-Amino-m-t6lwUmyde : by headng 4- 
nitro-TO-xylene with a solution of sulf^ir to 
sodium hydroxide (Geigy & Co., R R P. 
87256 of 1895; see also Bdhrtoger, D. B. P. 
108026 of 1898). Sinters above 90" Mid melto 
at 99"-101° (B.) or 92" (G.). 

i-Chloro-derivative ; yellow crystala, m.p, 
163" (Geigy ft Co., D. K. P. 106108 d 1898V. 

d-JUmyhrnino-m-iolmldeihj/de,’ ooIoMlew 
leaflets or needles, m.n. 114" (CWigy ft Co., 
Pr. Pat. 280614; D. R P. 10S678 of 1898} ; 
t-eUoro-derivalive, yellowish needhs, ».p. 167* 
(Geigy ft Co.. D. R P. 106103 of 1898); ^ 

■* 
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p^imethtflmiincanilide, yeU^wish-green prisms, 
melts at 162% and t^e phe^ythydmone at 124** 
(UUmann and Eiey, Ber. 1204, 37, 863). 

Q-Eihylmino-m-idwMeky^^ needles or pale 
yellow prisms, m.p. 70®; 4*cWoro^wwiw6, 
yellowisn needles, m.p. 78®-79® (Geigy ic Co.) ; 
oxme, m.p. 82®; ^n/ylhyirazom, m.p. 95® 
(U.andF.; G.). 

m-Tdmldehyde o^Bul^nui acid; by sul- 
phonation of w-tolualdehyde at low tempera- 
tores. With aromatic amines it yields dyes fast 
to alkalis (Fr. Pat. 311739 of 1901). 

p-TolttolMyde; by heating a mixture of 
calcium p-toluate and calcium formate (Canniz- 
zaro, Ann. 1862, 124, 254); by oxidising p- 
xylene with chromyl chloride (Bomemann, Ber. 
18^, 17, 1467) ; by the action of hydrocyanic 
acid and hydrochloric acid on toluene in 
presence of aluminium chloride (Bayer & Co., 
Eng. Pat. 19204 of 1897; Fr. Pat. 270334; 
D. R. P. 99568 of 1897) ; by passing a mixture 
of carbon monoxide and hydrogen chloride 
through toluene in presence of aluminium 
chloride and cuprous chloride (Gattermann and 
Kock, Ber. 1897, 30, 1623 ; Bayer & Co., 
Eng. Pat. 13709 of 1897; Fr. Pat. 268168; 
D. R. P. 98706 of 1897 ; c/. Reformatzki, J. Russ. 
Phys. Chem. Soc. liK)l, 33, 157) ; by the action 
of boiUng dilute sulphuric acid on p-methyl- 
benzylazoimide (Curtius and Darapsky, Ber. 
1902, 35, 3229) ; together with a little p-toluic 
acid by electrolytic oxidation of a warm solution 
of p-xylene with an exccis of current at a lead 
peroxide anode (Fichter and Grisard, Helv. 
Chim. Acta, 1921, 4, 928) ; by heating p-tolyl- 
glyoxylio acid with aniline and hydrolysing the 
product (Bouveault, Bull. Soc. chim. 1897, (3) 
17, 367) ; by the action of nickel carbonyl on 
toluene in presence of aluminium chloride 
(Dewar and Jones, Chem. Soc. Trans. 1904, 85, 
212) and by other methods (Fournier, Compt. 
rend. 1903, 136, 557 ; Bodroux, Compt. rend. 
1904, 138, 92 ; Bull. Soc. chim. 1904, (3) 31, 586). 
Oil with a peppery odour, b.p. 204® (G.) ; D^*® 
1072 ; 1-5484 (Hanzlik and Bianchi, Ber. 

1899, 32, 1286). . 

^•TdwMehyde ammonia; m.p. 43®-44® 
(Francis, Ber. 1909, 42, 2216) ; hydrO’^-UAu- 
amide, white needles, m.p. 92® (Gattermann, 
Ann. 1906, 347, 347) ; bis'idphite-compourd, 
scales ; cemkarbazone, m.p. 215® (Fournier) ; 
diacetaie, colourless glistening leaflets, m.p. 69®, 
forming a leuco-malaohite Green with dimethyl- 
S*niline and zinc chloride (Claussner, Ber. 1905, 
38,^2860); phenylhydrazone, yellow Qompoixnd, 
m.p. 113®, coloured red by exposure to light 
|(Law and Perkin, Trans. Faraday Soc. 1904, 1) ; 
phenylbens^hydmzone, m.p. 140® (Fouxmier, 
gOompt. fend* 1903, 137, 716) ; diphenylhydra- 
pne, white needles, m.p. 83®-84® (Mauren- 
^brecher, lx, ; Rorive and ToBens, lx ,) ; anti- 
mime, m.p. 79®-80®; sya-oarime, m.p. 108®- 
^110® (Hantsscl^ kitsch, physikal. Chem. 1904, 

523); diaxime peroxide, wMte shining 

ates, decomposing with a slight explosion at 
121® ffonzio, Atti R. Accad. tocei, 1906, [v.] 
|5, ii. 42, 118 ; Tachugaeff and Spiro, !for. 1908, 
|ll, 2219) ; n^Mo-derivedm, mvety needles, 

128 ® (Gattehnann, Ia). 
j^Totaak^tyde when exposed to Bght in 
petanae « Mdm ter 3 yean «- 


toluio acid, a tarimeric tolualdehyde, thin colour- 
less prionatio crystals, m.p. 215®, and p-tolyl 
p-toluaie, pale yellow oil, b.p. 213®-217®/15 mm. 
(Muscareili and Bussi, Atti R. Aocad. linoei, 
1910, [v.} 19, ii 239). With ethyl iodide and 
magnerium it yields p-tolylethylcarbinol, a di- 
meride of p-folualdehyie, m.p* 130®, and p- 
xylyl alcohol (Oddo, Gazz, chim. ital. 1911, 41, 
i 273). 

2-Niiro-p-t6luaUehyde ; by nitration of p- 
tolualdehyde with mixed acids below 0® (Hanzlik 
and Bianchi, Ber. 1899, 32, 1288). Needles, 
m.p. 43®-44® (H. and B.) or 48®-49® (Gatter- 
mann, Ann. 1906, 347, 347). JDiaceUUe, mono- 
clinic tables, m.p. 98®-98*5® (Hanriik and 
Bianchi, lx,, 2286); phenylhydrazone, orange 
crystals, m.p. 112®; p-nitrophenylli^drazone, 
reddish-brown crystalline powder, m.p. 223®- 
224® (H. and B.). 

^•NUro-p-tolualdoxime ; needles, m.p . 128® 
(M. L. B., Fr. Pat. 290643 of 1899; D. R. P. 
107095 of 1898). 


Cahboxylic Acid DEmvATiVBs. 

o-Toluic acid; by boiling o-xylene with 
dilute nitric acid (1 vol. D 1*4 to 2 vols. water) 
(Fittig and Bieber, Ann. 1870, 156, 242); by 
the action of sodium amalgam on a mixture of 
ethylchioroformate and o-iodotoluene, followed 
by hydrolysis of the ester formed (Keku14, Ber. 
1874, 7, 1007) ; in a yield of 97 p.c. by boiling 
phthalide (phthalio aldehyde) with hydriodic 
acid (b.p. 127®) and yellow phosphorus in an 
atmosphere of carbon dioxide (Hessert, Ber. 
1878, 11, 238; Racine, Ann. 1887, 239, 721; 
from toluene o-sulphonic acid by heating with 
potassium cyanide and hydrolysing the product 
(Fittig and Ramsay, Ann. 1873, 168, 246 ; Zeit. 
f. Chem. 1871, (2) 7, 584); by lulling the nitrile 
( Weith, Ber. 1874, 7, 722) ; from o-toluidine via 
the nitrile (Cahn, Ann. 1887, 240, 280); by 
heating naphthalene 1 : 3-disulphonic acid, 1 : 3- 
dihydroxynaphthaiene, a>napnthoi or a^naph- 
thylamine 3-sulphonic acid, j3-naphthol- or fi- 
naphthylamine 4-8ulphonic acid with sodium 
hydroxide at 150®-300® (Kalle & Oo., Eng. Pat. 
16559 of 1894; Fr. Pat. 241109; D. R. P. 
79028 of 1893; Friedlander and Biidt, Ber. 
1896, 29, 1611). Crystals, readily volatile wil^ 
steam, m.p. 103*5®-104® (Kellas, Zeitsoh. 
physiol. Chem. 1897, 24, 221); b.p. 258*5®- 
259®/751 mm. (Serkow, J. Russ. Phys. Chem* 
Soo. 1893, 25, 633); 10621} mdeeulai 

refractive power 62 (Eykman, Reo. tmv, chim. 
1893, 12, 178). Oxidised to phthalio acki with 
permanganate or dilute nitric acid, whikt it is 
charred by chromic acid mixture. Bromto 
vapour above 100® yields phthaUde, wUlst ia 
the cold bromine forms broino-o*toluic acid, 
m.p. 167®. It condenses wf& tertiary aromatic 
amines to form dyestufki of the UaJawtC Green 
series (Bayer A Co., D. B. P, 101426 of 1897)* 
NaA'+2H|0, glistening leaflets^ m.p. 227®- 
228® (R.); CaA%+2HA small needles (F. 
and B.); BaA%+2HBO, small needles (F« 
and B.), * 

Hyaroxybmine soA, m.p. 105® (Oei^ and 
Ballard, J. Amer. Chem. Soc. 1926^ 47, |424). 

ATefftyt-ester t b.p. 207®*^® (Kdlas,%«it^ 
physikal* Oheinu 1997, 24, 245) or 216®! 
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1*073 (van Scherpenzeel, Bee. trav. chim. 1901, 
20, 149). 

Sith/yl-tBlter ; b.p. 219*5*’/713 mm. (Ador and 
Billiet, Ber. 1879, 12, 2301) or 227® ; DjI 10479, 

^ 15 « 1*039, D||e 1*0321 ; magnetic rotatoxy 
power 15*064 at 16*2® (t^erkin, Chem. Soo. Trans. 
1896, 69, 1238). 

BemyUesteir; oil, b.p. 316®, Dl7® 1*12 
(Hodgkii^on, C^em. Soc. Proo. 1891, 7, 167). 

Ghhride; b.p. 211®/733 mm. (A. and R.), 
110®-lll®/29 mm. (Klages and Lickroth, Ber. 
1899, 32, 1661), 1027? mm. (Frankland and 
Wharton, Chem. Soc. Trans. 1896, 69, 1311; 
c/. Frankland and Aston, ibid, 1899, 75, 494). 

Anhydride ; m.p. 36®--38® (Racine, Ann. 
1887, 239, 74) or 39*^ (K. & L.), b.p. above 325“ 
(R.) or 220®-2217ll mm. (K. and L.). 

Peroxide ; irregular prisms, m.p. 60® ( Vaniiio 
and Thiele, Ber. 1896, 29, 1727). 

Amide; needles, m.p. i38®(Weith, Ber. 1873, 
6, 420), 142*8® (Remsen and Reid, Anier. Chem. J. 
1899, 21, 290). Sodium-derivative (Wheeler, 
ibid, 1900, 23, 466). 

Methylamide; colourless needles, m.p. 75®; 
dimeihylamidc, b.p. 147®, 1*033 (van S.). 

Nitrile ; by heating potassium toluene o-sul- 
phonate or tri-o<tolyl phosphate \rith potassium 
cyanide (Heim, Ber. 1883, 16, 1776); by heating 
tolyl isothiocyanate with copper powder (Weith, 
Ber. 1873, 6, 419) ; by the action of heat on tolyl 
isocyanide (Weith, Ber. 1874, 7, 722) ; by heat- 
ing o-iodotoluene with silv*er cyanide at 350® 
(Merz and Weith, Ber. 1877, 10, 7*51) ; by boiling 
the formyl-derivative of o-toluidine with zinc 
dbst (Gasiorowski and Merz, Bor. 1884, 17, 74 ; 
1885, 18, 1004) ; from o-toluidine by Sand- 
meyeris reaction (Cahn, Ber. 1886, 19, 756); 
by the action of mercury fulminate on toluene 
in presence of aluminium chloride (.Scholl, I^r. 
1903, 36, 10). Liquid, b.p. 203®~204® (W.), or 
205-2“ : D;: 1-0061, Dji: 0-9975. D|5: 0-9912; 
magnetic rotatorj' power 12*98 at 15*7® (Perkin, 
Chem. Soc. Trans. 1896, 69, 1244). On boiling 
with alcoholic potassium hydroxide it yields the 
amine and witn concentrated hydrochloric acid 
at 200® it yields o-toluic acid. In a well-cooIed 
solution o-toluonitrile is converted at a load 
peroxide anode into o-cyanobenzoic acid. If 
the cooling is not efficient the nitrile is hydro- 
lysed to o-toluic acid which is oxidised to 


Sandmeyer reaction. Long slender prisms/ 
m.p. 82^-83' , b.p. 143®/38 mm. 

Amide ; by heating a solution of the nitrile 
with ^ut^ sulphuric acid at 10O®-11O® for ] J* 
hours. Scales, m,p. 167® (K. and W.). ^ 
4-GMbro-o-tofutc acid; together with 6- 
ohloro-o-tolttio acid by boiling the oorres^nding 
chloroxylene with nitric acid (D 1*2} (Hrhger, 
Ber. 1886, 18, 1767) ; together with the 5-aoid 
by passing chlorine through a solution of o-toluio 
acid in glacial acetic acid ((!3au8 and Bayer, 
Ann. 1893, 274, 308). M.p. 137® (0. and B,), 
and not 166® as given by Kruger. Its salts are 
more sparingly soluble than those of the 5-ohloro- 
isomeride. CaA'^-f 2HjO, prisma. j 

6-Chloro-o46luic acta; see 4-chloro-o-toluio 
acid. The nitrile is obtained from 5-chloro*4| 
toluidino by the Sandmeyer reaction (Claus an 
Stapclberg, Ann. 1893, 274, 287). Small needle 
m.p. 170° (C, and B.), not 130® as given by 
Kriigcr. KA’-fHjO, needles; CaA'2+3H,0,\ 
iiof‘dles ; BaA'j-fiHaO, needles, ' 

Ethyl-ester ; oil, b.p. 258® (C. end S.). 

Nitrile ; long needles, m.p. 67® (C. and S.). 
Amide; m.p. 183® (C. and S.). 
i\-Chloro-o-ioluic acid ; by boiling 3-chloro-o« 
x^dene with dilute nitric acid (iu*uger, Ber. 
1885, 18, 1758). Needles, m.p. 154® (Itr.) or 
156® (Claus and Bayer). Oxidation with 
potassium x)ermanganate yields 3-chlorophthalio 
acid. CaA%4- 2 H 2 O, long prisms. 

3 ; 5-Dichloro-o-toluic acid ; from the nitrile 
whicli is prepared from 3 : 5-diohloro-o-toluidin6 
by the Sandmeyer reaction (Claus and Stapel* 
berg, Ann. 1893, 274, 292). Glistening needles, 
m.p. 181®. 

Nitrile; needles, m.p. 92® (C. and S.). 

A dkhlorotoluk acid was obtained by HolJe* 
man (Ann. 1867, 144, 269) by oxidisiRg entd^ 
dichloroxylcne (m.p. 22®) with chronuo acid 
mixture. CaA', 4’9H20. 

w-Dkhloro o Uduk acid ; needles, m.p. 155®« 
Its chloride is obtained by chlorinating o- 
toluoyl chloride. The amide, melts at 117®, 
w-Trichloro^o-toluk acid: obtained by the 
action of formic acid at 60® on its chloride, 
which Is formed by chlorinating o-toluoyl 
chloride, crystallises from beiUEene in needles, 
m.p. I4r-144® (Davies and Perkin, Chem. Soc. 
Trans. 1922, 121, 2213). 

A-Brmrw-o-toluic acid; by keeping o-toltdo 
acid in contact with excess of bfomine for 24 


phthalic acid (Fichter and Grisard, Helv. Chim. 
,Acta, 1921, 4, 928). Fuming sulphuric acid at 
60®— 70® forms iminodi-o-ioluamide, prisms, m.p. 
103® (Kraft and Karstens, Ber. 1892, 25, 455). 
Concentrated hydriodic acid yields C,H,(;N2HI, 
lemon-yeilow crystals, m.p. 136®-! 40® (decorap,) 
(Blitz, Ber. 1892, 25, 2540). 
white crystals (Rabaut, Bull. Soc. ohim. 1898. 
(3) 19, 787). 

Isocymidt; liquid, b.p. 76®/ 16 mm., lor/55 
mm., 183®-184®/753 mm. (with slight decomp.) ; 

“ converted into the 
mtnle (Nef, Ann. 1892, 270, 309). 

acid ; by car^l addition of 
so^m ^rite m excess to a hot solution of the 
(l^nner and Witham, Chem. Soc. Trans. 
1^1. 1458), long slender needles, m.p. 

102 ®. a * 

Nitrik; from 2*«yaiio-m-U)lnidine by the 


hours (Jacobsen and Wierss, Ber. 1883, 18, 
1956; Racine, Ann. 1887, 239, 74); from 2- 
I nitro-p-toluidine by replacing the amino-j 
by Iwomine and the nitro-group hf cm 
(von Meyer and Geiringer, Ber* 1895, 28» U 
Long nciedies, volatile with steam, m.p. 187^ 
CaA®„+H,0; BaA^+6H,0* 

MetkyCesier ; leaf^, m.p. 44®-48^ {B*)* 

A bramo-o-Uduie oeid!, sImKtar needles, hla. 
118®, whose nUriU melts at 42^ hi# been 
obtained by oxidising bfomo^ethjdag^^ with 
diJnte nitric add at 200® (Caaiis aaa Besscel;; 
^r. 1886, 19, 3083 ; Omm mi twmik. X fv* 
Chem. 1889, (2) 39, 489). This acid li 
identical with that of Jacobemi (Bst» !884« 
^76), obtahied by oxidMog 
mih dilute nitdo addL potect 

fottM stellate gmufM of itib iiertlii, iiLp 

^6^ yidd^ sttia hariijpMii^ 

and IS 
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S^Sfvmo-o4cl»k aeid ; by MBoiiificaiicm oil 
,bo nitrile (Nonrriison, 11^7, 20, 1016). 
Sublimes in needke, 187^ (K.) or;^175*’ 
Konowalofi, J. Buss. Pbys. Obem. See. 1604, 
)6, 637). BaA'j+2HfO (U. an4 K.).^ 

Amide ; pourly plates subliming in needles, 
ai.p. 181M8V- 

Nitrih; long needles, volatile vith steam, 
a.p. 70® (N.). 

3 : 5^Dibr(mo-o4chtic acid ; by hydrolysis of 
the amide with concentrated hydrochloric acid 
3 it 260® (Clans and Beck, Ann. 1892, 260, 215). 
Nfeedles, m.p. 167®, BaA'j+HjO, crystalline 
trusts. 

Amide ; glistening needles or columns, m.p. 
198®. 

Nitrik; from 3 : 6-dibromo-o-toluidine by 
Sandmeyer’s reaction. Glistening needles, m.p., 
86® (C. and B.). 

4 : 5-Dibrofno-o4oluic acid ; by heating 6- 
bromo-o*tolnic acid with 1 mol. of bromine in 
the presence of water at 120® for 3 hours 
[Claus and Beck, Ann. 1892, 269, 213), Glisten- 
ingneedles, m.p. 210®, BaA'j+CHjO, glistening 
needles. 

When nitrated at 0®, o-toluic acid yields a 
mixture of 4-nitro-o-toluic acid, m.p. 178®- 
178*5®, and 6-nitro-o-toluic acid, m.p. 184®- 
184*6®, the latter being probably identical with 
Jacobsen and Wierss’ jS-mtro-acid, m.p. 145®. 
riie methyl-ester, amide, methylaraide, and 
dimethylamide of o-toluio acid yield the corre- 
sponding derivatives of the 4- and O-nitro-acids 
when nitrated at 0®. When nitrated at ordinary 
temperatures, o-toluic acid and its 4- and 6- 
mononitro-derivatives yield 4 : 6-dinitro-o-toluic 
acid. The methyl-ester under similar con- 
ditions yields methyl-4 : 6-dinitro-o-toluate, m.p. 
73®-73*6®, The amide and methylamide yield 
the 4 : 6-dinitro-acid, but the dimethylamide 
yields the 4-nitro-acid (van Scherpenzoel, Rec. 
tray. chim. 1901, 20, 149), 

S-Nitro^-toluic acid; from 3-nitro-o-tolu- 
idine via the nitrile (Mayer, J, pr. Chem. 1915, 
(2) 92, 137) or the amide (Gabriel and Thieme, 
Ber, 1919, 62, 1079). The latter authors could 
not prepare it by hydrolysis of l^e nitrile. 
Colourless needles, or short rods, m.p. 16r-152® 

E . and T.), or colourless silky needles, m.p. 

tween 200®-210® (M.). It sublimes, and it is 
stated to undergo certain physical changes when 
e:i^sed to air for a few days, s.g. it becomes less 
sohxble in water, and melts at about 180®- 
185® (M.). 

NaA'-f84H,0 ; BaA'*-f 3H,0 (G. and T,), 
Amide ; by the action of sulphuric acid on 
the nitzile, [Needles, m.p. 158® (G. and T.), 
Ifiink ; from th^ amine by the Sandmeyer 
reaoUon and treatment of the crude product 
with alcohol or nitric acid. SUvery leaflets, 
naup. t09®-n0® {Q. and T.), or yellow silky 
needles on subliming, m.p. 89®-9r (M.). 

by the action of methyl 
Salute, 72M6® (M.), or from the 
aeia chhridc («Lp. 41®} by the action of methyl 
idcohci,When and leaflets, m.p. 50®, are 
Ibrin^ (0. and f.) and T.). 

plates, m.p* 17# 

with the 

nitro-aoU hy inumiag o-toluio acid with 
Aiie aoidjD U) at 100? (Jaeobsen and Wimt, 


1883, 16, 1957) ; together with the 5-nitro- 
acid by oxidising 4-nitro-o-xylene wito dilate 
nitric arid (Jacobsen, Ber. 1684, 17, ,162). Gboiail 
needles, slowly voU^ with steam, in.p. 179®. 
KA^+HjiO, long needles; 0 aA' 2 + 2 HaO, needles; 
BaA%+2HtO, slender needles. 

Nitiile; by nitration of o-toluonitoile, 
needles, m.p. 106®, subliming at 100® (Lands- 
berger, Ber. 1898, 31, 2880). 

Amide ; by warming the nitrile for i hour 
with six times its wei^^t of concentrate sul- 
phuric acid, fine needles, m.p. 173® ^L.) ; meihyU 
amide, slender needles, m.p. 160®; dimeOiyl- 
amide, m.p. 105®-106® (van Seberpenxeel, Re. 
trav. chim. 1901, 20, 149). 

Methyl-ester ; oblong prisms, m.p. 69®. 

Chloride; colourless needles, m.p. 69®--60® 
(van S.). 

{yyS-Nitro-o-tolnic acid ; together with the 
4-acid by boiling a mixture of 25 grms. of 4- 
nitro-o-xylene, 250 c.c. of nitric acid (D 1*4) and 
500 c.c. of water for 48 hours. The mixture is 
converted into the barium salts, which are 
separated mechanically (Jacobsen, l^r. 1884, 17, 
162); from 5-nitro-o-toluidine via the nitrile 
(Mayer, /.c. ; Gabriel and Thieme, Ic.), It 
melts at 162®-153® (G. and T.). BaA'jj-f 5H,0, 
long transparent fiat prisms (J.). 

Nitrite; colourless leaflets, m.p. 100® (G. 
and T.), or long yellow felted needles, which 
sublime, ra.p. 113®-116® (M.). 

{P)-Q-NUro-o-ioluic acid; see the 4-nitro- 
acid, and van Scherpenzeel, l.e. Long needles, 
m.p. 145® (J. and W.), or 184®-I84*6® (van &). 
Slowly volatile with steam. CaA^g+2H|0, 
crusts ; BaA'j-f2H20 (J. and W.). 

Methyl-ester ; pale yellow needles, imp. J66® 
(van S.). 

Amide ; colourless needles, m«p. 163® ; 
methylamide, m.p. 131®-132®; dimOkylamide, 
m.p, e9*5®-70® (van S.). 

Chloride ; m.p. 68®-68*6® (van 8.). 

mtHU, ra.p. 69*5® (Ndlting, Bear. 1904, 37, 
1025). 

3 : 4-Z)tntfro-o-(rittic acid; together with 
3 : 4-dinitrophthalic acid by oxidising 3 : 
dinitro-o-xylene with dilute nitric arid in a 
sealed tube (Warner, Chem. Soc, Proc. 1913, 
29, 61 ). Stout colourless needles, m.jp. 182®. 

Ethyl-ester; colourless rectangu&r platem 
m.p.63®(W.). 

4ti^-DinUro-o-icluic acid; together with 
3 : 5-dinitTophthalic acid by oxIaiajM 3 ; 5* 
dinitro-Q-xylene in a similar mamm (Wanner) ; 
by keeping 4- or 6-nitro-o-toluio acid irith u 
mixture of <^ual volumes of sulphuric arid 
fuming nitrio acid for 24 hours (Jacobm and - 
Wierss). Very long brittle needier imp. 206®. 
With dilute nitrio arid at 170® it S;6» 
dinitrophthaiio acid. 

Ann* }887» 230» 77). 

nwdiM, 73*>-7C (E*). 

3 : 4 : 6 (ot 3 : S : 

oxidis^ 3 : 4 : 6-tfiiutnH>-»kKe Wit^ . 

arad <Graa, Gm«. dOm. itiJ* i I83)»i 

WWto noedfea, ai.p. It ^ * 

nddvh-lMovn edotatkm ^ alkalia. 
m•OhtorM^n^r1ho4Bhk aeU f . 

w»nidngtJrtidla[flefo»3l^ 

.Buhdiiidb mU {Galtiiel Mul 
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TOLUENE. 


for some time at 1 10^ it yields 5-nitro-ps6udo< 
pHtha^idine, needles, m.p. 168^ 

SUrile ; by nitration of o-oyanobenzyl 
chloride (6. and L). 

^ Yeliow eiystab, m.p. 94®. When heated 
with acetic and hydrochloric acids at 140®-160® 
it yields 5-nitrophthalide. 

5- -€hlcr(hS-nUro-oMuic acid / from d-chloro- 
3*nitro*o-tolnidine cm the nitrile (Claus and 
Stamlberg, Ann. 1893, 274, 297). Glistening 
needles, ro.p. 189®. 

NUrik; golden-yellow glistening prisms, 
m.p.l40®{C.andS.). 

6- CWoro-4-m/fo-o-tolttw acid ; together with 
5-ohloro-6*nitro-o-toluio acid, by treating 5- 
chloro-o-tolttic acid with nitric acid (D 1*52) at 
110®-120® (C, and S.). On pouring into water, 
the 6-nitro-acid gradually separates. Large 
glistening prisms, m.p. 193®. KA'+iHgO, 
prisms; MgA'j-f 43320, four-sided pillars. The 
salts are more ^ringly soluble in water than 
those of the B-nitro-isomeride. 

Niirile; from 5-chloro-4-mtro.p-toluidine. 
Thick glistening pUlars, m.p. 86® (G. and S.). 

5-VhlorO’%-nitr(ho-toluic acid ; see above. 
Glistening pillars, m.p. 186®. KA'+HjO, 
crusts; MgA'j-l-5H20, glistening needles (C. 
and S.). 

3 ; b-Dkldoro-^-nitro-o-tohic acid ; by 
oxidising 3 : 5-dichloro-6-nitro-o-xylene with 
nitric acid (D M5) for 6 hours at )80®-190® 
(Grossiey, Chom. Soc. Trans. 1904, 85, 281). 
Eeathery needles, m.p. 187®--189®. 

5- CWofo-4 i B-dinwro-o-to/wic acid; by pro- 
longed boiling of 5-chloro-o-toluic acid, 5-chloro- 
4-mtro-o-toloic acid, or 5-chloro-G-nitro-o-toluic 
acid with mixed acids (C. and S.). Needles, 
in.p. 212®. 

6- j3fowio-3-»i<fo-o-to/it*c acid ; from the 
amide by heating with concentrated hydro- 
ehloric acid at 230®-250® for 8-10 hours (Claus 
and Beck, Ann. 1892, 269, 212). Fine needles, 
m.p. ^®. 

Amide ; by boiling the nitrile with 50 p.c. 
sulphuric acid. Vitreous needles, m.p. 235®. 

Nitrile ; from 5-bromo-3-nitro-o-toluidine by 
Sandmeyer*8 reaction. Glistening yellow 
needles, m.p. 106®-107®. 

5*Bramo4'nitro^O’toluic acid ; together aith 
g-faromo-B-nitro-o-tolniG acid, % nitrating 5- 
brcano-o-tohiic acid for 6-8 hours at 50®. The 
greater part of the 5-bromo-4-nitro-o-toluic 
acid separates on cooling (C. and B.). Needles, 
Dtp. 200®, which sublime. NaA'4-4H20, 
large pearly plates ; KA'-f HjO, silky needles ; 

vitreous needles ; BaA',+4H20, 

long needles. 

5-Bfnmo*6-m^ro-o-lolutc acid; see above. 
The two acids mav be separated by means of 
thi^ magnesium salts. Small needles, m.p. 220®, 
whkhsaMme. The magnesium salt is extremely 
scdubla in water. BaA^-f HtO, nodules. 

3-Amfno-o-toluic acid; obtained as the 
hy<bochfelide, together with 3-mothyl-benziso- 
oxaiole*3-on6 and fu-toluidine hydrochloride, 
Iqr ledtush^ 3*nibo-o-toluamide with tin and 
V hjNhocliMeadd, wasth^ 

add with ferrous Sulphate in 
amnmniacal eohtion (Gabriel and Thieme, 
Ber« 1919, 92, 1079). Needles, m.p. 125®-126® 

. Mayer (X pr. Cheim 1915, (2) 92, 

; tl^), redeem of the amd with Sn and hydro* 


chloric add yields initialty the amino-add, but 
this ^uld not be ifclated, as it was converted 
into m-toluidine during evaporation. 

Nitrile; by reducing S-nitro-o-toluonitiila 
with hydriodic add and phosphorus. It mdts 
atl27M28®(G.andT.). 

i*Amino* 0 ‘toluic acid; small prisms, m.p. 
196** (Jacobsen and Wierss, Ber. 1883, 16, 
1959 ; Jacobsen, ibid. 1884, 17, 164). 

Nitrile ; by reducing 4-nitrotoluonitrile. 
It melts at 88®, its hydrochloride at about 220®, 
and its picraU at 177®-179® (Landsberger, Ber. 
1898, 31, 2881). 

6-Amino-oMuic acid ; by reducing 6-nitro-o- 
toluic acid with tin and hydrochloric add 
(Jacobsen, Ber. 1884, 17, 164) ; by heating p- 
nitrophthalido with hydriodic acid and phos- 
phorus at 205® (Honig, Ber. 1885, 18, 3449). 
Needles which sublime, m.p. 153® (H.) or 165® 
(decomp.) (J.). 

Nitrile; by reducing .5-nitro-o-toluonitrile 
with stannous chloride and hydrochloric acid. 
Rhombic crystals, m.p. 90® (G. and T.). 

Q-Amino-o-toluic acid; small vitreous needles, 
m.p. 191° (Jacobsen ; Jacobson and Wierss). 

Nitrile; silky needle.s, ni.p. 95*5® (Nolting, 
Ber. 1904, 37, 1025). 

m-Tolnic acid; by reducing bromo-m-toluic 
acid (Ahrens, Zeit. f. (’hem. 1869, (2) 5, 106; 
Richter, Ber. 1872, 5, 424; Bottinger and 
Ramsay, Ann. 1873, 168, 255); by oxidising 
w-xylono with dilute nitric acid (Tawildarow, 
B(^r. 1873, 4, 410; Briickner, Ber. 1876, 9, 
406; Reuter, Ber. 1884, 17, 2028); by hydro- 
lysing the nitrile (Weitb and Landolt, ifer. 1875, 
8, 720) or the 6-sulphonamide (Jacobsen, Ber. 
1881, 14, 2.349) ; by boiling cU'Chloroxylene with 
dilute nitric acid (»Senff, Ann. 1883, 220, 247 ; ef, 
Ador and Rilliet, Ber. 1879, 12, 2300; van 
Scherpenzeel, Rec. trav. chim. IWl, 20, 149). 
Very long net'dlcs, volatile with steam, m.p. 
110*5° (.Jacobsen; Bornemann, Ber. 1887, 20, 
1382) or 108°-I09° (Kellas, Zcitsch. physikal. 
Caiem. 1897, 24, 221), b.p. 2«3‘' (J.); 

10543 ; molecular refractive power 6201 
(Evkman^ Rcc. trav. chim. 1893, 12, 178). 
CaA'j+3HjO, flat w'edles; BaA',+2H,0, 
small plates; AgA' ; (CH,C.H,COO),ifK, 
long needles; (CH,-C,H 4 -COO),H-NH.. taBular 
crystals (Farmer, Chem. Soc. Trans. 1903, 83, 
1443). 

Hydroxyhmine salt; m.p. 83° (Oosper and 
Ballard, J. Amer. Chem. Soc. 1926, 47, 2424). 

Melhyl-e«ter } h.p. 214°-216° (Kellu) or 
h.p. 220-5°-221°/758 mm., I)’®' 1066 (van S.). 

Ethyleaer; h.p. 224-5°-226-6°/710 nm. 
(Ador and Rillirt). 

Clioride ; b.p. 218°/724 mm. (A. and R. 

B. (Kiages and lickrot^ Bw. 1 


120°/38 mm. , — . 

32, 1560), 109°/8 mm. (FnnUand and Wharton. 
Chem. Soc. Trans. 1896, 69, 1311), 109”/13 nm. 
(Frankland and Aston, ibid 1^, 7S, 404), 
219°-220°/773mm.(van8.); m.p. ^in°(TaB8.)| 
Dj9*M73(K.andI*). 

Amide, m.p. 94° (Remsea and Reid, Amef. 
Chem. J. 1899, 21. 200 ; van 8.) ( 
m.p. 44-5°-45° (van &); ofl, 

b.p.l48“.D»* 1043 (van &), 

Stirih; from m<4oluidiii» hf iHu SaadiiN^nr 
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teftotion (Bqohka and Bclui^htebeek, Ber. 1889, 
22, 841). b.> 2m^^2W (B. and S.) 

or 212^-214** (Biltz, &r. 1892, 25, 2539). Bee 
also Wditk and landolt (Ic,). 

Mercapfan; 196*4®/760 mm., dJJ 

1*06251 (Bourgecxis, Bee. trav. chim. 1899, 18, 
426). 

Anhydride; m.p. IV*, b.p. 230717 mm. 
(Denham, Chem. Soo. Trans. 1909, 95, 1240). 

Pmtdc-m-Udiiic acid ; m.p. 47*’ (Perkin and 
Simonifi, t6td. 1907, 91, 840). 

4- t75iofo-m-tolaic acid ; by oxidising 3- 
aoetyl-p-ohlorotoluene (Claus, J. pr. Chem. 1892, 
(2) 46, 27). Needles, m.p. 167^ 

5- CAk)^m-tol«tc octd ; together with a 
chloronitroxylene and other products by boiling 
dihydro-6-chloroxvlene with 30 p.c, nitric acid 
for 20 hours (Klages and Knoevenagel, Ber. 
1895, 28, 2045). Needles, m.p. 178^. With 
potassium permanganate it yields 5-chloro- 
isophthalic acid and a little 5-hydroxyisophthalic 

Mhloro-m-tduic acid ; by replacing the 
nitro-group by chlorine in (i-nitro-m-toluic acid 
^ilstein and Kreusler, Ann. 1867, 144, 182; 
Bemsen and Kuhara, Amer. Chem. J. 1881, 3, 
431); by oxidising 4-chloro-m-xylene wilh 
chromic acid mixture (Vollrath, Ann. 1867, 144, 
266 ; BuU. Soc. chim. 1867, (2) 7, 342 ; Jacobsen. 
Ber. 1885, 18, 1761). M.p. 203*^ (V.), 204® (corr.) 
(R. and K.), 210® (corr.) (J.). CaA'j+3HjO, 
fine needles ; BaA'j+SHoO (V.). 

Ethyl-eater; b.p. 260^-265® (V.). 

wChloro-m-toluic acid ; by boiling the 
nitrile with concentrated bydrochlorio acid 
(Beinglass, Ber. 1881, 24, 2418). Fine needles, 
m.p. 135®. 

Ami^; m.p. 124®. 

Nitrile ; by chlorination of m4oluonitrilo at 
150®. Plates or prisms, m.p. 67®, b.p. 258®- 
260® (R.). 

4t : %-Dichlaro-m4oluic acid; by heating 
1 part of 4 : 6-dichloro-m -xylene with 15 parts of 
dilute nitric acid (D 1*18) (Claus and Burstert, 
J. pr. Chem. 1890, (2) 41, 557 ; c/. Hollemann, 
Ann. 1867, 144, 269). Vitreous needles, m.p. 
170®. BaA'2+2H20, needles or piUars. HoUe- 
maim’s product melted at 101® and yielded 
CaA'j+OH.OandAgA'. 

ia-Diehkiro-m-tdluic acid ; m.p. 132®, is 
formed from its chloride, m.p. 49®. 

m*Trichhro-m4oluic acid: obtained from 
its chloride, which is formed by chlorinatiog 
m-toluoyl chloride (Davies and Perkin, Chem. 
Soo. Trans. 1922, 121, 2214). Sparkling 
iamine, m,p. 142®. 

^Bramo-m^tdlutc acid; together with the 
3-bromo*t8omerid6 by keeping a mixture of 
w-tduio acid and an excess of bromine (Jacobsen, 
Ber. 1884, 14, 2351) ; by heating 4-bromoiso- 
symene with dilute nitric acid at 130®-135® 
[Ketbe 4iid Gsamomaki, Ann. 1886, 235, 295) ; 
wm 4-broiiio*2-iiitro*tolaene by heating with 
uoohol ^ TOtayssiam cyanide at 220®, and 
kydzolyxing the nitrile with alcoholic potassium 
hyd^e (Richter, Ber. 187ft 5, 425); by 

5 ; Jl-adsijd4*bvoiiiotoli^ with pmnan* 
1892, J2> 46. 21). 
iTt Y.- J52®-458® (K. a^ C.), 

y fcaliM fudan 4-hydroxy-m-taliiio acid, 

md oxidalto jMis 4-bromoiaaphatfaaUo add. 



OaA'ji, long needles (J.) ; BaA^2+4H20, 

needlM (C.). 

d-Bromo-m4oiuk acid ; bv oxidising bromo* 
m-xylone with chromic acid mixture (STttig, 
Ahz^ and Mattheides, Ann. 1868, 147, 32; 
Jacobsen, Ber. 1881, 14, 2352) ; together with 
the 4-a^ by brominating m-toluic acid 
(Jacobsen); by oxidisi^ o-bromoisocymene 
with dilute nitric acid (&lbe, Ber. 1882, 15, 
41); from 6-nitro*m-toluic acid (Remsen and 
Kuhara, Z.c.). C^staUine powder, m.p. 209® 
(Jacobsen). Sodium amalgam yields m-toluio 
acid, and alkaline fusion yields 6-hy<toxy- 
m-toluic acid. CaA'^+SH^O, needles; BaA '2 
-f 4 H 2 O, long needles ; AgA'. 

Ethyl-ester; solidifies at —5®, b.p. 270®- 
275® (F., A. and M.). 

Br(mo-m{1)-toluic acid; together with 6- 
bromo-m-toluic acid by oxidising crude bromo- 
xylene (b.p. 200®-208®) with chromic acid 
mixture (Al^ns, Zeit. f. Chem. 1869, (2) 5, 106), 
m.p. 185®-190®, CaA'a+SHgO, small needles, 
more soluble in water than the salt of 6-bromo* 
m-toluic acid. 

Dif}r(mo(1)-toluic acid; by oxidising crude 
dibromoxylene with chromic acid mixture 
( F. , A. and M. ). Microscopic needles, m.p. 1 85®- 
186®. BaA'g+OHgO, long needles; AgA\ 

(u-Bronw-m-toluic acid; by brominating m- 
toluic acid in bromoform (Zalkmd and Semenow, 
J. Russ. Phys. Chem. Soc. 1914, 46, 512). White 
crystals, m.p. 151®-152®. 

Ethyl-eater; b.p. 160®-161®/10 mm. 

4 ; (}-Dibro7no-m-t6luic acid ; by oxidising 
4 : 6-dibromo-w-xylene with nitric acid (Eckert 
and Studel, J. pr. Chem. 1921, (2) 102, 338). 
White crystals, m.p. 174®. 

Methyl-eater ; m.p. 43®, b.p. 203®-206®/758 mm. 

Amide; wliite needles, m.p. 188®. 

2-Nitroao-m-t6luic acid; grey prisms, m.p. 
172®-173® (Freundler, BuU. Soc. chim. 1911, 
[4] 9, 657). 

2-Nitro-in-toluic acid ; together with 4-nitro* 
m-toluio acid (Jacobsen, Ber. 1881, 14, 2347 ; 
Findeklee, ibid. 1905, 38, 3553 ; Jiirg^s, ibid. 
1907, 40, 4409 ; van Soherpenseel, Rec. trav. 
chim. 1901, 20, 149; Wheeler and Hoffman, 
Amer. Chem. J. 1910, 44, 113, 507) and the 6- 
nitro-acid (Miilier, Ber. 1909, 42, 430) when 
m-toluic acid is nitrated. The 2*mtro-acid is 
formed also by boiling 2-nitro-4ii-syieim with 
nitric acid (D 1*4) (Nolting and Qachot, Bex; 
1906, 39, 73). Monoclinic prisms, m.p. 219® 
(Jacobsen ; Findeklee ; Muller ; Jumas), 
217*5®-218® (Nolting and Gaohot). 

The 2- and 4-mtrotoluio acids may be 
separated by means of their barium salts. ^ 
BaA^2+2H,0. This acid is idenrical witbo&s 
of the throe acids which Ahrens (Zeit. f. Chem. 
1867, (2) 3, 525 ; 1869, (2) 5, 106) obtained by the 
action of nitric acid on a mixture of toluieadids. 

Amide; m.p. 192® (Jurgens). 

Nitrile; needles, m.p. 84® (Gabriel end 
Thieme, Ber. 1919, 52, 1079; hutgem; 
Reissert and Scherk, Ber. 1898, 31, 390). 

Methyl-eater ; m.p. 74® (JUrgm). 
A-Nitro-ixgtcluic acid ; . see 2*nitH>-iii^to}iiie 
add. It melts at 182® (JacobMO or 134® 
(F.; 11). The barium si^t is spsihQ^ 
(Jacobsen). # 

Amide; dkmt fiat needles, ni.p. 


n7®(F.). 


1 ^ / '1 <’ . > 

. 1^- -h, r,s'^ V'""- 
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MeiSiyl-teier ; atout needles^ m.p. 78^-79^ 

(M.). 

A number of derivatives of both 2- and 4- 
nitro-m-toluio acids have been prepared by van 
Scherpenzeel (Bee. trav. chim. 1901, 20, 149), 
but are of doubtful orientation, 

6-NUro-m’toluic acid ; by warming an 
acetic acid solution of 5-nitro-m-xylene with 
potassium permanganate on the water-bath 
(Thdl, Ber. 1885, 18, 359) or by heating with 
nitric acid (D 1*16) in a scaled tube for 50 hours 
at 100® (Muller, ibid, 1909, 42, 430). Long 

S ' meedles, m.p. 170® (M.) or 167® (T.). 
'S+4H2O, grou2>s of microscopic needles 

(T.). 

NUrUe ; m.p. 104®-106® (G. and T.). 

Amide; small needles, m.p. 164®-! 65® 
(G. and T.). 

Meihtfl-eater ; tables, m.p. 84®-85® (M.). 
^^Niiro-m-teduie acid; by oxidising crude 
nitroxylene (Beilstein and Kreusler, Ann. 1867, 
144, 168; Kreusler, Zeit. f. Chem. 1866, (2) 2,320) 
or nitroisooymene (Kelbe, Anu. 1883, 221, 161); 
together with the 2- and 4-nitro-acids by 
ni&ating m-toluic acid (Miillcr, Z.c.). 

Crystalline powder, m.p. 211® (B. and K.), 
214® (K.), or pointed needles, m.p. 215®- 
216® (M.). NH4A-f2H20; MgA'2+7H20| 

CaA'8+2H20 yellow i^risms ; BaA'a+^rHjO, 

NUrile ,*‘ m.p. 80® (B. and K. ; G. and T.). 
Amide; leaflets, m.p. 151® (B. and K.), 
or prisms, m.p. 190® (Wheeler and Hofltman, 
Amer. Chem. «!. 1910, 44, 113, 507). 

Meihyi-eMer; m.p. 81®-82® (M.) or 72® 
(Herre, Ber. 1895, 28, 597). 

2 : 4-Dmitro-m-iol!«ic acid ; m.p. 173®. 
Methyl-e ^ , m.p. 104®-105® (van Scherpen- 
zeel). 

Bramonitro-m-toluic acid ; by wanning 
bromo-i7»-toluic acid with fuming" nitric acid 
(Fittig, Ahrens and Mattheidos, Ann. 1868, 147, 
847). CrysUls, m.p. 175®-176®. 
nodules ; BaA'8+3H20, long needles. 

2-Amino-m-toluic acid ; by reduction of 
the corresponding nitro-compound (Jacobsen; 
Findddee; Jurgens, lx.). It melts at 172®. 

Acetyl-derivcUive ; glistening needles, m.p. 
193^-194® (Miller and Meyer, Ber. 1891, 24, 1909), 
I^iMe : m.p. 38® (Gabriel and Thiome). 
Amide; m.p. 149® (Gabriel and Thieme; 
Jiirgens). 

MethyUester ; oil aith an odour of orange 
peel (Jurgens). 

^ ; large transparent prisms, m.p. 

71®-72. IHe^yl-ester ; long slender needles, 
m.p. 65®-^7® (Wheeler and Hoffman). 

4*Aminchm-toluic acid ; by reduction of 
the corresponding nitro-compound (Jacobsen ; 
Findeklee, /.c.). It melts at 132® (Jacobsen), 
176® (Findeklee), or 172® (P.). B'HCi, long 
needdes (Panaotovid, J. pr. Chom. 1886, (2) 33, 
62 ). 

JfUrite ; glistening needles and plates, m.p. 
68®-61® (Ehrlich, Ber. 1901, 34, 3366). 

Amide; monoclinic prisms, m.p. 178® (P.) 
wl79®fF.), 

AniMe; pearly rhombie tables, m.p. 240® 

fibrous needles, m.p. 193®- 
194® Ohler, Ber. 2891, 24, 1910). 


5- Amino-m-tchiukacid ; in a ;ideld of 50 p.c. 
by reducing the corresponding nitro-oom^und 
with ferrous sulphate and ammonia (Miiller, 
Ber. 1909, 42, 423). Small needles with a pink 
tint, m.p. 183® (M.). 

NUmle; needles, m.p. 75® (Gabriel and 
Thieme, Ber. 1919, 52, 1079). 

6- Amt7u>-m-tolmc acid ,* by reducing 6-nitro- 
m-toluio acid with tin and hydrochloric acid 
(Beilstein and Kreusler, Ann. 1867, 144, 177 ; 
Kreusler, Zeit. f. Chem. 1866, (2) 2, 320) or with 
ferrous sulphate and ammonia (Muller). Long 
needles, m.p. 168®-169®. B'Hd; B'HNOa; 
B'2HoS04-f2H20, long prisms. 

Nitrile; long colourless needles, m.p, 95® 
(Gabriel and Thieme). 

Amide; crystals -j-HgO, which when 
anh^’^drous melt at 115® (B. and K.). 

MethyUester ; prisms, m.p. 115® (Herre, Ber. 
1895, 28, 598). 

EthyUestcr ; colourless needles, m.p. 79® 

w-Amino^m-toluic acid ; by heating w- 
cyanobenzylplithaliraidc with concentrated 
hydrochloric acid at 200° (Reinglass, Ber. 1891, 
24, 2419). Scales, m.p. 215®-218®. Phtino-^ 
chloride, oohre-yellow crystalline precipitate ; 
aurochloride ; yellow prisms, m.p. 175®-177® 
(R). 

When 7rt-toluic acid is sulphonated a mixture 
of the 5- and 6-monosulphonic acids is formed, 
which could not be separated. On alkaline 
fusion, 5-hydroxy-7/*-toluic acid and 6-hydroxy- 
m-toluic acid respectively are formed (Jacobson, 
Ber. 1881, 14, 2355). 

p-To/mc acid; by oxidising p-xjdene 
(Beilstein and Yssel, Ann. 1866, 137, 302 ; 
Kekul6 and Dittmar, Ann. 1871, 162, 339; 
Bruckner, Ann. 1880, 205, 113), cymene (Noad, 
Ann. 1847, 63, 289 ; Phil. Mag. 1848 (3) 32, 19), 
or terpencs (Hirzei, Zeit. f. Chein. 1866, (2) 2, 205) 
mth dilute acid; by healing p-bnunotoluene 
with ethylchloroformat<‘ and sodium amalgam 
followed by hydrolysis of the product (Wurtz, 
Corapt. rend. 1869,* 68, 1298); from p-bromo- 
toluene, carbon dioxide and sodium (Kekul4, 
Ann. 1806, 137, 184); by reducing bromo-p- 
toluic acid with sodium amalgam (J^mseu and 
Morse, Amcr. Chem. J. 1880, 1, 138) ; from the 
acid chloride, obtained by the action of phosgene 
on toluene in presence of aluminium chloride 
(Ador and Crafts, Ber. 1877, 10, 2176) ; from 
the amide, obtained by the action of aluminium 
chloride on a mixture of toluene, carbon 
disulphide and chioroformamide (Gaitermann 
and Schmidt, x\nn. 1888, 244, 51 ; Bar. 1887, 
20, 858) ; by heating a mixture of toluene and 
acetic acid at 110® in presence of zinc chloride^ 
and phosj)boru8 oxychloride, and treatment of 
the prfMluct with dilute sodium hydroxide 
(Frey and Horowitz, J. pr. Chem. 1891, (2) 43, 
114); together with benzoic acid by fus:^ 
toluylbenzoic acid with potassium hydroxide 
(Friedel and Crafts, Bull Soo. ehim. 1881, (21 
35, 508) ; by posing gaseous cyanlo add and 
hydrogen chloride mtd toluene at 100® in 
presence of aluminium chloride (Gattermann. 
and Bossolymo, Ber, 1890, 23, 1196); by 
heating dinitro-p-tolyimethane at about 
(Ponzio, Atti R. Acad. Liucei, 1906, [rJ} 16, ih 
42,118). 

Needles, m.p. 176^-177^ (B. and 177®- 
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178^(A. wd 0.), «r iM** (FmoM, Ber. 1870. 
12. 818), b;p. 264*^ {Oamkxmo^ Ann. 1862, 124, 
264) or 274®~276® (E.), volatflo with steam. 
When oxidised with chromic acid it 3 delds 
teiephthalic acid which is formed also when 
p^tohiio acid is oxidised m presence of ^acetone 
and sulphiurio acid at a lead peroxide anode 
(Fiohter and Gtisard, Heir. Chim. Acta, 1921, 
4, 928). When treated with potassium per- 
sulphate it yields dibenzyl-4 : 4'-dicarboxylic 
acid (Fischer and Wolifenstein, Ber. 1904, 37, 
3215). NH 4 A', plates (Lessen, Ann. 1897, 298, 
72); KA' (B. and Y.) ; MgA'g+SH^O (B. and 
Y.) ; CaA',+ 3 Hj 50 , neefies (B. and Y.) ; 

BaA', (N.) + 2 H 2 O, fine needles (Buchka and 
Irish, Ber. 1887, 20, 1764) ; CuA'^ (N.); AgA' 
(N.); KHA'jj, large laminss (Farmer, Ohom. 
Soo. Trans. 1903, 83, 1443) ; NH 4 HA' 2 , long 
needles (Farmer). 

Hydaroxylamim salt ; m.p. 128® (Vesper and 
Ballard, J. Amer. Ohem. Soc. 1926, 47, 2424). 

Methyl-eater; m.p. 32®; b.p. 217'' (Fischli), 
or m.p. 34®-“35® (Kellas, Zeitsch. physikal. 
Chom. 1897, 24, 245). 

Ethyl-eater; liquid, b.p. 228® (N.) or 235*5® 
(Perkin, Chem. Soc, Trans. 1896, 69, 1238) 

1-0393 { DJI* 1-0306: 1-024 (P.); 

magnetic rotatory power at 16® 14*74 (P.). 

Chloride; liquid, b.p. 107®/8 mm. (Frank- 
land and Wharton, Chem. Soc. Trans. 1896, 
69, 1311), 102® (or 108®)/15 mm. (Frankland 
and Aston, ibid. 1899, 75, 494), 224®-226®/ 720 
mm. (Ador and Rillict, Ber. 1879, 12, 2298), 
214®-216® (Cahours, Ann. 1858, 108, 316), 
I)M76(C.). 

Amide; m.p. 160*8® (Bomson and Reid, 
Amer. Ohem. J. 1899, 21, 290), fine needles or 
large tables, m.p. 151® (Fischli), 166® (Gatter- 
mann and Schmidt, Ann. 1888, 244, 51 ; Ber. 
1887, 20, 120), 168®-159® (Holleman, Rec. trav. 
chim. 1887, 6 , 78 ; cf. Spica, Ber. 1878, 9, 82 ; 
VoUrath, Zeit. f, Chem. 1866, ( 2 ) 2, 489) ; methyl- 
amide, m.p. 143®(G. andS.), 144®-.145*6®( Wheeler, 
and Atwater, Amer. Chem. J. 1900, 23, 146; 
van Scherpenzeel, Rec. trav. chim. 1901, 20 , 
149 ) ; dimethylamide, m.p. 41®, b.p. 156®/10 mm. 
(van S.) ; ethylamide, m.p. 90® (G. and#S.). 

The methyl-ester, amide, and methylamide 
when nitrated at 0 ® yield derivatives of the 

2-nitro-aoid (van S.). 


Anhydride ; plates, m.p. 95® (Frankland and 
Wharton, Chem. Soc. Trans. 1899, 75 , 344). 

Nitrile; by distilling potassium toluene p- 
sulfonate with potassium cyanide (Merz, Zeit. 
f. Chem. 1868, ( 2 ) 4, 33); by heating tri-p- 
tolyi phosphate with potassium cyanide (Heim, 
Ber. 1883, 16, 1776); W heating p-tolyl iso- 
cyanate wi^ copper (Weith, Ber. 1873, 6 , 
421) ; from p-toluidine by the Sandfnoyer 
reaction (Glook, Ber. 1888, 21 , 2660; Herb, 
1890, 268, 9) ; by the action of mercury 
fulmlaate on toluene in presence of aluminium 
chlodde (Scholl, Ber. 1903, 36, 10). 

Otystals, nip. 38^ (Pi^er and Caro, Ber. 
1894, 27, 3276), b.p. 217-8® (Spica and Patemb, 
Bw. 1876, 8, 441 ; qf. VoUraS, Zeit. f. Chem. 
1866, tf) 2, 4^9), or m.p. 29-6% b.p. 21 6 " (KrSber, 
1890, 23, 1080), or b.p. 217%®, Dgl 0-9806, 

Dj|» 1 in|gnet&o hotatoiy power at 31® 
12-84 ^Fer^ JSois. tranfc im» 89, 




1244). When reduced with sodium and alcohol 
a small quantity of p-methylbenzylamine 
is formed, but the greater part is saponified 
(Bamber^r and Lodter, Ber. 1887, 20, 1710). 
and on hydrogenation with hydrogen at 260® 
in presence of reduced nickel it yiel& p-methyl- 
benzylamine and di-p-methylbenzylamine (Fro- 
bauh, Compt rend. 1905, 140, 1036 ; cf, 
Sabatier ana Senderens, Z.c. 482). On oxidation 
at a lead peroxide anode it readily yields p- 
oyanobenzoio acid (Fichter and Grisam, Helv. 
Chim. Acta, 1921, 4, 928). For its polymeride, 
see Glock (Z.c.) and Piepes-pQrat 3 mski (Bull. 
Acad. Sci. Cracow, 1900. Cf, Chem, Soo. Absts. 

1900, 78, 648). 

laocyanide; m.p. 21®, b.p. 99®/32 mm., 

0-96 (Nef, Ann. 1892, 270, 320; Smith, 
Amer. Chom. J. 1894, 16, 374). 

Mercaptan; b.p. 195®/760 mm. (Bourgeois, 

Rec. trav, chim. 1899, 18, 426). 

2- Chloro-^-tolvic acid; by oxidising 2- 
thlorocymeno with dilute nitric acid (Fleischer 
and Kekul^>, Ber. 1873, 6 , 1090; (Crichton, 
i 6 wZ. 1877, 10 , 1249). Largo plates, m.p. 194®- 
196® (199®~20l® corr.) (Gerichten,«&id. 1878, 11, 

366). KA'-f ^HsO, columns (Claus and Bocker, 

Ann. 1891, 265, 363); CaA^-fSH^O, nodules; 
BaA'g-f 4JLO, needles (G.). 

Nitrile; from 2 -chloro-p-toluidine by the 
Sandmeycr reaction, small pillars or needles, 
m.p. 48®-48*5® (Claus and Davidson, J. pr. Chem. 

1889, (2) 39, 498). 

Amide ; glistening plates (C. and D.). 

Ethyl-eater ; b.p. 149®-150® (C. and D.). 

3- Chhro-p4oluic acid; together with other 
acids by bouing 1 part of 3-chlorocymene with 
15 parts of nitric acid (D 1*24-1*29) (Fileti and 
Crosa, Gazz. chim. ital. 1886, 16, 290). Needles, 
m.p. 155®- 155*5®. 

Salts, see Claus and Davidsen (Z.C.). NaA'-f 
HjO crusts; CaA' 8 H“ 2 HjO, prisms; BaA't 4 ’ 
5 HgO, prismatic ne^es ; AgA', silvery plates. 

Nitrile ; leaflets or fiat needles, which 
sublime, m.p. 6l®-62® (C. and D.). 

Amide; glistening prismatic needles, m.p. 

182® (C. and D.). 

wChloro-p-ioluic acid; from the ^trile, 
obtained by passing chlorine into nearly4>oiling 
p-toluonitrile, by hydrolysis with 26 parts of 
boiling hydrochloric acid for 14 hours (Ifelling- 
hof, Ber. 1889, 22, 3208); from <c>*ohloro-p- 
toluoyl chloride by dissolving in 98 p.c. sul- 
phuric acid and maintaining at 0 ®*^® until the 
evolution of hydrogen cliloride ceases (B. A. S. F., 

D. R. P. 239311 of 1910). Silky tnicroscopb 
needles or pillars, m.p. 199® (M.) or 190®-1&® •*^*<^*» 
(B, A. S. F.). 

Amide; thin plates, m.p, 173® (11). Nilr^ 
rhombic prisms, m.p. 79-6®, b.p. (Foek, 

Ber. 1889, 22 , 3208). 

EHhyl-eeter; b.p. 260®-280® (Einhom and 
Papastavros, Ann. 1900, 310, 205). 

2 : 5*DicJiihro-p*toluic acid ,* fi?cmi 6 -ohloro« 
2 -amino-p-toluio acid by tte ddaoso-xeactioa 
(Claus and Davidsen, Apn.' 188L 265, 346) . 

from 3-chloro-O-mtro-p-toluio a^d (CSaua and 
Bboker, Icm 369). Flat weiSdles, ntp. 18T** \ 
BaA'g+4HgO, small pee^. 

2 J 6 - DicUoro-p-tdlnk acid ; from 6 fok)oro* 
2<nit]Xhp4olnic acid or 2 : 6 -d 2 ami«o*^U>lldn^ 
acid (Clai^ and Bdcker i CSaus and BeyaaB, .; . 
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Amu 18^1. 266, 239). Leaflets, in.p. I86«- 
188^ BaA'«+4H,0,«mall needles. 

i0’DiMor(hp4duic aad, in.p. 161®-168®, Has 
a ^chloride, m.p. 45% and an ethyl es/er, xn.p. 
46** (Davies and Perkin, OHem. Soc. Trans. 19^, 
121 , 2212 ). 

tf-Tris^faro-p-ifo^aic acid; preyed from its 
dilonde, wHich is obtained by cnlorinating p- 
toluoyl chloride (Davies and I^rkin, Chem. S<^. 
!nrans. 1922, 121, 2214). Minute plates, m.p. 197*^. 

Teirachloro’-p-toluic acid ; by oxidising tetra- 
cHloro-p-xylene aith nitric acid and potassium 
permanganate (Rupp, Ber. 1896, 29, 1628). 
Keedles, m.p. 212% 

2-Bramo-p-toluie acid ; by oxidising 2- 
bromocymene (Landolph, Ber. 1872, 5, 268), 
2-bromo-p-xylene (Jannasch and Diectoann, 
Ann. 1874, 171, 83), or bromo-p-ethyltoluene 
(Morse and Bemsen, Ber. 1888, 11, 225) with 
chromic acid mixture; by keeping a mixture 
of p-toluic acid and excess of bromine for 
12 Hours in the cold (Bruckner, Ber. 1876, 9, 
407); from 2-bromo-p>toluidine via the nitrile 
Glaus and Kunath, J. pr. Chem. 1889, (2) 31 
487). Thin needles or lamin«e, m.p. 203*5'^ 
204% CaA'2*f3H20, needles; BaA'2-f4H20 
Hair-l^ needles. 

Nitrile ; smaU needles, m.p. 44® (C. and K. 

^•Bromthp-toluic acid; from 3-bromo-j 
toluidine via the nitrile (G and K.). Needles, 
nup. 140® (0. and K.) or leaflets, m.p. 196® ; by 
oxidation of bromocymene, obtained by the 
l^drolysis of fl-bromocymene sulpbonic acid 
(Kelbe and Kosohnitzky* Ber. 1886, 19, 1731) 
NaA'+3HjO, needles; KAH^HjO, nodules; 
CaA%+ 2 il 20 , needles; BaA'j+OHjO, small 
leaflets. 

Chloride; needles, m.p. 120® (C. and K.). 

NUfile ; needles, m.p. 47° (C. and K.). 

Amide; sublimes in needles, m.p. 137 
(C. and K.). 

ohBromo-P’ioluic acid; by the action of 
bromine on a bromoform solution of p-toluic 
add (2alkind, J. Russ. Phys. Chem. Soc. 19J4, 
46, 608). Plates with a vitreous lustre, m.p. 
223° (Z.). ^ 

NiiriU ; by bromination of p-toluonitrile at 
200°. JPdsms with a pungent odour, m.p. 115°- 
116° (Banse, Ber. 1894, 27, 2169). 

Methyl’tster ; vitreous needles, m.p. 63°- 
63-5° b.p. 160°-16r/17 mm. (Z.). 

2*.2-D^<mO‘p-toluic acid; from 3'bromo> 
2-xiitro<'p-toluie acid (Claus and Herbabny, Ann. 
1891, 265, 375). Needles, m.p. 194°(?). 

2 : ^IHbroma^p^ioluic acid; by oxidising 
, : O-dibromo^p-xylene with chromic acid in 
presenoe of acetic add (Schultz, Ber. 1885, 18, 
1762) ; from 5-bromo-2*amino>p-toluic acid 
(Kleti and Otosa, Gazz, chim. ital, 1888, 18, 308). 
Needles nnp. 195° (S.), 200°-201° (F. and C.) 

NsA'-f nHjO, laigc tables (C. and H.) ; 
paA'ji;;h4H,0, long needles; BaA 2 '+ 2 HjO, 
long thin nse^es, 

Ohkride; needles, m.p. 60° (Gaus and 


NUrih; large glistening needles, ia.p. 49° 
(C. and H.). • 

Amide ; small needles, m.p. 117° (C. and S.)* 

CUotide ; needles, m.p. 80° (C. and S.). 

Mtih^-eeUr ; vitreous needles, m,p. 79 -80 
{C.andS.). . n « 

3 : B-Dibromo-p-tolutc acid; from 3 : ^ 
dibromo'p-toluidine via the nitrile (Claus and 
Herbabny, Ann. 1891, 265, 878). Needtea, 
m.p. 182% 

Nitrile; largo silky needles, m.p. 156 
(C. and H.). 

Amide ; leaflets, m.p. 148° (C. and H.). 

3‘ChIorO‘Mr(mo-p-toluk acid ; toother with 
2-chloro-5-bromo-p-toluic acid by noting 3* 
chloro-6“bromocymene with dilute nitric acid 
(Plancher, Gazz. chim. it^d. 1893, 23, ii. 73; 
cf. Willgerodt and Wolfien, J. pr. Chem. 1889, 
(2) 39, 409). The mixture is separated by 
crystallisation from ligroin. Fibrous crystals, 
m.p. 1S7°-188° (P.)» 186° ( W. and W.). 

5'Chloro-2-hranw-p-toliiic acid ; from 5« 
chloro-2-amino-p-toluic acid (Claus and David- 
son, Ann. 1891, 265, 347), Needles, m.p. 192°— 
193°. BaA'j-f-lJHjO, needles. 

2-Nitro‘P‘tolmc acid; by treating cymeoe 
with concentrated nitric acid (Noad, Ann. 1847, 
63, 297; r/. Fittica, ibid. 1874, 172, 309); bv 
nitrating p-toluic acid at 0® (van ScheipenzecI, 
Rec. traV. chim. 1901, 20, 149; cf. Fittig and 
Ramsay, Ann. 1873, 168, 251). 

Ijtirge moiiocliiik prisms, m.p. 189°-190° 
(Ahr{*ns, Zeit. f. Chem. 1809, (2) 5, 104). Yields 
0-amin()-3-hydroxy-p*U>luic add on ek^otrolysing 
its solution in sulphuric acid. 

CaA%-f3HjO; BaA% f4H20, needles (A.); 
CJuA^-f 7il20, blue nwlles (Noyes, Amer. 
Cliem. J. 1888, 10. 483); C'u,A%(OH) 2 ; 

Cu3AyOH)'aq. (N^)yc8. ibid. 472). 

Nitrile; by nitrating p-toluonitrile (Banse, 
Ber. 1894, 27, 2162). lymg yellow needles, 
which sublime, m.p. 107° (Noyes). 

Amide ; long needles, m.p. 165°-166° 
(Fileti and Cairola, Gazz. chim. ital. 1892, 22, 
ii. 392) ; formed also by nitrating p-toluamlde 
at 0' (van S.). 

Chloride ; b.p. 185° '36 mm. (Soderman and 
Johnson, *J. Amer. Chvm. Stki. 1925, 47, 1390L 

Meti^yl-eMer ; ciystals (Noad), formed also 
when methyl-p-toluate is nitrated at 0° or 20° 
''van S.) ; tlhyl-esUr, yellow crystals (Koad). 

^•Nitro-p-tduk acid ; by boating the nitrile 
with hydrochloric acid (1) 1‘I7) im 8-10 hours 
(Niementowski and Ik^zadskl, Ber. 1888, 21, 
2993 ; Noyes, Amer. Chem. J. 1888, 10, 476) ; kn 
small yield by oxidising 3-nitro»f>*xyleiie with 
potasAium ferricyanide and potassmm hydroxide 




m 


£ twii; fnm 2:6-di- 

poM^tohdcOoe via tha nitrife (^na and 
*78). I^y needlM, 

S ? NaA'+HA fine neediee; 

't-l|H,0,sihiny needles. * , 


(Koyee). 

ijong needles or monoclinic ^iOnit ndiicli 
(nibliine(Niinentowslu,Boandski Mid HMHiioffsr. 
Ber. 1888. 21, 1994). m.p. IfiC (K. Mid &.). 
164'’-165'' (corr.) (Noyes). When mimed irim 
mixed acids H yields 2 : 8-Mid 2 : 
toluic acids. 

NaA'4-6U,0. lares tablM (Olaas Mid 
Joachim. Ann. 1891, 21(^: 

lame ubies (C. and J.); QiA’|. Mtmbnoi ; 
(N. and B.) +2B,0 (Nwm); &E^,0 
(N. and R.}, -f fiH,0 (Npymf, gHrt ii idiif W Mi flste t 
CdA',+H, 0, gi*«niali>btw toldisji AgA\ 
needles. ^ 
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Ber. 1886» 19, 

179; Olodk, m. IBI^, 817 8662; Vf^ SM. 
1889, 22, 2429; KojM, Lc.; Niementomki, 
J. pt. Cham. 1889, (2) 40, 4, ; Bar. 1888, 21, 
1635, 1992). Kae^t tii.p. 99® (G; W.), 
100® (Noyae), 99-8® (Boigert «iid Hoffman, 
J. Amer. Cham. Soo. 1905, 27, 1293). It does 
not fom an imino-etber idien treated ivitb 
alooholio hydroohbnc acid (Pinner, Ber. 1890, 
23, 2919). 

Amide ; long bair-like needles, m.p. 152®- 
163® (N. and It*; e/> Weise, Ber. 1889, 22, 
2430). 

Chloride; small needles, m.p. 157® (C. and J.). 

Some nitrotoluio acids of unknown orienta- 
tion have been described by Abiens (Zeit. f. 
Chem. 1869, (2) 5, 103) ; Fittica (Ber. 1874, 7, 
1357); Ann. 1874, 172, 316); Landolph (Ber. 
18^2, 5, 937). 

2 : ^DinUro-pMuic acid ; see below. Glis- 
tening tfaombio prisms, m.p. 249®, more sparingly 
soluble than the 2 : 5-acid. With hydrochloric 
acid at 265® it yields 2 : 3-dinitTOtoluene. 

CaA'j+H^O (R.), or (C. and J.), 

long leadets; BaA'2-f3H20 (C. and J.) or 
+41120 (R.). 

2 : 6~j)inUro-p-i6luic acid ; together with the 
2 : 3-acid by treating 3-nitro-p-toluic acid with 
a mixture of 3 parts of sulphuric acid in 3 parts 
of nitric acid (D 1*51) (Hozaflski, Ber. 1889, 22, 
2675; Claus and Joachim, Ann. 1891, 266, 
211). Fine needles, m.p. 188® (R.), or small 
glistening pillars, m.p. 194® (C. and J.). Hydro- 
chloric acid at 250® yields 2 : 5-dinitrotoluene. 

NaA'+3H20, yellow glistening scales ; 
CaA'a+ 2 H 20 , reddish-brown glistening leadets; 
BaA'2+24M2^> yellow needles, or 

+2H,0 (C. and J.). 

2 : 0-jDiatlro-p-tolmc ocid ; by nitrating p- 
toluic acid or its mcthylamide at the ordinary 
temperature (van Scherpenzeei, trav. 

chim. 1901, 20, 149 ; c/. Bruckner, Ber. 1876, 
8, 1678) ; by nitrating 2-nitro-p-toluic acid 
with mmd acids (Cl. and J.) ; by oxidising 
2 : 6-di2utro-p-iolaaldehyde with potassium per- 
manganate (Gattennann, Ann. 1906, 347, 347). 

Yellow plates which sublime, m.p. 157®-168®. 
KA'+ 2 H 2 U; CaA' 2 + 2 H 20 , thick rea prisms; 
BaA%+2H20, fine needles ; AgA'. 

3 ; i^IHfUitro-p^toluic acid ; by heating the 
. conesponding amide with concentrated hydro- 
chloric acid *^t 220®-230® for 8 hours (Claus and 
Beynen, Aim. 1891, 266, 226). Slender plates 
or prisms, m.p. 226®, subliming in needles. 
BaA'i+HjO, y^ow pillars. 

Amide ; by boiling th4 nitrile with 60 p.c, 

; «tt^hurio acid. Thin yellow needles, m.p. 266®- 

) / from 3:5- dinitro - p - toluidine. 

Golden-yeUaw needles, m.p. 103® (C. and K). 

2:3; O-SVialfro-p-foluto acid ; by oxidising 
' 2 :B: 5«tehiitzo*p-xylen6* Lustrous white 
Sa0*-83l% giving » brownidx-ied 
witii nUnli faydroxide. 

, niiite needlM, nup. U4*-U6'’ ; 

**!!'* winnB, m.p. 87*-88® 

Gkbi. nilim. ltd. 1922, 02, L 183). 
i* «*®Wo»».8-«i(ro^4ohiie add; by nitntipn 
g Mdd fSiiih^ mid Urn. 

W»,8W, 20»). tr«ao«iieed^ 

£«C!lb»^.fi4lri^{»4ok^ ocmI/ * in assiUj 


quantity' together with two Isameric adds, by 
aitratiiig 2«<ch]io>ro-p-totnic add ((^us and 
Bdcjber, AosA, 1801, 265, 362). rates, m.p. 
211 ®. BaA'i+l^H^O, 

rosettes* 

2*OhhrO'B-^Uro-p»toluic acid ; by hydrolysis 
of the nitrile dertwed from 2-ch]ord-5-nitio-p- 
toluidine (Claus and B5eher) ; W nitration of 
2-ohlora-p-toluic acid (CSans Bocher) ; from 
2-nitro-5-amino-p-toluic acid (Claus and Beysen, 
Ann. 1891, 266, 234). NeedleB, m.p. 184®-185® 
KA'+j^HjO, glistening leaflets; CsA^,, needles ; 
BaA's+llHgO; CuA'^, green precipitate. 

Nitrile; tables or smooth pUlsrs, m.p* 157® 
(Claus and Beysen). 

2- CAIoro-6-m7ro-p-(duic act'd ; together wiUi ^ 
the 5-nitro- and 3-nitro-derivatives by nitrating 

2- chloro-p-toluic acid (Claus and Bdcher) ; 
from 2-nitro-6-amino-p-toluic acid (Claus and 
Beysen). Fine silky needles, m.p. 159®. 
CaA'g, needles ; BaA'^+liHjO, pillars. 

Z-Chloro-2-nitro-p-U)luic acid; by nitrating 

3- ch1oro-p' toluic acid with nitric add (B 1*48) 
in the cold (Claus and Bavidsen, Ann. 1891, 265, 
347). Needles, m.p. 192®. MgA%+34H,0, 
needles. 

3- Cfdoro-O-nitro-p-lduic acid; by boil^ 
3-chlorocymene or 3-chloro-6-nitrocymene with 
nitric acid (D 1*39) (Fileii and Oosa, Gazz. 
chim. ital. 1888, 18, 312) ; by nitration of 3- 
chloro-p- toluic acid with nitric acid (B 1*5 
(Claus and Bavidsen, J. pr. Chem. 11^8, (2 
39, 495 ; Ann. 1891, 265, 341). Needles, m.p. 
180®-18r. MgA'a+SHjO, large trichnic tahm 
(Claus, Davidson and Bockenkamp, Ann* 1891, 
265, 342). 

BaAj+34HjO, needles, or +3H|0 (C 
and B.). 

Ethyl-ester ; tables or needles, m.p. 60®. 

Nitrile; from the amine. Long needles, 
m.p. 93® (C. and B.). 

<a-Chloro-2-nitrQ-p-toluic acid ; heating 
p-cyanobenzyl chloride with fuming nitric acid 
for i hour at 100® (Banse, Ber. 1893, 27, 2168). 
It melts at 140®-141®. BaA\, leafi^; AgA', 
precipitate. 

Amide ; by keeping a mixture of |Miyaim* 
benzyl chloride, potassium nitrate, and soi^uzlo 
acid for 24 hours. Microscopic needlea, in.p. 
125® (B.). 

NUrile ; by treating a well-cooled acduliou 
of p-cyanobenzyl chloride in sulphuxio mtM wRIi 
potassium nitrate. Prisms, imp. 84® (B.). 

3-CA2oro-2 : ^-dinifyrthp4oluic add; by nitam- 
ting 3-chloro-2-nitro-p-toluic acid or £chlofD« 
6-nitro-p-toluic acid (Claus and J>ayUhm^ 
J. pr. Chem. 1889, (2) 39, 496; Ann. IWl* 26S^ 
349). Small glistening needles, nup. 233^ 
BaA',+H,0, large vitreous prisms. 

Ethyl-ester^ m.p, 71®. 

2-Bfximo-5-nUro-p^toluk fieoss iS^niiixi- 
2-amino.p-toluio acid (CSaus and BsyMo, Ann* 
1891,266,234). Needles, m.p. ISl®. 

2-J9r(Hno*6-fiitro-p-loliite ai^; §xom 6<ntferov 
2-amino-jp-toluic acid (0* md S+ BmeSl 
ueedloB, m.p. 181®. BaAV fttt needles* 

2-JBroiiiondro-p-<ofiijc aci4; by uitrattog 3^ 
bromo-u-Wiuft) acid (Landofa^ Bqr, ISTt, 8^ 
mk Needles, m. p. 170®^^® / (idsem^ 
Bm needles. , 


170 


TOLUENE, 


nitnbtiBg 3<bramo-p-toluio add (Claus wd 
Herbabnvj, Ann. 1891, 265, 368). The adds are 
sigpaiatea by means of their magnesium salts 
TSe free add forms fine needles, m.p. 214% not 
volatile with steam. MgA%+34HsO, leaflets; 
BaA%+4S|iO, tables. 

Z-Brovho-b-niiro-^-ioluic acid ; by hydrolysis 
of the nitrile obtained from the oorresponaing 
amine (C. and H.). Small needles, m.p. 206% 

NUrile; dtron-yellow needles, m.p. 130% 

Amide; glistening needles, m.p. 171^ 
(C. and H.). 

3-Bromo-6‘mtrO‘p-toluic acid ; by boiling 
3-bromocymene with nitric acid (D 1*29-1*39) 
(Eileti and Crosa, Gazz. chim. ital. 1886, 16, 
^.297); or better, by boiling 3-bromo-6-nitra- 
eymene with 15 times its weight of nitric acid 
(D 1*39) for 8 hours (Fileti and Crosa, Gazz. 
chim. iw. 1888, 18, 300] ; by nitrating 3-bromo- 
p^toluic acid (C. and H.). Thin tables, m.p. 
203% When heated with alcoholic ammonia 
at 180% it yields 6-nitro-3-amino-p-toluic acid. 

NaA'+iiHjO, plates; K A' -rHjO, needles; 
MgA%-|-8Hj|0, large tables ; CaA'j-fSHaO, 
needles or prisms ; BaA'24-4HaO, long needles 
(F. and C.), or +6H2O (C. and H.). 

EthyUeaAer ; glistening needles, m.p. 61^ 
(C. and H.). 

Chloride; leaflets, m.p. 60® (C. and II.). 

Amide.; needles, m.p. 191® (C. and H.l. 

NUrile; needles, m.p. 132® (C. and H ). 

C)doTobromoriiiro-p4oluic acid ; by heating 
chlorobromo-p-toluic acid (m.p. 186®) with 
5-6 parts of fuming nitric acid (Willgerodt and 
Women, J. pr. Chera, 1 889, (2 ) 39, 411). Needles 
which sublime, m.p. 220% BaA^-fHjO. 

2-Amim*p4duic acid; by reducing 2- 
nitro-p-toluic acid with tin and hydrochloric 
acid (Ahrens, Zeit, f. Chem. 1869, (2) 5, 104). 
Long hair-like needle^s, m.p. 164®-165®. 

BaA^+liHjO; €uA%, green crystalline 
precipitate ; hydrochloride ; platirhochloride 
(Cahour^ Ann. 1859, 109, 17). 

NUrile; by reducing oj-chloro-2-nitro- /> 
toluonitrile with tin and hydrochloric acid 
(Banse, Ber. 1894, 27, 2163). Prisms, m.p. 81®- 
82% 

Acetyl-derivative ; m.p. 267®-270® tdecomp. 
(Kunokell, Ber. deut. pharm. Gis* 1911, 21, 
419). 

Didhylaminoethyl ef^kr (Soderman and John- 
son, J. Amer. Chem. Soc. 1925, 47, 1390). 

Z-AmifUhp-idluic acid ; from the nitrile 
(Niementowski, J. pr. Chem. 1 88th (2) 40, 15) ; by 
reduction of 3-nitro-p-toiuic acid with tin and 
‘ hydrochloric acid (Niementowski and Rozaiiski, 
Ber, 1888, 21, 1997 ; Noyes, Amer. Chenu J. 
1888, 10, 479). Needles, m.p. 177® (decomp.). 
C^'t+2H20, scales; BaA%i-41l20, leaflets 
(Noy«»). 

TormylAetivative ; long silky m^edles, m.p. 
l|B8 -187® (Niementowski). 

Aeeli^Ukrimi^ needles, m.p. 183® (Nic- 
' mntowiiki). 

V , , boiling the nitrile for 2-3 hours 

dilute aqueous potassium hydroxide 
Veiy thin pkte*, m.p. 148*- 

^Aminih'p.tduic acid; by heating »- 
earboxySeiizyiphthalainic acid^ witli concen* 
traiied hydrochloric add for S^hourw at 200® 


(Gfinther, Ber. 1890, 23, IO6O). Yellpw scales. 
Hydrochloride, long sieedles or trimetrio prisms ; 
fkdinoMoride, yellow amorphous substance 

^*2 ; 3-DKH»»i»o-p-toh**c acid; by vedneing the 
corresponding dinitro-acid with fin and hydro* 
chloric acid (dans and Joachim, Ann* ISOlf 
266, 216). Thin needles, m.p. 192% It ytelds 
red flocks with ferric chloride (Kehrmann, Ber. 
1889, 22, 1984). BaA%, reddish-yellow plates. 

2 : S-Diamim^p-tolutc acid ; by ^ucing the 
corresponding dinitro-compound with tin and 
hydrochloric acid (C. and J.). Glistening 
needles, ni.p. 240® (decomp.). 

2 : 6-DiaininO‘p4oluic acid ; by mducing the 
corresponding dinitro-compound writh tin and 
hydrochloric acid (C’. and J. ; Marckwald, Ann. 
1893, 274, 357). Silky needles, m.p. 212% 
Nitrous acid yield.s an intense yellow colora- 
tion. BaA%, glistening leaflets ; adphaU 
-f 3H2O, yellow* needles (M.). 

Methyl-ester ; brown crystals with a pi^oUar 
fluorescence, m.p. 129® (Kauffmann and Weisael, 
Ann. 1912, 393, 1). 

Diacetyl- derivatu'e ; colourless needles, m.p. 
above 280® (K. and \V.). 

5-Chloro-2-amino-ii-tolHk acid; by reducing 
the corresponding nit ro -derivative (Claus ana 
Davidsen, Ann. 1891, 265, 346). No<Klles, m.p. 
220 % 

5-]Sromo-2-ami}io-p-ioluic acid ; tables, m.p. 
186®-187® (Fileti and Crosa, Gazz. chim. ital. 
1888, JS, 307). 

5-Nitro-2-ami7Uhp-toluic acid; by reducing 
an ammoniaeal solution of 2 : S-dinitro-p* 
toluic acid with hydrogen sulphide (Claus and 
Beysen, Ann. 1891, 266, 232). Long yellowish- 
r<'d pillars or needles, m.p. 220® (decotnp.), 
BaA%, yellowish-brow*n plates or prisms. 

^-Siiro-2-a7niiio-p toluic acid; by reducing 
2 : ti 'dinilro-;Moluic acid with ammonium sul- 
phide, or with stannous chloride and alcoholic 
hydrochloric acid ((.*. and B.). Citron-yellow 
needles w’hieli sublime, m.p. 214®. 

NaA'+IH^O, yellow silky needles; 
MgA^-f oHjO, yellow cr^vstals; OaA%, deep 
yellow pillars; BaA%d-4HjO, golden-yellow 
leaflets. 

B-yUro-Z-aminop^toluic acid; by heating 
the eorres]w>nding bromonitro-p-toluio acid with 
alcoholic ammonia at 180® (Fileti Md Crosa, 
Gazz. chim. ital. 1888, 18, 303; c/T Nlemen- 
tr>wski, J. pr. Chem. 1889, (2) 40, 27), Long 
silky nec*dles, rn.p. 235''-23<l®. When heated 
with hydrochloric acid at 150®, it yields 6-iutro« 
m-toluidino. 

2-NUro-(a’amino-p-toluic acid; by heaUlig 
2'nitrr>oyanobfmzylpiiihalimjde with hydro* 
chloric acid and acetic acid for 3 honts at 150^ 
(Ban4c, Ber. 1894, 27, 2166). Pearly toafiets, 
m.p. 243® (decomp.). Hydimkhriief neadloii 
m.p. 249^-250® (decomp.). 

p-Toluk snl^inide, * Mdki^iaceharim^ ; oh* 
tained similarly to saooharin {fiaadsll, Anier« 
Chem. J. 1891, 13, 269) ; by heatlag S*sid{dim 
atnino-p-toluic acid at 2iM®--220* loir # to 4lia^ 
(Welxr, Ber. 1892, 25, 1737; B. A* a F,, 
D. K. P. 48583 of 1889); 1^ of 

oyanotoluene m-sutplmtiaiiMO oftb eaOifie 
allmlis (B. A. & K/U. K. P, mU of 
ef. Basler Chem. Fabr,. 0, id 

1900). Long fine oe^ 


TOMATO. 
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lose the water of m^rstaBIs^oxi at 190^ and 
then Bublitnee gradually wit^ decomposition^ 
It melts at 249® (E,) or 246^ (W.) and possesses 
an intensely sweet tast0» but a Witter after^taste. 
On heating with a mixture of potassium 
h^roxide and potassiuin hypochlorite, followed 
by acidification of the product with aokic 
acid, p-toloidine 3-sulphonic acid is obtained. 
J^rmn mU 4-6HsO, iiiclinic petals ; Cakiuin 
salt, opaque white needles ; Silver salt + l^H^O, 
colourless diamond-shaped cr 3 rBtals. 

Ethyl imide; crystals, m.p. 106®; methyl 
imide, m.p. 163® (W.). 

For the sulphonic acids, etc., of toluio acid, 
see Flesch (Ber. 1873, 6, 480) ; BecLler (J. pr. 
Chem. 1873, (2) 8, 170); Fittig (Ann. 1874, 
172, 329); lies and Rcmsen (Ber. 1878, 11, 
230) ; Fischli (Ber. 1879, 12, 616) ; Hall and 
Remsen (Bor. 1879, 12, 1433); Renisen and 
Burney (Amer. Chem. J. 1880-1, 2, 411); 
Moyer and Baur (Ann. 1883, 220, 18) ; Kelbe 
ana Baur (Ber. 1883, 16, 2565) ; Remsen and 
Emerson (Amer. Chem. J. J886, 8, 264); 
Weinreich (Bor. 1887, 20. 982); Randall 
(Amer. Chem. J. 1891, 13, 258) ; Holmes {ibid. 
1891, 13, 380); Weber (Ber. 1892, 25, 1741); 
Lyman (Amer. Chem. J. 1894, 16, 513); Mel- 
drum and W. H. Perkin (Cliein. Soc. Trans. 
1908, 93, 1419 ; B. A. S. F., D. R. P. 48583 of 
1889; BaslerChem. Fabr., 1). R. P. 1225G7 of 
1900; Jacobsen (Ber. 1878, 11, 895; 1881, 14, 
39, 2355) ; lies and Remsen (Amer. Chom. J. 
1880-1, 1, 41); Jacobsen and Wierss (Ber. 
1883, 16, 1959). 

F. M. R. and J. S. H. B. 

o-TOLTGLYCINE. Formed by heating o- 
toluidino with an aaucous solution of sodium 
cUloroacetate(Friswell, Eng. Pat. 18149 of 1907), 

TOLYLENE-DIAMINES. Diamino-toluenes 
V, Aboubs. 

TOLYLENE RED r. Azibes. 
p-TOLYL-aNAPHTHYLAMINE 


0 


NH-C.H.CH, 


obtaiiwd by heating a^naphthylamine with 
p^toluidine and iodine, or a-naphthol with p- 
’ toloidine, oy a-nanhthvlamine hydrochloride 
with p-tolWfio. M.p. 78*5®, b.p. 230®/10 mm. 
, toly^^i^ylamines aie described in Vox*. 

K i^^i®W»APHTHYLAMINE 8-SULPHONIC 
I ACID, i^pared by heating 1-naphthylamine 
[B'^lphoaic acid with p-toluidino in an auto- 
|olaTe at 160®, with or without hydrochloric acid 
(Farb. f. F. ‘Bayer • & Co., 

P- 5 * Co - ^ P- »7<»30)- 

TOLTPYBUf, TOLYSAL, v. SnmtETio 

I'DKOQft. 

lOMAtO, Saianwn Lycoverskum (Linn.) or 
IDucopersuimt esculentum vwgare. A Peruvian 
now lat^y cultivated in many parts of 
|ihe ^ fenit, which is esteemed as a 
|ireg^W4 epeoies and many varlottes 

^ gtuntly in size, shape, and 

oornfmtt, 

Kdnig as the avetwge oompos^ 

**®***“ *•* *««« .Jttwwl Um 4 iib 

«*•* l-O 04 34 KijS 04 W 


About half the total nitrogen is present as true 
ptotdids. 

Passerini (Btaz. Sper. Agrar. 1891, 18, 645) 
found the fieim fruit to consist of skin 1*3 p.c., 
pulp and juice 96*2 p.o,, and seeds 2*5 p.c., 
and the pmp to contam two colounng matters 
— a yellow amorphous substance and a red exys- 
talline oompound — ^both insoluble in water, but 
soluble in amyl alcohol or ether, and WLeached 
by chlorine. He attributes the acidity to citric 
acid, which he estimates as forming about 9 
p.c. of the total dry matter of the whole fruit. 
The ash he found to contain — 

Kj|0 NajO CaO MgO FCjOj PjOj 80^ Cl 

59*5 60 1*3 3*1 0*2 12*9 3*6 0*3 19*1 

Albahary (Compt. rend. 1907, 146, 131) 
found in the fresh fruit — 


Garbo- Italic Citric Oxalic 
Water Protein Fat iiydrates acid acid add Ash 

93*5 1*0 0*2 3*6 0*49 0*15 0*001 0*74 


Traces of tartaric and succinic acids were also 
detected. 

Stuber (Zeitsch. Nahr. Genussm. 1906, 11, 
578) obtained somewhat similar results, but 
states that citric acid was the chief cause of the 
acidity (amounting to about 0*5 p.o. citric acid), 
and that he could not detect mmic, tartaric, or 
succinic acids. The presence of citric acid 
may be delected by the formation of its tri* 
phenacyl ester. 

The juice of tomatos was found by Passerini 
(lx.) to have a sp.gr. 1*01833 at 15®, to contain 
2*44 p.c. of dry matter, of which rather more 
than J was protein, { ash, and a little more 
than half carbohydrates and acids. 

Other analyses of the juice were made by 
Btubor (I.C.), who found water 96*1, nitrogen 
0*093, ash 0*56, total sugars, after inversion, 
2*15, acidity (as citric acid) 0*65 p.c. The red 
colouring matter of the tomato was investi- 
gated by Amaud (Compt. rend. 1886, 102, 1119), 
who believed it to to identical with oan)ttii 
^ 40 ^ 66 ; Montanari (Chem. Zentr. 1905, L 
544) concluded that it had the TOmposition 
^Vilistatter and Eschew (kitsch, 
physiol. Chem. 1910, 64, 47), who name it 
lycopene^ find that it had the molecular ooxn- 
position C|qH(^, the same as that which WtQ- 
stAtter and Mieg (Annalen, 1907, 355, 1) have 
ascribed to carotin. It, however, diiO^ in its 
properties from that substance. It mystalBses 
from light petroleum or a mixture of alcohol and 
carbon disulpliide in dark, oannine-r^, felted 
prisms ; it melts at 168®-169® (oorr«), but U less 
soluble in ether, alcohol, carbon <tiarixlpiiide, or 
light petroleum than carotin. Xt absorbs 
oxygen much more readily than dOM carotia, 
and forms a di-iodide a dsarh gieen, 

gelatinous, insoluble substance. . , 

The loaves and stems of tomatos were 
examined by Passerini (Stas. Sper. Agsar, 1893, 
20, 471), who found In w fresh substanb^ 


Total dry niatfisr 
Stems S*8-^*9 

The esh aonlainedr 
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1. 

, ooouts naturally in tomatos 

jOtliough m vary fimall quantity. Pellet (Ann 
Caum. an^, 1907, 12, 10) considers that the 
ptUMuee of 10 zngm. of salicylic acid in 1 kilog* 
of tomatos should not be regarded as proof of 
adulteration, ^ 

Tomatos are often canned. American 
aj^yses (Bill, 28, U.S. Dept, of Agric.) give, as 
the mean of 19 samples — 

WatOT Protein Fat K-free extract Crude fibre Ash 
94-0 1*2 0*2 3*5 0*5 0*6 


TOMATO. 


In the ash was included about 0*1 p.c 
common salt. Tomatos are largely used in the 
pmparation of sauces and chutneys, in some of 
which the md colour is enhanced by the addition 
of eoiun (Konig). 

Air-dried tomato seeds give a yield of about 
25 p.c. oil when extracted with ether, and about 
18 p.c. when the seeds are pressed- 8p.gr. 

0*9190; refractive index at 25°, 

122*5 ; sapon. No., 

189*5 ; Kejchert-Meissl No., 0-26 : Polonski No 
0*55; iwetyl v^ue, 14*2; insol. fatty acids,' 
p.c. 98*5; soluble fatty acids, 0*52; unsat. 
(liquid) acids, p.c. 78-5 ; sat. (solid) acids 
p.c. 16*4 (Jamieson and Bailey, J. Ind. Eng. 

C^em. 1919, 11, 850). The antiscorbutic value 
of fresh and canned tomatoes has been studied 

aI ^ 74; Chem. Soc. 

Abstr. 1924, 126, i. 902). H. I. 

TONITE v. Explosives. 

TONKA BEAN, Tonquin bean (Eew ionka^ 

Sr. ; Tonkaht^nen, Ger , ). The seed of the fruit 
of tte leguminous tree DipUrix odornUt (Willd.) 
which inhabits Guiana and Venezuela. Each 
|)od oontoins a single seed, which is about 2 
ms. long and ^ in. wide. It has a dark- brown 
c^ur, IS deeply wrinkled citernally, and 
Owractensed by an agreeable odour and 
aromatic taste. The ta>o flourishes in 
the foreste of the Caracas district of Venezuela. 

The tot crop of beans is gathered when the 
is three years old, but a full cron is not 
obtained untfl two years later. The fruit bears 
some iwmblancc to a small mango, and con- 
toiM the odorous Ijpan in its centre. Tlio seed comn 
tIS; the 60 -OTlled English & 

lOQlEa Dean, has similar properties to that of fP-in'* 

** ^ Kifr. 


moistened filter. Qn cooling, the oiystaifi which 
re-dissolve in the hot liquid again separate, and 
they may be further purified, if neoeasaiy^ by 
treatment with animal charcoal (Annaleiiy 9^ 
66), e. CSouicABiK. 

Tonka bean is used to flavour tobacco, 
and especially snuff, as an inpedient of sachet 
powder, and In alcoholic solution as a flavourii^ 
essence. 

TOPAZ (To/wze, Ft. ; A gem- 

stone composed of alununium fluo-siuoate 
(AiF) 2 Si 04 crystallised in the orthorhombic 
system. As shown by S. L. Penfield and J. C. 
Minor (Amer. J. Sci. 1894, 47, 387) the fluorine 
(15*48-20*37 p.c.) is replaced isomorphously 
hydroxyl (0*18-2*50 p.c., as shown by analyses), 
so that the formula becomes [Ai(F,OH)}|§i 04 ; 
and, chemically, a fluor-topaz and a hydro-fluor- 
topaz may be distinguished. Although these 
two varieties show slight differences in sp.gr. 
(3*574 in the former, and 3*523 in the latter), 
and in optical constants, the distinction is of 
no practical importance. The mineral is very 
resistant to acids, and water is expelled only at 
an intense heat. Topaz usually occurs as 
;ry8tals in granitic and gneissose rocks, and is 
often associated with tin-ore. An imirartant 
character is the presence of a jn^rfect cleavage 


in one direction, per})endicular to the prism. 
The crystals may be dull and opaque, or more 
often clear and transparent, and colourless, 
bluish, gretmish, yellow, or pink. The sheny- 
yellow cr>*Htals fiiiii Brazil bt*come pink when 
hcat<>d (‘ burnt topaz '). Most of the gem 
material comes from Brazil and Russia, but it 
is also found in many other countries. Colour- 
less to|)az, wdien faceted, is sometimes mistaken 
for diamond, and much yellow quartz (* Spanish 
topaz, ^ * Hcofch topaz,' ^ occidental topaz *) is 
passed off as tufiaz. The more valuable yellow 
corundum, on the other hand, is known as 
* oriental topaz.' The distinguishing cliaracters 
of these are shown in the following table 


Topaz 


(AIFMKL 

Orthorhojubh 

355 

8 


Be^s sugar, gum, malic acid, and woody 
ffto, toi^ bean contains fired oil and about 
(Boullay and Boutron-Char- 
Pbarro. Chim. 11, 480). It is to the 
of coumarin that the odour and taste 
of tbw compound 
M an efflor^noe on commercial 
To extroct the coumarin, ihc finely- 
womd bean*, according to Odwiinann, arc 

* f**® whole is then 

K extracts are mixed together, 
by diatiUafion uftil the 
»ben it is mixed with 


Indices 1*61-1*63 


(Quartz 
' Ocridcutal 
topaz* 


8iOj 

Klkombomdral 

265 

7 

r54-r56 


Oorundam 
* Oriental 
topaz* 


4*0 

9 

1*76-1*77 


E J B 

TOPAZ, ORIENTAL, r, Cobunpi^ii. 

TOPAZ, SCOTCH, t . Caibnoobh. 

TOPAZ, SPANISH, V. CaibkooeKs 
TOPE-UVER OIL Aeoording to (3Mi|UDati 
(Analyst, 1922, 203), the oil obtained by itoam* 
ing the livers of the tope (Oaimf fAem, family 
Canhariidas), found on ai) the obaato of 
British Isles, has the following (riuuracteristioi i—® 

O IX*. .. 


invm 


th^ ''IT” precipitote* 

jShJSSBJfr “ ““wbat imporo en-atala, 
be lemi^ed 1^ heaSg X 


04m 
ISM 
195*1 

iSJr 

, „ M mr 1*4778 

MIOl 

Pdk' .. 


Iodine Taiue 
Saponification vstara 
VnaaponttaUe loattaa 
Befraotive index ai IS* 
«to* 


Brominatedfi^eMjte 
isMloldeaeaer 


TOXKJOP«nffwi*«*’ 


m 


Iti0« Iw]e4MdMtt8doU,lttvings8tiFong but 
aot oni^eMaat odow, wa Ibi rtacy similu to 
eod-UTW oil Zt ia uaed*'BMdyiohia% hj loo*] 
fishennen And in tiw dnnaing (d iMther. 

TOBBANITB or TOlwSlI^LL MIMSRAl 

V. PABAnra. _ 

TOBBERNITB or OOPltO-imAlnTE (£«;>- 
fenimnU,Qet.). A iidiMml(»>iui>ting of hydrated 
phoi^hate of uranium and copper 


\ T% nTT /\ 

uuv u |V/g,oAA.gv/ 


It orystalliges as square (tetragonal) plates 
which possess a perfect micaceous cleavage 
with pearly lustre, paralld to their surface 
The colour is" bright grass-green, which dis 
tinguishes cupro-uranite at a glance from thi 
closely-allied mineral autunite (q,v.) or calco 
uranite. Sp.gr. 3*5 ; H. 2^. It is a mineral o 
secondary origin, occurring in the upper portion 
of lodes containing pitchblende and coppe * 
ores, and sometimes as an incrustation on th 
joint faces in granite. Fine specimens have beei 
found at Gunnislake, Grampound Road, anc 
Redruth in Cornwall, Other localities ai 
Joaohimsthal in Bohemia, Johanngeorgenstac 
in Saxony, Sabugal in Portugal, Mount Paints 
in South AustraUa, Katanga in Belgian Cong< , 
&c. To a limited extent the mineral has bee . 
mined, together with autunite, as a source c : 
uranium and radium. L. J. S. 

TORMENTILLA. The underground sten i 
of PoUntUla TotmtiUiUa (Neck.) have bee i 
occasionally substituted for those of rhatany i i 
medicine. They contain from 6 to 6 p.c. of \, 
tannin, giving a dark-green precipitate wit i 
^rrous smpl^te, bluish-red with ferric acetate ; 
IS also precipitated bv gelatin and by tarta: • 
emetic (Stennouse) (v. Tanniks). 

TORREFACTIONa Roasting ores in order o 
sxpel volatile substances, e.g. sulphur, axsen 
&:o. 

TOSCA, t\ Tmv. 

TOULOUCOUNA or TULUCANA OIL. J a 

>il obtained by pressing the kernels of Cam; u 
?u$anensis (AubL), v. Carafa oil. 

TOULOURON OIL. A brown oil obtaim d 
rom PaqarM Latro, Used in SenegSl as a 
emedy for rheumatism. 

TOURKALINE (Turmalin, Ger. ; from tie 
Jingalose iwraimli), A complex boro-silicate >f 
iuininium,,together with variable ahd mutual! 
epiaeeable amounts of ferrous oxide, magnes. a, 
md alkalis. As chemical types there may th is 
te distinguished iron-tourmaline, magnesiu i- 
ourmtdine, and alkali-tourmaline. Analy es 
how : SiOt. 35-38 ; TiO„ 0-1 ; B,0„ 9-1 1 ; 
^jOg, 30-42 ; Cr.Og, 0-10 (rarely) ; Fe.' 
4; FeO, 0-17; MnO, 0-2; MgO, 0-1 1; 
Ja0,0-2; Na.0,0-^- KbO, 0-2; Li, 0,0-1 7; 
C,0, 1-4 ; F, 0-1 p..,. mny dif^rent formi Iss 
ave been eu^ted. Penfield and Po te 
1899) regard the several varieties as salts of 

hypothetioal alamino-boro-silicio acid 

ffgAlg{B 0 H),Si 40 ,g 

With tluHie wide diEerenoes in chem ;al 
mpQsItionf ^ spagr. iK>m 3*0 to ; *2^ 

imm pm «««1*6128-1*6II 18, 
iJL A, Whiang, 1900), ^ ut 

irariationi in he 

ed 


by Penfiehi and Foote to the mass effect of the 
hum acid radide). The crystals are rhombo- 
heaml-hemimorphio, there being a different 
development ofiaces at thetwo ends. The habit 
is almost invariably prismatic, with deeply- 
grooved prism faces, the striations being pariuid 
to the edges of the prism ; the oross-s^^on of 
the prism is triangular with straight or curved 
outlines. These peculiaritiea of form render 
tourmaline a mineral readily recognisable. As 
a consequence of the bemimorphism the crystals 
are pvroelectric. The material ranges from 
colourless to jet-black in colour, and may be 
any shade of red, yellow, green, or blue. In 
one and the same crystal there are often striking 
contrasts in the differently coloured zones. 
The more darkly coloured crystals are strongly di- 
chroic, the ordinary ray vibrating perpemucular 
to the principal axis being almost completely 
absorbed. On this property depends tne use 
in polarising apparatus (e.g. the well-known 
tourmaline-tongs) of tourmaline plates cut 
parallel to the principal axis of a crystal. 

Common black tourmaline (schorl) is oi 
abundant occurrence in granite and meta- 
morphic rocks, and is a frequent associate of tin 
ores. Coloured tourmalines are mnoh used in 
jewellery, either as clear faceted stones or, wher 
cloudy, as beads (H. 7J). The red is ofter 
called rnhdliUt and the blue indicoliUt whilst 
fanciful names such as * Brazilian emerald, 
* Siberian ruby,* Ac., are also someiimei 
used. Witbin recent years large quantitief 
of gem material have been quarried firom thi 
pegmatites of California, Madagascar, anc 
the Usakos district, South-'West Ainmk 

L. J. S. 

TOUS-LES'MOIS is a species of arrowroot pro 
cured from the tubers of Canna edmlis{Ker-04nd. 
nat. ord. Marantactes, The starch is obtained ii 
the same manner as other descriptions of arrow 
root. Under the microscope the granuke shov 
themselves to be unusually large, measuring fron 
0*001 5 to 0*0037 inch in length and from 0*001 tx 
0*0027 in breadth; broad, flat, ovate. Tk 
hilum is situated at the narrow extremity, am 
the rings are very close, firm, and regular. 

Tous-les-mois is used in admixture wit] 
cocoa preparations and as a food for infants, fo 
which latter purpose it is bleached. F. Sta&CH 

TOXICODENDROL. The active principle o 
the * Poison Ivy * ( Rhus Totneodsndron aiu 
R, venemta [DC.l), is an oily substance pnnntnn 
ing intensely irritating properties, found In a) 

K of the plant, the frmts givim 3*6, tin 
s 3*3, and the stem 1*6 p.o. The degfm 
of activity varies in the “ * ^ 

g ersons; in some cases 1 
undreds of vericles, and even 
active in one case. The 
not immediate, a period of 
9 days elapsing before the emptfon aimearec 
(Haff, J. Soo. (iem. Ind. 1897* WXi). 

The poisonous substance is probamy n ghmo 
side ; it is decomposed by acids jrWt 
acid, fisetin, and rhamnose, Osses of 
are said to be best treated witii potasskss 
^rmanganate*{Affifee and Amor, Cbem. 

The^' |K)ison oak ’ ( JikiM 
wUA^ is vwiy pdmil^ in 

axaneonail fdii 


of ddfemv 
mgaa. ptodittM 
mgm.ptonc 
it Mtlm -WBi 
24 liowa to 7 <H 
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TOXIOODENDBOL. 


by McNair (J. Amw. C9iem. Soo. 1916, 38, 
1417), who fiiiids that iha leaT«9 Mid branches 
contain a anhstance of which the al ceh nlk 
^ztract is poisonous* The poisonous material 
is notthoweTer^a gluooside of fisetin^ rhamnose^ 
fiod gallic acid, since none of these suhstanoec 
is ^dttoed on hydrol^is. l^tin, rhamnose. 
ana ^ gallic acid are found in non-poisonous 
species of Rhus, and the natural glucoaide of 
these substances is non-toxic* 

TOXINS and ANTITOXINS. 


Toxins* 

Infeotiye diseases of man and animals, thai 
is diseases which are contagious, infectious, o' 
transmisuble by inoculation, arc caused b> 
pathogemo (i,€. aisoaso-producing) living organ 
isms which are parausitic on or in the individua 
attacked. The parasitic organisms may be 
minute vegetable ones, principally bacteria 
minute animal protozoa, or higher and large; 
forms such as moulds, insects, and worms. Th( 
bacteria, and presumably also the protozoa, 
as^ a^ rule pri^uce their deleterious effecU 
prmeipally by means of substances which an 
poisonous to the host, and which are elaborated 
by, or are derived from, the parasitic organi'^ms. 
Even the larger parasites, such as worms, thougl 
acting mechanically and in other ways, may also 
elaborate poisonous substances. 

In the early days of bacteriology, under the 
induence of the work of Panum, Seimi, Nencki 
and others on the products of putrefaction 
attempts were made to isolate from the cultures 
of the pathogenic organisms and from the tissues 
of the disease-stricken patients nitrogenous 
bodies of a basic and alkaloidal nature similar 
to the ptomaines of putrefaction, and Bricger 
in particular isolate such substances as 
typhotoxine from cultures of the typhoid bacillus 
and tetanine from the tissues of a case of tetanus 
(see art. Ptomaines). It was soon found, how- 
ever, that such basic substances are not, as a 
rule, the essential or specific toxic agents of the 
pathogenic bacteria, and some of those dcscrilx^d 
by Brieger are quite likely artifacts, due to the 
methods of extraction employed. 

The specidc toxic agents of the bacteria, or 
toxins, as they may conveniently be termed, 
are substances of complex composition, which, 
BO far as they have been investigated, seem 
oocasionally to be protein in nature, or to be 
allied to w proteins or to the enz 3 rmeis. The 
whole subject of the nature of toxins is still in a 
veiy ind^rminate condition, so that any views 
expressed here must be regarded as tentative. 
In some i^tanoes the toxin appears to be a sub- 
^noo sui generis, in others it may be proteose 
in nature (tox-albumose), and in others it may 
be albuminous (tox-albumin). Of late, the con- 
ception has been gaining mound that toxins and 
other ^antigeiis^ (v. injfra, under AntiloxitiA) 
may be Bpoid substances or lipoid-protein com- 
The toxin may be an excretory product, 


stituent of the bacterial cells themselves, 
typhoid toxin. Toxins which are excretory 
products, or are formed by the action d the 
organism on the culture medium, are termed 
exo-toxins or simply toxins, e.y. diphtheria, 
tetanus, and botulismus toxins; those which 
are intimately associated with the bacterial 
cells are termed endo-toxins ; the toxins of the 
majority of pathogenic bacteria belong to the 
latter class. The term toxin has also been 
extended so as to include various toxm bacterial 
extracts, such as tul>erculin, the toxic proteins, 
Ac., wliich are found in the higher plants and 
animals, e.g. abrln and rlcin of the jequirity and 
castor-oil beans rc.spectively, substances like 
eel serum, which is toxic on injection into otUbr 
animals, and snake venom. * i 

The bacterial exo-toxins may be prepared by 
cultivating the organisms in a suitable dim 
culture medium under appropriate conditions 
for 1-4 weeks, and then filtering the flui^l 
culture through a Pasteur-Chamberland porce* 
lain, or a Berkefc-lcl, filter. The filtrate is more, 
or less toxic, and may be termed the toxin 
broth, the actual toxin contained in it may be 
concentrated in various ways, but extraction in 
a pure condition is at present impossible, owing 
to the difficulty of 8<^|uirating it from the con- 
stituents of the culture medium. Bacterial 
endo-toxins may be obtoined by growing the 
organisms r»n a solid culture medium and 
extracting the bacterial mass with weak alkalis, 
&c., or by grinding up the bacterial paste in a 
mechanical (lLsint(*grator, such as Macfayden 
and Rowland s or BarnardV, and subsequent 
filtration through a porcelain filler (Proc. Roy. 
Soc. llU2and 1911). 

The bacterial toxins generally are unstable 
bodie.a, disappearing, or being converted into 
non-toxic modifications, on keeping, and de- 
stroyed by light, warming to 60®’-70% by acids, 
alkalj.s, and oxidising agenta, and bv digestive 
enzpics; owing to the laet-nanje<i fact, the 
toxin.a usually are nf»t toxic when taken by tlm 
mouth, but only on inoculation. They are 
much more stable in the dry condition than when 
in solution. They arc insoluble in and are pre- 
cipitated by strong alcohol, and are precipitated 
on saturation of their solutions with ammonium 
suipiiate. Diphtheria and totanus toxins dialy^ 
very slightly through parchment, and they wiil 
pass through a gelatin-coated porcelain filter, 
which does not permit of the pi^ge of sertsm 
albumin, suggesting that their molecules are 
mailer than those of the latter (Brodie, Joum, 
Path, and Bacter. 1897). They are prohaUy 
i»vorotatoiy. The ‘ toxin,' in some tnetaueei 
at least, may contain more than one toido 
xmstituont. 

toxto was first invastigatedi hf 
Mmer. By precipitating broth etdtuioi df tfuf 
diphtheria bacillus with alcohol, he obtained a 
white toxic powder which he claes^ among the 
enzymes (Deut. med. Woeb. 1890, Koa. 5 nod fib 
^ux and ieiBin, by thecautjoiisaddU^clc<3^^ 


micro-organism, e.g. tetanus rium chloride obtained 
toxm{aMartin),ormayl«?onnedbytheac^^^^ 

«cr rt«l by the micrS-organfani. on 

m mietittieuts of the culture medium or of (Aim. Inst. Pasteur* m Briauar 

of two, dipli^Mria toan (& jlteaiin •) - tli^ itmad iimi U bmdiS 
an or oUm con. j by ammoaittm mljAiite. bnt 'iM'tiy 


JfMttia}, or it nwy be * 



TOXINS AND 

Btdphftte, ocKaWlilB » high ^roentage 

of sulphur ahd giras th^ Biuret bM lAilloirs 
roftotions (Berl. luhi. Wooh. 1890^ 241» 1I33)« 

Brieger and SHuhel's method of preparing 
the di^theria toxin was to saturate broth 
oultuies with magnesium sulphate at 30% filter 
from the precipitated globuiiUt Ac.^ saturate 
the filtrate with ammonium sulphate at 30% 
wash and dissolye the precipitate^ dialyse to 
remove as much adherent salto as x>oe8!bfe, and 
remove remaining traces of ammonium sulphate 
by the cautious addition of barium chloride; 
evaporate the filtrate to half the volume in vacud 
at 40% and precipitate with absolute alcohol. 
Ilie precipitate was collected, redissolved, and 
precipitated with alcohol 6-8 times. Ultimate 
analysis gave the following figures: C 45*35, 
H 7-13, N 16*33, S 1*39, 0 29-80. 

Brieger and Boer subsequently prepared the 
diphtheria toxin in as pure a form as it has 
yet been obtained by precipitating broth cultures 
with a 1 p.c. solution of zinc sulphate or chloride. 
The precipitate of the zinc double salt is washed 
with feebly alkaline water and decomposed with 
carbon dioxide. The purified product gave the 
xanthoproteic, biuret, Adamkiewicz’s, and 
Millon’s reactions. A litre of broth culture 
gave about 3 grm. of the zinc double compound 
(Zeitsch. Hygiene, xxii. 267). 

Sidney Martin isolated from diphtheritic 
membrane and from the spleen and other organs 
of diphtheria cadavers proteoses, chiefiy deutero- 
albumose, and from the membrane alone an 
organic acid which was not identified. The 
latter is a yellowish amorphous body, becom- 
ing deep brown with alkalis, and is soluble in 
water and absolute alcohol, but not in ether, 
chloroform, or benzene. The proteoses were 
extracted by placing the minced tissues in abso- 
lute alcohol until the ordinary proteins were 
ooi^lated and rendered insoluble, extracting 
with water, and precipitating this extract 
with alcohol many times. Similar proteoses 
were obtained from cultures in alkali-albumin 
of the diphtheria bacillus (Brit. Med. Jour. 
1892, iX 

Kfarlich concluded that the diphtheria 
^ toxin ^ contains two or more toxic constituents, 
as well as non-toxic bodies, * toxoids,’ deriva- 
tives, or degradaton-prodnets, of the toxin 
(e* under Antitoxins). 

Warden^ Gonnell and Holly regard diphtheria 
toxin as a fat complex derived from dead and 
disintemratiog bacilli in an emulsified or ool- 
loidal torn which then becomes adsorbed upon 
colloidal particles in the broth culture medium, 
forming, ekctrol^, an adsorption entity 
constituting toxin (Joum. of imcteriology, 
vi* 1921, p. 103). • 

Titemg toxin was obtained in a somewhat 
concentrated form by Kitasato from anagrobic 
broth culttures of the tetanus bacillus (which 
produces lock-jaw), and he gave a detailed 
ocoonnt dt the action of heat aid of a number of 
ohetnfoel tesgents on the toxin broth (Zeitsolu 
Hygieno, sc* 267), Brksger ond Cohn preelpi- 
tate4 onltiires by saturation with 

mamoiiinm Julj^te {ibid. xv. 1), The toxin 
mimed a Joeonbd pmofpiiate whkdi floated; 
it wm puriiM hy fomsidvfoi^ the 
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^tating the dialysed solution with aloohoL 
1mm prepared, the tetanus toxin formed pale 
yellow, odourless, easily soluble scales, having a 
gummy taste ; the solution was feebly Issvoro- 
tatoiy. It contained only a trace of ash, 
did not give the kfiOon’s and xanthoproteic 
reactions, and gave no precipitate with potas- 
sium feirocyanide and acetic acid, nitric acid, 
or mercuric chloride. Boiled with f^e chloride 
it gave no red colour. With ^copper sulphate 
and sodium hydroxide it gave a dight violet 
colour. It contained no pnosphorus and only 
a trace of sulphur, and mtimate analysis 
gave the following figures : C 52*08, H 8*1, 

N 15-71 (Brieger, Zeitsch. Hygiene, xix. 101). 
Subsequently, Brieger and Boer obtained the 
toxin by the method employed by them for 
isolating the diphtheria toxin {vide ante). On 
these facts Brieger conaideied that the tetanus 
toxin is not a true protein. 

Hayashi, however, employing the Brieger- « 
Boer method, or a modification of it, came to 
the conclusion that the tetanus tosin is a 
protein, and is a primary proteose (Arch. f. 
exper. Pathol, xlvii. 9). S. Martin also isolatai 
proteoses, chiefiy deutero-albumose, from the 
spleen of a cadaver, but they did not induce 
tetanic convulsions on inoculation. Tetanus 
cultures contain methyl-mercaptan and other 
sulphur compounds (Nencki, Monatsh. x.) ; but 
Fenni and Pernossi were unable to extract any 
basic substance from them (Zeitsch. Hygiene, 
xvi. 385). Besides the convulsive oonstituent, 

* totano-spasmin,’ the toxin broth also contains a 
substance, * tetano-lysin,’ which is a solvent for 
rod-blood corpuscles, llie purified tetanus toxin 
is probably the most toxic substance known, 
less than 0*5 mgrm. being a fatal dose for a 
man. 

Anthrax toxin, Hankin obtained proteoses 
from cultures of the anthrax baomus, and 
Brieger and Fr&nkel a tox-albumin from animals 
dead of anthrax. Marmter, by precipitating 
cultures with ammonium sulphat^ isolated a 
toxic substance which he eonsiaered to be neither 
rotein nor basic (Ann. Inst. Pasteur, ix. 533). 

. Martin (/.c.) obtained both from cultures in 
alkali albumin, and from animals dead of an- 
thrax, proteoses, chiefiy deutero-albumose, and a 
nitrogenous basic substance, both of which were 
toxic. The toxins are formed mainly by tha 
action on the culture medium of ensjnneB 
excreted by the bacillus. Endo-toxins may also 
be formed. 

The toxins of the majority of other patho* 
gonic bacteria are endo-toxins. That is to say, 
if the organisms bo grown in a fliSd medium, 
the filtrate is almost non-toxic, but the dead 
and disintegrated bacterial cells yield toxin 
substances. Toxins of protoBoaii organbma 
are not known with certainty. 

TttbereuUlU The original or M tnberuuBn 
of Koch is obtained by boiling, eoneimivafiim 
over a water-bath and filtering glycerin brm 
cultures of the tubercle baetUos. ft la toxio to 
healthy animals only in large doses, but minute 
doses cause nonsidimble dNuibame^ in tubsi^r 
colons patients and aniiiftalSi and this csactioii is 
umde use of for the detection of tulsmiiuh^ 
InfoetioBu It contains smsU 
proteossi, wdsaetives* and sslta, 
of ba^ bodiei^ iEbsall quantitisa d an adid 
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subslfttkoe» probably tmoonic add, possibly 
bom the badllar cells, are also present 
in cttltores of the tubercle bacillus. Other 
tuberculins and bacterial extracts have been 
prepared* 

it must be closjrly recognised that in those 
oases in which the toxin is supposed to be 
proteose or other protein, the latter may be 
merely constituents of the culture medium by 
which the toxin is entangled or adsorbed. 

[On toxins, Ac , see Oppenheimer in Kolle 
and Wassermann^s Handbuch der Pathogenen 
. Mikroorganismen, vol. i. (Bibliog.); Vaughan 
and Novy, Cellular Toxins, 1902 (Bibliog.) ; S. 
Martin, Man. of Gen. Pathology, 1904, and 
Beps. Med. Off. Loc. Gov. Bd. 1889-1900; also 
various papers in the Ann. Inst. Pasteur ; Zeifsch. 
Hygiene, Oentr. Bakteriol. Abstracts also in 
chemical journals.] 

Snake venom. Poisonous snakes arc didded 
* into two groups, the colubrine and viperine. 
The venom, which is secreted by glands in 
connection with the mouth, may be limpid or 
syrupy, pale yellow, orange or greenish in 
colour, odourless and tasteless, sp.gr. 1-04 
(rattlesnake), Ml (cobra), 1*08 (RusselFs vij>er). 
Microscopically, it contains few elements, and 
when dry resembles diy^ albumin. The reaction 
of the pure venom is acid ; it contains C, H, 0, 
N, and S in the proportions found in prolixins, 
gives the protein reactions, is precipitated with 
alcohol, ammonium sulphate, sodium chloride, 
and coagulates on heating. Vipi*nne venoms lose 
their toxicity on heating to 80 but colubrine ' 
venoms require to be heated to 120^ to destroy 
their toxicity. The active toxic substances of 
venom are coagulablc proteins (globulin), pro- 
teoses, toxins alUed to bacterial toxins, and Faust 
has separated a non-nit rogenous toxic substance, 
ophioioxin. The proteoses arc chiefly proto- 
and hetero-proteose. The venoms are complex 
mixtures containing some, but not in any venom 
all, of the following active substances: 1. 
Neuroktxins acting on (a) respiration, (b) heart, 
(c) muscle, particularly the diaphragm ; 2 
CyU^ysins, solvents for (a) blood corpuscles, 
(b) vascular endothelium, (c) other cells; 3. 
FQ>rin ferment inducing blood-clotting, and 
others. The venoms thus produce paralysis of 
voluntarv muscles and of the heart and respira 
tion, solution of the red- and white- blood 
corpuscles and haemorrhages, and the blood may 
ho either fluid or coagulated in the vessels, and 
the bod^ id the dead putrefy rapidly oaing to 
the destruction of the anti-l^cterial properties 
of the blocKl, The venom is most active when 
injected into a blood-vessel, whereas in the sub- 
cntax^iis tissues it may take some time to act : 
it is also readily absorbed from the eye. Taken 
bv month, provided there are no cracks or 
Miillbms, colnbrine venom is harmless, but 
v^terin^ venom may cause gastritis, Ac., and 
swell death. The hsemolysins which cause 
of the red corpuscles are of the nature 
of ^ambooeptoxs,* requiring a * complement’ 

A under Bacterkidal nra) to activate 

ibm. Id some cases the venom alone can 
hwmolyse mshed red corpuscles In ntro, e.g. 
mao, ittVhers it has no action on 

msM but becomes active on the 

addite of amipi* Sumo coipuicles» therefore, 
eoi^iatejlite imtfrilftig ' compkaent,’ others do 
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not, ami, hence, are pot haomolysed when wmiwd. 
Kyes, Sachs, Mexner, and Noguchi have shown 
that lecithin and lecithides in the ooimisoles alw 
the oomplement-like activators of the hamdiytio 
amboceptors. A venom which is inactive on 
washed corpuscles becomes active on the addition 
of ledthin or even of oleic acid or oth^ fatty 
acids and soaps. 

By the cautious treatment of an animal wil^ 
increasing doses of venom an antitoxin (* anti- 
venin’) is formed which has the power of 
ncutraHsing the particular venom. 

The venom of scorpions (against which an 
antitoxin can be prepared) and spiders is 
probably protein in nature ; of mosquitos and 
gnats it' may be the products of certain bacteria 
or moulds present in the oesophageal sacs ; of 
bees a protein -free organic base. The formic 
acid present in the ‘ venom * of ants, bees, Ac., { 
is probably not the active toxin. Man;^ flsh are 
also poisonous by their bites or by spines con- 
nected with special glands. Toads and sala- 
manders have acid and basic poisons in the skin 
glands. Jelly- flsh and sea-anemones have sting- 
ing glands. Extracts of intestinal worms may 
be toxic. 

[On snake venom, see Martin and Lamb in 
Alibutt and Rolleston s System of Med. vol. ii. 
pt. ii. (Bibliog.); Sc. Memoirs of the Gov. of 
ndia, 1, 3, 4, o, 7, 10, Ifl, 17 ; Faust, Die 
Tierischen Gifte (Braunschweig, 11H)6, Bibliog.) ; 
Noguchi, Journ. Ex^ier. Med. viii. and ix. ; and 
Snake Venoms (Smithsonian Inst. Publication) ; 
Calmette, \enomB and Venomous Animals 
(Bale). On other animal toxins, see (Tastellani 
and Chalmers, Manual of Tropical Med. 
(Bibliog.).] 

Antitoxins. 

It is a remarkable fact that proteins on 
injection into a suitable animal (the domestic 
mammals generally) give rise to the formation 
of ‘anti-bodies ’—substances haring properties 
in some wav op])oscd to those of the proteins 
injected— which accumulate in the blood of the 
treated §nimal. This proj»erty of generating 
anti- bodies, according to Abderbaiden, is charac- 
teristic of the animal l>ody and is most active 
against injected cells, proteins, and allied sub- 
stances. The substance which generates the anti- 
body is termed the ‘antigen,^ Antigens, with 
certain doubtful exceptions, seem to be piroteins 
or substances related to pn^teins, or possibfy 
lipoids or li{)oid |>roteiu complexes. Hence 
mineral poisons, alkaloids, carlxihydmtes, Ac,, 
form no anti-bodies. If a protein such as human 
serum is injected into a raobit, the serum of the 
treated rabbit gives a white pmd|dtate when 
mixed with human serum, and to a less extent 
with, apes’ serum, but with no other ieia«Hi 
specific * precipitin ' for human serum has been 
formed. By thin means bliKidstaiim, flesh, Ac., can 
be identified w itb great certainty. By injeotimr 
an enzj^e, such as rennin, anti-eneyme ii fon^ 
which inbibiis the action of the ensyme; by 
injeoting red-blood coipusdeii 
solvent for ted-blood corpuscles, is fon^ If a 
poisonous proteki is injected (in ttt0pei4|y mdu« 

ated dom so as to avoid UUing the anifls^ 
as rkun or snake venom, an anti-bo^ is 
ated whmh eon^jeteliy imufaw^ 
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ftotion ol The same li seqiieii% theUrtogod:^^ 

theoaae vUh m tiot nearly so poimt as the antito 

toxtop* By rsfeata^ iejaetieiii of a horse with prodnoed by exo-toxiDS, and many are piacU- 
ia(»etudng dossil toxins the anhnal becomes oally useless for treating the respective diseases, 
less adless susceptible, so that it can finally e»p. typhoid and eholeza seroms. The principal 
tolerate hv^' doses of tibe toxin without harm, action of such an anti-serum is bacteriolytic, 
and cohu^ent with the devdopment of this f.e* it brings about solution of the micro- 
insusceptibility antidotal substances appear in organism. 

its blood, and may be obtained in the blood- In this bacteriolytio reaction (and similarly 
■ariiTn bj bleeduu the animal and allowing the in the solution of red-blood-coi^uscles by a 
blood to clot. The antidotal or neutraBsic^ ^hfismolytic’ serum) two protein substances 
substance to toxin is termed antitoxin ; it is seem to be concerned. Hie fresh anti-semm is 
a fairly stable substance, and by obtaining and solvent for bacteria, but not the old, nor the 
bottling the serum asepticaUy it may be pre- heated (to 56*^0.) anti-serum. The two latter 
served, and is emploj'od to treat the respective may be rendered active again by the addition of 
disease in man. freak normal serum. That is to say, by injection 

The antitoxic serum contains a variable of the bacteria (or blood corpuscles), a new and 
amount of the antitoxic constituent and for relatively stable substance is formed, which 
therapeutic use must be standardised. reacts with an unstable normal constituent of 

The antitoxic constituent is probably protein the serum, the two together bringing about 
(globulin) in nature, or at least is associate with baoteriolysis (or bssmolysis). To the former, 
tne globulin constituent of the serum. The the name of ^ immune body ’ or ‘ amboceptor,* 
globiuin content of the blood of antitoxin-yield- to the latter, ‘ alexin ’ or * complement,’ is 
ing horses is frequently higher than normal, given. 

and the antitoxin may bo precipitated bv Specificity is the distinguishing feature of 
saturation of the serum with magnesium suI- tho anti- bodies ; the anti- body produced by an 
phate, or by partial saturation wiCh ammonium antigen always reacts most actively with this 
sulphate ; it comes down with the eu-globuiin particular antigen. 

fraction of the serum globulin. The formation of atUi-bodies is usually 

Brieger and Boer (lx.) separated the anti- explained by Ehrlich’s ’side-chain theoxv.* 
toxic constituent by the following methods : Tms supposes that the protoplasmic molecules 
(a) 4 grms. of potassium iodide or chloride are of the cells of the animal have an affinity for 
added to 10 c.c. of the antitoxic serum diluted the substance injected (the * antigen ’) which 
with an equal quantity of distilled water. After gives rise to the anti-body, so that the antigen 
solution, 4-5 gnus, of finely-powdered sodium becomes incorporated with the psetoplam. 
chloride are added, the mixture is kept at 30’’- The union of the antigen with the protoplasm 
37’* for 18-20 hours, and tho preeixiitate (0*4 is assumed to be brought about by the combina- 
grm.) is collected ; it is the antitoxic x>ortion of tion of atomic groups comparable to the side- 
the serum with a slight admixture of protein chains of a ring nucleus, those of the proto- 
and salts. plasmic molecule being termed ' receptor g^ups,’ 

(5) The proteins of tho antitoxic serum arc those of the antigen * haptophore (« binding) 
precipitated with basic lead acetate containing groups.* The poisoning caused by a toxin Is 
a trace of ammonia, the precipitate is filtered thus due to the union of the toxin with the 
off and the filtrate is saturated with ammonium protoplasm by the combination of the hapto- 
sulphate. The precipitate is collected and redis- phoro groups of the toxin wiUi the receptor 
solved, the solution is dialysed, and evaporated groups of the protoplasm. Should the animal’s 
to dryness. A light powder is obtained (^*06 grm. protoplasm not possess receptor groups having 
from 10 C.O. serum) which contains the antitoxic an affinity for the haptophore groups of tlm 
constituent. toxin, the toxin would not be poisonous to this 

(c) 10 0 . 0 . of the serum are diluted with animal. This is often the case — a toxin is never 
50 O.C. of distilled water, and 20 c.o. of a 1 p.c. poisonous to all animals. Now Ehrlich assumed 
solution of zinc sulphate or chloride are added, that tho protoplasmic receptor groups fulfil 
The precipitate is collected, dissolved in feebly physiological functions in the animal, ag, 
alkaluijs water, and tho zinc compound is de- nutrition, Ac., so that when a toxin becomes 


composed with carbon dioxide. Tho antitoxic 
constituent is present in solution when the 
precipitant is zinc chloride, but is entangled in 
the zinc carbonate precipitate when the pro- 
dpitant is zinc sulphate. 

Homer has elaborated a very oxact method 
bv narrial saturation of the serum with sodium 
ionium sulphate, whereby 
praotioidly the whole of the antitoxin may be 
concentrated and recovered from a weak anti- 
toxic serum (Joum. of Hygiene, 1018, 22, 51); 
obo Hi^Ooaikey, tbid. 1024, 22, 413. 

Anti-veuin,, the antidotal serum for snake- 
bihm» is n hniiy mititoxic serum. 

In tbe case of pathogenic micro-organisms 
wh^ do; not form an exa-tmdn, an antidotal 
anmemm can also be prepared by tibo injection 
of tile bacte^ oejpiiHfiri^^U oultmes, and sub- 




united with the protoplasm a defect is created, 
whereby the latter cannot properly fulfil its 
physiological functions. Provide the dose of 
toxin be not too large, recovery ensues, due ho 
the re^neration by the protoplasm of the 
particular receptor groups involved. This 


numerous doses of toxin, the protoplasm 
ultimately forms the receptor groups m question 
in large excess— much mote than is necessary 
Bimply to repair the damage done* A eon^ 
uderable pro^rtion of the now very numerous . 
receptor groups then becomes detadbed bm 
the protoplasm, accumulates in the blood, mi 
oonstitutes the anti-body. The antidotal pitK ’ 
petty of antitaxin is, therefore, due^ tho ^ 
act that it satmtes ibia haptophore groups of 
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tbe to:idzi so that the latter is then unable to 
oombiue with the protoplasm. 

[On antitoxins^ H6 Ehrlioh» Die Wert- 
bemessung des DiphtheriehellserumS) 1897 ; 
Trans. Jenner Inst, of ProT. Med. ii. ; Oroonian 
Leot. Roy. Soo. Loud. 1900; and Collected 
Papers on Immunity, 1909; Hewlett, Serum 
and Vaccine Therapy, Churchill, 1910 (BibHog.) ; 
Kolmer, Infection, Immunity and Biolo^c 
(Hierap^ (Saunders, 3rd ed. 1923, Bibliog.] 

Toann-antitoxin reaction, — ^Tho neutralisation 
of toxin by antitoxin is approximately quantita- 
tive, and the toxin and antitoxin unite. This 
is shown by the fact that if a reccntly-mado 
mixture of toxin and antitoxin bo filtered through 
a gelatin-coated porcelain filter, the toxin passes 
through into the filtrate, but not the antitoxin 
(see arUe). If, however, the mixture be allowed 
to stand so that interaction may occur, the 
toxin can no longer be separated from the anti- 
toxin by this method. The interaction between 
the two is slow, is retarded by cold, and is 
hastened by wanning (Brodie, Lc. ; Martin and 
Cherry, Proe. Roy. Soc. Lend. Ixiii.). 

The exact nature of tlie union of toxin with 
antitoxin, ‘ the toxin-antitoxin reaction,’ has 
been the subject of muoli controversy, and three 
principal hypotheses have been formulated to 
explain it. Ehrlich held that the union is 
comparable to the combination of a strong acid 
with a strong base, i.e. the reaction is a complete 
one, and there cannot be at the same time in a 
mixture of toxin and antitoxin, toxin and 
antitoxin, together with jjeutralised toxin. 
The stridly quantitative rt'lation of toxin and 
antitoxin supported this view, viz. if 10 equiva- 
lents of antitoxin exactly ueiUralLsc 10 equiva- 
lents of toxin, then 100 e<]uivaleiits of antitoxin 
will exactly neutralise KK) equivahmts of toxin. 
Bat it is Wnd that if UK) fatal doses of toxin 
(for the guinea-pig) are just iifutraliscfl by KH} 
equivalents of antitoxin, 10 i fatal do»eH of 
toxin+lOO equivalents of antitoxin is not a 
fatal mixture, and generally 108-110 (some- 
times many more) fatal doses of toxin must bo 
added to the 100 equivalents of antitoxin tr» 
render the mixture a fatal one (the Ehrlich 
phenomenon). Ehrlich explained this by suf>- 
posing that the ‘ toxin broth ’ contains not one 
toxic substance only, but is a mixture of toxin 
and toxone, the latter being much less toxic 
than toxin, though requiring as much antitoxin 
to neutralise it as toxin does. Toxin has, 
however, a greater affinity for antitoxin than 
toxone has, so that when mor<* toxin is add#*d to 
a neutral mixture of toxin broth (containing toxin 
and toxone) and antitoxin, the toxonc-antitoxin 
conmlexpre^nt is dissociated, and the antitoxin 
aet nee then combines with the added toxin, and 
it U not until the added toxin is more than can 
be neutralised by the freed antitoxin that the 
mixture becomes fatal. Ehrlich, in fact, was 
forced to conclude that toxin broth contains I 
diverse toxic bodies. The second hype^tbesis, ! 
that of Arrhenius and Madsen, widle admitting ! 
that the union of toxin with antiUixin takes ! 
:|^ace in definite proportions, regarris it as com- ' 
parable to the neutralisatiof) of ePweak base by 
a weak acid, ammonia and Ixiric acid, the 
irea«^o^ is incomplete, though rcHulttug in 
equilibrium, so that free toxin antitoxin 
ejdst in the mixture, together with the toxin- 


aaMtoxm complex. The quantity of fxee toxin 
would be a tunctibn of the relatiou existing 
between the initial quantities of the two sub* 
stances. The Ehrlich phenomenon is <|uite 
explicable on this hypothesis, and there is no 
need to postulate the existence e! toxone or 
other tome constituents in toxin broth. But 
other phenomena concerning the neutralisation 
of toxin by antitoxin do not seem explicable by 
either of these hypotheses. One of these is 
what is known as the * Danysz effect,’ which is 
obtained with many different toxins and their 
corresponding antitoxins. If a mixture con- 
sisting of a parts of toxin and 6 ports of antitoxin 
is exactly neutral, when the whole of the toxin a 
is mixed with the antitoxin ; a similar mixture 
of a parts of toxin and b parts of antitoxin, 
prepared by adding the toxin in several fractioiis 
to the antitoxin is still toxic. This is explained 
according to Arrhenius and Hfladsen as beirK 
analogous to the neutralisation of chloraoetib 
acid by sodium hydroxide. If eauivalcni 
quantities of the acid and base are taken, anca 
only half the acid is added in the first instance\ 
to the whole of the hydroxide, the acid 
wholly neutralised, leaving half the base free. 
This then slowly reacts upcm the sodium chlor- 
acetate forming sodium chloride and glycolate, 
and the solution ultimately becomes neutral. 
(Communications from the Nobel Institute, 1, iii. 
1900). The Danywz effect has its counterpart in 
the neutralisation of arsenious acid with ferric 
hj'droxido. Bordet maintains that the union of 
toxin with antitoxin takes ])lece in variable pro- 
]K)rtions, and resembles the phenomenon of 
adsorption, similar to tlu'. colouring of lilter- 
paper with a dye, Thun, if pieces of filtor-pa|)er 
be placed in a dilute solution of a dye at suffi. 
cicntly long iiilervals, the first pieces become 
distinctly coloured, but tlic last pieces remain 
colourless through lack of free dye in the solution. 
On the other hand, if all the pioccs of paper are 
simuUaiieuosly placed in the solution, they all 
become similarly coloured, LikewiM', a mixture 
of toxin and antitoxin, in which the latter is in 
insuificieiit quantity to render the mixtures com- 
pletely mnocuous, does uot contain, according 
to Borclct, a certain quantity of free toxin, 
together with neutralised toxin, but contains 
only mok^cules! of toxin insufficiently neutralised, 
because the antitoxin is diffused over all tbo 
molecules of toxin, e4vcb of wdiieh, therelore, 
fixes an amount of antitoxin too small 
pietety <o inactivate it. in a series of mixtures 
containing increok-ting quantiti(?«i of antitoxin for 
a unifonn amoutii of toxin, each mcdecuJc of ike 
itter will, therefore, be united to increasing 
quantities of antiUtxiu. Ttie toxicity of the 
jKfbi^n will thus ixteome weaker and weaker, and 
such a of mixtures will posmit all degrees 
of toxicity. From this eonait^ion, reversibiliiy 
of the toxiii-antiKjxin ciiinbination should exist, 
and Ujxin can sometimes be rocoveyred from the 
toxin-antitoxin complex, allowing that it is not 
destroyed in the interaction. BevendUit^ can 
be demonstrated in the case of some antigfm^anii^ 
body systems, a revemlbai^ which is variable 
and generally incomplete. On the wfaolsv idmoit 
cveiy phenomenon of the toxia^uslitoxin re* 
action seems to be exidioaUe m Bevdet^i 
adsorption hy pothosi, whicdi is not the ouig with 
otlMjfbypotheiisii. Spkiffcityistgylea^^ 
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it, nor is it ASqplalned bj o^er hypotbeses; it 
may be due to eeooudaiy iaftaraotiom. 

[On the toxin^iintitoxiu xeaotaon, see Ehrlich, 
Deutsoh* med. Woch. 189S ; Arrhenius, Immuno- 
Oheiuiatry (Macmillan Co., 1907), and Quantita- 
tive Laws of Biological Chemist^ (Beil, 1915), 
Ergebnisse der Physiol, vii. Janr., 1908, and 
Jour, of Hygiene, viii.; Bordet, Ann. Inst. 
Pasteur. 1899, 1900, 1903; Craw, Jour, of 
Hygiene, vii., ix. ; McKendrick, Proe. Roy. Soc, 
Lend. B. 1911 ; Gengou, Jour. State Med. 1912, 
XX. (Summary and full Bibliog.). Many 
abstracts in J. Chem. Soc.] 

Anaphylaxis. Under certain conditions, an 
antigen on injection instead of conferring in 
susceptibility gives rise to increased suscepti- 
bility, and this may occur not only with definite 
toxins but also with proteins, such as egg-white 
and blood-serum, which arc ordinarily Inocuous. 
Thus, if a minute dose of horse-scrum be injected 
into a guinea-pig and three weeks later a second 
somewhat larger dose be injected, the animal 
will collapse and probably die in a few minutes. 
TMs state of increased susceptibility is known as 
‘ anaphylaxis.* If a course of serum injections 
be given at intervals not exceeding 14 days, 
anaphylaxis does not occur. The production 
of anaphylaxis has been explained as follows : 
the first serum injection is followed by the forma- 
tion of an anti-body. This anti- body then reacts 
with the second dose of serum and in the presence 
of complement generating a substance, ‘aua- 
phylatoxin,* which causes spasm of the bronchial 
muscles and suifocalion. K. T. H. 

TOXYNONE. Trade name for sodium m- 
aoetylamino -morcuribenzoate 

HO*Hg-C«H8(NHCO-CU 3 ){COONa) 

TRACHYTE. A volcanic rock composed 
mainly of alkali-felspar with usually only -small 
amounts , of fori'o-magnesian minerals. The 
presence of the latter give the varieties horn- 
ulendo-trachyto, augite-trachyte, and mica- 
trachyte. In mineral and chemical composition 
they correspond to the coarse-grained plutonic 
syenites; whilst in appearance tlmy are very 
luce the rhyolites, difiering from these having 
little or no free silica (when present this is often 
tridymite rather than quartz). The rock is 
fine-grained and usually iight-grcyish in colour. 
Owing to its more or less coilular structure, it is 
harsh and rough to the touch, hence tiie name, 
from rpax^s, rough. Sp.gr. 2 *2-2 '7 ; i>orosity 
3-8 p.c, ; crushing strength 45,5-730 tons per 
; square foot. In the normal potash-trachyte the 
] felspar is ^ orthoolase of the sanidino variety, 

; which, besides being present in the groundmass, 

; may form poiphyritic crystals sometimes of 
; large size (ap. 6n the Draohenfels on the Rhine). 
\ln the soda-trachytes anorthoclase and aioite 
c ere also present. With increasing alkalis there 
'lie a passage to phonolite (g.u.). The follo\^ing 
l analysea are of trachyte from : 1, Plateau do 

Auvergne. II, mioa-bypersthene- 
. trachyte, from Monte Amiata, Tuscany (also 
SO* 0^, a 001, X 0^33, Li*0, trace). Ill, 

! Aigeesdorf, Midhuid Mountains of Bohemia (also 
I BaO 0*08, 0, E, traces : contains sanidine 00, 
f plagioclase 30, augite 5, magnetite 2, sphone 
5*8, apatil^0^5 p.b.), IV, * Pipemo ’ from Avecco 

SiB, Sodtbuid (Old Bed 


Sandstone age). VI, Garleton Hills, Haddington- 
shire (Carbonilerous age). 



I. 

II. 

n. 

IV. 

V. 

VI. 

i9» 

63*53 

64*70 

64*69 

61*74 

62*44 

62*61 

TIO* 


0*42 

0*81 


.ii. 


Alad* 

17*81 

16*48 

18*34 

19*24 

18*99 

18*17 


3*92 

0*74 

— 

4*12 

3*35 

0*82 

Fet) 


2*74 

3*44 


1*80 

4*25 

MnO 


trace 

trace 


0*25 

0*20 

CaO 

2*31 

3*24 

1*72 

1*14 

1*84 

2*58 

MgO 

1*10 

1*74 

0*50 

0*89 

1*37 

0*74 

KaO 

5*21 

5*40 

6*46 

5*50 

5*02 

4*02 

nLo 

4*76 

2*67 

4*61 

6*68 

2*65 

6*49 


— 

trace 

0*18 





1*16 

1*62 

0*24 

1*12 

2*48 

0*80 


99*80 

100*32 

100-57 

100*12 

100*19 

100*18 

Sp.gr. 

2*64 

2*56 

2*57 

2*59 

2*55 

2*6 


Recent and Tertiary trachytes are found in 
the Rhenish and Eifel district, Auvergne, central 
Italy, Canary Islands, &c. These are used on 
the Continent for building stones, and occasion- 
ally for millstones. A variety called locally 
piperno is distinguished by dark fiame-Uke 
streaks parallel to the lines of flow in a lighter 
ground ; this is from Pianura and Boccavo near 
Naples, where it is used as a building stone. 

In the British Isles the trachytes of the Exeter 
district are of Permian age, and those of the 
central valley of Boot land of Carboniferous age ; 
these are quarried for road-stones. L. J. 8. 

TRAGACANTH. Tragacanthin t\ Gums. 

TRASS t*. Tuff. 

TRAUMATOL t*. Bviteketic bbuqs. 

TRAVERTINE, Ca/c-si7^r,orCa/careoiM Tufa 
{Tvf calcaire, Fr. ; Kalktujf, Tuffstein, Ger.). 

A porous, cellular variety of limestone formed by 
the direct chemical precipitation of calcium 
carbonate, as the mineral calcite, from cal- 
careous springs. It is of common occurrence 
in limestone districts, more particularly in those 
of declining volcanic activity. The liberation 
of carbon dioxide, on which the precipitatioii 
depends, is assisted by the agitation of the water 
in rapidiy^-running streams and cascades, and 
also to a considerable extent by water plants and 
algie, the material being often deposit around 
and encrusting reeds, twigs, and mosses. Even 
in the hot springs at Karlsbad in Bohemia 
microscopic plants have been found to be im- 
portant agents in determining the deposition 
of the calcareous tufa or JS prudUsiein, which 
here consists of the mineral aragonite. 

The typical locality is at Tivoli, the andent 
Tibur, near Romo ; hence the name, from the 
Jjatin lapis tibufiinus, through the Italian 
tiburtino and its corrupted form fraterfino. Here 
the most important deposit, with a thickness ol 
500 feet, occupies tho site of an ancient crater 
lake into w*hioh issued the sulphuro-caloareous 
waters of the Acque Albule thermal spriiigs. 
The material is being deposited under the same 
conditions at the present day in the Lego di 
Zolfo in the Roman Campagna. It is alao seen 
in process of formation at the cataracts of the 
Anio at Tivoli. Travertine is the {srinctpal 
building stone of ancient and modem Borne. 
The quarries of Barco, on the Anio, furnished the 
stone for the (^losseum, and those of Fosse the 
material for St. BeteFs churdbu To 
modem Rome new quarries have beea#iniM 
at the Villa Adriana below TlvolL mSSnA 
trav«wtine has also been exported, being ^ 
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TRAVERTINE. 


for iiiBtaQoe> for the columns supporting the 
urohed roof of the new (1910) railway station in 
New York. The stone is whitish or fight cteam- 
ooloured, poious» and with wavy lines of lamina- 
tion; 8p.gr. 2*35. When freshly quarried it 
is soft enough to be cut with a saw, but it 
hardens on exposure (N. Pelati, I Tj^vertini 
della Gampa^ Romana, Rome, 1882,; P. 
Zezi, in H. J. Johnston-l^vis’s South Italian 
Volcanoes, Naples, 1891, 83). 

Similar deposits of travertine are formed by 
the thermal springs at Clermont and Vichy in 
the Auvergne, Hieropolis in Asia Minor, &c. 
Analyses of travertine from Vichy (C. Girard and 
F. Bordas, C.R., 1891, 132, 1423) show CaCO, 
91*71-97*17, l^CO, 1*01-2*10 p.c., with small 
amounts of carbonates of sodium, potassium, 
manganese, and iron, sodium phosphate, alu- 
minium sulphate, ferric arsenate (trace to 0*342 
p.c.), alumina, silica, insoluble residue, and 
traces of copper, barium, lithium, and chlorine. 
In the British Isles small deposits are found in 
limestone districts, e,g. at Matlock Bath in 
Derbyshire, Knaresborough in Yorkshire, and 
it was formerly quarried at Dursley in Gloucester- 
shire and elsewhere as a building stone, but now 
it is employed only for rock-gardens and aquaria. 
In all these instances the travertine is of recent 
formation, but material of the same mode of 
origin, though now more compacted, is met with 
in the geological series of sedimentary rocks 

L. J. S. 

TREACLE V. Sugar. 

TREE WAX V. Insect wax, art. Waxes. 

TREHALOSE v. Cabbohypbates. 

TREMOUTE v. Asbestos and Hornblende. 

TRENT SAND. A sand found in the Trent, 
Severn, and in other rivers; used for polish- 
ing. 

TRICAIXXIL. Trade name for a combina- 
tion of tricalcium phosphate and albumen. 

TRlCiUWlN (Qlycarbin), Glycciyl car- 
bonate. 

TRIDECOIC or TRIDECYUC ACID 

C„H, s'COOH is obtained by the oxidation of 
methyl tridecyl ketone ; it crystalU.ses in thin 
plates; m.p. 40*5®; b.p. 236® (100 mm.) 
(Kradt, Ber. 1879, 1668). 

TRIDYHITE. One of the three ciy*stalline 
modifications of native silica, SiO^, of much less 
common occurrence than quartz (^.t;.) but more 
frequent than cristobalite The crystals 

have the form of thin hexagonal plates or sealers, 
which are often grouped with a fan-like arrarge- 
ment or in rosettes. These crystals an*, how- 
ever, pseudo-hexi^onal, since, Vhen examined 
under the polarising micn) 80 ope, they art^ seem 
to be built up of two or more optically biaxial 
individuals, the symmetry of wliich is probably 
orthorhombic. At a tem(K*rature of 117® 
these optical anomalies disappe^ar, and the 
crystals are then optically uniaxial and tnily 
hexagonal. The hexagonal plates themselves 
are also twinned together, often in radial groups 
of three ; hence the name of thb mineral, from 
threefold. Other more complex tyjies 
<a twinning also exist, producing at times {mmdo- 
cubic fonoB. The crystals are^dull and of a 
white or greyish colour. They are quite small, 
U8uall]( i or 2 mm. across, and only exceptionally 
as much as | cm. Sagr, ^*28-2*3; H. 7; 
mean refractive iudex (Na) 1*477. In addition 


to the mhoh lower Bp.gr., the mineral also diNero 
from quarts in beinj soluble in a boiling solution 
of sodium carbonate. The crystals are, howeviff, 
often altered to an aggregate of diiforently 
orientated grains of quartz, being, in faot» 
paramorphs of quartz after trid^^te. 

Tridymite occurs {principally in acid volcanic 
roc^t— rhyolite, andesite, and especially trachyte 
*— the crystals being attached to the sides of 
cavities in the rocL It is also found in blocks 
of sandstone and quartzite that have been 
caught up and bakra by lavas. Well-known 
loc{)ditie8 are in trachytes at the Euganean Hills 
near Padua, the Drachenfels on the Rhine, 
Mont Dore in Auvergne, Ac. At the Oerro 
San Oistobal, near Pachuca in Mexico, it occurs 
together with cristobalite in andesite. Oth^ 
modes of occurrence are : ae crystals embedded 
in opal; in zeolitised Roman tiles at the hot 
springs of Plombites in France; in fulg^ted 
produced by the fusing of siliceous rocks by\ 
lightning; and rarely (as ‘asmanite’) int 
meteoric stones and irons. It has also been ^ 
observed as a furrjace product, e.g. in the 
vitrified walls of zinc muffles, and as fibroiis 
concretionary’ masses in blast furnaces ; and it 
has been fonned by the burning of stacks of 
straw. It has l>een produced artificially by a 
variety of methods, both by wot methods (not 
solutions under pressure) and by dry fusion. 
The silica skeleton obtained by dissoWing 
silicates in b]owpi})6 bemads of mierooosmic salt 
consists of tridymite. The best crystals are 
obtained from quartz in a sodium tun^tate 
fusion. The products are only to be mstin- 
guished by their optical characters under the 
microscopic But the very frequent formation 
by artificial means unintentionally baa only 
recently betm recognised. As noted below, 
quartz is converted into tridymite at 870® with 
a considerable inrn aw* in Volume (16*2 p.c., 
corresponding to the change in sp.gr. from 2*65 
to 2*28). This has an imjxirtant oaring on the 
siliceous refractory materials used for furnace 
lining.H and siliea-bricks. Coarsely powdered 
quartzite quickly bcaWd to 1400® in preaenoe 
of a sinall quantity of a catalyst Is c<mvertod 
after five or si.x h<n^s into almost pure tridymite 
(Rebuff at, Trans. Ceram. Soc. 1923-24, 23, li; 


J. Soc, Chem. Ind. 1924, 43, B. 614). 

In addition to the reversible inversioii of 
a-tridymitc to /S. -tridyniite at 117® noted above, 
the heating curve sho ws a second break at 163*, 
indicating another inversion ji, -tridymite 
fiytridymite. Here there is no observable 
change in tlic opti(;al characters, and the change 
iH |R*rhapK one of di^gm* of symmetry, anatogons 
to a quartz '-*>)J-quartz at 575®, At ordinary 
teniperaturcs quartz is the only 8&bie cryetalUne 
mrKiificBUon of silica, but at 870® it paaaea Over 
into tridymiu^ with an acoompanymg ineieaee 
in vohune. At 1470® this tridymite la ebanged 
into crlHiobalitc, which melts at 1025®.* Tii* 
dymite is therefore the stable form between the 
tcsmporatnres 870® and 1470®, but Um vdbeify 
of transformation being slow it osn iho exist 
at lower tempratures. In this commUim we 
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may seoall the frequent ooantrence in natuie of 
IMirainorphe of quaita after tridy^ and also 
the fact that tridymite is not found in older 
(pre^Tertiai^volcanio rooka L. J. & 

TRIFOIJN OnnoosxDSB. ^ 

TRI6E1DH, TRIPBEHIH* v. Syi^textxo 

DBt70S. 

TRIOONELUNE {Ueihvl betaine of nicotinic 
acid) O 7 H 7 NO, is an alkaloid which occurs in 
the seeds of TrigoneOa Foemm-graecum (Linn.) ; 
in ordinary peas I^Piaum saiivum [Linn.]) ; in 
hexxm seeds {Uannt^iasativa [linn.]) ( Jahns, Ber. 
1885, 18, 2518; Schulze and Fiankfurt, ibid. 
-1894, 27, 769 ; Schulze and Winterstein, 
Landw. Versucbs. Stats. 1895, 46, 23) ; in oom- 
meieial strophanthine and in the seeds of 
Stirophanthua hiajddua (DC.) and 8. Kombl 
(Oliver) (Thoms, Ber. 1898, 31, 271, 404; 
Karsten, Chem. Zentr. 1902, ii. 1514). Tri- 
gonelline has also been found in an animal, the 
sea-urchin {Arhatia pustuloaa) (Holtz, Kutscher 
and Thielmann, Z. Biol. 1924, 81, 57; Chem. 
Soo. Abstr. 1924, 126, i. 907). 

Preparation . — ^Tho powdered seeds are ex- 
tracted with alcohol; after distilling off the 
latter, lead acetate and caustic soda are added, 
and the alkaloid is separated by means of 
potassium bismuth iodide and sulphuric acid. 
The precipitate is then treated \idth caustic soda 
to separate albuminoids, the filtered solution is 
neutralised with sulphurio acid and precipitated 
with znerouric chloride. The choline so precipi- 
ta^ is removed by filtration, the filtrate 
acidified with sulphuric acid, and the trigonelline 
in the form of its mercury iodide salt is then pits- 
clpitoted. The free base is obtained by decoin- 
posing the double salt with a sulphide (see 
Schul^, Zeitsch. physiol. Chem, 1909, GO, 155). 

T^onellino has also been obtained by 
* treating nicotinic acid with methyl iodide, and 
the product of the reaction with silver h 3 '’droxide 
(Hantzsch, Ber. 1880, 19, 31) ; or by the oxida- 
tion of nicotine iso-methohydroxide, with 
potassium permanganate (Pictet and Genequand, 
Ber. 1897, 30, 2117, 2122). 

Trigonelline crystallises with one molecule of 
water, forming colourless, fiat prisms* of feeble 
saline taste and neutral reaction. It is hygro- 
scopic, is readily ^luble in water, sparingly 
soluble in alcohol, insoluble in ether, wnzenc, 
and chloroform. When heated, it loses its water 
of oxystaliisation and dissolves or melts in the 
latter at 130®. The anhydrous alkaloid darkens 
when heated at 200 ®, and melts at 218® 
deoomp.)* ^ When heated with barium hydroxide 
at 120 ® trigonelline evolves all its nitrogen as 
dimethylamine, and when heated with excess of 
hydroonlorio acid, it yields nicotinic acid and a 
gaa, probably methy chloride ( Jahns, Ber.* 1887, 
2 (h 28M)* It gives the usual reactions of an 
alkaloid with reagents. 

On reduction of trigonelline with hydrogen 
in presenoe of platinum black it forms products 
membb^ bat appaientily not identicaj ■with, 
ww of ancaidine (Wintentein and Weinbegen. 
Zeituii. pbyaioL CSbem. 1917, 100 , 170). 

. , ^j^inoemorUk, and two owro- 

m.p. 108®, and 

<^,aKO,}8^*^na» m.p. 188^(JahiM, U ; 
^ul» ^ IWnkfnrt, l.e.), a» known. Thi 
*MW«qi^do tad iMtliqrtaido ofystalUM In nd 
and feilta Hw. 
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1913, 46, 3724). For the physiological action of 
trigonelline, see Kohlrauson, Chem. Zentr. 1909, 
Ii. 465; Zeitsch. Biol. 1911, 57 , 273; for Hs 
mdgin, see Schulze and Trier, Zritsch. physiol. 
Chem. 1910, 67, 46 (r. B»taotbs). 

TRlHyDROXTBBNZENE v, raxNOL akd ns 

UOMOLOGUBS. 

TRIKETOHTDRIKDENE v. Ketonbs, 1n- 

DXK1B. 

TRKETONES v. KsTons. 

TRIMETHOL. Trimethylmethozyphenol. 

TRIMETHYLACETIC ACIDt;. Valbbioacxds. 
TRIMETHYLBENZENES v. Cumenzs. 

TRIMETHYLENE v. Provyl. 

TRIMETHYLHISTIDIME v. Brtaines. 

TRMETHYLHYDROXYBENZENEu.PaRzroL 

AND ITS HOMOLOQUBS. 

TRIMYRlSTDf. Piettre and Roeland 
(Compt. rend. 1924, 278,2283; Analyst, 1924, 
49, 437) obtained 2 grms. of trimyristin (see 
Vol. IV., p. 405) by dissolving the fat from 
one litre of milk in a mixture of ether and 
alcohol and allowing the solution to cool slowly. 

TRINITRIN. Svn. for nitroriycerin. 

TRINITROPHENOL e. Fiobic acid. 

TRIONAL {diethyhulphonemdhpleihfdfneihane 
or methyl sulphonal) CH|(CsHs) 0 (S()wCtH ^}2 
is prepared, like sulphonal and tetronai, from 
methyl ethyl ketone and ethyl mercaptan 
(Fromm, Annalen, 1889, 263, 1 ^; D. R. P. 
49073; Frdl. 1887-1890, u. 521). It fmms 
colourless, odourless, lustrous square tablets. 
m.p. 76®, soluble in 320 parts of cold water, but 
more readily so in boiling water, in ether, and 
in alcohol. It is employ^ in medicine for the 
same purposes as sulphonal and tetronai, v. 
Sykthbtxo drugs. For its detection, v. 
Sulphonal and Tktronal. 

TRIPHANE V. Spodumrnb. 

TRIPHENIN. p-Propionyl-phen 6 tidine,a 8 ed 
as an antipyretic. 

TRIPHENYLMETEANE GOLOURINO MAT- 
TERS. This is the generic name of a very large 
and varied class of artificial dye-stoRs which 
have been obtained by very di^rent methods. 
Some of the oldest artificial dye-stuffs belong to 
this group. Their generic connection was, in 
many instances, not imown until their constita- 
tion was fully ascertained. When this had been 
done, a large number of new dye-stuffs beloiigin|^ 
to the same class was prepared by direct , syn* 
thesis. The members of this group vaiy mosre 
than those of any other in their physical pro* 
perties; they re^sent almost eveiy poeaible 
shade, and include dye-stuffs suitahie m almost 
every kind of dyeing and printing ptooeaft. 
They are applicable to silk, wool, and cotton 
dyeing ; as a rule, they are of pure and 
brilliant shades — ^in fact, the most cd 

all colouring matters are found amongst them. 
Mmiy are rather fugitive, especiallly the oUte 
ones — ^magenta-red and its congeners. It ti to 
this reason that aniline dyes generally have bean 
declared fugitive and unstaUe by people d 
hasty judgment. This want of is, 

however, not characteriatio of the iripbikayii^ 
methane gmup; some of the beet and ssoet^ 
pmanent dye-stuffs bdkmg to it. It mto bp ' 
well to rmark at once that resl»bia(iee^^ 1 ^^ " 
and other influcuces seams not to M 
related to the finical cmtitultoi d thpup l 
stance as rt is obs^^ tiid^l 
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dye-stuffs of very similar constitution one may 
be very fugitive, whilst the other is remarkable 
lor its fastness. The fastness of these and other 
dye-stuffs also depends to some extent on the 
' manner in which they are applied to the textile 
ffbre. 

The members of this family are not, like 
those of the azo- group, connected by one generic 
method, by which all of them might bo produced 
from various materials. Nor is it possible to 
enumerate a number of general synthetic 
methods which result in their production. The 
methods applicable arc so numerous that no 
generalisation is possible. The only connecting 
link between all these dyes is their chemical 
constitution, which is now woH established in 
almost every case; it is also in this constitu- 
tion that we find the necessary criteria for tlie 
subdivision of the group. Some introductory 
remarks about the constitution of tliese dyes 
are therefore necessary for a complete revision 
of the subject. 

If we consider the constitution of these 
colouring matters, we observe that th(U'e is but 
one characteristic feature common to them all. 
This is the presence of an atom of carbon 
connected by three of its valencies to three 
aromatic radicles. The compound of tlic sim- 
plest constitutional formula in which thi.s 
* centra] carbon’ (as we will henceforth call' 
it) is observed is the liydrocarbon triphcnyl- | 
methane, the formula of which is ( , Jfje . ^ 


G.H, 

Triphenylmethane thus b(*comes (he prototype 
of all the members of tlds group ; it is for this 
reason that the name of triphenyhneih/ine odour- 
ing maUer^ was chosen. 

Triphenylmethane was first prepared })y 
Kekul6 and Franchimont, in 1K72, by iicating 
benzylidene chloride with mercury diphenith* to 
150® (Ber. 5, 907). It.s formation has since lH?en 
observed in numerous reactions. The he.st 
mothod for preparing it consisf.s in treating a 
mixture of two parts of chlorrdonn and i«?vcn 
parts of benzene with aluminium chloride, until 
no more hyc^gen chloride Is given off. The 
resulting liquid is washed with whaler and dried, 
On distillation it jicids benzene, diphenyl- 
methane, and triphenvlmothane. The bust may 
he purified by crystal)i.sation. Tliw method was 
indicated by Friedel and Crafts (Ann. Chirn 
Phys. [vi.'l 1 , 489), Triphonyimelhane is oblainetl 
in ^iourless crj’stab; ra.p. 92'; b.p. - 
359®. It is capable of frjrmin'.: a moh-cular 
compound with l)enzenc. (tf its derivativfs 
tte following three arc important on account 
of their relations to the colouring matU'rs under 
consideration. 

Tlr^henyl-earbinoi is the l«rti irv 

aloniu derived from triiihcnylmfithane : 

i 

* c,n, 

It js eaeUy obtained by oxidi«#« the hydro 
carbon by means of chromic acid. It form* 


COLOURINO MATTEBIS. 

colourless crptals, ^melting at 169® Mid boiling 
at 360® (E. aud 0. Fischer, Anniden* 194, 271). 

In boiling glacial acetic acid it is iieadUy 
reconverted to triphenylmethane eiUier by 
hydriodic acid (Tschitsohibabin, Ber. 1911, 44, 
441) or by trioxymotliylene in presence of a 
small quantity of cone, sulphuric acid (Bands, 
Anal* Ms. Quim. 1913, 11, 699; qf. J. Ohem« 
Soe. 1914, i. 279). For the use of formic acid 
for this purpose, see Guyot and Korache (Comp, 
rend. 1912, 154, 121, and 1913, 156, 1324). 

Trinitrotriphenylmetbane C^HjaNjO, is 
obtained by treating the hydrocarbon with 
strong nitric acid. Ciystals, melting at 203®* 
Chromic acid transforms it into trinitotri- 
phcnylcarbinol (E. and 0. Fischer, ibid. 194; 
256).* 

Tri-p-nitrotriphenylfarblnol CiaHijNaO, : \ 

NO, 


Y 

-NO, 



NOj 

is be«t crystallised from gliwial aietk acid and 
forms small m-stals, melting at 171®-172® and 
soluble in alcnhulic potash solution with a 
beauriful reddish- blue colour. 

None (if the ab(ivf' substancc^s is a colour- 
ing matter, nor are they even c«doared. But if 
we reduce trinit rot riphenylcarbinol by adding 
zinc-dust to its solution in "acetic acid, we obtain 
triaminotriphenylcarbinol, which is identical 
with pararosanitiue. By showing this identity, 
K. and 0. Kwoher solvwl the problem of tne 
constitution of this very im^Kirtant colouring 
matter. l*eucaniline, the rcsduction nroduci of 
rosaniline, w'as shovrn to identical with tri* 
aminotrifhenyini'-fhftnf. This discoveiv became 
the start irm-poiiit bu very iinp<»rtant theoretical 
and oraetieal work. All the congenm of 
rosaniline were shown to be derivatives of tri- 
phenylmethane r*r analogous hydrocarbons, and 
new Hvntheticai nietlKKls were devised by which 
such derivatives could Iw obtalncii 

It is quite obvkms that not only triphaiiyi- 
methane, but als^f all its hiimologum and ana- 
logous hydrocfirbons, are paitmi sttbstanoes of 
dye stuffs. The nuinUff of such hydnxMKrbonk 
indicates! by theory b very large, rinos evsiy 
om- fA the throe phenyl radicl^ oimii6cicd 
with the central carbon may bo replaced bf 
any other aromatic ladteki. Kvwty om 0t 
thf) hydrocarljona thus formed is capable of 
Welding, like tri plumy ImeihatHi itoqlf, a wy 
lam number of colouring matteri, as wiH be 
scf-n from subR^oent cKinsIdctiilloiiS. It thus 
bretimes ovitiont that the thciMeiMi umber 
of jKissible triphenylmethane idbartEy inaltiiibi 
almost unlimiiod. U has, however* beei# •hewn 
timt the variation of the aromatte ladWes 
coimnicled with the cential CMboii Ih HOl the 
only point of importance as Cirib* 

tn>n of thoahad4Wiiid{Hmf>ertiiitfp^ libajwCit^^ 
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dye-stu£te* The colottring 

matters in actual udd aro ihe derivatives of a 
very fevr hydrooarbons^ cf whiob triphenyl- 
methane itself is by to the most important. 
Tolyldiphenj^methane, ditolylphenylmethane, 
tritolylmsthane, and naphthyidiphenylmethane 
are the ptincipal pmnt substances of a large 
number of colouring mattera, which at present 
form the object of regalar and extensive manu- 
facture, and ol several hundred more which have 
been prepared and patented without coming 
into general use. The extensive range of shade 
and general applicability^^, so characteristic of 
the cmouring matters of this class, and unequalled 
by any other class of dye-stuffs known, is not so 
much a result of the variation of the hydro- 
carbons forming their parent substances, as of 
the extremely large number of coloured deriva- 
tives which may be produced from every one 
of these hydrocarbons. No other branch of the 
chemistry of dye-stuffs is so extremely fertile 
in the synthetical methods at its disposal as 
this, and every one of these methods forms an 
easy way for the production of a considerable 
number of dyo-stuffs, which can generally bo 
produced by this one method alone. Many of 
these methods, both empirical and synthetical, 
have been patented, and some of these patents 
arc of great value and importance. They are 
generally ‘ process ’ patents, claiming new 
methods of manufacture ; in this respect they 
form the exact counterpart of the still more 
numerous ‘ substance * patents for azo- colour- 
ing matters, which, being all based on the same 
method of work, only claim the novelty of the 
product obtained by varying the ingredients of 
the process. 

Before entering into the details of the consti- 
tution of triphenylinothane dye-stuffs, and the 
connection of tliis constitution with the proiKjr- 
ties of the dyes, we have to describe another 
substance closcdy related to triphenylmethane, 
some of the derivatives of 'ivhich are dyo-stuffs 
similar to those derived from triphenylmethane 
itself, whilst others play an imiKirtaiit part in 
the process for the production of triphonyl- 
methano colouring matters. This substance is 
also a hydrocarbon, derived from methane by 
replacing only two of its hydrogen atoms by the 
aromatic radicle phenyl. This hydrocarbon is 
diphenylmethanef or benzyl-benzene Oi.H]. : 

I 

H— C—H 

I 

It was discovered by Zincke in 1873 (Annalen, 
159* 874), and is best prepared by the method 
indicated by Friedel and Balsohn (Bull. Soc«chim. 
fii] 33, 837), by adding aluminium chloride to 
a mixtiijre of, 1 part benzyl chloride with 6 parts 
of benzene. It melts at 26'’~•27^ and boils at 
261^-262®. It forms white oiystah, possessing 
an agreeable odour of oranges. Of its deriva- 
tives the following are of practical importance 
^ DWbenjdeiurbiiiol or ^adiydrol is 

the QomeqpoAding alcohol : 

H*-'>*o****0iy 

!■ ' 'in* 


OOLOUBING MATTERS. 

It is prepared by boiling benzophenoxie with 
alcoholic potash solution and zinc-dust. It 
forms white crystals, melting at 67*6®-58®, boil- 
ing at 297^-298^ (linnemann, Annatoi, 133, 6 ; 
Zagumenny, ibid, 184, 174). 

BenzD^enoiie Ci«HioO is the second product 
of oxidation of diphenyhnethane, to which it 
stands in the same relation as that which exists 
between propane and acetone. Benzophenone 
is the typical ketone of the aromatic series 

CA 

6.Hs 

It is prepared by the process which led^ to 
its original discovery, oy distilling calcium 
benzoate, or, better still, by distilling a mixture 
of calcium and zinc benzoate. Another process 
consists in adding aluminium chloride to a solu- 
tion of carbonyl chloride COClj (phosgene) in 
pure benzene, or to a mixture of benzene with 
oenzoyl chloride. Benzophenone forms beauti- 
ful prismatic crystals, melting at 48®-48*6®, 
distilling at 305® (P4Jigot, Annalen, 12, 41 ; 
Chancel, ibid, 72, 279 ; Friedel, Crafts and Ador, 

Ber. 10, 1854) (r. Quinones). 

The amino derivatives of diphenylmethane • 
diphenylcarbinol, and benzophenone, which are 
of special importance in the chemistry of the 
triphenylmethane dyo-stuffs, will bo described 
subsequently in connection with the dye-stufife 
to which they give rise. 

The substances mentioned so to, although 
the parent substances of so many beautiful 
dyes, are all perfectly colourless. Even 
aminotriphenylcarbinof, which is identic^ with 
p-rosaniline, is perfectly colourless; it only 
becomes a dye-stuff by being dl^lved sn 
an acid, a reaction from which one might infer 
that p-fiichsin, the typical magenta colour, is 
merely a salt of p-rosaniline. This is, how- 
ever, not the case, although colour-makers are 
apt to call, for simplicity’s sake, the rosani- 
lines ‘magenta bases.* In this oonnection a 
decision of the U.8.A. Customs Authoritks is 
of interest, in that they upheld the claim of 
an impc»rter; that rosaniline, not being itself a 
dye, should be subject to duty (20 p.c. ad. val.) 
as ‘a coal-tar piquet not being a colour or 
dye,* and not to the duty (30 p.c. ad. val.) 
levied upon cf)al-tar colours or ^es (U.8.A. 

Cost, decision, Oil Paint and Drug Rep. Nov. 3, 

1913, c/. J. Soo. Chom. Ind. 1913* 1060). 

The dissolution of any or either of the amino* 
carbinols in an acid is invariably aeocanpanied 
by a condensation in the molecule, and a loss 
of one molecule of water. The baste 
methane colouring matters are thmffm free 
from oxygen (unless they oontam it In ^e 
shape of water of ciystallisation) ; if we de- 
compose the salts, by the addition of an aftiB, 
coloured bases are formed, edtich, however, 
are very nnstaUe. They take up* at onoe, 
one molecule of water, and re-fom original 
colourless or faint^-oolouied carbindl base. It: 

Uie predpi&tion ta carried out hy means oi \ 
ammonia instead ol sodium hydroxide or e•|^ 
bonate, or if ammonia be present in \ 

the baridnol dbase is partly or wbmtj 
tomed into the corteip^d% amino 
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as has been shown by Villiger and Kopct- 
schni> Ber. 45, 2910, and by Nolting and Saas, 
ibid, 46, 952. By tMs observation it is clearly 
shown that something more than the presence of 
the * central carbon * is necessary for the forma- 
tion of a triphenylmethane colouring matter. 
We have, therefore, to consider the constitution 
cl the colouring matters themselves to obtain a 
knowlecto ofthe chromophoric group of these 
dye-sturo. This consideration leads ar the 
same time to an easy and useful classification, 
to a subdivision into a series of small groups, 
the members of which show a closer connec- 
tion in their methods of formation, their 
physical properties, and their manner of 
application. 

The constitution of parafuchsin is now 
established beyond any doubt. It may be repre- 
sented by the following fonnulas : 


NH, 

C,H, 

-C-C,H«-NH8 

; C,H. 

!— N-na 
H 

I. 


NH, 

C.H, 

or C=C,H4=NH,C1 

I 

C.H. 

I 

NH, 

II. 


which are practically identical, II. correi<ponding 
to the modern way of expressing ‘ quinonoid * 
structure. This formulation will therefore be 
used exclusively in this article to explain the 
constitution of the dyestuffs to which it refers, 
whilst formula corresponding to I. have b<}en 
u^ in the first edition of tliis work. For 
alternative formulas more recently suggested by 
Kauffmann, see Ber. 1912, 45, 781. For con- 
sideration of the salts of triphenylmel hane bases 
which are formed in strongly acid solutions, see 
Kehrmann, Ber. 1918, 51, 468. The formula* 
chosen show also the typical constitution of 
all the congeners of magenta, every one of 
which may be represented by similar formula*, 
in which either one or more of the phen}^ radicles 
is replaced by other aromatic r^cles, or one 
of the amino groups replaced by hydrogen, or 
one of the six available hydrogen atoms of the 
amino groups replaced by radicles of the fatty 
or aromatic series, or several of these changes 
introdoced at the same time. It will at once 
be obvious that several thousand different eom- 
Innaiaons may thus bo produced, all colouring 
mattm of different shades, but showing in their 
pfOperties a general resemblance to prafuebsin, 
oonstitotional formulas of all these colour- 
im hsAters have but one thing in common 
besides the * central carbon* (which is, as has 
b^n said, characteristic not only of these, but 
also of all the other triphenylmethane colouring 
snattm) ; this one essential feature is the quino- 
aend nat^ of the substance, expressed in the 
itmetural formula either by the connection 
between Uie central carbon atom aqd the penta- 
valeat nitrogen (as shown in fonnula I.), or, as 
it hs« t^eoome cnsiomaiy of late, by shifting the 
dosMl lljdsfiieiM the benzene hexagon and 
e<MBnisekjng ft aeeordini^ with the other parts 
of tto moleeule, as shown in formula 11. We 


have, thmfore, a jierfeot right io claim this 
invariably present quinonoid oonnguratiott as 
the essential feature of the whom znolecule, 
and as the cause of its being a oolouring matter. 
It forms a. part of the chromophoric group of the 
(uchsin family. 

It is, however, important to notise that, no 
matt^f how we write the structural fonnula of 
p>fuchsin or any of its congeners/ whether we 
use the older or the more mooem way of express* 
ing the quinonoid nature of the substance, one 
of the amino groups present is always iaidim 
part in the quinonoid chromophoric group ana 
therefore is no longer available as an anxocw^o 
group. To supply this, at lea^ one more amino- 
group must be present, and this is the reapn why 
only di- or poly- amino derivatives of tnphenyl- 
methane can become molher-substanocfi of dye- 
stuffs belonging to this group. On the other 
hand, both the amino grouijs of auxochromic 
nature, as well as the one entering into the 
chromophoric part of the molecule, may be 
replaced by other suitable gnmps. The by- 
droxyl group with its tendency to form salts 
by combining with metallic ions is as important 
an auxochromic group in the series of triphenyl- 
methane dye-stuffe as in any other. And the 
quinonoid ioiino group contained in the chromo- 
phore, may, as in other dye-stuffs, be replaced 
by an oxygen atom acting in similar capacity. 
Thus we obtain two separate groups of dye- 
stuffs, the first of which, generally called the 
fnchsin grffup^ is characterised by the presence of 
nitrogen and the btisic nature of its members ; 
the second, calkd the aurin grmp, by the absence 
of nitrogen and the phenolic character of the 
dyestuffs it embraces. In addition to these two 
groups, a third one, the pfdhalein group, has been 
established by the common consent of all authors 
on the subject. This group contains a large 
number of important dye-stuffs of both basic a^ 
acid naturo, which have this in common, that 
they are all de rived from pht Italic acid and take 
their ‘ central carbon * from one of the carboxyl 
groups of this acid, whilst the other, remaiui)^ 
available, enters the molecule of the dye-stuff 
and tbus^rcuders the latter a true organic acid, 
which is not necessarily the case amongst the 
members of the fuchsin and aurin group. More- 
over almost all the phthalein dye-stuffs of any 
practical important^* cotrtain, in addition to the 

a ical ebromophor of the triphenylmethiiie 
curing matters, an additional one in the shape 
of the ‘ pmne ’ ring, formed by the diminam 
of water from certain suitably placed hydioi^l 
groups of the molectile. This nyrone ring will be 
easily recognised in the formujis of the membets 
of the phthalein group to be given subeequeatly. 
The fact that only those phthaleins, wUck 
contain this pyTone ring, are colouring matfeia 
of any practical value, greatly disninishes the 
number of possibilities for the synthesis of, 
such dye-stuffs, which might be made to form 
a class of their own, if ' it had not beot^ 
customary to treat them as a special divkioii 
of the triphenylmethane group of coloiiring* 
matters. 

We now piooeed to give a dctaiM aoocmnt cl 
thene throe groups niuf ibdr vaiions 
of which, however, we shall enumerate only those , 
which are, either srientificaliy or piicticiiiJly, boa- 
portant. For a emnidete list we rofo the 
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iead«r to tite mll<laiowii •tobfes of Sohtdtz 
and JdBm,* 'or tlie mora moent *'Golonr 
Index.” * 

Z. TBa FooBsnr Oaotn?. 

(A) Diaminotriphtiiffimetkane dairativet . — 
The ampleBt type of thm ooloiiriiig matters is 
1 . Benaldwqrde violet OitHi,NaCl or 

NH, 


OOLOUBINO MATTEB8. 


ISd 


I 

0 

K> 

0 


NH,a 

which may bo prepared from diaminotriphenyl- 
methane by oxidation. The yieldn arc, however, 
very poor, and the colour itself is of no great 
value* Its manufacture has, therefore, never 
been taken up. 

The derivatives of this substance, however, 
in which the hydrogen of its two amino groups 
is replaced by various radicles of cither the fatty 
or aromatic series, are of great value and ihiport- 
ance. Of these, the oldest, best known, and 
simplest in its constitution, is 

2. Beuzaldehyde green. (Syn. Malachite 
New green, Victoria green, Fast gtreen, 
Diamond green. Benzoyl green. Benzol green,) 

N(CH,), 


or 


0 


N(CHg),Cl 

This product was discovered almost simul- 
taneously by Otto Fischer (1877 ; Ber. 10, 1626) 
and 0. l»bner (1878 ; Oitd. 11, 1236), who pre- 
pared it by different methods. For some time 
It was believed that Dobner^s product was 
different from Fisoher's until 'tilieir identity was 
finally estabUshed. Ddbner^s process was 
patented (D, R. P. 4322). Fischer's process 
found, however, more favour with the majority 
of manuiaetmecs, and has mostly been adopted. 

Fisolier^s prooess gave bad yields and a poor 
ppodoot at erst, until the best method for its 
m^ufeeture was worked out. It consists in the 
folbwing operations 

(d) Smntfaetim of tetramethyldiaminotri- 

&3Sfi^^s«S!rS!fr 


phenyimethane by the action of bensaidehydB 
in dhnethylaniline : 

O.H»-CHO+2CeH5-N(CIHs)j| 

*ssE[jO j 

\c^ 4-N(CH,), 
The base obtained in this reaction is generally 
called ‘ green leuco base ’ by the manufacturers. 
For prrastfing it one molecule of benzaldehydo 
is mixed with very little more than two molecules 
of absolutely pure dimethylaniline, a substanoe 
capable of absorbing the water formed in the re- 
action being added. Dry zino chloride was origi- 
nally employed, and is still used by many manu- 
facturers. In quantity it should be equal in 
weight to the aldehyde employed. Hydrochloric, 
sulphuric, or anhydrous oxalic acid, or acid 
sodium sulphate may be used instead of the zme 
salt. The mixture is heated in a jacketed still to 
100®-110® for about forty-five to forty-eight 
hours. The product is tnen transferred to a 
still, a sufficient quantity of caustic soda is added 
to make the mixture all^ine to test-pape^, and a 
current of steam is blown through the liquid in 
order to remove every trace of dimeth^daniline 
and benzaldehyde. The leuco base is not 
volatile ; it remains in the still in the shape of a 
viscid mass, which solidifies into white crystals 
after a while. This base is now subjected to the 
second operation. 

(6) Oxidation into green. It is here that great 
difiiculties were encountered in the begmning of 
the manufacture. Special conditions are re- 
quired to obtain a good crystallisable dye-^ 
stuff. If these are not strictly adhered to, a 
non-crystallisablo peen is the result. The 
latter is different from the crystallisable ^sub- 
stance in composition, containing one methyl 
group less, which is lost in the shape of form- 
aldeh^’de by a too powerful action of the oxidis- 
ing agents. The following conditions give 
excellent results : 33 kilos of leuco base are dis- 
solved in 25 kilos of ordinary hydrochloric acid, 
and diluted with 200 litres of water ; 30 kilos of 
ordinary acetic acid of 45-60 p.c. are then added. 
It is necessary that these two acids should be 
present; neither of them can be replaced 
another acid of equal stren^h. The solution is 
then oxidised in the cold (in the summer it is 
advisable to add some ioe) with a paste of 
lead peroxide of known stimi^hu The per- 
oxide should bo tested by the oxiJio add metbod 
(determination of the COt evolved an ex- 
cess of oxalic acid by the peroxide in question), 
and not the iodometrio method, ea the 
latter gives too high results. Every kipd of 
lead pi^xide contains a certain amount of 
crystalline peroxide, which neither acts on the 
leuco base, and is therefore quite ierdevant In 
its oxidation into green, nor on oxalic acid, 
whilst the iodometrio method gives values 
for both modifications indiscriminately. For 
oxidising the leuco base the exact quantity 
of peroxide should be taken, which is indtcaM 
by the foliowkig equation : 

^^H4-N(CH,), yC*H«‘N(C3H,)t 


.H.* 


One molecule of active pm>xkie is, Iheiefom# 
required lor ethty moleouie of the base. 

As soou ue the peroxide has besa \ 



186 


TRIPHENYLMETHANE 


'With constant stirriiig, the liquid turns a deep 
green. From this liquid the dye-stuff may m 
separated by various methods ; an addition of 
zinc chloride solution is generally recommended. 
This, however, predpitates both the crystal- 
line green and tne tarry modification which is 
never quite absent. The following process has 
given excellent results in the hands of the writer. 

The green liquid obtained by oxidation is 
saturated with common salt. On standing small 
glittering scales of the lead double chloride of the 
oiystallisable green very soon make their appear- 
ance, and are collected on a filter. From the 
mother-liquor an inferior quality of green may 
be obtain^ by adding a solution of sodium sul- 
phate, filtering, and precipitating with zinc 
chloride and common salt. The ciystals of the 
lead double chloride are dissolved in hot water, 
and sufiicient sodium sulphate is added to pre- 
cipitate the lead. The liquid is then filtered and 
precipitated with ammonia. The ‘ green base ’ (a 
mixf^ure of tetramethyl-diaminotri]>lumyl-car- 
binol with the corresponding amino <lerivntive 

\CeH4---N(CH3), 

discovered by \'illiger and Kojxjtschni) settles 
out in the shape of a pink precipitate, which is 
filtered off and washed. From it the ‘green 
crystals * of commerce may Ik? prepared, either 
by dissolving it in a hot solution <»f oxalic add 
and allowing the liquid cool very slowly, or 
by dissolving it in dilute hydrochloric aci<l and : 
adding a solution of zinc chloride, liegjdes ' 
these two the iron double salt is also occasionally 
met 'with in commerce. The picrate is also sold 
under the name of * spirit green.* 

Ddhner^9 process . — This consists in Ideating 
dimethylaniline with benzotriehloride in pre- 
sence of metallic chlorides. This }»rocess ban 
certain advantages if benzotrichloride i.s avail- 
able at a low price. It may be represented by 
the following equation : 

CeH3Ca,+2CeH5N(CH3)2 

-2HC!-f < CJls 

The following pro jmrt ions are ix^com mended 
in the patent : 

3 parts dimethylaniline, 

2 „ benzotrichloride, 

1 *5 „ zinc chloride. 

These are to be heated for three hours to 1 10*' in 
an enamdled iron vessel with constant stirring. 
The resulting melt is transferre^d to a still, and 
steam is blown through it to remove all exc'css 
of tricMoride. It is then thoroughly extracted 
by boiling water. The filtrate j« now precipitated 
by salt, and the precipitate rwrystalliw^l from 
water* The dye-stuff is always obtained in the 
idtaiw of the zinc double chloride. 

Tbe oxalate of benzaldehyde green forms large 
plates of an intense gras«-gn*en colour, which 
dissolve easily in hot watiT. it contains thrci* 
molecules of oxalicacid toevery two of grwn base*. 

The zinc double chloride, wffifdi has the* 
compoaitiem 3 (€a^„h\Cl), 22 ftC 1 *, 2 H 30 , forms 
ipieen exigitals with a fine yellow metallic 

%tdte so easily soluble as the oxalaU). 
ai^lication of these salts is similar to 


OOLOUBING MATTKRa 

that of all the basiq dye-stuffs, and need not hme 
be described. 

3. Brilliant green. (Syn. green. 

Emerald gre&n ; also all the other names ^ren 
for the preceding compound, with the addition 
of the letters G, J, or Y (meaning jmm, or 
ydltno). 



is prepared from dicthylanilino by exactly the 
same process as described for benzaldehyde 
green. After jirecijiitating the fret* gK*cn base, 
it is transfoniKHl into its sulphate by mixing it 
with the theoretical quantity of sulphuric acid 
diluted with its own weight of alcohol. The 
mixture forms a thick tar at first, but suddenly 
solidifies into a mass of well-defined ciy^stals. 

The sha<l<? of this green is con.siderab]y 
yell<»wTr than that of the ortJinary b<mzaldehydo 
gre(‘n. 

4. Victoria green 3 B. (‘islI'taXjna. lliis is 
a eolouring mat for j»repared frrun diehlorobenz- 
aldeh^de }n.^(ead of the ordinaiy' l>enzalde- 
hyde. It is considerably bluer in shade than the 
ordinaiy' I>(*n7.aldehy<le grtK*n. A large number 
of Hifniluriy const itutiKl bluish -greens and 
grwiiish-blues is mtinufaeturecl and sold, esjioci- 
alJy by the iS^iss colour- wf>rks. 

"Acid greens. Oonsidt^rable imjK>rtanco has 
always betu) atUnlu’d by dyers t<i the sulpho 
dcriviiti\es of baM<’ eolnuring matters, Wcaime 
liiese are more easily and evenly dyed on wool 
than the hydn chlorides and otber salts of the 
bases themselves. Many attempts have, thtsre- 
fore, U wj made to obtain acid greens. They 
were at first only jKirt ly successful; at |U%«eni 
there are, however, m veral acid greens in com- 
merce, ranging in shade from a yeliowiih-groeti 
to a clear gF(>enihh indigo blue. They are v^ 
largely uscfl in woo) dyeing, es|)ociaJJy for mixed 
shade's. 

'Jlic ohJf wi of thi.'^e acki greens, which ap- 
{learefl in tiic market in iH7H, was cailed 

o. Helvetia green or Aeld green C. li ems 
the sodium salt cd the mono- sulpho derivative of 
th© ordinary tienzaidehyde green, prepared either 
bv sulphoimiing.lthi* grmt itself by means of 
chlorr«sii)phonic a<1d, or by sulphcmatuig tetna* 
mcthyiriiaminotriphenylmethane and oxidkmg 
the resulting erdotirli^ acid by means of Jeaa 
proxide. hVither of these two methods worhs 
satiHfa^-torily. For this reason the product 
has grtulually 1 >ooti abandoned, and ««friacied 
by the iKuizyl derivatives, wMch mo more 
fustly pnq>ar#'d. and at the same time mudt 
more brilliant in shade. 

0. Benzyl tehi gram* Intbevixioimai^imM 

to prepare acid grams ii was found Ibal Om 
phenyl groups, combined with ihemlimt eii!l^ 
show Utile tendimey to permit of ttm Inliodue* 
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tion of the sulpho group. •Thtii reluotanoe i8« 
indeed^ quite obAraoferaiie of all triphenyl- 
methane derivatirea. It is the cause of the 
difficulties experienced in jxreparing sulphonated 
derivatiTcs ox these d 3 ^. 8 tun 8 . It was, there- 
fore, a happy thought to introduce into the 
molecule of the |pr6en an independent radicle, 
capable of receiving the sulpho group u>^thout 
influencing more than necessary the shade and 
other properties of the green. Such a radicle 
was found in the benzyl group. If we introduce 
this, instead of methyl and ethyl, into the amino 
groups of the green, it acts in the manner of a 
radicle of the fatty scries, influencing the shade 
of the green very little. The group, 

however, brought into the molecule as a con- 
stituent of the benzyl radicle, is capable of being 
sulphonated with the greatest facility. Various 
dye-stuffs have been prepared according to this 
principle. Of these Guinea green B is the sim- 
plest. It is the disulpho derivative of diethyl- 
dibonzyldiaminotriphenylcarbinol 


0a7H3«NaO,S2Na,or 


C.H 


obtained by combining benzaidehydo with two 
molecules of ethyl benzylani line sulphonic acid, 
and oxidising the leiico compf)uiid thus obtained. 
This product was discovered by 0. Schultz and 
Streng, in 1883, and patented (1). R. P. 50782, 
1889 ; Eng. Pat. 7550, I8S9). ft is an excellent 
and very useful dye-stuff. Guinea green B F, 
which dyes a mons yellowish shade, is obtained 
in the same manner, using m-nitrol^nzaldehyde 
instead of the ordinary benzaldehyde, whilst if 
o-chlorobenzaldchyde is used the resulting dye 
is Benzyl green B,' 

The various shades of light green or acid 
green sold by the majority of manufacturers are 
preparc^d somewhat differently. Benzaldehyde 
is combined with two molecules of benzyl - 
methyl- ojp benzyl-ethylaniline. The base thus 
obtained is treated with sul]iharic acid, when 
thr^ sidpho groups enter the molecule, one of 
which is linked to the phenyl radicle contain- 
ing no amino group, whilst the two others aro 
combined with the benzyl radicles. The result- 
ing trisulpho derivatives are oxidised in the 
usual manner, yielding the dye-stuffs in the 
shape of a very soluble green powder. 

7. A carious product, belonging to the class 
of acid greens, was ^described by R. Meldola, 
under the name of Viridin (Chem. Soc. Trans. 
i882, 187 ; Ber. 14, 1385). It was prepared by 
oxidising benzyl-diphenylamine, and sulphonat- 
Ing the resulting green, dissolved in spirit. 'This 
green, or a substance very similar to it, had 
^readv been prepared by Ch. Girard (Wuriz, 
Pre^ de rind, dcs Mat. col. ; Paris, 1876 ; 

^ 8. iteteifUau, Patent Une, a product of the 
Farowerfce vorm. Meister, Lucius and Bruning, 
in Hdohst;;Ua-Main. This te a dye-stuff closcfy 
^ed to the acid greems. It ms discovert by 
^Mownn, and patented Inr the Farbwerke 
1888* and many additional 
P^^ ^ IWtaseh. Ber. 1898* 29, M91, 

and 1897, S94* 378). It ia 

fey a romswfaat oow^ted metfeod. 


m-Nitrohenzaldehyde is combined with two 
molecules of dimethylaniline. The resulting 
base is reduced, the amino derivative diazo- 
tised, and, by boiling with water, transformed 
into m - hyi^xytetramethyldiaminotriphenyl- 
methane. This is sulphonated by treatment 
with sulphuric add. The resulting sulpho 
derivative is oxidised and transformed into a 
calcium salt, which is delivered into the market. 
The constitution of the dye-stuff is represented 
by the following formula : 

N(CH3), 




OH 


(*!— <;^]]>-SO,-iCa 


6o, 


B / 

NICH.), 

This dye-stuff dyes wool and silk a beautiful 
greenish-blue of great brilliancy and cleanijess. 
Several other dye-stuffs of very similar composi- 
tion are on the market. 

(B) Derivatives of triaminatriphenyltnzUmne. 
— This group contains some of the oldest artifleia! 
dye-stuffs, which were prepared by strictly 
empirical methods. When the constitution of 
the triphenylmethane group was established, 
synthetical methods for producing dye-stuffs of 
this group were gradually introduced. At the 
present time the old empirical processes hold 
their own for the production of the old colouring 
matters, whilst the synthetical methods, which 
are mostly patent i?d, are used for preparing new 
dye stuffs of grt*at beauty and perfectioiL 
The prototype of this group is — 

1. ParafuchMn, ParamagenJta^ the anhydro- 
chloride of triaminotriphenylcarbinolCi^Hi^tCl 
the constitution of which is : 



NHgCl 



It ahva^ crystallises with four molectilsa of 
water of crystallisation, which should be added 
to the above formula. 

This is the dye-stuff which was used by 
0. and E. Fischer for the elucidation of tim 
chemistry of this class of subatauoea (O. and ^ 
Fischer, Annalen, 1878, 104, 242; Ber. ll, 
1079; 13,2204). It is one of the old^ attffiiM , 
^•stuffs ; was discovered in 186B by A. W, 
Hofmann (J. 185$, 361); and iw-discovimd 
by Bosenstiehl in I860 tBull, 8oo, Ihd. Mul^ 
house, 38, 264)^ For a loi^ tima#!! 
oonsideied a Arbstance of tlieorsfl^i^^ 

interest, because its shade is alxi^ 
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with that of ordinary fuohsin or magenta (see 
under 2), which is much more easily prepaid. 
At present, however, it is manufactmed on a 
large scale, not as a dye-stuff for sale, hut as a 
raw material for certain blues, which will be 
mentioned later on. 

A large number of reactions have been ob- 
served and described which result in the forma- 
tion of pararosaniline. Of these the following 
may be mentioned : 

(а) Pure aniline heated with carbon tetra- 
chloride yields parafuchsin. This method was 
used on a manufacturing scale by Monnct and 
Bury in Lyons. 

(б) Pure aniline, heated with iodoform, gives 
a fair yield of parafuchsin hydriodide. 

(c) Pure aniline, heated with p-nitrobenzyl 
chloride in the presence of iron filings or iron 
salts gives a go^ yield of parafuchsin. This 
method, or modifications of it, form the sub- 
stance of Greiff’s and Baum’s patents (D. R. PP. 
15120 and 19304 Grieff, and 14929 Baum). 

(d) Pure aurin (rosolic acid), which will be 
described subsequently, yields parafuchsin if 
strong ammonia be allowed to act on it for a 
long time at a high temperature. 

(e) It has been shown (t\ introduction) that 
the i^uct ion-product of parafuchsin is para- 
leuco-aniline, and that the latter is identical 
with triaminotriphenylmethane. The latter 
may easily be prepared from triphenylmethane 
by nitration and reduction, and by various other 
methods. Attempts have not been wanting to 
work out a method for the production of para- 
fuchsia from synthetical leucaniline. No good 
method, however, has hitherto been discovered 
for this purpose, and all the patents based on 
this reaction have proved failures. It is very 
easy to produce a trace of fuchsin in a solution 
of leucaniline ; but no method is known for 
finishing the reaction. 

(/) Mixtures of pure aniline with pure p- 
toinidine yield parafuchsin if subjected to oxi- 
dation. This is the usual practical way for the 

r iuction of parafuchsin. The oxidation may 
effected either by arsenic acid or by nitro- 
benzene. Other oxidising agents — such as 
mercuric chloride, stannic chloride, &c. — pro- 
duce the same result, but at a h^hcr cost. The 
airsenic acid process (which will bo described 
later on) was for some time almost exclusively 
used for the production of parafuchsin. The 
cbemlcal reaction which taim place is very 
simple. Arsenic acid is reduced to arsenious 
acicL The oxygen w^hich is thus obtained com- 
bines with hydrogen of the aromatic bases : 

2C*Hs-NH,+C«H4(CH3)NH,-f30 

-2H,0+C,4H„N,0H 
Tilamiiiotri' 
pbeuyi carblDol 

The methyl group of p-lo!uidine is used up 
for yielding the central carlK>n around which 
other radicles are grouped. 

(p) IHaminodiphcnylurcthane, mixed with 
aniline and heated with oxidising agents, yields 
parafuchsin. This synthesis fonq| the ^sis of 
a more modem manufacturing process. 

It has already been said that parafuchsin 
has li04^vantages over ordinary magenta red 
to dyeii^ purposes. It is, thsfteforc. rarely to 


rule the melts are worked up in the same manner 
as ordinary magenta melts, but the zesulting 
cr3^Btals of the pure hydrochloride are redis- " 
solved and precipitated in the shape of pa^ 
rosanUine base by the addition of soda or milk 
of lime. The base is then used for the produc- 
tion qf blues. 

Parafuchsin hydrochloride forms small 
glistening crystals having a metallic green 
lustre. As a rule, they are very small, much 
smaller than the crystals of ordinary magneta. 
Parafuchsin acetate is similar in appearance and 
crystallises much more easily than the ordinary 
magenta acetate. 

Pararosaniline is important because it is the 
parent substance of all the various violets, and 
of some of the blues, which wdll bo described 
subsequently. 

2. Ordinary fuchsin, magenta red, rooeln 

(ruhesine, harmali^, aniline red, aaakin, sol- 
ferino, erythrdbenzine) C20H20N4CI, is an article 
of great importance and of very general applica- 
tion. The latter is due to the fact that it was 
one of the first artificial dye-stuffs, although not 
one of the best. A great demand for it has 
gradually been established, which forces the 
manufacturers to carry on its production on a 
large scale, even now% w'hen much better dye- 
stuffs may be projmred by other methods. 

Chemically, this colouring matter may be 
defined as the higher homologue of x>arafucnBin, 
in which one of the phenyl groups has been 
replaced by a totyl group ; 

NH, 



U<( ^=NH,C1 

6 

• NH2 

Ordinary fuchslo 

The product of commerce, though chiefiy 
composed of this substance, invariably con- 
tains an admixture of parafuchsin as well 
as of the higher homologues (C^iH^^NsCl and 
Like jN&rafuohsin, it contains four 
molecules of vrater of crystallisation. 

Fuchsin is invariably prepared by oxidising 
a mixture of aniline with p-toloidine and 
o-toluidine. This mixture is generally known 
as *wniline for red,' and was originally pro- 
duced by the nitration and subsequent reduo- 
tion of a certain fraction of crude benzene, wfaicb 
consisted of l>enzene and toluene. Sometimes 
it even contained some xylene; in this ease 
xylidine entered into the composition of * aniline 
to red.’ At present most of the ^anitine to 
red ’ is a mixture of pure ssiiline with onide 
toluidine. By the latter we mean the mixture 
of 0- and p-toluidine which is obtained by 
the nitration and subsequent reduetiem of pure 
toluene. Oade tohdcline eomiste as a rule of 
55 p.o, o-toluiditte and 45 me. j^teliiidine. Tbe 
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in order to nrodooe Hie ^aniline oil for red* 
varies aooonmg to Hie recipes^ various manu* 
faotuxers. As a rule, half of the weight of the 
toluidine is added. A oertaid boiling>point 
(for instance, 188^'^200’’) and a certain specific 
gravity (for instance 1*010) are prescribed, and 
should be strictly adhered to by the aniline oil 
manufacturer. In some oases an addition of 
xylidine is necessaiy in order to produce a pro- 
duct of the desired boilii^-pomt and density. 
Theoretically, an oil containing equal molecules 
of the three bases would be requi^ ; but for 
practical work an excess of aniline and o- 
toluidine is used, because a part of these two 
compounds escapes the reaction, whilst the p- 
toluidine is entirelv used up. 

Of all the methods which in the course of 
time have been proposed for oxidising this 
mixture, only two have survived, one of which is 
also rapidly ^sappearing. They are known 
under the names of the arsenic acid meU and the 
nitrobenzene process. From a practical point of 
view they ore of equal value, but the arsenic acid 
melt is being abandoned on account of the 
poisonous nature of the arsenic compounds 
required. 

Magenta was originally prepared by Natan- 
son, in 1856, by heating aniline with ethylene 
chloride. In 1858 Hofmann observed its forma- 
tion when allowing carbon tetrachloride to act 
on aniline. In 1869 Verguin prepared it by the 
action of stannic chloride on aniline. Verguiii’s 
employers, the dyers Renard Frferes and Franc, 
in Lyons, took up its manufacture on a large 
scale, and invented the name fuchsin. Later 
on a company was formed, under the name of 
*La Fuchsin,* for working Verguin’s patent. 
Gerber-Keller invented a process for oxidising 
aniline by means of mercuric nitrate. The dye- 
stuff thus obtained was believed to be different 
from fuchsin, and received the name azalein. 
In 1860 Medlock invented the arsenic acid 
process, which for a long time was considered 
the only practical method of manufacturing 
mapnta. His patent was invalidated owing to 
a cjOTical error contained in the description. In 
1869 Coupler described his process for producing 
fuchsin ov the nitrobenzene prodss. This 
method, wmch did not give good results at first, 
was gr^ually worked out by various manu- 
facturers, and is now equivalent, if not superior, 
to the heat forms of the arsenic acid process. 

Various salts of rosanilinc were formerly in 
commerce. The original fuchsin was the 
hydrochloride, azalein was the nitrate; whilst 
magenta and rosein were the names applied to 
the acetate, produced by Nicholson, the first to 
manufacture this colouring matter in a prac- 
tical and rational manner. Gradually the 
nitrate and acetate disappeared from the 
market. At present the hydrochloride is the 
only salt produced, to which, therefore, the 
orij^al name of fuchsin sho{dd be applied, 
EngliHi manufacturers still use the names 
magenta and rosein for the hydrochloride. A 
large quantity of the fuchsin manufactured is 
tramozmed into rosaniline, which is delivered 
into the market either under this name or as 
*magenta base,* ^red base,’ or ^rosein base. 
Tbese names are not quite correct, because 
rosanUine may not strict^ be considered as the 
true base of ttm of fuchsin. 


The true base of fuchsin is 



0 


i^H* 

which, in the moment of its formation, under- 
goes a molecular transformation into 




HO— 0— C,H4— NH» 

Bcsaoillne 

(Triaminodlphenyltolyicarblnol) 


Manufacture of Fuchsin, 

1. Arsenic acid process, — ^The properties of 
the ‘ aniline oil for rod ’ have already been di^ 
cussed. The mixture of bases known under this 
name is transformed into the dye-stuff by heat- 
ing it with arsenic acid. The latter is prepared 
by oxidising arsenious acid (white arsenic) by 
means of nitric acid in closed earthenware j^ts. 
The escapini^ nitrous fumes are condensed in a 
tower, in which they meet an opposing current of 
water and air. The nitric acid is thus regener- 
ated, and may be used again. Practically, there- 
fore, the formation of the arsenic acid is accom- 
plished by the oxygen of the air. The arsenic 
acid solution obtained has a sp.gr. of 1*85-2*3, 
and contains from 60-75 p.c. of arsenic acid 
HsAs 04 . 1,500-1,700 kilos of this solution are 
required in order to oxidise 1,000 kilos of 
* aniline oil for red/ These quantities of the 
reagents are introduced into enamelled east- 
iron pots, closed by lids ; a mechanical stirrer 
and a tube for Uie escape of the vapours should 
be' provided. The mixture is then gradually 
heated to 180^ This temperature ihoakl be 
strictly maintained during the whole operation. 
If the temperature rise above 190^ the dye-stuff 
already formed is decomposed. FVom mght to 
ten hours are i^uired in order to complete the 
reaction. During the whole time vapours 
escape, which should be condensed in a leaden 
coil connected with the escape tube, and oooled 
by a current of water. At first the distillate 
consists chiefiy of the water introduced with the 
arsenic acid. Later on, the water formed in the 
reaction distils ; at the same time some aniline 
oil goes over. The total quantity of the aniline 
escaping the reaction is one-ihirot or even one- 
half, of the quantity originally usi^ The mdt, 
which is veiy thin at first, gradually becomes 
viscid ; at the same time it assttmes a brown, 
metallic lustre. Samples should be taken from 
time to timg. When the melt becomes brittle 
on cooling, the reaction is finished, and the fire 
should be drawn. The melt is then at ono6 re- 
moved from Ihe pot. In some faeiories an 
opening is pIbvicM for this purpose in the 
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lowest part of the pot, which is closed by a lid 
and screw whilst ^the heating lasts. As a rule, 
howe'rer, it is preferred to remove the cover of 
the pot, and to ladle out the melt. The latter is 
spre^ on tra^s made of sheet iron. On cooling, 
it solidifies into cakes, which are very brittle, 
and break up into small lumps on being handled 
The crude melt contains the colouring matter 
in the shape of arsenite, together with an excess 
of arsenious and arsenic acids, some coloured 
by-products (v. infra), and a large quantity 
of tarry impurities. In order to obtain the pure 
dye-stuff, the crude melt is introduced into 
horizontal wrought-iron boilers, in which an 
eccentric horizontal stirrer is made to rotate. 
Water is added, the lid of the boiler is closed, 
and steam is introduced at a pressure of from 
four to five atmospheres. After several hours’ 
vigorous stirring, the greater j^art of the rosani- 
line arsenite has been dissolved by the water. 
The liquid is then forced through felt into iron 
tanks, where it is allowed to cool down to 50®. 
A sufiicieut quantity of salt is then added to 
ppoipitate the whole of the colouring matter. 
By the addition of the salt a mutual decomposi- 
tion takes place. Sodium arsenite is formed, and 
remains in the liquid, whilst tlie colouring 
matter is precipitated in the shai>e of chloride. 
It settles out as a thick green tar of metaliic 
lustre, which solidilics into a brittle substance 
on cooling. The suiH*niatant ^ueous liquid is 
then drawn off, the crude fuchsin is chi[)ped out, 
and introduced into another extractor, similar 
to the one used for treating the melt. A very 
small quantity of soda ash or chalk (about .} p.e. 
of the weight of the crude dye-stuff) is abided, 
and a second extraction takes phice. I’he li<|uid 
is again forced through felt into large wooden 
vats, in which some wooden boards are sus- i 
pended. When the vats are tilled, a small i 
quantity of hydrochloric acid and clean butter- 
salt is "added to each vat. In these vats the 
dye-stuff separates out, in the .shap<? of fine 
listening green ciystals. The largest crystals 
are generally deposited near the surface of the 
liquid. When the crystallisation is finished, the 
mother-liquor is drawn off, and the crystals arc 
collected and sorted according to their shape and 
size. The laigest cty^stals are sold under the 
name of ^ diamond fuchsin.* 

By-products . — ^The residues of the first boiling 
may be subjected to a second extraction ; as a 
rule, some hydrochloric acid is added in this 
case. A deeply-colourwl solution is thus ob- 
tained, from which an impure colouring matter 
may precipitated by the addition of salt. 
This colouring matter is sold under various 
names (fnayenia cake, cerise, grenadine, maroon), 
and finds a ready marked.. It dyes a magenta 
colour, which is less briliiact than the sha<lc 
obtained with the crystals. A third l>oilitig is 
sometimes necessary. The colouring mailer ob- 
tained from this is very impure. It is, therefore, 
dissolved in weak hydrrichloric acid, and sfvme 
sine -dust is added, vrhich reduces the magenta 
contained in the liquid. On precipitating with 
salt, a oolmifing matter of a brown shivd<.'» is 
obtained, which is sold as * Nangking/ or * leatlier 
brown.’ The black insoluble residue of the third 
boiling gall containH some dark-blue wilouring 
mattm^f the induline series, ^ich are, how- 
not worth the trouble of ex^acting. 


ooL^UEiNQ UArnm. 

The mother^liquors from the crystdb contain 
a yellow oolouri^dnatter of great fastness and 
purity. This substance, known under the name 
of phosMm, belongs to another ffroup eff dye- 
stuffs, being a salt of dtaminophenylacridine. 
For extracting it firom these mother-liquors, the 
latter should be acidified with hy^chloric 
acid, and some zinc-dust added until all the 
fuchsin present in the liquid is reduced. The 
phospliine, which is not so easily reduced by. 
zinc-dust, may then be precipitated by the 
addition of sodium nitrate. The amount of 
phosphine formed varies according to the com- 
position of the aniline oil and the temperature of 
the molt. It is never considerable, and very 
often the quantity present is so small that it is 
not w'orth while to separate it (v. Chbysakiliks, 
vol. ii. 24(5). 

Jiecovery of the arsenious etcid . — Formerly 
the residues of* the manufacture of magenta were 
left in the factory yards or thrown into the sea. 
At prc*st*nt this is not allowe<l, and the manufac- 
turers are invariably forced to recover their 
arsenious acid, so as to ]irevent the poisoning 
of wells and streams. The recovery, as it is 
now' carried out, is so economical that the value 
of tht» arsenious acid obtaincil covers the cost of 
working flic process. Tlie jirooess, which was 
w'orked out by A. L<H)iihardt, consiste in burning 
the solid rtisiducs and using the heat for evapo- 
rating the arsenical liquids. The dry residue of 
the ( vaporation is introduced into the furnace, 
and burned along with the solid n^sidues. Caro 
is taken to introduce no more air than is neces- 
sary for burning th(» organitJ matter. By this 
precaution a cf)mph^te volatilisation of the 
arsenic in the metallic sfati* is obtained. The 
vajKHirs of arsenic* are led into a highly-heated 
combu.stion-chamb<‘r. Here they arc^ mixed 
with the necesi^ary quantity of hot air to com- 
pletely burn the metallic ars<*nic into arstmious 
>xide A-s^O^. The vtqKmrs of the latter are then 
led through contlcnsing c*hambcrs similar to 
those usi-fd in the inamifar*! ure of white arsenic. 
In the.sc^ ehamixu's tlu* arsenious acid is deposittjd 
in the shape of a white From time to 

time the cliambers an* <qK‘ned, the arsenic la 
removed ,*and used again for the manufacture o! 
syrupy arsenic ac'id by the aid of nitric acid. 
A certain stock of arst*nic is thus sufficient to 
carry on the mauufactun* of fuchHin for an 
indefinite p*rifKl. 

2. The nitrot/en2e7ie process. — This prooeaa 
was originally invented by Coupler, of Paris; 
but ii \vm for the first time successfully worked 
on a large scale by the firm of Meijdter, Lueiue 
und Bruning, of iiixhst am-Mam. Other firms 
followed in the course of time, and at |jre«enb 
this process has praciicalty superseded the one 
with arsenic acid. 

It w'as origiually suppom^ that the nltfo* 
benzene uscui in this pnicess entera into the 
rosaniline formed, after having served as aa 
oxidiser. At present it is generally reoQgnMl 
that the nitwbfmzetw merely acts as « oxidising 
agent, and that, in so doing, it is transformed into 
tarry matterfi, which are mehm and tattudB in 
th<} residues. The nature of iha nitro oomponnd 
used is, thf^refore, of no influeitce on the eotnpo* 
sttkm of the dye-stuffs obtained. Pim nitro* 
benzene, or a mixture of nitrobesUMme widi 
nitroteltieiie, may be used. a^Nilfololiieisi IMUs 
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more easily thaa any other nltro ooij^pouhd; 
it ha8» titf^toret heeii used advanta^ by 
the writer. ^Nitantoliieike has little tenaency 
to act as an oxidiser. If, therefore, a mixture of 
nitrobenzene with the two nitrotoluenea (the so- 
called ' nitrobenzol for red ') be used, the p- 
nitrotoluene escapes with the distillate. 

The advantage of the nitrobenzene process 
consists, therefore, not in an economy of ingre- 
dients, but in the fact that by its application 
magenta free from arsenic may more easily be 
obtained. The yield in good crystallised fuchsin 
is slightly larger (if omy the . aniline used be 
taken as basis of the calculation) than in the 
arsenic acid process. This increase of yield pays 
for the increased price of the oxidising agent. 
In times when commercial benzene is cheap the 
process compares favourably with the arsenic 
acid process, whilst it was at a disadvantage 
when the prices of benzene were high. At the 
present time, benzene is so cheap and plentiful 
that the nitric acid consumed in this process is 
jwrhaps a more iTn[>ortant item in the calcula- 
tion of its cost than the benzene. For working 
this process it is a condition that the manu- 
facture of aniline bo carried on in the same 
works; the distillates are a mixture of aniline 
and nitrobenzene, which must Ikj returned into 
the reduction process before they can be used 
again. 

The process is worked with different projior- 
tions and in a different manner in different 
works. It is based on the following facts: 
aniline and nitrobimzene do not react u])on e^h 
other ; nor docs a reaction take place if aniline 
hydrochloride be added. But if a small quanity 
of iron chloride be present, a reaction sets in, at a 
temperature of 160'^ If the aniline and aniline 
salt used are pure, a dye-stuff of the induline 
group is obtained ; but if p-toluidine and o- 
toludine be p^<^8ont in the necessary projwrtions 
ordinary fuchsin is the result of Uio reaction. I'iie 
nitro compound, how(?ver, attacks the fuchsin 
already formed, and part of it is therefore de- 
composed again. For this reason, quantitative 
yields cannot be obtained. At 190“ the action 
of the nitrobenzene bt^coines so violent that all 
the colouring niatUjr is destroyed. 
care is, therefore, required in this process, and 
the temperature should never allowed to rise 
over 175®. Cold-air flues, and even arrange- 
ments for ctmling with water or ice, arc therefore 
invariably provided in connection with the 
melting-pots. The size of the latter has been 
oonstautly increased, because it is easier to keep 
large vessels at a constant temijorature than 
small ones. Enormous pots, capable of working 
one or two tons of melt, have been used. Excel- 
lent arrangements for stirring should be provided. 
It is a good plan to make the melting-pots of 
spherical shape, and to give the stirrer an 
: oblique position in this spherical pot. No water 
should 1^ present in the mixture, as in this case 
the nitro com^und is simply reduced into 
aniline 1^ the ferrous chloride, and the reaction 
: stops. The hydrochloric acid used sliould, 

; therdore, be mixed with the necessary quantity 
I of the aniline and the mixture evaporated until 
^it solidiffes into * aniline salt cake * on cooling. 
iSometimes the iron chloride solution is added, 
|so that the cake obtained is iathnately mixed 
Ifrith the inm salt. This cake is then disaolved 


in tile rest of the anOine, the aiteo oomnound 
added, and tiie mixture heated until ^ re- 
action sets in. Other manufacturers pref^ to 
add iron filing or ferrous chlorioe to the 
mixture of aniline with aniline cake and nitro- 
benzene. An ingenious patent, taken out by 
Herran and Giaiw, proposed the use of certain 
double salts of the general formula R2C1«,2RC1^, 
such as ferric ferrous chloride, ferric zinc cUoride, 
aluminium zinc chloride, and others. The addi- 
tion of iron filings, originally proposed by Coupler 
is not customary at present. Anhydrous zinc 
chloride, which has also been proposed as a 
means of starting the oxidising action of the 
nitro compound, has not proved satisfactoiy. 

The following proportions have been pro- 
posed : 

100 parts aniline for red, 

50 „ nitrobenzene, 

3-5 „ iron filings, 

and a suflSicient quantity of hydrochloric acid to 
neutralise two-thirds of the aniline (H&usser- 
inann). The quantity of nitrobenzene is too 
large ; it may very well be reduced to 40 parts, 
or even leas. 

Wurtz gives the following proportions ; 

38 parts aniline, 

17- 20 „ nitrobenzene, 

18- 22 „ hydrochloric acid, 

2 „ iron filings. 

The following is Coupier’s mixture : 

67 parts toluidine, 

95 „ nitrotoluene, 

65 „ hydrochloric acid, 

7 „ ferrous chloride. 

The large quantity of nitrotoluene proposed in 
this prescription is due to the fact that only the 
o-nitrotolueno, of which about 50 parts are pre- 
sent in the mixture, acts as an oxidiser. The 
p-nitro eomjK)und is recovered in the distillate. 

The following proportions were used by the 
writer in regular factory work ; 

400 kilos aniline for red, 

222 „ hydrochloric acid, 

247 „ o-nitrotoluene, 
and the ferrous chloride prepared from 
9 kilos iron borings, and 
41 „ hydrochloric acid. 

Half of the aniline is dissolved in the 222 
kilos of hydrochloric acid, the solution of the 
ferrous chloride is added, and the whole evapo- 
rated in a stone still before being mixed with 
the remainder of the aniline and the nitco*^ 
toluene. 

The nitrobenzene melt cannot be pushed so 
far as the arsenic acid melt. When nnidfed it 
should not solidify into a brittle masi on ooedh^. 
It should be still soft, owing to a proportion of 
umKimbined aniline which it still oontam* 
aniline must be extracted by boiling wlft a small 
quantity of dilute hydrochlorio acid.^ ^ After ita 
removal, the melt becomes brittle on coolings 
It is worked gp in the Leonhardt extraotom, in 
exactly the same manner as described for tte 
arsenic acid melt. 

Lakr mprojme9iie.^lt has alreadgr beril 
*aaid tibat severiJ synthetical stetboda hart 
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propoi^ for the xoanufaoture of magenta, wliich 
mt, howeTer, with no success. Gradually, 
however, improvements have been introduce 
into the old melting processes, 'which, beins based 
on theoretical considerations, haVe given mvour- 
able results. The most important of these 
Improvements is the one descri bed in the German 
patent 53937 (and additional patent) of the Farb 
werke vorm. Meister, Lucius und Bruning in 
H5chst>am-Main, dated November 27, 1889. It 
consists in replacing, in the nitrobenzene process, 
the ‘ aniline for red ’ by a mixture of diamino 
diphenylmethane and aniline. The patents 
refer only to the production of the diamino< 
diphenylmethane, which is prepared by first 
acting -with formaldehyde (the well-known 
* formalin’ of commerce) upon aniline. The 
methylene-aniline obtained is heated with aniline 
and aniline hydrochloride, by which means 
diaminO'dlphenylmethane is easily formed. If 
instead of CflHjN ; CH,, methylene-aniline, 
any of its higher homologues be heated with 
the corresponding bases, the homologues of 
diamino-diphenylmethane are product. By 
introducing these bases instead of p-toluidine 
into the magenta melt, very large yields of the 
dye-stuff are said to bo obtained, I'hc d 3 ^c-stuff 
prepared by this method is sold under the name 
of ‘ Neu-Fuefasin ’ (new magenta). 

Later on a patent was obtained by Cassella 
& Co., of Frankfurt-am-Main, the essence of 
which is probably the same. It consists in 
introducing methyl alcohol into the arsenic acid 
melt. Formaldehyde is probably thus pro- 
duced, which is at once transformed into di- 
aminodiphenylmethane. By introducing chlori- 
nated anilines into the pararosaniline medt the 
chlorine substitution products of rosaniline have 
been obtained, wliich are remarkable by being 
much more bluish in shade than either para- 
rosaniline or ordinary magenta (Cassella & Co., 
D. K. P. 21923, 1913). 

Acid Tnaffcnia . — The ordinary fuchsin or 
magenta has been used for dyeing cotton, w<x»l, 
and silk. But its properties make it necessary 
to use neutral or very slightly acid baths. This 
is a considerable drawback to its use on silk or 
wool, especially in combination with other dye- 
stuffs which require distinctly acid dyehaths for 
their successful application. It was, therefore 
a decided advance to introduce a sulpho deriva- 
tive of magenta into the market. This step 
was realised by H. Caro in 1877 (Eng. Pat. 3731, 
1877 ; D. E. P. 2096, Badische Anilin- A Soda- 
Fabr^}. Caro proved that magenta, which 
shows a marked resistance to ordinary sulphuric 
acid, may easily be converted into a trisulpho 
derivative by treatment with fuming sulphuric 
acid. The ordinary crystallised hydrochloride of 
magenta is used. It is introduced in a finelv- 
powde^d condition into fuming sulphuric acid ; 
the mixture is then heated to a temperature 
not below 120® and not above 170®. Hydro- 
gen chloride is given off, and the sulpho deriva- 
Sve is fo^ed. When the operation is finished, 
it is diluted with water and worked up in the 
nsoai maniMHr, by first preparing the lime-salt 
and Hum converting it into thes sodium salt. 
Thn pwni' derivative has the composition : 

w*‘*5*^*S**i*S**’ ^ higher homolqgue \ 

; the ordinanr acid magenta J 
if a mijtee of Oie two. ThI constitution ol^ 


the para derivative may be represented by the 
following formula ; 

NH, 

jS0,Na 


-o 


NH, 

^sdt 

ISO,N» 

NH, 

from which it will be soon that the sulpho- 
groups occupy the ariAo positions relative tqf 
the amino groups. It forms a metallio greer' 
powder, very soluble in water with magent 
colour, which disappears completely on additiom 
of caustic alkali, the sulpho derivative of the\ 
colourless triamino-triphenyl carbinol being | 
formed. 

Acid magenta may also be obtained by act- 
ing with chlorosulphonie acid upon dry ma^nta 
base (E. Jacobsen, D. R. P. 8764, 1879 ; Eng. 
Pat. 2828, 1879). 

By using the various by-products of magenta 
instead of the pure dye-stuff, acid derivatives of 
these may be obtained which prove particularly 
valuable for d^’eing mixed shades. 

Magenta base (red base, rosein base). A 
large proj>ortion of the fuchsin produced is 
tranKformed into the corresi>onding base, the 
composition of which has already bt^en discus^. 
For the production of a good bi^, crystallised 
fuchsin only should be usc^. This is dissolved in 
a large volume of boiling water, and made allm- 
liiie either with milk of lime or with ammonia. 
In the latter case, the product obtained consists 
partly of the amino derivative already men- 
tioned. No caustic alkali should be used. 
From the filtered solution the base settles out 
on cooling in ciy-slals, which have the shape of a 
fern-leaf of |>ale-pink colour. In the air they 
generally b^omc darker, because a oertam 
amount of magenta carlxinaie is formed on their 
surface. ^ The base thus prei>ared is sold for 
conversion into violets and blues (g.v.). 

CoLouBiKo Matters i>BRiVEn from 
Kosakiune. 

The brilliant researches of A. W. Hotaaim 
prov^, at an early period, that rosaniline is 
capable of having the hydrogen atoms of its 
amino group replaced by alkyl groups, iwd 
that the substances so formed are zomarkable 
not only for the brilliancy, but also for the great 
variety, of their shades. Hofnumti himaoH in- 
troduced the alkyl radicles of the fatty eerkNi 
mto the molecule of rosaniline, and tnos ob- 
tained the colouring matters which for a long 
time played an important part under the name 
of Hofmann’s violets. Girard and De Laiie 
discovered a method of introducing the phfmyl 
and other aromatic groups into the molewe of 
rosaniline, and thus inaugurated the manttlsc- 
ture of anili^ Mues. It was then attemg^* 
first by Lauth, to produce alkylated rossidli^ 
by direct ozidiition of slbyiated anilinai and this 
method proved of great juaoHcal impovimm m 
tile handh of Bar^* althoui^ the tmoty of this 
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process was only ttndorsiood at a miioh later 
period. Finally^ a synfJieiiM metiiod for the 
piodttotion of certain aUylated rosaniline deriva- 
tives which cannot be piMnoed by direct alkyla- 
tion of rosaniline itself was discovered by Kem, 
whose processes are based on the theoretical 
researches of Miohler. 

All these colouring matters will now be 
described, and the methods of their formation 
discussed. 

1. Hofmann’s violet 0s«H,2N,Cl, hydro- 
chloride of triethyl-rosaniline 


NH(C*H5) 





is obtained by heating magenta base with ethyl 
iodide, bromide, or chloride, and a sufficient 
quantity of alcoholic soda solution to neutralise 
the acid formed in the reaction. The magenta 
base is prepared by decomposing a very weak 
fuchsin solution with milk of lime or ammonia. 
From the filtered solution the base crystallises 
in small leaflets of a pink colour. The alkyla- 
tion is effected in closed vessels of copper or 
cast-iron, which are heated to 80^-100® by 
stmm or in a water-bath. The trimethyl-ros- 
aniline hydrochloride, which is slightly bluer in 
shade, was formerly also prepued. This is 
no longer employed. By using loss of the alkyl 
haloids than is necessary for completing the re- 
action, redder shades were obtain^, which were 
mixtures of the mono- and di-ethyl- or methyl- 
rosanilinee. In commerce, the more or less 
reddish tinge of their shade is marked by the 
addition of the letter R, thus : Violet R, RR, up 
to5R. 

2. Mgthyl Violet B. C. Lauth, wishing to 
find a new method for the production of liof- 
maim’s violets, tried to oxidise methylated 
aniline. He obtained a violet of much lluer 
shade. Bardy worked out the method, which 
was patented by Poirrier and Chappat (BV. Pat. 
71970, dated Juno 16, 1866). The product ob- 
tained was proved to be the hydrochloride of 
pentamethyl para-rosaniline 

N(CH.). 

0 

6 


This dye-stuff, which became of great im- 
portance, was for a long time known und^ the 
name of Fwkt de Fans. At present it is sold 
by the varioiiia colour works under the name 
Me^l Violet B to 3 B* 

The mode of formation of this colouring 
matter is very interesting. Many researches 
have shown that it is best prepared from pure 
dimethyl-aniline, which should be as free as 
possible from every trace of monomethyl- 
aniline. If three molecules of dimethylaniline 
be oxidised into one molecule of the dye-stuff, 
one of the six methyl groups present serves to 
form the central carbon atom, whilst the other 
five remain combined with the amino groups of 
the dye-stuff formed. 

The process of oxidation employed is totally 
different from those resorted to in the manu- 
facture of magenta or fuchsin. Cupric chloride 
is used as an oxidiser at a temperature which is 
little above that of the atmosphere. The cuprous 
chloride formed is again transformed into cupric 
salt by the oxygen of the air. The air should, 
therefore, have ready access to the mixture. To 
fulfil this condition, a porous condition is given 
to the melt by the admixture of sand or other 
indifferent materials. Cakes are formed of the 
mass, and these are left on trays in a hot 
chamber. The following proportions have been 
recommended : 


100 i)arts sand, 

10 „ dimethylanUine, 

3 „ cupric nitrate, 

2 „ sodium chloride, 

1 „ weak acetic acid. 

The cakes, which sliow a dull greenish colour 
at first, gradually assume a bronze lustre and 
become hard and brittle. They now contain 
the violet formed as an insoluble compound 
with cuprous chloride. To obtain the violet 
the cakes should be powdered, and all soluble 
substances extracted with water. The doable 
salt of violet and cuprous chloride should* then 
be decomposed. Various means have been 
adopted for this purpose. 

The original process consists in treating the 
material with a weak solution of sodium sul- 
phide. Insoluble copper sulphide is formed, and 
the free violet is dissolved. From the filtered 
solution it may be precipitated by the addition 
of salt. It comes out in the shape of a gold- 
coloured tar of metallic appearance, whi^ is 
collected and dried in jacket When dry 

it forms a brittle mass of metailio asj^t, show- 
ing no tendency whatever to crystallise. It Is 
sold under the name of * Mjethyl violet B * or 
* direct violet.* 

The use of sodium sulphide has this incon- 
venience, that any excess of the reagent acts as 
a reduo^ agent on the violet, transforming 
it into its leuoo compound, which cannot be 
separated from the .violet, and impure its 
strength, besides producing other com^ications. 
To remedy this drawba^, several i^M^tories 
used gaseotis hydrogen sidphide instead 
the * sodium* compound. Hydroj^ sulphide 
has no reducing action on the vidbt in neutral 
or slightly acid solutions. The use^of this 
gas on a lai^S scale is, however, extremely 
dangerous, and soddents, which happtme^ 
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have led to the abandonment of eMS^^thS^’it.^^t 


repeatedly, 

following methods admit of the ex- 
traction of the violet without the use of 

^nL first is based on the fact that, although 
the violet combines with cuprous chlonM in 
the rfiape of its hydrochloride, this is not the 
ease if the two be present as sulphates. «, 
therefore, the crude insoluble melt is boiled with 


*^me yields of violet have been furtlw in- 
creased by a curious procedure. It o^iBW in 

adding soL phenol to 
of the phenolf which may be 
a solvent ; by its use the 3 nold of violet becomes 

»p~i.i!y to 


Glutton together with the copper TOe soIuUon methyl 

is then filtered off from the sand._. If now ^It 


were 
insoluble 



out as sulphate, whilst the copper remains in ili< 
solution. The violet sulphate is now carefully 
washed, re-dissolved, and re-preijipitated in th< 
shape of chloride by the addition of common 
siedt. 

Another process, which gives equally good 
results, is based upon the fact that the insolubh 
compound becomes soluble if the cuprous chlor 
ide contained in it be oxidised into cupric salt 
For this purpose the crude cake is triturated 
with a solution of ferric chloride. It is then 
filtered off and washed. The violet, which has 
become soluble, may now be extracted with 
water, and precipitated by the addition of 
salt. 

Great improvements have been effected in 
the melt itself. First of all, it was recognised 
that the cakes, if left to them.se]ves, were apt to 
lose too much dimethylaniline bv evaporation ; 
they also remained insufficiently oxidised in 
their interior. To obviate this, the u.se of bread- 
kneading machines was resorted to, through 
which a current of air was blown. This current 
was made to pass through a vessel containing 
sulphuric acid, after leaving the machine. 

Complete oxidation was thus obtained, whilst 
the base which distilled over was recovered in 
the add. 

Later on, the quantities of the copper salt 
were reduced, and some potassium chlorate was 
added to the mixture. This yielded the necessary 
oxygen, the presence of a current of air became 
superfluous, and the evaporation of the base 
could be stopped by using closed vessels or 
kneading machmes. 

Another great inconvenience is the sand. It 
is necessary as a diluting agent, but in the 
alter-operations it is very troublesome, being 
veiy heavy and producing great wear of the 
apparatus. It was, therefore, a great improve- 
ment to use clean salt instead of sand. The salt 
» quite as indifferent as the sand, but after 
having done its duty, it may be easily removecl 

solution, leaving the insoluble compound of 
the violet and cuprous chloride in the shape of a 
fine dark powder, which is admirably fitted for 
bei^ worKed up into soluble product. 

By such improvements it was possible to 
raise the yield of colouring matter, which at 
first haxdfy reached 45 or 50 p.c. of the di- 
methyisjunne used, to 90 p.c. and more. If we 
lemeittber that 30 p.c. of pure colouring matter 
is a laia yidd in the manufacture of magenta, 
we may well understand that^metliyl violet, 
alOuniidt maiiiifaetttr^ from a much more , matarkS. 


6 




Iodine gresn, Cg7Hg|K|Ig 

The methyl groups in this finmela fiiay 
also partly be leplaeed by ethyl <mqNi it 
iidinary tiofmaan^s violet were vied as a taw 


’ fore, slightly rodder than it ought to be. To / 
compensate for this loss, Bardy treated his direct/ 
violet with benzyl chloride, and thus intro- 1 
duced benzyl groups wherever methyl was! 
wanting. The violet of very blue shade thus \ 
obtain^ was brought into commerce under the \ 
name of Methyl videt 5 B or Btmyl violeL It ' 
has now lost its importance, having been to a 
great extent replaced by the very beautiful orys- \ 
tallised violets obtained by the synthetioal 
method of Kern. 

3. Iodine green and Methyl green. It has 

already been said that Hofmann's process of 
direct alkylation of rosaniline does not go 
beyond the tri-alkyl derivatives. If the action 
of alkyl halides be still continued, ammonium 
bases are formed. Thus by heating Hofmann's 
\4olct vith methyl iodide in a methyl alcohol 


solution, Keisser obtained (180C) a men colour- 
ing matter, wliicli was manufactured and sold for 
many years under the name of iodine qrem, A 
vcr\" similar dye-stuff was prepared from methyl- 
violet in a like manner by Bardy, who used, 
however, methyl nitrate instead of the iodide. 
After several explosions, the use of the nitrate 
was abandoned, and methyl chloride or bromide, 
also ethyl bromide, were used instead. The 
dye-stuff thus obtained was sold under the name 
oi methyl green. It did not contain any iodine, 
and was therefore much cheaper than the iodino 
green, which it quickly replaced. 

Chemically, the two may be considered as 
homologues of similar constitution, viz. as 
methyl ammonium derivatives of hexamethyl- 
rosaniline and hexamethyl-|>ararosaniline. fo- 
dine^reen, being a derivative of ordinary ros* 
aniline, contains one tolyl group : 

N(CHa), 

&’■ 
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Metslijl gnen is (hs ocnxe^pondiiig derivative 
of pararosaniline : 

N(CHJ, 

0 

i=/^=N(CH3)sCl 

0 

N(CH3)3C1 

Methyl green, C23H33N3CI3 

Both these dyo-stuffs were brought into com- 
merce in the shape of their zinc double chlorides. 
The iodine green foi-med a dark powder, whilst 
the methyl green formed pretty green needles 
or leadcts. 

To prepare these dye-stuffs the violets were 
simply heated with the alkyl halides in closed 
enamelled iron vessels to 120®. Some wood 
spirit, or common alcohol, was added as a sol- 
vent. A pressure of 10-12 atmospheres was 
observed, which decreased when the reaction 
was finished. The crude product was dissolved 
in water. This solution was of dark-blue colour, 
because there was always some violet which 
remained unattacked. To separate this, the 
solution was shaken up with amyl alcohol, wdiich 
dissolved out the violet. The green remained 
in the aqueous solution, from which it could bo 
precipitated by the addition of zinc chloride and 
common salt. To obtain crystals, the crude 
green was re-crystallised ftoiu spirit. 

These greens have now almost entirely been 
replaced by the diaminotriphenylmethane deri- 
vatives already described, which are not only 
more brilliant in shade, but also much more 
stable and at the same time very much cheaper. 
Iodine green and methyl green are decomposed 
and turn a dirty violet even by the action of a 
gentle heat, as produced in the process of 
cylindering fabrics, and on many other occa- 
sions. 

Pararo^anilim derivatives prepared hy Kerh*s 
method , — Another way of preparing alkylated 
})ararosaiiilines was indicated by Keni, who 
started from the observations published by W, 
Michler (Ber. 187G, 9, 710), This chemist had 
shown that by acting with carbonyl chloride 
COCI3 UDon dimethylauiiine, dimethylamino- 
benzovi chloride is formed, which acts again on 
dimethvJaniline, yielding tetrainothyldiamino- 
benzopnenone ; 

AH.N<cg; 

6 0 

At the same timov ns Hichlor observed, an in- 
tense blue oolouxing matter is formed. A. Kem 
(1883) f<41owed up Miohler's observations, and 
discovered oot only the nature of the blue 
emourmg matter, but also the conditions under 
which it may be obtained as the sole product 
of the reaoUem, The coloufing matter j^ved 
to be pure liexametbyl{»ariux>san^^ the fonfia- 


tion of which is due to the action of another 
molecule of dimethylanlline upon tetramethyb 
diaminobenzonhenone. This action is, however, 
not very oner^tic, and must be intensified by the 
addition of certain substances, or by substituting 
for the ketone certain of its more active deriva- 
tives. A number of different processes have 
thus been worked out, the more important of 
which will now bo described. 

A. Kern’s original modification of Michler’s 
experiment is based upon the fact that tetra- 
methyldiaminobenzhydrol, the secondary alcohol 
derived from the ketone tetramethyldiamino- 
benzophenono, acts readily upon aromatic 
bases, forming triphenylmethane derivatives. 
This process is described in Kern’s Eng. Pat. 
5450 (1883), and the corresponding D,R.P. 27032, 
Bad. Anilin- und Soda-Fabrik. Tetramethyl- 
diaminobenzhydrol : 


/G.H.N<gg 

HC*OH 


3 

3 




CH 

CH 


3 

3 


which had already been obtained by Michler by 
the action of sodium-amalgam upon the ketone 
may, according to this patent, be prepared in- 
dustrially by tailing a solution of the Ketone in 
amyl alcohol with caustic soda and zinc-dust. 
When the reduction is finished, the alcohol 
is blown off with steam, the residue dissolved 
in hydrochloric acid, and purified by fractional 
precipitation with caustic soda. 

The product thus obtained may be condensed 
with primary, secondary, and tertiary aromatic 
bases, yielding in every case alkylated derivatiyes 
of paralcucaniline ; thus, for instance, with 
dimethylanilino the leuco base of hexamethyl- 
rosaniline is formed, if the two be brought 
together in a solution in weak sulphuric acid 


/C.H3N<gg» 

HC.OH 

VC.H,N<gJJ» 


=HC<CeH*N<g» +H3O 


This leuco base may be oxidised into the com- 
sponding dve-stui! by tho method indicated for 
the production of benaaldehyde green— yin. by 
tho action of lead peroxide upon the hychro* 
chloride of the leuco base. The kexam^kf^roe- 
aniline hydrocMoride thus obtained is a beauti- 
fully crystalline substance, which forms green 
crystals* if i^ydrous, C,3Ht.N.Ca. or Inonae- 
coloured prisms if containing water of crystal- 
lisation. Ill the latter case, its compositum is 
Cf»H».N,Cl,8H,0. Tho iiower of ciystallisa- 
tion of this substance is very remarkable if we 
compare it with tho ordinary violet obtained 
by direot oxidation of dimethylaniline ; this, 
being a mixture of the totra-, penta- and hen- 
mcthyl-Tosanilincs, shows no tendency whatever 
to orysUdlise. ^ 

If in the nrooMS described diethyl-aniline be 
substituted for dimethyl-aniline, both for the 
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production of the hydrol base and its subsequent 
transformation, the result is, of course, nexa- 
ethylrosaniline, which cannot be prepared by 
any other process. This product is manufac- 
tured and sold under the name of * EthyU 
pwrple, 6 B ’ (ethyl violet). It is a very beauti- 
ful colouring matter, dyeing fine bluish-purple 
^ades. 

Very soon a simpler method than the one 
describe was discovered by Kem and Caro 
(D. R. PP. 26016 and 29943 ; Eng. Pat. 4428, 
1883). It was based upon the fact that the 
action of tetramethyldiaminobenzophenone upon 
dimethylaniline, which, in Michler’s experiment, 
already had yielded a small amount of colouring 
matter, may be modified by the addition of 
certain substances, such as aluminium chloride, 
ainc chloride, and others. If these be present, 
the reaction of phosgene gas (carbonyl chloride 
COdj) upon dimethylaniline does not result in 
the formation of tetramethyldiaminobenzophen- 
one; this is only formed as an interm^iate 
product, which reacts at once upon another 
molecule of the base, forming hexamethyl- 
pararosaniline : 




do 

\h,-; 


+C,H,-N{(:H3),HC1 


CH, 


n<ch 


C,H4X(CH,), 

C- C,H, = +H ,0 


Many modifications of the processes here de- 
scril^ have also been indicated and patented. 
Thus, instead of the carbonyl chloride, thio- 
carbonyl chloride C^Clji may be used, which 
yields with dimethylaniline the thioketone 

cs 


This process leads, of course, only to pam* 
rosaniline derivatives in which the three amino- 
^oups are substituted in the same manner* 
Besides the hexamethyl- and hexae^yl deriva- 
tives, the trimethyltriphenyl derivative has been 
obtained from meihylmphenylamine ( Amer* Pat. 
327953, Kem and C. Muller). It was, therefore, 
a great improvement when a method was found 
for effecting the condensation of tetramethyl* 
diaminobenznphenone with all kinds of primary, 
secondary, and tertiaiy bases. This method, 
which was worked out by Kern and H. Caro, 
consists in the intermediate formation of the 
tetramethyldiaminobenzophenone chloride : 

/C*h.s<cb; 

CClj 

\c.h.n<ch. 

w'hich, l)eLng more active than the ketoi 
itself, reacts most easily upon bases of ever 
description. For the manufacture of colourin 
matters it is not necessary to isolate the chloridt^ 
ail extremely unstable substance. It is sufficients 
to react with phosphorus trichloride upon a 
mixture of the ketone with the base which is to be 
introduced into the triphenylmethane derivative. 

This process is described in the D. R. 1\ 
277891, the Eng. Pats. 4850 and 5038, 1884, and 
a large number of corresponding American 
patents, which contain many examples of its 
application to the production of dye-stuffs* Of 
these, however, only few have obtained lasting 
importance. Thest* are basic colouring matters 
of a beautiful blue shade, and interesting because 
thc^y are the only mcmlx^rs of the triphenyline- 
thane group which contain the naphthyl radicle. 

Victoria Blue B C,aH 3 ,XsCl has the con- 
stitutional formula : 

CVl4~N(CH3)3 




The latter may replace the oxygen comjKiund in 
all its applications. 

Again, triehloromethyl ehloroformatc 

CICOOCCI, 

and limilar substances have been proxiosed as 
subalRutes for the carbonyl chloride. 

The following is the method used at present 
for preparittf Crystal violet and Ethyl purple 6B : 
MM kuoa of dimethylaniline (or dietfaylaniline) 
IHee acted upon in a high-pressure pot at a t«m- 
peraiute of 20^ with 19-20 kilos of carbonyl 
chloride ; alter 24 hours* standing another 50 
kiloa of the base and 30 kilos powdered zinc 
chloride are added. The mixture is now heated 
to 40*^-50^, and 20 kilos more of the carbonyl 
chloride are introduced. After 6 hours* heating 
to 50*, the reaction is finished. The mixture is 
now introduced into a still, made alkaline with 
caustic soda, and the excess of dimethylaniline 
driven off with steam. The base of the colour- 
ing matter la then dissolved in weak sulphuric 
ack^and Mol^fAtal^ in the shape of its chloride 
by ike additioii eontmon salt, it is then lu- 
ciystaBiaed imai irater. 


It is prepared by mixing together 

10 kilos tetramethyldiaminobenzophenone 

and 

9 kilos a-naphthylphenylamine, 
and adding 

7 kilos phosphorus trichloride to the mixtufe* 
1*he reaction, which sets in at once, ia 
finisiied by heating to 110 '. The product is 
dissolverl in water, and the solution precipitated 
with salt. 

A similar dye-stuff, analogous in ita con* 
stitution, but of a somewrhai more reddish shade, 
is obtained if instead of a-naphthyljdienylaiiiiiie, 
monoethyl-a-naphthylaniine bo used. It, ia 
known under the name New Vk^oria Um JB* 

If a-naphthyl-p-toiylamine be taken Inatead 
of the naphthylphenylamine, and eondanaed 
with tetia-etfayidiaminobenzoplii^^ e bbie of 
a very greenish shade is obtained* It ii aold 
under the name Night blue (NackMtu) and haa 
the comjiosltion Ct 3 U«tN|Cl s 
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Aaotim blue of reiy red shade is the one 
sold under tlie name Vidoriq blue 4 jR 

^»4H*4N*01. 

It is prepared from tetrametliyldiaminobenzo- 
pbencme and o-najdithvljiiethylphenylamine. Its 
constitutioa is probably 

C.H4-N(CH,), 


fo- 


N(CH,),C1 


C 


>.H^N<gg» 


In describing both the green dye-stuffs derived 
tom diaminotriphenylmethane and the old and 
important magenta group, it has been mentioned 
how much the dyer values the possibility of 
dyeing the useful shades which these colouring 
matters supply tom an acid bath and of thus 
being enabled to combine them with all the other 
wool dyes capable of such application, especially 
the azo colouring matters. The same necessity 
exists for the various shades of violet here 
descril^d. 

This want was at first supplied by the 
means which had proved successful in the case 
of ma^nta, viz. by the direct sulphonation 
with fuming sulphuric acid of the various 
violets, especiallv the redder shades obtained by 
the reaction of alkyl halides upon magenta base. 
The colouring matters thus produced were intro- 
duced at the end of the seventies under the name 
of Acid violets to wliich letters denoting the 
shade (K and B) were added. But they did not 
meet with the same ready reception that hod 
been offered to acid magenta. It is now known 
that the sulphuric anhydride of the fuming acid 
is veiy apt to attack the alkyl groups and thus to 
tarnish we shade of the violets. 

The new synthetical method which had pro- 
duced Crystal violet and its many congeners and 
which is apparently analogous to the synthesis 
of Victoria green and its numerous homologues, 
could not fail also to indicate rational methods 
for the production of acid violets of every con- 
ceivable shade. 

Some of these methods consisted — ^in strict 
analogy to what had been done in thd group of 
the greens — ^in introducing the benzyl group into 
the molecule of the dye-stuff and utilising the 
capacity of this ra^cle for sulphonatiom All 
the v^iations of this method given in the de- 
scription of the acid greens are admissible in the 
violet group. In this way the following dye- 
sttiffa have been obtained, the stnictural formulie 
of which need not be given : — 

Acid violet 4ifA^, 6B, 7B and N, pre^pared by 
the sulphonation of pentaraethylcKmzyl-para- 
rosaniline or by the oxidation of the mono- 
sulpho deriviktive of {^entamcthylbenzyl-leuo- 
aniline. 

Acid violef 6B or Guinea violet 4B. This is a 
diiiut{dio derivative, obtained by oxidising the 
aeid, which may be obtained by the condensa- 
tion of dlmethyl-p-aminobenzaldehvde with 
cthylbenaylaniUne sulphonic acid. The oorre- 
derivative of dieihyl-p-aminobenz- 
aldeliydS bi also manub^ured. 

Another idaaa of acid violets is derived 
tom tnethyUkAkeny^^ which ma\’ be intro- 
dittoed iwSaad d dinmlhylaniU^ by all the 
ayntheUed pto c esse s dasmbed. The additional 


« l £proup entmng into the moboule of 
uco bairn of the dye-stuS derived tom 
I it by oxidation is capable of carrying a sulpbo 
j group which may he introduced into it by the 
i usual means. Thus Alkali vkkt 6B and Acid 
violet IB can be prepared, whilst in Acid vklet 
\ IBN ready formed methyldiphenylsnlphoiuo 
' acid is condensed with dimethyl-p-aminobenzoic 
acid. 

The process of introducing elements capable 
of being sulphonated into the synthesis of los- 
aniline derivatives may be carried still farther. 
Thus a useful due-stuff, called Wool geeen^ is 
manufactured by several firms by condensing 
ietramethyldiaminobenzophenone (Micbler’s 
koto&e) with jS-naphthol and sub^quently 
suiphonating the insoluble dye-stuff so ob- 
tained. 

Rosaniline blues or phenylated rosaidlines. 

These are of great importance, forming by for 
the majority of blue aniline dyes in the market. 
The chemistry of these compounds is, how- 
ever, extremely complicated. The blues sent 
into commerce are not chemically pure sub- 
stances, but mixtures of various isomerides ; it 
is very difficult to classify them. Moreover, 
they are known under a great variety of 
fancy names, many of which "are applied to 
products of different composition by different 
firms. The following is an attempt to classify 
the various blues. 

The method of phenylation is very remark- 
able, and quite diderent from the methods of 
substituting fatty radicles for hydrogen in the 
amino groups of rosaniline. The general method 
in this case consisted in treating rosaniline base 
with the halogen derivatives of these radicles. 
Owing to the great stability of chlorobenzene 
OeH^Cl, the same process cannot be applied to 
the phenylation of rosaniline. This takes place, 
however, with great facility if we allow aniline 
to act upon rosaniline, ammonia being given 
off as a by-product ; 

NHj 


f-o =NH,C1 + 3C,H„NH, 


?<&"• 


NH, 

Pmfttcbaia 


0 




Xripl^iiyl-j^arQftiiQUiiM hydrochloride 
(AosanUhie hliM)^ 

It hes alrAdy been shown that a comddeat- . 
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able difference exists between pararosaniline 
hydrochloride or parafuohsin and the ordinary 
fuohsin of commerce. The former is a uniform 
compound whilst the latter 

is a mixture of parafuchsin with at least two 
isomeric homologues. Both these substances 
may be phenylated ; their phenyl derivatives 
are blue colouring matters of great intensity and 
beauty. But a greater difference is found to 
exist between the phenyl derivatives of para- 
rosaniline and those of ordinary magenta than 
even between the two kinds of fuchsin them- 
selves. 

This method of phenylation, which has been 
indicated by Ch. Girard and G. de Laire, is 
invariably resorted to. It cannot, howev^, be 
applied on a practical scale to the hydrochloride, 
as assumed for simplicity's sake in our equation. 
Experience has shown that organic acids must 
be used in order to get good results. The 
majority of organic acids have been tried for the 
purpose ; at present, however, only two aro 
used, which give distinctly different results, viz. 
acetic and benzoic acids. The reason for this 
difference has not been definitely ascertained, 
but it is a fact known to every manufacturer that 
blues of a greenish shade can only be obtained 
with benzoic iLcid, whereas acetic acid yields 
more reddish compounds. 

The phenylation of rosaniline cannot be 
pushed further than the formation of triphenyl- 
rosaniline. The tetra-, jienta-, and hexa- 
phenyl derivatives are not known. But even 
the formation of triphenylrosaniliiie, such as it 
is indicated by our equation, takes place in three 
successive stages, the phenyl groups entering 
the molecule one after another. It is, however, 
practically impossible to separate these stages. 
If, in the beginning of a blue melt, a certain 
amount of mono-phenylrosaniline bo formed, 
the reaction proceeds simultaneously on this 
and on rosaniline, which has not yet been 
attacked ; thus, in a second phase, monophenyl 
and diphenyl rosaniline, and rosaniline (which 
has not yet been attacked) will be present 
together. To these the triphenyl compound 
wul presently be added, a very complex mixture 
being the result. By a more prolonged action 
it is possible to eliminate rosaniline itself and 
its monophenyl derivatives completely from 
the mixture. But some diphenyli^anifine will 
always remain present. Moreover, all those 
con^onds seem to exist in various isomeric 
modifications. It is a mixture of these which 
forms the ordinanr crude or Opil blue. 

If, instead of pararosaniline, the ordinary 
rosaniline of commerce be used for the produc- 
tion of the blue (as is the case in most instances) 
the product becomes even more complicated by 
the presence of the homologous compounds. 
jSome process of separation which splits up the 
onide product into fractions of different shades 
and reactions must be resorted to ; and although 
some of these are crystallised, it cannot be said 
with certainty that they represent chemically 
imre indmduals. 

Mono- and di*ph«i>ipararo6aiilliae have 
hitherto not been prepaid in a^pure state. 
Nothing ean, therefore, be said of their properties. 

hydrochloride 


is the purest and brightest blue known. It 
is now invariably prepared by the phenylation 
of pararosaniline, out it may also be obtained 
by melting together diphenylamine and oxalic 
acid. The formic acid evolved in the decom- 
position of oxalic acid serves to link together 
three molecules of diphenylamine into one of 
triphenyl leuco aniline, which is then slowly 
oxidised into the rosaniline compound. It 
was this method which was formerly used for 
the production of this blue, which therefore is 
still frequently described as IHphenylamine blue ; 
it is also sometimes called Methyl blue^ because 
methyldiphenylamine was occasionally used for 
its production. Other names for the same 
product are : 

Bleu direct, bleu lumihre, bleu de Lyon, bleu 
de Mulhouse, bleu de nuit, bleu de Paris, lighi 
blue, night blue, Paris blue. Bavarian blue, \ 

This product forms a microcrystalline powden 
of a bronzy appearance, completely insoluble in\ 
water, sparingly soluble, with a brilliant blue 
colour, in spirit. Its transformation into the \ 
soluble diphenylamine blues of commerce will ^ 


be described hereafter. 

When the same process of phenylation (the 
particulars of which will be given below) is applied 
to the ordinary rosaniline of commerce — ^which 
is, as will bo romembered, a mixture — various 
products are obtained. Of these the following 
may be said to have been isolated : — 

Monophenybrosanilines. These arc the pro- 
duct of a veTy moderate phenylation. They are 
still soluble, in the shape of their acetates, in 
water, and dye fine purple shades. They have 
now, ouing to the greater cheapness of methyl 
violets, almost completely disappeared from 
the market, in which they formerly played an 
important part under the name of Regina purples 
or Regirta violets. It was customary to pre^re 
them, not by the action of pure aniline on 
magenta acetate, but rather oy that of the 
recovered oils or ichappis from the magenta 
process, which contained a large proportion of 
o-toluidine. The action of the latter is slower 
than that of aniline ; it is, therefore, easier to 
stop the reaction before a considerable proportion 
of the diphenyl or ditolyl rosaniline is formed. 
The regina purples consisted, therefore, to a 
great extent of the o-tolylrosaniline, the 
acetate of wliich is represented by the following 
formula : 

k<c.h.ch. 


u 

-CH. 


c.<3.n(^h.o, 

0 

Sh, 


\ 


Eegina purple. 

DiphenylroMiiliiiMB. TIwm wen ioTwi*Uly 
obtitined, together with the parjim, horn 
which they .re diethiguished tqr eomjjlb^ 
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i^olubility in water. They are^ howerer, stiU 
of a purpfe shade ; they awinvariably present 
to some extent in cmde tri-phenylrosaniline 
blue, if tl^ latter bepre^ared with acetic instead 
of benzoic acid. This is the reason why such 
blue is always of a redder shade than the blue 
prepared with benzoic acid, in which the 
proportion of diphenyl derivatives is reduced 
to a miniinum. A product which consists 
ohiedy of diphenyl-rosanilines, is known under 
the name of spirit purple, spirit violet, or opal 
violet \ it has also been sold as regiva spirit 
pmrph. From it the solvble violets and purples, 
and alkaline purples of commerce are derived 
by sulphonation. 

Trlphenylrosanhines (see Supplement). The 
triphenyl donvatives of ordinary rosaniline 
diay be subdivided into two classes ; crystal- 
line and uncrystallisable blues. The former 
may be extracted from every crude blue 
melt prepared with benzoic acid. They repre- 
sent in a state of approximate purity the tri- 
phenyl derivative of the higher homologue of 
pararosaniline, and may therefore be represented 
by the following formula : 


/\_ 

u 


-oil. 




\ 




It is to this product, whicli forms the base of 
the high-class alkaline and water blues of com- 
merce, that one should reserve the name of Opal 
blue, which has, hewever, been indiscriminately 
applied to a number of various prodmjJrS. This 
opal blue forms, in the shape of its pure h.ydro- 
cluoride, a mass of distinct, though very small, 
glistening crystals of a greenish brass-colour. 
It is completely ii^oluble in water and in spirit. 
If it be tri^ted with alcoholic caustic soda, the 
free base is obtained in the Bha})c of a tany^ 
substance from which the acetate may be pre- 
pared by dissolving it in glacial acetic acid, and 
re-precipitating with water. This acetate is 
soluble in spirit, and, though sparingly, also in 
water. It was formerly sold and used under the 
Mme of Opal blut ^ B for cotton, Oentian blue, 
names of Bleu lurnibre, 
Bku de nuit (originally used for the para deriva- 
wve), were oocasionally applied to it. In Ger- 
mny It was sold under the name of Feinblau, 
opr%t^blau. l^e latter expression is applied, 
homver, to all blues soluble in spirit, not only 
to thiB aoeUto. Its use has been much restricted 
^late, to the unwillingness of the dyer to 
^ ®ptot ip the dye-bath. 

toeond class of triphenyl derivatives 
SLwu comprises the uncrystal- 

They 

owtaip a mixture of tripheoyi: and diphenyl. 


rosanilines in various proportions, quite in- 
separable by the means which are at our disposaL 
They are (in the shape of hydrochlorides) in- 
soluble in water, soluble in spirit. Caustic soda 
transforms them into a mixture of the corre- 
sponding bases, which are tarry masses. Their 
shade varies from a purplish-blue to a distinct 
clear blue of great strength and purity which, 
however, always shows a publish nue if looked 
at by artificial light. This blue forms the 
starting-point for the production of innumerable 
brands and qualities of alkaline and water blues, 
varying in their shade and in the purity and 
strength of their colour. They are designated, 
according to the redness of shade, by the letters 

3 R, 2 R, R, B, 2 B, and 3 B, whilst 4 B, 5 B, 
and 6 B may be said to be reserved for the 
derivatives of the true opal blue of varying 
purity. A large number of fancy names, 
such as China blue. Marine blue. Serge blue, 
<kc., have been invented for this kind of 
blues. 

Besides these blues a special kind of low- 
lass blue should be mentioned which, under 
the name of Blackley blue, has enjoyed, and 
still enjoys, much favour, especially for dyeing 
paper-pulp, and also for the production of cheap 
w'oollen materials. This is the sulphonation 
jiroduct of a peculiar kind of phenyl ros- 
aniline, prepared by acting with aniline upon 
crude magenta. It is consequently very impure, 
but also very cheap. It contains a mixture of 
the phenylation products of all the substances 
contained in crude magenta. 

Trl-p-tolylrosanillne has been prepared by 
acting with j>-toluidine in the presence of ben- 
zoic acid upon ordinary rosaniline base. It is 
a blue of remarkable beauty and brilliancy of 
shade, which ofTers, however, great resistance 
to the process of sulphonation . It has, therefore, 
only l^n manufactured and sold in the shape 
of its h^^drochloride, which is soluble in spirit. 
It is sold for dyeing cotton under the name of 
OrilTilickblau (Hochst) or 6 R extra opal blue 
(ICnglish manufacturers). It has largely gone 
out of use of late years. 

Manufacture of hfacs.—An immense number 

an§ a larger number still circulates^ amongst 
manufacturers. It would be perfectly useless 
to reproduce any of them. The principles upon 
which they are based may be thus briefly 
stated : — 

For the production of good blues a per- 
fectly pure magenta base is the first require- 
ment. For its preparation ciystallised fuchsin 
only should be employed. If crude magenta or 
any of the magenta residues (cerise, grenadine, 
Ac.) be used, the base obtained can only be 
employed for the production of Bheldoy Hues*. 
Pur© pararosaniline, the base prepared from 
parafuchsin (Neu-fuchsin), should be used for 
the production of the so-called diphenylamine 
or methyl-blues (direct blues); whilst crystal- 
lised base from ordinary fuchsin forms the 
stariing-TOint for all the ordniaiy blues from 

4 R to 6 B, as well as for regina purples. 

The seooftd condition for the pi^uotion of 
good blues is the use of very pure aniitne, per- 
fectly free from toluidine. It was in the manu- 
facture of bloqi that the necessity of ^eratifig 
with pure aniline was first felt. The term anilim 



200 


TRIPHENVLIIETHANB GOIXHTBINO MAXTSBa 


/or hlut was, therefcHre, and is still oocasionally, 
applied to perfectly pure aniline, boiling withfe 
One degree, and having a specific gravity of 
1*0268-1*0270. Such aniline can only be pre 
pared from pure crystallisable benzene. 

If the^ two conditions— pure magenta Base 
and pure aniline — be fulfilled, the shade of the 
blue obtained is still dependent upon : 

1, The proportions of base aim of aniline in 
the molt. It may be said that greenish blues 
will only be obtained if a very large excess of 
aniline be used, whilst reddish blues are pro- 
duced in melts rich in magenta base. 

2. The time and temperature of the melt. 
The formation of blue begins below 100®. It 
proceeds quickly at a higher temperature ; 120®~ 
140® may be assumed to be the most favour- 
able femperature. From 140®-180° certain im- 
purities (diphenylamine ?) are formed, which 
unpair the tendency of crystallisation of the 
blue. The temperature of high-class blue melts 
should therefore not be raised above 140®. The 
time required by a blue melt de]>ends upon the 
proportion of base to aniline, and, to some extent, 
the quantities operated upon. The process pro- 
ceeds quickly in highly-concentrated melts. 
Melts for high-class blues, which contain a large 
proportion of aniline, require prolonged heating 
— ^2i0 hours, and even moi*e, before being finished. 
As a rule, the progress of the melt is tested by 
placing a drop of the melt on filter paper moist- 
ened with spirit. The gradual change of colour 
may thus be observed with great accuracy. 
When the melt is finished, there should be no 
reddish rim visible in the »])ot produced on the 
paper. 

3. The nature and projicrtion of the acid 
used in the melt. It has already been said that 
organic acife only should be used, the action of 
hydrochloric acia being too slow. Acetic and 
benzoic acids are now used exclusively. TT^ 
action of ^tic acid is quicker than that of 
benzoic acid, but it seems impossible to trans- 
form all the rosaniline into its triphenyl 
derivative by the use of acetic acid. Benzoic 
acid acts more slowly, but it continues its action 
until all the rosaniline is transformed into the 
triphenyi derivative. At the same time, the 
whole of the melt is, even with benzoic acid, not 
entirely transformed into crystallisable opal. 
Moreover, a^tic acid produces (by its simulta- 
neous leacrion on aniline) some acetanilide, 

« which remains in the blue and is apt to prevent 
Its subsequent ciystallisation, whilst no benzani- 
life is formed by heating aniline with l^nzoic 
acid. For these reasons acetic acid is em- 
ployed in the production of low-class reddish- 
blues (in concentrated melts), wbiJst benzoic 
acid is used only for the production of high-class 
opals. The greater part of the - benzoic acid 
may be recovered from the melt, wiulst the 
feeoveiy c4 the acetic acid does not pay. 

There is no advantage in using other acids 
instead of acetic and benzoic acid. As a rule, it 
may be said that the fatty acids (formic, Inityiic, 
videiio acids) act similarly to acetic acid, 
wliibt the aromatic acids (toluic, phthalic, 
cbmaiiiio acids) may take the fUacc of the 
bemudcacidL 

Upm these conditions all the prescriptions 
for blue melts are based* Taking the quantity 
of magenta base to be q^eiated upon as unify« 


the quantity of aniline|Mlded varies from four to 
twenty-five times iits weight, the quantity of the 
organic acid fri>m ^ to t. Tm conditions 
of time and temperature have already been 
stated* 

The apparatus necessary for blue-making is 
very simple so far as the melt is concenM* 
enamelled cast-iron pots with a lid and stirrer 
being always used. In the early times of the 
manufacture of aniline colours it was believed 
that blue melts could only be made in glass, 
and on a very small scale. In the ' Fuchain * 
factory at Lyons the blue was therefore manu- 
factured in large numbers of plass flasks heated 
in a sand-bath. At present it is believed that 
blue melts are best under control in large quanj 
titles ; large melting-pots are therefore used as i 
rule. While the melt is in progress ammonk 
is given off, which carries a certain amount ol 
aniline away. It is advisable to condense this 
aniline, and to absorb the ammonia by water or\ 
sulphuric acid. ) 

When the melt is finished it must be worked \ 
up. This may be done by a variety of methods. \ 
Of these the simplest — which is, as a rule, re- 
sorted to in the manufacture of low-class and 
Blackley blues — consists in neutralisiDg the melt 
with a quantity of caustic soda just sufBcient to 
saturate the acid added to the melt. The 
excess <if the aniline is then driven off with 
steam and recovered. The blue base remains 
in the still, and is run out whilst still hot, in 
a tarry state, together with the water. On cool- 
ing, it solidifies into a very brittle mass, which 
may be powdered, dried, and subjected to the 
process of sulphonation to be described here- 
after. 

For the production of high-class blues this 
simple process cannot be adopted . A separation 
of the ciy^stallisable opal from the uncrystallis- 
able blue, which invariably accompanies it, must 
take place, and for this separation the melt re- 
quires a special treatment. For this there are 
two distinct processes, of which one is veiy 
complete, although costly, l>ecause it requires 
large quantities of spirit. We may call it tha 
Englieh ^ process, because it was worked and 
carried out chiefly in £!ng!ish factories* The 
other process, which is now used in most of the 
German works, is very rapid, and requires but 
little spirit. On the other hand, it does not give 
so pure a product ; we may call it the (hmum 
process. 

The English process is the final outoome of 
the original French proo^ for working up the 
blue melts, which consisted in boiling them out 
with dilute hydrochloric acid* The aniline was 
dissolved out together uith the oiganic add 
present, whilst blue remained in the ihape 
of its hydrochiorkie as a fine bhie predpltate» 
which was filtered off and washed* It wia than 
ready for sulphonation. Wlm it was disoovcond 
that this blue was a mixture of diffemit ooloiir* 
ing matters it became eastoiiiaiv to aapinate 
these by boiling the crude blue with Sj^t* TUi 
dissolved out the lower-dasa bliieSv loavi^r a 
better product as a residue* "By lUs 

process frequent^, a reskliie traa oblainSd 
fast which was quite insoiuble to ipirllu Thto 
represented the pttiasto|sdUimcMa^^ |t 
was by this tedi^ peueesa tliat 
* Bleu Itoid,* Of * i£u MA VI ^ 
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IVnooe tad S^ttBoiKad. .iSuimptomdEi^ish The ralphonatioa of Ix^henylnMmdliDe 
jumess moh liimpl^ed ttltagB, atid at tSb same bakes place rery easily^ the, phenyl radicles 
time gave better yields and a purer oolonr by sttaohed to the amino groups beingreadUy sub- 
^dttoing^e opal blue in a orystaUi^ con- itituted by the snlp^ group SOtH. As there 
wion» in umich it is toMly insoluble in spirit, ire three of these phenyl radicles present, three 
This process consiated in adding to the melt ulpho grotms may be introduced mto the mole- 
(^pa^ with benroic acid and a large excess ^uie of the blue. The pure, crystallisable, high- 
of aniline), while still hot, a certain quantity of ilass opal blue is more easily sulpfaonated than 
an^e hydrochloride ; on cooling, the opal blue, he common blues. The snlphonation takes 
beiiigfl^dually converted into the hydrochloride, »lace in progressive stages, one sulpho 
settled out in smal] glistening crystals, whibt the leing introduced after the other. It is dimoult 
low-class blue remamed dissolved in the aniline, so introduce more than two sulpho groups by 
The opal was then filtered of!, and washed with the use of ordinary sulphuric acid. F^ing 
spirit until quite pure. If necessary, it could be sulphuric acid must be resorted to in order to 
re-converted into base by treatment with alco- produce the trisulpho derivative. As this, 
holio caustic soda. The base, re-dissolved in however, is hardly ever required, being much 
aniline, could again be converted into hydro- too soluble for the purposes of the dyer, common 
chloride by again adding aniline hydrochloride, sulphuric acid is invariably us^, but the 
The opal then came out in very fine crystals, ' extra-strong * quality of 95—97 p.c. H 2 SO 4 is, 
which represented the blue in a state of greatest as a rule, preferred. 

purity. ^ The aniline liauors obtained from these If this acid be allowed to act upon an aniline 
crystallisations had to oe distilled in order to re- blue, the reaction begins at about 30® and 
cover the spirit. They were then made alkaline results at first in the formation of the mono- 
in order to decompose the aniline hydrochloride sidpho derivative. The following are its pro- 
present, the aniline was driven off by steam, and perties : 

the remaining low-class blue obtained in the In the free state triphenylrosaniline mono- 
shape of base as described. Owing to the large sulphonic acid forms blue fiakes, which are 
quantities of spirit used for washing the crystal- quite insoluble in water, in a solution of sodium 
lised opal, ana the consequent loss of spirit by bicarbonate, or even in weak ammonia. Sodium 
evaporation, this process (which may be recom- carbonate dissolves it on boiling ; caustic soda 
mended for laboratory experiments) was costly, in the cold. The solutions are perfectly colour- 
and unable to compete with the rapid and cheap less. They contain, in fact, the sodium salt of 
German process. monosulpbotriphenyltriaminotriphenylcarbinol ; 

The German proceae is based upon the fact n it 

that the crystallisable blue opal is insoluble in a • 

very hot solution of aniline hydrochloride, wliilst ^ ^ .op 

the common non-crystailisablc blues art^ soluble HO — V — ^ * 

in this liquid. The solution of the aniline salt p tt 

moat, however, be so concentrated (in order to C 4 H 4 *N<^t^ * 

act properl 3 r) that it w-ould solidify into a mass 

of crystals if cooled in the least aegree. It is The dry sodium salt is jet black, 

rather fused aniline hydrochloride that is re- This compund has the enrious TOoprty of 

quired, and not an actual solution of the salt in combining with wool in an alkaline ptn. The 
water. In order to operate pwperly with wool remains colourless, but after being washed 
such liquids, closed vessels must be used. The with water it becomes brilliantly blue if im- 
following is the principle upon which the mersed in weak sulphuric acid, 
plant in the majority of German works is This curious property, discovered by Nichol- 
constmeted. * son, has l>een made use of by wool dyers, who 

Near the melting-pot a battery of closed iron prefer the * alkaline ’ or ‘ Nicholson ’ bines to all 
vessels, lipd with lead, is erected. The first of others for the production of bright and brilliant 
thm is filled with a quantity of hydrochloric blues, 

acid, lust sufficient to neutrali^ the aniline con- The alkaline blues originally manufaioturra 
tidnea in the blue melt. The melt, when by Nicholson and other makers were as neary 

finiemed, is introduced into tliis vessel by means as jiossible the pure sodium salts of the mon^ 

of air pleasure. The vessel is fitted with a sulpho derivative. Owing to the difficulty of 
stirrer, which stirs up the mixture into a homo- dissolving them even in boiling water, an^er 
geneous mass. This is then pressed into a kind of alkaline blues was produced later 
second vessel, which contains some filtering on ; these new alkaline blues contain a pr oy>r- 
Muagement, upon which the blue crystals are tion of the disulpho derivative. They mrm 
deposit. The liquid which issues from this blue powders, e^ly soluble in wat^ giving a 
vessel Is diluted with water, when the common solution which is distinctly blue. The use of 
blp hitimto dissolved in it is quickly deposited, these now alkaUne blues is exactly similar to 
The bhie ovystals remaining on the filter are that of the old quality. 

jw™ed with water, and may be purified bj If the snlphonation of the opal blue be carried 
"Oilim them with spirit, farther by raising the temperature and 

* arfubli in water . — ^Veiy little of tb© the reaction to continue for a longer period, tim 

Wim that is manufactured is mem in the opal monosulpho acid gradually disappears ^d is 
s^blq in spirit. By far the largest replaced bjs the disnlpho derivative. Ss 
It ntuit be transrermsd into pro insoluble in weak sulphuric acM, but rawer 
^ lo <Mfder to become a soluble in pure water, with an intei^ly Mus 

i^tetable artoh, Kw this purpose sulpbonih ootour. Us sodium salt hums brighf ; 

Msh if luseclMI masses solubft in water with Was sdEewb; 
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This salt contains probably the oompotind re« 
presented by the^foDowing formula : 


I H 


0 


“ 0 = 


NH 


0 




-so. 


The disulpho derivatives of the various 
classes of tripnenyhrosanilines are known under 
the names of Cotton blue, ITaler blue, China blue. 
Navy blue, Guernsey blue, and many others, which 
are again sub-divided by the use of the letters 
B and B. Thus a 6B cotton bhie is the disulpho 
acid of a very high-class, crystallisable 0]>al 
blue, whilst a 4R Guernsey or Navy blue would 
be a reddish-tinted blue, manufactured from an 
opal prepai^ with acetic acid and a small 
excess of aniline in the melt. 

The process of sulphonation, though very 
simple in theoiy, requires great care and atten- 
tion on the part of the manufacturer. The 
sulphonation is carried on in cast-iron pots into 
which the necessaiy quantity of sulpliuric acid 
is introduced. The opal blue, which should be 
finely powdered and jierfectly dry, is then 
stiri^ in, and the temperature raised gradu- 
ally.^ Samples should be draw^n from time 
to time, and the precipitate produced by the 
addition of water must be examined as to its 
solubility in water, weak ammonia, sodium car- 
bonate, and caustic soda. When the desired 
degree of solubility is obtained, the liquid is 
poured into water, and the blues filtered off and 
carefully washed. When quite free from acid, 
they m dissolved in the necessary Quantity of 
caustic soda ; the solution is then filtered, and 
evaporated to dryness in jacketed pans. Cotton 
blues eho^d be freed from the excess of sul- 
phurio acid by the addition of slaked lime. 
The solution of the calcium salt is filtered and 
converted into the sodium salt by double decom- 
j^tion with sodium carbonate. After another 
nitration, the solution of the blue is eyaporat4^ 
to diyness. Certain artifices are required to 
produce x>orous masses, such as the brand known 
as China blue, which is manufactured for exijort, 
and is required to possess a given bulk for a 
given wei^t. 

Appendix to basic triphenylmdhane colour* 
ing fnut/ers. 

Ainniiiie* This dye-stufiP, although a dcriva- 
tiTO rf diphenylmetfaane, is so closely connected 
urn the manufacture of crystallisable violet 
liW^it cannot be omitted from this article, 

crystal violet, as well 
M yiMoria blue and other dye-sta:Q^, are manu- 
fi^nfad bom dimethyl and diethyl diamino- 
Now, if these ketones be heated 
with aiflmoiitiiDt chloride in the presence of 
tone dthwide^ an interesliog li^action takes 


place at the temperature of 150Mfi0^ Hiie 
oxygen of the ketone is replaced hy the imino 
group NH, thus : 


C.H, 

CO + NH, 

C.H4 




H,0 + 0 


u: 


>NH 


6.H. 


OH, 

CH, 


N<V5* 


The imidcB thu^* obtained are 3'ellow colour* 
ing matters, and have received the name of 
auramines. The auramino of commerce is imino*; 
tctramethyl-di-p-amino-diphenylmeihane hydro* ' 
chloride, containing one molecule of water of 
crystallisation : 

Ci7HnN,Ha,H,0. 

It forms a- yellow powder easily soluble in water. 
It is exclusively used for dyeing and printing on 
cotton. 

Substituted auramines may bo obtained by 
using the hydrochlorides of primary bases in- 
stead of sal ammoniac. Thus a phenylated 
auramine of orange colour may be produced by 
acting with aniline hydrochloride upon tetm- 
meth3’ldiaminobenzophcnone. 

The auramines Mere discovered by Carc» and 
Kern in 1884. They form the .subject of the 
Eng. Pals. 5oI2, 1884, and 5741, 1884, and the 
D. R. PP. 2!K)C0ancl 31030. {Su art. Aitbamxiie, 
vol. i. 431.) 

II. The Aurik Guotrp. 

The members of this group contain oxygen 
in the place of the ]>ontavalent nitrogen of the 
preceding one. If magenta and its congeners 
may be considered as quinone-imides, the 
aurins are the corresponding quinones. 

The generic relation between the fuchsin and 
the anrin grbups will l>e l>e5t seen by showing 
how the topical representative of the former, 
parafuchftin, may be transfomed into the fiiwt 
representative of the aurin group, aurin itself. 

We know that parafuchsin, if treated with 
an excess of acid, is transformed into the iiifudd 
salt of trianunotriphenylcarbinol : 

C-CeH4-NH,a+ 2I1C1+H,0 
d.H^NH, 


XANHi-Ha 

Now tliis i^lt, if treated with iiltiotti adki* is 
transformed into the corrtMtpondliig 
impound. 

HO~C;;^,H,-NH.Ha+?N.NO,+»aa 

^t-'4*» |*NJnl I'ttvl 

«3NaC!l'f6H,0+H0-.<^^^N|3 

OD bSnf tioilMl ptik pMpr, S«Mt. 
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iditrogiBii %&d i> tzMafcmned into trihydnn^* 
toipheiiymirlUntd • - 


yC,H«N,a 

H0-CfC,H4-N,a+8H,0 

\C,H»*N*C 1 


/C.H4OH 

« 3 N,+ 3 HC 1 +H 0 — C^4H40H 


The latter loses, in sfoftt muemdi, one mole- 
cule of waiter, being transformed into its inner 
anhydride, anrin : 


/C,H40H 

H0-O;^.H,0H= 


C«H40H 


1 . Aurln 0|«Hi40ta The disoovesy ol this 
Bubstanoea or one very nearly related to ity dates 
as far back as 1834 , when F« Bunge, the pioneer 
>f the chemistry of coal-tar, observ^ed that crude 
)arb(dic acid {containing cresol) was transformed 
into an acid red dye-stuff by oxidation. Later 
m ( 1859 ), Eolbe and Schimtt and F. Bersoz 
timmtaneously observed that pure phenol, when 
leated with oxaliO acid, or with oxalic acid and 
lulphurio acid, was transformed into a similar 
ed substance. The manufacture of the new 
dye-stuff was first taken up in Lyons by the finn 
I Quinon and Mamas. I^ter on, it was carried 
ut on a large scale by C. Calvert and by C. 
Lowe ; also by Roberts, Dale A Co., in Man- 
chester. The crude aurin thus obtained is a 


C4H4OH 

Thus aurin is parafuchsin in which all nitro- 
gen has been replaced by oxygen. 

This mode of formation has long been known, 
not for aurin itself, but for its higher homo- 
logue, rosolic acid, which was prepared from the 
ordinary fuchsin or magenta by the process 
describe. The many co-ordinate points of 
aurin and rosolic acid were recognised at 
an early period. On the other hand, chemists 
were aware of the distinct difference between 
aurin and rosolic acid, which is just os con- 
siderable as that existing lictwecn parafuchsin 
and its higher homologue. 

When an insight into the nature of the 
fuchsin group had been obtained, the knowledge 
of the constitution of the aurin group followed 
as a natural consequence. 

But even before this was the case, another 
connection was discovered between aurin and 
fuchsin. 

It had long been known that aurin (the mode 
of formation of which will be given later on) may 
be modified by heating it with alcoholic ammonia. 
F. Persoz produced a red dye-stuff, which he 
called Posonine, by this proa^ss. This had, in 
all probability, the following constitution : 


non-crystallisable, brittle, pitchy mass, of a 
brilliant green metallic aspect, insoluble in 
water, but soluble in caustic soda solution, with 
a magnificent red coloration. It dyes silk and 
wool from an acid bath, producing an orange 
shade on those fibres. It was much used on 
silk in former days, but its use has been aban- 
doned since the introduction of the azo- colouring 
matters, which produce brighter and faster 
shades. 

The researches of Dale and Schorlemmer, 
Zulkowski, and others have shown that common 
aurin consists of a mixture of a number of sub- 
stances which, in a pure state, are well crystal- 
lised. Of these, aurin itself C14H14O4, oxyaurin 
C14H14O4, mcthylaurin OjoHigOj, and pseudo- 
rosolic acid may here be mentioned. 

All those substances are produced by the action 
of nascent formic acid (generated from the oxalic 
acid) upon phenol. This mode of formation of 
aurin itself may be represented by the following 
equation : 

C«H4’0H 

3C4H*0H-^C^0 + 0 = \=0-l-3H.0 

\OH ! ^ ' 

C4H4.OH 


C4H4— OH C4H4— OH 


C=»C4H4*=0 or e==(:4H4=.NH 

(!,H4-.NH* (I4H,— OH 

In 1878 , Dale and Schorlemmer, whose re- 
searches on aurin are of great importance^ 
showed that aurin, by very proloiigea heating 
with ideohoHo ammonia, may be transformed 
into pararosaniline 


C4H4OH 

S.H40H 


0 -f 3 NH, 


/0,H4NH, 

== C^-4H4NH,+2U40 
h/Vi.h..nb. 


Thus the connection of the two typical dye-stuffs 
deflnitdy established. At present we know 
that the aum mup contains the acid counter- 
parts of the basic members of the fuchsin group. 
A ooi^idefable number of them are known and 
described in chemical literature. As, however, 
mmest all of them are of no practical value 
it would ue^eSB to enumerate them in thw 
w^le. We Will thm^om d^ibe only thcic 
*he anrfiypoup which am of BOin< 
Thm are very few o 


A largo number of other reactions have been 
observed in which aurin is formed to a greater 
or lesser extent. Thus, for instance, it is ob- 
tained by acting with formaldehyde, with 
iodoform,* with chloroform and caustic potash 
on'phenol. These reactions have never attracted 
the attention of manufacturers, aurin having 
lost its practical interest. 

The sodium salt of crude aurin is known in 
commerce under the name of YtHlow CcraUin. 

2. Pssonln, carallin red, aurin red is the 
sodium salt of the reaction product of alcoholio 
ammonia ui>oii aurin, which has already been 
incntioned and the constitution of which is given 
above. 

3 . Asulin is a similar product, of a dirty 
violet shade, obtained by heating aurin with 
aniline. It is pnibably phenylated pnonin : 

C4H4— OH 

i 

C-C4H4^0 

, C,H 4 — 4 , 

4. RimoUs mU is the nsme whioh 'waa 
origiiiaUjr given by Bunge to the oxida^n pro- 
duot of orme urbedio acid. For a ha^ tima tt 
mw oonsklend to bo identioal vrith auxin, M 
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prosent this name k reserved for the product 
obtained from the ordinary fuchsin of commerce 
by the diaaotising process. It forms magnificent 
blue needles^ which, being homologous to true 
aurin, have the composition : 

OH 

0 

A-O-o 

0 

OH 

It dyes silk and wool orange shades, similar 
to those obtained with aurin. It is of no prac- 
tical int^^est. 

5. Chrome violet C 2 sHj 30 «Na 3 is the only 
member of the aurin group which is of 
considerable practical value. It is the sodium 
salt of aurin tricarboxylic acid : 

OH 




OOH 




= 0 


0- 

I 

OH 


'^COOH 


-COOH 


It was discovered in 1889 by Sandmeyer, aud 
patented (D. K. P. 49970, J. R. Geigy). It is 
prepared bv acting with formaldehyde, or with a 
mixture of methyl alcohol and s^um nitrite, 
upcm a solution of salicylic acid in sulphuric 
aeid. The carboxyl groups are in the ortho- 
pcNrition to the hydroxyl group. Tho result of 
iJtui arran^ment is that the dye-stufi combines 
readtfy^ wiui metallic mordants of the iron mup, 
and e^fieoially with chrome mordant, producing 
violet shades of considerable fastness on cotton. 
It is chiefly used for printing on cotton. 

The process patented for the production of 
efanmte violet is interesting, because it forms a 
general and excellent synthetical method for the 
production of the aurins. It is strictlv analogous 
to the lynthetical method adopted for the pro- 
duction of ' Neu-fuchsin ’ by the * Farbwerko ’ 
of Hdohst. Two stages iday be distinguished in 
the process: 

(a) In the first stage, formaldehyde (or 
inethy]a}| acts upon two molecules of the 
pdmnol — in the case of chrome violet, salicylic 
acid-^fonning the diphenylmethanc derivative 
(methylene salicylic acid) : 

r* IT 

V* ^GOOH 

lar ^yAJUti 

'^•RaCoH 

this fcactioii may be faeilltated by the addi« 


tion of oondensing agents, such as hydroohkyrio 
acid and otbers. . 

(6) ,ln the second stage, the diphenylmethane 
derivative is simultaneously oonoensed and oxi* 
dised with another moleciue of the phenol into 
ike correspond^ aurin by the mixture of solr 
phuric acid and sodium nitrite : 

CH,/ +0.H.<ggP“+O 

V W ^COOH 

H,0+d=.C,H,<^OH 


J, 


I „ ^COOH 

Any phenol, or substitution product of a i>henoL 
may be substituted for the salicylic acid in tb-*^ 
process. 

Later on, N. Caro (Ber. 25, 940) prepared 
a large number of carboxylated aurins by this 
process, substituting resorrylic, gallic, and creso- 
tinic acid for the salicylic acid in the patented 
process. The compounds obtained proved to be 
very similar to. chrome violet. 

6. Of the largo number of aurins prepared, 
only one more need bo mentionra here : 
pittacal, a curious substance discovered in 1835 
by Reichenbach in certain xK>rtions of beech* 
wood tar. Liebermann more closely invest!* 
gated this substance, and gave to it the name of 
eupitionic €icid (Ber. 1876, 9, 334; 1878, 11, 
1104). Hofmann determined its constitutioD 
{ibid. 1878, 11, 1455; 1879, 12, 1371,2261). 

Pittacal is hexamethoxvaurin : 

OH 

I /OCH, 


u 




C= 


\_/ 


:=0 


A OCH, CCH, 

/N--OCH, 

‘OCH, 

OH 

formed by the eimultaneout oxidation dl» 
metbjlpvrosaUol : 

/OH I 
C,H,^-OOH, 2 
X)CH, 3 

and dimethyl methylpyrogallol : 

1 

f, „ ^-OH 4 
''•“'C-OCH, 6 
^OCH, 8 

whiob are both contiUnad ia wood tax. Tha 
methyl gronp of the second conponod yielda tba 
central carbon atom in tha same way aaooevnad 
wi^ ovesol in tho formaUon of Um msdUo add 
obsnand by Sm^ 

Pittacal is an oranae w i l ida n <ii|. cr yst a l i i si ng 
in beanUftd rayatals Wimt pwa. ns MiSttiMi i» 
caustic alkalis is of a beaaiifnl kina nolHwe. 

By beating pittaonl witk awMMHiia* CMIMI 
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obtiiii^i violet coloHdog siftter, which proved 
of no praoticel value (e. Eupmomo Aoxd, voK ii. 


III. Thb PbthwbIk Qboitp. 

The phthalelns were discovered by Baeyer 
In his memorable researches on the condensa- 
tion of phthalic acid with aromatic hydrocarbons 
and phenols. Their constitution was, however, 
at nrst misunderstood. In 1880, when the 
curiouB properties of phthalic anhydride became 
more deflnnely known, the error was corrected 
and the phthalelns were recognised as congeners 
of the tnphenylmethane group. 

It is a weU-known fact that every o-dicar- 
boxylic acid is capable of forming, by losing the 
elements of water, an inner anhydride. These 
anhydrides act very easily on phenols, in some 
cases without the addition of condensing agents. 
Water is again eliminated, and a dye-stuff 
formed in every instance. Of the many colour- 
ing matters thus obtained, only those prepared 
from phthalic anhydride have, with one excep- 
tion, become of general and practical interest, 
and these will here be described. 

The central carbon in these dye-stuffs is 
afforded by one of the carbonyl groups of the 
anhydride of an o-dicarboxylic aiud. If we 
restrict our consideration to phthalic anhydride, 
the formula may be thus modified : 


— R«. 

yC( >C=0 
;~Ru/ ^ 0^ 


phthalic acid being licusene o-dicarboxylic acid. 

Phthalic anhydride, although perfectly sym- 
metrical in its constitution 

,0^0 

o 

acts, in condensations, like an asymmetrical com- 
pound, only one of the carlionyl groujM being 
attacked and losing its oxygen. Thus, by being 
condensed with two moiecules of benzene it 
yields diphenyl-phthalide or phthalophonone : 

O 

\n/ 


which is the parent substanoe of all the phtha- 
lelns, just as triphenylmethane is the parent 
substance of the fuchsin and SjUrin grouiw. 
IHphenybphthalide, however, is but the inner 
anhydme of triphenyloarbtnol o-oarboxylio 


hence the near relation betwcmi the {hthaleh!, 
fuchsin, ami aurin groups. 

Formerly it was cornered as probable that 
the anhydride structure of phthalophenone was 
preserved in the dye-stuffs oerived from At 
present, almost all chemists are of the opinion 
that such is not the case, that the carboxyl 
group becomes free after the condensation h^ 
taken place and that it simply serves as a salt- 
forming group of minor importance. The 
quinonoid structure is shifted to the pyrone ring 
which is always present in all the really nseful 
members of this group. PhenolphthaleSn and 
diaminophthalophenone, which do not contain 
the pyrone ring, are of no value as dye-stuffs. 
The constitution of the more important members 
of this group will be seen from the structural 
formulae given for each of them. 

1. Phenolphthalein C2oHj«04 was discovered 
by Baeyer in 1871 (Ber. 1871, 4, 658). Its con- 
stitution is 

/C.H4-0H 

C^C4H4-0H 

\C4H4CO 

0 

■ J 

it may be considered as a substituted phthalo- 
phonone, but as in the free state it has no 
quinonoid structure, it is also colourless. It is 
easily prepared by heating phthalic anhy^de 
with phenol in presence of sulphuric acid or 
stannic chloride. It forms pale-yellow crystals, 
which dissolve with a fine 1^ colour in caustic 
all^lis. In the salt so formed the quinonoid 
structure is established and the substance there- 
by becomes a dye-stuff : 

ONa C4H4OH 




C-0 

\ I 

\ 


The practical importance of phenolphthalein is 
very small. Its only use is that of an indicator 
for alkalimetric purposes. 

For observations on the colourless salts of 
phenolphthalein and on its value as a colori- 
metric standard, see Kober and Marshall, J. 
Amer. Chem. Soo. IftU, 33, 59. For the 
behaviour of phenolphthalein derivatives as 
indicators, see Rupp, Arch. Pharm. 1911, 2;^^ 56* 

2 . Teimni&ophenolpftihaiemCrnffiifiSfiifMB 

been proposed as an orange colouring mattw 
for wool. Its sodium salt CsoH4N404|Na| is 
sold as an orange powder unde^t^ nwm y 
Aurotine. It was discovered by C, Dmw, H. 
Bull, and T. Hall, and patented in 

under 3441 ( 1889), m Germany unto ^11. Jn 

a pure state free tetianitiophenolphtbaleln forte* 
onnge oryaUJs, melting ***° 

It im long been known that pbeim^litbaiBbi 
ia not • good dye. The »mo nwrfw to nil ^ 
oidiawy typical phthaWna. Plitki^^enone 
(diphenylpbMide) is bnt a poor dtronogm, 
but its properUes an at onoe improTod (as Jih 
already been riiown above) ^ ^ ^‘***ii 

tadidea in ttt moleoi^ be ¥ 

aBB*lwef«wp,>eferablyoiy|^ Wettois o^ 
to doonofim oODtaming the i^iwo 
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of tetiolniiNttQflttonReei^ ^le sodinm salt is 
also occasionally out vith, bbt it does not ciys- 
tallte so well. The eonstU^tional fonnula of 
eoeinis: 


Br 


.C,HBr,OH 

G No 


\. 

/ 

\. 


Br 


!| N 3 .k 


Br,-. 

•CO 




Br 


<In a tree state) 


0-=0 

KO/ Br/ \0K 
(As potassium salt) 


Eoain is prepared by acting with four mole- 
oiiles of bromine upon one molecule of fluor- 
escein. The crystallisable, modification of the 
latter is used for the manufacture of a good pro- 
duct. On the small scale a solution of the 
fluorescein in glacial acetic acid is prepared, and 
the bromine introduced gradually. 

For manufacturing purposes glacial acetic 
acid is too expensive. The following process, 
which admits of operating in aqueous solutions, 
may be used instead. 

^e bromine is dissolved in exactly the neces- 
sary quantity of caustic soda, and the solution is 
evaporated to dryness. The resulting salt con- 
sists of a mixture of sodium bromide and sodium 
bromate. It is dissolved in water and mixed 
with a solution of the theoretical quantity of 
fluorescein in caustic soda. The mixture is then 
aoidifled with hydrochloric acid. The bromine 
generated acts at once upon the fluorescein, and 
the precipitate obtained is eosin, which need 
only^ dissolved in a solution of potassium car- 
bonate and evaporated to cry.stallisalion. 

The quantity of bromine used may be reduced 
to half (two molecules or lour atoms) by using 
a mixture of potassium bromide and potassium 
or sodium chlorate, instead of the salt obtained 
by evaporating the solution of bromine in caustic 
s^a. 

This process, although cheap and simple, is 
not generally used, because the bromine is found 
to act too energetically. A certain amount of 
the eosin is destroyed, and the remainder is not 
so brilliant in colour as it might be. 

The bromination proceeds much better in an 
alcoholic solution; alcohol is, therefore, fre 
quently used for the puqiose in the manufacture 
of eosin. The fluorescein is flnely ground, and 
suspended in strong spirit. *The necessaiy 
quantitv of bromine is added. The bromination 
takes piaoe slowly and gradually, and an excel- 
lent nroduet is obtained. The spirit is recovered 
by <ustillationu 

^ In order to reduce the bromine in this as 
in the aqueous process to two instead of four 
wleoules, the admtion of a ohlorate is necessary. 
But a eUorate must be used which is soluble m 
Cupric ehlofmte is preferred to any other, 
ft IS pvepiiud by mixing concentrated aqueous 
witttww of aodities chlorate and cupric chloride 
^v^ulphat^ The solution obtained is added to 

daili>brow]i powder, or 
P* !Wta«te* ..I* aiay Sm bo obtained is 


^»>^«i7»ta]e Iqr ro-eryatUlhatioa from 


tallisation. ' According to strength and purity of 
shade, the commercim eosins are diatingui^d 
by certain letters and additions, such as ‘ eosin 
B,* ‘A,» ‘GGF,* ‘DH,* ‘extra,* ‘extra-fine,* 

‘ soluble,’ and others. All these brands dissolve 
e^ily in water, with a scarlet coloration. 
Dilute solutions show a marked greenish 
fluorescence, 

Eosin is used for dyeing silk and other 
fibres, also for staining paper, and for preparing 
red inks of a very fine scarlet colour. Large 
quantities are used for the last-named purpose. 
Eosin is not a fast colour, but its brilliancy of 
shade secures a ready sale for the large quantities 
produced. 

3. Eosin soluble in spirit (Primrose, mdh^ 
eosin). These names arc applied to certain pro- 
ducts, which are produced by boiling eosin, dis- 
solved in spirit, with caustic soda and methyl 
iodide, or ethyl bromide. The carboxyl group u 
thus alkylated, whilst the hydroxyl group re- 
mains combined with alkali. The somum salts 
thus obtained form glistening crystals, insoluble 
in water but soluble in spirit. They have the 
constitution : 

Br. ^,0 

/ ^Br 

Cf '^0 


\../ "'\„/ 


0=0 \ 


y-Br 

'^ONa 


in which R stands for either methyl or ethyl. 
Small quantities of these substances are prepared 
and employed as an addition to the venwion 
used in cotton printing, in order to increase the 
brilliancy of its shade. Spirit eosin was formerly 
also used for silk dyeing, but for this purpose it 
has been replaced by the bluish eosins soluble in 
water, to be described later on. 

If the hydroxyl group of eosin is also to be 
alkylated, this can only be effected by acting 
with alkyl iodide or bromide upon the silver salt 
of eosin. The dialkyl-ethers thus obtained are 
colourless. 

4. Eosin scarlet (Eosin B, BN, BW, scarkt, 
J, JJ, V, drc.). So<hum salt of dinitrodibromo- 
fluorescein C^oH «N jO^Br^Naj. 

If fluorescein be treated with nitric acid, 
dinitrofluoresccin is obtained, which has found 
no application as a colouring matter. But by 
subsequent bromination it yields a brilliant 
scarlet. The same product (or an isomeride 
very similar to it) may be prepared by first 
brominating the fluorescein and then treating it 
with nitric add. 

This dye-stuff was hailed with enthusiasm 
when it made its appearance in 1875, but its 
use was soon much restricted bjr the intcoduo* 
tion of the scarlet azo-dyes which are quite as 
brilliant, and at the same time faster, cheaper, 
and more easy in their application. 

6. Brythrm (BlutsA Eosin, Dianthin, Prim* 
rose solMe, Purosin B, and other names). 

This is thelodium salt of tetxaiodofluoiesceiii 
CitUiOiIiNa^. The potassium salt is also met 
with occasionally. It is nrepaxed by iodinating 
fluoxesoein with mdine ana oxidising agimts, bucS 
as mercurio oxide, iodic acid, cupric cUoratic^ 
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Ac. It may also be prepared by introducing 
iodine monochloride into an alcoholic suspension 
of fluorescein. 

Brvthrosin dissolves in water, with a fine 
fed colour, and very slight fluorescence. It dyes 
aflk in shades which are much more bluish than 
those obtained with eosin. 

Eiythrosin was introduced into the market 
in 1876 by Bindschedler and Busch. It was 
well received by the silk dyers. Owing to the 
high price of iodine, a mixture of eosin and 
Bengid red is now used for producing the same 
shades. 

l^ere is one application, however, for which 
pure erythrosin is still required — ^for producing 
orthochromatic diy plates for photographic pur- 
poses. As a sensitiser of silver bromide, ery- 
throsin holds a prominent place amongst all the 
colouring matters hitherto tried. 

Di-ic^ofluorescein was sold and used for a 
short time as an orange dye-stuff, under the 
name " Pyroaine J.’ 

6. Pllloxin (Potassium salt of dichloro^ or 
iekoehiara- ietrabromojluorescein). 

This colouring matter, discovered in 1876 by 
Ndlting, together with the following ones, formed 
a new dieparturo in the manufacture of the eosin 
dyes. The characteristic feature of these sub- 
stances is the fact that they contain halogen 
atoms substituted for hydrogen, not only in the 
resorcinol groups, but i^o in the phenyl group 
derived from the phthslic anhvdride. Now, it 
has already been said that a substitution of this 
kind cannot be effected in ready-made fluore- 
scein. To prepare phloxin, therefore, or any of 
its congeners, a special fluorescein must be used, 
nrepared not with ordinary phthalic anhydride, 
tmt with the anhydrides of dichloro- or tetra- 
chloro- phthahe acid. Dichlorophthalic acid is 
best prepared by oxidising dichloronaphthalene, 
whilst tetiachloraphthalic acid may bo obtained 
by cMorinating phthalic anhywde in the 
piesesoe of finely mvided iron. Both acids give 
colouring matters of very similar shades, the 
tetiradiloro derivatives being but very little 
bluer than the dichloro derivatives. The pro- 
cess df manufacture of the dye-stuffs is identical 
with that described for eosin. The constitu- 
tidnal formula of phloxin is 



if tehwd from ietrachlorophthaitc acid. The 
fUozm derived from dkhbrophthalie acid con- 
tains, of course, two atoms of chlorine less. 

OcHSunerrial phloxin is a red powder, soluble 
in wwter, with a ted colour and no fluorescence. 
It dyes beaiilifiil blukb-red shaderon silk, which 
lesemUe those obtained with eiythroetn. 

7. is the monomethyl ether of 

{Aloxiii. It is sotobie in sidritpand dyes shades 
still bitter than ihfoxtu. 


8. Bengal red (Pose Bengais N) 

CtAa,! AK, or C^oHjClAOsK, 

is the iodo derivative of ti^ series. Zt is the 
bluest eosin dye-stuff obtained. It is very ex- 
pensive, and was formerly used in large quan- 
tities to produce the most brilliant bluish-reds 
on silk. It has now, to a great extent, been 
replaced by the rhodamines. Its methyl 
ether, soluble in spirit, received the name of 
Oyanoain B. Its application never became im- 
portant. 

The phthalein derivatives of resorcinol are 
all very brilliant dyes. There are, however, 
some other acid phthaleins which, although im- 
portant as colouring matters, are of much m 
sober hues. They are derivatives of pyrogi “ 

9. Gallein CsoHjsO,. If phthalic anhydri 

be condensed with p^^rogallol, the reaction 
place quite as easily as with resorcinol. Tl 
product obtained is, as might be expected, 
dihydroxyfluorescein. The constitutional formuli 
now adopted for gallein is \ 



For the manufacture of gallein it is not 
necessary to ])reparc pure pyrogallol. Gallic 
acid may be used instead, which, losing carbon 
dioxide, is at once transformed into gallein by 
the action of the phthalic anhydride. ^ 

Gallein is generally sold in the shape of a 
violet paste. It is sparingly soluble in water, 
easily soluble in caustic alkalis, with a bright- 
blue coloration. It dyes mordanted wool and 
cotton. Chrome mordants are used preferably, 
and dark-violet shades are obtained. 

On account of the similarity of the applica- 
tion of gallein to that of alizarin, gaUein is 
also sold under the name of Alizarin vialsi or 
Anthraesne pur^ds. 

10. Ccemlein (Alizarin grttn^ AnUmeent 
green) This is one of the most impor- 

tant dye-stuffs for wool and cotton, d>*eing a 
beautiful and very fast olive green on ehrome 
mordants. The cotton printer uses it constant^, 
both pure and mixed, with other dye-stuAi of the 
alizarin family. 

It was discovenni in 1871 by A. Baeyer, who 
obtained it by heating gallein with oonoenUaled 
sulphuric acid to 200''. By the name process it 
is now pn-tiared in immense quantitiei qu the 
large scale. 

In this prooess the sufastanoe foeas one nude* 
cule of water and the carboxyl group fomii a 
new hexi^on ring fay coodenauig wilb the 
neighbouring benzene ring, thus : 
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Comdehi {orm« a black paste* insoluble in 
water. It is soluble in oaumo alkalis* with a 
greenish-blue coloration. 

11. Ccsml^ S {aoMbU ctendein) 

This is the product of the reaction of sodium 
bisulphite upon ccsmlein; its manufacture is 
carried on by the J^dische Aniline and Soda 
works at Ludwigshafen. It forms a black 
lewder, soluble in water* with a brown colora- 
tion. ^ It is easily decomposed by the addition 
of adds or by heat. It is used for the same 
purposes as ccsmlein, and is very convenient* on 
Mcount of its easy solubility. In dyeing with 
it* it is* of course, decomposed, the ordinary 
ccsrulein being deposited on the fibre. 


B. Basic pMhalein dye-stuffs. 

For a long time these were not known. The 
manner in which they might be obtained had, of 
course* suggested itself to the consideration of 
chemists* but the substances required for their 
srathesis seemed to Ihj quite out of the reach of 
the manufacturer. In 1887* however, M. Cc*re- 
sole* of the Badische Anilin- und Soda-Fabrik, 
successfully eficcted the synthesis of the first 
basic phthalefn, which proved to be of such 
value that a thorough search for a good means 
of ]^paring the necessary ingi*edients was made, 
which led to complete success. 

To obtain the basic substance analogous to 
fluorescein* it is mercl}^ necessary to replace one 
of the hydroxyl groups of resorcinol by an 
amino- group ; or, in other words, to employ 
m-aminophenol instead of resorcinol : 

OH 



Expertenoe has shown that the compound 
thus oDtained has no practical value. If* how- 
ever, dietiiyl ffi-amiuophonol is used instead 
of the m-aminophenol* a most beautiful colouring 
matter is obtained* known under the name of 
L Rhoduto B The com 

uiercial product is the monohydrochloridc : 

0-0 xl/ 
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nifioent orange fluorescence, wlnoh.dlsBmpears 
on heating* and reappears in the cold. This is 
the most beautiful red colouring matter ever 
prepared* dyeing silk* wool* and cotton a most 
brilliant pink of a bluish shade. 

The process described for the production of 
rhodamin is patented by the BadiBche Anilin- 
und Soda-Fabrik* Eng. Pat. 15374, 1887 ; 
B. E. P. 44002. The diethyl-m-aminophenol is 
prepared from diethylaniline by heating it with 
fuming sulphuric acid to 60*** diethylaniline m- 
sulphonic acid is formed, which yields the phenol 
by fusion with caustic soda. 

There is* however* another process for the 
manufacture of rhodamin* discovered by the 
Farbwerke of Hochst (D. R. P. 48367* 1888). It 
consists in treating free fluorescein with phos- 
phorus pentachloride, when the fluorescein 
chloride 



is formed. This is transformed into rhodamin 
if heated with diethylamine under pressure. 

2. Rhodamin S 02oH28N203CI* and 

C.4H81N2O8CI 

These two colouring matters, which are identical 
in their practical properties and applications* 
are not, strictly speaking, triphenylmethano 
derivatives ; nor are they derived from phthalio 
acid. They must, however, be mentioned here, 
because they are near congeners of rhodamin B. 
They are obtained by treating dimethyl- or 
diethyl- m-aminophenof, not with phthalic* but 
with succinic, anhydride. Succinic acid is the 
typical o-dicar boxy lie acid of the fatty series. 
Like phthalic acid, it forms an anhydride* which 
condenses with resorcinol into fluorescein-like 


dye-stufls; these* however, offer no practical 
interest. The succineins of dimethyK and 
dicthybtN-aminophenol, however* show a suifi- 
cient dilicrence from rhodamin to be manu- 
factured and sold as a special brand. The 
constitution of the dimethyl compound may be 
represented by the following formula : 



It is* therefore* nut a triphonylmethane 
derivative. It is sold in iho shape of its sino 
double chloride. 

Rhodamin S shows great aflinity to unmor- 
dani^ cotton. It is one of the few members of 
this group which may be considered to be what 
is now ci^edu substantive colouring matter. 

The properties of rhodamin 8 are veiy 
stmii^ to those of rhodamin B. It forms 
with a greeB metallic liwtre* easily 
in water, with a red, coloration* and a marked 
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yellow flooresoenoe* The shades obtained with 
it axe yellower than those produced with rhod 
aminB. 

Rhodamin B and B remained for some time 
the only important members of this magnificent 
group of dye^stufis. After a while, however, 
some new representatives of it made their 
apmaraace, of which the more important may 
be here shortly described. 

Rhodamin 6 C2eH27N20,01 is obtained by 
heating rhodamin B with aniline hydrochloride. 
One of the ethyl groups is split off in the shape 
of ethyl chloride and the recovered dye-stufi is 
a tri-ethyl-rhodamin which dyes wool and silk 
in red shades of a much more yellowish tinge 
than the original rhodamin B. 

The process of alkylation, which produced 
such remarkable results in the eosin group, 
proved equally applicable to the rhodainins. 
it was carried out at first by using alkyl chlorides, 
but later on it was discovered that a much 
cheapr and simpler way to the same end 
consists in saturating alcoholic solutions of 
rhodamins with hydrogen chloride. As this is 
a method which is exclusively applicable to the 
alkylation of organic acids, the possibility of 
using it for the rhodamins formed a proof of the 
presence of a free carboxyl group in the dye- 
stuffs and went a long way in establishing the 
modem views about their constitution. 

Rhodamin SB, Anisdine, was the first of the 
alkylated rhodamins. It dyes a more bluish 
shaae of red than rhodamin B, and is, if j)oasible, 
even more brilliant and pure in its tinge, which 
strongly resembles that of certain lloMers such 
as the * Crimson Earn bier ' rose. 

Rhodamin 6G was obtained by the S4vme 
process from syw-dicthylrhodamiii (produced 
oy the condensation of phthalic acid with 
two molecules of mono-ethyl-m-aminopheuol), 
and has consequently the following constitution : 

AH, 

X/ H 
\Cl 


which is prepared by acting with dimethyl- 
amino-hydrooxybenzoylbenzoic add i 

(li^O OH 

upon monomethylresoroinol and subsequent 
esterification of the product obtained. This 
dye-stufi is consequently quite asymmetrical 
and has the constitution : 
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When once the constitution of the rhodamins 
was recognised, it was clearly seen that they 
may also bo considered as derivatives of o- 
benzoyl-benzoic acid ; 

0 

/* 


Ah 

Suitable substitution products of this acid 
may therefore be used for the synthesis of 
tfhodamins. This is important because it enables 
us to produce asymmetrical rhodamins, whilst 
the oi%iiial process was applicable <mly to the 
produdSon ii symmetrical members of ibis 
impoetant biass of dye-stai!B.^As an example 
o! this meibod, Bhodmin U OM may be qooM, 


If dyes silk, wool, and cotton a beautiful yellow- 
ish red. 

If in the process given for the production of 
rhetdamin 12 (»M the monomethylrcsorcinol be 
replaced by w-amino-p-oresol ; 

N[L\ /\/0H 

I 

(' 11 . 

a new and ex(‘ecdingly beautiful dye-stuff is 
btained, which is sold under the name IHiamin 
I or Khodin ZO. It dyes silk, wool, and mor- 
danted cotton a flaming, beautiful red. 

(Several other members of this group have 
been prepared by various methods, amongst 
which the reaction of formaldehyde upon 
ready formed rhodamins may be mentioned. 
All the rhodamins have also been found ap- 
plicable not only to the regular dyeing of textile 
fabrics, but also to the staiMng processes so 
aigely us(‘d for paper, wood ami confectionery. 
Very large quantities of these dyes are used for 
>uch |mrpos(;B. 

Few groups of hyntheliial dye-stuffs have 
proved so prolific as that of which a short 
des(*ripiiori ha.<» here been given. The triphenyl- 
raethane group contains some of the oldest arti- 
lioia! colouring mailers known, but for more 
than half a century it has continued to yield 
now additions to the vast numlwr of such com- 
pounds which chemical science has placed at the 
disposal of our textile industries. 0. N. W. 

SurrLRHiisrT. 

R<*cent progress iu this group of coloitrs, 
which already coniains dy«Mi of almost every 
sIukIc, and suitable for nearly all kinds dyeing 
processes, has been mainly towards the 
duction of colours having peater fiitoess than 
is possessed by many of the earlier memberi of 
the group. It is interesting to note that whilst 
work has been undertaken in very mtmemui 
rlkectbns, the most impentani pramsil Mnlts 
iiave thus far been obtained ii]^ a lew fairly 
well defined lines. 

In addition to the nleniioii of Uie ftonp in 
new dtreciions, some intemstittg eonelmoiii in 
connection with the mmstftedta d phmqdbledi 
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txiiAaka seed to be noted, wbUst the conneotion 
between eolotir and ohemioaf oonstitutioa and 
other pioblems of a theoretical nature con- 
oeriung the triphenylmethane oompoands hare 
not oeaaed to claim attention. 

The application of Brilliant Green as an 
antiseptic and in connection with the detection 
of ty;^oid carriers, is of considerable interest, 
and onr knowledge in this field has been greatly 
added to by the work of Fairbrotber and 
Renshaw (J. Soo. Chem. Ind. 1922, 41, 134 T), 
whilst Casella (Eng. Pat. 14742, 1912) claims 
that compounds of the rosaniline ^oup which 
huave halogens in the * ortho* position to the 
amino group are of value in medicine on account 
of their action on tripanosomes. 


by the use of ethyl-benzyl-aniUne and mono* 
ethyi-o-toluidine respectively in place of di- 
methyl- pr diethyl-aniline in the mocesses to 
the manufacture of ‘Patent ]uue«* When 
patent blue itself is oxidised (D. B. PP, 
60961, 61478; Friedl. 3, 152, 153) a new dye, 
Cyanin B (M. L. B.), is pi^uced, which is 
faster to light and washing than patent blue, 
and dyes similar shades. Concerning the struc- 
ture of cyanin B, little is definitely known, 
but it is considered probable that during the 
oxidation an ethyl group is removed. 

Very interesting and useful results have been 
obtained from investigations of the effect pro- 
duced upon the tinctorial properties of com- 
pounds of the malachite green type 


I. The Fuchsin Gboxjp. 

(A) Diamino-triphenylmdhane derivalives. 

In this group the extension of the * Patent 
Blue * class calls for most notice. Substitution 


O-c: 


\”))=NRaCl 


Et., 


Ph-CH,-N^ y 


Et 

N/cH,Ph 
.l\ ■ 


U..A “ 


HO- 


-SO. 


SO.OiCa 

(I) 

CU, CH, 


Et-NH 


\ 


OH 


-NHEl 


V -SO.ONa 


110—1 


(11) 


SO.ONa 


derivatives such as Patent Blue A, (I), and 
Cyand FF (Casella), (II), have been produced 


by substitution in the third phenyl group. Not 
a little of the work of this nature has resulted 
from the desire to explain the very bluish 
shade of patent blue and its fastness to 
alkalis in comparison with other closely related 
colours. 

In the first instance it was considered that 
the hydroxy group present in the ‘meta* 
position was responsible for these differences. 
Sandraeyer (J. Soc. Dyers and Cols. 1895, 154) 
and Suais (Bull. Soc. chim. 1897, 517) inde- 
[)endently succeeded in showing that this was 
not the case, but that the eimets mentioned 
were duo to the suiphonic acid group in the 
' ortho * position to the methane carbon atom. 
This conclusion was arrived at in two ways: 
(i) by condensation of benzaldehyde o-sul- 
phonic acid (see Vol. I. p. 569) with dimethyl- 
aniline followed by oxidation of the leuco com- 
pound thus produced, and (ii) bv condensation 
of tetramethyl'diamino-diphenyf-carbinol with 
mctanilic acid, elimination of the amino group 
from the resulting leuco compound, then oxida- 
tion of the product. In either case the final 
product is the ortho-sulphonic acid of malachite 
green, and this resembles patent blue in that it 
gives dyeings fast to alkali and more blue to 
tone than malachite green. The two series d 
reactions may be represented thus : 



(ii) 




H 


10»0H 




-NMei 

NMe, y 
H,N 


H /O 

0*^ 


-0 


/ 


NsOtOH 


By the use of such groups as N0|, COOMe, CN, observation o4 Suais (Bull, Soc, Ind. Mulhouse, 
or the halogens d and in place of the sul- 1912, 82, 703) is of interest. He condudes that 
. pbonto acid group in the ortho position, it has the property of faetnm to alkalis is not <^nfl]M 
0 ^ possible tb produce oUmr produote having to the dyes ooi}|aiiuim an acid groups Ml 
proparries. In conneotion a further ‘ ortho * position to the central carbon a I pj Sji; 
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bttt is shared by the * meta * diaao-sulphonates 
of this series. As instance of this class of com- 
pounds he mentions a green dye obtained by 
oxidation of the leuco bam : 

\-^N«N-SO.OH 


This latter is produced from the correspond^ 
amine by tieatidg its diaso compound with 
sulpjUte. 

The following are some representative com- 
meroisd products in which ortho substitution 
of the type mentioned above occurs ; 

Erioguiucine A 


NH 4 -S 03 - 


0\I/U 


^SO,OH 


is obtained by condensation of benzaldehyde 
o-sulphonic acid with ethyl-benzyl-aniline sul- 
phonic acid, oxidation of "the leuco compound 
produced and conversion of the product into 
the acid ammonium salt (D. R. P. 89307 ; FrdL 
4, 184). It gives bright shades fast to alkali. 
SrioeMorine is said to be the above mixed with 
yellow and violet. 

Benzyl Qreen B is a product in which the 
sulphonic acid group in the ortho position to the 
methane carbon atom of erioglaucine A is 
replaced by a clUorino atom. 

Setoghucine^ obtained by condensation of 
o-chloro- benzaldehyde with dimethylaniline and 
oxidation of the leuco compound formed 
(D. R. P. 94126), is o-chloro-malachite green. 
When the same aldehyde is taken but condensed 
with ethyl- benzyl-aniline, or mono-ethyl-o- 
toiuidine, the dyes produced are lUighi Green 2B 
and Setocyanine respectively. The introduction 
of further substituents in the benzaldehyde used 
is exemplided in Glacier Blue, which is made 
from 2:5-dichloro-benzaldehyde and mono- 
methyl-o-toluidine (D. R. P. 71370), and Night 
Bine B, made from 2-chloro.5-nitro-benzalde- 
hyde and ethyl-benzyl-aniline sulphonic acid. 
Am interesting extension of this series is found 
in the dye produced by the condensation of 
benzaldefayde 2 : 4-disulphonic acid with one 
molecule of diethyl-tn-amino-phenol and one 
molecule of mono-ethyl-m-amino-p-cresol, closing 
the pyrone ring then oxidising the leuco com- 
pouM thus formed. The dye gives red shades 
on silk, but does not colour cotton (U.S Pat. 
1006738). 

The development of malachite green deriva- 
tives has not been entirely along these lines, 
and a number of * para ^ compounds have been 
described (c/. Fr. Pat. 422843 ; Eng. Pat. 1913, 
7767; and J. pr. Chem. 1915, 91, 341). 

AzoOrun 



c 


a *meta* derivative, is an interesting colour 


which is a member both of the triphenyl-met 
and of the azo group of dyes. It is formed 
diazotisation of fa-amino-malachite green aO 
coupling with salicylic acid, and is a mordaiR 
colour giving yellowish-green shades on chrome 
mordanted wool. It is also used for calio6 
printing (c/. also Eng. Pat. 234950). \ 

Green dyes of considerable fastness are also 
produced by condensation of benzaldehyde (or 
homologucs not containing an amino group in 
the para position) with alkyl, or anrl, derivatives 
of m-toluidine sulphonic acid and oxidation of 
the leuco compound formed. AJtemately, the 
condensation product of benzaldehyde and 
m-toluidine may be sulphonated then oxidised 
(Bayer, Pr. Pat. 461810). The dyes are of the 
type; 


Me 


n-o< 


V“\ 


)=NMe, 


A number of mordant colours derived from 
malachite green, chiefly by the introduction 
of hydroxyl and carboxylic add groups into the 
third phenyl residue, are include io the series 
of chrome colours of the Bayer company, 
arom<r«rfri(I.)(D.R. P.68483; PidL8,m). 
Chrme hordeanx (11), and Chrome green (IIL) 
(D. R. P. 60606 ; Priedl. 3, 26), 





TEI#kl!NmiETHAP! 



i 

0\cOOH 

(in.) 

An interesting comparison of the projMrties 
of Malachite Green, with those of an analogous 
furane dye, has been made by Benshaw and 
Naylor (J. Amer. Chem. Soc. 1922, 44, 862), 
whilst Bogert and Nisson (Proc. Nat. Acad. 8ci., 
1924, 10, 421) have similarly compared a bis* 
triphenylmetnane dye. 

(B) TriaminO’triphenylmethane derivatives^ 

In this mup considerable interest is attached 
to the wo» dealing with the phenylation pro- 
ducts of rosaniline and p-rosamlinc. Baeyer and 
Villiger (Ber. 1904, 37, 2870), Lambrecht (Ber. 
1907, 40, 145), and Knecht (J. Soc. Dyers and 
Col., 1907, 119), have succeeded in showing that 
the phenylation of rosaniline proceeds rather 
differently from what has been generally 
assumed in the past. As the result of this work 
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it is oonohided that whilst p-rosaniltne may be 
converted into triphenyl-p-rosaniline by phenyl- 
ation in the usual manner, in the case of 
rosaniline the reaction cannot be made to 
proceed beyond flie formation of diphenyl- 
rosaniline. It is considered that this different 
is due to sterio hindranoe, the methyl group in 
the ortho position to one of the amino groups 
in ordinary rosa^ine preventing the entrance 
of the phenyl nucleus into the amino group of 
that aromatic residue, whereas in p-rosaniline 
this effect is not observed, as no methyl group 
is present in the ortho position to any of the 
amino groups. Baeyer and Villiger oonclud^ 
from the examination of a sample of commercial 
aniline blue that it consisted of ahnost pure 
diphenyl-rosaniline. The production of ppp- 
triamino-triphenyl-methane colours from deriva- 
tives of pp-diamino-tiiphenyl-methane is of 
interest and forms a link between the products 
of this and of the preceding group of dyes. 
The Bayer company describes the preparation 
of triamino-triphenyl-methane colours, which 
give bluish shades, by treating pp-diamino-tri- 
phenyl-methane compounds contain^ a halogen 
or alkoxy group in the para position to the 
methane carbon, with amines or their salts 
(Fr. Pat. 474260), or by similar treatment of the 
corresponding para sulphonic acid derivatives 
(D. R. P. 287003). The latter process is 
exemplified by the formula: 



and it is stated that this should prove /o be a 
cheap technical method for the production of 
dyes of this type. In passing from (I. ) to (II. ), the 
shade of the dye changes from green to blue. For 
this type of process, see also D. R. PP. 292998, 
293322 (M. L. B.). 

Suais (Bull. Soc. Ind. Mulhause, 1912, 82, 
691) describes the treatment of crystal violet 

a nta, Paris violet, malachite green, and 
nt green react similarly) with m-toluylene- 
diamine at 160®-180®C., whereby a yellow 
fluorescent basic dye is produced and dimethyl- 
aniline liberated. It is probable that the 
piquets produced in this way are identical 
with t^ oom^unds obtained from the con- 
densatioii of Michler’s ketone with m-diamines 
(Eim. P4i 1352, 1895). 

In connection with the development of this 
group of dyes, the relationship that exists 
between SnoGyanin A (which may be pre- 
pared by condensation of tetra-methyl-diamino- 
benxhydrol monosulphonic acid with dibenzyi- 
afliUne pEKmo- cw di-enlphonic sM and oxidation 
voompound produced (D. R. P, 
M065 J JWI. 4, 219), and ms much older colour 
jMSffl k perhaps worthy of 


mention. This is clearly seen by comparison 
of their respective formulas : 



CsH5--CH,--.N---CHj-~C.H4--SO,ONi 
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The important colour Azo Oreen (eee above)« 
is directly derived bom mpp-triamino-triphenyl- 
methane, and green azo4riphenylniethane d^ 
closely related to it are mentioned in D. R. PP, 
175825, 175826 (M. L. B.). 

According to Oopisarow (Chem. See. Traxui. 
1920, 117, 1542) Carbazd Blue is a tricarbazyl- 
methane compound represented by 
«=C|,H,NHCOOH. It is produced ny fusing 
toge&er carbazol and oxalic acid, and the 
linkage to the central carbon atom is presumed 
to be in the para position to the nitrogen atom 
in each carbazol neucleus. 

Auramine, 

In D. R. P. 287994, the Badische company 
indicate that very good yields of N substituted 
4 ; 4'-diamino - diaryl - thio - bcnzophenoncs are 
readily obtained from the corresponding hydro- 
carbons by treatment with polysul])hide8. * The 
products are useful for the production of 
auramine derivatives {see article on AuEAMn^E, 
voL i. p. 431). 

11. Attbin Group. 

In this group a considerable number of 
colours have been described which are related 
to the members of the diamino-triphenyl- 
methane group in the same way as aurin is 
related to para-rosaniline. 

Most of the colours of this sub-group contain 
carboxyl groups in the ortho position to the 
hydroxyls, and are of value as chrome colours. 
As in the case of the compounds of the Patent 
Blue group, increased fastness to alkalis is 
obtainra by the introduction in the third benzene 
neucleus of a substituent (halogen, sulphonic 
acid, &c.) in the ortho i>oHition to the methane 
carbon atom. The following are typical com- 
mercial products of this class : 

Eriochrame cyanin R is obtained by con- 
densing benzaldehyde-o-suiphonic acid vvith 
o-oresotinic acid and oxidising the leuoo com- 
p^nd produced (D. R. P. 189938; Frdl. 9, 
2W)* This colour gives red dyeings on wool 
uHbieh change to violet- blue when after-chromed. 


OH 

HOOO-|^pMe 
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Mo-i 
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COOH 
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SO,OH 


If o^emotinie acid is condensed with an o- 
ehkffO-benzaldehvde, and the produe toxidised. 
the resuHing aye is Erioehrome azwrd B 
fp*B PE 198909, 199943; Evdl 9, 201, 204). 
Por the preparation of Ohrme azurol 8^ an 
OHsUorO'Iiieiiaaldehyde sulphonic acid is used in 
the eondensatiem (D. K. P. 199943 ; FrdL 9, 
204). Membeti of the Ghromoxan series of 
dyee fflqmr) are said to be produced in a 
ranOarlsMii^ bom naphthalene aldehydes. 
The use of peuta* teti»-chloto-benzakle< 


has been described in D. R. E 234519 (]toyer) 
and Ing. Pat. 13970, 1915 (Casella) respectively. 
The use of chlorination products of xvlene-^ 
which are first converted to chloro-alaehydo* 
benzoic acid derivatives — ^for the production of 
dyes of tUs group has also been described by 
Casella (Eng. Pat. 16317, 1914). 

When di-ortho-substitntion products of 
benzaldehyde are used it is stated that colours 
of great depth and fastness result (D. R. PP. 
199943, 213502). 

In patent literatures various chrome colours, 
belonging to this group, are also described, in 
which the non-hydroxylated benzene nucleus 
contains an amino, or substituted amino group 
(Eng. Pat. 12130, 1910; Fr. Pat. 4174r 
D. R. P. 252287 (M. L. B.) ; Fr. Pats. 424*3, 
425676 (Bayer); and Eng. Pat. 10335, 1911 
(Geigy)), and these products give fast shades 
when chromed. 

Azo colours which are members of this mdp 
have also been investigated, and the Bay^r 
company (Fr. Pat. 413383 ; U.S. Pats. 1021364 
1021365, 1021366) describe the production oi 
dyes which give yellow to red shades on wool 
from an acid bath, the colours passing to blue 
or black when after-chromed. These products 
are obtained by condensing amino-benzaldebyde 
(or its nuclear substitution products, e.g. 
o-chloro-7/2-amino-l)enzaldehyde) with 2 mols. 
of an aromatic hydroxy-carboxylic acid, diazo- 
tising and coupling tlie Icuco compound pro- 
duced, then oxidising the pn>duct. Green and 
Sen (Ghem, Soc. IVoc. 1912, 28, 137) have also 
examined azo dyes of somewhat similar type, 
but obtained by condensing azo-aldehydes with 
hydroxy-toluic or 8ali(‘ylic acids. The following 
formula represents a typical raembor of the 
series obtained by them : 

.c/w"® 

\X)OH 

so,oh\ ' 

y ‘^OH 

\X)0H 

The dyes are polygenetic, dyeing wool directly 
in red shades, and producing various shades 
with different metallic mormints. The final 
oxidation may, in the production of the chrome 
lakes (which are black), be carried out on the 
fibre by dyeing with the azo-methane derivative 
then treating with an acid solution of bichromate. 
A similar dping with a ieuco oommund, 
followed by simultaneous oxidation and forma* 
tion of chrome lake on the fibre, is referred to In 
respect of other dyes of this 8ub*group in Eng* 
Pat. 25007, 1910 ; Fr. Pat. 421564 (A. 0. F. A.). 

In the true aurin group-^tbat oontainiiw 
dyes derived from ppjp-trihydroxy<triphenyb 
carbinol-*-consid6nible attention hae been paid 
to the production of chrome oolouxi. A number 
of such products, belonging to the tripbenyl* 
methane or diphenyl-naphlhyl-iimthaiie jpouM» 
have been described (c/. B. B. 216tQ4» 2175? I ^ 
216686; Eng. P4t. U08S, »11, Ac.), most of 
them belagprepaxed by e o a d eoia ^n dliydroiy* 
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aldehydaa (or their derivativeB) with hydroxy- 
oarboxylic a<^ (or derjhraUtres), though use 
has also beeu made of the methylene-disalicylic 
aoid process. This work has resulted in the 
range of colour obtainable with this type of 
dye being eonsiderablv extended. In a laige 
number of cases the after-chroming of material 
dyed with these products gives rise to a very 
marked change in shade. 

Products have also been investigated in 
which the hydroxyl group in the third benzene 
nucleus is in the meta position to the methane 
carbon atom (Fr. Pat. 404800). In such cases 
the meta hydroxyl group may be introduced 
either by use of hydroxy- or amino-aldehydes ; 
in the latter case the amino group is converted to 
hydroxyl by use of the diazo compounds either 
before or mter the oxidation of the leuco tri- 
phenyl-methane derivative (D. R. P. 234805). 


III. Thk Phthalbin QROxnp. 

Here questions of structure and constitution 
have been responsible for a considerable amount 
of work. On the other hand, evidence is not 
lacking of attempts to extend the list of com- 
mercially useful products belonging to this 
group. The structure of the salts of the 
phthaleins has been discussed at length by 
Green (J. Soc. Chcm. Ind. 1909, 638), whilst 
tlie production of isomeric forms of fluorescein 
and their salts has been described by H. v 
Leibig and their probable constitution con- 
sideiw ( J. pr. Chem. 1912, 86, 472). The effect 
of the introduction of additional auxochromes 
into compounds of the phthalein and benzein 
series of dyes has been studied by Watson 
(Chem. Soc. Trans. 1915, 107, 1579). 

Various attempts have been made to obtain 
new dves of this series, and the following are 
typical examples of these. By introduction of 
nitro group, either by use of nitro derivatives 
of phthalic acid, or nitro-resorcinol and its 
derivatives (D. R. P. 245231), products have been 
obtained which give good dyeings on chrome 
mordanted wool. D. R. P. 290508 ^escribes 
the condensation of pyrogallol (or other deriva- 
tives of resorcin having a para psition to one of 
the OH groups free) with a-hydroxy-naphthoyl- 
o-benzoic acid, whereby chrome mordant dyes 
of the phthalein series are produced. Wool 
dyes have been prepared by treatment of eosin, 
or idiloxin, with aniline, whereby the halogen 
is wholly or partially replaced by the amine 
residue, followed by sulphonation of the product 
(Chem. Zentr. 1913, 2, 2126). Colours of this 
mup have been described by Lucius and 
Brunmg (D. R. PP. 290540, 291883), in which 
selenium has been introduced into the molecule 
by treatment of phthalins — obtained by 
rwuction of phthaleins-^either with selenium 
halides or selenium oxy-chloride. 

In the rhodamine group it is interesting to 
note the description by Block (Bull. Soc. Ind. 
Hulhonse, 1913, 83, 81) of the use of tetrachloro- 
phthalic anhydride in the production of deriva- 
tives of rhodinnme, as in tne acid group it may 
be used^for the preparation of phloxin. When 
eondensed with dimethyl-m-amino-phenol it is 
stated that it yields a dye giving shades which 
are v^ fast to light and alkali. 


IntermediaUs. 

In conclusion, it should be noted that the 
extension of the triphenyl-methane group of 
ekes has given rise to a considerable amount 
of investigation of the derivatives of benzalde- 
hyde and to the manufacture of quite a number 
of these, which were previously but rarely met 
with. For further details the article on Bxkz- 
ALDEHYDE, vol. i. 565, should be consulted. 

A. £. E. 

TRIGEMININE. Pyramidone butyl chloral 
hydrate. 

TRILITE. Syn. for trinitrotoluene, used as 
an explosive. 

TRINOL. Syn. for trinitrotoluene. 

TRIPHYLITE. A manganese lithium phos- 
phate LiMnPO^, occurring naturally as large, 
rough (orthorhombic) crystals and coarsely 
cleavable masses. By the isomorphous re- 
placement of manganous oxide by ferrous oxide 
it passes into the closely allied mineral lithio- 
phylite (LiFePO)^. The colour is grey or bluish, 
but, the mineral being readily weathered, the 
masses are usually dark brown on the suriace. 
Triphylite occurs in pegmatite-veins, often in 
association with spodumene and other lithium- 
bearing minerals, and sometimes with tin ore. 
It is found at Bodenmais in Bavaria, Hurdaux 
and Chaiiteloube in Haute-Vienne, Branchville 
in Connecticut, Pala in California, the Black 
Hills in South Dakota, and King's Mountain in 
North Carolina. Containing 8 ‘1-9 *4 p.c. of 
lithia, it has occasionally been collectea when 
mining for other minerals, and used as a source 
of lithium salts. L. J. S. 

TRIPLASTITE. An explosive consisting of 
a mixture of di- and trinitrotoluene (70 pts.), 
gun-cotton (1*2 pts.), and lead nitrate (28*8 pts.). 

TRIPUTE. Fluo-phosphate of manganese and 
iron (Mn,Fe)([Mn,Fe]F)P 04 , crystaUisiMi in the 
monoclinic system. Calcium and magnesium 
are also often present in small amount. The 
rough crystals and compact masses are dark- 
brown to black with a resinous lustre; the 
powder is yellowish -grey. Sp.gr. 3*6-3*8 ; 
H. 5-5i. The mineral is soluble in hydrochloric 
acid, and with sulphuric acid evolves hydro- 
fluoric acid. It occurs in pegmatite-veins and 
in quartz- veins in the vicinity of granite masses ; 
and is found at Limoges in France, Rabenstein 
in Bavaria, Ac. In the Singar mica mines, 
in the Gaya district of Bengal, it occurs in con- 
siderable quantity as large masses with pitch- 
blende. A variety containing very little mn 
and of a pale salmon-pink colour is found with 
wolframite and bismuth minerals in White 
Pine Co., Nevada. L. J. S« 

TRIPOUTE or TRIPOLI u. Diatomtcx. 

TRITICUM. Couch grass or Agropyrum of 
the B.P. The dried rhizome of Agropyrm repena 
(Beauv.). 

TRIT0L,TRIT0L0. Syrnfortrinitiotolueiie. 
TRITOPlNEe. Opium. 

TRIXIDM* Trade name for an emuhdon 
of antimony trioxide, 

TROOHOL. A neutral unsaponifiable 
atalline substance obtained by the saponifioatioin 
of red Japanese bird-lime made from the bark of 
TroMmdfm aralioides. After purificatloii Iqr 
precipitation friyn chloroform solution By l{|^t 
petroleum and reorystaUisatioii from ehlorofonnv 
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alcohol, troohol forms colourless needles or 
prisms Ca«H440ti,i(C,He0+H«0), m.p, 252" 
[a]^*f (in chloroform alcohol). Yields a 
iftoeetafe, colourless prisms, m.p. 217^ ; dibenzoaie, 
colourless needles, m.p. 172'’ (sintering at 145'’). 
IVochol occurs as the palmitic ester in the 
hixd-lime ; by heating the components together 
at 200'’ in a vacuum the ester is obtained 
as a colourless viscous substance (Hidekichi 
Yanagisawa, J. Pharm. Soc. Japan, 1921, No. 
471, 405; 1922, 179). Trochie acid CaiHsoO,. 
white powder, m.p. 225°, erists in the bh^Jimo 
in the free state (c/. Yushichi Nishizawa, J. 
Chem. Soc. Japan, 1922, 43, 154). Trochol 
yields a diphenylcarbamateCf^'H.Mfi^iCO'l^E.^h)^, 
colourless prisms, m.p. 167° ; formate, nacreous 
scales, m.p. 306°, and pMhalate, a white crystal 
line powder, m.p. 224'’~228°. On oxidation witli 
hydro^n peroxide in glacial acetic acid the 
alcohol gave a dihydroxymonoketone, trocholone 
ChH„ 0.. an amorphous powder, m.p. about 
100°; trochol peroxide (C4,H4j05),, colourless 
scales, m.p. 215°; (aemicaihazone, fine white 
needles, m.p. 290° ; acetyl derivative, fine white 
needles, m.p. 205° ; oxime, smaU white needles, 
m.p. 217°), and irocholic acid C26H42O4, white 
granules, m.p. 282° (diacetate, wMte crystalline 
powder, m.p. 145°). The authors conclude that 
trochol is a secondary-tertiary, but not a 
primary alcohol. When a mixture of trochol 
and cluomic anhydride is treated with water 
an odour of butyric acid is produced, and acetic 
acid can be isolated by the distillation of the 
mixture with steam (Hidckiche Yanagisawa and 
Norikazu Takashima, J. Pharm. Soc. Japan, 
1923, No. 494, 251-258; Chem. Soc. Abstr. 
1923, 124, i. 1008). 

TROGERITE v. UBAKiim. 


TROILITE. A name applied by Haidinger 
to ferrous sulphide FeS, occurring in meteorites. 

Ptbbhotite. 

TRONA, URAO, or NATURAL SODA. The 

sodium carbonates occurring as minerals are: 
thermonatrite Na|C02,H20 (orthorhombic) ; 
natron (g.v.lNaaCOsjlOUjO (monoclinic) ; trona 
Na|00|*NaHC02,2H20 (monoclinic) ; and pos- 
sibly uie anhydrous salt. Of these, trona is 
by far the most important and constitutes 
the huger part of the deposits of natural soda. 
It forms b^ of white, cavernous material with 
adcolar or bladed crystals lining the cavities ; 
and is usually intermixed with more or less 
earthy matter and sodium chloride and sulphate. 
It is dex>orited from the water of soda-lakes and 
forms an efflorescence on the surface in desert 
regions. The Natron Lakes of Lower £|^pt 
are well known, and similar lakes and sumce 
efflorescences of soda are met with in many 
parts of the Sahara and Sudan. Extensive 
aeMits are found in the neighbourhood of 
Isuce Chad, and a large deposit has been opened 
m at Lake Magadi in Kenya Colony, East Africa. 
Ijie latter has an area of 324 so. miles, and the 
lessrves of over a hundred miUion tons of so^ 
ate hel^ constantly increased by springs in the 
tskie. The material contains 98*5 p.o. of so^ 
mrtajs, with sodium chloride 0*2s and sot^um 
sui|ibato 6*1 p.e. Soda-lakes also occur in the 
westemstates of North America, viz. in Arizona, 
and Nevada. . 

Th# fame * trona * is said to be of Arabic 


origin ; and * urao ’ is a native name lor the 
soda deposited at the bottom of a lake at 
Lairunilla in Venezuela. 

JR^erences.— F, W. Clarke, Bata of Geo- 
chemistiy, 3rd ed.. Bull. U.S. Geol. Surv^, No*^ 
616, 1916 ; A Lacroix, Min4ralom de la France 
et de ses Colonies, 1909, vol. iii. R. Wegseheider 
in C. Dodter’s Handbueb der Minermchemie, 
1911, vol. i. 141-193. L. J. S. 

TROOSTITE. A constituent of steel inter- 
mediate in characteristics between sorbite and 
martensite (g.v.). It is obtained by quenching 
highly heated steel in oil or by quenching from 
the transformation temperature in cold water, 
and is plentiful in tempered steels. 

It acquires a deep brown or black tint when 
etched with picric acid, and can thus be dis 
tinguishod under the microscope. Benedioll 
regards it as a colloidal solution of carbon 
iron (J. Iron and Steel Inst. 1905, ii. 352 ; Ifi 
ii. 217). The name troostiie is also given to 
variety of W^kmite {q.v,), 

TROPACOCAINE v. Cocaike and SrirmsTid 
DEUOS. TeOPKINES. \ 

TROPAEOUNE v, Azo- coloxjeing mati'Ees. \ 
TROPEINES. The Solanaceous Alkaloids. 
This group comprises the following members, 
and jK>ssibly others not yet fully examined 
Atropine and hyoscyamine C„H„0,N5 
Noratropine and norhyoscyamine 
0,.H„O,N 

Apoatropinc and belladonnine C'l, H«O.N; 
Tropacocainc (see p. 221) ; 

Hyoscine (scopolamine) C„H„0,Nj 
Metcloidine C,8H2i04N. 

These are all tertiary bases except nor- 
atropine and nor- hyoscyamine, and on hydrolysis 
furnish an acid and an amino alcohol. Of the 
eight naturally occurring alkaloids only three are 
of importance in medicine, viz. atropine, hyos- 
cyamine, and hyoscine. Homatropine, a syn- 
thetically pit^pared tropeine, is also of importance 
in medicine. The best known sources of the 
three alkaloids are belladonna (Atropa J?e2k»- 
donm (Linn.)), henbane {IJyoscyamua mger 
(linn.)), stramonium [Datura Stramonium 
(Linn.)), all of wliich are used in medicine. 
Other 2>Iants which contain them in imjx>rtant 
quantities, and cither are or may be us^ com- 
mercially as iHOurces of the alkaloids, are ifyos- 
cyamus mulicua (Linn.), //. aXbu$ (Linn.), and 
//. relicvdaiua (Linn.), Datura Jfetsf (linn.), 
D, arborea (linn.), 2>. querci/olia (H. B. and K.), 
Dvboisia myoporoidea (li.Br.), 2>u6oisfd Leidli- 
h/ardtii, Scopolia carniolim (Jaoq.), and 8, 
faponka (Maxim.), Mandraffora offieimrum 
(linn.), and Solandra longiftdia. Am a rule, at 
least two of the alkaloids are found together in 
each plant, but //. muticua is remarsukble in 
containing only hyoscyamine. It is probalde 
that atropine rarely, if ever, ogouiv pre- 
formed in plants, and the traces geneiwy 
found in the extracted alkaloids are doe to 
racemiaation of hyosovamine either daring the 
drying of the plant or by the action of ohemieal 
agents used lor extraction. In general, tiie 
alkaloids are present in the stem, mates, foot^ 
and seed, and the amount of total alkaloid pre- 
sent in each of these parts shows great tarimeii. 

Preparation,*^Tb» method used the 
extraction of these alkaloids varies to some 
extent with the material employed, but the 
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ioUowira giMieral prooecHi gives good results as a 
rule. OThe finelj-muxidy air-o^ drug is ex- 
hausted by ]Wco1atiou with oold 9(Pd5 p^c. 
alcohol and the greater ppt of the solvent re- 
moved by distillation. The semi-solid extract 
IB i^en treated with dilute (0*5 p.c.) hydroobloric 
or sulphuric acid» until no more alkaloid is 
remove. This acid liquid is filtered, shaken 
with small quantities of chloroform, if necessary, 
to remove traces of chlorophyll, oil, or other 
soluble non-basio matters, then made slightly 
alkaline with dilute ammonia, and the alkidoid 
extracted by means of chloroform. The latter 
is distilled off, leaving, as a rule, a clean gum-like 
residue. From this, by solution in chloroform 
and careful addition of light petroleum, hyos- 
oyamine may be caused to separate in ci^stalline 
form. If hyosine be present it remains dissolved 
in the chloroform, and mav be caused to separate 
by further addition of light petroleum. The 
salts of these alkaloids being more stable than 
the free alkaloids they are best purified by 
reorystallising their salts from water. Hyos- 
cyamine may be finally purified by re-crystallisa- 
tion from alcohol by addition of water. The 
best source of hyoscyamine is the Egyptain 
plant, HyoBcyamua mutkus, 

EsTiifATiox OF Total Alkaloids. Dunstan 
and Ransom have devised the following methods : 

For the root* — Exhaust by hot percolation 
20 gnus, of the finely-powdered root with a 
mixture of equal parts of chloroform and 
absolute alcohol. Agitate the solution with 
two successive quantities of 25 c.c. of distilled 
water, adding a small quantity of dilute sul- 
phuric acid. The salts pass into the ^ueous 
layer, and the colouring matter remains dis- 
solved in the chloroform. Wash the aqueous 
extract with a little pure chloroform to remove 
adhering impurity, then add ammonia in slight 
excess, and dissolve out the liberated alkaloids 
by agitation with chloroform in the usual 
way. The residue of alkaloid left on the 
evaporation of the chlorofonn is dried at 100^ 
and weighed and finally titrated (Phann. J. 
1883-4, [iii.] 14,623). 

For the leaves, — ^20 grnis of the finely- 
powdered dry leaves are exhausted witn absolute 
alcohol. The liquid is largely diluted with 
water, acidified with hydrochloric acid, and 
repeatedly extracted by agitation with chloro- 
form until the whole of the chlorophyll, fat, &c., 
has been removed. The liquid is then made 
alkaline with ammonia, and extracted with 
chloroform, which, on evaporation, loaves a 
residue of alkaloid. This must be dried at 100^ 
before being weighed. This process answers 
equally well for stems or fruit capsules, and for 
seeds, if the latter are first extracted with light 
petroleum to remove oil (Pharm. J. 1885^, 
fiii.] 16, 237). 

oj ike leaves , — From 1 to 2 grms. of 
Uie extract are dissolved, as far as possible, in 
warm dilute hydrochloric acid, any residue being 
extracted wiw the dilute acid until all the 
alkaloid has been dissolved. The acid liquid » 
then extracted with chlorofonn until nothing 
further is removed, and, after this treatment, 
is msAs alkaline with ammonia, and the free 
temeved by agitating again with 
warofomi, whkli on evapotation leaves a 
raddue cl alkatoid that is dried at 100%. and 


weighed and finally titrated (ibid. 1885-6, [iii.] 
16, 238). 

AkdhoUc extract of ike root. — 2 grms. of this 
extract are dissolved as far as possible in dilute 
hydrochloric acid. This solution is then treated 
as described*imder the leaf extract (ibid. 1885-6, 
[iii.] 10, 777). 

No method is yet available for the quantita- 
tive separation and estimation in mixtures of the 
individual mydriatic alkaloids, but the approxi- 
mate amoimts of each present may sometimes 
be determined by careful fractionation with 
gold chloride. 

Atropine C17H2SO8N is the racemic form of 
hyoscyamine, fcrom which it is readily formed by 
the action of alkalis. It was first obtained 
by Mein (Annalen, 1833, 6, 67) from the root 
of Datura Stramonium (Linn.), and called by 
him daturine, Geiger and Hesse obtained it 
independently (iftfo. 1833, 5, 43 ; 6, 44 ; 7, 269) 
from belladonna root, and their material was 
analysed by Liebig, who assigned to it the 
empirical formula now in use. Atropine is 
stated to occur with hyoscyamine and a little 
hyoscine in belladonna and stramonium and 
with more hyoscine in Scopoliajaponica (Maxim), 
but tliere is reason to believe that the alkaloid 
does not exist pre-formed in plants, although 
it may be produced in the course of preparation 
by the action of alkalis on hyoscyamine. In 
any case, the commercial alkaloid is now 
obtained invariably by conversion of hyoscy- 
amine by the action of ve^ dilute alcobouo 
alkali hydroxide (Will and Rredig, Ber. 1888, 
21, 2797 ; of, Gadaraer, Arch. Pharm. 1901, 239, 
294). 

Properties , — ^Prismatic crystals, m.p. 118®, 
Readily soluble in alcohol or chlorofonn, less 
soluble in ether or hot water, spiuringly soluble 
in cold water. The aqueous solution is alkaline 
to litmus, hsematoxylin, and phenolphthalein. 
The fact that atropine is alkaline to phenol- 
phthalein serves to distinguish it and its^ isomi^ 
trom most other alkaloids. Atropine is opti- 
cally inactive. One of the most remark^le 
properties of atropine is that of causing sustained 
dilatation of the pupil of the eye, a^ property 
which is often made use of in det^ting it and 
other alkaloids of this group, several of which 
exert this mydriatic action. A drop or two of 
an aqueous solution, containing 1 part of atropine 
in 130,000 parts of water, when introduced into 
the eye of a cat is sufficient to produce this 
effect. When taken internally atropine is 
highly poisonous. It diminmes glandular 
secretions, causes paralysis of the vagus termina- 
tions, and acts as a sedative to involuntary 
muscles. Some of the alkaloid is apparently 
excreted unchanged in the urine* 

The ordinary salts of atropine are crystalline 
and soluble in water. The sulphate 

B8H.S04,H80 

is commonly used in medicine ; it forms colour- 
less needles, m.p. 187M88®, 194® (dry). The 
aurichloride B'HAuCii appears as an oily pre- 
cipitate when produced in the ordinary manner. 
Tra soon seiiaifies to a crystalline maM, which 
may be le-orystailised from water acidified with 
hydrochloric acid. The crystals melt at 187®- 
139®. This sak and the niorate, m.p. l75®-176®, 
are useful for the identification of the alkalcid. 
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sinee the cormponding salts of the other 
of this group melt at different tern* 

pexatuxes. 

Reactions und Among the 

eharaoteristic ^[aa^tative reactions of atrcmine 
may be mentioned one which' has Been 
modified by Labat (Bull. Soc. Pharm. Bord. 
April, 1914, 148), and consists in treating a 
particle of the alkaloid with 2 c.o. of a 10 p.c, 
solntion of sulphuric acid and adding one drop 
of a saturated aqueous solution of potassium 
chromate, on warming, the characteristic 
hawthorn odour develops and changes to that 
of benaaldehyde. The latter odour is also 

S roduced when the alkaloid is boiled with a 
ilute solution of sodium hypobromite. This 
well-known test introduced by D. Vital! (Zeitsch. 
anal. Chem. 1881, 20, 663 ; Pharm. J. 1881, 
[iii,] 12, 459) has been modified by Arnold 
(Arch. Pharm. 1882, 20, 664), also by Fliickiger 
(Pharm. J. 1886, fiii.] 16, 601), whilst E. 
Beckmann (Arch. Pharm. 1886, [iii.] 24, 481) 
jKunts out that veratrine gives a somewhat 
s ymilftT reaction unless certain modifications are 
employed ; and Droop Richmond (Analyst, 1918, 
xliii. 606) demonstrates other points which 
should be noted. Other characterististic colour 
reactions are described by Richard (Chem. Zeit. 
1904, 28, 1048). 

The reactions of atropine and other alkaloids 
writh mercuric chloride were described by A. W. 
Gerrard (Pharm. J. 1884, [iii.] 14, 718), who in 
a later paper (Pharm. J. 1891, [iii.] 21, 898) 
modifies and more precisely defines the meth^ 
of making the test, and gives details of the 
tinctive reactions observed with atropine, ; 
hyoscyamine, homatropine, and hyoscine, under : 
these oonditions. The value of Gerrard’s test j 
has also been confirmed by Fliickiger (Pharm. J. 
1886, [iiL] 16, 601), who found cocaine gave a - 
pure white precipitate which very soon turned 
red. 

Amongst the more modem researches which 
may be mentioned are those of Eder in the 
Schwets. Wchschr. f. Chem. u. Pharm. 1913, 
61,228; and Schweiz, Apoth. Zeit. 1917,54; 
the latter of which contains a series of pa^rs on 
the detection of atropine, whilst Wasicky 
(Zeitsch. anal. Chem. 1915, 64, 393) describes 
a oolorimetiic method of identifying atropine and 
allied alkaloids by means of p-dimethylamino- 
benaaddehyde. 

In 1917, Baamossen (Bc^r. Dcut. pharm. 
Gee. 1917, 27, 193) described a method based 
on the precipitation of the sparingly soluble 
sUicotungetate 

4C„H„0,NSi0„12WO,2H,0,4H,0 

aa ioieriiadowed by 0. Javillter (Bull. Sci. 
Pluuia. 1010, 315); this salt is soluble in less 
than I part in 40,000 water. 

Atropine readily undergoes hydrolysis with 
either acids or alkalis ; in the latter case it yields 
tfopio acid and tropinc in accordance w«th the 
equation 

Oi,H„OJS+H,0«C.HioO.+C.H,»ON 

Atropliie. Tropic acid. Aoplne. 

When the hydrolysis is effectiid by an acid, 
^espe^ll^ concentrated hydroch^ric ackit the 
tropio aeSd loses the etoments of water, and 


atropic acid OfHsOa results, whilst at a high 
temperature this latter compound is mors^ or 
less ohim^ into its polymers a and jS-isa- 
tropio acid CigHuOj. ^ ^ 

The hydrolysis of atropine is jireferably 
effected by heating the alkaloid with saturated 
barium hydroxide solution to W® or 80® for a 
few hours. Dilute sulphuric acid is added until 
a drop ceases to give a pink coloration with 
phenolphthalein. The liquid is filtered, and the 
filtrate acidified with hydrochloric acid and 
twice shaken with etlier, the ether is aepmted, 
and on evaporation yields the acid constituents 
of the hydrolysis ; to obtain the basic product, 
the aqueous layer is shaken with an excess of 
alkali hydroxide and extracted with chloroform. 

Atropine 3 nields an anhydride {apoatropine) 
(see below) when heated with dilute nitric acid 
(Pesci, Gazz. chim. ital. 1881, 11, 438; 1882, 
12, 60), which Hesse subsequently isolated from 
belladonna root and named atropamine ( Annalen, 
1892, 271, 124 ; c/. Merck, Zeitsch. anal. Chem. 
1892, 31, 229; and Hesse, Annalen, 1893, 277, 
290). Apoatropine is not mydriatic. 

Tbopinb CgHuON forms large, colourless 
tablets, m.p. 63®; b.p. 229®; sp.gr. 1*0392 at 
76®/4®, soluble in w*ater, alcohol, or et her. It is a 
strong base, which forms ciystalline salts. It is 
poisonous, but does not dilate the pupil of the 
eye. Tropine and tropic acid unite to form 
tropine tropate CgHjgNO'CgHioOg, and this salt, 
when heated with dilute hydroc^hloric acid, 
loses water and furnishes atropine, identical 
with the natural alkaloid (Ladenburg, Annalen, 
1883, 217, 74), iSimilarly, by heating other 
organic salts of tropinc with dilute hydrochloric 
acid, dehydration occurs, with production of 
the acyl derivative of tropine. The bases thus 
formed have lx*cn called by I.rfwlenburg tropHnes, 
In this way /-atropine (/-tropyltrojxine), d* 
atropine ((f-tropyUroj)eine)i pflctx/oatmpine (atro- 
lactyltropeine), and atropamine (apoatropine, 
atropyltropelne) have been prepared («*/. Wolffen- 
stein and Marolock, Her. 1908, 41, 723; and 
Wolffenstein and Rolle, ibid, 1908, 41, 7i)3). 
Several of the tro|)eines exert a mydriatic 
action. PhenylglycolltjUrQpeim or inandelyl- 
trojieinc (TigHjiOjN is uwd in medicine under 
the name }wm<Uriypine, Its mydriatic effect is 
less persistent than that of atropine. As a 
result of Laden burg's work it has Imn generally 
assumed that only those irri^teines produce a 
mydriatic effect which contain an alcoholic 
(not phenolic) hydroxyl in the aromatio add 
residue, thus acetyl-, liepzoyl-, and salioyl* 
tropeines are not mydriatic, whilst mandelyltio- 
jieine is mydriatic. Jowett and PyniM find 
that this is not strictly true, mydriasis being 
produced by terebyltropeine (Chem. Soo. Trans. 
1906, 89, 360), and only slightly by o-earboxy^ 
phenylglyoeryltrqpeinc 1906, 01, 93 ; 1909, 
96, lOiO; and me. int. Cong. Appl Cbem. 
1909) which should be very active. Certain 
tropeines containing a lact^o group beeotae 
leas active when the lactonic groupteig is opened 
bv the action of alkali. 

Tropine hea been the rabjeot of bbiiiw(n» 
invectuatioDfl e^peoieUy by LMonbiitg, Merililg 
and mUstfttter gnlaftinatiBg bs Ita ayntbeiie 1^ 
the laet-named from ntbeiono m « etnitiU’paiat 
(Ber. 1901, U, 3163; AnaatoB. 1903. m 33). 
On the bneie of tbM nralbi 
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DM now ganemUy mprewnted by the foltowing 
foimulB— 

OH,— CH— C3H, 

Me-i Lon 

Tropine. 

CH2--CH— CHg 

Me-Jr AhO-OC— CH(C 2Hfi)CH2-OH 

(jH.| — (!h — ► dlla 

Atropine (tropyltropelne). 

Tropine undergoes a series of interesting 
decompositions under the action of various 
regents. The most interesting of these are as 
follows : When heated with dehydrating agents 
it furnishes tropidine CgH^aN (Ladenburg, 
Annalen, 1883, 217, 177), a strongly alkaline oil, 
b.p. 162M63®, sp.gr. 0*9467 at 19®/4°, which has 
an odour recalling that of coniine. On oxidation 
with chromic acid tropine yields in turn tropinone 
CgHiaON (Willstatter, Ber, 1896, 29, 396), m.p. 
4 1 ‘*-42®, b.p. 224®-226®, tropinic acid CgHisOgN 
(Marling, Annalen, 1883, 2J6, 348 ; Willstatter, 
Lc,)^ and finally ecgoninic avid C7H11O2N (see 
under Cocaine), which was shown by Willstatter 
and Bode to be N-methylpyrrolidine-2-acetic 
acid (Ber. 1901, 34, 619), thus proving the 
presence of a pyrrolidine ring in tropine. For 
a detailed account of the important researches in 
the tropine series, 8chmidt*6 iJber die Erfor- 
schung der Konstitution und die Versuche zur 
Synthese wichtiger Pfianzenalkaloide, i. 1900; 
ii. 1904 (Enke, Stuttgart), should be consulted. 

Atropamine (Apo-atropine) C17H21O2N is the 
anhydro derivative of atropine (Pesci, Gazz. 
chim. ital. 1881, 11, 538; 1882, 12, 60). It is 
reputed to occur naturally associated with 
atropine and hyoscyamine in the solanaceous 
plants (He^se, Annalen, 1892, 271, 124 ; Merck, 
kitsch, anal. Chem. 1892, 31, 229 ; and Hesse, 
Annalen, 1893, 277, 200) ; but is best prepared 
from cither of the two latter alkaloids by 
adding the substances gradually to strong 
nitric or sulphuric acid, or by heaCing them 
with acetic or phosphoric anhydrides. 

Atropamine crystallises from ether in prisms, 
m.p. 60®'-62®, which are very slightly soluble in 
water and petroleum ether, readily* in alcohol, 
chloroform, benzene, and carbon bisulphide. 
It forms salts which crystallise well from water. 
The s^rin^ solubility of the hydrochloride and 
hydrouromide affords a ready means of separat- 
ing atropamine from the other alkaloids of this 
The aurichloride crystallises from water 
s yellow needles, m.p. 110®-! 12®. 

On hydrolysis atropamine yields atropio acid 
and tropine 

C„H2i0,N+H20-C2H.02+CgHuON 
Atropamine is optically inactive, does not 
reddm phenolphtlialein (Wng thus unlike atro- 
and hyoscyamine), but colours red litmus 
hliie. It m a latter taste, does not possess 
inydrialio pnqmrties* but produces a burning 
sen^on whsii' dropped mto the eye. The 
hy^^Uoiife m,p. 287®-r289% forms 

l«Mdlots,ai«l the euriohloride BH^AnCig, needH 
m-p. UftVUr. 


BaidOBBliie Ci7Hn02N. This alkaloid is 
stated to occur in the leaves and root of Atropa 
BeUadonna (Linn.) (Hubschmann, J* 1858, 376 ; 
Krauts Ber. 1880, 13, 165 ; Diirkopf, ibid. 1889, 
22,'S183; Hesse, Annalen, 1891, 262, 100); and 
is generdly found in the mother-liquors of 
hyoscyamine and atropine. Accordix^ to 
Merling (Ber. 1884, 17, 381) it has the formula 
CX7H21O2N, and is isomeric with anhydro* 
atropine (apoatropine), and this was confimed 
by Hesse (Lc. 1892, 271, 123 ; 1893, 277, 296), 
who stated that it can be prepared by the 
action of (1) sulphuric acid on atropine or 
hyoscyamine, or (2) hydrochloric acid on atropa- 
mine (apoatropine). Belladonnine is a resinous, 
uncrystallisable base, which is hydrolysed with 
much greater difficulty than the other sola- 
naceous alkaloids, yielding tropine OgHigON 
and atropic acid (Merling). It appears to be 
devoid of mydriatic power. 

The salts are amorphous B2H2PtCi4 and 
BHAUCI4, are yellow pulverulent precipitates 
quite Insoluble in cold water. 

Homatropine (MandelyUropeine) 

C4H5CH(OH)COaC8Hi4N 
is the chief artificial tropeine used in medicine. 

It is a lower homologue of atropine, in which 
the CHgOH group is replaced by OH, and is 
prepared by passing hydrogen chloride gas 
through a mixture of 7 pai%9 of tropine, 10 
parts of mandelic acid, and 2 parts of water; 
it crystallises from dry ether in prisms, m.p. 99®- 
100®, it is also soluble in castor and olive oils, 
and such solutions are employed in ophthalmic 
surgery for instilling into the eye. Homa- 
tropine resembles atropine and hyoscyamine in 
its general physiological effects, but it is much 
loss toxic and in small doses is a true hypnotic. 

It has a powerful mydriatic effect which is pro- 
duced and passes off more rapidly than is the 
case with the natural tropeines. Homatro- 
pine hydrobromide crystallises in flat rhombic 
prisms* or plates, m.p. 212°-214® ; the hydro- 
chloride has m.p. 219®-227®: the sulphate, 
m.p. 222®-226® ; the aurichloride forms yellow 
prisms slightly soluble in water, it is precipi- 
tated first as an oil, but subsequently b^mes 
crystalline; homatropine methobromide has 
m.p. 192®-196®. 

Hyoscyamine C^HjsOgN. An isomeride of 
atropine. It is the moat common of the 
solanaceous alkaloids, being the principal 
alkaloid in Atropa Belladonna (Linn.) (Shmidt, 
Arch. Pharm. 1905, 243, 303), and Hyoacyamua 
niger (Linn.), and //. albus (Linn.), the sole 
mydriatic alkaloid in //. mnticus ( Linn.) (Dunstan * 
and Brown, Chem. 80c, Trans. 1899, 75, 74 ; 1901, 
79, 72), and the chief alkaloid in Dainm Stramo- 
nium (Linn.), Duboisia myoporoiAu (B. Br.), 
Scopoiiacarniolica (Jaoq.) (Dunstan and Oiastou, 
Pharm. J. 1889-1890, [iii.] 20, 461), and S. 
japonka (Maxim.) (Schmidt, Arch. Pharm. 1888, 
(iii.] 26, 185, 214), and in other similar ^nts ; 
it exists iu minute quantities in lettuce, lAUsiuca 
virom (Unn.) and L. Scariola (Linn.) (Dymond, 
Chem, Soo. Trans. 1892, 61, 90). 

Preparation . — Hyoscyamine may be ex- 
tracted from the various plants containing il by 
means of the process described in the introduo<t 
tiott to this section. The best soura of 
alkaloid is the stem and leaves of Hyoaeymtim 
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muticust since this material is free from other 
mydriatic alkaloids of this group. It may also 
be obtained from henbane or stramonium. In 
preparing the alkaloid great care must be taken 
not to leave it in contact with alkalis, since these 
readily convert it into atropine. Hyoscyamine 
is but little used in medicine, and is generally 
used merely as a source of atropine, into which 
it readily passes by simple racemisation. When 
atropine and hyoscine are also present in the 
plant these alkaloids are obtained with the 
hyoscyamine. The isolation of pure hyoscy- 
amine from the mixture of the alkaloids is a 
difficult operation. The greater part of the 
atropine may be removed by repeated crystal- 
lisation from dilute alcohol, the hyoscyamine 
for the most part remaining dissolved. The 
isolation of pure hyoscyamine can be effected by 
repeated crystallisation from hot petroleum, or 
it may be usefully accomplished by converting 
the alkaloid into the aurichloride and repeatedly 
crystallising this salt from dilute hydrochloric 
acid until it melts at the proper temperature. 
The alkaloid may be regenerated from the 
aurichloride by decomposing it with hydrogen 
sulphide in the usual manner. 

Hyoscyamine crystallises from alcohol or hot 
petroleum in slender needles with a peculiar 
tendency to come out in a jelly-like mass, it 
melts at 107°. In its solubilities it closely 
resembles atropine. The specific rotatory 
power of the pure base taken in 50 p.c. alcohol 
is 22°, but as met with in commerce it 
generally contains a small proportion of atropine, 
and rarely has a higher rotation than [a]jj— 21° 
(Carr and Reynolds, Trans. 1910, 97, 1328). It 
resembles atropine in taste and physiological 
action, though its activity is much greater. 

When heated the alkaloid sublimes, with 
partial decomposition, and it is said to be 
slightly volatile with steam. When hyoscy- 
amine is heated to a temperature slightly higher 
than its melting-point, it is converted into 
atropine (Schmidt, Ber. 1888, 21, 1829). This 
conversion also takes place with great facility 
when hyoscyamine is warmed or even allowed to 
stand in the cold, with caustic alkalis or alkali 
carbonates, but it only takes place extremely 
slowly in presence of ammonia (Will, Ber. 
1888, 21, 1717, 2777). Hyoscyamine exerts 
a strong mydriatic action, and is a powerful 
poison. 

Many of the ordinary salts of hyoscyamine 
are crystalline and soluble in water. The 
sulphate Bj|*H|S 04 crystallises well from 
alc^ol and melts at 205°-209°. A 4 p.c. 
aqueous solution gives [a]p— 27*8°. The auri- 
chloride B'HAudi ciystallises from alcohol in 
anhydrous golden yellow hexagonal plates, 
fitp. 185°; but, uimke atropine aurichloride, 
it does not melt when heated under water. 
This salt is less soluble in acidified water than 
atropine aurichloride, from which it may be 
ssfitfsted by repeated crystallisation. 

Byoscyamine auribromide B*HAuBr 4 ,HtO 
ef]ndwiiss in deep red-colouied and highly 
histions needks, the anhydrous salt sinters at 
155°* and nmlbi lAarply at 160°. The hydro- 
beomide^forms fine needles, m.p. 151°; the 
pioiate ciystall^ in plates, nap* 165^; the 
oisdate wins veiy long prisms, m.p. 176°; and 


the methobromide emtallises in colourless 
crystals, m.p. 210°-212°, 

ifeoelKme.— The qualitativa reactions of 
hyoscyamine are, for the most part, identical 
with those of atropine. When heated with acids 
or alkalis, like atropine, it undergoes hydrolysis 
into tropine and tropk acid. On reversing this 
reaction by heating together the tropine and 
tropic acid, atropine and not hyosevamine is 
formed. According to Gadamer (Arch. Pharm. 
1901, 239, 294) hyoscyamine is, in the first place, 
converted by alkalis into atropine, and it is 
really this alkaloid which is hydrolysed. The 
same author sta^ that by the action of water 
at atmospheric * temperature hyoscyamine is 
resolved into r-tropine and l-tropic acid, and 
consequently hyoscyamine must oe 2-tropyl-r- 
tropine ; Amenomiya {ibid. 1902, 240, 498) has 
synthesised l-hyoscyamine and d-hyoscyamine. 
Ladenburg and Hundt's d- and l-atropines 
(Ber. 1889, 22, 2590) are regarded as mixtures of 
d- and /-hyoscyamine with atropine. 

As in the case of atropine, atropamine and ^ 
belladonnine result from the action of strong 
acids, and acid anliydrides upon hyoscyamine. 

Detection . — Hyoscyamine may be detected 
by its mydriatic action and by most of the 
reactions described under atropine. Its partial 
separation from atropine may be effected by 
recrystallisation from dilute alcohol, but it can 
only be completely separated and identified by 
preparing its aurichloride, which is characterised 
by its melting-point. 

Hyoscine (i-Scopolamim) CtfHgiOiNHiO. 
This alkaloid was first isolated by Ladenburg 
(Annalen, 1880, 206, 299). Some years later, 

E. Schmidt (Arch. Pharm. 1890, 228, 139, 435) 
obtained a crystalline alkaloid from Scopolia 
carniolicat which he afterwards found to be the 
chief constituent of the alkaloid obtained by 
Ladenburg {see Hesse, Annalen, 1892, 271, 120 ; 
1893, 276 84; and Schmidt, Arch. Pharm. 
1892, 230, 207; 1894, 232, 409). Hyoscine 
occurs in small amounts together with hyos- 
cyamine and other alkaloids in many solanaoeous 
plants, and is more abundantly present in the 
various species of datura (Arch. Pharm, 1905, 
243, 303). Its exact constitution has recently 
been decided by Hess and Wahl (Ber. 1922, 5^ 
1979), following much work on the subje^ by 
Willstatter and his coUaborators (Zeitsch. 
physiol. Cliem. 1912, 79, 146), Hesse (Ber. 
1918, 51, 1007) ; and King (J. Chem. Soc. 1910, 
115, 476). From the work of these authors, 
hyoscine is the l-tropyl ester of oscine, 

^CH— CH-GHj Ph 

: IjMeino-co-iH 

XcH-iH-iH, in, OH 

Farther, Tutin (Trane. C9tem. Soc. 1M0« 
97, 1793) hae shown that scopoline may he 
obtained in its optically aotiVe form, and 
must contain either one or two eqrmmetifo 
carbon atoms; wluie King {lx.) shows 
hyoscine to be a moleouhr oomUnatioa 
ot 2-tropyl'd^cine, and ^troml-tKiedne. 
{•Hyosoine base is ui nneiyswflsidlle oU- 
rsadily soluble in water. IHie spedfie Mtetfoa 
of an aqueons eolation has bera Monded at 
[a}p-28% bat dm albloid ea^tcyed t»j lumi 
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bean pajrtly moeznSBed during its isolation, there ; 
being no method of purifying the amorphous 
base. 

Hyosoine hydrobromide B,HBr3H.O has 
m.p. I93M24% [alp (in urater)-26-9® ; it forms 
large rhombrio tablets; the commercial salt 
generally contains 11-12 p.o. of water and is 
variable in its optical rotation, owing to the 
presence of d-f-hyoscine. The picrate forms 
slender matted needles, m.p. ISTMSS'^, the 
auriohloride, yellow prisms, m.p. 198^-200% and 
the auribromide, brown prisms, m.p. 210^ The 
aurichloride forms needles witl^ serrated edges, 
m.p. 204^-205°; the auribromide forms red 
leaflets, m.p. 187®-188®. 

By the action of alkalis or by direct heat 
hyoscine is racemised to i-scopolamine. Hyos- 
cine resembles atropine and hyoscyamine in its 
physiological action, producing more powerful 
but less lasting paralysing effect upon the 
peripheral nerve endings and depression of the 
motor area. It does not, however, stimulate 
the brain initially, and is consequently employed 
by preference for cerebral affections. It is of 
great use in acute mania. 

When warmed with dilute alkalis or barium 
h3rdroxide I-hyoscine is hydrolised, yielding 
tropic acid and a new base, which has been 
variously called oscine, scopoline, or oxytropine. 
If hydrolysis bo effected with dilute hydro- 
chloric acid 1-tropic acid and d-l-oscine res^t. 

d-l-Hyoscine (i-Scopolamine, Atroacine) 
CifH2i04H is the optically inactive isomeride 
of hyoscine. It forms 2 crystalline hydrates; 
with 2H2O, m.p. 37°-38®, with IHaO, m.p, 66®- 
67®, the anhydrous base melts at 82°-83®. It 
furnishes crystalline salts, the hydrobromide 
crystallises in rhombic tables, containing 3H2O, 
and has m.p. 181®, other salts are the hyA^iodide, 
m.p. 192®, the picrate, m.p. 173®-174®, the 
aurichloride which forms needles with one edge 
serrated, m.p. 214®-216®, and the motho- 
bromide, m.p. 216°-217®, 

Oseine {Scopoline) C2H13O2N results from 
the hydrolysis of hyoscine (Hesse, Annalen, 
1892, 271, 114 ; 1983, 276, 84; Luboldt, Arch. 
Pharm. 1898, 236, 11). It crystallises in prisms 
from light petroleum or chloroform, m.p. 109®- 
110®, b.p. 241®-243®. It is readily soluble in 
water and alcohol, and less readily in ether, 
Oscine is optically inactive, but unlike tropine 
it cuan be resolved into its d- and /- constituents 
(Tutin, Trans. Chem. Soc. 1910, 97, 1793), 

lake tropine, oscine contains a hydroxy! 
group and is readily ostorifled, forming a series of 
esters, the soopole ines. None of the scopoleines 
have been used in medicine. 

t-Osoine yields a crystalline monoacety] 
derivative, m.p. 53®, a benzoyl derivative. 
m.p, 68®-70®, together with other crystalline 
salts. The hydrochloride forms (hydrated) 
tablets and (anhydrous) ^isms, m.p. 273®- 
274®, the picrate crystalliiMis in flattened rhombs 
m.p. 237®-238®, the d-Msomeridos have the same 
melting-potnta. 

ttmlflgorilie CsjHiiOiN was obtained by 
Ahrens (&». J889, 22, 2159) from Mandragora 
o^tnofUNi (linn.), and from the same source 
to HerntX pr. Cham. 1901, [iiM 64, 274), along 
with hyoicyaiidiie, Imedne, and norhyos^^ 
Aoopidhig to Xbonis and Yenisei (wr, 


901, 34, 1023), Ahrens’ mandn^orme was 
merely a mixture of hyosevamine with hyosoine 
and possibly a third alkaloid {v» MANDBaooEa 
BOOT, vol. iv. p. 210). 

MeMofdine C12H21O4N was obtained by 
Pyman and Beynolds (Chem. Soc. Trans. 1908, 
93, 2077) from Datura metehidea (DC.) along 
vith atropine, and hyoscine (scopolamine) to 
he extent of 0*07 p.c. It crystallises in 
abular needles, m.p. 141®-142®, and furnishes 

crystalline, optically inactive hydrobromide 
B*HBr,2H20, m.p. 260® (anhydrous), and an 
lUrichloride, m.p. 149®-150®. , On hydrofysis by 
baryta water meteloidine furnishes tiglic acid 
OHMe : CMe*COOH and a new base tdoidint 
CsHxsOaN, which crystallises with IH2O and 
has m.p, 168®-169® (anhydrous); the auri- 
cbloride B*HAuCl4,|H20 has m.p. 226®, and 
crystallises in hexagonal plates. 

Norhyoscyamine CisHjiOsN occurs in Sco- 
polia japonica (Maxim), Datura Metd (Linn.), 
Datura meteloidea, Duboiaia Myoporoidea^ Dviboi^ 
aia Leichfiardtii, Salandra longifoliaf and Mandm- 
gora officinarum. It is a white crystalline base, 
m.p. 140*6®, strongly basic in character (being 
all^linc to phenolphtholein). It forms beautifully 
crystalline salts, of which the following have been 
characterised : the hydrochloride, m.p. 207®, the 
sulphate, m.p. 249®, oxalate, m.p. 245®-246®, 
aurichloride, m.p. 178®-! 79®, platinichloride, 
m.p. 141®, picrate, m.p. 220®. A solution of the 
base in 50 p.c. ethyl alcohol gives [a]j)— 23*0®. 
On treatment with methyl iodide it yields 
tiyoscyamine (its nitrogen methyl derivative), 
and by the action of duute alkalis gives rise to . 
noratropine (Carr and Reynolds, ifans. Chem. 
Soc. 1912, 101, 946; Petrie, Proc. Linn. Boc. 
N.S.W. 1917, 815). 

Noratropine CieH2i03N is a white crystal- 
line base, m.p, H3®-114®, which readily com- 
bines with water forming a monohydrate, 
m.p. 73® ; it is optically inactive, being the 
racemic modification of* norhyoscyamine, it 
forms well-crystallised salts of which the follow- 
ing have been characterised : the hydrochloride, 
m.p. 193®, the sulphate, m.p. 267®, and the 
aurichloride (B,HAuCl4), which forms rosettes 
of leaflets which melt under hot water and 
crystalliso on cooling, m.p. 157®. 

Both norhyoscyamine and noratropine 
possess mydriatic properties, but are less a<^ve 
than hyoscyamine or atropine. 

Pseudohyoscyamine was the name given to 
a compound isolated by Merck (Arch. Pharm. 
231, 117) from the plant Duboiaia myoporoidea. 
The formula C17H33O3N was wrongly assigiied 
to it; subsequent investigations, however, of the 
alkaloids of this plant (Carr and Beynokis, 
Trans. Chem. Soc. 1912, 101, 946) have shown 
that the so-called pseudohyoscyamine of kferck 
was impure nor-hyoscyamine contaminated with 
a little hyoscyamine 

Sfdandrtne. Solandrino was the name given 
by Petrie to the alkaloid isolated from solaj^a 
leaves in 1908. When later it was characterised 
it was found to be identical with norhyoscya- 
mine {lx.) • 

Tropicoeiina {Benzoylpaeudotropeine) 
CuHuOtN • 

was first isolated bv Oiesel (Ber. 1891, 24, 8886), 
tom Java eoca toaves and subeequmtfy by 
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^ pr, Obeiii. 1902, fii.1 66, 401) feom 

JNmliya coca. Hara and Sakamoto have 
immihed the preparation ol trapaoooaine from 
tke petroleum extract of coca leayes prodnoed 
In Java (J« Pharm. Sue. Japan, 1024, 603, 33; 
; C%ein. Boo. Abstr., 1924, 12o, L 870). It orye* 
tallieeB in needles, m.p. 49% and its solnbililgr 
in dUate ammonia affords a means by which 
it can be separated from the accompanying 
alkfdoida Its alcoholic solution is strongly 
idkaline and optically inactive* The hydro- 
ehloxiile has m.p. 283° (docomp.), and the 
anrichloride, m.p. 208°. 

On warmmg with either mineral acids, or 
alkalis, the Mae undergoes hydrolysis and 
fnroishes benzoic acid and pseudotropinc 
(Liebermann, Ber. 1891, 24, 2338). 

Pseodotroplne CgHisON is isomeric with 
tropine, it forms colourless tablets or prisms, 
is optically inactive, and has m.p. 108°, and 
b.p. 240°; it readily esterifies with organic 
adds, furnishing a series of derivatives which 
tern their analogy with the tropeines have been 
called pseuodotropeines, but, unlike the former, 
exert no mydriatic action. F. H. 0. 

TfiOFILEIlE V. Ketones. 

TROTYL. Syn. for trinitrotoluene, used as 
an explosive . 

TRUFFLES, subterranean fungi, highly 
mized as food. Many species are known. 
Kdnig divides the edible truffles into two chief 
cla ssos' 

(1) While Imflies, the best of which is the 
African truffle, Tuber niveutn (Desf.) or Terfezia 
Leonis (TuL), but also including the Italian 
truffle. Tuber tnagnatum (Pico.) or Tuber album 
(Bdb.), with a garlic-like odour, and the German 
white truffle. Tuber album (Bull.) otChceromycee 
meandr^armie (Vitt.), of much less value. 

<2) waek tofllcs, which include the highly 
mbied French truffle Tuber melanoepermum 
(Vitt.), which is usually in size between a walnut 
and an apple, of dark brown or black colour, 
and coveiM with polygonal warts. It possesses 
a Btipiig aromatic odour, resembling that of the 
stfawbeny; the winter truffle, T. brumale 
(Vitt.) occurs in France and Italy, resembles the 
t^ndi truffle, but has not such an aromatic 
smcdl and tiate. The summer truffle, T, 
metkmm (Vitt.) is the one most usually found in 
PSnylAniiy generally in beech, oak, or birch woods, 
and in miufy soils. It is gathered from July to 
September. 

Kdnig gives, as the mean composition of 
truffles-— 


Water Preidn Tat K*free extract Crude fibre Ash 
77-1 76 0-5 6*6 6*4 .1-9 

Chatin (Compt. rend. 1890, 110, 376, and 
435) found the dry matter in French tmfiSes to 
wry from 20^ to 25*0 p.c. of the original fresh 
;Umtaeiai, and to contain from 4 to 9 p.c. of its 
nitn^en, and from 5*6-1 1 2 p.c. of ash. 
TM aui, in different samples, conUined : silica 
30*^85 p.c., potash 17—28, soda 0*6-2*l, lime 
magnesia 0*2-3*l, ferric oxi^ and 
mum tctf aluiiima 3*2-8 4, manganous oxide, 
twm to 046, uhosp nentoxide 18*4-30*2, 
2*1-44, chlorine with traces of 
Aoaine CF2-04 ]».c. Much laige^propcutions of 
potash and plioqi»hociis pentoxide wm lottnd in 
tha adb of truffles hy Kohirausefa and Loeiseks, 


quoted by Kdnig^ The amount of slnmina fat 
also appareatiy very variable, since Plssi 
f quoted oy Kdnig) found, in the adt of blaok 
truffles, 5*77 p.o. of alumina, in that of white 
truffloB, 7*17 p.o. 

As to the nature of the nitrogenous con- 
stituents of truffles, little appears to be Ipown ; 
probably a considerable proportion of it is in 
the non-proteid form. 

In the non-nitrogenous extract, mannftd, 
trehalose and malic and citric acids have been 


found. 

For an examination of the tiubuiane or 
Caucasian truffles, and of various speoios of 
Terfezia, known as ‘terfas’ and ^kames’ in 
the north of Africa and in Western Asia o. 
Chatin (Compt. rend. 1893, 1 14, 46 ; and Revue 
intern, des falsific. 1893, 14). 

Truffles are sold, either in the fresh condition, 
imbedded in lard, dried, or cooked and pre- 
served in olive oil, or in hermetically sealed 


cases. 

Konig gives, as the mean of 9 analyses of 
the air-dried product — 

Water Protein Fat . N free extract Crude fibre Ash 
4*4 33*9 2*0 24*9 27*1 7*7 


H. I. 

TRUXILUNES v. Cocaine and the Coca 

ALKALOIDS. 

TRYEN,p-iodo-o-Bulphooxy-cycIo-hexatriene 

pyridine. 

TRYGASE r. Syntretio dbuos. 

TR YPAFLAVIN ( Diaminotnelkylacridinium 
chloride), a yellow dyestuff employed thera- 
peutically in the form of a 0*1 p.o. solution as a 
Wtericiae. The solution is sensitive to sun- 
light and turns brown on exposure even to 
diffused daylight. Kept in the dark, or in dark- 
coloured bottles, especially in strong solutions, it 
may be preserved unchanged. 

TRYPAN BLUE AND TRYPAN RED, Azo- 
dyes derived from benzidine having a strong 
trypanocidal action. 

TOYPSIN V, Fbebibntation. 

TRYPTOPHAN, indole-a-aminopraphnic 
acid * 


/V 


«CH,-CH(NH,)COj^ 

CH 


NH 

It i>M been known since the teaearcliee of 
Qmelin, Barnard, and othm of Uie earlier 
phyaiologista that on tiyptic digoetion a enb* 
•tance ia formed from proteida that sirea , 
reddish'Violot coknatiou with chloma, or 
bromine. Other methods of deoompoidqg pro- 
teids, such as putrefaction or allMi or acid 
hydrolysis, give rise to the same mbataaea. lor 
which the name trf/ptophan was SHggastod tV 
Nenmeialer (Zeitsch. Biol. IftKh and 

mnttinekromogen by Btodelmaao (fltfii. ' 491)> 
The componnd itsett was not known ttolft ilOl 
when Hopkins and Oole (J. Pl^idoL IMl. fl. 
il8) isolated it from the ptoAMts lonMd bp il» 
tryptic digestion of oaaaint they Aowod Ifeab 
it poaaesaed tiie formola ^iSisOjiNci 
seatdb and indole when hsntM, and 
Neitin«irtar*s anggasliiMi anawd it I 
Ttfptaflma.oMm mmm$ tlw 






m 


6f fvetaitui, Ibolh <»t 
AallW 01 ^ («b flomiTf), and 
^ is sewatod amnfi oT tbe iq^atinglx soluble 

* double Mil it form uiili merouxio sulphate. 
It is most oouvenienily mpafed tiom oaseiii or 
db]|fa!y the former yielding 7**^ grms, and the 
biter 13-^14 gims. per kilo (Nenbeig/Chem. Zentr. 
1906, H. 892 ; Neuberg and Popowski, Bioohem. 
kitsch. 1909, 2, 367). The protein substance 
from yeast, cereidsin, contains 2*3 p.c. of trypto- 
phan (Thomas, Bull. Soo. ohim. fool. 1914, 1, 
o7 ; Onsbw, Bioohem. J. 1921, 15, 392 ; see also 
Logie, J. Path. Baot. 1920, 22, 224). For its 
ooourrenoe in urine, u. Abderhalden (Zeitsch. 
physioL Chem. 1912, 78, 169) ; Fearon (Dub. 
J. Med. Sci. 1920. (iv.) 1, 28). 

CoThsltttUion and synthesis , — ^The formation 
of indole (Kiihne, Ber. 1875, 8, 206 ; Nenoki, 
ibid, 336), of scatole (Brieger, ibid, 1877, 10, 
1027), of scatole carboxylic acid (E. and H. 
Salkowski, ibid, 1880, 13, 2217) and of scatole- 
acetic acid (Nencld, Monatsh. 1889, 10, 506) on 
putrefaction of proteins was attributed by Nencki 
to the presence of a scatoleaminoacetic acid in 
the protein molecule ; and when Hopkins and 
Cole found tryptophan to have the empirical 
formula OnHuOsNs and to yield indole, scatole, 
scatole carboxylic acid and scatoleaoetic acid on 
putrefactive decomposition, they regarded their 
substance as Nencki's hypothetical scatole- 
aminoaoetic acid 

C-CHj CCHg 

ra m 

SoatoleMiihioaoeUc add. Scatoleacetic acid. 

c-cH, cen* CH 

->o.h;,<^^ccojH-»c,H4/^ch-»c.H4/Vh 
NH ra 

BcatoleoarhoxyUo add. Scatole. Indole. 

Ellinger (Ber. 1904, 37, 1801), however, showed 
that Nencki's so-called scatole carboxylic acid 
was not identical with the synthetic product 
obtained by Wislicenus and Arnold (ibid, 1887, 
20, 3394) from the phenylhydrazine derivative of 
propionylformic acid * 

CH|*CH»*0(NjHPh)CO,H C«H4<Q^C*COOH 

but was in reality the isomeric ifidole acetic acid 

CCH.COOH 


HHnMf (Bm, 1906, 38, 2994) iarfket showed 
that llenfhf s soatoleao^ add was idsndoal 
with indole prQjdonio acid obtained by a rimilar 
synthetio process from ethyl proploixaeetal- 
malonate 



From these considerations it follows that 
tryptophan must be indole-3-a-aminopropionio 
acid or indole-3- j3-aminopropionic acid, and that 
it possesses the constitution of the former com- 
pound was shown by Ellinger and Flamand (Ber. 
1907, 40. 3029), who prepared it synthetically 
from indole 3-aidehyde and hippuric acid. 

' q-CHO 

Indole-3-aldehyde C^Hi^ScH is obtained 
NH 

by oxidising tryptophan with ferric chloride 
(Hopkins and Cole, J, Physiol. 1903, 29, 451 ; 
Ellinger, Ber. 1906, 39, 2515), and can also be 
prepared by the action of chloroform and 
potassium hydroxide on indole; it condenses 
with hippuric acid to form an aelactonet or its 
\ -acetyl derivative (Ellinger and Matsuo]^, 
2^itsch. physiol. Chem. 1920, 109, 259), which 
on hydrolysis yields a-benssaylaniinoindolpU 
acrylic acid. This compound on reduction and 
subsequent hydrolysis yields a-amino*)3*liidole* 
propionic acid, identical with di-tryptophan 


CCHO 
NU 


CHj-NHCOPh 


<!:o, 


H 




c— CH=C^ Vjph 


«.h«Oh 


NH 

O-CHtCNHOOPh 


C,H4<(^ 1£ 


CO.H 


OA 


. obtained synthetically by 


condensing )3-aldehydopropionio acid (obtained 
from aconio acid) with phenylhydrazine and 
subsequent treatment of the ester of the hydra- 
zone with alcohol and sulphuric acid 
C(00,H) OH, C(0O,H)CH, CH CH, 

Jo.l 




.H 


OH)i 

* C,H( liiH 
.H 


,H CH(OH) OO.H 
CH,-CH,<X),Mo 


0-CH,<!O.H 
<SA<^CIH 




C-OH,<CH(NH,)CO,H 

Ellinger and Flamand (Ber. 1907, 40, 3029 ; 
Zcitsch. physioL Chem. 1908, 55, 8L 

Pfop^ies,— -The tryptophan obtained from 
proteids is lasvorotatmy in aqueous eolutioti. 
Hopkins and Cole (J. PhyriioL 1901, 27, 413) 
found [tt]p— 33®, H. Fischer (Zeitsdi. plh|kk»L 
Chem. 1908, 55, 74) found (a:^-841!® lor one 
specimen, whilst others Mve valnM vaiyknu 
from -29*7lh^ to -40*3®; Abderhalden M 
Bwomann (iML 412) foand 
ftUttU&a or Mid aolntion. l-tiTpitophMi 
fOtotoiy, hoviaifta^ +8*7 to+8‘S* in* 
MbUoa Jtt JT/UbOH tOsOea, 



m 






+6*12<» ia 10-12 p.o. N/lNaOfi scfeikm (AUet- 
luMan and £empe» ibid. 1907> fi2| 207; Abd^ 
luddda and Baumanut Ic .) ; lower Taloes were 
found by Vi8oW(4.c.)» [ttlj)+5'56® to 6*09^ a 
2^p.c.aolutiooofaN/lNaOH8olation« Tblsis 
^bably due to partial xaoemkation as Abder- 
balden and Baumann (/.c.) found [a]|p+5*27^ lor 
a specimen that had been repeatedly recry8tal<» 
lifiM ; a 6 p.c. solution in N/1 hydroohlorio acid 
gave [a]^+ 1 *31'^ (Abderhalden and Kempe, l.e.). 
1-Try]^phan oiystallises in six-sided and 
rhombic plates, is sparingly soluble in cold, 
readily so in hot water and has a slightly bitter 
taste ; it darkens when heated at 240^ and melts 
at 252** (Hopkins and Cole, l.c.), at 273° (Neuberg 
and Poj^wsky l.cO» at 289° (corr.) (Abderhalden 
^d Kempe, l.c.). The brown piment found 
in its solutions on standing is probably a con- 
densation product (Abderhalden, Zeitsch. 
physiol. Chem. 1912, 78, 159). 

dl-Tryptophan is prepared synthetically and 
also reaMy formed from 24ryptophan which 
racemises on ciystallisation from pyridine, or 
by the action of ammonia or by heating at 170° 
with hydrochloric acid (Abderhalden and Bau- 
mann, le. ; Alters, Biochem. Zeitsch. 1907, 6, 
272; Neuberg, ibid. 276); the racemic com- 
pound differs from the natural compound only 
in being optically inactive and in having a 
sweet taste. For the dissociation constants, see 
Aristides Kanitz (Biochem. Zeitsch. 1910, 29, 
126). 

Bsseitoas*— The Adamkiewicz or Liebermann 
reaction given bv certain proteins — ^namely, the 
formation of a bfue-vioiet ring at the junction of 
the two liquids when concentrated sulphuric 
add is addra to a mixture of the protein with 
acetic add or ether— -is due to the presence of 
tryptophan in the protein and of glyoxylic add 
in the ascerio add or ether (Adamlnewicz, Ber. 
1876, 8, 161 ; v. Liebermann, Zentr. Med. 
WiaseiiB^ 1887, 321, 450 ; H<mkins and Cole, 
Ptoc. Roy. 8<^ 1901, 68, 21 ; J. Physiol 1901, 
lW/418^ Cole, J. Physiol 1903, 30, 311; 
JOAome and Hairis, J. Amer. Chem. Soc. 1903, 
95,859; Batdachzi, Zeitsch. physiol Chem. 1906, 
48, 145; Bakin, J. Biol Chem. 1907, 2, 289). 
Aoooidilkg to Homer (Proc. Gamb. Phil. Soc. 
1612, 16, 406), who has studied the behavioar of 
tryptophan towards * oertain aldehydes, it is 
fomia&hyde rather than glyoxylic add that is 
t^ gabBtaofse essential to the formation of the 
eharaolecisric violet oolour in the Adamldewicz 
inaction (see also Fearon, Biochem. J. 1^, 14, 

V JVw other ooloiir reactions of proteins due to 
^ pecenoe of tryptophan, see Cole (le.); 
SMdn (le.) ; Fleig ( Aoc. Soc. Bid. med. 1908, 
$15, . 199); Rosenheim (Biochem. J. 1, 233); 
NObwaaMm (Bdtr. Chmn; Physiol. Path. 1908, 

; Heiinrod and Levene (Biochem. 
910, 25, 18) ; Mdrner (Zdtsch. physiol 
„ 1912,107,2031 

Iha led-viold cobur produced by chiotine 
cr hmoiiie water on tryptophamis only given 
W feaa tryptophan, not by its polypeptides 
1 m qglQimoii attains a maximum when the 
amoBBt of halogen is eqniva^gi to four atoina 
per gM sadeoalB of tryptchliaiL and when 
I fun usea sod 


Abder^ 



m^pitatea of the monotologen dsAndtm m 
obtatoed OnHttOtN,Gt and GitHuOr ^ 
Tfaesq compounds are sduble in amy 
ether, or othyl acetate, and toe of 
,sdv6nie has been suM^sted to reider the re- 
action more intense. The addirion of mmem of 
halogen converts the red compounds into ydtbw 
perhaloids OiiHnO^.a, and CuHaC^ 
(Neuberg and Popowski, Biochem, Zeitso 
2, 357; Neuberg, ibid. 1910, 24, 423; 
balden and Kempe, Ic.). 

Detection am estimatioti , — ^According to 
Herzfeld (Biochem. Zeitsch. 1913, 66, 268} a 
distinct blue colour may be detect^ if thm is 
1 part of tryptophan in 1,000,000 by means of 
p-dimethylaminobenzaldehyde ; 20 grms. of 
p-dimethylaminobenzaldehyde are dissolved i 
500 0 . 0 . concentrated hydrochloric add a. 

500 C.C. water. To 50 c.c. of the solution to 
tested 10 o.c. of the reagent are added and 
mixture diluted to 100 o.c. with concentoi 
hydrochloric add. The oolour can be estimated’ 
against an ammoniaoal copper sulphate sedation ; 
see aJto Fasal (Biochem. ZmtBch.1912, 44, 392) ; ^ 
Thomas (Ann. Inst. Pasteur. 1920, 34, 701) ; \ 
for a colorimetric method for the estimation of 
tryptophan, Ijevene and Bouiller (J. Biol 
Chem. 1907, 2, 481) ; Fiirth and Nobel (Biochem* 
Zeitsch. 1920, 109, 103, 124); Fiirth and 
Lieben {ibid. 1921, 116, 224; 1921, 122, 68); 
Ide (Z. expt. Med. 1921, 24, 166); Lilscher 
(Biochem. J. 1922, 16, 556). 

For the estimation of tryptophan in pioteids, 
Homer (J. Physiol 48, iv--v) recommends 
hydrolysing the proteid with bairyta and 
estimating the tr 3 rpophan by means of bromine 
which has been standardised agdnst a known 
solution of pure tryptophan. See also FoBn 
and Looney (J. Biol Chem. 1922, 51, 421), 

For the microchemical detection of trypto- 
phan in plants, see Kretz (Biochem. Z. 19^, 
130, 86). 

Tryptophan is decomposed on heating into 
carbon dioxide, indole and soatole ; when fused 
with potassium hydroxide, scatole, to the extent 
of 65 p.o. of the calculated amount. Is the chiel 
product (Hopkins and Cole, Ic.). 

Tryptophan is coloured yellow to orange by 
BaeiUue proteus vulgaris only at Pa 8*9^4 
The practical bearing of this is conomied s^h 
the manufacture of Stilton cheese (Mattick aioA 
Williams, Biochem. J. 1921, 15, 213). I-Tnrp- 
tophan is oonverted by B. proteus into Lin£m 
la&io acid (Sasaki and Otsuka, Biochm, % 
1921, 121, 167). 

In the aniw economy, tryptoidiaii ui^- 
goes bacterial decomposition unth the forma- 
tion chiefly of indole ; in the case of dogs it to 
partially converted into kyrmeam mi (4- 
J^fmyqainMneZ-cafbosBy^ 

0(0H) 

OQr-” 

(«. (JrarouRi^ And «x«Rde4 aa. 
julmiiriitetioii of i ff jtoBl 

exontkm <rf tamuiiple 
1879, U. 1873| Woii; m 
171} MoiwMi, U8I, i 188; 4. 

ZdtooL MaL CbMB. 1897. tt. 489 1 





UHd. IB97 , VmSA and ffadoKm, Ambr. 

' J. Eb^ysiol. 1898» % 1 ; Cboom, Bes. 1901, 3^ 
2708 *f Ifoiiial- iMid SeimeldBr, Froc. Jkmesr, 
nrraiol. Soo, 1900, hc*»x; Ain«r. J. PlkyaioL 
IWl, 5, 427 ; Oieb, AM. 1^1, 5, 191 j^^GkeiBiier 
andlMU^in, B^tr. <iliem. Phyeiol. Path. 1901, 
1, 28 ; Ber. 1904, 37, 1901 ; Abder- 

halden, LoxCbn and Pmoussahn, Zeitsoh. pbraol. 
Ghem. 1909, 62, 139 ; Homer, J. Biol. Cfhem. 
1915, 22, 391 ; Matsuoka, J. Biol. Chem. 1918, 
85, 333 ; Sp&th, Monatsh. 1021, 42, 89). 

Blluiger and Mat&uoka (Zeitsch. physiol. 
^ CSiem. 1920, 109, 259) find that when indole- 
pyiuvic acdd (1) is administered subcutaneously 
to a dog, it is possible to isolate from the urine 
. l^nurenio acid in amount rather less than one- 
naif of that obtained when tryptophan is in- 
jected; and the conclusion is wwn that the 
. eonrersion of tryptophan into k3murenio acid 
It best re|M?esented by the scheme 

> OCHa*CH(NH,)COOH 

— OCH^COCOjH 

-»CO.HMH‘C;H«COOHvOO-CO,H 

-»NH,-C,H«00CH, CO-CO, H 
yCO-CH, 




/ 


C(OH):CH 


\n===^ ! C0,H 

t-2~MethyJt/yptojAan 

CgH,— C— CH,-CH(NH,)COOH 

irH- -CMe 

crystallises with IMeOH in colourless prisms, 
m.p. 263^-273^ according to the rate of heating ; 
^e pioiate, Oij|H|40^N,*G«H307N„ ciystallises 
in orange plates, m.p, 173° (Barger and Ewins, 
Bio-CShem. J. 1917, 11, 58). 

8aUs of l-fryplopAan.->4-Tryptophan has an 
acid rei^ion towards litmus, and forms salts 
both with acids and bases; the cofper aaU 
(G||Hi^iO«Nt)aCu, sparingly soluble grey-blue 
precipitate (Abderhslden and Kempe, Zeitsch. 
physiol. Chem. 1907, 52, 207) ; the silver saU 
O^Hx^OnN^Ag; tile sodium salt lias [a]j,+2-50° 
i>.c. solation (H. Fischer, {.c.). l^e hj/dro~ 
«U»rUe OuHuO,N,-HC 1 has m.p. 251« and 
in 2 p.o. aqueous solution (H. 
Fisoiwr); the pienite CnHi,0,N, -0,11,0, N, 
'funmlniglrt ledlnstrous needles or plates, ni.T>. 

■ (deoomp.) ; the pierohmte 

CaHx,0,N,-C«H.O,N, 

fount omiiM red needles, m.p. 203'‘-204'‘ 
(Msmdn, Zeiisoh. physiol. Chem. 1907, 51, 261). 

Jfstirt and ocff dentntives.— The me%{ ester 
Ct,H,,N,-C0031e forms orystalline platee, m.p. 
^89’8^(o^.J j tbuiifiroeUoridt 
• 0„HaN,-OOJMe'HCl 

mytiaUlMH ih atteesoopio needles, melts edth 
t ak !fl4* (horn.) ; tiie ItiidroeAfertde 
‘ *' Is Ci,H„N,«COa*H01 

SSearilnS* 

totWIhe. in 


.. 408* J the 

CtiHuO^,-Caaia<!tsH„mA.f69«-l«0*>t the 
toMSMSwUlMijs dtmatne (^,H„0,N,fK>,Ch 
,meUa ana deeampoaee at 186° and mms a. 
apaiii^ sohible aodinm salt; the fi-nofUba- 
ieaeeaqiMme derivative Cx,H»03N.-S03-CxoH, 
melts at 180°, the sodtum sa& at 304° (ccmet.) 
(Abderhalden and Kempe, l.c. ; S31iiiger 
Flamand, Ber. 1907, 40, 3029). 

d-Tryvio^n-anJt/ffdn^ in«p. 230°-^245° (de« 
comp.), has [o]© +20*59° in water ([Priaikel 
and Feldsberg, Bioohem. Zmtsdk. 1921, 120, 
218). 

Other derivatives of tryptophan are moJSt^ 
chiorolryptophan CiiHuO-NiCa, an amorphoua 
red precipitate, m.p. 2^ , converted excess 
of chlorine into the percMaride 0iiHu03NsC2*O|r 
a yellow precipitate decomposing at about 100°^? 
monobramotrypl^han CnHnO^NaBr, an amor^ 
phous red precipitate with a black refiex, ii|«p* 
270°-280° ; the perbromide Ct}HixO|NaBr*Br3 is 
yellow and decomposes at 75° (ifeubeig mod 
Fopowsky, Biochem, Zeitsch. 1906, 2, 357). 

The betaine of tryptophan is identical with 
the alkaloid hypaphonm^ discovered by Greshoff 
(Mededeelin^n uiFs Lands Plantentuin, 1890, 
7, 29) in the seeds of Erythrina hypapherus 
(Boerl.), and is of considerable bioGhemkal 
interest as it is the only natural^ occumox 
simple derivative of tryptophan. The alkakda 
can be synthesised from tryptophan by 
action of methyl iodide, sodium hy^xkb and 
methyl alcohol, which yields the iodide of me^i 
a-irimethylamino- p4nddepropiofiaie 

/N — C-CH,-CH-CO,Me 






m.p. 197°, and this on hydioysis gives 
phorine or a-trimethylamii^ 

/\ — CCH3-CH--W 

of which the nitrate has m.p. 215°-^22D° ahiil 
[a]p+94*7°. Gieahofi found Mj, 91°-93° lor the 
natural base (van Eombuzgh asiA Baiger^ OkeBb 
Soo. IVans. 1911, 2068). M, iu W. , 

TSCHEFFKIN1T£.>^ A titano-siBoato el ! 
cerium earths (OetOt, Ac., 23*47 p.e.)ef doiddlel - 
composition, and nrobably only m atteshifaliif 
product lacldng in homogeneity. Twe anaityii|i| 
(E. Hermann, 1866) fdiowThOtB[)*9aiid 
The mineral is black, opaque, am 
a brown weathered crust on theexteiier* 

4*2*4*5. It is found in pogmatEe in l&s Ifiasea^ 
Mins., Urals; Kanjamalai Hill, near Salem 
in Meukas; Kelson and Bedford oonnties in. 
Virginia, here as masses up io 20 lb. ; and in 
Madagascar. Za J. 8. 

TSCHENorCHEII. Omese oohis of a bsass 
or bronEe-yellow colour, ooutidiiiiig 56-64 p.e* 
copper, 26^ p.o. line, and firom Vz pUL tls, 
2*4 p.0. iionpand 1*6 p.o. lead; and ooesahm^ , 

* This ti fhs usii)i&y*aaNpted spsUiag, M 6hi> 
tbs Emata (ueinnn) m 
Jisrttr trsBOh. Tlw 
WSmjmiuA^ 






UnuiU qiiftoititiet 6 f jUM»k)> aaid 

' ttidb^ ^P&ppi ftin, CSiem. Zentr^ ' 

< n0ffl!8M16n& l^iiikiml0|ibAtti^^ 
jioiilDiiiQm-aliim (NH«)tB 04 ^AL|lK) 4 )|iMBidC 
Xu nfttTO it is fotxiid as oxystadaie i&H 
iigidtsiisontaitujig strealn o! 

Brfiz, and Dux in Bohemia. !n>e ^te» ih^ns, 


^iistittot enbo-octahedxal orystaJs am also 
. found* In some quantity it has been found in 
bituminous shale near Wamsutter in W 3 ^ming 
(B. T. Erickson, J. Wash. Aoad. Soi. 1922, 12 , 
49). It is also recorded as a volcanic product 
from the sdfatara of Possuoli near Kapl^. 

L J. 8. 

ISCHEWKDIITE e. ISCUEFFKINITIL 
fSBHpNQ, A mixture of white lead, alu- 
mina» feme ox^e, and silica, used by the Chinese 

red pigment used in porce- 
lain nainti^. Consists of a mixture of stannic 
i.,and lead sweates with copper oxide or cobalt 
an dgold . 

TUBA* The Malay name for Denis elliptka 
(Benthu), used in Java to kill fish. Contains 
isMomn CitHigOs, white crystals from alcohol, 
m.p. 163^-165^ soluble in most organic solvents, 
Inwhible in water, acids, and alk^. Reduces 
ammoniacal dlvenand alkaline copper solutions. 
Produces in fish, frogs, and mammals general 
motor paralyslB. Lewal dose for rabbit (intra- 
venous) 0*009 gnu. per kilo (Ishikawa, Jap. 
MedL 1917, 1 , 7; Chem. Abstr. 1917, 11 , 
2371 ; e/, Oieshoff, Ber. 23, 3537 ; van ^Ue* 
voldt^ AitiL Pharm. 1899, 237, 595; Power, 
Ar ch. Ph anau 1903, 0 , 1 ). 

TUFA V. TaiVEunKB. 

T097 or VOLCANIC TUFF (from Ital Tufo). 
A pyrodbstie rook oonsisting of more or less 
compacted dust and fragmentarv material 
(*a 8 ne%* IspiUi, ecorus), prrouced oy volcanic 
enipsloos. The oompomtion varies between 
mam limits, depending on the kind of lava or 
rack frmki wbicn the material has been derived ; 
ibil^ distinguish rhyolite-tufi, tiachyte- 
amlBSlte^tufi, basalt-tuff, palagonite-tuff, 

^ msd idtebari^ Further, there may be an 
ilitMQBSixtiim o^ fragments of sedimentary rocks 
V^aod oilwr imign m and if deposited in 
; ' Slater tiisy are stratified, and may shade off into 
idmic, Nmestone, sandstone, Ac. Theyalsovary 
much In texture and physical cbaiaoters, from 
loose and esitl^r to hard and compact. Those 
' iaterbedided wim the older sedimentary strata 
may have their characters so obliterated that 
th^ are dilBcnlt to recognise as tu&. For 
; tmtance, the green roofing slates of the English 
Xaica IHstriet were depo&ed as tuffs in Cmo- 
/ v yMan tiines; and other silieified tuffs arc now 
used for road-stones. 

^{Iie posmbfia ^ of the Phlegican Fieldi,the 
isisnd oi Imhia, and elsewhere near KapUa, is 
aa InedMffetrt trachyte-tuff which has bwu 
^s|3irtswi^4!Vel|y used, mlM with lime, for making 
cement (pomlanic cement), 
p ipparrifksal stone. The colour varies 
"(rir 16 grey (Me gkUo and lafo bigio). 
isandy toff whidi has been used for 
_ pnrposs (Roman cement) since the 
thns of the Romani also oemgr In the extinct 

nS' 


votesniodistiiotaroQ^^ Hcimahwihsiw 

is a mom comiOMst, though soft and 6 sa% worked# 
gmnular tuff, in which the catacombs are exea- 
vsted; and a harder stony. tuff (igfa IhoMbd. 
cmplq^ as a building stone. . Anclher com* ; 
pact tuff, wbioh has been much used as abnffding ' 
stone in ancient and modem Rome, is the 
psperino t AUmnus) oi tbemlbah Hills. 
ThiB is a lencite-basalt-tuff, showing black 
grains suggestive of peppercorns embedded in a 
grey ground. Sandy volcanic tuffs similar in > 
character to pomolana occur at many other 
localities, from some of which it is expmrted ; 
the manufacture of cement, e^g^ Santoriii,^ 
Auvergne, Hungary, Canary Islands (here known 
as * tosoa *), Gmnea, Eifel. In the Bifri li Is 
known locally as trass (or ducksteln), and/ la 
extensively quarried in the Brohl and N< ;te 
valleys, between Andemaoh on the Rhine . 
the Laaoher See. This also is a traehyte4ff^ 
composed largely of glassy fragments of 
with fragments of grauwacke and dlay-slai 
It is dull and earthy with a yellowirii, grey, i 
brown colour; 40-70 p.c. is soluble Id h^ 
chloric acid. The looser material is used for 
manufacture of hydraulic cement, whilit som 
of the more compact is employed as a bnihffng 
stone, and as a m-stone in ovens. The latter 
is very porous (weight per cubic foot, 85| lbs. ; 
porosity, 29-45 p.c.), is easily worked, mul It 
hardens on exposure ; on account of its light* 
ness it is especially adapted for vaults and 
arches. 

Analysis I is of ydlow pomolana (poiilb 
tuff) from Cape Posilipo, Naples (also CO 4 3*I0| 
Mn|Ot ^ material is sohihle 

in hydrochloric acid ; sp.gr. 2*46) ; U pomolsina 
from near Naples (ignited materim; alsp^ 
NaCl 2*56) ; III red potsolana from neir Romai 
IV, trass from Brohl valley, Rhine; V, trass 
from Andemach; VI, blue teass (dndkstein) 
from Plaidt, Nette valley, Rhine (also MnO 0*03). 


SiO« 

Fe,0, 

CaO 

MgO 

Kfi 

Na.O 

HcO 


1 

63*27 

15*53 

4*37 

3*10 

0*68 

8*22 

iiaee 

9*84 


n. in. 
5914 40*15 
21*28 23*19 
4*76 0*42 
1*90 8*52 

— 2*25 
4*37 3*01 
6*23 trace 

— 10*40 


IV. V. VI. 
58*32 57*6 53*07 

20*88 m 13*28 

4*15 8*9 2n|3 
2 *19 7 *7 1*24 
1*10 H 1*31 
svn-,. /4*17 
4*11 

5*87 12*6 hm 





98*71 100*24 99*94 100*58 9H «-59 

mA METAL. Aaalk^of^m^iDCfiMr, 
fund leMi ai«l. *t Tala in BttMft. 

TOMO OIL is obtained fmn ^ mik M 
AUitir&ti eetiata (HnelL Aas.) 
data [BL] : Eiaiuua vamim 
tHUHiu (Drjfandni vtmiem {C 
A. /(Mdi/,tneaitiidiMMastoCbmat_, 

IVaea bekmgias to ttw sum »a«i« «Im gtow 
sbnndsitOj in udo-ChiiM) Ibud#, Ammo. ^ 

TOa^Utofam naat,iniahh 4 i ^^ 

having a bald sbeE sad M aieiM|aga»|llMl»«fB 
enokwed: in CUaa tha 

*nntniL^aadinS 'AaMlMlIllMim 
M CUaa mod nfl. V 
Xhno Uadi of. 

.t»#l#boL_l . 





OIL. 




mllcnr. <(bi4 lAiito. mti ol «!» 
SiiMDaw ftug tm Is sanOer Him of tits 

J^WMoeas S3 iMi tlu»M«n^ 

Tsb^f^) ISO'S. {wbUloA'A ; Mpoaif. rahie. 
US'S; a^TsloB, 0*0; lfp.gc^st lS^5*.0*9342i 
SM&liw bad l’S07S Slid 
1*5116 lenMotimly. and ahoired a deereaae in 
t«baattt«mdez of 0*000396 for each 1 °C. rise in 
tMBpenatiue (H. E. Goldsmith, Ind. Eng. Chem. 
192^ IS, 786 : J. 800 . Chem. Ind. 1923, 938 A). 


^ tlsMdl!]^ i» inta e iOiaaia te bstanan that ni 
Ohhwaa tmg dl and raw Hnaeod ott (Gacdner 
aid tbitilyr^ 138, OiL Paint ICaodS^^ 
Aiaoo.|ror. 18S1L Hmm aia four spades of 
tong dtisaBa la AapM^ viSi. (a) dapaoeae tong 
oil tree, Alawitoa eordMl, Ghineae tnag oQ 
tree, A. fomi, it) Eatogtong tnag oil tree, A. 
numlatia, and (iQ Bakofy (or tropioal) tnng crfl 
tree, A. mohieiana (bettor hnowa as oandtoaiit 
oil). Of these (a) is grown a^ over tiie interior 
of the oonntiy and the others in Eormosa, 
Other analyses are as follows 


Oil oonte&tSe 

<«) 

(6) 

<«) 

(<0 

Jxi seedsp p.o 

In endospernip p.c. . • . • 

Time for drying at 95^0. (min.) 

Sp.gr. (16"a) 

Add value 

. . 37-77 

44-11 

37-43 

23*61 

. . 69*16 

66-29 

69*78 

70*66 

. . 65 

55 

60 

270 

. . 0*9340 

0*9488 

0-9372 

0*9267 

. . 0*47 

1*62 

0-69 

0*80 

Baponif. value 

Iodine value (Wijs) .... 

. . 194*79 

196-76 

194-31 

195*18 

. . 161*37 

167*17 

154-85 

146*31 

Eefraot. index (25^0.) • . . 

. . 1*6066 

1*6210 

1-5147 

1*4786 

Reichert-Meiasl value . . . 

. . 0*39 

1*10 

0-36 

0*71 

Unaaponif. matter, p.o. • • . 

. . 0*41 

0-69 

0-99 

0*97 


Sanaa, 1923,^6, 3164(21 ; J. Soc. Chem. Ind. 
1923, 42, 786 A.) 

Analyaes of the oil from A. motUana and 


Japanese A. foriii, and a eompaiiaon with the 
proposed Amocican standard, based on the 
examination of oils from tim Chinese A. foriii, 
are as follows : — 


Spedfio gravity at ISVlfi^C. . . . 

B e frae ti ve index 

Aoid valne 

Saponification value 

Unsaponifiable matter, p.o 

Iodine value ........ 

Heat test 

Iodine jelly test ....... 

“Titre test’* 


mofUana, 

A»fardti 

(Japanede). 

apecifleafioD. for 
Cblna wood oils 

0-9467 

0-9439 

0-939-0-943 

1-494 

1-4917 

»“l*616-l*620 

3-4 

NU 

7-0 max. 

203 

204 

190-195 

0-6 

_ 

0-76 

141-4 

167-7 

163 

16" 

19-6" 

12" 

45" 

35" 


54-54-5 

— 



The heat test is considered the most satisfactory 
eriterioai (Rau, Robertson, and Bimonsen, 
Indian Foreat Reo. 1924, 10, 1 ; Analyst. 1924, 
40.399). 

In China the seeds are roasted, crushed 
between stones, and expressed in wooden presses. 
The kernels oontoin about 63 p.c. of oil, but 
yield ody 40-41 p.o. The ootd>drawn oil is 
pals yeiUow (vshtie <tmg oil), and is the varietur 
iddefiy imported into Europe as China wood oil. 
The w obtained by hot pressing is dark brown 
(bhwk Iwv oil), and is consumed at home ; it 
has an mqd aasa n t taste, and its odour is more 
pcoaMuoed than that of the white tung oil, 
which R alao somewhat unpleasant. This 
odotu^ attiibnted to damaged kernels, precludes 
^ its nae Iw maiqr purposes. Tung ml is also 
taMptbrn d iiSi Ma daa i iic a'r , where tiie oil is known 
iWUe ’Rakoly oil,* probably a cor* 
<n^paloh 4f 'haoMittUer'^ (Alsarttcs moweeaiM,* 
.mumm oQ}. The Chinese and Japaoeae oils 
^dtfkr « iodine value, and 

pomr (SM OhomkrioHea under 
9 UM. ^The ohM! hbipaMnAa 
iitlM ««^e fipga alankW a^ 


China; comparatively smaller quantities ass 
exported from Japan (Hokkaido). 

Tnng (China wood) oil contains little, if any, 
saturated fatly add and relativdy little okio 
acid, elsBosteam add, CjfHnO., bdng the dm** 
racteristicadd. Both the glyceride am the kitly 
add (a-add) derived from it change to isomsrie 
forms (/ 3 ) of higher melting-point by exposure to 
light or under the infiuence of camms (Baiues 
and Herberts, Chem. Umsohan, 1922, 29, 
d. Morrell, J. Soc. Chem. Ind. 1916, 181 ^ IT 
does not yield any etimr-insolut^ bromide. In 
the ‘elaidin test’ an oily layer Is obtained 

resting on the lower, nearly edUplodiiiett ttiisn 

stirred up, the whole mass fiowa. 

Tnng oil Qontains from 76 to 86 p.e. of giMsiyI 
a-deostearato,wldoh changes under timIsiMiHe 
oi light into the edUd geometiM isotteidds, 
i^oeryl g-efasostearato. Both ihs a* and dm 
g4iiglycerito iiMtease in weight 63 almnt dm 
saam rate w^ expornd to the idr in IhhS IlsMir 
After standifig 2m 10 montlrn to a dbmd IceMi • 
gtaim bottto gwlmastearto bSeanm tosalidlSW 





::V ^ 9 * nmoctlircly, mre psrefMiawd 

'ibot^ tiii]|g oU which Ilm to some tHne» to 
it with «tli^ aloohol asid fraetion- 
\ the extract from this advent 

' wt aimt 0\ Another add (m,p. loe-fi*), jwe^ 
wmab^ a cleavage produot, was obtained 
' th® vreddne ineoittbie in cold alcohol, 
:;^\After 8^^ days a thin layer of the a«acid was 
j\ into a dear yellow synip* wldlet 

A^d was i^y transfeurmed into a dear 
^dscons syrup after 4 weeks* exposure. 
Onfe tippo of the three possible geometrical iao- 
; of dwosteario acid have been obtained. 

' It is considered that the a*acid is probably the 
?: i8*acid the cie-trana zorm. 

1 Bromination of both a- and 3-acids yields the 
same tetrabromide (m.p, 114®). The trans- 
fonnation of the a- into the 3'geomotrical 
. ; wmeride, on treatment with bromine, is con- 
ddered to be a peculiarity confined to com- 
TOunds containing two double linkings separated 
. methylene groups, a constitution which 


- ■/ . . ' ; " ’■ - 

21*80 days^ and it is concluded that tang W 
is xcia% a slow-dryiag 00, and tot to 
apparent rate of drying In mdst to is sot 
‘drying ’ in to usual sense (f.e. osidatoi and 
polymerisation), but is a cducidal ceagulatoi 
in which mmsture acts as to coagulim (W,.! 
Schmidt, Farben-Zeit. 1924, 29, wm' 

Chom. Ind. 1924, 43 B, 004), 

A characteristic property of iung to is tot It 
forms a jelly on being heat^ to 230^ to a shortv 
time, or even when kept at 180^ to an hour or 
two. Tung oil gelatinised by heating to 200®-" 
250®C. and extracted with ether yidds an extiraot 
which can be divided into two. fradtow^to ^ 
treatment with acetone, viz. 12 p«c, d atlb^ 
insoluble oil, a bimolscular tritocefide ^cf 
eleBOsteariojacid, and 88 p.c. of ml soluble In' 


oil) is 
n, ana 
air into 


— T"’ reactivity of elaaostearic acid. 
Evidence ts adduced in favour of the view that 
the c^version of the a- into the ^-acid plays 
: j littie part in the mechanism of the dr3ring 
; of tung dOi, which appears to be a colloidal 
phenomenon involving transformation from the 
sol to to gel form rather than a case of mole- 
tolar polymerisation (A Eibner, O. Merz, and 
H. Munzert, Chem. Umschau. 1924, 31, 69: 
Caiem. too. Abstr. 1924, 126, i. 609). Boeseken 
; and Bavensway (Bee. trav. Chim. 1926, 44, 
241) eonoittde from refractometric determina- 
tions tot elsBOsteario acid has three double bonds 
and beionn to the linolezuo series. This is 
cemfirmed by Kaufmann (Ber. 1926, 59, 1390), 
who finds that thiocyanogen is absorbed at only 
two of the double Ixinds, but that the third 
touble toto can be saturated with bromine 
when the oil is exiKNsed to the rays of a mercury 
^ , vapour lamp. Kaufmann thus found two 
spec imens oi tuna oil to have the following 
V^OOmpositicin: I. elsBostearin, 78*5; olein, 22-8 
II. toostearin, 871 ; olein, 13 p.c. 

Thomas and Yu ( J. Amer. Chem. Soc. 1923, 
120) have devi^ a qualitative test for 
.r^ ^ imom aryMn o acid, which consists in treating 
Vito insoluble mamesium salts from tung oil 
wirii 90 P.C. alcohol, and then liberating the 
Jstty add in the absence of air. A yield of 
ubout 20 p.c. (m.p. about 44®) is obtainto. 

' - 3Hie ml may be identified by its strong 
{toatoriito smell, and also by to manner 
m whudi^ it dries. Although it forms a 

rapidly than does lio^ed oil, to ftkin it 
.yidd^s.g.on a plate, when dry, is opaque, 
wax-lito and has no elasticity. Therefore. 

, torn oil cannot r^laoe lins^ oil, but is never- 
■ toito used as a substitute for it. A 

/■'Mtotojpptonts have been taken out for 
r tonmnu faeture of boiled oils, varnishes, rubber 
; tomtutea, md linoleums, in which larger or 

' oil appears to 

'"Tt two days in moist air, but to 
i;js always wrinkled ct cracked and 



acetone.^ The former fiction (« 
soluble in benzene, ether, and ohlo; 
is converted by heating or exposure , 
a solid insoluble mass having about 
iodine value as the acids from the thii^ 

M the acids isolated from the solid \ product 
insoluble in ether obtained by heating' iting oU. 
Coagulated tung oil contains, in anditon to 
unchanged oil, oily and solid polymbiisatiop 
products both in the sol and gm iotm* Sub- 
stances such as naphthenic acid, linseed oil, and 
colophony, which prevent the coagulation of 
tung oil, merely reduce the tendency of the sol 
to pass into the gel form. The formation of to 
gel is favoured by exposure to the air, rise of 
temperature, and by the additiofi of a little 
gelatinised oil. It is also caused by the aotoa 
of light, with the initial formation of a-elaoMeirin 
(cis form) and 3-e/a»atonn (trans form), VKcli 
are respectively soluble and insoluble in acetone* 
The 3-gly<^ride easily polymerises to a substance 
tooluble in the usual organic solvents. Tung 
oil dries, with the formation of crystalline maiBfffli 
of fi-el^stearin, but heated (t.e. polymerised) 
tung oil, on the contrary, dries evenly, as 
elaostearin is in this case not present (J* 
Marcusson, Z. Deuts. Oel. u. Fettind. 1923, 48, 
162-163; Chem. Zentr. 1923, 94 [iv.l 297; 
J. Soc. Chem. Ind. 1923, 42, 938 A), to eic- 
TOsure to the light the oil also becomes Solid. 
The jelly-like mass ao obtained possesses 
some elasticity, is insoluble in the ordinaiy 
solvents for oils, and shows no tendency to 
melt again on being heated to 260®. The 
gelatipisation is not due to oxygen absmpUoii,, 
since it takes place when air is excluded* Obap- 
man (Analyst, 1912, 37, 543) has made a coitioia 
examination of various polymerisation tests, 
has shown that greater importance should be 
attached to the hardness of the jell^ obtained ^ 
under standard conditions than to to too 
requirto to effect to polymerisatom IhA 
tune, however, is to basis of to co^toSed < 
Browne method, which is commoiii^ et 
by varnish chemists, and is officially ado' 
to American Society for Testing MtoSisIs fdt 
Analyst, 1912, 37, 410). It ip heitott 

5 C.O. of to oil at 282® and noting to 'toS 
reqoiied for complete solidifioatloti* ^ “ 

not take move ton 12 miiiutes k 


— T#* 


vg cnwiea ana , Jameson (Analyst, 1920, 4tL 828) 

^ ‘•“t the time i inonased nninw «f 

liS.^*** *o%idi®d is about Id- bee fatty aoid, vbidi fnqpMttUr oeeut to llio 


oMiMM 

41 .'iti pfiMT eaasb Iwoont; the 

*^®**** •*»«>»* I ^ takd , raids or 


. 3P>d 


'08 < 





or woj oHuae sjoAmt bo idRnmd On ta-**- 
tte w li iinm^fotd^ roliiij&d; and if the oil 
iuMi Iseen pnefrtoudy in eiilora£arm» a 

JeUv ia obtained, bromine bM no eadh aotioxi 
on tlie oil. . > 

When aolntion of 1 grm. of tbe oil in 
. .9 o.c^ 0 |. oldoTofonny ia at£red with 5 c.c. of 
^ aalmted eolation of iodine in chloroform, 
the whole ia oohrerted into a stiff jelly after 
. V abcii^ i mins. With 2 grms. of the oil the jelly 
; $1 ao stiff that it oan be granvdated. 
i lEnweatigation of the effect of glycerol, oleic 
acid, resin, * ester gam/ paraooumarone resin, 
and linseed oil on the rate of gelatinisation of 
tong oil shows that their efficiency in prevent* 
in^ this change falls in the order mvcn. 
trjutf oil conti^ng 6 p.c. of glycerol can 
be ^niKwiied,* agr. at 280®C., without difficulty. 
Tung oil containing load linoleate equivalent to 
0*02 p.o. of lead, when treated in this way and 
dissolved in turpentine, dried rapidly to a 
smooth tough, transparent film (F. H. Rhodes 
and T. J. l^tts, Chem. and Met. Eng. 
1923, 29, 633; J. Soo. Chem. Ind. 42, 1923, 
1081 A). 

In China and Japan tung oil is used chiefly 
as a natural varniw for wood, for caulking 
jnnks and boats, as a common adulterant of 
iaoquer, and idso for lighting. Large quantities 
are also consumed for water-prooflng paper and 
all kinds of tissues. The oil b further employed 
in admixture with powdered lime as a mortar. 
The lampblack of the best kinds of Chinese ink 
are obtained by burning the oil with a regulated 
amount of air. The coId>drawn oil ia stated to 
be used in medicine as an emetic and also as a 
purgative. It should be noted that the raw oil 
ia poisonous. J. L. 

TOHGSTEH. Sym. W. At.w. 1841. Al- 
though found in most of the tin deposits through- 
out' the world, the mineral wolfram which 
furuiahea the bulk of the tungsten of commerce 
and its products, appears to have been regarded, 
until tiie middle of the eighteenth century, wather 
as a eonaUtUent of cewaUerUe than as an associ- 
ated mioeiaL The term * wolfram ’ was, in fact, 
appimtly applied to it on account of its 
causing loss of tin in smelting, in the same 
amise that antimony was called *the wolf’ by 
the alehembt because it devoured the base 
metals when employed in the refining of gold. 

The word * tungsten ' b of Scandinavian 
mrigin and signifies * heavy stone,’ in allusion 
to the high sp^ific gravity of wolfram. 

V In. 1781, Ebheele obtained a yellow powder 
(which be termed tungstic acid) by acid treat- 
ment M th4 aqueous ex!traot from the fusion of 
a dertaln heavy lime mineral with potassium 
earlKmiata The production of a yellow colouring 
nmttoe by direct add treatment of thb minend 
^ckedUe) had been previously 
noted by WouHe, who did not, however, explain 
its Qature, Schede’s work was confirmed and 
amplified by Seegman in 1782, and the following 
ywv Us tenner piqpQii, the brotheve D’Mmyart, 
are steMl .to hm shown the presence of tung- 
Me leld ia wcttnia and to have lopdeced 


i'-V'C ■ .'■i y*../ 


80*30 |M)u of WOt)ie also an i ^ 
minstel* but Its oemmon assodatioxi with rare 
metab (mohrbdsnum, fto.) sad bese amtels 
(antimony^ from which it b difficult to 
effect a smmtitioii, has mnlied in a smslbr 
output and a lower price as oompmed with 
woUrsm. Amcmg other miimrab may be meU'* 
tioned retndh, a variety of ferberite, FeW 04 , 
cupro^ache^Ue OaW 04 <SiW 04 , MbtUe or iwmb 
PbWOi, and tungsUte (tmgHen cchrt) WOg'HiO 
and ferritungetite FeaOg'WO»'6HgO. The la^ 
named minerab are commonly found as an in- 
crustation produced by the weathering of 
tungsten minerab, but occasionally occur 
massive, and the author has an interesting pboe 
of the former which was sent to England as 
soheelite, but b almost pure tungstic acid, 
apparently of colloidal origm. 

The principal countries where tnngsten 
minerab are found are (in order of importance) 
United States (chiefly west of the BoeW 
Mountains), Burma (mainly from Tavoy, souw 
of Rangoon), Bolivia, Portugal, Austral^ 
Japan, South China, Spain, South Africa (in- 
cludiim Rhodesia), Austria, Germany, France, 
and England (Cornwall). The world’s pro- 
duction (mostly wolfram, although notabb 
quantities of schcelite are mined in United 
States, Australb, New Zeabnd, and South 
Africa) b estimated at nearly 20,000 tons in 
1917 against about 8,000 tons in 1913# The 
largest producers are United States (about 
4.700) followed by Burma and Bolivia with 
about 3,000 and nearly 4,000 respectively. 

The British Empire produces about ^ p.o. of 
the total world’s production. For a useful sum- 
mary of the occurrence of tnnraten ores, see 
S. J. Johnstone, J. Soc. Chem. Ind* 1918, 37, 

29 R. and later. 

Although their value mainly depends on the 
amount of tungsten which they oontain, almost 
the whole of the output being absorbed in tho 
manufactuTo of tho metal and its ^oy% the 
minerals are invariably sold on their tnngstio 
acid content. The best concentrated or hand- 
picked material contains up to 74 p*o. WOg, 
out the usual value of that sold in oulk varies 
between 65 and 72 p.c., the latter being con- 
sidered high grade. The sale of the ores was, 
before the war, more often a matter of private 
treaty, although schedules, ooverteff <ues of 
various percentages and showing bbnits ter 
P, S, ana other impurities, wefo puMished by 
sove^ firms in the United States. The home 
consumption of ores of tungsten was oom- 
paratively small before the war, when most of 
the ore produced within the Empire was bought 
and smelted by the Germans, who separated 
it and exported to thb country the maaii&cf^^ 
tungsten metal. At the outbreak of war, the 
then existing makers of the eommerolel metdl 
(* tungsten powder’) and ferro-tupgstea in 
England very largely increased their output, 
other oonoems oommenoed manu- 
facture, notably one organised by on aofoeiat^ 
of the large st^l interests. 13ie pdee ni wba- 
ram and soheelite rapidly rpso to mfs/n 
double thali obtateing betere the ^ . | 

cte of tungsten pwwuced within m ^ 

were oommendeend, by agreement bwwiHn ; 
tlie Imperial^ ana Clidal govecamwte^ wnd 
n^Mdmnip^ Tho Imde 
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wummm. 


WO* {<.«. lot Mdi I i».o. pet to® of w) ot 
B 5 p.a or ovor^ 3(L dmttotioo being made bjf 
V < 3 ie butor for each unit or part of « 

. 1)6lov oO p,o., and 6d. par unit brfow W p-o;- 
down io 55 p. 0 . Ore contaiziing lower per^ 
oentageB is sellable at appro3dmate|y the saine. 
rate of penalisation, and» if the^ impnri^ Is 
' obi^y tinstone, the tin is paid for if over 4 p«e., 
as it then usually pays for eleoteo-magnetks 
separation and recovery of the tin. A large 
proportion of the wolfram ore imnorted into 
fiija Qountiy is * concentrated * at tne mine by 
hand-picking, but in some centres it is separated 
from the gangue by finer crashing and wot 
dressingt £& the case of the Burmese and 
Bolivian production, the wolfram is more 
frequently associated with tinstone. Below 
* 2 p.Ot tin (metal) the concentrate is sold direct 
to the smelters; above that amoimt (and 
the ores or concentrates sometimes contain 
as much as 30 p.o. Sn and over) it is separated. 
For methods of analysis of ores and concen- 
trates, see Hutchin, Analyst, 1911, 36, 398, and 
. Inst. Min- and Met. 1918 ; also Frantmann, 

<, Zeitseiu angew. Chem. 1911, 24, 2142. 

The treatment of the mined ore varies 
aocording to its nature and the associated im* 
purities. In Cornwall, where the ores are 
frequently arsenical and the recovery of the 
womtun is chiefly subsidiary to the tin, the 
treatment consists usually in wet-dressing the 
croslmd ore on tables, roasting the first rough 
concentrates, re-grinding and concentrating, 
and finally dry-dMsing by means of electro- 
magnetic separators. The last-named opera- 
tiem, which Spends upon the fact that woUram 
weekly ma^etic to an electro-magnet, pro- 
yides the only available means of mechanically 
separating wolfram from tinstone and other 
heavy minerals which accumulate during the 
eonoentiation. Three or four products are 
...eommonly produced, viz. fairly clean wolfram 
' (from 60 to 65 p.c. WO,), an intermediate or 
thmy woltom, which is returned to the plant 
rfor le-treatment, a strongly magnetic iron 
m which is valueless, although commonly 
" Obtaining 3 or 4 p.c. WO 3 , and a fairly clean 
' ^ oouceutrate containing usually less than 
2 p.c. WO 3 . Much of the imported ore or 
eoucentcii^ from Burma or Bolivia contains 
wcUram in a less fine state of division, and 
. eleqtro-tnagnetie separation is carried out on 
/ito mate&l with no preliminary treatment 
other than crushing and grading into various 
sines. In this case, only two final products are 
; obUuned^ vIsb. wolfram containing from 65 to 
or even 74 p.c. WOg, and a non-magnetic 
cemtaining from J to 2 p.c. WO 3 and 
50 to 70 p.c. tin (metal), according to the 
^;,OOlloelltratioa of the origmal material. In the 
.vtJnited States most of the wolfram occurs free 
fma tin and in a gangue of a comparatively 
gravity composed chiefly ot silicious 
^matter. In thia case a simple concentrating 
.oensisting of crasher, jigs, and shaking 
- tidjile |s sufficient. Wolfram^ is, however, 

to slime on crushing, 
/Md jjptA CUM must be exercised to minimise 
' the Kne wUch are in any^UMe considerable. 

method has yet been devised 



iag both wolfram and sebeelite with thuton^ 
such as is found in the Shan Staie 8 .(Bnntta) and^- 
elsewhere. SdieeUte is heavy and non-inagBetiOf ' 
and xesnaipB with the tinstone when eitlier wet* 
dressing or etootro-magnetic eeparation. is ' 
employed. It is invariab^ present in wolnm ' 
ores, although frequently in more traoes. 

For the estimation d tin in wol£ram» me 
O. F. Lnbatti (Chem. Soo. Tran8;^1028» 123, 
1409-1411). 

For estimation of molyUenum in toUgidM, 
see W. J. King (J. Ind. Eng. Ofaeiii. 19^, ll5r 
350). :‘"V 

The composition of selected 8 pe<skiienfl' of t^n 
principal tungsten minerals of the nature m'. 
wolfram is shown in the following table, CDm;^ledt 
from published and private sources, imduding , 
Dr. W. F. HiUebrand of the United St^ Geo- 
logical Survey, and BL E. Wood of the Qolotado 
Scientific Society, etc. : — 

Wolfram. Ferberite. 

Colo- Burma Siam Com* 8po- Colo* 
rado wall kane rado 

P.c P.c. P.c. P.c, P.c. P.c. 

WO, 74-10 75-41 75-00 78-16 76*0 75-» 

FeO 1107 17-83 16-06 22-78 18*0 23 0 __ , ^ 

MnO 14*36 7*13 8*26 3*06 3'0 0*6 28*40 18*6 , 

The above analyses are all those ot picked ^ 
specimens, any silica, lime, alumina and other , \ 
gangue matter being ignored. Traoes d 
columbium, tantalum and other rare metale» 
as well as of tin, copper, and bismuth, are 
commonly present in actual combination, evi^ 
in selected crystals. | 

Fstifnaiion of tungsten in loit^aie ofes.-?- 
Two grms. of ore are fused with 4 parts of 
sodium peroxide in a nickel crucible. Tne fused^ 
mass is leached with 100 c.c. of water, the 
filtered, and the precipitate well washed. The . 
filtrate is heated, acidmed with nitiio acid, and 
made alkaline with ammonia; the precidtate 
is left to settle and filtered oft. The hot fifitralef 
faintly acidified with nitric acid, is treated ||iGh 
excess of mercurous nitrate solution loUoweu by 
ammonia until the precipitate ^ts blade ; tbs 
liquid, however, should remain faintly acid and , 
contain mercurous nitrate. The prmptate la 
filtered off, washed with boiling water and 
dried, and the paper ashed sepmiately. The 
precipitate is ignite to constant wei^t in a 
platinum crucible and fused with potasriui > 
bisulphate, and the cold mass is tidited udUl ^ 
hot water and a fragment of ammonliuii Cfus, 
bonate; if the resulting solution is not p^Efsotty ' 
clear, the floocuhmt precipitate (silica or aluinb^ 
is filtered off, ignited, and and the 

weight BubtractM from the first, tuagitia add 
being obtained by difimmee (E* jr5n«t ^ 

and. Chem. 1923, 03, 436; AmM 1034, ^ 
49, 298). , 

EHimaiion of tunasUn in 
Two to tiizee grms. of the stod ana ffiMiM Ja 
30-100 C.C. of 1 : 1 hydroobksio ai^ aiqul tlM' . 
solution is evaporated to 40 c.o* JB trie add ta .. 

u^l^&K^uble^ material assBniet 
colour. The sdutkai ia ooobd halow 40% than . ^ 
gently evaporated to 15 e*o., and beUaa willt. . 
5 0 . 0 . of strong IqfdmilUario add and 4 or 4'^ 
diona of stroiM bydrofinorie Add, 50 
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aa oie or ' oon- 


eeatrate ae free' from imporitiee as poBsible, 

. milt ^idilla maiceTS* requiiemmitB differ in 
non^ times, tins is only because those whose 
r 0 ^[!ilcement 8 are less stadngent are themselves 
pm»ared to cany out the necessary purification. 

' Objectionable impurities, inasmuch as they affect 
' eitherorboththequality of the resultant product 
the ^Id, are Sb, As, Bi, Cu, Sn, P, S, and 
; ^ Si, and they should be removed, so far as possible, 
before ^e chemical or metallurgical treatment. 
In the sodium carbonate fusion method, arsenic, 
s phcephoaiis, and silica are highly objectionable, 
owiiig to the formation of soluble tungstates ; 

: freedom from tin, copper, and bismuth is not so 
. important as it is in the thermit process, when 
these metals,il present, appear in large proportion 
intheteto^alloy. In the electric furnace method 
/ of rednctioir these metals are objectionable, bu 
are to some extent volatilised in the process 
^Wolbam is preferred to scheelite by the users oi 
; the soda fusion method, but amixture of the two 
minerals is an advantage in the thermit and 
electric furnace treatment. Some users object 
to hfibncriie, or wolfram containing an excess of 
manganese over iron, but no discrimination is 
made In the market ; wolfram, ferberite, hubner 
ite, and scheelite, all fetching the same price per 
unit of WOa* 

The treatment of tungsten ores for the mann 
iaoture of metallio tungsten (* tun^ten powder * 
or of its oxides or salts comprises a series o: 
operations which, although chemically and 
metallurgiosdly simple, require extreme care and 
exp^ence, and result in heavy losses even under 
; the best conditions. The first step is the pro* 
ductjqn of sodium tungstate by the * Oxland 
process, patented in 1847 and still used with 
piaoticaw no modification. It consists in 
heating, m a reverberatory furnace, the finely 
powdoM ore with from 5 to 10 p.c. more than the 
thecnptied amount of sodium carbonate (some- 
‘ the addition of about 5 p.c. sodium 

; iiiitrate>. The charge is maintained at a brigh 
; . ted heat for from two to three hours and 
rabbled occasionally by hand. The mass is noi 
OtldHtd to fuse beyond a pasty condition, in 
; whMi^ state it is withdrawn when the reaction is 
* eompisML Sodium sulphate in place of the 
carbonate ueas proposed by Oxland, but its . 

; neoeri^tatCd a higher temperature and results in 
f teeShM in the furnace and in the nature of 
hasmet with no mnera 

tiom The fi^^ charge or ' melt ’ is broken up 
when ooUt reduoed to powder and dissolved by 
. means bt live steam in a boiler provided with 
. / ctfarefi. The tungstate solution and residual 
: m main]^ of oxides of iron and 

pumped through a filter press and 
'y tna%Qor oohnentatad to the required strength. 

vats. 

of tuagstie. aeid, the 




sten, the hot ooneentsated solution of sodium > * 
tunnKate is run direct from the evaporator into 
boifibg hydrochloric arid <st]:ong0st oommerrial ^ 

sp.gr. about 87*Tw.), the granular, yellow ; 
tungsm arid being wariied by decantatkm, ^ 
pressed and oalrinML The strength of the J 
spltttm of both ttn^lMe imd arid and the / 
method;;^ admixture and 'fudiiim^ the 
moat supctirHsiCtt. ' ! &e best , 

londitions, both temporaky . and perinanent, 
losses are heavy, partly from the production 
a soluble acid tungstate and, pcrtly thofy 
formation of coUoidaji tungstic arid. The prO« 
duotion of both is minimised by the me of pure 
ores, by precipitation with a laige^xcess of aeUL 
at the highest possible temperature, end by 
washing rapidly with dilute acid* ' Any orseno* : 
or phospho-tungBtates which may have been 
formed are not decomposed ly HOI, and riticO’^, ; 
tungstates also result in loss of WOt# by remain* ^ 
ing partly in solution or, if decomposed, hlnds^ 
settlement and introduce BiOn into the preripi* 
tated WOj. In order to lecovw any tungstate 
or tungstic acid in solution, it is usual to treat 
all filtrates and wash waters with lime, the ^ 
precipitated calcium tungstate bring either 
mixed with a fresh furnace oha^ or put aside 
for ^oial treatment. 

The third and final step in the n^ufactuie 
of tungsten consists in tne reduction oi tlm 
calcined tungstic acid with carbon, which is 
usually carried out in crucibleB, either in coke 
wind furnaces or regnerative gas furnaces of . 
the Siemens type. The calrined tungstic arid 
is finely ground and intimatefy mixed with the ; 
purest anthracite, in the proportion of riighriy \ 
&SS carbon than is theoxetioally requiira for 
the reduction of the metal with production el ^ 
carbon monoxide. The tempeiutum is xalmd 
slowly until it reaches about IKKl'^O* at whim 
it is maintained for some hours, when the' 
crucible is oooled in a reducing a tmo sphme** 
The partly sintered mass is removed £com the 
crucible, nnely ground in a ball mill, wsshedi 
free from und^ecomposed oxide, free carbon and , 
particles of crucible, heated with a wmdi seto* 
tion ef sodium carbonate to lemoTe remaining , 
traces of oxide, and finally dried as a fine^ 
grained but distinctly granular powder* Bte*. 
posals have been made from tiine to rime to ' 
cany out the iedocti<m by means of producer: , 
gas, while hydrogen is always used WlMin the; 
pure carbon-free metal is required*. ; a > 

Metallic tungsten may also be ptCpiied , 
the direct reduction of sodium tunoiMie wm , ' 
carbon at a beat suffirient to vedatiliae tlie>' 
sodium which is simuHaneomly prodnoed, or 
by similariy reducing calcium tusigriiite iifd^ 
dissolving out the Ihne which lumohib with 
resultant powdered metal, orv bgr^ 
tungstic acid with metrilio 'thib uieriw > 
obtained thus and by many 
simple processes is, however, aiu^ 
and the only oommerrial methods < bnowiii . 
consist in the reduction ci tsingrite by the ^ 
processes already refened to. 

The mriting-points of tungsten-molybdenum 
aUoys lie op a straight line oonneoting tl» ' 
melting-printB ef the riementib and the mioio* ; 
itzucstures are all homomoous. The two loim 
a ooBtinuouB geries d; mixed esyriaa. The., 
eleetriosl sonduotivriy tempezatum . 
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■ ;MWfinu t]^ ooeffldent may be med to 
fcfS***^* WMll ^roportione of molybdeiuia 
toteiwteii (W. CMss and J. A. M. ym liempt, 

T ^28, 356-360 ; 

J. ^ Chera. W 1923, 42, 1227 

*w accepted standard specincation for 
wcgsten powder in England is as foUows :— 

Jttngsten 96-99 

Carbon 0*6 

SiUoon 0*3 

Man^nese . 0*3 

Sulphur 0*06 

Phosphorus .... o *02 

^toenic . . a . . Trace 

Tin 

Cop^ Trace 

Calcium 0*1 


and for iem-^tnngsten 

Tungsten . 
Carbon 
Manganese 
Silicon 
Calcium . 


Tungsten 
Carbon . 
Silicon . 
Managanesc 
C opper . 
Tin 

Phosphorus 

Sulphur 

Lime 


1 

P.c. 

83*36 

0*54 

1-06 

0*81 

003 

0*276 

0019 

0*005 

002 


2 

P.c. 

84*82 

0*027 

1*96 

0*21 

0*022 

0*177 

0*066 

0*007 

0*134 


combined 
not over 
0*06 p.c. 

3 

P.c. 
80*74 
0*04 
0*99 
0*815 
0*22 
0*214 
0*031 
0*035 
0*0104 


• 78-SO 
. 1*0 
a 1*6 

a 1*5 

a 0*6 

In the event of manganese and silicon 
not exceeding 1 p.c* each, calcium may 
be 1 p.c. 

Copper 0*35 

Tin 0*36 

Sulphur 0*07 

Arsenic 0*06 

Phosphorus 0*06 

The following table shows the composition 
of a number of t^^pical varieties of tungsten 
powder and ferro<tungstcn as made in !i^^nd 
at the present time {iron omitted) : — t 


4 
P.c 
86*72 
0*75 
0*130 
0 395 
Nil 
0*196 
0*009 
0006 
0021 


5 

P.c. 

81*79 

0*53 

0*40 

1*33 

Trace 

0*285 

0*016 

0*022 

Nil 


Nos. 1, 2, and 3. Ferro-tungsten pro- 
du^d by the aluminium or ‘ thermit ' process. 
Jjalanoe, metallic iron. 

Nos. 4 and 5. Ferro-tungsten produced b3* 
the electric furnace. 

Nos. 5 and 6. Tungsten powder produced 
by i^uction of W O3 by carbon. Iron is 
P*^* analytical 

1 QIA 00 Arnold, Zeitsch. anorg. Chem. 

Ficber, Chem. Z€‘it. 1912, 

Jo, J34.) 

Ferro-tungsten is an alloy usually con- 
ning from 80 to 85 p.c. W. It is made on a 
lane scale by the ‘thermit’ process (r/.r.) 

electric furnace. By the former 
^thod two qualities are madii by at least 
one English finn, viz. one very low in carbon 
and conteimng about 2 p.c. silicon, for the manu- 
i^ure of magnet and other steel, and the other 
coutonii^ afout 0*5 p.c, carbon and about 
' ^gh-speed tool steels. In the 

^omc furnace the ore is commonly smelted 

the resiilt- 

iM alloy decarbunsed and refined. It is staled 

li™ echeclite with 

^sulphide and carbon in the electric furnace 
pro^cing an alloy low in carbon, 
frf tungsten is high in all methods 

L tha obtained 

a ^ tW t, elMtnc furnace, and soda fusion 
F<»w«8, but these figures vary considerablv 
Tr?2? »«> probably not on the 

tb® ahJ« of rorro-tungsten, losses 

°»y, be partly recovered by re- 




0 

P«c. 

98*51 

0*109 

0*26 

0*036 

0*012 

0*059 

0*003 

0*004 

0*041 


7 

P.c. 

96*45 

0*129 

0*28 

0*03 

0*18 

0*029 

0*004 

0*046 

0*164 


speed ’ tool steels. The original ‘ self harden- 
ing steel of Musbet. first made in 1 857, contained 
about 0 p.c. W. The modern higli -speed steels 
contain btdween 16 and 20 p.c. W. and from 
2 to 4 p.c. Cr., and have the property of iwl- 
hardness, i.c. ability to retain their temper al 
the dull red heat which is reached w*hen cutting 
metal at a high sjKH-d. Arnold and Read (Proc. 
Inst. Mech. Kngs. March, 1914) attributed this 
property to the prebcnce of tungsten carbide. 
Ihey showed that with about 11 J p.c. W 
present in the steels Ihev examined the whole 
was jjrescnt as WC d^doring FcjC. With 
Ic.vi tungsten the two carbides Fe^V and WC 
were present, and with more tungsten the 
excess was present as a tungsilide (Fe.W). 
pingstcit may lie introduced iuto steel in the 
form of mcialiio powder or ferro-tungsten 
The prejudice against feiro-tongsten, 
which formerly existed among high-speed steel 
makers, duo in some measure to the im- 
purities pr^nt (high carbon, Ac.) and imgu- 
lanty of the tungsten content, appears to bo 
largely disapi>earing under the inliuence of the 
excellent products 'which arc now being manit- 
facturod in this countiy^ and the scarcity of 
the iiowder in the early days of the war oertainly 
helped the manufacturer of the fmro-aUoy. 
Tungten powder is preferred by a number of 
the Engh-sh steed makers, and to-day pxobably 
US© is cejuaUy divided between the tw*o. 
ihere is con.Midcrab)c loss by oxidation in the 
of both, but users of the farfCKtnngsteii 
claim there is less danger of Joss than with 
tunpten powder, and that it is «ite»p««; For 
portiralaw oonoeraing alloy* wad tiw «fbet of 
tunf^ton upon the hardemng and temtNiiriiift 





$33 


Piu» metallic wxk m ia used 

^lie ptodQotion of duotile tungstim, &e., is 
fncod^iOed on a rdatirdy wnaU acale but baa 
soma highly important udes* A very high 
degree cS purity is required* and the usi^ 
method of manufacture is by reduction with 
hydrogen, in electric resistance furnaces, of 
tungstic acid, purified by solution in ammonia, 
cry^allisation of the ammonium tungstate, and 
re>preoipitation by hydrochloric acid. The 
reduction is carried out at a temperature between 
1000® and 1100®C. The metal powder is 
pressed in a hydraulic press into the form of 
rods, which are then sintered at a temperature 
of 1300®C in a current of hydrogen. The metal 
bar, which is still extremely brittle, is worked by 
hammering and rolling at a temperature of 
1500®0. in a special machine through which 
hydrogen is flowing. Owing to the ease with 
which tungsten oxidises at a high temperature, 
cooling must take place in hydrogen. In the 
ease of wire, the bar is 'worked dowm to about 
30 mils '“•)» when it becomes ductilo at 

the ordinary, temperature. The finer sizes are 
drawn while rod hot through diamond dies- 
For a description of the methods for preparing 
ductile tungsten and filaments, see II. E. Sfyers, 
Trans. Amer. Inst. Chom. Eng. 1911, 3, 172; 
B. W. Moo«, Met. & Chera. Eng. 1914, 3, 186; 
also Electrical Rev. 1914, 74, 595. 

Tungsten as ordinarily obtained is a powdered 
or semi^fused, crystalline, brittle metal, harder 
than glass, and having a sp.gr. of between 16*5 
and 17. That obtained by MoLssan in the 
electric furnace ha<l a sp.gr^ of 18*7 and was 
softer than glass. A method for causing small 
crystals of tungsten to grow into large single 
crystals by taking advantage of the thpmal 
dissociation of tungsten hexacnloride is described 
by van Arkel (Physica, 1923, 3, 76 ; J. Soc. 
Chem. Ind. 1924, 43, B. 427). The proixjrties of 
pure wrought tungsten are entirely different 
from those of the powdered or orainary cast 
metal. It is grey-white, lustrous, tough, and 
non-magnetic, and can be rolled into thin sheet, 
welded at a yellow' heat^ and drawn into wire 
considerably thinner than onc-thousandth of 
on inch. It melts at 3100®±CO®, PiAtni and 
Meyer (Ber. Dcut. Phys. Ges. 1912, 14, 326), 
35^±30®, Langmuir (J. Franklin lost., 1915, 
490), 3645®-3666®, Worthing (Zeitsch, Physik. 
1924, 22, 9 ; Chem, Soc. Abstr. 1924, 126, 
ii. 289). Its tensile strength increases as the 
drawing proceeds. Wire of 5 mils diameter has 
a tensuo strength of 460,000 lb. i)er so, in., 
that of 1*2 mils rises to 580,000; hard drawn 
piano wire having a tonsil© strength of 507,000 
lb. The 8p,gr. of the pure wrought metal is 
from 19 up to about 19*5 in the finest w^. 
Tungsten has the lowest coefiicient of expansion 
of any known element except the diamond 
within thq range of ordinary temperatures 
(Worthing, thys. Rev. 1917, 638). The hard 
drawn ww has an electric resisUnco of 6*2 
wskmhxm per cubic centimetre at 25®, the 
tempepiture ooefficieat for 0® to 170® being 
\0*0U5I« The corresponding figure for annealed 
wire isi 6*0. !l%e speof^m of tungsten has been 
»d* Among others, by W. S* Gorton 
r. 1916, 7, 203) s Bayen (GompA rend, 

^ 4?) 5 Blodh 133) t and Lemon 

(XiliirA VUk 802)* radiattooi ot 



heat aind li^l from tungsten at Iblgh tempera* 
tures has been studied by Zwikker (Proc. K. 
Akad. Wetenseb. Amsterdam, 1925, 28, 409; 
Chem« Soo. Abstr, 1925, 128, ii, 1041'; see aUo 
Worthing, Zeitsob. Physik. 1924, 22, 9; Sol 
A bsts. 1924, 27, 528). 

Emiseum of posUm ions from hot tttngsten , — 
Tungsten at temperatures approaching the 
melting-point emits positively charged ions. 
The positive ions are not due to the presence of 
residual traces of gas; they only appear at 
temperatures above 2600®, and they are very 
heavy or very slow-moving pariieles, little 
affected by a magnetic field of 400 gauss, and 
probably consist of charged atoms or molecules 
of tungsten. The positive emission is much 
smaller than the electron emission at the same 
temperature and, like the electron emission, 
increases rapidly as the temperature is raised. 
At the highest tempcratiures the positive 
emission decreases rapidlv with time* A 
tungsten spiral which has been made to 0ye 
a large electron emission gives a larger initial 
positive emission when the potenthd tube is 
reversed (W. A. Jenkins, PhU. Mag. 1924 [vi], 
47, 1025-1047 ; Chem. Soc. Abstr. 1924, ii, ^). 

Tungsten Is unaffected by water or air at 
ordinary temperatures, but when heated ia 
air above .300®C. it oxidises rapidly and bums 
at a bright red heat. Molten sulphur or phos* 
phorus attacks it slowly, while at a red h^t 
their vapours rapidly convert it into the sidphide 
or phosphide. It is attacked by fluorine at 
ordinary temperatures with incandescence, and 
by chlorine at 250® to 300°C. It dissolves very 
little hydrogen and shows no tendency to react 
with nitrogen at temperatures up to 1600® 
(Sieverts and Bergner, Ber, 1911, 44. 2394). 
Tungsten is readily attacked by fused oxidwin^ 
salts, such as allmlino nitrates and peroxides. 
Fused bi -sulphates and alkalis or alkaline 
carbonate also attack it, but their solutions 
have no action. It is readily oxidised when 
heated with oxidising agents such as lead 
peroxide, potassium chlorate, &c. At ordizuuy 
temperatures it is unaffected by bromine, 
iodine, and sulphurettetl hydrogen. Sodium 
hypoclilorit© has a considerable solvent action . 
on the fine powder, which is also soluble in 
an ammoniacal solution of hy<^ogen peroxide. 
Strong or weak hydrochloric acid has no action 
upon it at ordinary temperatures, but the 
strong acid slow*ly attacks it at the boiUiitg^point 
and produces a coating of black sub-oxide. 
Boiling dilute sulphuric acid has no action, but 
the hot strong acid attacks it slowly. Con* 
centrated nitric acid has but little action, but 
the dilute acid produces a yellow coating of 
tungstic acid wmcb, as is also the case with 
aqua regia, appears practically ^ to prevent 
farther action. Hydrofluoric add deles Hot 
affect the metal even when hoi* but disimlves 
it readily when mixed with nitric edd. 

Tungsten combines directly with silicon 
and bc^n at or near the mdtlng-point. It 
has been alloyed with many metals such as 
aluminium, copper, manganese* and nickel, but 
the alloys aie not yet in extensive use* It 
enters into the composition of *steeUte,* 
wsw cobalt-chromium alloy used in 
sted. Irmaa (MetalL und Era, 1915, 
liiyestigated iddsel-tuiigsten altoyt Aod; 
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that ^th 18 W the alloy was very ductile 
and yety resistant to dilute sulphuric acid* 
An alloy of tungsten with 1 p.o. thorium and 
0*2 p.o« platinum is said to produce a tough, 
duc^ afioy (U.S. Pat. 1167827, 1916). Schir- 
melster (Stohl und Eisen, 1915, 996) finds 
tunfflten increases the tensile strength of alu* 
mimtun, and that the hardness of the hot-rolled 
idloys increases at first but becomes constant 
at 1 p.c., the ductility falling slowly. For 
properties of tungsten at high temperatures, 
see Langmuir, Phys. Rev. 1916, 7, 302. 

As a winder for electric furnaces tungsten 
wire is che^>er and said to be superior to 
platinum. Owing to its high melting-point, 
heat conductivity and hardness, tungsten 
appears to be eminently suitable for electrical 
contact devices, and is superior to platinum as 
a material for the targets in Rontgen (X-ray) 
tubes. Owing to its high melting-point (over 
3000® as compared with 1755® for platinum) it 
can be placed directly at the focus oi the cathode 
rays, and radiographs of sharper definitions can 
be obtained with much shorter exposure than 
with platinum (Coolidgo, J. Ind. Eng. Chein. 
1912, 4. 2). Tungsten has been suggested as 
a catalyst for the production of ammonia from 
atmospheric nitrogen (Eng. Pat. 1161, Jan. 15, 
1912, and U.S. Pat. 1916, 175693), and has also 
been used for valves of aeroplane engines and 
ultra-violet ray electrodes, and valves for wire- 
less telegraphy. There is reason to think that 
a consideiaole future use for this metal lies in 
the manufacture of laboratory and other 
utensils, as, although not so resistant to certain 
reagents as platinum or tantalum, there arc 
many purposes for which its sj^cial resistance 
to su^ reagents, coupled with its greater 
cheapness, will render it of special value. 

It is now generally recognised that tungsten 
is one of the most important metals other than 
those commonly .spoken of as commercial 
metals. The saving which has bc^*n introduce d 
by its employment in the manufacture of high- 
speed steel and in the form of fine-drawn wire 
in the electric light industry shows very 
remarkable figures. A recent bulletin issued 

a the United States Geological Survey (F, L. 

MBS, Bulk 652), states that one man and one 
lathe can do as much work with high -.speed 
tungsten steels as five men and five lathes could 
formerly do with simple carbon steels, and that 
hundred of millions of dollars’ worth of labour 
is saved annually by this means. The ' Mineral 
Resources,’ 1910, estimated that, assuming 
the present lamp consumption to require 
80 million 25-watt tungsten lamps per annum, 
the saving in current effected by employing 
tungsten lam|m in place of the old carbon lamps 
would restilt in an annual saving of between 
£40,000,000 and £50,000,000. Since that time 
lamps filled with nitrogen have been placed on 
the market, and other improvements have been 
added which have maidc the incandescent 
eleotric lamp more efficient and the saving very 
largely Increased. It is stated that in 1916 
r M(M> 00,000 lamps were manufactured in 
- im United States alone. For a description of 
manuboture of filament lamps, see Cwlidae. 
UA 6^933, 1913; also feleo. Rev. 1914, 
74, 59(^ and J. Soc. Oiem. Ind^OU, 1083. 

0. T. H. 
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Ojvldes.— Tungsten is md to form a number ; 
of oxides the separate existence of whioh Is not 
definitely settl^. Thus, when sulphuric a^ 
acts on metallic tungsten under varying condi« . 
tions, the blue oxides? WO, W.O„ <0,, WsO^ 
ore formed ; sulphurous acid acts on tungsten 
forming the oxide W 5 O 14 , and a beautiful purple 
oxide with a yellow metallic lustre, WgOg, is 
obtained by heating ammonium metatui^tate 
to a bright red heat or by fusing tungstic acid 
with potassium iodide (Desi, J. Amer. Chem. 
Soc. 1897, 19, 213). On heating turtle oxide 
with carbon a blue or purple oxide is produced 
at 650® to 850®, a chocolate-brown mixture o| 
oxides at 900® to 1050®, and metallic tijmgsten 
above 1050® (Davis, J. Ind. Eng. Cheink 1919 
11 * 201 ). * 1 

The hydroxide W 50 , 4 ,H 20 , a darn blue 
powder uith a purple lustre, is formed\when 
tungstic acid is reduced with stannous oluoride 
and hydrochloric acid, or by heating thq acid 
with hydrogen iodide in a sealed^ tube at ^ 00 ®. 
With ammonia it yields ammonium iunglftate 
and the hydroxide Wa 04 ,HaO (Allen and 
Gottschalk, Amor. Chem. J. 1902, 27. 3281 

The only oxides which are definitely known 
are WO>. W^Os, WO 3 . 

Tungsten dioxide WO, may be prepared by 
the reduction of the trioxide or an alkaline 
inetatungstate with zinc and hydrochloric acid 
(Pfordten, Ber. 1883, 16, 50H) or by licating the 
trioxide to a dull rt^dness in hydrogen (Riche, 
Ann. Chim. 1857, (iiL] 50, 29; ureenwood* 
Chem. Soc. Trans. 1908, 1493). It may bo ob- 
tained crystalline by rt'diicing lithium para* 
tungstate with liydrogen (Hallopeau, Copmt. 
rend/1898, 127, 512). 

Tungsten dioxide may bo formed by heating 
an intimate mixture of tungsten trioxide and 
W?r woiglit of glycerol, ethylene glycol or 
.similar hydroxyl compound, to a bnght red 
heat for some hours (Eng. Pat. 18922, 1007; 
J. Soc. Chem, Ind. 1908, 22; set alsa Van 
Idcmpt, Zt*itM'h. auorg, Chem. 1923, 126, 133). 

Tungsten dioxide, pixtpared in the way 
is of a ifopp^T rc^d eoh»ur, prepared in the dijf 
way it in a browm ^wder. it is readily oxidised 
to the trioxide ; heated in chlorine it yields a 
yellow oxychiroide WO.d,- When amorphous 
it is soluble in hydrochloric and in sulDhurle 
acid, but is quite unacted on when eiyitsdllne. 

Blue tungstic oxide WiO^, fomed when 
tungsten trioxide is reducca with hydromi at 
250^--3(X)'' (Mai^ti, Coiapt. rend* 1836, 1 , 292) 
or by e!e<*trolysing fum^ sodium timgstate 
(Bmith, Ber. 1880, 13, 753), is readily oxralied 
to the trioxide. 

ToAgsImi trioxide (fungHic ortde or aii 6 |Blridt) 
WO 4 occurs naturally as ufolfivm^ Sfid as 
or ptevmacUe (W^alker^ Anpr. A 8cL 
1908, fiv.] 25, 305), alao in the tmm 
in uMfram and tekeeiiu. It may he {HWpsirsd 
by calcining in contact with air, tlm loiireir oxidei» 
the motal, a sulphide mr its liydiala (tmicstls 
acid), V, below. 

Tungsten trioxide forms hme hfj|^ yeUklir; 
needles which may he oMained by tm 

amorphous meUd to a veiy Vb& 

in air or by fushm of tiiiifitio 1^^ 

a poroelaiii teaetd 
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1S8I, Hit or hy pusing hydiogen 

; «dUorid« over timgstio mA or a mixture d 
sodium tungstate and aodiom carbonate at a 
white heat (Bebrav» Compt. rend, 1862, 65, 
287). The green or blue eoiour which it occasion- 
ally exhibits is probably dne to reduction at 
ordiaaty temperaturei by traces of organic 
matter. The yellow colour may be restored by 
healing in oxygen. Its sp.gr., when amorphous, 
varies between 6'27-7*13, when crystalline 
between 6*3(K-6*38. It melts at 1473® and is 
insoluble In water. According to Matignon, 
tungstic oxide does not melt at 2130® (Oompt, 
rend, 1923, 177, 1290 ; Chem. Soo. Abstr. 1024, 
126, ii. 48), When heated in hydrogen it gives 
the blue oxide at 250®, the dioxide at a red heat, 
and the metal if the latter action is prolonged. 
It is also reduced when heated with zinc and 
certain other metals (Del4pine, Bull. Soo. chlm. 
1900, pii.] 23, 676). When heated with chlorine 
or sulphur monochloride, it is converted into a 
volatile oxychloride and in the former case also 
into the hexachloride (Smith and Fleck, J, 
Amer. Chem. Soo. 1899, 21, 1008; Bonrion, 
Compt. rend. 1908, 146, 1102; Defacqz, ibid. 
1319). 

The oxide is solulilc in hydroOuoric acid, but 
not in hydrochloric or nitric acids or in aqua 
regicu See also Ehrenfeld, J. Amer. Chem. ^c. 
1895, 17, 381. 

Plastic masses of tungsten oxide for incan- 
descent lamp filaments may bo prepared by 
treating the oxide or hydrated tungstic acid 
with ammonia at —20® or below, or when in 
alcoholic suspension with gaseous ammonia 
(Eng. Pat. 14850; J. Soc. Chem. Ind, 1908, 
1198, 1104). According to J. A, M. van Liempt 
(Zeitsch. anorg. Chem. 1923, 127, 215-220), 
temperature has little effect on the precipitation 
of tuni^ten tdoxide by mineral acid, but con- 
oeniration of the acid has oonsiderable influence. 
The oxide is precipitated as a mixture of the 
white and yellow forms, together with an 
absorption compound with water, and in order 
to obtain the precipitate in an easily manipu 
lated form, it is advisable to use hydrochloric 
or nitric acid in liigh concentration and in excess 
(J, Chem. Soo. Ind. 1923, 42. 1174 A). 

Tungsiicacids. — ^Tungsten trioxide forms two 
well characterised acids, WOjiHjO or H,W04 
and (W03)4 Hj 0 or HjW40,3. In addition the 
salts of a number of polytungstic acids are 
known (Schaefer, Zeitson. anorg. Chem. 1903, 
38, 142). 

For the hydrosols of tungstic acid, see Lotter> 
moser (Verb. Ges. deut. Naturforsch. Aerzte, 
1910, ii. 70); Muller (Zeitsch. Chem. Ind. 
KoUoide, 1911, 8, 93). For the hydrates of 
tttUgsion trioxide, see Huttig and Kurre (Zeitech. 
anorg. Chem* 1922. 122, 44). 

nilgstie teid HgW04 may be obtained by 
, piudiiiltating a solution of a tungstate with 
, axoSsto M hot acid. If cold acid is used, the 
white hpiraie HgWOgtHgO is formed, from 
; Whiah ihe acid may he obtained by filing 
rates of precipitation ot 
: fern sodium tungstate by different 

SCioi has bbsn investigated by van Liempt (Rec. 
trav. dbim. 19M, 4i8, 30; Ctem. Soo. Abstr. 
1924, 126 , U. 194). It is prepared by digosti 
n tungitai m i n et il with hydimchkirio a^ then 


become ycOow, when the iron and manganese 
have been dissolved out. The residue is well 
wadied and then shaken with ammonia which 
dissolves the free tungsfio add. On filtration 
and evaporation the tungstic add crystallises 
out. The finely powdered mineral may he fused 
with caldum chloride or with alkali carlxmates 
or sodium chloride. The mass is lixiviated and 
he caldum or other metallic tungstate residue 
a then decomposed with nitric or hydrodJoric 
acid. 

Tungstic acid may be prepared from wolfram . 
or other mineral containing tnngsten, by heating 
the mineral under pressure with a concentrated 
solution of potassium hydroxide, lime or baryta 
being added to form insoluble compounds with 
some of the impurities. 

The tun^tic acid is then separated from the 
solution either by fractional precipitation with 
acid, the impurities separating first, or the whole 
of the precipitate formed by adding sufficient 
acid is fractionally redissolved by iJkali. The 
process is said to be economical, convenient, and 
to give very pure acid (Fr. Pat. 380040, 1908 ; 
J. Soc. Chem. Ind. 1908, 939). 

A continuous process for the manufacture 
of sodium tungstate and tungstic add from 
wolframite ore by fusion with soda-ash and 
sodium nitrate is described by Gordon and 
Spring (J. Ind. Eng. Chem. 1924, 16, 555 ; J. 
Soc. Chem. Ind. 1924, 43, B. 631). 

Tungstic acid may be purifi^ by treaty 
tungsten trioxide with carbon tetrachloride 
vapour at a red heat. The resulting volatile 
chlorine compound is sublimed, condensed uid 
treated with aqua reqia ; the tungstic acid 
formed is then further purified by solution in 
ammonia and reprecipitation with dilute nitric 
acid (U.S. Pat. 926084; J. Soo. Chem. Ind. 
1909. 794). 

Tungstic acid is a yellow powder insoluble 
in water and almost so in all acids excemt hydro* 
fluoric acid, in which it dissolves to the extent 
of 44*7 p«c. at 25®, 55*3 at 60®, using 50 p«o. 
hydrofluoric acid (Rosenheim and Bemhardi*^ 
Grisson, 7th Inter. Congr. Appl. Ghem.^1909, 
Sect. X. 120). It is readily soluble in alka&. 

A colourless alcoholic hydrochlmric add 
solution of tungstic acid when electxoUsed by a 
graphite anode, first becomes deep blue (con- 
taining sexa- and quinquevalent tungshm}, then 
green (containing only quinquevalent tun^ten), 
which on further r^uction ohaiiges to olive 
green (mixture of quinque* and quadrivalent), 
then to brown (quadrivalent). Wh 
platinum is used as oathodM ooly ipraea 
solutions an produced ; witb memny eSMOdw 
of 0*025 amp. per sq. cm. of ositlioaa sufaiw. 
quinqueyalent tungsten is barntd. vldbt 
with 0*07 an^ and oTer, trtralmit tangstenma 
produced. With lead cathodes the leauts *««<» 
similar to those with mmraiuy, exo^ that tike 
tervalent tungsten formed n(det>nd solvtiona; 
Zino cathodes also give rise leadhi^ to tiie 
tervahnt form (see also GoIleoWg «Bu ilaitimt 
Ztitsoh. Elticttochem. 30, 830; iOSli 

87, 776). 

FreshljPpmpaied tongstie add cBsaidMo in 
aqueons aolations Vt okost al^jdiatio ''amfaw 
forming substituted amniMialn. tiHaaitShii 
•aoh an (NllsH.),%0,aeaA«Ua^mW 
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composed forming the amine, tungstic add and 
the hlue oxide of tungsten (Ekeley, J. Amer. 
Ckeau Soo. 1009, 31, 664). It also gives crystal- 
line predpitates with pyridine and quinoline 
(Rosenheim and Bemhiffdi-Grifison, lx.). 
Colloidal tungstic add may be prepared by 
adding hydrochloric acid to concentrated sodium 
tungstate solution until it has an acid reaction. 
The white gelatinous precipitate formed, pro- 
tected from currents of air, is washed by decanta- 
tion several times at 0° to 5^ : 15 parts of the 
acid are then dissolved in 1 part of concentrated 
oxalic acid by gently warming, and the liquid is 
subjected to ^lysis. If the outer water is 


Chem. 1897, 14, 364). 

Colloidal tungstic acid may be obtained by 
dissolving 5 grms. of tungsten tetrachloride in 
about 50 c.o. a mixture containing equal 
volumes of ethyl alcohol and ether ; the hltored 
elution is diluted to 250 c.o. with alcohol and 
then mixed with an equal volume of water. 
The colloidal solution thus obtained behaves as 
a positive colloid ; it may be kept for some days 
without appreciable opalescence being observed, 
but coagulation occurs more quicMy by adding 
a larger quantity of water, and immediately 
when small quantities of neutral salts, hydrox- 
ides, or strong acids are added. Weak organic 
acids or in temperature exert no effect. If 
an electric current is passed through, a deep 
blue precipitate separates at the cathode (Muller, 
Zeitsch. Chem. Ind. Kolloide, 1911, 8, 93; 
I^ttermoser, Verh. Ges. deut. Naturforsch. 
Aertze, 1910, 11, 70 ; Wohler and Engels, Koll. 
Chem. Beihefte, 1910, 1, 454 ; Zeitsch. Elektro- 
chem. 1910, 16, 693). 

The colloidal acid is also prepared by dialys- 
ing a 5 p.c. solution of sodium tungstate to 
which sufficient hydrochloric acid has been 
added to combine with the sodium. Colloidal 
tungstic acid forms a gum-like mass which may 
be heated at 200® without becoming insoluble 
and which at a red heat is converted into the 


The colours are rendered faster by the addition 
of albumin together with an alkali citrate or 
tartrate. 

Metatimgstic aeUL H1W4O1S, 11S.fi, first iso- 
lated by SoheiblerfJ.pr. Chem. 1861* CL] 83, 310), 
may be prepared by decomposing the lead salt 
with hydrogen sulphide or the barium salt with 
dilute sulphuric acid. It oiystollises in small 
yellow octahedra, very soluble in water, giving 
a bitter solution, and loses its water of o^stal- 
lisation at 100®. (C/. Rosenheim and Kohn, 
Zeitsch. anorg. Chem. 1911, 69, 247 ; ibid, 1916^ 
96, 139). For its photochemical properties, see 
Vasilieva (J. Russ. Phys. Chem. Soc. 1912, 44, 
819). For its behaviour on electrolysis, see 
Leiser (Zeitsch. Elektrochem. 1907, 13, 690). 

Paratungstic acid, the acid corresponding to 
the salts of the formula 12W08,5M20,Aq| has 
been prepared in dilut-e solution by mixing 
barium paratungstato with a quantity of dUute 
sulphuric acid not quite sufficient for complete 
decomposition. The solution cannot be don- 
con tratod even in vacud without decomposition, 
and W'hen boiled it yields tungstic acid (Hallo- 
peau, Compt. rend. 1895, 121, 61). \ 

Tungstates . — ^Tungstic acid forms three series 
of salts : normal tungstates R2W04,a?H20 ; 
paratungstates 3R20,7W08,a^H20, or 
5R20,12W03,a:H20 

and metatungstates R20,4W08,arH20. Copaux 
(Compt. rend. 1913, 166, 1771) regards the 
paratungstates as hydrotungstates and repre- 
sents them by M5'[H(W207)3]. They may also 
be considered as compounds of 1 mol. of tlfe 
tritungstato with 4 mole, of the hydrogen tung- 
state. Their derivation from normal tungstates 
may be expressed thus : 

M3WO4+H2O-MHWO4+MOH 

and 

7MnW04+H20 

=M2H4W80i2,4MHW04+M0H 
If, from analogy to the vanadates and molyb- 
dates, the action of hydrogen ions proceeds still 
further, hoxatungstaios should result, thus : 


trioxide. ^ The colloidal acid has, probably, the 
constitution of the meta acid. 

Tungstic acid and sodium tungstate are used 
in the production of colour resists for aniline 
black. 200 grms. sodium tungstate dissolved 
in I litre of gum tragacanth paste constitutes a 
white resist which may be rendered more 
l^trous and opaque by passing the printed 
tissue, after st^ming, through a solution of 
barium chloride. The compound thus formed 
may be coloured by pigments, such as vermilion, 
ultramarine blue and chrome, green, a series of 
^e resist colours bemg formed, along with 
which the usual albumin and tannic acid colour 
nrijttures may be printed (Scheurer, Bull. Soc. 
Ind. Mulhouse, 1900, 138 ; ibid. 1898, 122). 

Tan|p1^ acid may also be employed in the 
ptudaotioh of resist effects upon p-nitraniline 
fud and of dischazge effects upon indigo-dyed 
In the latter case, tho tissue dyed 
Witl( indigo is padded in a solution of sodium 

iiinljvtat^ dried and printed with auteam dis- 
'xdbetuxe containing barium chlorate, 
putassSi»B|||siTDoy^^ and a basic dyestuff able 
^witlwtaiid the oxidisiiig aotbo, such aa 
. % idtnMuaiine, or chrome yellow. 

0 '. 


2M2H4W30i2-:M8HWe02a+M0H+3H20 
and tho so-called metatungstates are in reality 
the hexatungstates (Prandtl, Ber. 1915, 48, 692). 
Tho alkaline tungstates MgWOiAq are prepared 
by fusing a naturally occurring tungstate with 
sodium or potassium hydroxide or carbonate, 
preferably with tho addition of a silicious or 
other flux. The alkali tungstate falls to the 
bottom and may be tapped off, or, after cooling, 
tho slag may be removed (J. Soc. Chem. Ind. 
1885, 116; ibid. 1900, 542; ibid, 1899, 171; 
Eng. Pats. 30053, 1897 ; 6045, 1900). 

The sodium saU crystallises in thin prisms, 
soluble in 4 parts of cold, in 2 parts of hot water, 
the solution Having a bitter taste and an alkaline 
reaction. It has m.p. 698® (Parravano,. Gass, 
chim. ital. 1909, 39, ii. 55). 

The potassium salt jforms large pxismatio 
crystals, m.p. 894®. The ammonium saR very 
unstable, 

Caleiiim tungstate CaWOj occurs native aa 
sckeelite and may be prepared artifioiaUy by the 
interaction of calcium chloride and a nomal 
tungrtate. If the amoxphoiis white pxecMtaie 
so Stained is mixed with lime and heated in a 
current of hydrogen chloride, it is obtained 
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dry^Ulline. oorrei^nding hfriim tungiUUe 
j)!repated Eonsseau for use instead of 
widte IcSmI (Schoen; J« Soo. Ghem* lad. 1900» 
740). 

The so-called di*^ ^nd tii-tuagstates of sodium, 
barium, and calcium do not appear to exist. 

Lead tungstate occurs native as siolziU and 
crystallises ia red tetragonal pyramids. 

Ferrous tungstate occurs as wolfram 

(reMn)W 04 

forming dark grey or brownish-black prisms. 

Manganese tungstate is found as hubnerite. 
Qranger (Oompt. rend. 1898, 127, 106; ibid. 
1905, 140, 935) has proposed the employment of 
the tungstates in the ceramic industry. 

^ Ammonio copper tungstate CuW 04 , 4 NH 3 , 
deep blue crystals, readily decomposed. A 
similar zinc salt is also known (Briggs, Chem. 
Soc. Trans. 1904, 675). 

The copper compound 

Cu0,4W03,6NHa,8H20 

has been obtained by the interaction of an 
ammoniacal solution of copper sulphate and am- 
monium tungstate. It forms small blue needles 
(Briggs, Z.C.). 

Sodium paratungstate NaioWi 204 i,Aq is 
known commercially as tungstate of soda and 
may be prepared on a large scale by roasting 
wolfram with soda ash and lixiviating the fused 
mass. The boiling solution is then nearly 
neutralised with hydrochloric acid and allowed 
to crystallise when large triclinic crystals of 
the salt separate. It is sometimes used as a 
mordant instead of sodium stannate in dyeing 
and calico printing. It also renders cotton, 
linen, &c,, non-inflammable. The corresponding 
potassium salt is formed in glistening scales 
when normal potassium tungstate is boiled with 
a little water. 

Sodium tui^state is much used both by 
itself and in conjunction with other fire-retarding 
compounds. In some experiments on its pro- 
tective action recorded by Sibley (J. Ind. Eng. 
Chem., No. 8 , 1921), impregnation df cotton 
fabrics with a 3 p.c. solution was found to 
be equally as efiScacious as treatment with a 
more concentrated solution. For the protection 
of tulle, muslin, and other delicate fabrics im- 
pregnation with a solution containing 10 grms. 
tuxigstate, 125 grms. ammonium phosphate, and 
7 grms. boric acid per litre has been proposed. 
Tms solution is added to the finishing medium 
{mm, starch, or dextrin) in the proportion 1 : 4 . 
Ammonium chloride, ammonium sulphate, and 
aluminium acetate may also be combined with 
sodium tungstate. A medium particularly 
recommended for artificial silk can be prepared 

diluting a mixture of the following solutions : 
100 ports aluminium acetate ( 8 p.gr. 1*13), 10 
parts aeetio acid (sp.gr. 1*06), and 200 parts 
aodium tungstate (sp.gr. 1*40). Water-resistance 
can be imparted by using an excess of the 
acetate (Exm. Pat. 175746 of 1920). According 
to Hond fEog. Pat. 4457 of 1915) zirconium 
bydxoxide may be applied to fabrics as a 
by steeping in a solution of 
im aoeto-nitrate oontaimng megnesiurn sul- 
draining, heetixm to 65^, and fin^y 
wadiixig. One litm oT Iba atesi^ medixim 


shoidd contain 200 grms. magx^um sulphate 
and 20 gpxs. of the aoeto-nitrate, {prepared bv 
evaporating zirconium nitrate wi& acetic add. 
To enhance the fire-retarding effect, the treated 
fainio may be allowed to absorb phosphoric 
acid. Another method is to impregnate the 
material with a solution of precipitated zir- 
conium phosphate in concentrated oxalic acid 
(Pharm. J. 1924, 691). 

For various paratungstates, see Hallopeau, 
Ann. Chim. 1900, vii. 19. 19, 92; Taylor, J. 
Amer. Chem. Soc. 1902, 24, 629. 

Metatungstates M 2 W 40 io.Aq were dis- 
covered by Margueritte (Ann.^Chim. 1846, [iii.l 
17, 475). The alkali salts are readily formed 
when the normal tungstates are boned with 
tungstic acid until the filtrate no longer gives a 
precipitate on addition of hydrocluoric acid. 
The other metatungstates are best prepared 
by double decomposition of the barium salt 
with the required sulphate or carbonate. The 
metatungstates have a bitter taste, are generally 
readily soluble in water and deposit tungstic 
acid on prolonged boiling. A large number of 
them a^e known but there is considerable 
difference of opinion as to their constitution 
(Gopaux, Compt. rend. 1909, 148, 633 ; Zeitsch. 
anorg. Chem. 1911, 70, 297; Rosenheim, ibid. 
418; ibid. 1911, 69, 247; 1912, 75, 141; Just, 
Bcr. 1903, 36, 3619). 

Pertungstates M'W 04 ,Aq are formed by 
boiling a paratungstate with hydrogen peroxide 
(Pochard, Compt. rend. 1891, 112, 1060) ; or by 
electrolysing a slightly acid solution ox sodium 
tungstate (Thomas, J. Amer. Chem. Soo. 1899« 
21, 373). More highly oxidised compounds are 
formed by treating the pertungstates with 
hydrogen peroxide (Mclikoff and rissarjewsky, 
Bor. 1898, 31, 632 ; Fissaijewsky, J. Kuss. 
Phys. Chem. Soc. 1902, 34, 472). 

Tungsten bronzes are compounds of the alkali 
metals with tungsten and oxygen, which, owing 
to their colour and insolubility in acids and 
alkalis have been employed as substitutes for 
bronze powders. Their exact constitution is 
not known, although they are generally regarded 
as compounds of the tungstates with tungsten 
dioxide. They may be obtained by the reac- 
tion of the tungstates heated to redness with 
hydrogen, coal gas, zinc, iron or tin. 

Tungsten bronzes may be prepared eleotro- 
lyticaJly by fusing tungstic acid with the caioo- 
lated amount of metallic carbonate and eleetro- 
lysing the mass. A series of brightly ooloured 
mixed alkali and alkaline earth tungs^ bronzes 
of various compositions are descxil^d by Engels 
(Zeitsch. anorg. Chem. 1903> 37, 125) and Schaffer 
(ibid. 1904, 38, 148). 

Four tungsten sodium bromes are known. 
NajWeOig of a golden yellow colour* Na 3 WsO];t 
of a blue colour, Na 3 W 309 of a purple red colour, 
and NaiW^Ois which forms red-yellow cubes 
and yields a brown-yellow powder (Philipp, Bear. 
1882, 15, 499). 

Potassium forms one bronze, K 3 W 4 O 14 
(Knorre and^ohaffer, t5idL 1902, 35, 340*^ 

Blue lithium bronzes are described by SCallo- 
peau (Compt. rend. 1898, 127, 512). 

Tungstates ^ the rare earths are desexibed 
by Hitchcock (J. Amer. Chem. Soe. 1895, 17| 
483). 
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Tosceimr asd isi Euoobhs. 

Tungitai bnndiliHUe WCa« is propared by 
Jioating tungsten in excess of pure dry 

oidonne, particular care being taken to exclude 
all traces of air and moisture in order to avoid 
the formation of the oxychloride (Rosooe» 
Animton, 1872, 162, 349). A smaU quantity of 
the latter is formed at the beginning of the re- 
.'aotiony however^ in spite of all precautions. It 
s ho u ld be driven off oeyond the portion of the 
tube where the chloride is to be collected. 
Tungst^ hexachloride forms dark violet opaque 
crystals^ which are very stable when pure but 
readily decomposed by moist air or water, if 
the slightest trace of the oxychloride is present. 
It has m.p. 276®, b.p. 346-7®/769;6 mm. 

On heating the hexachloride in a stream of 
nitrogen with powdered aluminium and quartz, 
extracting the product with hydrochloric acid, 
concentrating tne reddish-yellow extract and 
saturating it with hydrogen chloride, it yields 
HW.Cl„4H,0 in slender yellow needles, which 


bhe oxide *ien 

wd Smith, J. Amw. aean. foo. 1W7, 


dry hydrogen bromide over tungsten hexsr 

Slori* at 300% or bettor by the 

of bromine on tungsten, forms 

sates of dork needles with green refljsx, m-J.. 

276", b.p. 333 °. It is very hygroscopic yiera 

the blue oxide when treated wi^ water 

dilute acids and is decompo^ 

nitrates, carbonates and bisdphates (Defaqqt, 

Ann. China. 1901, [vii.]^, . 

Tungsten oxybroinIde8_srojBr|,WOBr4 bm 

the compounds WCl,Br„ ^9*’, 120^8^151** 
known (Befacqs, Compt. rend. 1899, 1^» "i")* 
Tunpten tetrioiUde WI«, obtained • * 
action of an excess of liquid hydrogm W 

tungsten hexachloride et 110 

line substance of sp.gr. 6;2 at 18 , de<OT 
by water, alkali-hydroxides and carb< 
Soluble in absolute alcohol (Defacqx, 

WI„ obtained by the 


HW,Ca„4H,0 in slender yellow needles, which Tung^ dttOdMe vn., 

rapi^y lose hydrogen chloride on exposure to action of hydrogen ^ ^ insoluble 

tjL- inoo Ktiriii ^ Mitnridn lit 400 . 18 an amorphous, msoiuDie, 


aif(l 4 ndner, Ber. 1922, 55 [B], 1458). 

The salt KjWjClt and a number of corre- 
spondiug salts of tervalent tungsten form green 
solutions and are powerful reducing agents 
(CJoUenbeig and Sandved, Zeitsch. anorg. Chem. 
1923, 130, 1 ; Chem. Soc. Abstr. 1924, 126, ii, 
51). 

Tungsten pentaehlorlde WCI5 is formed by 
the incomplete reduction of the hexachloride in 
a current of hydrogen. It is volatile and when 
redistilled forms long, pure black shining 
crystals, m.p. 248®, b.p. 275*6®. It is hygro- ; 
scopic and dissolves in water forming an olive- 
green solution, but most of it decomposes into 
the blue oxide and hydrochloric acid (Koscoe, 
lx.). 

Tungsten tetrachloride WCI4 forms the non- 
volatile residue in the production of the penta- 
chloride. It may also be prepared by the dis- 
tillation of the latter or of the hexachloride, or 
better, a mixture of the two chlorides in a current 
of hydrogen. It forms a greyish-brown crystal- 
line powder (Koscoe, lx.). It is hygroscopic, 
infusible, is partially decomposed by water and 
is reduced by hydrogen to the metal. 

TunptMi diehloiide WCl, is best prepared by 
beating the tetrachloride in a current of carbon 
dioxide at the temperature of a moderately hot 
zinc bath. It is a grey non-volatile powder 
partly deiromposed and partly dissolved by water 
lorming a brown solution (Koscoe, Ic,). 

TiUfstCtt dloxydlehioride WOjCls, obtained 
by passing chlorine over the dioxide, forms light 
lemon-yeUow scales. Heated with ammonia it 
forms the compound W 4 O 4 N 4 H 1 (Smith and 
Shinn, Zeitsch. anorg. Chem. 1893, 4, 381). 

Tungitai ozyteb^hloride WOCI4, beautiful 
red nem-shaped crystals, m.p. 210*4\ b.p. 
/1227*5®,i8lormed by the interaction of the trioxiae 

luid jmcncnhuniii TiAntfii*KlnriHA AnnnlAn 

W79.H 


||V«awa imS pentacUoiide (SchifF, Ann^, 
^186): orbypaaaingtheyapQiiroftlie 


■ , UA Ujr uio YupguT OX J/JXO 

; itei ao l llw Mft over tiia Seated trioxide. 

: TWUrtwt haahnmide WBr., obtained by oarbonatea (Ooriel^ 


action 01 njuiuB'’" - o-v" . M- 

chloride at 400°, is an amorphoiu, 
infusible, Don-volatUc brown powder of sp.gr. 
6‘9 at 18° (Defacqa, ibid. 1898, 126, 962). 

Tungsten hexafluoride W’F. may to obtain^ 
by the interaction of tungsten hexochlonde wito 
anhydrous hydrofluoric acid or 'a’rth 
triflioride, or, best of all, U 

fluoride. It has m.p. 2a" and b.p. 19 5 . U 
readily soluble in 

metals and forms double salu tnth al^ 
fluorides. When acted on by water it 
tungstic acid (Ruff, Zeitsch. anorg. Chem. 1907, 

^^ Tun^n oxyletrafluorlde WOF., 
by the interaction of the oxytetrMbloride and 
anhydrous hydrogen fluoride, for^ s^ 
colourless hygroscopic plates, m.p. IIW , d-]^ 
185°-190°, is decomposed by water loming 
tungstic acid and absorbs large quantities of 
ammonia in the cold (Buff, l.c,). ^ 

Tungsten diox^ difluoride is known in an 
impure state. 

Mwgna*! (Ann. Chim. 18M, 

Marchetti (Zeitsch. anorg. \ 

Miolati and Rossi (Beal. Accad. Linw, im W 
5 , ii. 223) ; Ephraim and Heymann (Ber, l9Wf ^ 
4456). 

Tuxostxn aju) SunrHUB* 

Tungsteu dlndpUde WS, may be p»p^ 
bv passing hydrogen sulphide over tniiplcii 
toxi^OT^ at 375°-560% or by fudag “ 
intimate mixture of pii» dry potaaiw < 
bonate, flowers of sulphur and tunpten wioJ 
It is a grey-black oryctalline powdetf int** 
in water, fairly rtabk, and 
(Defacqz, Compt. rend. 18W, 

TungiteB trirot^e WS|, W 
treating a sulpbotungrtate with 
is a brown powder wluoh beoomw wto* wwS 
dried, la ali^tiy soluble in odd water, jyw so. 


sv ai ni yw TOi BUMnuBMB YYJ>rMODiainea oy 
. Juatt^i tungsten witii dry bromw vapour in 
an atOMSdiete of niteogen, forms blue-black 
needUViuliidh decompose wlie%)iested to a bM 
temfisMinii^ give a ootontiess i0laihmila| 


liuy soiuoie in owo -5 


HW9<M.anB<^ <nme hi ak and giro a royal | KNli. f*-! fe M8) 4«4 VOJI 


It has been obtained in « 

Winasinger (Bull Amoo. 8^ Bs^jj^ - lWA »» 



Ttmomm. 


Lc.) uimbekr ol metaUk solplio^ or thio- 
tfiWS^ (OoxM$» lc*U bare been 
described. A di^ and fri^selmide {UdBmatm» J. 
1860, 92) and a kUMu/rkkjm also known. 

Tangsttti littafUii W.N|« W^Kj, a number of 
oxynitrides, idtretamido and ox^tretamido 
oompounds, and also a hydroa^lamme tungstate 
bare b^n obtained (W^er, Annalen, 1850, 73, 
190; ibid. 1858, 105, 258; fiideal, Ghem. See. 
Trans. 1889, 41; Wdhler, ibid. 1861, 3, 171; 
llesi,{.c. ; Men and Gottschalk, Z.C.). 

Tungsten cyanides have also been prepared 
by Kosenheim and Behn (Ber. 1914, 47, 392 ; 
Olsson, Ber. 1914, 47, 912). 


Tungsten and Phosphoexts. 

Tungsten combines directly with phosphorus 
when heated to redness, forming a dark green 
pko^ide W3P4. 

Tungsten diphosphide WP^ produced by 
heating tungsten hexachloride at 450° in a 
current of hydrogen phosphide forms a black 
crystaUine mass insoluble in water, sp.gr. 5*8. 
The phosphorus is readily displa^d by the 
halogens and by sulphur and nitrogen at high 
temperatures. It may be reduced by heating 
with hydrogen, zinc or copper (Befacqz, Compt. 
rend. 1900, 130, 915). 

If tungsten diphosphide is heated with a large 
excess of copper phosphide in a graphite crucible 
in a wind furnace and the product treated with 
dilute nitric acid, it yields the mowyphoBfhidt 
WP, grey lustrous prismatic crystals, sp.gr. 8*5 
(Befacqz, ibid. 1901, 132, 32). 

Another phosphide WjP is formed by re- 
ducing a mixture of phosphorus pentoxide 
(2 m^«) and tungsten trioxide (1 mol.) in a 
charcoal crucible at a high temperature (Wohler, 
Chem. Soc. Trans. 1853, 5, 94). 

Pho9pdidtung8iw acid. — ^Tungstic acid com- 
bines with phosphoric and also with arsenic, 
antimonic and vanadio acids to form coi^lex 
cotnpounds of varying composition, ; WO, 
ssl : 7 to 1 : 24 analogous to the molybdates. 
Phosphotui^tio acid is used as a reagent for 
the precipitation of alkaloids, proteins and 
some of uieir products of hydrolysis, also for 
the detection of potassium and ammonium salts 
with which it gives insoluble precipitates. It 
may be prepaid by acidifying a solution of 
4 parts ol sodium tungstate and 1 x>art of sodium 
phosphate with sulphuric acid and extracting 
the pho^otungstio acid with ether (Winter- 
steiu, Chem. Zeit. 1898, 22, 539). 

Same new series of phoephotungstates are 
ihei by F. Kebrmann and B. Mellet (Helv. 

. Acta, 1922, 5, 942), including the simple 
8H|0,Pt0|(,6W0s,aq., of which the 
. ]^tas8ium, and ammonium salts have 
WDS prepared in the pure state. 

- on phoaphotungstic acids and the 

nhospholiingstates : Kshrmann, Zeitsch. anorg. 
1891, 1, 428 ; Sabolefl, ibid. 1806, 12, 16 ; 

Amer. Cbem. Soc. 1903, 25, 298. 

W 1 0|13HgO ; 

W and 

6Ba0,A^0«,t7W0v8iV»04,4aq. 

aQNlUli CkniwTi (G mi. 


oUin.ifal.ld23. 68,773; Cai0m.8oc.Abrtra924, 

126, iL U7). 

Tnfiffta anoiida WAb,, inepatod heating 
mogsten hexatdiloride in a current of hydrogen 
arsmude at 150^-360°, is a black crystflJline in- 
soluble powder of sp.gr. 6*9 at lS°e 

Tungstmi ehloroaiseidde W^AsClg, obtained 
by heating the above substances in a sealed tube 
at 60°-70°, forms hygroscopic bluish-black 
crystals, decomposed by water and acids (Be- 
^acqz, Compt. rend. 1901, 132, 138). 

For araeniotungstic acids and tungstaUa, see 
Kehrmann and Euttimann (Zeitsch. anorg. 
Chem. 1899, 22, 285). VanadciungstaUs 

Friedheim, ibid. 1894, 6, 11 ; Rogers, l.c. ; 
Friedheim and Henderson, Ber. 1902, 35, 3242). 
AfUirnaniotungstates (Hallopeau, Compt. rend, 
1896, 123, 1065). ZirconotungsUdes (ibid. 1896, 
122, 1419). Alumino- and alumino-phoapho* 
and arscno-tungstaJtes (Baniels, J. Amet. Cb&m. 
Soc. 1908, 30, 1846). 

Tungsten boride WB^, prepared by fusing 
the two elements together in an electric furnace,, 
crystallises in hard octahedra, Bp.gr. 9*6 (Tucker 
and Moody, Chem. Soc. Trans. 1902, 16). 

Tungsten and Cabbon. 

When tungsten trioxide is fused with 
iaicium carbide in an electric furnace, it forms 
an iron-grey carbide^ CWg, which is harder than 
corundum and has sp.gr. 16*06 at 18°. In the 
presence of a large excess of iron, the cashids 
^W, an iron-grey crystalline powder of 8p.gr. 
15*7 at 18°, is formed (Moissan, Compt. rend. 
1897, 125, 839 ; Williams, ibid. 1898. 126, 1722). 

Tungsten carbides are formed when the 
finely divided metal or its oxides are heated in 
carbon monoxide, or in a mixture of methane 
and hydrogen. At 1000° W4C4 is formed in 
carbon monoxide, and WO in a mixture of 
methane and hydrogen (1 : 1) at 80^ (Hilp^ 
and Ornstein, Ber. 1915, 46, 1669). 

W4C has been formed by heating tungsten in 
a carbon electric furnace ; it melts above 2700^ 
and solidifies as a homogeneous substance 
(Ruff and Wunsch, Zeitsch. anorg. Chem. i914« 
85, 292). Yoigtlfinder and Lohmann (B. B. P. 
286184, 1914) claim tungsten carbide to have 
a hardness of 9*8 compel with the diamond 
at 10. 

Two carbides of tungsten, W^C and WC, am 
formed when naphthmene vapour acts on 
incandescent tungsten filaments. These com* 
pounds at temperatures horn 2400°K. to 
2790°K. lose all their carbon, t^ tusgstext 
filament regai^g the same eonduetivity as 
before carbonisation. Incandeseent tol^;sten 
may be carbonised by almost any hydroearW 
vapour. Alcohol will also eadbonise the fila* 
ment, but at only the rate at which .aoatyletie 
efieots the oarbonisation. The ehpotduw ie« 
sistivity of cold W^C is about 15 
tui^ten, but the temperature ooellMeht of 
resistance is very much Urn, The ocmduerUiHity 
of apartiaUy carimnisedfilaineatatas^liimpem 
ture Is In agseement with that oaloujaM hmm 
the amounts of tungstmi and W|0 piemit ' 
(M. R. Audrews, J. Ph^. (Sieiiu 1983, 

amDiliim tiii0rt8ii oirMie mii 

tatmd byjmstfaig a mixture of chio^ oaraii,"?' 

tuii^pitieecU^ 
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TUNGSTEN, 


an eWtriciumaoe for five minutes irith a current 
of 400 amperes at 75 volts and treating tbe 
product with warm hydrochloric acid, then 
with oonoentrated ammonia solution. It forms 
small hard stable ciystalline grains of 8p.gr. 
8*41 at 22^ By the addition of tungsten to 
diromium steels, the formation of this stable 
hard carbide might give rise to the production 
of new steels with special qualities (Moissan and 
Kouznetzow, Compt. rend. 1903, 137, 292). 

Iron tungsten carbide 3W2C,2Fo3C, a mag- 
netic substance, sp.gr. 13*4 at 18"^, has also 
been prepared (Williams, ibid, 1898, 127, 410; 
Carnot and Goutal, ibid, 1899, 128, 207). 


TtJKGSTEX AND SILICON. 

Tungsten silicide WSis has been prepared by 
heating cop^r silicide with amorphous tungsten 
in an olectric furnace, using a current of 800- 
900 amperes and 50 volts, the resulting product 
is then washed successively with nitric acid, 
caustic potash, warm hydrofluoric acid and 
water. It may also bo prepared by reducing a 
mixture of silica and tungstic anhydride with 
sulphur and alumina. It forms brilliant, grey 
crystals, of sp.gr. 9*4, which are not magnetic and 
are very stable (Dofacqz, Cefmpt. rend. 1907, 144, 
848; Honigschmidt, Monatsh. 1907, 28, 1017). 

The silicide WjSis is obtained by heating the 
trioxide with silicon in the electric furnace, after 
which the mass is suspended in dilute hydro- 
cMoiic acid (1 in 10) and electrolysed. The ex- 
cess of metal dissolves and the silicide is removed, 
washed with aquajegia, then with ammonia, and 
is Anally separated from carbon silicide gravi- 
metrically by suspension in methyl iodide 
tVigouroux, Compt. rend. 1898, 127, 393), It 
sorms beautiful steel grey ciy^stals with a metallic 
lustre, 6p.gr. 10*9. JSee also Frilley, Rev. de 
Metallurgie, 1911, 8, 457 ; J. Soc. Chem, Ind. 
1911, 1018. 

Tungsten aluminium silicide forms black 
hexagonal crystals (Manchot and Kieser, 
Annalen, 1904, 337, 3G0). 

Sflicotungstlc acids of the formulje, 

H8W„Si0s*,3H20 

H3 Wx 2SI048,20H2O, &c., 

were discovered by Marignac (Ann. Ciiim. 
1864, (iv.] 3, 5). The acid corresponding to the 
last formula is formed by precipitating its salts 
with mercurous nitrate and decomposing the 
mereuiv sidt with hot hydrochloric acid. It 
erystaliises in large tetragonal prisms, is readily 
soluble ih water, alcohol, and ether, and forms a 
Tsluabie reagent for alkaloids. The salts, most 
of which are soluble in water, are prepared by 

t g gelatinous silicic acid with metallic 
ungstates (Wyroubofi, Bull. Soc. franc. 
1096, 19, 219 ; Friedheim and Henderson, 

1 Oboanxo Balts of Tungsten. 

of tungstic acid are described by 
Sakitb wad Dugan (J. Amer. Chem. Soc. 1899, 
21^ ISHd) ; Mali tmig$Un tartrcU&khy Henderson 
Wd Dm (Cbem. Soc. Trans. 1896, 1456); 

Iblldexson, Orr and Whitehead {ibtd. 

by Bosenheim 
189 % 26 , 1191 ); tungsten ctfanidS by 

ibil 


1915, 48, 1167; Olsson, Ber. 1914, 47, 917; 
Zeitsoh. anoTg. Chem. 1914, 88, 49). 

Tungsten forms ozosalts which are readily * 
soluble and diflicult to obtain free from the 
normal salts used in their preparation. The 
following have been described 
Sodium ozotungsten oxalate 

NaC204W04,5H30 

and also the corresponding ammonium and , 
calcium salts which have only 1 mol. of water of 
crystallisation (Mazzucchelli and Inghilleri, Atti. 
R. Accad. Lincci, 1908, [v.] 17, ii. 30). 

Complex compounds of the tungstic aoids 
with organic aoids have been obtained by Grqss- 
mann and itramer (Zeitsch. anorg. Chem. Id' 

41, 43) ; and by Mazzuccholli and Boj 
(Gazz. chim. ital. 1910, 40, ii. 241) ; and addivve 
compounds of the telra*, penta-, and he]| 
chloride with organic esters by Bosenheim i 
Loewenstamm (Ber. 1902, 35, 1115), 

OxalotungatiteSy Chlorotungatitea and oth^r 
derivatives of quinquevalent tungsten have beeb 
obtained bv Collenburg (Zeitsch. anorg. Choml 
1018, 103, 247). 

Gerber (Mon. Seient. 1917 [v.] 7, 73-219) 
finds evidence for the existence of a new element, 
mnitunfJ8ten^l^i,v,■t, 187, associated with tungsten, 
and wliich, as it is spectroscopically iiidistinguish- 
able from tungsten, he suggested may be an 
isotope of that metal (r/. Barbo, Mon. Sci. 1919, 
Iv.] 9, i. 73). 

TUNGSTENITE. Tungsten sulphide WS-, 
corresj.>oiiding with molybdenite (MoS*), which 
it clowly resembles in physical characters. It 
occurs in some quantity intimately intermixed 
with jiyrites, fahlore, and galena in a compact 
ore at the Emn»a mine in the Little Cottonwood 
district. Salt Lake Co., Utah. Under the 
microscojie it is seen in this ore as feathery 
flakes resembling graphite in apjiearaiico. It is 
lead-grey and opaque with a metallic lustre, 
and soft enough to mark paper; sp.gr. alnmt 
7*4. The mliu^ral is not oxidised by roasting 
in air, and is not attacked by hydrochloric or 
nitric acids, but is decomposed by aqua regia 
(R. C. ^Vells and B, 8, Butler, J. Washingtott 
Acad. Sci. 1917, 7, 596). L. J. & 

TUNGSTITE or TUNGSTIC-OCHBS, A 
yellow, earthy mineral frequently observed in 
small amounts as an alteration jnrc^ttct of 
wolframite and scheelite, and long supposed to 
be anhydrous tungsten trioxide WO,. The 
original tungstic-ochre of B. Billiman (1822) and 
the ‘ wolframine ’ from Coniwall were, however, 
never analysed, and in the text-books tbe 
characters of the artificial orthorhombic crysiais 
of the anhydrous oxide have been assum^ for 
the natural mineral. A mineral of similar 
appearance has been described under the name' 
mcymacite (A. Carnot, 1874) with the eoza* 
position WO8-2H20. T. L. Walker (Amer. *L 
Bci. 1908, 25, 305) suggests that these are le^y 
identical and that the conect formula 4 
WO^H^O. He describes a goldea-ydlow 
mineral occurring with wolfrmnite in v4iui Of 
of gold-quartz near Balmo in British Oohtmhiaf 
Hinfite omtals bom cavities posmes a paOM 

J •ohWe in naBuwift oKv 
Wu. but; not in i^ddf, 


sodium ^ 


roBMBRia 


.241 


in the Qemumia tungsten mine^ 
l>4er TniiQ[ mining distrjot in tiie State of Wash* 
> ington, wa4B fotmd by W- 7. SohaUer (Amer. J. 
Soi. 1911» 229 161) to be a hydrated ferrio tung* 
state^ Fet0g*W0t*6E»0, for which the new 
name firrUumgtiiU was proposed. This is pale- 
yellow to brownish-yellow and crystallised in 
minute hexagonal scides. L« J. S. 

TURANITE. Hydrated copper vanadate, 
5Cu0'Vj,05*2H,0, forming compact, spongy, or 
radially fibrous aggregates and reniform crusts 
. of an olive-green colour. It is found with alaite 
, (g.u.), forganite (g.v.), tyuyamunite 

(Ca0-2U03Vj0*-4Ha0) 


malachite, &o., in the oxidation zone of the 
uranium and vanadium deposits which occur 
in limestone at Tyuya-Muyun in Fergana, 
Kussian Central Asia. L. J. 8. 

TURANOSE. A sugar CiaHajOn obtained 
by heating melezitose with acetic acid. Is not 
hydrolysed by any of the ordinary enzymes and 
is consumed very slowly by yeast. Botatoiy 
power [a]2^«+71*8 shows no birotation (Tanret, 
Compt. rend. 1906, 1424) (t\ Cabbohydbates). 

TuRBIDlMETRY. iS'ee Nephelometby. 

TURF, 0 . Fuel. 

TURGITB V. Turpte. 

TURICIME 17. Bbtaiebs. 

TURITE, TURGITE or HYDROH^ATITE. 
A hydrated ferric oxide, 2Fe203*H20, containing, 
according to the formula FejOa 9*4*7, (Fe 66*2), 
H3O 5*3 p.o. It is sometimes soft and earthy 
with a bright red colour, being then included 
(together with earthy hsematito) under red- 
ochre. It may also 1^ massive and compact; 
with sometimes a radially fibrous structure and 
a smooth and brilliant mamillated or botryoidal 
surface, being then veiy similar to the kidney- 
iron-ore (more strictly the Oer, Rother Glaskopf) 
variety of hematite. Such material is dark red 
to black with a sub-metallio lustre. Bp.gr. 
4*29-4*49 ; H. 0} (harder than limonite). A 
characteristic feature is the dark cherry-red 
„ streak, which is of a lighter shade than that of 
hiCmatite. Crystals are not known, but the 
fibrous material is birefiingent with straight 

r eal extinction. Few analyses show exactly 
theoretical amount of water ; there seems 
rather to be a gradual passage on one side to 
hs^natite (FotO,) and on the other to limonite 
(2Fe30s*3B!30, with 14*5 p.c. H^O). Compact 
or earthy red hsematite often contains 1-2 p.c. 
H|0. The existence of turite as a distinct 
mineral species has therefore been doubted, and it 
has been regarded as a colloidal material forming 
a Siam in the hydration of hssmatite to limonite, 
or the dehydration of limonite. Turite, 
howevm', when heated in a bulb-tube decrepi- 
tates wi& surprising violence, and in this respect 
it di&iti Irbm both hssmatlte and limonite. 
Xu dshydratioiL curve is quite distinct from 
^ Gtose ol Hmonite and goethite. Ocoorrenoes 
, ol fibrous mamillated turite and limonite at 
fialkbuiy in Oonneotiout and Bridgeville in 
8coti4 show a sharp line of demarca- 
# mm! beUieeh the two minerals. Turite was 
first desmdbed from ^le TurinslQr ^ copper mines 
aear BogMovsk in the Urals, and it has sinoe 

’ "" * tbs sfilsesat Tm JtwL 

1 tsomiU and Usritt am mlstimis* 


been recorded with iron ores from many other 
Eussian localities. It is no doubt a mitral of 
common ooouirence elsewhere with htematite 
and limonite ores (L. J. Spencer, Min. Mag. 
1919, 18, 339). L. J. S. 

S§e also Iron oxides, art. Ibon. 

TURKEY-RED OHS v. Oils, Fixed, and 
Fats. 

TURMERIC (Indian saffron; Terra merita). 
The so-called turmeric root of commerce is the 
underground stem or rhizome of Cnrcima hnga 
(Linn.), or of various species of Cwrauma — e.p. 

0. tinctoria, C> viridifiora (Roxb.), Ac. These 
plants, belonging to the ScUamimes, are indi- 
genous to Southern Asia, and are there largely 
cultivated, being exported from China, Mamas, 
Bengal, Java, Malabar, Batavia and Barbadoes. 
Those varieties which are derived from the 
central rhizomes are more or less round (Curcuma 
rotunda, Linn.), while the lateral rhizomes are 
long and fin2er-Bhai>ed (C. longa)- When of 
good quality these commercial varieties are hard, 
and possess a dull, waxy, resinous fracture, the 
external colour being yellowish-grey, and 
internally orange-browm, but producing, when 
ground, a somewhat bright yellow powder, 
having a strong characteristic odour and a 
peppery bitter taste. 

The rhizome of Canna speeiosa, a West 
African plant, is said to bo exactly similar to 
East Indian turmeric in taste, smell, and 
chemical reactions (Baniell, Pharm. J. 19, 258). 

It is cultivated in Sierra Leone, and furnishes 
the so-called ‘ African turmeric.* 

According to Pelletier and Vogel (Annalen, 
44, 297), turmerio contains ceQulose, ram, 
starch, mineral matter, a strong-smelling 
volatile oil, a brown colouring matter, and a 
characteristic yellow colouring matter named by 
them Curcumin, Pectin and pectic acid are 
also present (Schiitzenberger). Kachler (Ber. 

3, 713) found a notable quantity of potassium 
binoxalate. 

Pelletier and VogeFs method of isolating the 
enreumin consisted in first removing the fatty, 
resinous, and other impurities by extracting 
pulverised turmerio with water and carbon 
disulpUde, then dissolving out the colouring 
matter with boiling alcohol, and purifying it 
by successive solution in ether and ucohoi, 
precipitation with lead acetate, subsequent 
treatment >vith hydrogen sulphide and ex- 
traction of the product with ether. It was thus 
obtained as an amorphous yellow powder. 

Lepage adopted a similar method, but alter 
extraction with carbon disulphide the colouxliif 
matter was dissolved in alkali, precipitated with 
add, and finally purified by means of ether. 

Daube was the first to obtain curcuinm in 
the crystalline state. He removed eMnthd 
oil by passing a strong current of steam over 
the coarsely-ground turmerio, then thorou|^y 
extracted it with hot water, and finally treated 
the dried residue with boiling benzene. On . 
cooling the solution thus Stained, ofude 
curcumin separated as bright orange-red cmtal* 
line crusts, whjph were presued betumn bh>ttkiig« 
raper, and dissolved in cold alcohol. After 
mitering off some yellow floceulent^ snbsUnsci^ : 
the solution waax»ieoipitated with an alAholle :^ 
solutibn of neu^ lead aeets^, ad^hig 
a)|lf)ile besiolead aoetatein 
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Almost entirely the libemted aoetio acid and I yellow riiomhto cryBt&» m.p. 154** ; 
mmnt thereby any solution of the colour-lake. [ (efra 5 f^ideCi 4 Ht 40 |Br 4 »pOA^M^ ia.p. 185** ea. ; 

brick-red predpitate was washed with Uiri^Sffvmocuretmtn CuHt^r^Oi, red powdw ; 
alcohol, suspend^ in water, and decomposed penMfxmocureimindSromtde C|4H9Brf04*BrM 
with h3rdrogen sulphide. The liberated our- red powder, m.p. 120^ ea» ; potaseium curoum*n 
cumin was extracted from the precipitate with KC14H1SO4, red powder, and dipafanium car- 
boiling alcohol, from which it crystallised on slow camm K4O14H12O4, red needles. By ftu^n with 
evaporation. al^i curcumin gives prolocotccAaic octd, when 


Benzene is very suitable for the isolation of 
pure curcumin, for although it is very little 
Bcduble in this liquid, the resinous impurities are 
not dissolved thereby. 

Gajewsky (Ber. 3, 265) obtained crystalline 
curcumin by first extracting turmeric root with 
carbon disulphide, then dissolving out the 
colouring matter with ether, and purifying it by 
fractional crystallisation from ether or benzene. 
He detected the presence of another colouring 
matter and also traces of an alkaloid. This 
chemist obtained an increased jdeld of colouring 
matter by washing the dry ethereal extract with 
dilute ammonia to remove resin, then dissolving 
the brittle residue in boiling concentrated am- 
monia solution and precipitating with carbon 
dioxide; 250 grms. ethereal extract gave 100 
gnus, flocculent curcumin, m.p. 140°. Jackson 
(Ber. 14, 485) also obtained crystallised curcumin 
by first removing the oil by long extraction with 
carbon disulphide (sixty hours), then thoroughly 
extracting (sixty hours) with ether, and after 
washing the orange- colon red product thus 
obtained with cold alcohol or ether, ciystallising 
from hot alcohol. 

Perkin (Cliom. Soc. Trans. 1004, 85, 03) pre- 
cipitates an Alcoholic turmeric extract with lead 
acetate, washes the lead compound first with 
alcohol then with water, and decomptises it with 
dilate suljfdiuric acid. From the mixf ure of leacl 
sulphate and curcumin the latter is removed 
with boUing alcohol and the extract evaporated 
and poxu^into ether, which cause.s the separa- 
tion of tarry imparities. The ethereal solution, 
after evajroxation to a small bulk, is treated with 
carbon wulnhide and allowed to stand, the 
exystids whicb separate from time to time Wing 
removed. 0*56 p.e. of corcuntin was thus 
obtaJxied from turmeric. 

Ooffcumin crystalltseB from alcohol in orange- 
coloiired prisms, m.p. 165** (llaube), 172° 
(Qajewidcy), 178** (Jacl^n), and 183° (Ciamician 
and Bilber, Ber. 30, 102), and is soluble in ether, 
forming a green fiuorescent liquid. Alkaline 
aohitions dbsolre it with a reddish-brown colour, 
wbwh when neatralised passes to yellow, and 
on tys account it Is useful in the form of * tur- 
meric paper * as a reagent for alkaJis. Whereas 
Baubc assigned to curcumin the formula 
Oajewsky (C4H40}«, probably 

C,*H4404 

Jadkson considered that C14H14O4 or 
were more reasonable exprosslons, and of these 
Jackson and Menke (Amer. Chem. J. 6, 78} 
wei to ned tho former, and prepared the following 
cWrHrativcs hannonifring with this view* : — 
JMMfdrocemMata brownish-white 

poUNlir^ Jmp. 100** ce. ; dthydrocurcwmm anhp- 
dirtik dirty white powder, tn.n. 12u° 

ctt , t hrownisli tar; 

pale 

aeitplawciminCiJnuO§, 
Imwi^ mam; diaaipkwcumin 


oxidised with perman^nate vanillin^ and the 
diethyl ether by similar treatment yields eaniUic 
acid ethyl ether. Jackson and Menke represented 
curcumin by the following formula 

Ceir8(OH)(OCH3)CH(C5H4)COaH{CH:OCH9:OH 

«l:3:4) 

Heller (Ber. 1914, 47, 2998) has otftained 
dihydrocurcumin, now shown to possets the 
formula C21H24O4, by catalytic reduct^n, as 
colourless needles, m.p. 95°~96°. > 

Ciamician and Silber (Ber. 30, 192), as the 
result of methoxy determinations, assigned the 
formula C21H20O4 or Ci2Hi4O4(O0H2)2 to cur- 
cumin, and preimred diacetylcurcumin 

needles, m.p. 170°~171° ; and curcumin dimethyl 
c//*cr Ci2lIj202{0CIl2)4, yellow needles, m.p. 135°. 
Digested with hydrox^damine hydrochloride 
in alcoholic solution curcumin gave the com- 
l)ound CjjHiaNOs (i.e. C2,H2o04NOH--H,0), 
needles, rii.p. 178°, w'hereas phenylhydrazine 
gave a substance crystallising in colourless 
needles. 

Perkin (Chem. Soc. IVans. 1903, 83, 140; 
1905, 85, 63), by means of alcoholic potassium 
acetate, obtained from curcumin the mono- 
potassium salt C21H19O4K, fine orange-red 
needles. A bcnzoyl-cnrcumint pale yellow 
needles, m.p. 176°~178°, was ah^ prepared, and 
gave by the crj’oscopic method numbers hannon- 
ising with Ciamician and Silbcr's formula. 

Molecular weight determinaiions, according 
to Jackson and Clarke (Ber. KKKi, 38, 2712), 
indicated the concctness of the formula 

• CuHh04 

and again {ibid. 1906, 39, 2269) these authors 
pointed out that unless sj)eGial e.are is employed, 
Zeisers method gives erroneous figures ^tb 
curcumin. When heated with bydriodio acid 
at 12K>° a correct result is given, but above this 
temperature curcumin gives a colourless oil rich 
in iodine (75*75 p.c.) which reacU with the 
alcoholic silver nitrate solution. 

Von Kosianecki and Lampe (i6i£ 1910. 43, 
2163) consider that Clamiman aund Siloer's 
formula coneeUy repressiits oureitinln* 

and describe aKarbomithoiycweumin 

Ci»Hu0,(0€00CH9),(0(»g)t 

yellow prisms, m.p. 150% and diwiethotet* 
curcumin^ yellow leafieta, 148M5(P* 

When curcumin is boiled with Mtassium 
hydroxide solution, mmSie acid and Jwwtie acid 

oau 

t CHCOOH ^ 

«» {tfodnevd. As • iwidl ttaw mOm «ob* 
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tli#i file ocmtijl^oii of tldB ooloudog 
matter is as ioUows 



•OH:OH-CgH,(OCH^OH 
(1) (3) (4) 


Furtber sappoxt for this formula is giyen by 
the fact that curomuin, like )3-diketoiies, gives 
when treated with hydroxylamine an iso- 
oxazole derivative, and the compound prepared 
by Oiamician and Silber is probably 
hydroxy-3-3'-dmethoxi/-l : V-dislyrylisoxazdle — 

I CH ; CH C«H,(OCH.)OH 

ch/ 

\ C^CH : CH CeH3(OCH3)OH 
Kyan and Dunlca (Proc. Roy« Irish Acad. 
1913, 32, 9} attempted to obtain dicinnamoyb 
methane — 


CH3< 


CO CH : CH Cell 
CO CH : CH-Cell 


s 

5 


by eondrasing cinnamic ester with bensylidene* 
acetone in the presence of sodium without 
success, tbou|^ with saturated ketones such a 
reaction proceeds normally. Thus cinnamic 
ester and acetone give oinnamoybacetone 
(dhnamoybaoetyl-metliane)--- 

C3H3 CH ; CHOO-CHj-CO-CH^ 


a substance crystallising in yellow needles, 
m.p. 83'*~84% and capable of dyeing mordanted 
wool. 

Kyan and Aigar (ibid, 1913, 32, 9) again 
obtained methyl cinnamoyl-pynivate— 


CH,< 


CO.CH : CH-C.H* 
COCOOCH3 


from cinnamyl methyl ketone and methyl 
oxalate which crystallises in yellow prisms, 
m.p. 70°, also capable of dyeing mordanted 
wool. Numerous compounds of this type have 
been described by Byau and his co-workers, and 
in a paper by Kyan and Plankett (ibid. 1910, 
199) a list of the dyeing properties of some of the 
compounds on wool is given, of which the follow- 
ing is an abstract : — 


Oinnamoyl-acetyl- methane 
Citmamoyl- benzoyl-methane . 
Methyl cmncamoyl-pyruvate . 

Cinnamoyl-pyruvic acid 

p-methoxycinnamoyl-pyruvlc acid . 

3 - 4 - dimethoxyoinnamoyl - pyruvic 
acid 

Curcomin 


Chromium 

Aluminium ! 

Tin i 

Iron 

Dark yellow • Light yellow 

- . 

Bright red 

Dark yellow ; Light yellow j 

j 

Reddish-brown 

Russet- i 
brown 

Orange- 

yellow 

Light orange- 
yellow 
Orange 

Reddish-brown 

Brown 

Orange 

Deep reddish- 
brown 

Chocolate- 

brown 

Bright 

orange 

Bright 

orange 

Reddish-brown 

1 

Chocolate- 

red 

1 Orango-rcd 

Orange- 

brown 

Dark choco- 
late-brown 

Brown 

Orange- 

yellow 

Orange-red 

Brown-black 


The shades given by these compounds are of 
a similar nature to those produced by curcumin 
itself, and the results of these authors thus 
support ▼, Kostanecki's formula for tjiis com- 
pound. In comparing the three compounds, 
ouroumin (1), methyl 3*4 dimethoxy-cinnamoyl- 
pyruvate (2), and 3-4-dimethoxycinnamoyl- 
pyruvio acid (3) 

OCH, 


^CO CH : CH— 0 ®“ 


'^CO-CH ; CH- 



H 


(1) CH, 


OCH, 

< COCH : CH-/~\0CH, 
COCOOCH, 

OCH, 

C ~'0H : OCH, 

<»OH 

Rjatt «ad Vt$akt^ mt/t t]i»t in aJl these 
^Dompbuiid^ the sanie douMe iduomoj^ore 


is present, together with the acidic methylene 
radical which is here the auxoohrome. Tlmuf^ 
in curcumin the double chromophore occurs 
twice, its effect is to some extent balweed 
the fact that the methylene radical in 
XCOCHjCO-COOR 

possesses much stronger auxochromic property 
than in the group XCO'CHj’COX. m cur- 
cumin, again, the auxochromic effect of the 
hydroxyls in the vanillin nuclei can only be 
slight. 

In 1913 Lampo and Milobedzka (Ber. 46, 
2233) succeeded in synthesising dioinnamoyl* 
methane, the mother substance of euroumin, in 
the following manner : — 

Cinnamoyl-aoeto-aoetic ester (Fucher, Ber. 
1883, 16, 166) 

CeH^-CH : CH<X><St{OOOm)COCHt 
on hydrolysis and simultaneous loss of carbon 
dioxide gives oinnamoyl-aoetooo^ 

CgH.'CH : CH<X)<5H3<50-CH, 

The tnonosodium derivative of t1^ lattar 
when condensed with cinnamoji chkHida ghM 
dicinnamoylaaoetyl* methane (akdnnamoyl-aee^ 
tone)— 
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which on hydrolysis splits off acetic acid with 
formation of dicinnamoyhmethanc — 



This compound* which cratallisos in yellow 
prismatic ne^es, m.p. 144 * dissolves in sul* 
phuric acid to form an orange-red solution 
possessing a yellow fluorescence. Both in its 
chemical and physical properties it closely 
resembles curcumin, and dyes cotton yellow 
shades which, however, are weaker than those 
given by curcumin itself. 

In 1914 (Ber. 47, 887) Holler described a 
stereoisomeride of curcumin which ho named 
taO’Curcnminf and this he obtained as a reddish- 
yellow ciystalline solid, sintering at 140^ and 
melting near 180% by condensing vanillin with 
acetyl^tone in the presence of hydrochloric 
acid — 


/COCH, 

+2C,H3(0H)(0CH3)C0H= 


: CH*C3H3(0H)(0CH3 

+ 2 H 3 O 

•CH : CH CeHjfOHKOCHj) 

Ryan and Bunlea (Proc. Roy. Irish Acad. 
1915, 32, B, 657), however, criticised this state- 
ment. They find that the first product of the 
action of benzaldehyde on acetyl-acetonc in this 
way is not benzylidene-acetone 


C 3 H 3 CH : CH CO CH^ CO CHs 


but a chlorinated compound which on heating 
in vacud gives 

CH 3 — CO— G~C0---CH3 


CH 


^ CeH, 

Xso-curcumin thus may be the trivanillin 
condensation product, with which indeed 
Heller^s analytical results agree — 

nr ivAw^r* w 'nr • 1 CB['C3H3(OGH3)OH 

CUgO(Op}CgUjf CH . C’^co CH : CH CjHjtOCHjKiH 

HeUer (Ber. 1914, 47, 2998), however, states 
that this criticism of Ryan and Bunlea is un- 
justified in that iso-curcumin is a chlorine free 
colouring matter. Iso-curcumin shows a faint 
reaction with ferric chloride, and is to be re- 
garded as a mixture of ketone with a little cnol, 
whereas curcumin is decidedly enolic. 
eardamafo-iso-curcumm melts at 142^ See also 
Ber. 1917, 50, 1244, and Ber. 1921, 54, 1118. 

Ghosh (Chem. Soc, Trans. 1919, 292), by the 
simple conversion of curcumin into »>o-cuFcuinin, 
confirms Heller’s view that the two substances 
are geometrical isomerides. 

Curcumin has been synthesised by an applica- 
tfarn of the method employed for the synthesis of 
didniiamoybmethane (Lampe and l^obedzki, 
Ber. 1913, 46, 2235). In this cinnamoyi chloride 
was eemdensed with ethvl aeetoacetate and the 
product hydrolysed, when cinnamoyl-acctone 
resulted. Condensation of this product with a 
second molecule of cinnamoyi chloride and 
faydrdyaljs of the product gave^dicinnamoyJ 


‘ OHPb : OH'CO'CHAc'CO.Et 



chloride (f) 


in the place of oinnamofl cUoxide, the dicarbo* 
methozy«derivative of curcumin was obtained. 
It gave curcumin on hydrolysis (Lampe, Ber. 
1918, 51, 1347J 

OMe 

MeO.COf^ 

V^CH ; 0H (X>a 
(I) 

It is well known that a mixture of boric and 
hydrochloric acids imparts to turmeric paper a 
red colour which is turned blue by alkalis. 
This reaction w'as investigated by Schlumberger 
(Bull. Soc. ChcTT*. [iL] 5, 194), who found that 
when an alcoholic extract of turmeric is heated 
in a sealed tube with boric acid, a red crystalline 
boric acid derivative is produced, somble in 
alkaline solutions with a purple-violet bolour* 
Boiling \vater decomposes this compound with 
elimination of boric acid, and formation of 
ps€udo-curcu?/iin, a yellow powder. the 
alcoholic solution of the boric acid com;^and 
is digested with strong hydrochloric a^, a 
black substance separates, w'hcreas boric heid 
remains in the liquid. 

On extracting the black powder with a 
mixture of alcohol and acetic acid, the filtrate 
deposits green iridescent crj^stals of rosooyanino. 

Rosocyamn'e is readily' soluble in alcohol 
containing a trace of mineral acid and dissolves 
in ammonia solution with a blue colour. It is, 
according to Schlumberger, an unstable sub- 
stance, and if boiled for a long time 'witb alcohol, 
is converted into jiseudo-curcumin. 

Jackson and Clarke (he,) prepared roso- 
cyaninc by heating a solution of curcumin in 
dilute alcohol with boric and sulphuric acids, 
and describe it as a purplish -red powder, closely 
resembling j)owdored rosauiline. These authors 
considered it to be isomeric with curcumin 
C 14 H 14 O 4 , and dcscril>ed an ammaniwm mli 
CX 4 H 13 O 4 NH 4 , and a potaeaium salt C 14 H. 3 O 4 K, 
both of which |K)ssesB an intense blue colour. 

The tinctorial properties of curcumin are of 
special interest, for not only is it a strong 
colouring matter towards mordants, but with 
cotton, wool, and silk it behaves also as a sub- 
stantive dyestuff. In the latter case it is only 
necessary to add the material to a boiling 
decoction of the colouring matter. Though 
considerably employed up to within recent 
years by the wool and silk dyer in the formation 
of olives, browns, and other compound colours, 
turmeric is now but rarely usm for dyeing 
purposes in Ei^land. in India, however, it 
appears to be still in vogue. 

Cotton is usually dyed in a decoction of 
turmeric rendered slightly acid by the additloa 
of a little acetic acid, or alum may be employed* 
The colour does not resist cither the action of lis^t 
or of alkalis, and readily acquiree a bxown&h* 
red tint. Wool may be dyed without amr 
addition, keeping the temperature about 6 (r« 
By previously mordanting with almtn a brigjblm^ 
effect is produced, w'hereee tin mcudaiit give* a 
more orange colour. Potassiuin dykwmate 
and ferrous sulphate em|doyod in a iftmifar 
manner yield respectivety oUve and farowil» 
coloured shades. 

SUk k pi^emb^ dyed In an acid 
sometimes previomdiy moidanted; ^ 
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T%imertc is tho thick orangCHsobured { 
arcKmatio oil present to the extent of 3*23 p.c. i 
in turmeric from which'it can be extracted by 
meafb of carbon disulphide. BoUey examined 
the portion distilling over at 230 -250"^, and 
considered it to be identical uith oarvol^ whereas 
Gajewsky {lx.) found the portion distiUing over 
at 220^-228^ contains less carbon and more 
hydrogen than that which passes over at a higher 
temperature. On oxidising the latter portion 
with chromic acid, an acid oil is obtained which 
contains valeric, caproic, and tcrephthalic acids. 
Jackson and Menke (lx.) analysed that portion 
which distils over at 285^-290°, and gave it the 
formub OiaHgsO, and the name iurmerol, and 
obtained turmeryl chloride O19H27CI, sodium 
turmerol Cj9H270Na, and iurmerol iso-^hutyl 
eiher Ci»H27O*O4H0. With permanganate tur- 
merol gave terepiithalic acid, turmeric acid 
and apoturmeric acid CX0H12O4 or 
C10HX0O4. According to Riipe (Bcr. 1907, 40, 
4909), when turmeric oil is boiled with dilute 
sodium hydroxide solution a substance, b.p. 
160^/12 mm., apparently not identical with 
Jacl^n and Monke*s turmcro), is produced. 
Stronger alkali yields an ojitically active ketone 
C13H14O, curcurnone, b.p. 119°--120®/8 mm«, 
which gives a semicarbazone, m.p. 119'6°- 
120*5“, an oxime, b.p. 159“/ 11 mm., and con- 
densation products with aromatic aldehydes. 
With permanganate the ketone gives p-vikhyl- 
acetophenone and tcrephthalic acid, and with 
alkaline hypobromito the acids Ci^HieOg, 
m.p. 150“, and OigHicOg, m.p. 33“-34“. By 
the further action of permanganate the latter 
yields a dicarboxylic acid C12H14O4, m.p. 228®. 
Bupe, Luksch, and Stoiiibach (Bcr. 1909, 42, 
1515) were unable to isolate from turmeric oil 
the turmerol of Jackson and Menke, having 
sp.gr. 0^9388 at 20“ and [a]|^ —27*46. By 
digestion with alcohol and 30 p.c. potassium 
hydroxide solution the ketone CuHi^O, carett- 
mone, was obtained, which has b.p. 121“/10 min., 
sp.gr. 0*9566 at 20“, 1*50526, [a]|, 80*55, and 

f ields the p-brainophenylhydrazone, m.p. 71®. 
t condenses with benzaldehyde to JForm the 
compound CxJlicO ; CH'CeHa, m.p. 100®, and 
with piperoHM and anisic aldehydes similar com- 
pound melting respectively at 86® and 77®-78® 
are produced. 

The acid CiaHi402 (lx.), m.p. 33°-^4®, is 
called eurcumic acid, and appears to be identical 
with Jackson and Menke s turmeric acid (Kupe 
and Steinbach, Ber. 1910, 43, 3465). By 
oxidation with permanganate it gives tere- 
phthalio acid, p-tolyl methyl ketone, and the acid 
C13H14O4, m.p. 226®-228® (l.c.), and this possibly 
consists of apoturmeric acid (Jackson and 
Menke). Although it was considered that 
curoumio acid might be y-p-tolylvaleric add, 
the synthesis of this latter compound showed 
that the substances are similar but not identical 
{ibid. 1911| 44, 584). Again, curcumio acid is 
hot n*tolyl*a-inethylbutyrio acid (Bupe and 
Bufjm, &>id. 1218). Bupe and Steinbach 
oomdev that ourcumone is to be regarded as a 
. benaene derivative containing two parasub* 
gtttuehts^ ane being methyl, and the second, 
hne or aOm of tbe groups 

or *QMeSt<IOHe 


whereas in curcumio acid the group OOMe is 
leplaoed by COOH. See also Sohimmel & Co. 
Ber. April, 1911). A. G. P. 

TURHBRIG acid V. Tttbmbeic. 

TURMERINS v. Pbimuliks and its ds- 
mvATivss. 

TURMERYL CHLORIDE v. Tubmnbio. 

TURNBULL’S BLUE. A variety of Prussian 
blue, probably a ferricyanide, v. Cyanides. 

TURNERS YELLOW. Patent yeUew. Lead 
oxychloride SPbO'Pbdj. 

TURNIP. A biennial, cruciferous plant, pro* 
ducing in the first year a large root stock con- 
taining a store of carbonaceous and nitrogenous 
matter intended for the formation of flower- 
stem and seeds in the second year. This 
‘ root ’ is the chief valuable product for which 
the crop is grown. Many varieties, differing in 
the shape, size, and colour of the root, are known, 
but they may all bo classed as belonging to two 
species — ^the ‘ white turnip,’ or simply * turnip,’ 
Brasaica rapa (Linn.), or B. rapa rapifera 
(Metzger), and the ‘ Swedish turnip,* or * Sw^e,’ 
known often as * ruta-baga ’ in America, Braaaica 
campeatris rutabaga (Linn.), or B. napua eactdenta 
(DC.). There are many varieties of each, but 
as a rule ‘ turnips * have rougher leaves, of 
greener colour, and the root h^ white, or, in 
some cases, yellow flesh ; whilst * swedes ’ possess 
smoother leaves of a bluish-green colour, and 
the roots have yellow flesh. The leaves of the 
turnip spring directly from the root, whilst those 
of the swede arise from a distinctly marked 
‘ neck.’ 

Both types grow best in cool, damp climates ; 
in hot, dry countries the roots tend to become 
very woody and fibrous. Swedish tumips resist 
frost better, and can be grown in stiffor soils 
than the white varieties ; they also keep better 
after gathering. 

According to Konig, the following figures 
represent the average composition of the tvo 
types — 

Other 

Pro- N*free 

Water teln Fat Sugar ext. Fibre Adi 
White turnips 90*67 1*12 0-24 2*55 3*55 Ml 0*76 
«wedes 88*88 1*39 0*18 3*02 4*35 1*44 0*74 

Great variations in eom^josition, however, 
have been observed, the most important factors, 
in order of im|K>rtanco, being apparently, season,, 
variety, size of root, district, and soiL Even 
with the same variety, grown under the name 
conditions, and with roots of approximately the 
same size, considerable variations in the oom^ 
position of individual roots are found, 6Special}y 
in the amount of sugar. Thus, CoUins ( J. Soe. 
Chem. Ind, 1920, 20, 536) found in 25 individiial 
roots of XL All swedes, the proportion of sugar 
varied from 4*5 to 7*8 p.c«, with an average of 
6*27 p,c. 

The variation with season is tKinaideKable ; 
Oollins, as the average of 12 varieties of swedes 
grown in 1900, found a sugar content of 6*26 p.c., 
while the same varieties, in 1901, gave an 
average of only 4*05 p.G. of sugar. Ajwogous 
to the effedt or season is that of local climate; 
even in Britain this effect is seen. In 1904 
several variety of swedes were growii 
taneously in Cfbabridgeshixe, Norfulk^ff oentl«is)i4 
and BoaENihirs (4 centres), and 
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€YopB were examined for dry matter and sogai 
ecmtent. 

The following figures show the sugar contentfi 
of 5 Tarieties, as grown at the various centres — 

Cam- I^orfolk RosB-shlre 

Variety brid^ 1 2 Mean 1 2 8 4 Mean 

F^*8 Bronmtop. 6*6 6-1 8*0 7 0 7*2 7*3 71 8 0 7*4 

Kew Arctic • 6*1 0*0 8*1 7*0 6*0 7*2 7*1 7*9 7*8 

Bonum 0*8 6*7 7*6 6*6 6*8 7*2 6*6 8*1 7*2 
XL AU • . 6*0 6*0 7*4 6*7 6*8 6*8 6*7 7*6 7*0 

Carter's Elephant 6*3 6*6 7*0 6*8 6*7 6*9 6*8 7*4 7*0 

Average . ^2 5^ fo 6*7 6*9 7*1 6*9 7*8 

These results clearly show that the roots 
grown in the moist, cool climate of Ross-shire 
were, on the average, richest in sugar, while 
those grown in the hot, dry climate of Cam 
bridgeshire were the x)oorcst (Guide to Expts. 
1906, Dept, of Agric. Univ. of Cambridge). 

So, too, Hendrick (Bull. 1, Coll. Agric. Univ. 
of Aberdeen, 1904) found, as the average o. 
analyses of 21 varieties of swedes, grown in 
Abe^eenshire, 11*7 p.c. of dry matter, and 
5*15 p.c. of sugar, while 9 varieties of tumii)s 
yields an average of 9*48 p.c. of dry matter, 
and 4*55 p.c. of sugar; and Wood (Guide to 
Expts. Dept, of Agric. Univ. of Camb. 1900^ 
found as the mean of the anal^^ses of 5 varieties 
of swedes, grown in Cambridgeshire (1 centre 
and Norfolk (2 centres), 10*8 p.c. of dry matter 
and 6*6 p.c, of sugar, and for 7 varieties of white 
turnips 7*81 p.c. of total dry matter, and 4 24 
p.c. of sugar. 

The effect of soil u|)on the composition of 
the roots, although i)erceptiblc, is not great. 
That of manuring is very great upon the yield, 
but is comx)aratively small upon the composition, 
exc^t in 80 far as it affects the size of the roots. 

^e effect of size of root, in any variety, is 
considerable, small roots being invariably richer 
in solid matter, especially sugar, than large 
ones. This is well seen from the folloMing 
analyses by Hendrick (J. Soc, Chem. Ind, 
1897, 16, 213) of two samples of ‘ Achilles ' 
turnips — 

Average wt. Dry 

of 1 root Water matter Sugar Total N Alb. N Ash 
6Ib. loz. 92*8 7*2 3*93 0*192 0*108 0*56 
21b. 14oz. 91*3 8*7 4*62 0*148 0*076 0*64 

In view of these many circumstances affecting 
t^ composition of the roots, it is obviously of 
little value to attempt to give any representative 
composition of turnips. 

It may, however, be of interest to quote the 
figures given by Kellner and by Warington as 
representing the average composition of tumijis 
and swedes. 

Kellner gives — | 

_ , ^ N-frce Crude I 

Water Protein Fat extract fibre AiOi 

Svedea 87*8 1-5 0 2 8*2 1-3 0-» 

Tnmipa 91-5 09 01 6-0 0-8 0" 

Waniogton’s figures arc — 

w A , Ainiden, K-free Crude 

Water Protelds etc. Fat extract fibre Ash 

8»i»dea 89*3 0*7 0-7 0-2 7-2 M 0-8 

XnnilH 91*5 O'S 0-5 0*2 5-7 0-9 0’7 

Tb 0 pmtda, t.e. total Nx6*25, fc tbo above 
■nalyiMa, oootiuiu a considerabie and variable 
9«attt4i/^ of aoB-iwoteid subebuioe. K Sntg 
■tatea tbat {rwh 36 to S5 p.c. of tm total nittYwea 
is {Resent. {Mkftljr as ainides or smino acras. 


partly as nitrates. Wairington estimates tbe 
non-ubtiminoid nitrogen in turnips at 49 psO. 
of the total mtrogen,%ut gives as the average 
digestible albuminoids 0*2 p,o. in swedest and 
0*1 p.c. in turnips. Collins (l.c.) found, in 
' Monarch ’ swedes, the real albuminoidB varied 
from 0*47 to 0*63 p.c., while the amides, Ac., 
ranged from 0*34 to 0*61 p.c. Hen^ick (I.c.) 
found the proportion of non-albuminoid nitrogen 
to total nitrogen varied from 27 to 42 p.o. in 
yellow turnips, and from 23 to 59 p.c. in ‘ Best 
of All * swedes. In the days when the * nitro* 
genous substances * or ‘ albuminoids ’ in food- 
stuffs were estimated by multiplying the total 
nitrogen by 6*25, turnips, in common uith other 
roots, gave results on analysis wliich indicated 
that they possessed greater feeding vali^ than 
actual experience showed them to haw. If, 
however, distinction is made between true 
proteids and amino compounds, amidesl and 
nitrates, the nutritive value of tumii^ as 
assessed by analysis, seems, in most oasm, to 
be much less than their actual efficiency as 
(e. Ingle, Trans. High. & Agric. Soc. Scotland, 
1910, 22, 178; also Hendrick, ibid, 150). It 
would seem, in fact, that either the true albumi- 
noids in turnips are much more digestible than 
has hitherto bpen admitted, or, more probably, 
that the amino coro|)Ounds may, under certain 
conditions, bcjhave like albuminoids, in building 
up animal tissue. 

For a study of the hvdrolysis of the soluble 
pnHein of swedes, t% VVilliams (J. Agric. Soi. 
1917, 8, 182). 

The sugars present in turnips are dextrose, 
Jcevulose, and sucrose, the invert sugars largely 
pn*dominating. The other N-free extractives 
include pcfotins, pc^ntosans, and cellulose. 

I'he ash of iurnijw varies greatly in composi- 
t ion and amount . According to figures compiled 
by Konig, the whole ash varies from 4*9 to 14*0 
p.c. of the dry matter, while the x>oiash in the 
ash may range from 26 to 62 p.c,, the lime from 

6 to 15*9 p.c., and the pho^homs penioxido 
from 5*5 to 18*9 p.c. The mean of 32 analyses 
of the ash gave — 

jO Xs^EJCaO MgO FOjO, P,0| SO, SIO^i Cl 
45*4 9*8 10*6 3*7 0*8 12*7 .11*2 1*9 5*0 

The tipsier half of a root is richer in solid 
matter than the lower, and due allowance must 
be made for this fact in sampling turnips for 
analysis. 

Turnip leaves are soinotimes used for feeding 
urjioscs ; according lo Kellner they contain, on 
he average — 

Water Protein Fat N-free extract Crucle fibre Ash 
88*4 2*2 0*5 5*3 1*5 2*1 

Turnips, like other plants of the genus 
tlrassica, contain thio compounds, and when 
hey dc»cay or even suffer slight de<M)mi^tkm 
tv boiling, they evolve unplcnsant-stni^ufig sol^ 
ihur compuiids, among which mercapUns am 
:irobab!y included. 

Turnips require libml supplksiof 
and phosphatic manures, mmirflum* 

^hates, are almost invsmhlir used m tMs 
:rop. For a study of the dMimtiM ct ftm- 
>hates and nitiog^ when smtied m m mmam 
o turnips, e* fkimerville and 0adik W ,8o€k 
Aem. Indv IW7, 1«, 1$), MS 
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TOBfBHTnS V. OoB, xssamui.: also 

Ttt»ains. « 

Tbs wndootimi of tarpentiae and rosin in 
Ftanoa onring tlio last 10 wars iiaa been as 
fdUoav i— 


Tear. 

Tunmtliie 
mstne tons. 

Bostn 
metric tons 

1913 . 

. 25,000 

85,000 

1914 . 

. 19,000 

64,000 

1915 . 

. 16,000 

51,000 

1916 . 

. 17,000 

. 17,000 

60,000 

1917 . 

60,000 

1918 . 

. 20,000 

60,000 

1919 . 

. 25.000 

85,000 

1920 . 

. 35,000 

120,000 

1921 . 

. 31,000 

105,000 

1922 . 

. 32,000 

118,000 

For the temperature ooefiicient of refractive 


index of American turpentine, see G. Thompson 
(Chem. News, Jan. 12, 1923, 126, 20-21), 

About 75 p.c. of the world’s supply of 
turpentine is produced in the United States, 
chiefly from the southern longleaf yellow pine 
{Pinus palustris)^ but other sjK^cies, such as the 
Cuban or slash pine {P, carihcea or hetertyphylla)^ 
the rosemary pine (a variety of tlic Loblolly 
pine, P. f(sda), and the western yellow pine 
|P. pemderosa) are also tapped ; most of the 
Tcmaining 25 p.c. is obtained in the south- 
western coast regions of France from the 
maritime or cluster pine (P. pimster or mariiima)* 
The following States contribute to the American 
supply : Florida, 37 p.c. ; Georgia, 19 p.c. ; 
Louisiana, 15 p.c. ; Alabama, 12 p.c. ; Missis- 
sippi, 9 p.c. ; Texas, 7 p.c. ; North and South 
Carolina, which formerly produced the bulk of 
the world’s supply, now furnish less than 1 p.c. 

The oleo-resin is obtained by scarifying or 
* chipping ’ the living trees. A V-shaped cut is 
made about once a week immediately above the 
last cut, thereby forming a * face ’ down which 
the gum exuding from the cut flows, collects 
in galvanised iron or baked clay cups holding 
1 to 2 quarts. The tapping season lasts irom 
early spring to late autumn, the olco-resin being 
remov^ from the cups about once a menth and 
taken to the stills in barrels. 

The distillation plant is simple and has not 
been improved materially during the last 50 to 
60 years. It consists of a copper still of 500 to 
lOCiO gallons capacity, vnih a still-head (genendly 
removable) connected to a laigo copper con- 
clensing-ooil cooled in water. From 7 to 14 
bamls of oleo-rosin go to make a cliargc, depend- 
ing on the size of the still and the nature of the 
oleo-resin. 

The oleo-resin containa some water and the 
distillate at the beginning consists of about 
45 p.e* of turpentine and 55 p.o, of water. When 
the water d^reascs to about 30 p.c., a small 
stream of water is admitted to the still. The 
viefai of turpentine varies from 16 to 22 p.c. It 
is mostly shipped in wooden casks holding 50 to 
63 U«S. gallons (231 cub. in.), treated internally 
^ isitii glue to nrevent absorption of turpentine by 
tibe wpod. Tank earn of 5000 to 10,000 gallons 
madly are used in Western States (F. P. 
Ymtdi and V« Ofotiisefa^ U.S* Dept. Agrio., 
ftnean of Ohem. Bulletin No. Bm, 19!^ in 
abstract, X Soo. Chmnu Ind. 1821, 165 B4* 

: Amsrioan tiupe&tiae is able to 


attack iron in the pesenee of air, thus acquiring 
a deep red colour. This appears to be due to 
organic adds of high mole^ilar wei^t (Levy 
and DeMes, J. Boo. Chem. Ind. 1923, 42, 472 T. ; 
1924, 43, B. 103). 

Wood turpentine is obtained from stumps, 
sawmills slab, Ac., by destructive distillation or 
by steam distillation ; the crude product is redis- 
tilled over soda-ash, and when thus refined, can 
scarcely be distinguMed from the volatile 
portion of the oleo-resin exuded from the living 
tree (spirits of turpentine.) Beflned wood- 
turpentine has the following characteristics : 
8p.gr. at 15° 0-8G3 ; 1-468 ; initial b.p. 163° ; 

distillation range 91 p.c. below 170®; acidity, 
trace. About 70 p.c. distils below 160®, and this 
portion has been identified as a-pinene (Lambert, 

J. Ind. Eng. Chem. 1922, 14, 491; Analyst, 
1922, 400). 

The following are suggested by the U.S. 
Dept, of Agric. as specifications for thiee standard 
grades of turpentine : — 

Standard or No. 1 turpentine should have a 
sp.gr. at 20® of from 0*802 to 0*870 ; a refractive 
index at 20'-* of from 1*468 to 1*476; 95 p.c. 
should distil below 1 70°, and a layer of not less 
than 200 mm. should be required to equal in 
colour the Lovibond yellow glass No. 1. On 
polymerisation with 38-normal sulphuric acid 
the residue should not exceed I p.c., should be 
reddish in colour and viscous, and its refractive 
index at 20° should be from, 1*500 to 1*520. An 
unadulterated turpentine which does not agree 
with these requirements may properly be 
regarded as not of standard or No. 1 quality. 

Second quality or No. 2 turpentine should 
have a sp.gr. at 20° of from 0*8& to 0*875 ; a 
refractive index at 20° of from 1*468 to 1*4^; 

90 p.c. should distil below 170®, and a depth of 
not less than 100 mm. should be required to 
equal the Lovibond yellow glass No. 1. The 
pol^erisation residue must not exceed 1 p.c., 
and must have a refractive index of not less than 
1*50. 

Third quality or No. 3 turpentine ^oold have 
a sp.gr. at 20° of from 0*805 to 0*880 ; a zelrac* 
tive index at 20° of from 1*468 to 1*485 ; 60 p.c. 
should distil below 170®, and a depth of not less 
than 50 mm. should be required to equal the 
Lovibond yellow glass No. 1. The polymerisa- 
tion residue must not exceed 1 p.c., and must 
have a refractive index of not less than 1*500. 

The following are the tests for adulteration : — 

* Straight ’ wood turpentines are readily 
distinguished from gum turpentines by their 
odour, or when they l&ave been very carefully 
refined by the odour of the first ftamcm, or of 
the residue from fractional distiUatloii. One 
or both of these portions have the peouliar 
* sawmill smell,’ and the residue has a camphoric 
and somewhat nauseating odour chaxaoteristic 
of wood turpentine, which is quite difienuit 
from the mild, sweet fromnoe of gum turpentine. 

Destructively distilled wood tumntiiie and 
also rosin spirits are more readily distingaiffiied 
from gum spirits by their odour than is wood 
turpentine j^pared by steam distUlatieii; and 
they also me disUngutshing ooloiir zeaottali ; \ 
when mixed with sulphtmnmadd or wilW^^ 
diiorie Mki. When ■te«in.diMai«d iraoi In.; 
pmtiw Itan bem xvfinBd lo 11^4 
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95 p.c. of it distils at from 155^ to 170% both of 
tli€Me» colour tests are piaotioaUy useless. 

At the present time a number of highly 
refined grades of pine wood oil (‘‘kiencu^*), 
obtained as a by-product from the manufacture 
of sulphate wood pulp» are on the market apd 
employed for the adulteration of true turpentine 
oil. An extremely simple test for this adultera- 
tion is obtained with the ferric ferricyanide 
reagent. Two solutions are made up (a) with 0*5 
grm. of potassium ferricyanide in 250 c.c. of water 
and (b) 0*1 grm. of ferric chloride in 250 c.c. 
Four c.c. of each of the two solutions are mixed 
together and 3-5 drops of the sample to be 
tested are added. With impure turpentine oils 
the formation of Prussian blue is observed 
within a few minutes. Pure turpentine oil 
within 3 minutes produces only a faint green 
coloration, or at the most slightly blue colour 
at the line between the oil and aqueous layer 
(H. Wolff, Zeitsch. angew. Chem. 1923, 36, 233; 
J. Soc. Chem. Ind. 1923, 42, 730 A). 

Turpentine adulterated with more than 
10 to 20 p.c. of coal-tar oils, or of gasoline or 
kerosene which have not been deodorised, may 
usually be readily detected by the characteristic 
odour of the mixture. The odour of rosin 
spirits, while quite distinctive, is difiicult to 
detect in mixtures nith turpentine. The 
resonce of petroleum oils is also indicated by 
ubbles or ‘ l^ads * persisting for a few moments 
on the surface of the turjicntinc shaken in a 
partly filled bottle. 

The presence of more than 10 p.c. of kc rosc^no 
or similar mineral oils is readily detected by the 
spot which a few drops of the sample placed on 
white paper leaves on drying. Gasoline and 
other light mineral oils do not leave this spot. 

It is xK>ssible so to adulterate tu^ntine that 
neither the specific gravity, refractive index, or 
flash-point is materially altered. 8uch careful 
adulteration is rare, but as adulterants cannot 
invariably be detected by making these determin- 
ations, and further, as mineral oil is the most 
probable adulterant, it is more rational at once 
to polymerise the suspected sample, note the 
volume, colour and consistency of tiie un> 
polymerised residue, and determine its re- 
fractive index. 

If rosin spirits is present in notable quanti- 
ties, it may he detected by the amount of residue 
on polymerisation in conjunction with lowered 
initial boiling-point and the deep coloration 
produced by mixing portions of the original 
turpentine of the fii%t fraction with sulphurous 
acid and with hydrochloric acid. 

If the initial distilling temperature of the 
turpentiiM is less than 154* and the origiiml 
sample mves a reddish colour w'ith sulphurous 
acitt and a greonish-red with hydrochloric acid, 
and the residue from poly mcrisat ion is less than 
6 p.c., it is probable that the sample is adu iter- 
ated with rosin spirits. An odour of rosin 
spirits in the sample, or in any fraction, would be 
eonfirmatorv, and all tests should bo repeated 
on the first fraction obtained with a fractionating 
column. At best the detection of small amounts 
is very difficult, andC^he procedure 
iCCitlified may often fail to detect its presence. 

Thc^ mMce of marked qtianiities of coal- 
tar oils, beuKol, toluol, and xylcl is detected by 
the odomv lamlower iniital distiUing temperatuio, 


Le. between 80® and 155®, and bjy further 
examina.tion of the first fractions which distil 
below 165®. The rise of tempemtm» on shaking 
during polymerisation is also indicative of the 
nature of the sample. CSoal«tar and petroleum 
oils do not raise the temperature more than 35® 
or 40® when mixed with sulphuric acid. When 
the temperature of turpentine mixed with 
38-normfd sulphuiio acid does not rise above 
50® or 60®, mineral oil, coal-tar oil, or some other 
oil than turpentine is present in large quantities. 
The older tne sample of turpentine, the greater, 
or at least the more rapid, the rise of the tempera* 
ture of the mixture. 

Benzene in turpentine may also be detected 
by the precipitate of NiCy 2 N^ 3 ^ 6 ®-«* which it 
forms with nickel ammonium cyanide (Pritzkev 
and Jungkunz, Cliem. Zeit. 1924, w, 555; 
Analyst, 1924, 49, 450). \ 

Non- volatile oils are easily detected by* a 
distillation test (J. Soc. Chem. IndL 1911, 30, 
559). \ 

For the constituents of Indian tuip^ntine 
from Pinas longifoUa, lloxb., see J. L. Simbnsen 
and M. G. Rau ((’hem. Soc. Trans. 1923, 123, 
549-560) ; J. L. Simonsen (Chem. Soc. Trans. 
1923, 12.3, 2042-2666). 

Oil of turpentine from Ptnw laricio of Spain 
contains over 90 p.c. of /-pinene (Dupont and 
Barraud, Bull Soc. Chem. 1924, 35, 784; J. Soc. 
Chem. Ind., 1924, 43, B. 720). 

Venice Turpentine. —The production of 
Venice turpentine (tremenlina) in Italy is con- 
fined to the Province of Venelia Tridentine, 
formerly Austrian Tyrol t<*rritory, in the 
nortlicrn i>art of Ital^^ In this ngion that 
sjiccies of pine known es larch is found in 
abundance on the 8k)|x*8 of the A])enmnes, 
and the db>.lillation of turpentine from the 
wood of this tree forms an imjM>rtant industry. 
There st^ems to be no monoi)oly of the industry 
as, according to the Journal of the Royal Society 
of Arts, quoting a United States (Consular report, 
the production of Venice turpeniimo (known to 
tlie producers as olio greggio di laricc or Tyrol 
larch turpentine) is divided among a groat 
number^oi indi\iduals and small concerns. In 
some coses the munieijial goveniment owns and 
oiieratcH distillation plants for the production 
01 turpentines — an unusual occurrence in Italy. 
Venice or Tyrol larch tur[ientine is sold by 
weight (Phann. J. Sept. 8th, 1923). 

TURPETH or TURBITH MINERAL. An old 
name for biisic mercuric sulphate Hg 802 * 2 Ilg 0 i 
sometimes called Queen's yellow, e. liSn* 
CTOY. 

TURPETH or TURBITH BOOT. The root 
of the convulvulaceous plant Ifoma» Tur- 
^hum (K.Br.) [Opereviina Turpctnmn (Peter)), 
found in India and Australia. It contains 
a volatile oil and a drastic resin, tmrpdhin 
isomeric with jatapin and scamtnonin. 
When treated with dilute mineral acids this sub- 
stance is hydrolysed into glueoee and turvdkoUc 
acid CuHg 204 (v, Boutron-Charlmd, J. 

Chim. 8, 131 ; Hpirgratis, J. pr. Omm. [i.] 98^ 97). 
TURPETHIN e. GiiVoosxnxa. 

TURQUOISE or CALARB Oer.). 

A gem-stone which has often bm i«yiiMrdod es 
a hydrated alaminhun phoifduile 



Accui^tally <soloiir6d by oopper and iron phos- 
phates. It baa been ahown» bowever, by S. L. 
Penbeld (Amen J. SoL 1900, 10, 346) that the 
latter enter into the oonstitiition of the mineral, 
and ho writes the f ormnla 

IAl( 0 H)„Fe( 0 H)*,Cu( 0 H),H]aP 04 

representing a derivative of orthophosphoric 
acid with the hydrogen atoms largely replaced 
by the univalent radicles Al(OH)2, &c. In 
some analyses approximately two-thirds of the 
hydrogen atoms are so replaced, and the formula 
b^mes R2^HP04, The amount of copper 
ranges from 2*0 to 8*5 p.c. CuO, and the iron 
from 0*1 to 4*0 p.c. FesO^. The mineral is 
soluble in hydrochloric acid without discolora- 
tion ; when heated it loses water and blackens. 
It is opaque (or translucent in thin chips) with 
a sky-blue to green colour, and on the polished 
surface shows a soft, waxy lustre ; sp.gr. 2*6- 
2*8 ; H. 6. Turquoise occurs as cryptocrystal- 
line masses, sometimes with nodular or stalactitic 
surfaces, in crevices in rocks, more especially 
in those of volcanic origin. The best quality 
of material has for centuries been mined near 
Kishapur in Persia, and bedng exported to the 
west through Turkey it came to bo known as 
turquoise. Deposits in the Sinai Peninsula 
were worked by the ancient Eg3q)tians. Ancient 
mines, worked in prehistoric times, are also 
known in Mexico and iii the state of New Mexico. 
Considerable quaniitu's (17 tons in 1900, and 
8} tons in 1910) are now obtained from Nevada, 
New Mexico, Arizona, California, and Colorado 
(D. B. Sterrett, Min. Res. U.S., Annual Reports 
for 1910 and earlier). Minute ciwstals of tur- 
quoise have been describeHi from Campbell Co., 
Virginia; these are triclinie and isomorphous 
with chalcosiderite. Analysis of them gave the 
formula Cu0*3Al203*2P204'9H20 ; written in 
the form of Penficld’s formula this becomes 

[6A1(OH)J[Cu(OH)]U3(P04)4 

(W. T. Schailer, Amer. J. Sci. 1912, 33, 35). 

Turquoise has been imitated by subjecting 
to pressure a mixture of aluminium and copper 
phosphates* Very clever imitations ^re also 
made of glass ; these may bo detected by the 
bright, glassy, couchoidal fracture when chipped 
at the edges — the fracture of turquoise being dull 
and finely granular. 

Bane-turquoiae or odorUolUe is fossil bone or 
ivory ooloui^ by the iron phosphate vivianite, 
or perhaps Bometiincs artificially stained by a 
copper motion. It can be recognised under 
the microscope by its organic structure. It 
effervesces with acid, and gives a smell of burning 
when heated. L. J. S. 

TITS80L. Antipyrino mandelate. 

TUTENAOorTUTENAGUE. Chineae ailver. 
Pachfang* An alloy resembling German silver. 

TUTOOAHifi. A local autesihetto of the 
oovocaine type icf, Vol. vi. p. 637). Its action is 
more powei^ mm that of novaoocaine (Sohole- 
Lancet^ 1924, 206, 965; Pharm. J. 1924, 
US| 46; Wagner, Arch. Exp. Path. Pharm. 1925, 
f 109,64; Cbem. Soo. Abstr. 1925, 128, i. 1503). 

TxlXIAlBIH (hdfanqp^n). Trade name 
for catei nm acet yl aalicy&te. 

^ ^TnifRSQDI (apgmiL Trade name for 
tiibiiimaoe^ 

aftm for aoetyl^ 
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oonmario acid, used in the treatment of in- 
operable cancer. 

TYLMATRIN. Trade name for sodium 
aOetyl salicylat e. 

TYMDAliLMETER. See Nbthslombthy. 
TYPE METAL t;. Tin. 

TYRAMINE. Trade name for p-hydroxy- 
phenylethylamine hydrochloride, v, j&oot. 

TYRIAN PURPLE v. Pubplb of thb 
Ancients. In Costa Rica a dyestuff apparently 
of the * Tyrian purple ’ class is obtained from 
shell-fish, and is used for dyeing silk thread a 
fast purple colour. 

TYROSINE, p-%droa:ypAeny2afam7M, p- 
hydrozy- fi-phenyh a^arn inopropimic acid 

H0*CeH4'CH2CH(NH2)C02H 

was so named by Leibig, who first obtained it by 
fusing freshly prepared cheese {rvpos) with 
caustic potash (Annalen, 1846, 57, 127). It occurs 
widely spread both in the animal and vegetable 
kingdoms, forming one of the most common 
products of protcid hydrolysis, and occurring in 
the free state in the seedlings and young shoots 
of the vetch (Vicia aativa) (Gorup-Besanez, Ber. 
1877, 10, 781) ; the gourd {CtiCuH)iia pepo) 
(Schulze and Barbieri, ibid. 1878, 11, 710, 1233) ; 
the lupins (Lupinua ItUetia, L. albua) (Schulze, 
ibid. 1878, 12, 1924; Wassilieff, Landw. Ver- 
suchs Stat. 1901, 55, 45); in the tubers of 
potatoes {Sdanum ittheroaum) (Schulze, Ber. 
1879, 12, 1924), the swede (Braaaka rapa), the 
dahlia (Daldia variaibilis) (Borodin, Botan. Zeit. 
1882, 590; Leitgeb, Chem. Zentr. 1888, 1397; 
Bertrand, Compt. rend. 1896, 122, 1215) ; in the 
tubercules of Stachya tub i fer a (Flmia and ^hulze, 
Ber. 1890, 23, 1698) ; in the juice of sugar beet 
(Bela wJgaria) (v. Lippmann, ibid. 1884, 17, 
2835), in celery (Apium graveolens) (Bamb^er 
and Landsicdl, Monatsh. 1004, 25, 1030) ; in 
the unripe seeds of the French bean {Phaaeolua 
vtdgaria) (Pfenninger, Ber. Deut. bot. Ges. 
1909, 27, 2*27), the pea (Fiwm aativum) (Schulze 
and Winterstcin, Zeitsch. physiol. Chem. 1910, 
65, 431) ; in the grenm pods of the broad bean 
(Bourqueiot and Herissey (J. Pharm. CSiim. 
1898 [vL] 8, 385) ; in the juice of olderlx^ries 
{Satnbueva nigra) rSack and Tollens, Ber. 1904, 
37, 4115); in fungi (Winterstein, Zeitsch. 
physiol. Chem. 1899, 26, 438). In the animal 
ki^dom, tyrosine is found in caterpillars, crabs, 
spiders, and beetles (v. Lippmann, l.c.) and in 
cochineal (Warron de la Kuo, Aimalen, 1848, 
64, 1) ; in the larva of Luoilia Ogfiaa/r (Geasoid^ 
Compt. rend. 1904, 139, 644); it oceuts in 
Emmenthaler and in Roquefort cheeses (Bmieeke 
and Schulze, Landw. Jahrbucher, 1887, 16, 317 ; 
Winterstein and Thony, Zeitsch. phymol. Chem. 
1902, 36, 28 ; Dox, J. Amer. C^m. 1911, 33, 
423). Under normal conditions, tynoaine is not 
found in the liver or blood of men and animals, 
but occurs under certain pathological conditions 
(SVeriohs and Staedeler, J. 1856, 702 ; Hoppe* 
^yler, Zeitsch. physiol. C2iem. 1881, 5, 348; 
Neuberg and Richter, Deut. med. Wodmnsch* 
30, 499; Hubmr, Arehiv. HeiUninde, 18, 485; 
Wyss, Schweiz, SSeitsch. Heilkunde, 1864). The 
presence of tyrosine in muscle md in all other 
organs which do not normally contain products 
of digestion suggests putrefaction iPiettfe^ 
Oompt rend, 9^, 158, 1934); e. 
l^arm. Chiuu 1913, (viL] S» 559) torimpMMm 
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in iiriiie. It ean be detected by the Ereriohe- 
SUdeler method in normal or pathological 
urines, in quantitieB of 0*2 gram in 400 0 . 0 . of 
urine and by Lippich’s method in quantities td 
0*01-4)*02 gram in 100 c.c. Tyrosine is some- 
times present in cases of acute yellow atro|>hy 
(Schumm and Papendieck, Zeitsch. physiol. 
C2iem. 1922, 121^ 1). 

Preparation , — Tyrosine is most conveniently 
prepared from silk by hydrolysing with fuming 
hyctochloric acid, and eva^rating the product 
uiraer reduced pressure to dryness ; the residue 
is dissolved in water and a stream of ammonia 
passed through the solution; it is then again 
evaporated to dryness, and the residue treated 
with cold water, when the tyrosine is left un- 
dissolved ; or the whole residue may be boiled 
with water and animal charcoal, and from the 
filtrate pure tyrosine crystallises out quanti- 
tativdy : one ^o of silk yielding 50*65 grms. of 
tyrosine (Abderhalden, Zeitsch. physiol. Chem. 
1912, 77, 75 ; Abderhalden and Teruuchi, ibid^ 
1906,48, 528). Marshall (J. Biol. Chem. 1913, 

15, 85) recommends obtaining it from the 
pancreatic digestion of caseinogcn ; the liquid 
on cooling deposits an abundant crystalline 
yield of tyrosine 

For the preparation of tyrosine from pep- 
tones, eee Beijerinck (Chem. Weekblad, 1919, 

16, 1494). 

Syn^eeie , — Staedelcr (Annalen, 1860, 116, 
57) was the first to show that tyrosine was an 
aromatic compound, since it yielded chloranil 
(tetrachloroquinone) on treatment with chlorine ; 
but its constitution as p-hydroxy-fi-phenyl-a- 
aminopropionio acid was not established until 
1882 when Erlenmeyer and Lipp (Ber. 1882, 
15, 1544; Annalen, 1883, 219, 161) prt*pared 
racemic tyrosine from phenyl^taldehyde by 
the following series of reactions : pthenylacetalde- 
hyde on treatment with hydrogen cyanide gave 
pienyUadonitrile ; this was converted by 
ammonia into the nitrile of phenylalanine which, 
on hydrolysis, gave phenylalanine ; p-nt^ro- 
pkenyhlamne on reduction gave the corre- 
sponding amino compound from which p- 
kydroxyphenylalanine (r-tyrosine) was produced 
by the action of nitrous acid. 

C,Ps-CH,*CHO-> C»H5 CHjCH(0H)CN 
C,H. CH, CH(NH,)CN 
C,H5 CHj*CH(NH,)CO,H 
NO, CcH4-CH, CH(NH,)COsH 
NH, C4H4*CH- CH(NH,)C 04 H 
HO-C^Hi-CH^CHCNHalCOgH 


acids into r-fyros»ne. Another of 

cynthesis which can also be extended to the 
preparation of halogenated derivatives of 
tyrosine is described by Wheeler and HoiSmann 
lAmet. C!hem. J. 1911, 45, 368; tf. 

Hoffmann and Johnson, Bio-Chem. J* 1911, lu, 
147 ; Johnson and Bengis, J. Amer. Chem. Soo. 
1912, 34, 1061). This method consists in con- 
densing a suitable aldehyde with hydantoin, 
reducing and hydrolysing the ^ product ; ^ thus 
hydantoin and anisaldehyde yield anieylid^M* 

yCO ’NH 

hydantoin MeO*CaH 4 *CH:C^ ^^ ^ which, 

when boiled with hydrogen iodide is converted 
into tyrosine together with a small quantity of 
4^p-hydroxyhenzoylhydanloin (tyrostncAydoMotn) 

XO-NH 

OHC.H^CHj-CHc; I 

\nh-co 

from which tyrosine can be obtained by bailing 
with baryta water ; d\4yrosine may alj^ be 
synthesised by condensing ethyl phth^imino- 
malonate with p-methoxybenzyl bromide and 
hydrolysing the product (Stephen and Weiz- 
mann, Chem. Soc. Trans. 1914, 105, 1 152). 

Properties, — 1-Tyrosine, the natural product, 
is also obtained by the resolution of dZ-benzoyl- 
tATOsino through its brucine salt and subsequent 
hydrolysis of the 1- benzoyl tyrosine. It crystal- 
liHOB in long flexible silky needles, soluble in 
2491 parts of water at 11'^ (Erlenmoycr and Lipp, 
I.C.), more readily soluble in hot water ; dissolves 
in 13,600 parts of cold 90 p.c. alcohol (Staedeler, 
I.C.), insoluble in acetone, ether or absolute 
alcohol. It melts and dcKJOinposes at 314’- 
318*^ (corr.) when rapidly heated (B’ischcr, Ber, 
1899, 32, 3638) ; at 295‘^"((;ohn, Zcjitsch. physiol. 
Cliem. 1896, 22, 166) ; at 272’ (HalKsnuann and 
Ehrenfeld, ibid, 1902, 37, 18); 287’ (Trans. 
Guinness Lab. 1903, i. 57), l-Tyrosme is 
laevorotatory both in acid and in alkali solu- 
tion ; the specific rotation varies with the con- 
centration. For a 4 p.c. solution in 21 p.o. 
hydrochloric acid, the natural product has 

[a]J,®=-^7*98® (Mauthner, Monaish. 1882, 3, 
345), [a]^^--~8 07’(LandoU, Ber. 1884, 17, 
2838); rali>=-8*48’ (Schulze, Zeitsch. physiol. 
Chem. 1884, 9, 98) ; the synthetic product has 
[a]^=u-8'64’ (Fischer, Ber. 1899, 32, 8638). 
In a 4*6 p.c, solution in 4 p.c. hydrochloric 
acid, the s^mthetic compound has 18*2® 

16. 44*6® 
Zettseh. 


A more convenient method of synthesis is 
that due to Erlenmeyer jun., and Halsey ! (Fischer), and the natural product [of 
(A nn^en, 1899. 307, 138), in which p-hydroxy- 1 to -161® (Schulze and Winterstehii 
benzaldehyde and hippuric acid condense in the pbywiol. Chem. 19(12, 35, 299) ; in a 5^ p.e* 
Fesence of acetic anhydride and anhydrous I solution of 1L6 p.c. potassium hydroxide, the 


sodium actate to form the acetyl derivative 
of the lacHtnide of p-hydroxy-a^fenzoylamino- 

yNBZ 

tinnamic acid^ OAcCgH^-CH : C<^ | . This, on 




natural product lias [aJp—9^1® (Mauthner, t.c.). 
The molecular heat of combustion Is 10714 Csl», 
heat of fonnation 156*4 Gal. (Berihelot and 
Andr4, Ck>mpt. rend. 1890, llO, 884). The 
of tyrosine aia: first sold 


rmhUnaeimiamk acid 

H0*C|H4CH : C(NHBz)(30,H 


H 0 * 04 H 4 ^sCH(NHBe}C 0 ,H 

li^Uaiaed and eonverted by hydrolysis with 


dissociation constant A#»»4xl0“4s^ baslo dls^ 
sociaiion constant iI5«*2'6xlO **>• (Kaikit«t 
Pfiiigers Arehiv. 1907, 118, 589). The sNlte 
band ultra violet absofptkul spec^ram exhiUted 
by solutions of tyrositio, is utaetkallty IdantMi 
udth that of {si^kb tyvorintl 
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gniat^ and otiier proteids that contain no 
bmame show ccmtinuotis spectra (Blyth, 

Soc. Traim. 1899, 1164>. Tyrosine is not 
affected by diazomethane (Geake and Nieren- 
ctein, Bio-Chem. J, 1915, 9, 309). For the 
oxidation of tyrosine, v. Denis ( J. BioL Chem, 
191 W2, 10, 78). 

l-Vi~meikyUyro8ine, 

0H-C.H4-CH,CH(NH-CH,)-C00H 

may be obtained from natural f-tyrosine by 
means of the monotoluene sulphonyl derivative ; 
it has [a]J^+19’75, and it is identical with 

natural rataline (Fischer and Lipschitz, Ber. 
1916, 48, 360). 

d-Tyrosine, obtained by the resolution of 
dl-benzoyltyrosine through its cinchonine salt 
and sulwequent hydrolysis, has [o]^®+8*64® in 
4*6 p.c. solution of 21 p.c. hydrochloric acid 
(Fischer) ; the dextrorotatory tyrosine obtained 
by V. Lippmann from the white shoots of sugar 
heei gave [a]p*= +6*85® in 25 p.c, hydrochloric 
acid ; a feebly dextrorotatory tyrosine was 
found by Wintorstein and Thony (Zeitsch. 
physiol. Chem. 1902, 36, 28) in a very old 
Bmmonthaler cheese. 

cU-Tyrosine prepared by hydrolysis of the 
synthetic benzoyl derivative crystallises in stout 
needles, melting and decomposing at 316® (corr.) 
when rapidly heated (Fischer, he,) ; its hydro- 
chloride is much less soluble in concentrated 
hydrochloric acid than are the salts of the 
optically active forms, and tlio racemic com- 
pound can thus be sejiaraU'd from admixture 
with d- and btyrosine. By fermentation with 
large amounts of j^eost in the presence of sugar 
ana nutritive salts, tyrosine is converted to the 
extent of 60->80 p.c, into 'p-hydroxyplienyleikanol 
{tyroaol) HO-CeH4-CH,*Clfj6H, m.p, 93®, b.p. 
310® (compare also Hirai, Acta Schnlsa Med. 
Univ, Imperial, Kido, 1918, 2, 426). The 
dihenzoyl ^ivative melts at 111®; tyrosol is 
also obtained by the action of yeast on p- 
hydroxyphenylethylamine (Ehrlich, Ber. 1911, 
44, 139; Ehrlich and PishtscMmuka, ibid, 1912, 
46, 1006). According to Tsudji (Acta* Schol. 
Med, Kyoto, 1917, 1, 439, from Physiol. Al^tr. 
1917, 2, 320; 1918, 3, 165) Bacillus proteus 
vulyaris attacks r-tyrosine, and 65*7 p.c. of 
d-tyroeine can be isolated. Tyrosine is con- 
verted to p-hydroxyphenylethylamine to the 
extent of 78*7 p.c. by the action of B, edi in a 
suitable medium ^asaki, Biochem. Zeitsch. 
1914, 59, 429). Bacterial action degrades 
tyrosine to |^enol removal of the alanine 
side-obain. Sieke (Z. Hyg. 1921, 94, 314) 
describes experimental conditions for the 
culture of pnenol-forming bacteria and the 
moi^ologicm, cultural, and serological be- 
haviour of BaciUua edi phendogenes and B. 
pataedi phemthgmu. Varieties of B, edi 
eapaUe of foming phenol are widely distributed. 

By putrelactive decomposition, tyrosine is 
itteoessively broken down into hydro-p-ooumario 
, acrid HO<!l^4<]9Sj</H|i*(X)tH,p-hydroxyphenyl- 
aoetfo afrid^HO<H 4 ^.-(X),H, p-orewl and 
plenol (Ban|itaim« Ber. 18W* 13, 279 ; Zeitsch. 
phyaiqL Obeiii* 4, 304). Ths administra- 
tidii m tyroiiiie to normal oniinals oauses the 
of iriienolin tho urine, but no excess ^ 
of bydimor ocids ibtU 1882, 6, 


234; Bied. Zentr. 1883, 209; Gohn, Zeitsch. 
physiol. Chem. 1894, 14, 189), except in one 
case when a man took 60 grms. of tyrosine in 
24 hours, and this produced aloaptonuria, homo- 
^ntisio add being found in the urine (Abder- 
halden, ibid. 1912, 77, 454). Inactive tyrosine 
administered to cats undergoes c^lective de- 
composition, so that the urine contains more of 
the dextro- than of the naturally occurring 
laevo- variety, and on evaporating the neutral 
or alkaline urine containing the tyrosine, it is 
converted into the corresponding uromino acid 
which, on subsequent treatment with add, 
readily loses water, yielding tyrosine hydantoin 
(Dakin, J. Biol. Chem. 1910, 8, 26). In the 
case of alcaptonurics, the administration of 
tyrosine or certain derivatives of tyrosine, such 
as mono-palmityM-tyrosine, distearyl-Z-tyrosine, 
p-aminot3rrosine, causes an increase in the 
amount of homogentisic acid excreted (Abder- 
halden and Massini, Zeitsch. physiol. Chem. 
1910, 66, 140; Wolkow and Baumann, 

1891, 15, 228). 

Detectiwi and estimalion, — ^Tyrosine develops 
a red colour when warmed with Millon’s reagent, 
and can be estimated by means of this reaction 
(Weiss, Biochem. Zeitsch. 1919, 97, 170). When 
tyrosine is dissolved in a few drops of warm 
concentrated sulphuric acid, and the diluted 
solution neutralised with barium carbonate, 
the filtrate gives a beautiful violet colour with 
ferric chloride (Pirea, Annalen, 1852, 82, 252). 
If a few dro]>8 of a solution of tyrosine are 
added to 2 c.c. of sulphuric acid containing 
3 to 5 drops of a solution of aldehyde in twice 
its volume of alcohol of 90®, the liquid acquires 
a gooseberry red colour, the intensity of which 
is proportionate, between certain limits, to the 
quantity of tyrosine present (Denig^s, Compt. 
rend. 1900, 130, 583). When tyrosine is added 
to a reagent consisting of 1 part of formoiiin, 
45 parts of water and 55 parts of concentrated 
sulphuric acid, a green coloration is develo]^ 
on boiling the mixture (Mumer, Zeitsch. physiol, 
Chem. 1902, 37, 86). Cf, Totani (Bio-Cwm. J, 
1915, 9, 391). 

T3rro8ine develops a rose-red colour under 
the influence of tyrosinase, the colour chai^ging 
to a dirty riolet, and flnaily a black preoifritate 
of mdanin is deposited {v. Tyrosmase, art. 
Fbrmkntation). See also Eaper and Wormall 
(Bio-Chem. J. 1925, 19, $41 ; Happold and Baper 
(Bio-Chem. J. 1925. 19, 92) ; Gortoer (Proc. Soe. 
Exp. Biol. Med. 1924, 21, 543; Chem. Boe. 
Abstr. 1925, 128, i. 474). 

Tyrosine is readily estimated by titration 
urith N/5 sodium bromate in the presence of 
hydrochloric acid and sodium bromide, the 
liberated bromine being absorbed by the 
tymine with formation of dibromoi^lOBiiie 
(Millar, Trans. Guinness Lab. 1903* rat 1 ; 
Brown and Millar, Chem. Soo. Traua. 1906» 
145). For the estimation of ^rosine in proteins, 
V, Plimmer and Eaves (Bio-dhem. J. 1913, 913, 
7, 297); Johns and Jones (J. Biooheixu 1918, 
36, 319). 

For the estimation of tyrosine in the presenee 
of uric aoid, Herzfeld and Klinger (Koehmn. 
Zeitsch. 1918, 88, 283 ; Ffltth and Flrischmami 
(Koohem. Zeitsch. 1922, 127, 187) ; Folia and 
Looney ( J. Biol. Chem. 19^ 51, 421)^ 

For a ndiamhssnioal method of 
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tyrosine, see Hanke and Koessler ( J. Biol. Chem. 
1922, 60, 236). 

SaU$ and dmvcAive$. — l-Tyrosine forms 
talline salts ‘with mineral aoids which dissociate 
in water, the hydroMoride 09Hii0aN*HCl,2H20, 
hydrobromide CgHiiOaN'HBr, hydriodide 

CgHnOBN'HI 

nitmJte CgHiiOaN'IINOs, and atdphaie 
CjHn03NHaS04 

are described (Haushofcr, J. 1883, 1177; Aloy 
and Rabaut, Bull. Soc. chim. 1908, [iv.] 3, 391 ; 
Siaedoler, Annalcn, 1800, 116, 64) ; the platini- 
chloride (C9Hu08N*HCl)jPtCl4 forms yellowish- 
brown readily soluble crystals (Gintl, Zeitsch. 
Chem. 1869, 704) ; the picroUmate blackens and 
sinters at 260® (Levene and van Slyke, J. Biol. 
Chem, 1912, 12, 127). The following metallic 
salts have been prepared, those of the heav>' 
metals and the alkaline earth metals are sparingly 
soluble; the copper salt (C^HioOgNlgCu disjrolves 
in 1230 parts of cold or 240 parts of boiling 
water (Hofmeister, Annalen, 1977, 189, 24) ; 
the silver salts C^HjOsNAgjjHnO 

C8Hio03NAg,iH20 and C^HjoCaNAg 
the mercury salts^ C8Hji03N*2Hg0,2H20 
CgHn08N-2Hg0,H20 and C8H„03N,3Hg0,H20 
the barium salt (CjHjoOaNjjBa ; calcium salt 
CgHgOaNCa, the mercury -calcium salt 

(C3H803N)3jCaHg 

and the sodium salt CallsOjNNaa (Vlntschgau, 
J. 1869, 895 ; Baumann, Zeitsch. physiol, (.’hem. 
1880, 4, 320 ; Causse, Compt. rend. 1900, 130, 
1196). Certain mercury salts are of thera- 
peutic application, v. Dr. Bayer & Co., D. R. PP. 
267411, 267412, and Ho£Finann-La Roche & Co., 
D. R. P, 279957), 

1-Tyrosine methyl ester C^HjoCsN’CHa forms 
colourless prisms, m.p. 135®-! 36® (corr.) ; 
[«3^=: +25*75® in methyl alcohol solution ; the 
hydrochloride 09Hio03N*CH3,HCi forms colour- 
less needles ; l-tyrosine ethyl ester 

has m.p. 108‘’-10»“. ta]|“+20-4“ in 5 p.c. 
alcoholic solution ; the hydrochloride 
C,H,oO,NC*H„HCI 

has m.p. 166'‘ (Fischer and Schrauth, Annalcn, 
1907, 354, 21; Fischer, Bcr. 190S, 41, 850; 
lolienfeld, Archiv. Physiol. 1804, 383, 555; 
Bdhmann, Ber. 1897, 30, 1978 ; Fischer, ibid. 
1901, 34, 433). Tyrosine amyl ester, m.p. 68“- 
70®, ^doids a hydrochloride, in.p. I8l*-182® 
(Curtins and Donselt, J. pr. Chem. 1917, [ii.l 
96, 327). 

l-Tyrosiwanhydride C„HigO«Xj has m.p. 
277®-2M® (corr.), -223-8® in N/1 sodium 
hydroxide (Fischer and Scrauth) ; r/, Graziani 
(Atti B. Accad. lincci. 1916, (v.] 25, 1, OOil) ; 
an anlgrdride (C.H(0]N)2, slender white crystals, 
.imp. 2?8®-279® (uncorr.), and an isomeric anhy. 
WMo, • powder, m.p. 279®, ore described, d- 
Ti/mimmAydride, m.p. 273", has, {ojj, = + 37-59® 
Ila aihaBoe solution, and [alj,-{-93'87® in acid 
aohilliya .{Diiakel and 

%m, 120 , 

OaHttON-COiTH, has 


Feldsbem, Biochem. 
218).* i-Tyrosineamidt 
m.p. 153®-154® and 


+19.47®, condenses readily with' ethyl 
ohloiocarbonate to form the nunuecubethoxffi 
HO-0,H«*CH,C!H(NH-CO,Et)CONH, 
m.p. 165®-157®, and the dieauMhoxjfi 
Et0,C-0C,H«CH»CH(NH-C0,Bt)-0O-NH, 
m.p. 186® (corr.), derivatives ; the dimayMkaUm- 
smykonyl derivative C..H(40.N(S( has m.p. 204* 
(oort.) (Koenigs and Mylo, Ber. 1908, 41, 4427). 

The following acyl derivatives of ^tyIoeine 
are described : H-acetyl-l-tyrosine, m.p. 166®, hy 
methylation with methyl sulphate gives N- 
acetyl-0-methyl-\-tyrosine, m.p. 147®-148®, which 
on hydrolj'sis yields O-mAhyl-l-tyrosine, m.p. 
243® (Karrcr, Gisler and others, BDelv. Chim. 
Acta, 1922, 5, 469) ; the hemoyl derit^ive 

HOC,n4CHjCH(COjH)NH-COC4H, 
m.p. 105°-106® (corr.), rol|®= + 19.28T in 8 p.c. 
alkali solution, the brucine salt is orystallino ; 
the dibenzoyl derit^ative \ 

C,HjCO-OC4H4CH4CH(COgH)NH-c)!)C4H» 

has m.p. 211®-212® and forms a potassium and a 
cadmium salt (Fischer, Ber. 1899, 32, 3638, 
2454) ; the formyl derivative 

H0*CeH4*CH3*CH(C03H)NH*C5H0,H80 
m.p. 171°-174° (corr.), [a3®°=+84-8® in 6 p.o. 
alcoholic solution (Fischer, ibid. 1907, 40, 3704) ; 
the palmityl dcrivatire 

H0*C\H4*CH8*CH(C03H)NH*C0[CH,]44CH8 

m.p. 133®, lal®®=a+ 24-35 in 1-8 p.c. alco- 
hoiic solution ; palmityl-l-tyrosine-palmUylethef 
C4 ,H,i 04N, m.p. 95"-96®. [o1^= +15-28® in 1-7 
p.c. alcohloic solution ; stearyl-l-tyrosine-stearyl- 
ether ('uHtjOsN, m.i), 98®-i08® (Abderhalden 
and Funk, Zeitsch. physiol. Clicm. 1910, 65, 
61) ; glycyl-\-tyrosine methyl ester, m.p. 123®- 
124® (Geakeand Niorenstein, Bio-Cliem. J. 1915, 
9, 309) ; the ^•msphthalcnesvlphmyl derivativa 
forms a hydrochloride m.p. 170®, 

a sodium salt CjvIliftO^NSNa, that decomposea 
at 175^, an ethyl ester CjiHwiOi^NS, m.p. 140®- 
143® (Abderhalden and "Funk, t6Hf. 1910, 64, 
436); the di-B mpJUhalenesulphonyl derivative 

C,oHyS(J30*reH4*CH,*C;H(CG3H)iraSOAoH, 
m.p. about 120®, forms a sodium salt 
03,11,30, NSaNa 

m.p. 252®-254®, an ammonium and a boHum salt 
(Fischer and Bergel, Ber. 1903, 36, 2692) ; the 
plus7iyHsocyanate derivattvo 

H0*0,H4CH3CH(C03H)NH-C0NHC*H, 
has m.p. 104®, and forms a barium 

(Cx3Hu04N3)3Ba,6H30 

and a silver salt C|«Hi|04N|Ag,H30 (Paal and 
Zitelmann, ibid. 1903, 36, 3337) ; the 
imeyanate derivative melts at (Neil« 

berff and Manasse, ibid. 1905, 3B, 2359)4 

For the hydmzides ol the estem of imiiiie 
and benzoyltyrosine, se« Ourtitts ud Donselt 
( J. pr. Oiem. 1917, lH) 95, 327)* 
dUTryasu^fkofbamt^ 

deeompossi at 240^ 
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lend. 1906, 1^, 48) ; l-teromnAitfdantoM ' 
tte«HOH3.H«<ffl,<H(C»»H)NH<X)NH,^ mj). 
218*. locms » oiystaiUine silrer salt (Jafre, 
Zaitich. pbj^l. Cnraa. 1882, 7, 306), 

,NHCO 

l-r^rarineApdonloin HOC,H4-GH,CH<^ I 

jnelto and deoomposes at 242”-245*‘ (Blender* 
mann', l.e.). 

Tfflvtjfiiflffcinehydantoin 
OOOH-CHj'N CO 

lx> 

in— CH-CH,-C,H«-OH 


has m.p. 217‘’~218^ (Johnson and Hahn, J* 
Amer. Chem. Soc. 1917, 39, 1255). 

The alkaloid surinamine or geoffroyine from 
geoffroya bark is a metliyltyroaiTve^ in which the 
methyl has replaced one of the hydrogens of 
the amino group (Hiller-Bombien, Arch. 
Pharm. 230, 513 ; Blau, Zcitsch. x)hyBiol. Chem. 
1908, 58, 153; Wali)ole, Chem. Soc. Trans. 
1910, 97, 94). 

O^MeihyUyTOsiTie choline forms a crystalline 
iodide, m.p. 137®-! 39®, the aurichloride has 
m.p. 112-115® ; the jdatinichloride, m.p. 
204®. 

Tyroaim^cholim yields a crystalline iodide, 
m.p. 176®, andcWort<w(Karrcr, Gislerand others, 

l. c.). 

Derivatives of 2-tyrosino containing substi- 
tuents in the aromatic nucleus are : 3-nf^ro- 
Uyroeine CfHjoOjNi, obtained by nitration 
of 2-tyrofline, forms yellow needles, m.p. 222®- 
224® (decomp.); [tt]Jf+3*21®, hydrochloride, 

m. p. 237® (decomp.); c/. Johnson and Kohmann 
(J. Amer. Chem. Sck^. 1915, 37, 1863 and 2598) ; 
Waser and Lewandowski (Hclv. Chim. Acta, 
1921, 4, 657). The barium and eilrer salts have 
been prepared, also the nitrate and sulphate 
(Strecker, Annalen, 1850, 73, 70 ; Casimir Funk, 
Chem. ^ 0 , Trans. 1912, 1004). 3-AmtnoJ- 
iyrasine C^HisOsN,, needles, m.p. 287*5® (de 
comp.), [ajp^ —3*61®; hydrochloride, prisms, 
m.p. 176® (decomp.) (Waser and Lewandowski, 
I.C.), prepared by reducing nitrotyrosine. 3 ; 5- 
binitrotyrosine C|H, 0 aN(N 02 )*,H, 0 , golden 
yellow orystalline plates, the ammonium and 
mercury salts, also the hydrochloride and the 
hydanloin and thiohydanioin derivatires have 
been prepared (Jolmson and Kohmann, 2.c. 
2164). 

Tyrosine stUphonic acid 

CaHio(S08H)03N,2H,0 

is strong]^ acidic and gives a beautiful violet 
colour with ferrio chloride. The ammonium, 
mA barium salts are described (Staedelor, 

l*e»). 

t^Brcmalyroeine 

, HO-0tH*Br-CH8*0H(NH8)0O*H,H,O 

kas a sweet taste, decomposes at 247®-248® ; 

hyiftirmide decomjposes at 190®~191®, the 
fimm aaijd ylaiimGhkr%de axe very soluble in 
watMr(J<4iium and Bengi% J. Amer. C3mm. Soc, 

about 24S® 


(deoomp.), prepared by the action of bromine 
vapour on the finely divided tyrosine (Momer, 
Zmtsch. physiol. Chem. 1913, 88, 124), is 
obtained m anhydrous, long, slender needles 
grouped into bundles or in tmn plates hydrated 
with two molecules of water; it has [a]|®+l*3®, 
dissolves in 218 parts of water at 16® or 26 parts 
of boiling water ; the silver salt, the hydrochloride, 
hydrobromide and sulphate are crystalUne, and it 
forms an unstable perbrorhide (Gorup-Besanez, 
Annalen, 1863, 125, 281 ; Millar, Trans, Guinness 
Lab. 1903, 1. Part 1). 3 : ^-Di-hromo-dl-iyrosine 
crystallises with one molecule of water in trans- 
parent four-edged prisms or thick plates, m.p, 
about 245® (decomp.); it is nearly twice as 
soluble in water as the l-isomcride, it is not 
decomposed by concentrated sulphuric acid 
even on heating (Morncr, 2.c.). 

Chhrotyrosine, formed by the action of sul- 
phuryl chloride on tyrosine suspended in acetic 
acid, melts at 257 and forms a benzoyl deriva- 
tive, m.p. 195®, and a formyl derivative, m.p. 
198® (Zeynek, Zeitsch, physioL Chem. 1925, 144, 
246). 

3 : 5-Dichlorohirosine, m.p. 252® (decomp.), 
prepared by chlorinating tyrosinohydantoin 
and decomposing with barium hydroxide the 
resulting 3 : Udichlorotyrosinehydantoin ; the 
hydrochloride has m.p. 260®-265® (Wheeler, 
Hoffmann and Johnson, J. Biol. Chem* 1911, 
10, 147). 3 : b-dichloro\-tyrosine, prepared by 
the action of chlorine on tyrosine in the presence 
of glacial acetic acid, has m.p. 256®-260® (de- 
comp.), end the anhydrous hydrochloride gives 
in 5 p.c. aqueous solution [a]|,®-'7*8®( Zeynek, 
Zeitsch. physiol. Chem. 1921, 114, 275). 

3 : b-Vi-iodotyrosine, iodogorgonic acid 

H0*C6HJ8CHj.CH(NH8)C08H 

Is not found free in nature but is one of the 
constituent amino acids of certain proteids ; it 
was first obtained by Dreschel (Zeitsch. Biol. 
1896, 33, 85) from gorgonin, derived from the 
homy skeleton of Gorgonia cavoLiniu This, on 
hydrolysis with barium hydroxide, yielded an 
iodo amino acid, hence name iodogorgonic ood. 
It was shown by Wheeler and Jamieson 
(Amer. Chem. J. 1905, 33, 365) that iodogorgonic 
acid is a di-iodot^Tosine and can be prepared hy 
the direct action of iodine on tyrosine. That it 
is the 3 : 5-di-iodotyrosine was shown later by 
Wheeler and Johns {ibid, 1910, 43, 11), for on 
treatment with methyl iodide and potassium 
hydroxide it yields the methylether of a 
iodotyrosinetrimethylammonium iodide 

MeOC«H8l8CH8CH(COj|H)NMegI 

which on boiling with sodium hydroxide yldhls 
3 : 5-diiodo-;^methoxyloinnamate. lodogorgonio 
acid occurs in a large number of proteidB, and 
has been isolated from todb-«rf5cictd, tbdttdidtn, 
iodccasein, gorgonin and sponyin (Osv^d, Zeitsch 
physiol. CSiem. 1911, 70, 71, 200; 74, 

290; 75,353). 

3 : 5-Di-iodchdltyro8ine, prepared by hydho- 
lysis of the above-mentionM proteids, crystal- 
hsos from hot water in glassy ri^t-aiuled ^tes, 
from alcohol in hexagonal plates, msaoivea in 
2164 parts of water at 15®, melts and dlgsmi* 
poses at 200®. a 

3 : B^indcdyAdyroeine, prepared by th* 
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action of iodine on ^tyrosine, melts at 204^ 
(Oswald)^ 196^-205® witli decomposition 
(Wheeler and Jamieson); it has [a3§P«+2*27® 
in 4*5 p.o, eolation of 25 p.c. ammonia (Abder* 
halden and Guggenheim* Zeitsch. physiol. Chem. 
1907*54*331). The hydroMoridf 

C,HgO,NI„Ha 

forms colourless needles, decomposed by water ; 
the etdphcUe CgH 90 sNl 2 ,H 2 S 04 is readily 
soluble ; the silver salt C 2 H 703 Nl 2 Ag 2 and 
copper aaU (C 9 H 208 Nl 2 ) 2 Cu,H 20 form amor- 
phous precipitates. The acetyl derivative 

C 11 HUO 4 NI 2 

decomposes at 225*’ (Wheeler and Jamieson, 
Amer. Chem. J. 1905, 33, 365). The methyl ester 
C9H80l8*CHa*CH(NH2)C02Me decom 2 >oses at 
192® ; its hydrocMaride forms colourless needles 
that decompose at 211® (corr.), and yields the 
nitfcde on treatment with dilute nitric acid 
(Abderhalden and Guggenheim, Ber. 1908, 41, 
1237). Palmityl-3:5-duiodo4yrosinepahnityl ether 
melts at 55®-66° (Abderhalden and 
Slavu, &it8oh. physiol. Chem. 1909, 61, 405). 

Tyrosinsbisazcbenzenearsenic acid 

C9H908N(N : N-C.H4-A808H2)2,2H20 
is a yellow microcrystalline powder which is 
insoluble in the usual organic solvents (Pauly, 
Zeitsch. physiol. Chcm. 1915, 94, 284). 

Porthe synthesis of o ’tyrosine, v, Johnson and 


Soott (J« Amer. Chem. Soo. 1915, 37, 1846), 
Starting with 2-thiohydantoia o-tynkine-hydan* 
toin is prepared, and this on hydrolysis with 
barium hydroxide yields o4yro8ine 

OH 

m.p. indefinite; the hydrochloride oi^tallises 
from dilute hydrochloric acid in prismatic crystals 
which decompose at 180®. 

A full account of the chemistry and physio- 
logical properties of tyrosine will bo found in 
Biochemisches Handlexikon, von Abderhalden, 
vol. iv. part 2, 681-702. M, A. W. 

TYSONITE. Fluoride of cerium metals 
(Ce,La,Di)F 3 , crystallised in the hexagonal 
system. It is pale wax-yellow with resmous 
lustre, and a perfect pearly cleava^ pi^lel 
to the basal plane. Sp.gr. 6*13. The mineral 
alters very readily to the fiuo-carbonate bast- 
nasite, and the chestnut-brown crystals usually 
found are really pseudomorphs of b^tnasito 
after tysonite with sometimes still a Wcleus 
of the original mineral. Crystals and irregular 
masses up to several pounds in weight are found 
at several places in the coarse-grained granite of 
the Pike's Peak district in El Paso Co., Ckdorado. 
P. Geijer (Geol. For. Fork. Stockholm, 1921, 43, 
19) suggests that tysonite is identical with the 
Swedish iluoccrite. L. J* S. 
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UARANA V. Guabana. 

ULCO. An alloy of lead with small amounta 
of barium and calcium, used as a substitute for 
antimonial lead in the manufacture of shrapnel. 
It is suggested that it may be employed as a 
bearing metal on account of its high melting- 
point, excellent structure, and low coefficient of 
frictio n. 

UL EXINE p. CYnsofx. 

OLEXITE {Boronatrocalcite of G. L. Ulex, 
1849 ; NatrcbarocalcHe), A hydrated borate of 
sodium and calcium XaCaB£ 098 H 20 , con- 
taining 43*0 p.c. BjO,; sp.gr. 1*65; H. 1; 
slightly soluble in hot water, and readily 
soIuUe in acids. It forms rounded, white 
masses, 2-3 ins. in diameter, consisting of a loose 
aggregate of fine, silky fibres; hence the 
popular name * cotton-ball.’ It occurs abund- 
antly in the borate deposits of Nevada and 
Caliiornia, and forms the main mass of those 
near Iqulque in Chile, and Jujuy province in 
Argentina. L. J. S. 

VLLMAHIIIIB. Nickel Bulph-antimonide 
NiSbS. oiyitaUised in the cubic system with tetar- 
tohednl synuneby. The antimony is sometimes 
partly zej^aced by arsenic ; and in the tnUy. 
amitt variety, from Broken Hill in New South 
Wales, half the nickel is replaced by cobalt. 
Tto mineral is e^y mistaken for galena, since 
i'.it has a good culncai cleavage. The cleavage is, 
Irowvver, less petfeo .than in galena, and the 
oidear Is ete^grqr rather than bluish-groy; 

nHni a nni te (H. 51) readily scratches 
galMa. . S|[tgr, 6'6-6‘7. Thegninemi is decom- 
poesd bjr nitiio acid with separation of anti- 
Mcay 09^ Mid eohdrar. it oooors in mioetml 


veins at several places in the Rhineland, at 
Lolling and Waldcnstcin in Carintliia, Mount Ar 
in the lyronecs, and as good crystals at Monte 
NarW in the Sarrabus district of Sardinia. It 
has been found in small amount in a barytes 
vein in the Now Brancepeth Colliery near 
Barham. L. J. 8. 

ULMARENE (mrsoten). Trade name for 
salicylic methnxymethyl ester. 

ULMITE. A term applied to a fdrm of 
humus* covering grains of a black friable aand- 
stone found along the coast of New South 
Wales (Steel, Proc. Linnoan Soc. N.S.W. IKI, 
46, 213). 

ULTRAMARINE. Ultramarine was first 
artificially made on a commercial scale in 1828. 
ty Quimet, who earned the prize of 6000 francs 
offered by the ‘ SociSt^ d’Encouragemmtt ‘ of 
France for its production at a cost not exceeding 
gOs. per lb. About the same time, Omelin 
(Ann. Chim. 1828, [ii.] 37, 409) indepen* 
dently discovered bow to prepm utramsiiae 
on a laboratory scale. According to Heiatae 
(J. pr. Chem. 1891, [ii.] 43, 98). oltnunarine was 
being made by Kottk, director of tiie laboratmy 
of the Kdnlgl. PorzeUan-manufshtnr frt Meissso, 
at the time when Guimet and OuetlB were 
claiming ihe priority of the disoovsiy. 

Until 1828 ultramarine was oWsinsd by 
powdering and washing lapit-iauJi (g.v.)i its 
oomporition was first detsmibned WCyNBSnt sad 
DSsormes (Ann. Ghim. 1806, p.] 67, 817). 

iVcfsrfies.— -Artifiolsl <uUram»in» Ms ooenrik 
in commems os a br^^ amm blaa^ topSiwiMis 
powder, iiisolnbte in water. Its . sofMtmnHt 
elsments a«e sScNaih, atondWdttt fMItons 
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sidjAiutv itad oiymi. Heated to 200^-400^1 Ohabri^ wd Lovallois, le.). ^elen^m and lei- 
waierina fleem tobeyit leaveea oolourlese ! \wkm ultramarines liave also been produced^ 
reridue &ee Ipom sul^hnr* while sodium sulphide ; n which sulphur is substituted by aithmr 
passes into solution. It also loses its sulphur selenium or tellurium (Guimet, Ann. Chun, 
when heated with mercuric oxide (Chabrid and 878, fv.] 13, 102 ; Plu^ue, Bull. Soo. ohim. 
Levallds, Compt. rend. 1906, 148, 222). Ultra- 877, [ii.] 28, 518 ; 1878, 29, 522 ; 1878, 30, 
marine is quite stable towa^ alkahs, but is 51 ; Morel, ibid. 28, 522). Light blue boron 
readily deoompoMd by dilute acids, some td^mmartne has been prepared by fusing together 
sulphur being preoiptated and hydrogen sulpMde anhydrous borax, boric oxide, and either sMium 
eyolved. It is also decomposed oy alum solution, or potassium sulphide, sulphite, or thiosulphate 
owing to the formation o! an aluminium deriva- Ho£fmann, Zeiteoh. angew. Chem. 1906, 19, 
tive. Yellow phosphorus reduces it to a leuco 1080; 1907, 20, 568; Chem. Ind. 1911, 34, 
compound, which again becomes blue when 699). 

heaM in air. The preceding reactions seem to Ultramarine blue crystallises in the regular 
indicate the presence of some kind of polysul- system, isomorphous with the minerals hauyn^ 
phide in ultramarine ; but it is unaltered by aodalite, and nosean. 

concentrated and fuming sulphuric acid, and Green uUramarine is formed as an inter* 
also by a mixture of glacial acetic acid and mediate product in the manufacture of ultra- 
aoetic anhydride (Hoffmann and Metzener, Ber. marine blue, and is converted into the latter by 
1905, 38, 2482), reagents which instantly decom- roasting with sulphur. , According to Philipp 
pose polysulphides and thiosulphates. Ultra- Ber. 1876, 9, 1109), sulphur is not taken up in 
marine withstands a rod heat fairly well, although the change from green to blue, which can be 
it loses its brilliancy, and becomes greenish ; effected heating with water in a sealed tube 
hence it is difficult to imagine that the blue at 100^ ; a small amount of sodium oompound 
colour is due to free sulphur, as has been sug- is removed by the water Heated in chlorine, 
gested (Patemo and Mazzucchelli, Atti B. green ultramarine turns bluish- violet ; sodium 
Acoad. Lincei, 1907, [v.] 16, i. 465). Ultra- sulphide solution turns it grey, 
marine blue when strongly heated in hydrogen White ultramarine is obtained by completely 
loses some of its sulphur, but still retains its xcluding air during the roasting of the materials 

blue colour. It becomes violet when heated to in the manufacture of ultramarine, and is con- 
dull redness in chlorine. It possesses hydraulic verted into blue ultramarine when heated in 


properties and increases the binding power of 
cement (Rohland, Zeitsch. angew. Chem. 1904, 
17, 609). 

When heated with aqueous silver nitrate at 
120®-140® in a sealed tube for 15 hours, no 
silver sulphide is produced, but a dark yellow 
silver ultramarine is obtained, together with 
silver nitrite and other products (Unger, Dingl. 
poly. J. 1874, 212, 232 ; Heumann, Ber. 1877, 
10, 991, 1345, 1888; 1897, 12, 60, 784; Bull 
Soo. chim. 1877, [ii.] 28, 570 ; 1878, 30, 326, 327 ; 
1880, 33, 60, 302 ; Annalen, 1879, 199, 253 ; 
1880, 201, 262 ; PhiUpp, Ber. 1877, 10, 1227 ; 
Foicrand and Ballin, Bull. Soc. chim. 1878, [ii.] 
30, 112; Chabri6 and liovallois, l.c.). Silver 
ultramarine is produced by repla^meat of the 
sodium inordinary ultramarine by silver; when 
fused with various metallio chlorides or iodides 
the silver is replaced by other metals, and in 
this way have been obtained ^assium (blue), 
lithium (blue), barium (yellowish- brown), ztnc 
(violet), manganese (grey), ultramarines, Ac. 
Heated with the requisite oxganio iodide, silver 
ultramarine is decomposed, jdelding ethyl, 
amyl, benzyl, and phenyl vUramarinea. and sliver 
iodide (Fororand, Compt. rend. 1879, 88, 30; 
Boll. S^. ohim. 1879, [ii.] 31, 161). Mercurous 
nitrate solution heated with ultramarine yields 
0 greyish-Uue mercuro-ultramarine, which loses 
meroury on heating and leaves a pure blue 
residue, which becomes yellow on heating and 
again blue on cooling, this change being capable 
of indefinite repetition. C!adiffium yields an 
oliTe-neen product. Lead replaces the sodium 
competely. Ammonium and calcium ultra- 
Inannes have also been prepared. Ferrous 
Is dark myiih-bluo and is readily 
decomposed by adds. These substanoea ro- 
fiiieiate oltramerine when heated with sodium 
diloride» do nci4 evolve hydrogen sulphide 
with odU hydromoric add 


either chlorine, oxygen, or sulphur dioxide 
(Philipp, Ber. 1876, 9, 1109; 1877, 10, 1227; 
Bottinger, Annalen, 1876, 182, 311 ; Hoffmann, 
ibid. 1878, 194, 1). 

Red uUramarine was first obtained by 
Scheffer in the course of preparing the ordinary r,. 
substance, by heating the materials very 
strongly in a muffle freely exposed to air ; if - 
contains less sodium and more aluminium than 
the blue variety (Scheffer, Ber. 1873, 6, 1460 ; 
Buchner, Dingl. poly. J. 1879, 231, 446 ; l^ttneir, 
Ber. 1875, 8, 259, 363). 

Red ultramarine has been prepared by pern* 
ing chlorine and steam over healM ultramarine 
blue. It is also obtained by the action of nitric 
oxide on the blue compound, sulphur bdng 
removed in the process. It is decomposed by 
acids without evolution of hydrogen sulphide, 
but evolves sulphur dioxide, and is not changed 
by alum solutioa Heated out of contact with 
air it is changed into a blue product. It now 
yields hydrogen sulphide with acids 

YeUow wtramarine is obtmned by heatixm 
the red variety in air for a short time at 360 , 
or at a little higher temperature (Hoffmann, 
Annalen, 1878, 194, 1). Acoordlxig to Bficfaner 
(Ber. 1874, 7, 990), both the y^w and zed 
forms are produced by heating blue ultramarine 
to 300^-400^ in oxygen or sulphur diomde ; the 
colour changes to red and then to yellow. If 
chlorine is passed over ultramarine before the 
formation of the blue variety is completed, at 
410^, the colour goes green and then zed^firii- 
yellow (Zettner, ]^. 1875, %, 259, 853). 

Ftbfef uUramarine is obtained iriMm the 
reddish-yellow product previously mentioned is 
heated witlf 8<^ium hydroxide fZettoer, 

It becomes Uoe when heated to dull redness or 
when further heated with an alkali hyixoxidSft . 
and nitric aoid vapouia turn it red. 

The violet variety waa fizst pmpixed % 
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I^ykaiif in 186^ by allowing moist calcium direct union of a -part of the sulphur with 
chlorMe to react with warm ultramarine blue, metal ; (3) the presence of a part of the sulphur 
In 1872 Wunder prepared it by heating the blue in a lower state of oxidation. Neither 
fmm In chlorine at 300° and treating the product aluminium nor silicic acid is essential (Wunder> 
with water. It has been manufactured from 2kdtsch. angew. Chom. 1915, 28, 147 ; 1917, 
ultramarine blue by heating the latter, in thin 30, i. 161 ; 1920, 33, 23). 
layers, on ei^henware trays at 280°, and passing The similarity in composition exhibited by 
steam over it to remove sulphur. The tempera- ultramarines of quite different colours suggests 
ture was then lowered to 160°, and a mixture that the actual colouring material may represent 
of chlorine and steam led over it for 3 hours, only a small fraction of the total mass ; it has 
For further details, and other methods, been supposed that such a small amount of a 
Wunder, Chem. Zeit. 1890, 14, 1119; ibid, coloured substance is present, disseminated 
Zeitsch. anorg. Chem. 1912, 77, 209. throughout a colourless body in a state of solid 

Coraj^tion , — ^The various varieties of ultra- solution (Rohland, f.c.). J. Hoffmann (Chem. 
marine have not yet been satisfactorily shown Zeit. 1910, 34, 823) has suggested that this 
to possess uniform compositions. In fact, coloured substance is sulphur ; the comparative 
commercial blue ultramarines are manufactured stability of ultramarine at a red heat, . does 
in three different grades, containing different not lend support to this assumption. St is 
proportions of silica and sulphur. Moreover, it is noteworthy, however, that were it not fof the 
not posrible to obtain products of identical presence of sulphur, ultramarine would be 
composition even when, in repeated operations, expected to be colourless. \ 

the relative amounts of the different raw Alkali fusion of ultramarine converts Hhe 


materials are maintained constant and the 
worlring conditions duplicated as exactly as 
possible. The following analyses of different 
^mples ^ of ultramarine blue rich in silica 
indicate its variable composition 




Kawlins 

Parry and Costs 
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0*7 

SiO, 

. 38-9 

39-6 

42*7 

42-3 

41*7 

42*4 

AIjO, 

. 29*5 

24 0 

24*5 

26*8 

25-2 

24 0 

Na-0 

. 21 0 

19-2 

20 0 

19*5 

18*8 

18-7 

S . 

. 10-8 

131 

13 0 

12*0 

14-2 

15‘4 


The differences in composition between 
ultramarines of different colours are shown by 
the following numbers, taken from Jordan 
(Zeitsch, angew. Chem, 1893, 684) : — 



J 

J 

a 

Pi 


o 



ii 

Ii 

si 

SB 

_SS 

§3 

SB 

it 


II 

Na. . 

21*5 

1702 

15*66 

14*06 

11*7 

8*1 

11*9 

A1 . 

16*6 

16*81 

15*39 

12*55 

131 

13 3 

13*1 

Si . 

170 

17*51 

16*87 

17*29 

19*4 

19*3 

19*7 

S . 

6‘4 

7*91 

5*69 

11*38 

13*3 

16*2 

12*7 

0 . 

38*4 

— 

— 

— 

421 

43*4 

420 

H . 

— 

— 

— 

— 

0*4 

0*7 

0*6 


The two analyses of ultramarine blue (Philipp) 
hi the table refer to the varieties poor and rich 
in aOica respectively. 

The eaMtUuium of ultramarine is naturally 
a matter of great uncertainty, in view of what has 
been said concerning its composition. It is 
commonly regarded as a combined silicate and 
polysidphide of sodium and aluminium, but 
objec^ons to this view have already been 
mentioned. For the numerous formula) that 
have been proposed for ultramarines, e. Rawlins, 
J. Soe. Chem. Ind. 1887, 6, 791 ; Szilasi, Anna- 
hf/Ot 1889, 261, 97 ; Guckelberger, ibid. 1882, 
182 ; Dingl. poly. J. 1883, 247, 343 ; Clarke, 
Alner. Chem. J. 1888, 10, 126; Brogger and 
, fildmlTbm, Jahresber. Tech. 1891. 454 ; Roh- 
Zeitsch. angew. Chem. 19(N, 17, 609; 

Handbueh der Anorganischen Chmnie, 

The blue colour is consider^ to d<*pend on 
0) the presenoe of an alkali metal; (2) the 


blue colour into a dark red. Since, according to 
Ostwald. alkali appears to enhance the dispersion 
of disperse sulphur systems, and since, as in the 
case of colloidal gold, greater dispersion is 
accompanied by a change in colour from blue 
to red. it is considered that the above experi- 
mental result is in support of the theoiy* that the 
colour principle of ultramarine is colloidal 
sulphur (I. T. Koine, (‘hem. Zeit. 1923, 47, 513). 

The silicon dioxide in ultramarine may be 
displaced by boron trioxide without the dis- 
ap|)carance of the blue c«>Iour, and the amount 
of this substance may greatly vary without much 
alt<*ration in ct)loiir, " Other solvents for colloidal 
sulphur maiiifost a blue colour ; thus potassium 
thiocyanate if dehydrated and heated to redness 
becioines blue, but it becomes colourless on 
cooling ; phosphoric oxide also acquires a deep 
blue colour on fusing with sodium sulphide at 
900°, but the colour disappears on cooling. 
The blue colour of the solution obtained by 
dissohing disulphur tnoxide m concentrated 
sulphuric acid is probably duo to the presenoe 
of colloidal sulphur. 

L^«e^.»—Ultramarine is extensively used in a 
variety of manufactures. Its largo consumption 
is due to two characteristics: brilliancy as a 
body colour, and high colouring power. As a 
body colour it is used in calico-printing, and 
wall-paper printing, for colouring writing 
paper and printing-ink, preparing blue pigments, 
and blueing mottled soap. As a ^wtiitening* 
agent it is very valuable, its great strength and 
purity of tone correcting the yellow tinge in 
writing and printing papers, ootton and linen 
goods, paper pulp, whitewash, soap, starch, and 
ven sugar, it is extensively used in the manu- 
facture of square and ball blue for laundiy 
use. 

Tests and analysis. — (i) Dilute 01 gnn. of a 
standard sample of ultramarine witih 0*6 gnm 
of pure powdered chalk, and determine the 
amount of chalk that must be added to 01 grm. 
of the sample under examination in order to 
match the colour of the diluted standard ; this 
|pves an indication of the value of the sample, 
.ii.) Heat a sample in hydrogen to 400^ A 
good ultramarine becomes grey and then gieenu, 
the change taking about half an hour s a bad 
qpeoimen changes in a few mbmtes. (i£u} dtie 
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a little of tlie pov^t imder examinaticni in a 
cold saturated solation alnm, and note the 
Imgth of time required for deoolorisation ; 
compare with a standard sample grotmd equally 
fine <iY.) Shake up with water and alcohol to 
detect adulteration with c(Md*tar dves. 

For the quantitative analysis, the substance 
may be treated as a silicate readily attacked by 
dilute hydrochloric acid (e. Akaltsis) ; in 
the filtrate from the aluminium the sodium may 
bo determined as the sulphate. The determina- 
tion of sulphur should be effected on a separate 
portion, by oxidation to sulphuric acid with 
aqua regia or fuming nitric acid, and subsequent 
estimation as bwum sulphate. See also 
Andrews, Analyst, 1910, 35, 157. 


Manufacture of Ultramarine. 

The only ultramarines prepared on a large 
scale are the blue and green sodium-sulphur- 
ultramarines. Three chief varieties of ultra- 
marine blue are found in commerce : — 

Glauber salt or sulphate ultramarine^ the 
palest variety. It has a slight greenish tinge, 
small covering power, and is the form most 
readily attacked by alum. 

Saia ultramarine low in sulphur, a pure blue 
variety, darker than the preceding, and haring 
more covering power. 

Soda ultramarine rich in sulphur and silica, 
the darkest variety, with a reddish tinge. It 
has high covering power, and is the form most 
resistant towards alum ; consequently it finds 
extensive use in paper blueing. 

Ultramarine is produced when aluminium 
silicate is calcined with sodium sulphide; the 
silicate is employed in the form of china clay, 
or a similar material, with the addition of silica 
if necessaxy ; sodium sulphide is produced during 
the manufacture, either from so^um carbonate, 
carbon, and sulphui*, or from sodium sulphate, 
carbon, and sulphur. The relative proportions 
of the ingredients is an important factor in the 
manufacture of ultramarine, but different 
authorities recommend different mixtiures. With 
materials of the best quality, the fojloi^ng 
mixtures are said to be the best for produSng 
the three varieties mentioned above : — 


mtnunlne blue 
China clay 
Soda 

Glauber salt 
Carbon 

Silica (Kieselguhr) 
Sulphur • 


Pale 

Medium 

Darli 

. 100 

100 

100 

. 9 

100 

103 

. 120 

0 

0 

. 25 

12 

4 

. 0 


16 

. 16 

60 

117 


II the clay employed differs in composition 
from china day, the relative proportionB of 
clay and dlica must, of course, be suitably 
adjusted. 

The manufacture of ultramarine blue is 
carried out either by (i.) the direct or (ii.) the 
jndneef process. All ultramarines rich in silica 
and a certain amount of the other varieties 


poorer in a&lioa are made by the former method ; 
put ;^ major^y of the ultramarines poor in 
silioaim prepuM by the latter method, in which 
green is found as an intermediate 
l^soduo^ Both these are dxy processes; wet 
lueAo^ ImM been described and patented, but 


do not seem to have been adc^ted on a large 
scale (Knapp, J. jur. Chem. 1885, [ii.] 32, 375 ; 
1888, 38, 48 ; Molvor, Eng. Pat. 9200, 1890 ; 
Mclvor and Oroiokshank, Eng. Pat. 19411, 
1892). 

For general accounts of the manufacture of 
ultramarine, v. Rawlins, J. Soo. Chem. Ind. 
1884, 6, 791 ; Pichot and Grangier, ibid, 1888, 
7, 573 ; Rohrig, Chem. Zdt, 1883, 567 ; Wunder, 
ibid. 1890, 14, 1119; Jordan, Zeitsch. angew. 
Chem. 1893, 684. 

Raw materials, — China day, and French, 
German, and Bohemian pottery days are used, 
and alw^B require lerigation. The clay must 
be very finely divided, and free from excessive 
amounts of iron and manganese oxides. For 
soda, the best soda ash, known as carbonated 
ash, is employed ; it must be stored in a dry 
place. The Otauber salt must be free from acid 
and iron, and well calcined ; it should be nound 
in stone edge-runner mills before use. Rod or 
stick sulphur, containing very little non-volatile 
matter, is usually employed, since x>oorer forms 
of sulphur produce dirty sh^es of colour ; like 
the Glauber salt, it is reduced to a fine powder 
before use. Carbon should not contain more 
than 4 p.c. of moisture ; that made from pine 
trunks is preferred, and is ground in ball mills 



and stored in a dry place. Charcoal is sometimes 
replaced by pitch, tar, colophony, Ao. If ooid 
is used, it must be of good quality, and free from 
sand, stones, and pyrites. Silica is usually 
employed in the form of kieselguhr, but some- 
times quartz is used ; the latter is ignited and 
then quenched in water to cause it to break up, 
being finally dried and ground to powder. 
BiUcious carbon, such as charred rice husks, 
may partly or wholly replace the carbon and 
silica (Cross, Eng. Pat. 3174, 1903). 

Direct process . — ^The formation of ultramarine 
blue by tMs process is effected by roasting the 
well-mixed raw materials, allowing aooess of 
air during the operation. The successive opera- 
tions involved are mixing, roasting, lixiviatixig, 
wet-grinding, levigating, pressing, drying, mm 
sifting. 

The most intimate and cheapest mixture 
obtained when the various raw materials have 
been, nound first in ed^-runner mills, and then 
in Mance xnillB. With mixtures oemtaining 
much sulphur, the other ingredients should first 
be well mixed, the sulphur then added, and 
further mixing effected. The mixturee should, 
in any case, be calcined as soon as they are 
prera^ 

The * ma8%’ oven, so called from the mixture 
being treated in a mass, prodaoes directly very 
good ultramarine if oaref^y managed. Jgig, I 
gives an idea oi the arrangement. The raw 
materials, weU mixed and ground, axe dioveUid 
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an to the floor of the oven, poahed up to the end 
with a broad rake, and, after being piled up to 
nearly the level of the bridge* are nearly flat* 
tene^ and covered with thin tiles, the joints 
being filled in with a very thin mortar made 
with ehtna cky and sand. The oven hav^ 
been thusfllled with about 1 ton of taw material, 
the front is built up, leaving a hole just above 
the level of the tiles for observation, fitted with 
a loose brick, A small hole below this and 
about opposite the centre of the mass, fitted 
with a ^y stopper, affords a means of taking 


samples as the ouming proceeds. The heat is 
slowly raised to a bright red, and as it rises 
small jets of sulphur dioxide are seen to come 


from the cracks between the covering tiles 
and bum with feathery flames, increasing in 
length as the heat becomes greater, and gradu- 
ally dying away as the reaction is completed. 
The heat is maintained at its highest point for 
from 12 to 18 hours, or until the process appears 
to be finished, when a sample is taken through 
the small hole by means of a long auger inserted 
right into the middle of the mass. The sample 
presents, if sufficiently burnt, a greenish- blue 
appearance, gives off sulphur dioxide freely 
without actu^y burning, and on being spread 
upon a clean tile quickly loses its heat, and 
appears a blue colour with a tinge of green. 
The changes experienced by the mixture are 
interestiug and remarkable. As introduced it 
is a yellowish-grev, and becomes successively 
brown, green, and blue. The brown, a dark 
rich colour, is very unstable, and burns on expo- 
sure to air to a greenish half-formed ultramarine, 
and« even if not exposed, slow combustion goes 
on until oxidation has taken place. The green 
is almost equally unstable. 

When drawn sample is found to be 
sufficiently burnt, the operation is concluded by 
closing the oven, plastering up cracks, and 
exdnmng the air as far as possible. It is then 
left to cool down, which takes a week or 10 
days. On opening, the mass should appear 
dark blue, the bottom portion not being quite 
equal in brilliancy to the top owing to the 
greater degree of heat to which it has been 
subjected. A loss of about one-third of the 
original weight occurs, and the mass shrinks 
oonriderably, 

ChaigeB amounting to 5 tons are treated in 
stone troughs, 17-20 n, long and 10-13 ft. wide, 
placed in a furnace in such a way that they can 
be reached on all sides by the fiamo. The 
troughs are filled to a depth of 12-10 ins. 
covmd with firebricks, and calcined for about 
3 weeks. 

Ultramarine blue is also prepared directly in 
diaft furnaces (Eig. 2), described later on 
(p. 259). Various special furnaces have been 
patented (Fr. Pats. 410055, 1909 ; 407098, 
408247, 399211, 400103, 1908 ; 403077, 1909; 
426586, 1910). 

A rapid process for the direct preparation of 
the blue has been patented (Fr. Pats. 391779, 
391780, 1908). A mixture of china clay (35 
parts)^ earbem (10 parts), sodium alum (40 parts), 
rosin (8 parts), and sulphur (7 pgrts) is heated 
rapidly to 800^-700% and maintaiacd at that 
tmnepture for about 3 hours; the temperature 
is tiSen raised to 900^ and the^naas stirred well 
for an hour to oxidise it Powdered sodium 


chlorate is t hen added and the mass stined for 
16 mins.; a further 30 mins, heating then 
follows. Ultramarine of very superior quality 
is said to thus obtained. 

CuitiuB has patented a continuous process. 
Cast-iron retorts, similar to gas retorts, are 
employed, lined inside with fire-proof cement. 
They are set in brickwork, and connected with 
flues for removing the gases and receivers for 
condensing sulphur vapour. The charged retorts 
are closed back and front, but arran^ment 
is made for the admission of air from behind, 
in order to quickly convert the green ultra- 
marine initially formed into blue. In a modified 
form of the process, green ultramarine is first 
produced, discharged into brickwork receptacles 
beneath the retorts, and directly oxidised to 
blue (Eng. Pat. 18527, 1890). 

The lixiviating, &c. is described later 
(p. 259). 1 

Indirect proccss.^The successive iffages in 



this process arc mixing, calcining for ultra- 
marine green, cruslung, roasting to ultramarine 
blue, and lixiviating, See., as in the direct 
process. 

The prcqiaration of the ultramarine gresu is 
carried out in either a erucibk furnace or a 
ahaft furnace. The former is a kind of mufile 
furnace, similar to those used in poredain works, 
of square (seklom round) seettoo and lined with 
firebrick. The ground mixture is filled into 
tapered erucildes of 12-16 ins. hi|^ the Uda are 
fixed on with a mortar of clay, and the eruoililes 
piled in regular rows in the /uniaoa. A fumaoa 
will hold several hundred cmcifales, the eggiegete 
charge beinu 6-8 cwt. of mixture. The tempera^ 
tore is slowly raised until the omeiUba aie et a 
it-red heat, and this temperatme is then 
itained until the formation of uteaniaiitie 
green is completed; from 7 to 10 houm are 
required. It is essential fo mafotidn a 
tempmture thrirnghout tha foif^ 



' TVImi the teeotioix i« fUiii^hed all openings 
into the fomaoe are shut tightljr and the fomaoe 
allowed to oooi down, a process that takes 
several davs. 


sets of three, so that the fkuue entirely sar« 
rounds them. They project about 2 ln« from 
the funutoe, both at the bac^ and front, and 


the ends are dosed by 


fing sheet-iron 
in lari 


quantities, up to 2 tons, of material. These are 
laige, oylhumoal, vertical furnaces, lined with 
firebrick. The furnace is situated at the bottom 
of the shaft; it is covered in by a firebrick 
vault, the fiat top of which forms the floor upon 
whioh the bottom layer of crucibles rests. 
Numerous openings in the vault allow the 
heating gases from the fumaoe to pass up into 
the shani. The shaft is filled with crucibles 
charged with the ground mixture, and arranged 
layer upon layer. Another vault forms the roof 
ox the shaft proper, and through openings in 
this the gases pass into a dome and thence into 
the chimney. Fig 2 shows such a furnace. 
These furnaces possess many advantages ; they 
require no special fuel, accommodate large 
charges and permit the heat to be equally dis- 
tributed in a very satisfactory manner. Soda 
mixtures low in sulphur must be heated slowly at 
first in these furnaces, a bright-red heat being 
only attained in 4 hours. 

The green ultramaritie thus produced exhibits 
a blue tinge on the surface, and if required t-o 
be sold as such, the blue outer portions must be 
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removed. This is unnecessary if the product 
is to be directly converted into blue ; it 
must, however, bo crushed and ground to 
powder. 

The material is crushed in roller mills to 
pieces about the size of peas. Glauber salt greens 
are then ground in dry mills to a degree of 
fineness that must be determined by preUminary 
triab, since if gromid beyond a certain degree, 
the brightness of the iinal ultramarine blue 
suffers. Soda greens are much softer than 
Glauber salt greens, and the application of 
further pressure during the final grinding must 
be avoided as much as possible. They are 
usually ground in ball mills, wliioh may be so 
oonstruoted as to render the preliminary 
crashing of the raw green superfluous. 

The crushed ultramarine green is converted 
into blue by roasting it with sulphur; the 
change is completed in a shorter time by this 
process than if ammonium chloride, hydrochloric 
acid, chlorine, fto., are used in the place of 
sulphur. During the process part of the sodium 
contained in the green becomes converted into 
sodium sulphate. Two types of furnace are 
In extensive use (i«) i^ltndnool or relart fumaoea 
andjfi.) nwjffh fomaoea 

Tim fonner type consists of an arrangement 
of strong east-iron tabes, not exceeding 80 in. 
teng by It in* diameter, genmaSy arranged in 


is mdicated in Fig. 3 ; the furnaces are mounted 
in pairs, back to back. All the gaseous products 
pass into the narrow corridor a, dosed at both 
nds by doors; through openings in the roof 
they pass into the flue B, and thence to the 
chimney. 

In the other type of furnace, the muffle is 
built into the furnace. The hearth is made of 
strong fireclay plates with lap joints, luted 
together, the whole surface being then smoothed. 
The hearth of the muffle forms the cover of the 
heating chamber; the products of combustion 
pass XTom the grate upwards through flues 
arranged on the sides of the muffle-wails, thence 
over the arched roof to the chimney. If the 
muffle is constructed entirely of fireclay, it is 
built in completely at the back, and a semi- 
circular hole left in the front, the base of whioh 
is on a level with the hearth. This opening, 
through which the muffle is charged and dis- 
charged, can be closed when neces.sary by a 
counterpoised iron slide ; and since sulphurous 
gases escape from this oi>ening, it is arched over 
with a hood for leading these gases to the 
chimney, an arrangement that is far leas con- 
venient and safe than that employed in the 
cylindrical furnaces. Sometimes the muffle is 
built with an iron top, and the front of the 
muffle closed with an iron cap. 

The actual roasting process is carried out 
either (i.) by adding sulphur to the ultramarine 
green bc^fore heating, or (ii.) by heating the 
green and gradually adding the sulphur during 
the process. The requisite amount of sulphur is 
7 p.c. with soda green, and 9-10 p.c. with Glauber 
salt green, of the weight of the crude green 
taken. In carrying out process (i.), the empty 
retorts or muffles are heated to a medium red 
heat for soda green, or to bright redness lor 
Glauber salt green. The mixture of green and 
sulphur is then quickly introduced, and the 
containing vessels closed. After half an hour, 
the product is thoroughly mixed and levelled 
down, a process that is repeated at half-hourly 
intervals, until all the sulphur has been burnt 
off. This is indicated by the manner in which 
the green colour changes to blue. A further 
45 mins, heating is given, and then the fire 
slowly reduced. The retorts and muffles are 
then tightly closed and allowed to cooL When 
method (ii.) is employed, the retorts or muffles 
are charged with ultramarine green, whicb is 
raked over and levelled. The successive wr* 
tions of sulphur added amount to about 1| ibs« 
each with retorts cwt. charge), Snd lbs* 
each with muffles (Ij^ cwt ohs^). The first 
addition of sulphur may be made when a lump 
of that substance ignites as soon as it is thrown 
on the ultramarine ; the charge is then raked 
over, and the sulphur allowed to bum away. 
This operation is repeated until a bright Uue 
product is obt|ined ; samples are withduEawn at 
intervals and spread out with a steel spatula to 
examine the colour. The {sroduot is then opdied 
as described undfr (L). ^ 

The filtering Jbioxes employed in the 
process ai^ made of pins, ft h>ug^ 
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40^ in. udde. About 6 or 8 in, above the solid 
bottom a false bottom is mounted, j^rforated 
vidth many f-in. boles, and covered intb strong 
ootton filtering cloth. The cold, calcined ultra- 
marine blue is mixed vdih a small quantity of 
hot water (76®-80®) in a vat, thoroughly mixed, 
and transferred to a filtering box. In this 
manner all the numerous filtering boxes are 
ehaiged. The clear filtrates are united, and if 
sufficiently concentrated (15°B. or more) the 
liquid is run into crystallising tanks for the 
recovery of sodium sulphate. Weaker solutions, 
and the fibrst two or tliree washings, are con- 
centrated bv utilising waste heat from the 
furnaces. The ultramarine is washed with hot 
water until quite free from soluble sulphate, of 
which the crude blue contains about 15 p.c. 
It is then ground wet in upight mills between 
hard stones imtil the requisite fineness is ob- 
tained. During this operation sodium silicate 
passes into solution, and it is therefore necessary 
to use soft water for the grinding. The whole is 
then run into a large w’’ooden vat and allowed 
to settle for 38-48 hours. 

The hvigaiing process foUows next. The 
top blue liquor is baled out into another vat and 
left until the extremely finely divided particles 
of colour have settled ; the product is after- 
wards added to other preparations. The paste 
remaining in the largo vat is distributed in 
quantities of about 2 cMt. into levigating tanks, 
three-fourths filled .with soft water, and the 
colour equally distributed throughout the water. 
The laj^r particles settle rapidly, and after 2 
hours standing the liquids are run into other 
tanks. The next deposition of ultramarine 
takes 6 or 6 hours ; the liquid is then baled into 
other tanks, and a further settling of colour for 
12 hours is allowed* The liquid now baled off 
contains extremely finely divided particles ; 
they are precipitated in a foiirth series of tanks 
by the addition of alum, dilute mineral acid, 
willr of hme or other saline solutions, and the 
resulting blue paste is pressed, l^assing from 
the first to the fourth series of tanks, the ultra- 
marine becomes successively lighter, finer, bluer, 
end stronger. The different grades of product 
are then dried in sheds exposed to air, or on 
drying hearths heated by waste furnace heat, 
or in special drying rooms, &c. 

The product dries in hard lumps, which must 
be powered and sifted ; for this purporo ball 
milig fitted with a continuous sifting device are 
employed. Very fine brands of ultramarine are 
sifted in centrifugal sifters or else in a Jasse 
sifter. It then remains to mix together the 
various shades and sorts in order to produce j 
the standards of sale ; this part of the work is 
of great importance, as the tinctorial power, 
fineness of (uvision, depth and purity of colour 
in each standard, have to be exactly reproduced 
in bulk. 

In making the chea}>ex brands of ultramarine 
blue, the pure material is mixed with from 10 to 
50 p. 0 . at gypsum. The latter has an extremely 
baa effect upon the brightness of certam kinds 
of ultramarme, which is xninimyed by incor- 
pmllxig a Httie glycerol or vaseline into the 

» devdopment of the magufactore of ultra- 
tnarbe has beem remarkaUe. The price in the 
year of ite dfacovery was about 16«. per lb., but 


competition soon brought this down, and created 
a de wuLTid,, Guimet commenced the manufacture 
In 1828. Between 1830 and 1840 manufactories 
were established at Cologne and Nuremberg; 
between 1840 and 1860 nine more were started ; 
1860-1860 saw nine more ; 1860-1870 at least 
a dozen, and from 1870-1888 four or fip, while 
an equal number of the others had closed down* 
At the present day there are about a hundred 
factories, mainly in Germany and France, 
although a few are in England, Austria, and the 
United States, and the annual production of 
ultramarine is between ten and fifteen thousand 
tons. 

For further information on ultramarine, v. 
Zerr and Rubencamp’s Treatise on Colour 
Manufacture, translated by Mayer (Griffin A 
Co.); Bersch’s Mineral and Lake Figments, 
translated by Wright (Scott, Greenwood A Son) ; 
and Hoffmann’s Ultramarine (Vieweg>u. Sohn, 
Braunshweig). \ 

ULTRAMARINE, GREEN, v. Ultbamarine ; 
also Chromium. 

ULTRAMARINE, YELLOW, Ultra - 
MAKixE. The term io also applied to Barium 
Chroffujte, r. Barium ; also Oiromium. 

UMBELLIFERONE t. Gum rissiks. 

UMBELLULARIACALIFORNICA(.Vj//f). An 
evergreen tree indigenous to California, known 
locally as ‘California Laurel/ ‘Mountain 
Laurel/ ‘ California Bny-trcH.'/ ‘ Spioe-tree,* 
‘ Pepper- wood,’ Ac. The esst nlial oil is an 
aromatic liquid jK>scs8ing a ]K‘euliar pungency 
due to the presence of a ketone itmheUvlone. 

(TIa Cll- -CO 

j CHjOHMt* j 
Ctl ('Me:CH 

vrhich f(»rmh (50 p.c. of the essential oil; the 
other eoiislituents are eugenol, 1*7; eii^nol 
metbvl ether, 10; fpiheue, 60; cineol 
20 0 * p.c. ; safrule and fatty acids, traces 
(Power and Lees, (‘hem. Sac. 'IVans. 1801, 86, 
629: Tutin. ibid. 1906, 89, 1104; 1908, 93, 
252), 

UMBELLUUC ACID v. Hekdecatoio ACtns. 

UMBELLULONE u. Laukus .\oaius. 

UMBER. A brown mineral pigment, con- 
ftisting of a mixture of the hydrated oridkMi of iron 
and manganese, mec^hanieaJiy associated witii a 
large pxv>{»ortian of earthy matter of variable 
character. The material is prepared for the 
market by grinding and levigation* Saw 
umber is exported irom C^pnis, Turkey, and 
Umbria in Italy (hence the name). It is also 
worked to a limited extent in Dmyahire and 
Pennsylvania. 

Sir A. H. Church (Tlie Cliemistry of Paints 
and Painting, London, 1901} gives the followiiig 
analysis of a choice sample of raw uinbiw from 
Cyprus; water, given off at \W*C*t 4*8 p.o- ; 
water expelled at a itkI heat, iiicliMiiteg omnio 
matter, 8 8; Fe,0„48*55 MnO„ I»|OaO, 14 i 
MgO,0'6; Al,Oa,2*l; 

Ae.,0*3. Part diim m anaa^ probably 
exists as MuiOi. For other aiialm 
stennas, and oefares, v. O. H. Huiat iti Chmn. 
Newt. 1880, 5»» 172. He Irnuid oruda Darby- 
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i^re umber to yield tbe foUoteiug results: 
hygroBoopio weier, 13^7 p,c, ; combiiied water» 
617: BaS04,3010; aO„4*43; CaS04,216; 
Ca(^4,2*61 ; Mfit. 8*08 ; Fe4Oa.22‘60 ; MnO., 
11*53. A 6am|ue of mnber^ horn Csldbeck 
Fells, Cumberland, as prepared for market by 
grinding and washing gave: FegOa, 47*14: 
MnO^M?; CuO, 3*23; AlgO,, 7*66; SiOa, 
24*70; combined water, 6*18; CaO, MgO, 
traoes«100*08 (J. Soc. Chem. Ind. 18W, 963, 
where are given details of the method of pre- 
paration). 

Hurst regards most ochres as alteration 
products, formed mainly by the oxidation and 
hydration of pyrites in situ, and mechanically 
mixed with silica, clay, and other earthy 
matter. Umbers may have been washed as a 
fine sediment from deposits of iron and manga- 
nese ores. The pigment termed bumi umber is 
merely umber which has been exposed to heat, 
whereoy its colour becomes somewhat reddened. 
Cologne umber is an earthy lignite. 

References, — G. P. Merrill, The Non-Metallio 
Minerals, 2nd ed., New York, 1910, 104 ; 
chapter on Mineral Paints in Min. Res. U.S. 
Geol. Survey, annual volumes ; v, Ochbe. 

L. J. S. 

UNAL. Trade name for solid hydrochloride 
of p-amino]|^cnol, used as a photographic 
developer. Kodinal is a concentrated solution 
of the same compound. 

UNDECATOIC ACIDS and UNDECYLIC ACID 
u, Hxndboa^oio acids. 

UPAS ANTIAR v, Aktiab besin. 

UPAS TIEUTE V. Ntrx vomica. 

URACIL V. Eboot and Pybihidines. 

URALITE. A name proposed by G, Rose 
in 1831 for pseudomorphs of hornblende after 
augite from the Ural Mountains. (For a 
risumi of the literature, v, A. Wilmore, Geol. 
Mag. 1910, [v.] 7, 367.) Also used as a trade- 
name for a preparation of serjientine-asbestos, 
made into the form of boards for fire-proof 
partitions (v. Asbestos). 

URAMIL V. Pybimidikes. 

URAKINITE V, PiTOHBLEimE. , 

Alfred Schoep (Bull. 8oc. chim. Belg. 1923, 
32, 274-281) has aiUiysed specimens of Katanga 
pitchblende, estimating total uranium as 
UsOg and UO^ in presence of UOg by Hille- 
brand’s method of heating the mineral in a 
sealed tube with dihite sulphuric acid in an 
atmoiq[>here of carbon dioxide, and volumetric 
estimation of the dioxide with potassium 
permanganate. The results lead to the con- 
tusion that the puriHed mineral (i,e, uraninite) 
has the formula (U04)j(U03), (r/. Blomstrand, 
Chem* Soo. Abstr. 1 884, 1 102). This is discussed 
in comparison with results obtained by other 
workers for pitchblende from Katanga and other 
sources, and also for thorianite, and reasons are 
riven for regarding the UO^ as an oxidation pro- 
duct ri the UOt, of which the original mineral 
consisted. Thus the author maintains that the 
Imrmula of uraninite is UO^, as that of thorianite 
is II1O4, two minerals being isomorphous 
sad suilogotts in chemical composition. The 
pexcmitage cl the dioxide is greater in fresh 
MDScImens of the mineral; some conrist of 
TnOiytlOg, in wb$dh all the uranium compound 
nee undeigoim cud !l1i(iriarite oemtoins 


various proportions of UOa, and isomorphous 
mixtures of the two dioxides may be prepared 
artiddally (Chem. Soo. Abstr. 1923, 124, ii 
647). 

URAHITB. An early name for the * uranium 
micas ’ in use before these had been separated 
into the following species, the most important 
of which are autunite (calco-uranite) and 
torbemite (cupro-uranite) (qg.v). 

Torbemite Cu(U0,)2(P04)a*8H40, tetragonal 

Zeunerite Cu(U02)2(As04)8*SH20, tetragonal 

Autunite Ca(U02)2{P04)4*8H*0, ortho- 
rhombic. 

Uranospinite Ca(U02)2(As04)2*8H20, ortho- 
rhombic. 

Uranocircite Ba{U02)2(P04)2*8H20, ortho- 
rhombic. L. J. S. 

URAMINO ANTIPYRIN. Trade name for 
antipyrylurea. 

URANIUM. Sym. U. At.wt. 238*2 (238*17 
Konigsehmid; 238*5 Richards and Mciigold; 
Lebeau). In 1789 Klaproth prepared from 
pitchblende some compounds of a new element, 
which ho called uranium (Crell’s Ann. 1789, [ii.] 
400). The compounds of uranium were studied 
by Richter, Arfvcdson, Berzelius, and others. 
In 1840 Peligot showed that what had previously 
been thought to be uranium was really one of its 
oxides; he prepared the metal by reducing 
uranous chloride with potassium (Ann. Chim. 
1842, [iii.] 5, 6). The work of P41igot was 
confirmed and extended bv Ebehnen (ibid, 1842, 
[iii.] 5, 189), Wertheim (ibid. 1844, [iil] 11, 49). 
Rammelsberg (Pogg. Ann. 1842, 65, 318; 66, 
125), and Hermann (Ueber einige Uranverbind. 
Gottingen, 1861). 

Occurrence . — Uranium is not very abundant ; 
its chief ore is pitchblende or uraninite, which 
consists of impure UjOg, and is found in Corn- 
wall, at Joachimsthal (Bohemia), and other 
localities. It contains from 40 to 90 p.o. of 
UgOg (Hermann, J. pr. Chem. 1859, [1] 76, 
326 ; Ebelmen, Ann. Chim. 1843, [iii.] 8, 498 ; 
(\"hitney, Amer. J. Sci. 1849, [ii.] 7, 434 ; Genth, 
ibid, 1857, 23, 421 ; Zimmermann, Annalen, 1886, 
232, 300). Clevite and brdggeriie are varieties 
of pitchblende rich in rare earths. CamotUe is 
a vanadate of potassium and uranium, found 
in Utah and Colorado (Friedal and Cumenge, 
Bull. Soc. chim. 1899, [ii.] 21, 328). SamarshUe 
is a uranotantalito of iron and yttrium, found in 
Siberia (Miask) and North Carolina (Eammels- 
berg, Po^. Ann. 1877, 260, 658) ; fergusomU is 
a complex columbate of yttrium, cerium, 
uranium, calcium, and iron (Bammdsb^rg, 
tbid. 1873. 160, 200). 

Schoep, of the University of Ghent, has 
identified several new uranium mineralB, to 
which he has assigned ike following formria : 
curite, Pb0*5U0,*4H20 ; kasoliie 

3Pb0 3U04*3Si02*4H»0 
demndtiie, Pb0*2U0a*P204*3H20 ; mddtie 
6U02*2Si02*6H20 

hecquereliie, U 03 *arH 20 . A uranotitanooolum- 
bate of calcium contrining small amounts of 
rare earth has been designated as menitdeeffUe ; 
the chemical formula has not been estahmed , 
definitely, but the imnetal ocmtsiiis mfgftoMi* , 
matdy U|0| 23^ p.c., and CaO 15 It if ; 

considsrea aa a variety of helafite,, but 
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no water of crygtallisation (J. Soc. Chem. Ind. 
1923, 42, 1061). 

Nearly all the phosphates, sUioates, and 
sdrconates of the rare earths contain small 
quantities of uranium, notably xenciime, cssche- 
nitef eolumbiie, cerite, and monasite, ThoridrUU 
(«. Thokeum) contains from 10 to 20 p.o. of 
uranosouranie oxide. See also SzUiid, Le 
Radium, 1909, 6, 233. 

Naturally occurring uranium minerals are 
radioactm; it was from the pitchblende of 
Joachimsthal that radium was first prepared, 
whilst helium was originally obtained from 
clevite. 


Treatment of uranium mineraJe ; preparation 
of uranium . — ^The chief source of uranium com- 
pounds is pitchblende, which, after a pre- 
liminary roasting, is heated in a reverberatory 
furnace with sodium carbonate. The product 
is extracted with warm dilute sulphuric acid 
and filtered, the residue being used in the pre- 
paration of radium salts. The filtrate is worked 
up commercially for uranium oomj)oimds as 
described under sodium diuranate (p. 265). 
The following method is due to AVohter; the 
liquid is treated with Jn’drogen sulphide to 
remove arsenic, antimony, cop])er, lead, and 
bismuth, and after oxidising the filtrate with 
nitric acid, excess of ammonia is added. The 
washed precipitated iron hydroxides atid 
ammonium uranate are digested at 100° with 
concentrated ammonium carbonate, containing 
ammonia in excess, to dissolve the ammonium 
uranate* The double salt, ammonium uranyl 
earbonate, crystallises out on cooling the 
filtered liquid. From the mother liquor a 
quantity of ammonium uranate can be obtained 
by precipitating any zinc, nickel, and cobalt 
with ammonium sulphide, and evaporating 
the filtrate. Both amnioniunt uranate and 
ammonium uranyl carbonate leave the green 
oxide U3OK when ignited in the air. 

Carnotite is fused with potassium hydrogen 
sulphate and the mass extracted with" water; 
from l^e solution the double sulphates of uranium 
and vanadium with potassium sulphate are 
ciystallised out. The ciy'stalliiie product is 
reau<^ with zinc and sulphuric acid, and the 
vanadium then precipitatc?d with ammonia and 
ammonium carinate. From tlie filtrate the 
uranium is thrown down as ammonium uranate 
bv boiling (Gin, Chem, Zentr. 1906, ii. 1172; 
cf. Haynes, Mines and Minerals, 1909, 30, No. 3, 
139). 

Separation of uranium from thorium atid rare 
earths in pUcMdende, — The mineral is dissrdved 
in nitric acid and the silica removed in the usual 
manner. The filtrate is rei>cate<lly evaporated 
to dryn« for the elimination of free acid, 'fhe 
residue is dissolved in water ; the solution in a 
beaker is neutralised exactly with a few drops of 
vejy dilute ammonia, strongly diluted, and 
boiled for 10 minutes with excem of thiosulphate, 
idteetonding 24 hours the precipitate is mtered 
gA wcH washed with water containing a little 
;tadoe p i p hate» dissolved in hydrochloric add, 
Aiid re-predjdtated, after oliminatian <»! free add, 
t# belore* H properly peiformeiii, the second 
removes the last of the cerium. 
^ J^edpitate, which contains part cd the 
urandmii is dtlMKilvad in hydrdchloric add, and 
the tberiiimi predpitated as oxalate. The 


filtrate is evaporated to dryness in a pcnxMlaiii 
dish, and the residue oautioudy heated with 
strong Bul^hurio aoid for the deoomposltioii of 
the oxalic add ; the add is finally heated until 
strong fumes appear, and uranium 
dpitated with ammonia after cooling and dilutuag 
the solution. The filtrate from the thiosulphate 
precipitate, containing the balance • 01 the 
uranium ita freed from rare earths by meam of 
oxalic acid. The excess of precipitant is 
destroyed as before, and the won separated 
from uranium by precipitation with ammoxdum 
carbonate, uranium beiiig again predpitated 
with ammonia. The united uranium precipi- 
tates are ignited and weighed (W. Biss, Chem. 
Zeit. 1923, 47, 765-766; Analyst, 1923, 48 
626). , 

Metallic uranium was first prejmred by 
Pdigot (lx.) by reducing the tetraohlc^de with 
potassium. Zimmermann (Annalen, 1]^, 216, 

J ) replaced the potassium by sodium Xcf. Lely 
and Hamburger, Zeitsc^h. anorg. Chem. j^ 914, 87, 
209). It is better to employ the double bhloride 
of uranium and sodium, and magnesium may be 
used in place of potassium (Moissan, Compt. rend, 
1896, 122, 1088). These methods are unsatis- 
factoiy^ since uranium tetrachloride is extremely 
iij'groscopic. Uranium is best prepared by heat- 
ing 500 parts of the oxide UjOg with 40 parts of 
sugar carbon in the electric furnace in a carbon 
tube. The product, which contains a little 
carl)on, is purified by healing it in a crucible 
brasqueil with uranium oxide, and embedded 
in another crut!ihle brasqued with titanium, to 
prevent access of nitrogen to the urenium 
(Moissan, Compt. n*nd. 1893, 116, 349). J^duo* 
tion of uranium di<»xide by carbon begina at 
1500° (Greenwood, Chem. Soc. Trans. 1908, 93, 
1492). The oxides of uranium may also be 
reduced by heating with aluminium p<,iwder 
(Aloy. Bull. Boc. chim. 1901, tiiL] 25, 153; 
Stavenhagen, Ber. 1H99, 32, 3065 ; Stavenhagen 
and Schuchard. ihid, im. 35, 909; GiolttU 
and Tavanti, Gazz. chim. ital. 1908, 38, ii. 
239 ; cf. E. Ridoal. J. Sm*. (‘hem. Ind. 1914, 33, 
67.3), Uranium may al»f> be (irejMirod by the 
electrolysis of tbc *fus<*d double chloride of 
uranium and s<idium, in an inert atmosphere, 
using carbon electrodes ( Moissan, CVmipi. rend. 
1896, 122, 1088) ; anti is obtained in the ]pyro* 
pboric state by heating its amalgam in a 
vacuum (F4r6e, BuU. Boc. chim. 1901, 25, 

622). 

Acoording to R. W. MtK>re ('rraiui. Amor, 
KlectrrK;hem. Soc. 1923, 05), metallic uranlam 
is conveniently preiiared by reducing with 
metallic sodium the green c^yatalline tetra- 
chloride, obtained by heating the oxide U|0| to 
500°U for several hours in a current of au^nur 
chloride, vapour, and subliming the produel in a 
current of chlorine. The rctulring humm is 
broken up in an atmosphere of nitrogen mid 
mixed with metalUo e^iom that tm hem 
distilled in vactt6 and cut into small fdeees under 
anhydrous benzene. The mixtm Is h^alid in 
a steel bomb in a vacuum* and Ike motion 
product is extracted first with ahuolute ihdhol 
to remove excess of sodium, then with water to 
remove sodium aid ftni% witli 2 {Mi- 

aoetio add* The Iwkvy h ww e» wiMwi 
mctellio anaiita to wmmd nm mvIom 
Mudinmuii. A |Md. ol W p>«. «f Sto 
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U is readily obtained. The p^der is very and inversely proportional to the square of the 
pyroimofio, but may be jaressed into discs in a sonoentration of the hydrog^ ions present 
hy^aulio press in an atmosi^ere of nitrogen, McCoy and Bunael, J. Amer, Chem. Soo. 1909, 
and is then no longer pyrophoric. These discs 31, 367.) They are obtained by the reduction 
may be melted by the arc in an atmosphere of of uranyl compounds (t;. Aloy and Auber, Bull, 
rarefied aigon to bright, steel-grey, ductile, goo. chim. 1W7, [iv.] 1, 669; Colani, Ann. 
metallic buttons, which readily tarnish on Chim. 1907, 12, 59). The urawifi salts are 
exposiiretotheair(J. Soo. Chem. Ind. May 11th, generally yellow, with a greenish fluorescence. 
1923,406). They are highly sensitive to light, and are 

Propertke.-^Vnve uranium is a white metal, employed in photography (Kiepce de Saint 
which takes a high polish ; its density is 18'7, Victor, Compt. rend. 1858, 46, 448, 489 ; Title- 
and its specific heat 0-02766 (Zimmermann, stad, Zeitsch. physikal. Chem. 1910, 72, 267; 
Annalen, 1886, 232, 310; Ber. 1882, 16, 851). Bacon, Philippine J. Sci. 1910, 6, 281). Under 
It melts at a white heat, and can be dis- the influence of light, uranyl salhs are con* 
tilled in the electric furni^e (Moissan, Compt. verted into uranous salts in the presence of 
rend. 1906, 142, 426; c/. ibid, 1893, 116, 1429; the acid entering into the constitution of the 
1896, 122, 1088). The most prominent lines in salt and a readily oxidlsable substance such as 
the emission spectrum are in the yellow (Thal6n, alcohol. The reaction which occurs is as 
Ann. Chim. 1869, [iv.] 18, 239; Hasselbcrg, Allows: — 


K. Svenska. Vet-Akad. HancU. 1910, 46, 3; 
PoUok, Sci. Proo. Roy. Dubl. Soo. 1909, 11, 
33 1 ). Most uranium compounds possess marked 
absorption spectra (Morton and Bolton, Chem. 
News, 1873, 28, 47, 113, 164 ; Jones and Strong. 
Phil. Mag, 1910, [vi.] 19, 566; Strong, Zeitsch. 
physikal. Chem. 1910, 11, 668) and are fluor- 
escent, the fluorescence spectra having been 
studied by E. Becquerel (Ann. Chim. 1872. 
[iv.] 27, 639) and H. Becquerel (Compt. rend. 
1886, 101, 1252; 1907, 144, 459); v, also 

Becquerel and Kamerlingh-Onnes (ibid, 1910, 
160, 647) for phosphorescence at low tem- 


U0,CU+2HC1+C*H5‘0H 

=UCl4+CH8CH0+2H,0 

Two molecules of acid are necessary for each 
molecule of uranyl salt. In this way, the 
fluoride, chloride, bromide, iodide, and sulphate 
have b^n prepared, and an aqueous solution 
of the nitrate. If an insufiicient amount of acid 
J present, basic salts are obtained. If the re- 
action is allowed to proceed further, a black pre- 
lipitate of uranous hydroxide is obtained (ifouer, 
Schweiz. Chem. Zeit. 1018, 2, 40 ; Hatt, kitsch, 
physikal. Chem. 1018, 92, 613). Oxidattons 


peratures. and reductions brought about by uranium oom- 

Uranium in the form of powder is unaltered pounds under the iimuenoe of fight are dosefy 
in dry air at ordinary temperatures ; it burns related to the changes which the uranium salt 
in oxygen at 170®. It unites directly vnth tself undergoes. Thus when alcohol or dextrose 
fluorine in the cold, and with chlorine, bromine, is added to a 1 p.c. solution of uranium acetate 
8md iodine when gently heated. At 600® it the former is oxidised and the latter is reduced 
combines with sulx^hur and selenium, and to the violet oxide U80g,2H80. If in additimi 
at 1000® unites readily with nitrogen. It methylene blue is added to the above solution the 
forms a orystalliue carbide decomposed dextrose is oxidised and the methylene Uue is 
by water (Moissan, Compt. rend. 1896, reduced, the uranium salt playing the r61e of an 
122, 1088). 1+ forms alloys with certain oxido-reducing catalyst. Aldeh^es and lower 

metals ; that with iron is pyrophoric, this fatty alcohols can all be similar^ oxidised, and 
property varying directly with the content of the progre^ of the reaction can be followed by 
uranium. • the reduction of the uranium salt or of methylene 

Uranium powder decomposes water slowly blue; the phenols, although readily oxidisable 
at ordinary temi^ratures, more rapidly at 100®. under ordinary circumstances, behave anomal- 
It dissolves readily in hydrochloric, sulphuric, ously, owing to the antioxygen character of these 
and nitric aci^. sub^noes, and they are not oxidised ^mselvss. 

Uranium is closely allied to the elements nor do they allow the oxidation of oihet sub* 
ehromium, molybdenum, and tungsten; they stances to proceed. A red coloration is produced 
all exhibit a maximum valency of six, yield on adding the uranium compound to the phenol 
acidic trioxides, and form numerous halogen solution, but no other apparent ohiuEige occurs, 
derivatives in which their valencies vary from The solution does, however, contain a certain 
two to six. These halogen derivatives in amount of uranous salt, and the violet oxide can 
general bear little resemblance to well-defined be precipitated from it by heating to 100®C. 
salts, as is indicated by their volatility, solubilitv (Aloy and Valdigni4, Compt. rend. 1923, 176, 
in numerous organic media, and the ease with 1229 ; J. Soc. Chem. Ind. m3, 48 , 574 jU. 
which the^r are hydrolysed by water. There Uranyl salts are somewhat analogous to bwe 
are two principal series of uranium salts ; (i. gaits, but they are stabto in smutlon, being 
the umnous oompounds, corresponding to the only hydrolysed to a slight extent. On 
basic oxide UO,; and (ii.) the uranyl compounds, electrolysis me uranyl ion UOs rnkpeatse to 
in which the fcoxkp UO* functions as a bivalent the cathode. Umnyl salts form iminerous 
metallic radicle. Besides these, there exist complex derivatives, eroeciaOy wi&. salts of 
tiran^ djttramrte*, and oigwdoMidsiJMttrioh. ZktaclL 

to the ch^urn darivativea (w. 18W, 29, Ii9; Ley, Aid. 1900^. W. MB* 4 

0.d»<k«#adc,B«lLA«»d.jroy.^^ Ber. 1900, W, 2658; KoUKh&Mm, Ajsanlpn,' 

Tlie iptMMu wdta we onialW grm or blue, aiid 1900,311^1), . ^ 

tBi.Wmpittfliii an mndSif tHdeuaed to uranyl oom- Unudum aana an ndioaettmu andttlliik-ii^v 
pewida, avtn ty air, ne nte of xnddatioa baing .nya, and prodaoixig a ndiowdiw. 
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oaUed XJranium-X {v> ir^ra, Uiunium-X and 
Eadiolooy). 

For the relation of uranium-X to uranium-2, 
eee Hahn (Zeitsoh. phvsikal. Chem, 1923, 103, 
461). 

Atomic weight, — This was taken as circa, 120 
until Mende]4e£f pointed out the similarity of 
uraniiun to chromium, molybdenum, and 
tungsten, and proposed the value 240 (Annalen, 
Suppl. 1872, 8, 178; Chom. News, 1880, 41, 
39), which assimed to uranium a position in the 
Periodic dassincation in the same Group as the 
elements just mentioned. The determination of 
the specifio heat of the metal and the vapour 
denairies of uranous chloride and bromide 
(Zimmermann, Annalen, 1882, 216, 1) confirmed 
the views of Mendeleeff. The actual value at 
presmit adopted (238*5) rests mainly on the 
work of Zimmermann (Annalen. 1886. 232, 
299), Aloy (Ann. Chim. 1901, [vii.] 24, 418) ; ol 
Richards and Merigold (Proc. Amer. Acad. 1902,^ 
37, 366*; Zeitsch. anorg. Chem. 1902, 31, 235) ; 
of Lebeau (Compt. rend. 1912, 155, 163) ; and of 
Honigsehmid (Compt. rend. 1914, 158, 2004). 

Oxides and Oxyacids. 

Uranium dioxide or Uranous oxide UO2 is 
obtained by heating the green oxide or uranyl 
oxalate in a stream of hydrogen (Berzelius, 
Peligot, Ebelmen) ; or by eleetn^Iysing uranyl 
nitrate solution (O. de Coninck and Camo, Bull. 
Acad Roy. Belg. 1901, 321); these inethcKls 
^eld a brown pyrophoric powder of sp.gr. 8*2. 
The reduction of uranyl cliloride solution with 
magnesium or aluminium fields uranous oxide 
as a black powder (dc Coninck, ihid, 1909, 744). 
It is obtained as black, microscopic crystals by 
reducing mystalline uranic hydroxide in hydro- 
gen (Aloy, Bull. Soc. chim. 1*900, [iii.] 23, 3(»8) ; 
and as jet black octahedra by fusing the amor- 
phous form with borax, and wasliing the product 
with dilute hydrochloric acid (Hillc brand, Zcitsch. 
anmu. Chem. 1893, 3, 249). It is a basic oxide*, 
and dissolves in concentrated acids to form green 
uranous salts. It combines directly with chlorine 
and bromine, forming uranyl chloride and 
bromine, and bums when heated in air, the 
oxide UgOg being produced. 

On a technic^ scale it is prepared for the 
production of ferro-uraniuin by fusing 35 parts 
of sodium chloride, 20 parts 0/ sodium uranato, 
and 1 peui of powdered charcoal in a cast-steel 
pot. llie cooled mass is lixiviated with water 
and the uranium oxide washed by decanta- 
Hon, and is freed if necessary from iron and 
aluminium by treatment uritb 5 p.c. bydrrKrhIoric 
add. 

Unupaas bydroiiile U02,2Hg0 is precijiitated 
1^ adding an alkali to a solution of a uranous 
salt and boiling; it forms black flakes, and 
readily dissolves in dilute acids (Aloy, Bull. 
800. etiim. 1899, [iii.] 21, 013). 

Ibanfum vranic oxide ^ uranic 

OsA^driie^ or uranyl oxide UO, is a chamois 
yeQm powder, obtained by heating uranvl 
,, dtaeate to 259® ; also by beating the hydroxide 
ur donbb uranyl ammonium carbonate to 250® 
{Snbdtuiefi, Auxl Chim. 1842, [iii.] 5, 199; de 
wnd 1901, 132, 204; BuH. 
46ad Boy; JMg. 2904, m, 44$; I^beau, 
Compt. 1912, 154, 1808). It oxidises to 


the green oxide when heated in air, and is 
reduced by hydrogen to uranous oxidew In 
contact with water it is transformed into uranic 
acid UOg(OH)g. Tl^en heated in vacud at 502® 
it forms the oxide UgOg. 

This oxide is slightiy basic, but only one- 
third of its oxygen can be replaced by acidic 
radicles ; the salts thus produced are of the 
type UOgRa, and are called compounds. 

Towards strong bases, uranic oxide behaves as 
an acid anhydride, similar to chromic anhy- 
dride. 

For heat of formation see, Mixter, Amer. J. 
Sci. 1912, [iv.] 34, 141. 

Uranic hydroxide or uranic acid UOg,HgO or 
UOgCOHla, is best prepared by heating a solution 
of uranyl nitrate in alcohol until no move brown 
fumes arc evolved, and washing the yellow pre- 
cipitate with boiling water (Malaguti, Aim. Chim. 
1843, [iii.] 9, 463). It may also be (mtained, 
mixed with the dibydrate, by ovapoi^ting a 
solution of uranyl nitrate to complete dryness 
(de Coninck, Compt. rend. 1909, 148,11462). 
The dihydraie U03,2H20, which is obtained as 
a yellow precipitate by boiling the double 
uranyl ammonium carbonate with water, loses 
water at 100®, and yi^ids the hydroxide UOg,HgO 
(Ebelmen, lx. ; for other methods, v, Jacquelin, 
Ann. Chim. 1842, [iii.] 5, 199; Riban, Compt, 
rend. 1881, 03, 1140; Aloy, Bull. Soc. chim. 
1900, Iiii.l 23, 368). Uranic hydroxide has a 
sp.gr. 5*9 ; it does not alter in air, and when 
heated to 3CKC it is dehydral<?d. For the 
prepara ti<»n of the colloidal hydroxide, v. 
Szilard, J. Phys. Chem. 1907, 5, 488, 636. 

Uranosouranic oxide or Oreen oxide of 
uranium UgOj(=UO|*2U03) occurs more or less 
pure as jnicJiiend(\ It can bo obtained by 
heating any of the other oxides to a red heat 
in air, also by igniting ammonium uranate or 
any uranium salt of a volatile acid. It forms a 
dark-green, lustrous iK>w'der of sp.gr. 7*2, 
insoluble in water; in concontratoa acids it 
dissolves, forming a mixture of uranous and 
uranyl milts. I'his oxide is employed for pro- 
ducing a black glaze on porcelain. It is radio- 
active, *and has lieen suggested as a suitable 
standard of a-ray radioactivity (McCoy and 
Ashman, Arner. J. Set. 1908, 26, 521). 

A violet hydiY^xido can be obtained hy the 
action of light on aqueous uranyl oxalate or 
alcoholic uranyl acetate (r. Aloy, Bull 800. 
chim. IfKK), |tti.] 23, $$$ ; rf, Aloy and Rodier, 
tfjid. 1920, [iv.j 27, 101). A number of 
riolet contfKiunds of uranium exist*, all of whiob, 
by loss of their acid radicles, tend to become 
transformed into the green hydrated oxide 
l'gOg.2H30. When lieated in a current of 
hydnigen the oxide IJgOg shows signs of reduction 
at 625®, the reduction being complete at 650®, 
the pr«:duct being UOg. JR a vacuum UgOg 
may be heated to 2000® before it dissociates 
to UO*. 

Unmlttm pentoxida is a black ixmder, used 
for pr^xiucing a black glaae on poroelaiiL Accord • 

to Zimmermann (Annaien, 1896^ SS2^ 273) 
it is a mixture cd UgOg and UOg, 

Uranium psrexim UQ4 k only known In the 
hydrated form oapermmk ecid yOipSHiO. It 
is obtained by aamng hydrqgiii ptrami to a 
mixture of uranyl and uranoua iCd|iials to 
aqueous solutioti, and diyltit the |woc^ldl»tc 
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over oonoantratod ftalphudc acid (de Ooninok* 
9iilL 4ead Koy. Belg, 1909, 692; cf. Fairley, 
Obem. Soo. Trans. 1877, 31, 138 ; Zimmetmann, 
Annalen, 1886, 232, 273 ; Alibegolf, ibid, 1886, 
233, 123). It fonns a yellow powder, wtdch 
los^ ozym when heated ; when treated with 
aDtali hydrozideB it yields a mixture of alkali 
uranate and peruranate. 

CHher hydrates are also known (Huttig and 
vonSchzoeaer, Zeitsoh. anorg. Chem. 1922, 121, 
243). These substances are probably com- 
pounds of uranium trioxide and hydrogen 
peroxide. It is doubtful if uranium tetrozide 
exists. 

Ueanates. 


The alkali uranates are formed by precipi- 
tating uranyl salts with alkali h^idroxides; 
those of the other metals by adding ammonia 
to a mixture of a uranyl and a metallic salt. 
They are yellow, insoluble in w^ater, but soluble 
In acids. The majority are of the type 
MsO*2UOa, analogous to the dichromatos {v, 
Drcmkmann, J. 1861, 255; Patera, J. pr. 
Chem. 1860, 61, 125; Debray, Ann. Chim. 
1861, [iii.] 61, 514; Grandeau, ibid, 1886, [vi.] 
8, 224; Zimmermann, Annalen, 1882, 213, 
290; Ditte, Compt. rend. 1882, 95, 088; de 
Coninck, Bull. Acad. roy. Belg. 1909, 173, 
835). 


Ammonium uranate. This is obtained as a 
yellow,^ voluminous precipitate by adding 
ammonia to a solution of a uranyl salt. It is 
prepared by boiling a solution of uranyl sodium 
carbonate with ammonium sulphate ; or by 
boiling sodium diuranate {q.v,) with concentrated 
ammonium chloride solution, and forms a fine, 
deep yellow-coloured powder, that is sometimes 
used oommerciaJly, under the name uranium 
yeUaWf in the preparation of uranium glass (v. 
Stolba, Zeitsch. anal. Chem. 1864, 3, 74) and 
sodium diuranate. 


Potassium uranate K2ITO4. obtained by 
fusing uranyl chloride with a mixture of potas- 
sium and ammonium chlorides (Zimmermaun, 
Le,), forms yellow, rhombic ciystals. 

Potassium diuranate is obtained in 

the form of a trihydrate by precipitating a uranyl 
salt with potassium hydroxide and drying the 
product at 100^ (Patera, U.). 

Sodium uranate Na2U04 may be obtained by 
fusing the green oxide with sodium chloride and 
sodium carbonate (Ditte, l.c, ; Zimmermann, 
1 . 0 .}. 


Sodium diuranate Na.U|Oy is prepared 
commercially from pitohldende, which is 
powdered and roasted to remove the greater 
murt of the sulphur, arsenic, and molybdenum. 
The ore is then heated in a reverberatory 
furnace with sodium carbonate and a little 
sodium nitrate. The product is washed with 
water, when soluble arsenate, molybdate, 
^ tungstate, and vanadate of sodium are removed ; 
iodfiim uranate is insoluble in water. The 


insolnhie residue is dissolved in dilute sulphuric 
Bald, the solution evaporated to remove excess 
of acid, diluted and filtered from silica, lead 
m^hate^ and basio sulphate and arsenate of 
^ipiinanthi and an excess d sodium carbonate 
edsthni added^ A sctatton of uranyl sodium 
seihomte Ji. thus abtahied^ wUle 4m basio 


carbonates of iron, aluminium, nickel, and 
cobalt are precipitated and removed. The 
uranium is then precipitated as sodium diuranate 
by adding sodium hy^xide, or neutrafising 
with Sulphuric acid and boiling. The yellow 
precipitate is thoroughly washed, dried, and pul- 
verise (Patera, J. pr. Chem. 1^9, [i.] 46, 182 ; 
1850, 51, 122; Giseke, J. 1852, 779; Anthon, 
J. 1860, 698 ; Kessler, J. 1857, 199 ; Hofmann 
and Strauss, Ber. 1900, 33, 2316 ; ef, Metzger 
and Heidelberger, J. Amor. Chem. Soo. 1909, 31, 
1040). 

Sodium diuranate is found in commerce as 
the hexahydrate Ka2U207,6H20. It is a fine 
yellow powder, known as uranium yellow, and 
is used in painting and staining glass and 
prooelain, and for making the fluorescent 
‘ uranium glass.* 


PBBtraANATBS. 

These salts are formed by the action of 
hydrogen peroxide and alkali hydroxides on 
uranyl salts, and are usually* precipitated by 
means of alcohol as orange-yellow crystals. The 
sodium salt has the formula Na4U04,8H20. 
These compounds have been studied by Fairley 
(Chem. Soc. Trans. 1877, 31, 134) and Melikofi 
and Pissarjewsky (Ber. 1897, 30, ^92 ; Zeitsoh. 
anorg. Chem. 1898, 18, 59; J. Buss. Phys. 
Chem. Soc. 1902, 24, 472). 

A red potassium peruranate K2U0j|,3H20 
is obtained when peruranic acid is added to 
hydrogen peroxide containing alcohol, and the 
solution treated with potassium hydroxide 
(Aloy, Bull. Soc. chim. 1903, [iii] 29, 292). 
The formation of this substance may be em- 
ployed as a delicate colorimetric test for the 
presence of uranium (Aloy, ibid, 1902, [iii.] 27, 
734). 

Ubaniuh compounds. 

Uranium tetrafluoride or Uramm fluoride 
UF4 is the main product of the action of fluorine 
on uranium. It is prepared by adding hydrogen 
fluoride to a solution of uranous chmride, and 
forms a green powder, insoluble in water and 
dilute acids (Smithells, Chem. Boo. Trans. 1883, 
43, 125; Bolton, J. 1886, 209). It leaves a 
residue of oxide when he^ited in air ; and forms 
double fluorides with the alkali fluorides. 

Uranium hexafluoride UF4 is best obtained 
by the action of fluorine on the cooled pmita- 
chloride — 

2Ua*+6F2=UF4-HJP4+6Cl» 

It forms oolourless, monoclinio prisms^ whioli 
sublime at ordinary temperatures under di* 
minished pressure. It mdts at 69*2^ under a 
pressure of two atmospheres, and boils at 56*2^ 
The solid has a density of 4*68 ; the vapour 
gives a value 11*7 (aira&l). It is very hygio** 
soopic, and highly reactive (Ruff and HmiMBdl- 
mann, Zeitsoh. anorg. Chem. 1911, 72, 63; e/. 
Ber. 1909,42,492). 

Uranium Mddoiide UCIa » obtained by 
heatiim the tetrachloride in hydrogen (Bdligot, 
Ann. Ghiin.4842, 6, 20), and is a rschBui-btown 
substanoe, which easily dtedves in vmter, 
forming a red solution that slowly 
hydrogen and %eoomes green. ; ^ i 

Uiaiifiiiii tetradileiHe or Ummm 
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UC 84 is produced when nxanitun is heated in 
ohloxine, and is prepared by passing chlorine 
over heated teraniuin carbide or a mixture of any 
osdlde of uranium with carbon (P^ligot, Annalen, 
1842, 43, 258; Zimmermann, ihia, 1882, 213, 
320 ; 1883, 216, 8 ; Roscoe, Chem. Soc* Trans* 
1874, [ii.] 12, 933 ; Aloy, Bull. Soc. ohim. 1899, 
[iii.] 21 , 264 ; Eoderburg, Zeitsch. anorg. Chem. 
1913, 81, 122). It forms dark-green octahedra, 
is volatile at a red heat, and the vapour has a 
density (airs^sl) of 13 '33 (Zimmermann). In 
molten bismuth chloride as solvent the molecular 
weight is 373 (theory ==380*3) (Riighcimer and 
Gonder, Annalen, 1908, 364, 45). It is ex- 
tremely deliquescent, fumes in the air, and 
readily dissolves in water with evolution of 
heat; the solution is a powerful reducing 
agent. The solution reacts acid, and on 
evaporation, leaves an oxychloride. Boiling 
water completely hydrolj^cs the chloride. 

It forms double chlorides with the chlorides 
of the alkali and alkaline earth metals (MoLssan, 
Oompt. rend. 1896, 122, 1088 ; Aloy, Bull. Soc. 
chim. 1899, |u.] 21, 264). 

Uranium pentaehloride UCI 5 is obtained by 
the direct union of the tetrachloride and chlorine. 
It exists in two forms : (i.) long, dark needles 
which are green by reflected, and ruby -red by 
transmitted, light, and (ii.) a light-brown, 
mobile powder. It is very hygroscopic, and is 
decomposed by water. It cannot be volatilised 
without decomposition; in an atmosphere of 
carbon dioxide, dissociation into the tetrachloride 
and chlorine is complete at 235® (Roscoe, C’hem. 
Soc. Trans. 1874, 12 . 933). 

Uranium tetrabromide or Uranoua brrmide 
ITBr 4 is obtained by heating the green oxide of 
uranium with excess of sugar charcoal, and 
passing bromine vapour over the heated mixture 
of uranous oxide and carbon thus produced 
(Zimmermann, Annalen, 1883, 216, 2 ; Alibegofl, 
ibid. 1886, 232, 132; Richards and Merigold, 
Zeitsch. anorg. Chem. 1902, 31, 250). It forms 
lustrous, dara-browu tablets of sp.gr. 4*838 
at 21®/4®. At a red heat it is volatile; the 
vapour density (air=l) is 19*46 (Zimmer- 
mann}. It closely resembles the tetrachloride 
in properties. 

Uranium tetralodide or Uranous iodide UI 4 is 
prepared by passing the vapour of iodine over 
powdered uranium heated to 500® in the absence 
of air (Guichard, Compt. rend. 1907, 145, 921), 
It forms black, crystalline needles, which melt 
at about 500®, and have a sp.gr. of 5*6. The 
aqueous solutiem is dark green and closely 
resemldee the chloride in properties. 

Uranous oxyfluoiide UOF, is obtainc<l by the 
aoUon of hydrofluoric acid on uranosouranic 
oxide-— 

Ua04+6HF«U0F4+2U0,F,+3H40 

It is^ a^ fine green powder, insoluble in water 
(ffiolitti and Agamennone, Atti R, Acad, 
^cei, 1905, 14, i. 114). 

Uranyl fluoride UOaF* is formed in the pro- 
oedadg reaction, and is a yellow soluble mass. 
IP dlw eoasts, according to Smithells (Chem. 

Trans. 1883, 43, 125) in a whife crystalline 
: Jo m# ^wjiich can be sublimed ; this modification 
pWJgileW tqr oarefuUy beating the tetrafiuoride 
In alr^ ■ is^ liygrosccmic and Torms a yellow 
aalU|ioii te. ilper. Both forms unite with 


potassium fluoride lonniim a lemon-yellow 
crystalUne double salt UOtF^SKF, wbicn can 
also be obtained from urain;jd acetate and an 
excess of potassium fluoride. This salt is tri- 
morphouB (Baker, ibid. 1879, 35, 763). The 
corresponding doable salts of other metals are 
also known, and are converted into deep ydlow- “ 
coloured peroxyfluorides by hydrogen peroxide 
(Lordkipanidzd, J. Russ. Pnys. Chem. Boo. 
1900, 32, 283). 

Uranyl chloride UOaCl* is obtained by heating 
uranous oxide to redness in a stream of chlorine. 
It is a yellow crystalline mass, stable in dry 
air; it is reduced by hydrogen at a red 
heat to the dioxide. Uranous chloride is 
soluble in water, alcohol, and ether, and its 
aqueous solution yields the monohjydrate 
UOaCls.HaO on evaporation. A solutmn cl 
uranyl chloride may be prepared by oxiU5sing 
uranous chloride with nitric acid or by dissolving 
uranium trioxide in concentrated hydrochloric 
acid (Mylius and Dietz, Ber. 1901, 34, 2^74 ; 
de Coninck, Compt. rend. 1909, 148, 11(69 ; 
Bull. Acad. roy. Belg. 1909, 836). Fo^, a 
table of si>eeific gravities of its aqueous, solu- 
tions, V. de (^oiiirick, Ann. (’him. 1904, [viii.] 3, 
500. 

Uranyl bromide I'OjBrg may be obtained in 
an impure state by heating uranous oxide in 
bromine vapour. It is obtained in aqueous 
solution by acting on uranous oxide with 
bromine water, or by dissolving uranic oxide in 
hydrobromic acid. ^ Yellow needles* of the 
hydrated compound separate on concentrating 
the solution ; they deeom|K» 8 e when heated 
(de Coninck, Bull. Acad. roy. Belg. 1902, 12, 
1025). 

Uranyl iodide UOtlj is obtained by adding 
barium iodide in slight excess to an ethereal 
solution of uranyl nitrate. It sefmrates from 
ether in red deliquescent crystals, and is not 
very stable (Alov, Ann. Chim. 1901, [vii.] 24, 
412). 

Uranium monosulphide U 8 is a black, 

amorphous jxjwder fonwMi by heating the 
se 8 (|ui 8 ulphide in hydrogen (Alibegoff, Annalen, 
18S6. 233, 131, 135). 

Uranium sesquisuiphide is a greyish- 
black substance formed by heating the tri- 
bromide of uranium in hydn>gen sulphide 
(Aiibegoil, l.c.). 

Uranium disulphide U8, is formed by the 
direct union of its elements at 500® (Moisean) ; 
at a higher temperature uranium bums vividly 
in sulphur vapour. The sulphide is best nre- 
pared by beating the double chloride of uranium 
and sodium in a current of hydrewen ladim with 
the vapour of sulphur ; or the dcmble chloride 
may be fused with sulphide of sodium, ahimiiiium» 
magnesium, antimony or tin (Colani, Compt, 
rend. 1903, 137, 382; Amu ChLnu 1907, 
[viiu] 12, 59). It forms Imrge, slender, pemrfy 
crystals ; the amorphous powder, obtainid 
by heating uranous chlofide in hydrogen 
sulphide, is greyish • black in coloiir. It 
oxidises in the air to uranyl sulphide, and with 
nitric acid is rapidly oonmted into uranyl 
sulphate. 

A black, hydrated disulphide is ohtsibed igr 
precipitating a uraaoiii with aattnoiiittii^ 
sulphikle; It rapidly oxidises hi dhe iiir to 
uranyl imphide. ^ 
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tnlpWte TJOtS ifl obtained by addix^ 
aounotkiam empfaide to an aloobolio eoluticni' 
o! ttranyl &itarate» washing the precipitate with 
alcohol and drying in mSud. By precipitating 
in aqueous solution a brown hydrated form is 
obtained (B.emel6, Compt. rend. 1864, 58, 716). 
It rapidly decomposes by heatinn to 1^®; warm 
wateo* converts it into hydrated uranous oxide 
and sulphuif. It dissolves in dilute acids and 
in ammonium carbonate. When digested for 
48 hours with cold ammonium sulphide exposed 
to air, a deep-red solid is obtained, soluble in 
acids with the evolution of hydrogen sulphide 
and deposition of sulphur. This substance is 
called uranium-red (Patera, J. pr. Chem. 1850, 
[i.] 51, 122 ; Bemel6, Po^. Ann. 1865, 124, 158 ; 
Hermann, J. 1861, 14 ; Zimmermann, Annalen, 
1880, 204, 204). A complicated substance of 
the formula 5U03'2K20'KHS2,a;H20 is ob- 
tained by precipitating uranyl nitrate with 
potassium sulphide and treating the precipitate 
with potassium carbonate (Komschutter, Anna- 
Ion, 1000, 314, 311). This is also called uranium- 
red ; adds decompose it, liberating sulphur and 
hydrogen sulphide. 

Uranyl sulphide is formed in black, tetragonal 
needles by heating uranosouranic oxide with 
sulphur and potassium thiocyanate (Milbauer, 
Zeitsch. anorg. Chem. 1904, 42, 448). 

The oxf/sulphide 2US2*U02 has been de- 
scribed by Hermann (J. 186], 260). 

Uranium selenides USe, and U^Sea are 
obtained in the crystalline state by heating the 
double chloride of uranium and sodium in a 
current of hydrogen containing the vapour of 
selenium (Colani, Compt, rend. 1903, 137, 382 ; 
Ann. Chim, 1907, [viil] 12, 59). 

Uranyl selenide is produced by heating 
uranosouranic oxide with selenium and potas- 
sium cyanide (Milbauer, Zeitsch. anorg. Chem. 
1904, 42, 450). 

Uranium tellurlde UjTc^a is prepared by 
fusing the double chloride of sodium and 
uranium with sodium tolluride in an atmosphere 
of hydrogen (Colani, Lc.), 

Uranium nitride UaN4 is a stable, greyish- 
black powder, prepared by heating^ uranous 
chloride in ammonia, and igniting the product 
mixed with ammonium cliloride, once more in 
a stream of ammonia (Kohlschuttor, Annalen, 
IWl, 317, 158). Uranium unites directly 
with nitrogen at 1000®, a yellow nitride being 
produced, the composition of which is not 
known (Moissan, Compt. rend. 1896, 122, 
274). 

Uranium phosphide UaPa is obtained by 
fusing sodium uranous chloride with aluminium 
phosphide in a stream of hydrogen (Colani, l.c.). 
The ufsemde U|As4 and aTUimonide UaSb4 are 
similarly prepared. All three compounds are 
obtained as l^k crystalline powders ; they are 
easity oxidised by tutric acid. 

Uranblftt boride UBa is obtained by sub- 
^tting a mixture of the finely powdered con- 
stdtuonts to hydraulic pressure and using the 
loasfi aa an electrode in the vacuum electrical 

UriUlhm cailMda V1C9 is prepamd by 
heating a mixture of 500 pahs of uranosouxanh 
and 60 parts of carbon in the electric 
It is a fau^noua, orystalUne soBd 01 


\ 11*28 at 18^ and is bardic, than quarto, 

. >ugfa not so bard as corundum* Itisdecom- 
jKMied by fluorine when gently wanned ; chlorine 
madily attacks it at 350®, whilst it reacts with 
)xygen at 370®. Uranium carbide is decomposed 
by water, a very complex change occurring. 
About one-third of the carbon is evolved in 
iombination with hydrogen, mainly as methane, 
propane, butane, but mixed with a little ethylene 
.nd traces of acetylene ; the gaseous mixture . 
contains about 15 p.c. of free hydrogen. The 
remainder of the carbon is converted into a 
mixture of solid and liquid hydrocarbons 
Moissan, Compt. rend. 1896, 122, 274 ; Lebeau 
and Damiens, Compt. rend. 1913, 156, 1987). 

A shower of brilliant sparks is produced 
when two pieces of the carbide are rubbed 
ogether. 

Uranium silicide USij is obtained from a 
mixture of silica and uranosouranic oxide 
by the aluminothermic process {v, ThEBHIT 
pkocBSS). It crystallises in the cubic system, 
and has a density of 8*0. At 500® it reacts 
with chlorine giving a mixture of uranous and 
silicon chlorides (Defacqz, ibid. 1908, 147, 
1050). 

Salts of Urasoum* 

Saturated aqueous solutions of uranyl for- 
mate, acetate, benzoate, and citrate are unstable 
even in the dark. The propionate, butyrate, 
oxalate, tartrate, and salicylate are stable in 
the dark. The benzoate and salicylate are not 
reduced even in sunlight (Courtois, Bull. Soc. 
chim. 1923, 33 [iv.] 1773; Chem. Soc. Abstr. 
1924, 126, i. 285). 

Uranyl formate U0a(HC02)a*Ha0, greenish- 
yellow crystals, readily soluble in methyl alcohol 
or water. Formed by adding hydrogen peroxide 
to a slightly acid solution of uranyl nitrate and 
treating the washed precipitate with excess of 
formic acid and evaporating the solution m 
vacu6, 

Uranyl acetate U02(02Ha0j)a,2Ha0 is pre- 
pared by dissolving in warm acetic acid the 
yellouTsh-rod mass produced by heating uranyl 
nitrato until evolution of oxygen commences. 

It oiy^stallises in yellow, monoclinio needles, 
and is used in photography and also for the 
volumetric estimation of phosphates. 

For pther uranium salts of the monocar* 
boxylio acids of the fatty scries, see Courtois* 
Compt. rend. 1914, 158, 1511, 1688. 

Uranous arsenate UHa(As04)a,2Ha0 <AIoy, 
Bull; Soc. chim, 1899, [iii.] 21, 613 ; Ramxneia* 
berg, Pogg, Ann. 1842, 55, 318 ; 56, 125). 

Uranyl anenate U02(HaAs04)a,3Ht0, a 
yellow powder, insoluble in water and acetic 
acid, is obtidned by double decomposirion 
(Werther, Annalen, 1848, 68, 313). Seveial 
arsenates occur aa minen^, e.g. irdfftriU 
(U0.)a(As04)a,12Ha0 ; vjoljmfgiU^ a basic bis* 
muth uranyl arsenate; and iimiiospimte, a 
calomm uranium arsenate, 

Uranyl bensoate l 70 a((lHs 02 )a 
BulL Soc. chim. 19^, 33 [iv.] 1761 : i 
Abstr. 192\ i. 285). 

Uranyl bromato UOa(BrOa)2,a;H||0, e. Bam* 

melsberg, Pogg. Antu 1842, 55, 77. ^ 

Umamis egriiotiato and mxxfi earimMib aae : 
not known (Parkman, Amer. 18^ 
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326). NumerouB double oarbonates exist. PoUte 
eiim umnyl eafhomte U02(C03),2K2C0a is ob 
tained by dissolving potassium uranate in potas 
sium bicarbonate and evaporating the solutio: 
at a moderate temperature '; the corresponding 
ammonium and sodium salts arc prepared in t 
similar manner (Ebelmen, Ann. Chim. 1842, [iii] 
5, 189 ; Anthon, J. 1860, 698 ; de Coninok, Bull. 
Acad. roy. Belg. 1904, 363, 448). They form 
yellow, rhombic prisms, which are not very 
soluble in water, but much more soluble in alkali 
carbonate solutions. The ammonium salt loses 
ammonia on keeping. Another ammonium com 
pound 2U02-C08-3(NH4)2C03,4H20 has been 
obtained^ by mixing uranyl nitrate and am- 
monium carbonate (Giolitti and Vecchiarelli 
Gaza. chim. ital. 1905, 35, ii. 170). Urant/, 
calctum cofjbonate UO8CO8*CaCO8,10HaO occuri 
as the mineral liebigiie in apple-green wartj 
masses. 

Uranyl ehlorate 1102(0103)2,3:1120 is a very 
soluble subst^ce, which readily decomposes 
when heated (Kammelsberg, Z.c.).* 

Uranyl chromate U02*Cr04 is obtained by 
addii^ uranic oxide to boiling chromic acid 
solution ; it crystallises, on cooling the solution 
in yellow needles, containing SJHgO (Formanek 
Annalen, 1890, 257, 108), or 3HoO (Orloff, Chcm 
Zeit. 1907, 31, 375). The double salt 

K2Cr04-2U02-Cr04,6H20 

is obtained as yellow monoclinic crystals by 
treating potassium uranate with cliromic acid. 
The ammonium salt is isomorphous with the 
preceding salt ; the sodium salt contains 
lOH^O (Forminek, he.). 

UrMtyl cyanate U02(CN0)2, a golden-yellow 
precipitate obtained by mixing dilute solu- 
tions of potassium uranyl cyanate and uranyl 
nitrate (Pascal, Bull. Soc. chim, 1914, fiv.j 
15,11). 

^ Uranyl iodate 1102(103)2 is precipitated on 
mixing filing solutions of uranyl nitrate and 
sodium iodate in dilute nitric acid ; it forms 
yellow prisms, slightly srdublc in water. A 


[iU.] 12, 557 ; Ebdmen, ibid, 1842, m.] 5, 186. 
The hexahydrate forms lemon-v^ow, Bums 
esoent, rhombic prisms, which meft at 60*2^ and 
deliquesce in the air (Vasilieff, lx , ; de Coninok, 
Compt. rend. 1900, 131, 1219, 1303 ; 1901, 133, 
90,204; Bull. Acad. roy. Bdg. 1901, 222; 1909, 
743). Water at 18^ dissolves twice its weight 
of the salt. It is very soluble in alcohol and 
ether, and is best purified by ciystaHisatibn from 
the latter solvent. The aqueous solution is 
slightly hydrolysed, and has an acid reaction. 
An icositeietrahydrate U02(N02)2,24H20 forms 
spontaneously at —35® and exists only below 
—20® (Germann, J. Amer. Chem. Soc. 1922, 44, 
1466 ; Ley, Zeiisch. physikal. Chem. 1899, 30, 
193; Bor. 1900, 33, 2658; Dittrich, Zeitsch. 
physikal. Chem. 1899, 29, 449). 

Uranium nitrate is triboluminesc<|nt, the 
crystals occasionally exploding with a bright 
tiosh in contact with water (Iwanow ; Andrews, 
Chem. Zeit. 1912, 1463 ; Eichhom, thtoL 1914, 
38, 139). Accor^ng to Muller (Chemi Zeit. 
1916, 40, 38) this is not a property of the 
salt itself, but is due to the formation W an 
unstable compound of a lower oxide of nimgen 
with a uranium - ether addition compound 
(Lebeau), The phenomenon only appears when 
the original aqueous solution contained free 
nitric acid. 

Double nitrates of the type RU02(N08)2, 
where R may bo potassium, ammonium, thm- 
lium, rubidium, or casium, but not sodium or 
lithium, are obtained by crystallising solutions 
of the mixed salts in nitric acid. Water decom- 
poses them into their components (Moyer and 
Wendel, Bcr. 1903, 36, 4055; Rimbach, ibid, 
1904, 37, 461). For other double nitrato, see 
Lancein, Chem. Zentr. 1912, i. 208. 

Uranyl nitrate is used in photopaphy, and 
also for the volumetric estimation of phosphates 
and arsenates. 

Uranous phosphate UH2(P04)2,5H20 (Aloy, 
Bull. Soc. chim. 1899, [iii.] 21, 613). 

Uranyl phosphate U02*HP04. Tins is pre- 
i,i wevter. .a cipitated in an amorphous form by adding a 
Wdrate U02(I03)2,5H20 is also known (Ditli*, phosphate to uranyl nitrate solution, 

lliise de doctorat bs Sc. Paris, 1870), Uhen this precipitate is continuously boiled 

CnmoM nitrate has not yet been prepared in 4??! 

tbeaoL'd form (Isambert, (Jompt. rend. 1875, 80, 

1087 ) ’ , ov, cipystallises m tetragonal plates (Bourgeois, ibid. 

uAmyl nitrate UO,(NO,), is a yclIdW amor- 'll' 

^ wmpoyrf t, he.Une tb. Iri- 

coni^nirating the ^lution. it sepaiaies in 


and tetra-hydrates in a current of nitric an- 
hydride at a temperature of 170®-I80®. It 
reacts violently with ether and dissolves readily 
in water with development of heat. It com- 
bines with nitrogen dioxide to form 

U02(N02)„2X02 

The triliyarate UO,(NOj,..3HjO crystallises in 
jullow, monoclinic forms, and melts at ; 
the dihydrate is rhombic and melts at 179*3® 

Soc. 1910, 42, 
commercial salt is the bexahydruto 
t70|(N0|),.6H|0. It is formed when any of the 
tsjUzraes <H umiinm are dissolved in nitric acid, 
trua is prepared oommereiaily by heatiuff am- 
iC^am mwnafe and dissolving the residue in 

a^ods W preparation 
Sw» pitchblende, v. Pbligot, Ann, uiim. 1844 , i 


small yellow crystals (Wetiher, J. pr. Omn. 
1848, fi.] 43, 321). Vmnyl ammonium pIkotfMe 
VOf(NH^POf^HfO is a greeuiah-yeUow pre- 
cipitate Formed by the addition of a eoloble 
phosjdiate to a mixture of a uranyl and an 
ammonium ealt. It ie obtained in tiw volu- 
metric estimation of jdiosphates. The pred]^- 
bate is insoluble in acetic acid. Upon ignirion it 
[caves a yellow residue of wot^ ppCopAoMAgfc 
UO,),P,0,. 

Various pboephatee occur in natore, 
•fudedUt or toAeriU (On(UOt).(PO|)„10B,(l) 


and autoniU or waniU (Ca(UO|}|(PO^„SB,0}'. 

Complex uruiyl hjmoiaoqiiiilM bve been 
[escribed by Rosenheim anii Tteunendk (Ber. 
922, S5.tB!i 1957). 

UO,(H,PO.J, 
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is a siiiGtocii^taU^ yaUow powder, mpared 

^tatiog solutions of one molecular pro- 
portion of uranyl nitrate with four molecular 
proportions of sodium hypophosphite ; almost 
insoluble in water, but readily soluble in an 
excess of sodium hypophosphite or uranyl nitrate 
solution. 

Uranyl sall^late I70s((lH.03)2 forms orange- 
ydlow crystals (Courtois, iBoll. Soc. ohim. 1923, 
33, [iv.] 1761). 

Uranoos sulphate 11(804)2, 8H2O 
pared by dissolving the green oxide in dilute 
sulphuric acid, adding alcohol and allowing 
the solution to crystallise. The mother liquor 
contains uranyl sulphate ; on exposure to 
light it is reduced to uranous sulfate, and 
another crop of crystals is obtained. A large 
number of other h^’^drates are known, e.g, di-, 
tri-, tetra-, penta>, hoxa-, hcpta>, and none- 
hydrates (OrJolf, J. Russ. Phys. Chem. Soc. 
1902, 34, 381 ; de Coninck, Bull. Acad. roy. 
Belg. 1901, 483 ; Kohlfichiitter, Ber. 1901 ♦ 34, 
3628 ; Giolitti and Bucci, Gazz. chim. ital. 1905, 

35, ii. 151, 162 ; Giolitti and Liberi, ibid. 1906, 

36, ii. 443). The tetrahydrate is a stable sub- 
stance, and the nonohydrato U(S04)2,9H‘20 
crystallises from aqueous solution in green mono- 
clinic prisms that frequently exhibit twinning 
and are isomorphous with thorium sulphate 

Th(S04)2.9H20 

(Rammelsberg, Zeitsch. Krystall. 1889, 15, 640). 
Uranous sulphate forms double salts with 
sulphates of the alkali metals, e.g, 

U(S04)a*K2804,2Ha0 

(Kohlschutter, Ber. 1901, 34, 3619). Aqueous 
solutions of uranous sulphate are readily 
hydrolysed, basic sulphates being x>recipitiited. 

A sulp^te of the composition UH(S04)2, 
which is supposed to contain trivalcnt uranium, 
has been described (Rosenheim and Loebel, 
Zeitsch. aiiorg. Choin. 1908, 57, 234). 

Uranyl sulphate U02*S04 is obtained by 
dissolving the hydroxide of uranium trioxide in 
concentrated sulphuric acid and cr^'stallising 
the solution (Schultz-Sellack, Ber. 1871, 4, 13) ; 
or by drying either of its hydrates at 300®, It 
' forms yeliow fluorescent crystals. The hydrate 
U02‘S04,3iH20 is obtained by concentrating a 
solution of uranic hydroxide in dilute sulphuric 
acid ; the solution does not crystallise readily. 
Another method is to dissolve uranosouranic 
oxide in concentrated sulphuric acid, dilute, and 
boil with nitric acid to oxidise the uranou.« 
sulnhate present. The hydrate forms citron 
yellow pnsms, which etfloresce in air, losing 
water and leaving the trihydrate U0s*804,3H20. 
This dissolves in twenty times its weight of water 
at ordinary temperatures (do Coninck, Bull 
Acad. 1!^. Bek. 1901, 222, 349 ; 1902, 94, 161) 
Dried in eoevo or at 100® it retains 1 molecule 
of water. When dissolved in moderately con 
oentarated sulphurio acid, a beautiful yellow, 
thioresoent, mystalline add sulphate 

UO2SO4H2SO4 

erystaUkes out. The pyrosulphate (UOglsStO, 
dyetaUises from a somtion of the anhi^us 
toli^te ill pyrosvd|dmrio acid (Scholto-Sellack, 
IfiTlf ^ *3). - 


hydxoxylamine sulphate (Bimbaoh, Ber. 1904, 
37, 461) ; a salt T1,S04 U02S04,3H20 with 
th^ous sulphate (Kohn, Zeitsch. anorg. Chem. 
908, 59, 111) ; and combines with equimolecolar 
juantities of the sulphates of ammonium, 
^tassium, lithium, caesium, and magnesium, 
brming double sidts which crystallise with 
from 2 to 5 molecules of water (de Coninck, 
Bull. Acad. roy. Belg. 1904, 1171 ; 1905, 60, 
'*4, 151, 182 ; de Coninck and Chauvenet, ibid. 
908, 50). 

A number of basic atdphaiea occur naturally, 

,g, zippiite (U02*S04‘U03) and uracomte 
vU 02*S04*2U02,14H20), which are alteration- 
products of pitchblende. 

Uranyl sulphite. The crystalline precipitate 
)btained by evaporating a solution of uranic 
>xide in aqueous sulphurous acid, or by passing 
;u]phur dioxide into an aqueous solution of 
n'anyl acetate, has the empirical composition 
U02’S02,4H20 (Girard, Compt. rend. 1852, 34, 
22). According to Kohlschutter (Annalen, 1901, 
314, 311) it is really uranyl sulphurouB add 
SOsH-UO/OH.SHjO (c/. Ley, Ber. 1900, 33, 
2659). 

Uranyl thiocyanate U02(CNS) ora^e- 
yellow needles obtained by the action of barium 
thiocyanate on uranyl sulphate. Highly de- 
liquesccut and very soluble in water, alcohol, 
acetone, ether or amyl alcohol. Forms double 
salts with the alkali and alkaline earth metals 
(Pascal, Compt. rend. 1914, 158, 1672). 

Tungstates, v, Rammelsberg, Pogg. Ann, 
1843, 59, 31 ; Lefort, Compt. rend. 1878, 87, 
748. 

Detection and estimation, — ^In qualitative 
analysis uranium is obtained together with iron. 
All the uranyl salts of weak acids, e,g, carbonate, 
sulphide, phosphate, &c., are soluble in ammo- 
nium carl^nate and the other alkali carbonates, 
The ferrocyaiiide, a brown precipitate, insoluble 
in dilute acids, is characteristic ; alkalis turn it 
yellow. Uranium is usually weighed as uranoso- 
uranic oxide, or else as uranyl pyrophosphate ; 
uranous salts may be titrated with permanganate. 
F. Analysis ; and Finn, J. Amer. Chem. Soc. 
1906, 28, 1443 ; McCoy and Bunzel, ibid. 1909, 
31, 367 ; Giolitti, Gazz. chim. itaL 1904, 34, 
ii. 106; MazzuccWli, Atti R. Accad. Linoei, 
1906, [ V.] 15, ii. 429, 494 ; Campbell and Griffin, 
J. Ind. Engin. Chem. 1909, 1, 661 ; Ibbotson 
and Clark, Chem. News, 1911, 103, 146 ; Schwarz, 
Heir. chim. Acta, 1920, 3, 330 ; Auger, Compt. 
rend. 1920, 170,995; Holladay and Cunningham, 
Trans. Amer. Electrochem. Soc. 1923, 43, 
329 ; Jander and Reeh, Zeitsch. anorg. Qhem. 
1923, 129, 293; Moser, Monatsh. 1923, 44, 90. 

URANIUM DISINTEGRATION PRODUCTS, 
The disinteji^tion of uranium proceeds in 
all probabiflty in the following manner : 
Uranium I, of atomic weight 238, an 

a-particle and changes into uranium jL, an 
isotope of thorium. The half-period of this 
first change is 5000 million years. Uranium X. 
is short-lived, and changes with a half-perioa 
of 24*6 days into uranium or brevium, in the 
Vth family, expelling a very soft ^-radiation. 
Uranium has a half -period of only 1*15 
minutes, and expels a penetrating ii-raiuaticm. 
It produces uranium II, which after two4taetto 
a-ray changes ^ves, first, ionium, and 
radium, UimmumUUaai80to|M>of 
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‘atomic veiAht lour units less. Its hail- 
period is estimated to be about two million years. 
All uranium must thus consist ol a mixture ol 
two isotopes differing by lour units in atomic 
weight, the proportion between the heavier and 
. the lighter Ibeing 2600 to 1. No separation, 
or even partial separation, has as yet been 
effected. Ind^ndent evidence ol the existence 
ol uranium II is afforded by the lact that 
uranium gives two a-particles ol different ranges 
per atom disintegrating. 

See also A. S. Bussell (Phil. Mag. 1923, 46, 
642 ) ; Soddy and Hitchins (Phil. Mag. 1924, 47, 
1148). 

Uranium X. Estimated at.wt. 234. A 
radioactive element produced by the disiute- 

r tion ol uranium. It emits two kinds ol 
rays, and also y- rays, and its presence in 
oidinaiy uranium salts is responsible for the 
jienetrative rays they emit. Uranium salts, 
when freed from uranium X, only emit arrays. 
In course of a few' months the radiation 
is regenerated, whilst that of uranium X 
decays. 

Uranium X may be separated in a number of 
w^ys. When a concentrated solution of uranyl 
nitrate (sp.gr. of solution 2*05) is allowed to 
cool, the mother liquor left after removing the 
crystals formed contains about 85 p.c. of the 
uranium X present (Soddy and Russell, Phil. 
Mag. 1909, [vi.] 18, 620). li crystals of hydrated 
uranvl nitrate are shaken wdth ether, tw’o layers 
are rormed ; the aqueous (low'er) layer retains 
the uranium X. In the purification of a uranyl 
^lution from iron, aluminium, &c., by pouring 
into excess ol ammonium carbonate, the pre- 
cipitated impurties contain ail the uranium X. 
II this precipitate is dissolved in concentrated 
hydrochloric add, and the solution oxtracUrd 
with ether, saturated with hydrogen chloride, 
the ferric chloride is removed, but not the 
uranium X, w'hich remains in the aqueous 
layer (Lloyd, J. Phys. Chem. 1910, 14, 500; 
Swdy, Phil. Mag. 1909, [vi,] 18, 861). It has 
been recommended to add a thorium salt to a 
uranyl salt, and then precipitate the thorium in 
acid solution as fluoride ; the precipitate con- 
tains the uranium X (Keetman, Jahr. Radio- 
aktivit^t, 1909, 6, 269 ; Kitzcl, Zeitach. physikal. 
Chem. 1909, 67, 725). Thorium fluoride is, 
however, quite soluble in uranium solutions 
when these are concentrated. By using a 
lanthanum salt containing a very little thorium, 
converting the precipitated fluorides into sul- 
phates and then precipitating by boiling with 
0odi^ thiosulphate, a {irecipitate is obtained, 
consisting maimy of sulphur, which on ignition 
leaves a very sn^t residue containing aU the 
uranium X originally present (c/. Antonoff, 
Pha Mag. 1911, [v. j 22, 431). 

The most practical way ol obtaining a con- 
tJnuouB supply ol uranium X as required is to 
ke^ a strong ethereal solution of uranyl nitrate 
and to shake this with a few drops ol water, 
pour the aqueous extract into excess of N/2 
ammooittm carbonatq and filter off the insoluble 
pieaipitate which contains the urafuum X. 

Chemically, uranium X is an isotope ol 
^oriAi; for its radioactive properties, p, 
Itapiotoav; 

On the influence of substances on the adsorp- 


tion of uranium X, v, Kited (Zeitsoh. physikal. 
Ohem. 1909, 67, 724) ; FieundUilp and Neumann 
(Zeitsch. physikal. Chem. 1914, 15, 637) ; Brown 
(Chem. Soo. Trans. 1922, 1736). 

On the y-radiation from uranium X, v. 
Riohi^son (Phil. Mag. 1914, [vi.] 27, 252). 

On the electro-chemical separation ol 
uranium X and uranium, v. Bossi (Nuovo Oim. 
1913, [vi.] 6, i. 6). 

On the magnetic spectrum of the fl-rays ol 
uranium X, v. von Baeyer, Hahn ana Meitner 
(Zcitsch. physikal. Chem. 1914, 16, 649). 

Uranium X 2 » Fajans and Gohi^g (Zeitsch 
physikal. Chem. 1913, 14, 877); Fleck (Phil. 
Mag. 1913, [vi.] 26, 528) ; Hahn and Meitner 
(Zeitsch. physikal Chem. 1913, 14, 758). 

On the 7 - rays of Uranium X and tneir rela- 
tions to Uranii^ X^ and Uranium Xgl see Otto 
Hahn and Lise Meitner (Zeitsch. Phynk. 1923, 
7, 157-167; J. Chem. Soc. Abstr. Iflfes, 124. 
ii. 676). 

Uranium X^ is completely adsorbed by 
charcoal from a solutiim of uranium sdt, but 
if a small quantity of a thorium salt is ad(W the 
uranium is not adsorbed at all. If the 
thorium nitrate used is previously shaken with 
charcoal, it loses to a great extent its power ol 
preventing the adsorption of uranium X^. 
This is showm to be*, duo to the fact that thorium 
nitrate contains colloidal particles, and these 
are responsible for the displacement of the 
:rquilibrium in the adsorption of uranium Xj 
(H. Freundlich and M. Wrt^schner, Zeitsch. 
physikal. Chem. 1923, 106, 36(V-377 ; J.. Soo. 
Chem. Ind. 1923, 42, 1220 A). 

Uranliun Y, v. Soddy (Phil. Mag. 1914, 
215). 

Uranium V, r. O. Hahn (Zeitsch. physikal. 
]7hem. 1023, 103, 461); r/. also A. Piccard and 
S. Stahel (Physikal. Z. 1922, 23, 1; 24, 
80). 

Uranium Z (symbol U-Z), the existence of 
which has been announced by Hahn (Ber. 1921, 
54 (B), 1131), has been further investigated 
by Guy and Russel (Chem. Soc. Trans. 1923, 
123, 2618) (f/.r.). 

URANIUM MICA V. Autunitk; Tobbbrjoxi; 
UBAimv, 

URANIUM YELLOW r. Urakxttm. 

URAO. A native form of sodium sesqui- 
oarbonate Na 4 H 2 (C 03 )«, 2 H 20 , found in Sou^ 
America, Africa, and other places. According to 
Chatard (Bulletin No. OCKU.S. Getd. Surv. 1887- 
1880;, the formula of urao is 

Na2C0,.NaHC0„2H,0. 

URAPURGOL (helmilol). Trade name for 
hexamethylenetetramineanhydromeihylene ci- 
trate. 

URARl V. CURABA. 
p-URAZINE V. HYOBAXimBS. 

UREABROMIN. A molecular oomlilnatioa 
ol carbamide and calcium bromide 

0aBr,‘40O(NH,), 

prepared by mixing the two oompotieiita in 
solution. It is readily soluble in alcohol or 
water, insoluble in ether, light petroleam or 
benzene, and melts at It gfm all the 

ordinary reactions of its eompcmailts wbeit' 
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dissolved in wiitev. Used in medicine m a \ 
substitute for alhaii bromides (Biltz» Fharm. 
Zentr. 1912, 53, 245), 

"Km 

URBA, caibamide^ am»>iqfomflfiiifdc,CO<^* 

ooeurs in human urine to the extent of 1*5 p.c. to 
2 p.c. ; in the urine of other mammalia, especially 
the oamivora; in small quantities in the blood, 
bile, milk, perspiration, the i^ueous humour of 
the eye, and other animal fluids (Wurtz, Compt. 
rend. 1859, 49, 52 ; Popp, Annalen, 1869, 151, 
88; Argutinsky, Pfluger’s Arohiv. 1891, 46, 
594; North, I^o. Roy. Soo; 1886, 39, 443; 
Pautz, Zeitsch. biol. 1894, 31, 212) ; in the liver, 
muscle and blood of the dog-flsh, the blood con- 
taining 2*78 p.c. (v. Shroeder, Zeitsch. physiol. 
Chem. 1890, 14, 576; Baglioni, Beitr. chem. 
Physiol. Path. 1906, 9, 50); in the bile and 
blood of other fish (Hammarsten, Zeitsch. 
physiol. Giem. 1898, 24, 322 ; Baglioni, lx,). 
According to Marshall and Davis ( J. Biol. Chem. 
1914, 18, 53) urea is present in all tissues and 
organs of normal animals; v, also Karr and 
Lewis (J. Amer. Chem. Soc. 1916, 38, 101.5), and 
V. Cullen and Ellis (J. Biol. Chem. 915, 20, 
571). In the vegetable kingdom urea has been 
found in Lycoperdon hoviata, PaoUiota catnpeairia 
and other higher fun^ to the extent of 4*3 p.c. of 
the dry weight, and is present in minute quanti- 
ties in the juice from the washed leaves of a 
number of plants and also in seedlings of wheat, 
barley, maize, peas, clover, and l^ans (Bam- 
berger and Landseidl, Monatsh. 1903, 24, 218; 
Gaze, Arch. Pharm. 1905, 243, 78 ; Goris and 
Mascr6, Compt. rend. 1908, 147, 1488 ; Fosse, 
♦bid. 1912, 156, 851 ; 1913, 156, 567, and 1938 ; 
Ann. Chim. 1916, 6, 13 ; Compt. rend. 1919, 
168, 1164). 

As much as 13 p.c. of urea has been found 
in dried mushrooms that have been cultivated 
in manure (Ivanov, Biochem. Zeitsch. 1923, 
143, 62; Chem. Soo. Abstr. 1924, 126, 
353). 

A, niger and P. glancum both produce urea 
in the presence of ammonia and carbohydrates 
(Fosse, Compt. rend. 1912, 156, 263). For the 
tormation of urea by higher plants, aee Fosse 
(Ann. Chira.. Phys. [ix.] 1916, 0, 567). A number 
of plants hydrolyse urea in presence of chloro- 
form (Fosse, Ann. Inst. Pasteur, 1916, 30, 
642). 

Urea was flrst obtained synthetically by 
W5hler in 1828 from ammonium cyanate, which 
undeigoes a spontaneous transformation into its 
isomeride urea when an aqueous solution is 


evaporated at the temperature of boiling water. 
The mechanism of the reaction has been studied 
by Walker and others (Chem. Soo. Trans. 1895, 
07, 746; 1896, 79, 193; 1897, 71, 489; 1900, 
77, 30), who have shown : (i) that the reaction 
is a reversible one, equilibrium being reached 
in a decinormal solution when there is about 
95 p.c. of urea and 5 p.c. of ammonium cyanate 
present (c/. Lewis and Burrows, J. Amer. 
Chem. Soc. 1912, 34, 1515) ; (2) that the reaction 
is a bimolecular one ; (3) that the velocity of 
the reaction is thirty times as great in 90 p.c. 
ethyl alcoholic as in aqueous solutions; and 
(4) that pure dry ammonium cyanate passes 
rapidly into urea when heated at about 80^^. 
Those authors suggest that the active molecules 
in the reaction are ammonium ions and cyanic 
acid ions, NH' 4 -{-CNO'=CO(NHa)jj ; and that 
the increased velocity of the reaction in alcohoiio 
solution is duo to the eflect of the alcohol in 
increasing the rate at which the dissociated ions 
interact, and this more than counterbalances 
the diminution in the velocity duo to the dimin- 
ished degree of electrolytic dissociation of the 
cyanate (c/. Burrows and Fawsitt, Chem. Soc. 
Trans. 1914, 105, 009). Another explanation 
of the reaction oflered by Cliattaway (Oiem. 
Soc. Trans. 1912, 101, 170) is that ammonium 
cyanate dissociates into ammonia and cyanic 
acid, that these interact to form tsourea, which 
rapidly undergoes molecular rearrangement 

NH. N : C : 0 $ H N : C : 0+NH, 

^ HN ; ^ Hj,N*<X) NH, 

Wheeler and others (J. Amer. Chem. Soc. 
1912, 34, 1269) ofler a somewhat simpler ex- 
planation of the interaction between the cyanic 
acid and ammonia by introducing the idea of 
partial valency 

HN;C:0 HN.C : 0 

I I 

H.NH* HNHa 

Wemer has shown that cyanic acid is capable 
of existing in equilibrium in the two forms, 
nomml and iao-^ or, as he prefers to call them, 
enol and ke/o, the relative proportions being 
a function of the temperature. Being a weak 
acid in the enolio form, cyanic add would 
naturally jdeld a very unstable ammonium salt, 
easily dissociated by heat, both in the diy state 
and in solution, and transformable into urea 
according to the following scheme : 



(Ohem. Soo. Trans. 1913, 103), aee also Werner Chem. Soc. Trans. 1903. 83, 1301) ; by heating 
and Fesaron (t&id, 1920, 1356). ammonium sesquioarbonate or ammoniuni^car- 

^ Um ean be obta^^ from lead (^nate by ^mate at 130^^985^ under pressure (Bourgeois, 
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Becker, Bar. 1911, 44, 3473 ; J. Soc. Ohem. Ind 
1915, 34, 924 ; Eng. Pats. 23939, 24117, 24042, 
1914 ; Matignon and Fr^jacques, Compt. rend. 
1920, 171, 1003 ; Badische Anilin and Soda- 
Eabrik, D. R. PP. 332679, 301279 ; Eng. Pat. 
145060 ; Erase and Gaddy, J. Ind. Eng. Chem. 
1922, 14, 611) ; by the electrolysis of a solution 
of ammonium carbonate (Fichter, Steiger and 
Stanisch, Verb. Schwerz. Kat. ges. 1916, 28, ii. 
66 ; Fichter, Zeitsch. Elektrocliem. 1918, 24, 
41) ; by passing a mixture of ammonia and 
carbon dioxide through a red hot tube (Mixter, 
Amer. Chem. J. 1882, 4, 34). For the explana- 
tion of the mechamsm of these reactions, see 
Werner (Chem. Soc. Trans. 1920, 1046). 
Bailey (Compt. rend. 1922, 175, 279). Urea 
is also formed by the action of carbonyl chloride 
on ammonia (Natanson, Annalen, 1856, 98, 
287 ; Bouchardat, Compt. rend. 1869, 69, 961 ; 
Fenton, Ohem. Soc. Trans. 1879, 35, 793 ; 
Hantzsch and Stuer, Ber. 1905, 38, 1041 ; 
Werner, Chem. Soc. Trans. 1918, 694) ; by 
passing a stream of air charged \nth ammonia 
and benzene vapour or acet^’^lene over a heated 
platinum spiral (Herroun, Chem. Soc. Trans. 
1881, 39, 471) ; by heating a solution of carbon 
monoxide in ammonium cuprous chloride at 
105® under pressure (Jouve, Comj)t. rend. 1899, 
128, 114); by the decomposition of copper or 
ammonium fulminate with sulphuretted hydro- 
gen (Gladstone, Quart. J. Chem. Soc. 1849, 1, 
228) ; bj' the decomposition cd an aqueous 
solution of prussic acid (Campani, Gazz. chim. 
ital. 1871, 1, 472), or by the oxidation of po- 
tassium cyanide with potassium ])ermanganate 
or sodium hypochlorite ( Volhard, Annalen, 1890, 
259, 377 ; fieychler, BuD. Soc, ehini. 1893, [iii.] 
9, 327). (For industrial conversion of ammonia 
into urea, see Matignon and Fr^jacques, Chem. 
Ind. 1922, 7, 1067. In abstract, J. Soc. Chem. 
Ind, Aug. 31, 1922, p. (J46 A. See also under 
Patents, p. 647 A., Bad. Anil, u. Soda Fabrik, 
Eng. Pat. 182331). Urea is also obtained by 
the hydrolysis of guanidine (Flemming, C'hem. 
Zeit. 1900, 24, 56), arginine (Schulze and 
likiemik, Ber. 1891, 24, 2701) or lysatinc 
(Drechsel, tbid, 1890, 23, 3096) wth barium 
hydroxide solution ; and is a constant product 
of oxidation with acid potassium permanganate; 
of a large number of organic compounds 
containing nitrogen : for example, acid 
amides and amino acids (Hofmeister, Chem. 
Zentr. 1896, ii. 389; Jollcs, Ber. 1900, 
33, 2834; J. pr. Chem. 1901, [Ji.] 63, 516), 
and proteins (Bitter, Compt. rend. 1872, 
73, 1219 ; Hofmeister, lx, ; Hugounenq, 

Cc^pt. rend. 1901, 132, 1240; Jolles, Ber. 
1901, 34, 1447 ; Fosse, Comj»t. rend. 1912, ' 
154, 1187, 1819; 1919, 168, 320). Urea is 
found abundantly when d-glucose, Isevulose, 
aueroae, dextrin or cellulose is oxidised in 
proseiioe of ammonia ; and much higher yields 
of urea are obtained b^ oxidising under the 
same expmmental conditions formaldehyde or 
urotaropiM (Fosse, Ann, Inst. Pasteur, 1916, 30, 
642; Compt. rend. 1919, 168, 1164 ; 1921, 172, 
684, 1240; 173, 318. 

Clyatiainide is idowly converted into urea by 
the aeHon of water (Schmidt, Arch. Pharm. 

351), by the action of dilute mineral 
adds in the presence of fcLrosofenic oxide 
(Farbwerke vorm. Meister, Lucius and Briiniiig, j 


D.R.P. 301278, from Chem. Zentr, 1922, U. 
1135). 

Urea is usually obtained from ttrine by 
treating the concentrated filtered liquid with a 
hot saturated solution of oxalic acid and de* 
composing the sparingly soluble urea oxalate 
thus obtained with powdered chalk ; the filtrate 
is decolorised with animal charcoal and 
evaporated until the urea cryi^lii^ out on 
cooling. Another method consists in extract- 
ing the urea with alcohol from the syrup ob- 
tained by evaporating the urine, precipitating 
the urea os the sparingly soluble nitrate by the 
addition of concentrated^ nitric acid, and decom* 
posing the salt by boiling \nih barium carbonate 
and alcohol ; the urea is obtained by crystallisa- 
tion from the filtrate. It can be purified and 
decolorised by boiling it in aqueous Solution 
with hydrogen peroxide (Kunz-Krauso, EoUoid 
ZeitsclL 1919, 26, 240). 1 

Urea can be prepared on a large scale 
by passing drv ammonia into fused bhenyl 
caTbonato until the odour of ammonia h per- 
sistent. The product is poured into hot t^ater, 
when it separates into two layers consist- 
ing respectively of plienol and a solution of 
urea; 5 kilos." of )>lienyl carbonate yield 1 
kilo, of urea and the wliolc of the phenol is 
recovered. The phenyl carlK>nate is obtained 
in an almost theoretical yield by passing dry 
carbonyl chloride into a solution of phenol in 
its equivalent quantity of dilute caustic soda 
(Hcuitschel, B<*r. 1884, 17, 1286). By a similar 
rt;action, guaiacol carbonate is rapidly con- 
verted into urea and guaiacol when an alcoholic 
solution i.s saturated with ammonia (CSazeneuve, 
Compt, rend. 1896, 122, 999). 

Urea crystallises in needles, or in four-sided 
rhombic anhydrous prisms ; it is readily soluble 
in water, 1 grm, of water dissolving 0*779 grm. 
of urea at 5-5®, 1*00 grm. at 17'P,and 1'094 grm. 
at 20*92® (Krummacher, Zeitsch. bioL 1905, 
46, 302). It dissolves in five parts of cold 
alcohol, is soluble in methyl and in amyl alcohol, 
and is ifisolublo in ether, ethyl acetate or chloro- 
form. The heat of combustion is 2*532 cal., 
and the heat td solution 3*57 caL (Krummacher, 
lx,). For the entropy changes at low tempera- 
ture, see Gibson, Latimer and Tarkii (J. Amer. 
Chem, Soc. 1920, 42, 1533), 

Urea melts at 130®-! 32®, and sublimes 
readily when heated undt^r reduced pressure at 
120®-130® (Bourgeois, Bull. Soc. cnim. 1892, 
iii.l 7, 45). When pure dry urea is heated 
slightly above its m<;]titig- point it undergoes 
rapid dissociation into ammonia and cyanic 
acid 

Kir, 

KH ; C< -« + 

^0 HOCN^HN:CO 

^anuric acid is produccul as a result cl the 
polymerisation of a portion of the eyanlo acid 
originally present in the keto-form, whUst 
hiurtt is nmulianeously formed by the aetton 
f cyanic acid on unchanged urea. 9fiiiet 
NH,-CO*NHCO*NH, when heated at 195* 
decomposes into ammonia and oyanie 
cyanuric add C,N|(OH)g, and ammenda 

HN^O W 





(W^mer, Chtni. Soo. Tmm. 101d» 103, 2275; 
Chem, $00 . jPjtoo. 1914, 262). When urea is 
suUiaied In a vacuum at 160M90^, the sub* 
Hmate consists of ammoniuin oyanate (Eaoales, 
CStem. 2feit. 1911, 35, 595). When an aqueous 
solutioii of urea is boiled, it is pari^ally oon> 
verted into ammonium oyanate. The reaction 
is a reveisible one, equiubrium being reached 
in a N/10 solution, when there is about 5 p.o. 
ammonium oyanate present (Walker and 
Hambly, Chem. Soo. Trans. 1895, 67, 746; 
Fawsitt, Zeitsoh. physikal. Chem. 1902, 41, 602). 
When heated with water in a sealed tube at 
180®, urea undergoes complete hydrolysis, 
forming ammonium carbonate. For the de- 
composition of urea by acids and alkalis, see 
Werner (Chem. Soo. Trans. 1918, 84; 1920, 
1078). Urea is decomposed by the action of 
nitrous acid, yielding nitrogen and carbon 
dioxide (Claus, Ber. 1871, 4, 140) ; compare, 
however, Werner (Chem. Soo. Trans. 1914, 863). 
Urea is decomposed when heated with dilute 
hydrochloric, smphuric, or nitric acid, yielding 
carbon dioxide and the ammonium salt of the 
acid (Fawsitt, Zcitsch. physikal. Chem. 1902, 
41, 601 ; Werner, Chem. Soc. Trans. 1018, 113, 
84; Price, ibid. 1919, 115, 1354; Burrows, 
J. Roy. Soc., New South Wales, 1919, 63, 125). 
It is oxidised by a hot acid solution of potassium 
permanganate, yielding two vols. CO2 and 1 vol. 
N (Wanklyn and Gamgee, Chem. Soc. Trans. 
1868, 21, 25). By the action of sodium hypo- 
chlorite or h5i)obromite, urea is converted into 
carbon dioxide, nitrogen, and water; togetW 
with a small quantity of carbon monoxide 
(Hurtley, Bio-Chem. J. 1921, 16, 11). For an 
explanation of the course of this reaction, com- 
pare Sohestakow (J. Russ. Phys. Chem. Soc. 
1905, 37, 1) ; Dehn (J. Amcr. Chem. Soc. 1910, 
31, 1220); Werner (Chem. Soo. Trans. 1922, 
2318). Urea is decomposed by bromine, yieWng 
ovanuric acid, ammonium bromide, and nitrogen : 
ohlorine has a similar reaction on fused urea 
(Smolka, Monatsh. 1887, 8, 64). Urea is con- 
verted into cyanamide NC-NH, by the action 
of sodium (Fenton, Chem. Soc. Trans. 1882, 41, 
262) or of sulphuryl chloride (Moureu, Bull. 
Soo. ohim. 1894, [iii.] 11, 1068). Compare 
Werner (Chem. Soc. Trans. 1916, 107, 716) for 
the relationship of cyanamide to urea, and {ibid. 
1913, 106, 923) for the constitution of carba- 
mides and isooarbamides. 

Urea readily undergoes bacterial fermenta- 
tion with production of ammonium carbonate 
(Miguel, Coiwt. rend. 1890, 111, 397; Frank- 
Jana, Chem, Soc. Trans. 1885, 47, 175 ; Hatton, 
ibid, 1881, 39, 266 ; Jacoby, Biochem, Zeitsch. 
1916, 74, 109) ; a ferment present in urine is 
{Mrticularlv active in causing this decomposi- 
tion, and if this ferment is collated on paper by 
filtration, washed and dried at 35®~40®, its 
activity revives when brought into contact with 
water; and such papers, when previously 
ooloui!^ with tunnenc, form a convenient imi 
for urei^ becoming deep brown when dipped into 
a solutiQH otmtaining even part of urea 

GHusoulus, Oompt. rend. 1874, 78, 132). For the 
decomposition ot urea by moulds, v, Kossowice 
(Amer. Abs* 1913, 807). 

can be detected by the 
^ sdlnbb nitrate or 

onaiata. In Urn ease cn the latter salt, the 
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precipitation is facilitated by using an amyl 
alcoholic solution of the urea and m the oxalk 
acid (Brficke, Monatsh. 1881, 3, 196). The 
biurei test is the commonest test for urea. It 
consists in heating gently the urea until it ceases 
to evolve ammonia freely, dissolving the residue 
in a little water and addi^ a few <&op8 of very 
dilute copper sulphate solution, on the subse- 
quent addition of a drop of concentrated jpotas- 
sium hydroxide, a beautiful violet colour is 
develop^. If the urea is in solution, it may be 
detected by evaporating to di^ess with hydro- 
chloric acid, heating the residue until it ceases 
to evolve thick white fumes and then dissolving 
in ammonia ; on adding barium chloride solu- 
tion and stirring, crystals of barium cyanurste 
separate on the lines of friction made by the 
rod ; or copper sulphate may be added to the 
ammoniacal solution of the residue, when violet 
crystals of cuprammonium cyanurate sex>arate 
out (Bloxam, Chem. News, 1883, 47, 285; 
V. Werner, Chem. Soc. Proc. 1914, 30, 262, ^for 
proof that biuret is formed by the interaction 
of urea and its dissociation product cyanic 
acid). Other colour reactions that can be used 
for the detection of urea are (1) the formation 
of a fine purple violet colour, when a solution 
of urea is treated with a concentrated solution 
of furfurol and a few drops of concentrated 
hydrochloric acid (Sohiff, Ber. 1877, 10, 773; 
Gauassini, Arch. Farm, sperim. sci. app. 1918, 
26, 238 ; from Chem. ^ntr. 1919, ii, 473) ; 
(2) the development of an intense blue colour 
when minute quantities of urea (or other com- 
pounds containing the •NH’CO’NH* group) and 
methylfuril (C4H30C0-C0C4H,0CH/ are 
mixed on a filter paper and treat>c^ with a drop 
of fuming hydrochoric acid (Fenton, Chem. 
Soc. Trans. 1903, 83, 187 ; Proc. Camb. PhiL 
Soc. 1911, 16, 64) ; (3) the development of the 
characteristic red colour of the sodnun violuxate 
when the urea (or its mono- or sym. di-sub* 
stituted derivatives) is condensed with malonio 
acid by cautiously heating the mixture moistened 
with phosphoryl chloride, the resulting harbiturio 
acid dissolved in water, neutralised with solid 
sodium carbonate, and then treated with a 
c^tal of sodium nitrite and a drop of acet^ acid 
private c<mmuni(xUion); (4) urea con- 
denses with o-nitrobenzaldehyde when heated 
in alcoholic solution, the o-nitrobenzodiurexde 
N02C*H4CH(NH-C0NHj)2 thus obtained 
melts at 200®, and if present in very small amount 
may be readily detected by decomposing it with 
dilate hydrochloric acid and testing for o-nitxo- 
benzaldehyde by the red colour it gives with 
phenylhydrazine (Liidy, Monatsh. 1889, 10, 
295); see also Arreguine and Qaroia (Anal 
Asoc. Quim. Argentina, 1921, 9, 183). Aoooxd- 
ing to Fosse (Compt. rend. 1913, 167, 948) it is 
possible to precipitate uiea by mesne of its 
xanthhydrol derivative at a mlutioii dt 1 tn 
1,000,000, to identify it by analysis at a dilation 
of 6 parts in 100,000, and to idmtify it mioro- 
scopically at a dilution of 1 in 100,000; see 
also Werner and Fearon (Chem. 800. Trans, 
1920, 1360) ; and Bonn^ and Haushalten 
(Comph rend.e8oa Biol 1922, 86, 395} ; Btfibd 
(Anat. An*. 1921, 54, 236). ^ 

The determination of^tibe 
amount of urea present in urine. Mood aseiM 
or other animal liquidi^ is a problem ot fniii' 
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phyBiologioal importunoe. Of the large number 
of methods that have been describe for the 
estimation of urea, only those are now in use 
that involve the conversion of urea into am* 
monia, under such conditions that other nitro* 
genous substances that may be present in the 
moimen are not simultaneously hydrolys^* 
The most important methods are those of 
Eolin and of Benedict, Momer and Sjoquist, and 
of Pfliiger and Bldbtreu. For estimation by 
thehypobromite method, ^ee Philibert (J. Pharm. 
Ohim. 1919 [vii.] 19, 335, 386, 434); Golse 
{Md, 1919, [vii.] 19, 20). For estimation by 
the zanthhydrol method, r. Fosse (Compt. rend. 
1914, 158, 1076, 1588 ; 1914. 159, 263, 367) ; 
Maestro (Chem. Zentr. 1915, 11, 984, from Arch. 
FannacoL Sperim. 19, 572); Frenkel (Ann. 
Ohim. anal 1920, ^ii.] 2, 234) ; Carra (Biochem. 
terapia. sper. 1921, 8, 226), who has examined 
the various method for the estimation of urea, 
states that this method is very accurate. For a 
microohemical method baaed on this reaction, see 
Nicloux and Welter (Compt. rend. 1921, 173, 1490). 

1. Folin’s method is based on the fact that 
urea is quantitatively converted into ammonia 
and carbon dioxide when heated with fused 
magnesium chloride MgC]2,CH20. In using this 
method for the estimation of urea in urine, 3 c.c. 
of the sample are boiled for half an hour with 
20 grmB, of hydrated magnesium chloride (phos- 
phoric acid or potassium acetate, t>. Folin, J. 
Biol. Chem. 1912, 11, 507) and 2 c.c. concen- 
trated hydrochloric acid in a small reOux 
apparatus supplied with a special 3-bulb safety 
tube. After careful dilution, 7 c.c. of 20 p.c. 
sodium hydroxide are added to liberate mag- 
nesium hydroxide and the ammonia distilled 
over into a known volume of N/10 acid, the 
distillation being prolonged until the con- 
tents of the flask are almost diy. Allowance 
must be made for the ammonia present in the 
magnesium chloride (Folin, Zeitsch. physiol. 
Chem. 1901, 32, 604 ; 1902, 36, 333 ; Folin and 
Farmer, J. Biol. Chem. 1912, II, 493, 607, 623 ; 
ef, Boc^ ibid. 1913, 14, 295). In this method 
o^tinine yields traces of ammonia and allantoin 
yields all its nitrogen as ammonia. Benedict 
(J. BioL Chem. 1910, 8, 406) modifles the method 
by adding to the urine potassiam hydrogen 
sulphate, zinc sulphate, a little powdered pumice, 
and a pirn of paraffin to prevent frothing ; the 
mixture is boiira to dryness, the residue heated 
at 162®-! 66® for an hour, then mixed with 
sodium hydroxide and the liberated ammonia 
distilled into standard acid. For the conversion 
of urea to ammonia by means of urease, which 
does not decompose allantoin, v. Marshall, J. 
BioL Chem. 1913, 14, 283 ; Van 81yke and 
Cullen, ibid. 1914, 19, 211; 1916, 24, 117; 
Plimauex and Skelton, Bio-C?hem. J. 1914, 8, 
70; 1916, 24, 117; Fiske. J. Biol. Chem. 1916, 
23, 465; Hden, Chem. Zentr. 1916, 1, 997, 
from Deut. med. Woch. 1916, 42, 414; 
Tamaziad, J. Tokyo Chem. Soc. 1918, 39, 
This method, according to CWra 
dives exoelient results. Folin and Denis (ibid, 
26, 501) give directions for the estima* 
Mm M the nitrogen by direct sNcssierisation 
after bydrolymug the urea by urease and 
Ttmesnag the latter with phosphoric acid. 

Wbm crude soya-bean mcSl is used for the 
fstiinatioti of urea, the addition of sodiam 


carbonate in sufficient amount to liberate the 
ammonia formed in the free state is without 
deleterious effect upon the activity of the urease. 
This observation is made use of in the following 
method : Three large test tubes are oonstrioted 
by drawing them out in a blowpipe flame in 
such a manner that the capacity below the 
constriction is about three times that of the 
liquid to be contained. These tubes are fitted 
with corks and connecting tubes as wash- 
bottles, the upper end of the first inlet tube 
being provided with a three-way piece and stop- 
cock. Into the first tube 20 c.o. of water, 
6 c.c. of urine, and 3 to 5 grms. of soya-bean 
meal are placed, and the central narrow tube 
is inserted and surrounded by a few glass beads 
above the constriction. The remainipjg tubes 
contain known volumes of Od N ai|lphurio 
acid for absorption of the ammonia lib^ated. 
The tube containing the mixture is in^ersed 
in a water-bath at 40®C., and a current of 
ammonia-free air is drawn through the apparatus 
at a rate exceeding 6^ litres per minute. Two 
c.c. of saturated sodium carbonate solution are 
introduced by means of the stopcock into the 
tube containing the mixture, and aeration is con- 
tinued for 40 minutes, after ivhich the urea is 
calculated from the titration of the standard 
acid. Results obtained writh known amounts 
of urea show a maximum error of 0*88 p.c. 
(G. M. Wishart, Bio-Chem. J. 1923, 17, 403- 
405;^ Analyst, 1923, 48, 501). 

Urea in urine or in milk may be estimated 
bv means of urease obtained from the seeds 
of Canatralia ensi/ormis by extracting the 
powder with glycerol and water, then, after 
about 3 hours, acidifying with hydrochloric acid 
and filtering. In the casc» of urine, the estima- 
tion is carried out by diluting about 6 c.c. with 
50 c.c. of water and adding 3 c.c. of the solution 
of urease and 1 c.c. of 3 p.o. solution of calcium 
caseinate to serve as indicator; after about 
3 hours, 40 c.c. of 0*1 N hydrochloric acid m 
added, and the excess of acid titrated back with 
sodium hydroxide solution, the precipitation 
of the casein indicating the end-point. In the 
case of milk, 10 c.c. are dilated with 40 c.c. of 
water, 3 c.c. of urease solution are added, and 
the estimation continued as above. Cow*b 
mUk usually contains 0*26 to 0*30 gnn. of urea 
per litre, and, for the first few weeks after 
calving, 0*76 grm. jter litre. Goat's milk is 
richer in urea than that of the oow, the average 
being 0'80 grm. per litre (0. Morimoto, Bio- 
Chem. J. Japan, 1922, 69; Ann. Cbm an4L 
1923, 5, 153 ; Analyst, 1923, 48, 394), 

II. In the Mdmer-Sjdquist mettuxl of estt- 
mating urea in urine, uric acid, purine beeei, 
tyrosine, allantoin, Ac., are removed by pre* 
cipitation with barium chloride and hydimxfale 
in a mixture of alcohol and other. The ffltmte 
and washings are evaporated at 56^ to about 
26 C.C., a little water and added and 

the distillation continued until the steam has 
no longer an alkaline reaction* The vdlume Is 
then concentrated to 10-15 c.o. and ^ nitrapm 
present estimated by the XJeldahl 
((%om. Soc* Absir* 1891, 758; compile Jhmm* 
stein, Zeiteoh. physioL Chem* 1900^ 31, 88IL 
IIL In the PfiOger-Bleibtteu metitanl hrt the 
estimation of urea m urine, timidtiogeiioitiooi^ 
pounds other than urea am 
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meani of mixtmze of hydrooiilorio and ;|^OBpho<^ 
fmigiBtio adds; ti» uioa decomposed in the 
aeutraliaed filtrate heating it withnhosphorio 
aoid, and the ammonia estimated, ior working 
details of this and the other methods, see 
Abderhalden’s Handbuch der Biochemisches 
Arbeitsmethoden, yoL iiijpart 2, 

Sarlvattves. Xfrea forms salts with 

metals; filver area COCNHAg)^ (Mulder, Ber. 
1873, 6, 1019) ; fMmopciassifm wea CON-HsK, 
colourless neemes ; dipataasiun urea CON2Hs^2* 
g^tinoua mass (Franklin and Stafford, Amer. 
Chem. J. 1902, 28, 83). It also forms salts with 
acids, some of which combine with metaUic salts 
to form stable <^mtallino double salts. The 
mirate 00(KH2)2*HN03 forms sparingly soluble 
monodmic or3^tals that decompose at 140^ 
f^ubert, Gompt. rend. 1907, 145, 378; v. 
Barker, Min. Mag. 16, 207, for oiystallographic 
constants); it is precipitated quantitatively 
when concentrated solutions of cyanamide and 
nitric acid are mixed at below 20^ (D. R. P. 
285269, firom J. Soc. Chem. Ind. 1915, 34, 1166) ; 
the hydrochloride C0(NH2)2*HC1 dissociates in 
aqueous solution (Datta, Chem. Soc. Trans. 
1912, 101, 166); see also du Toit (Proc. K. 
Akad. Wetensch. Amsterdam, 1913, 16, 555); 
the phosphate C0(NH2)2*H3p04, large rhombic 
crystals, readily soluble in alcohol or water; 
the pihosphotungsiate crystallises in rhombic 
prisms (P^mmond, Bio-Chem. J. 1918, 12, 6); 
acetate C0(NHj)2,C2H402,2H20, large delique- 
scent crystals (Matignon, Compt. rend. 1891, 
112, 1367) ; glycine urea 

large crystals (Matignon, Bull. Soc. chim. 1894, 
[iii] 11, 575) ; the idkylale (ursal) 

C0(NH2)2*C,H.08 

has m.p. 122^ ; the acid salt CO(NHs)2*2C7H308 
has m.p. 115^ ; the quinaie (urol, urocol) 

[C0(NH,)]2C,H220e 

m.p. 107®; the pierate C0(NH2),-C«H203N, 
decomposes at 142® (Smolka, Monatsh. 1885, 6, 
915); the oxalate [C0(NH{)2l202H204 forms 
rhombic plates or prisms, sparingly soluble in 
water (1 : 23), less so in alcoholll : 62), amyl 
dcohol, and insoluble in ether. With hydrogen 
peroxide urea forms the compound 

C0(NH2)2H20, 

in large transparent crystals 

(/anatar, X Russ. Phys Chem. Soc. 1908, 40, 
376). Urea forms crystalline eompcunds with 
aodlmm eUoride C0(NH2)2*NaCl,H20 rhombic 
plates or prisms, m.p. 60®*-70® ; with ammonium 
Moride C0(NH2).’NH4C1 quadratic plates or 
needies that xeaailv dissociate; with calcium 
nOroU Ca(NO*)«4CO(NM2)*, the compound is 

S alline, readily soluble in water and not 
utemik (Bosch, U.R Pat. 1369383); with 
iuii Maridc C8Jci2,4CO(NH2)2, m.p. 158®- 
I60^ stable in air, said to be useful lor sub- 
cutaneous hriection in hay fever and asthma 
(KncB A Ox, 1>.B.P. 306804, from Chem, 
Sktotr, 1918» ii* 420; Okuda and Fujiwaka, J. 
Tokyo Cieax fitoc. 1919, 40, 404) ; with cakium 
hmiie (ureobroiafii) 4GO(NHt)s<!aBr2, m.p 
1^, hj^lhem mopattka xeaembli^ 
of idkaB bi^ddM (Bito Pham„ 
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Zentr. 1912, 53, 245); CaBrjj^,8CO(ira2)2, 
hexagonal {dates, mup. 146® (Okuda and Fuji- 
waka, I.C.) ; with calcium iodide Cal2,6CO(NH2)2, 
hexagonal plates, m.p. 168®-169® (Okuda and 
Fujiwaka, Ic.); Gal8,C0(NH2)2,2H20, large 
transparent plates, n^. 167*5 (^tz, D. B. P. 
318343, fK>m (Them. Z^r. 1920, ii. 601); with 
mercuric chloride CO(NH4)2*HgCl2 ; 'with tine 
chlori^ CO(NH2)2'ZnCl2 ; * with cadmium 
chloride CO(NH2)2,CdCl2 ; with silver nitrate 
C0(NH2)2>AgN02 ; with palladium chloride 
PdCl2*2CO(NH2)2 ; and wi^ magnesium 
bromide MgBr2-6CO(NH2)2, m.p. 167®-170®, with 
decomposition, and MgBr2*4CO(NH2)2 decom- 
poses at 166®-170® (Menschutkin, Petersburger 
TOlytechn. Inst. 1906, 6, 101). Among the 
double salts formed by urea are the malinu 
chlorides [C0(NH2)2-HCl]2-PtCl4,2H,0, hygro- 
scopic yellow prisms (Heintz, Armalen, 1879, 
198, 91) and [C0(NH2)2]4*H2PtCl^ m.p. 119®- 
120®, red prismatic crystals (Hckard and 
Kenyon, Chem. Soc. Trans. 1907, 91, 902); 
the aurichlorides 2CO(NH2)2*HCl'AuC!2 and 
C0(NH2)2*HCl*AuCl2,H20 ; the quinine hydro* 
chloride C2oH24N202Ha,CO(NH2)a-HCI,6H20, 
and similar compounds containing qt^mne 
and cinchonidine (Diygin, Chem. Zentr, 1881, 
245} ; the double hydrobromido 

C2^H2402N2,CH40N*,2HBr,3H20 

m.p. 70®-75®, decomposes at 130®-140®; the 
corresponding double hydrochloride is employed 
as a local ansasthetic (Golubev, J. Buss. Phys. 
Chem. Soc. 1914, 46, 189) ; cotamine carhamme^ 
m.p. 180®, possesses therapeutic properfaes 
(Knoll & Co., D. R. P. 232785). The compounds 
with wcfcwn'cntfrafe2CO(N’H2)2 ’Hg(NO,)a 'SHgO, - 
2C0(NH2)a-Hg(N02)2-2Hg0 and 

2C0(NH2)2*Hg(N02)2*Hg0 
are obtained by precipitation between urea and 
mercuric nitrate under different conditions of 
concentration. Urea also combines with merourio 
salts to form salts of the divalent radicle 
CO(NHHg)2, * mercurocarhamide ’ ; the hydromde 

CO(NH*HgOH)2; 
the cUoride CO(NH'HgCl)2, and 

CO(NHHgCl)2CO(NH,),-2Ha ; 
the nitrate 

CO(NH*HgN02)2, suljhale CO(NHHg)3S04, 

and the acelale CO(NH*II^Ac) (Ruapaggiari, 
Gazz. chim. ital. 1897, 27, 1, 1 ). ^ts oontain- 
ing chromium complexes and urea have beau 
described by Sell (Proc. Boy. Soe. 1882| 33t 
267; 1889,45,321). 

Acyl derivatives of area, v, Unstnas. 

CJuoro and nitro dmvativee,^^hl^^ 

NH2CONHCI 

decomposes at 71®, dissolves in five paxta of 
water at ordinary temperature, giving a nential 
solution that loses nitrogen ana forma hiutet 
It reacts riowly in aqueous solurion with 
atiphatio ketones, yielding themonoohloroketmie 
(Behai and Dej^of, Compt rend. 1911, 153, 
681 1229); aim with etbyienio hydroearlKmat 
riving the oonreimonding ohlorohydrin (Detoeuf , 
Bull. Boc. ehim. 1922, [iv.] 31, 102). 
urea COtNHCS),, prepared by passteff a ra^ 
stream of db^rine into a wml-eocied wdhmm . 
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of urea in water, forms oolourless plates that 
melt with decomposition at 82^ when cautiously 
heated and detonate when rapidly heated, 
forming nitrogen chloride; on decomposiUon 
with ammonia in strong aqueous solution 

^urazim “ formed (Chatta- 

way, Proc, Boy. Soc. lObs, A. 81, 381 ; Chem. 
Soc. Trans. 1909, 95, 236 ; compare Datta, ibid, 
1912, 101, 166 ; Dowell, J. Amer. Chem. Soc. 
1919, 41, 124). 

Nitraurea NOj'NH'CO’NHa, prepared by 
the action of concentrated sulphuric acid on 
urea nitrate, forms sparingly soluble crystals 
that decompose on melting; it is a strong 
add, liberating acetic acid from its salts. The 
potassium, so^um and mercury salts have 
been prepared. On reduction with zinc dust 
and sodium hydroxide, it forms nitrosourea 
NHa*CO‘NH*NO, and this develops a purple 
colour with ferrous sulphate (Thiele and Lach- 
mann, Annalen, 1895, 288, 281). On further 
reduction it yields semicarbazide 

NHa-CONHNHa. 

8se Backer (Rec. trav. cliim. 1012, 31, 1) for 
the electrolytic reduction of nitrourea. Car- 
haminoazoirnide NHi-CO-Nj from sodium nitrite 
and semicarbazide has m.p. 92^-93^ (Thiele and 
Stange, Annalen, 1894, 283, 1) ; ajanocarhamid^ 
CN’1SH*C0*NH^ (Mauguin and Simon, Compt. 
rend. 1920. 170," 998). 

The €dkyl and aryl derivatives of urea are 
prepared by Wohler’s method from the corre- 
sponding mono- or di- substituted ammonium 
cyanate; by the action of ammonia on the 
isoc^nio ester, and by the action of carbonyl 
chloride on the amino. For a description of 
these derivatives, sec Michler, Ber. 1875, 8, 
1664 ; Schiff, Annalen, 1877, 189, 157 ; Michler 
and Escherich, Ber. 1879, 12, 1102; Hemmel- 
mayr, Monatsh. 1891, 12, 89 ; Chancel, Compt. 
rend. 1892, 115, 242 ; Schneegans, Arch. Pharm. 
ISM, 231, 675 ; A. E. Dixon, diem. Soc. Trans. 
1896, 47, 559 ; Diels and Golimann, Ber. 1911, 
44, 3158; Cannizzaro, Gazz. chim. ital. 1871, ], 
41 ; Letts, Chem. Soc. Trans. 1872, 25, 448 ; 
Patem6 and Spica, Gazz. chim. ital. 1875, 5, 
388; Michler, Ber. 1870, 9, 396, 710; Claus, 
ibid. 693 ; Weith, ibid, 821 ; Pagliani, Gazz. 
chim. ital. 1879, 9, 28 ; Cosack, Ber. 1879, 12, 
1449; 1880, 13, 1088; Michler and Zimmer- 
mann, ibid. 1881, 14, 2177 ; Michler and Keller, 
ibid. 2181 ; Traube, ibid, 1882, 15, 2122 ; Kym, 
ibid. 1890, 23, 424; Kiihn and Landau, ibid. 
811 ; M^iuelli and Comanducci, Gazz. chinL 


maleic anhydride (Dunlap and Phelps, Amem 
Chem. J. 1897, 19, 492) ; with ocefcme (Wein 
schenk, Ber. 1901, 34, 2185) ; with eaol- 
acekde (Muller, J. pr. Chem. 1897, [ii.] 56, 505) ; 
with hydrazine (Curtiua and Heidenreioh, Ber. 
1894, 27, 55) with phenMydrazine (Edeleanu, 
Chem. Zentr. 1892, i. 628) ; with chUrred hydrate 
(Ooppin and Titherley, Chem. Soo. Trans. 1914, 
105, 32); and with alloxan (Biltz, Annalen, 
1921, 423, 282). For the condensation deriva- 
tives of ureas with acid esters, v. Boeder, Ber. 
1913, 46, 2560. 

isoUreas, ^ - carbamides. The tautomeric 
form of urea HN : C(OH)NH2 known 

in the free state, but certain of its ethers 
have been prepared by the action of hydro- 
gen chloride on oyanamide and the corre- 
sponding alsohol at 60®-70®. Methm-isourea 
HN : C(OMe)NH. has m.p. 44^-45®, b.b. 8279 
mm. ; the hydrochloride melts at \ 130® ; 
ethylmmrea HN :C(OEi)NHjy has m.p. 42®, b.p. 
95^-90'^/ 15 mm.; asym. phenylmethylethyliao- 
urea HN;C(OP:t)NMePh has b.p. 137721 mm., 
the isomeric asy^m. phenylethylmdhylikourea 
HN:C(OMe)NEtPh has b.p. 126715 mm. 
(Slieglitz and McKee, Ber. 1900, 33, 807); 
propylimurea hydrochloride melts at 64® a^ 
decomposas at 121® (Stieglitz and Noble, ibid. 
1905, 38, 2243) ; sym. m-nitrohenzoylphenyliBO- 
urea methyl ether ^ 

NO./C2H4 CO N : C(OMe)NHPh 

has m.p. 124® (Bruce, J. Amer. Chem. Soo. 1904, 
26, 419). 

Thiourea. Isomerism amongst the deriva- 
tives of the sulphur analogue of urea is much 
more general than is the case with the deriva- 
tives of urea, and the convention has been 
adopted of limiting the term thiocarhamides to 
derivatives of the true thiocarbamide 

HjN'CSNH, ; 

derivatives of the isomeric form HN : C(SH)NH2 
being called thurureas ^ (Reynolds, Chem. Soc. 
Trans. 1891, 59, 395). 

Thiourea is prepared by heating ammonium 
thiocyanate at 1G0®-170®, the reaction is a 
lialanced one ; equilibrium is reached in about 
an hour, when the mixture contains about 25 p.c. 
of thiourea (R^olds, Annalen, 1869, 150, 224 ; 
Reynolds and Werner, Chem. Soc. Trans. 1903, 
83, 1 ; Findlay, ibid, 1904, 85, 403). Thiourea 
can also be obtained by the action of hydrogen 
sulphide on oyanamide 

H2NO :N+H,S-H2NCSNH2 


itaL 1899, 29, ii. 136 ; Davis, Roberts, Brewster, 
J. Amer. Chem. Soc. 1916, 38, 731). For a 
summary of the alkyl substitut^^ ureas, see 
Abderhalden^s Biochemisches Handlexikon, 
1911, voL i. part 2, pp, 772, 773. For ureas of 
IhB naij^thaiene series, v. Bayer & Co., D. R. PP. 
278122, 284938, 289107, 289163, and for the 
dii^ml-urea chlorides v. D. R. P. 285134. 

urea Umas condensation derivatives with 
famaUehyde (Goldschmidt, ]^r. 1806, 29, 2438 ; 
Cbem. Zeit. 1897, 21, 460; Di Palma, BolL 
ate. Am. 1912, 51, 78 ; Einlfbrn and Am- 
Bar. 1908, 41, 24 ; Dixon. Chem. Soa 


(Baumann, Ber. 1875, 8, 26). 

Thiourea crystallises in needles that melt at 
about 172® if rapidly heated ; the true meltte- 
point cannot be deiermiuod, owiim to tautomeno 
change ; it is probably above 177^(Findlay, l.eX 

Derivatives. The nitrate OBSgE^'oNO^ 
the hydrochloride and the ether 

^ To distinguish between the three Isotasrle foems 
of sulxititated derivatives of thioures, Dixon (Ohm. 
800 . Trans. 1896, 67, 664) proposes to deshmsts the 


NH and NH. attachments as n and n wite H the 
sulphur attachment is occupied hy the siteSfiiitS 
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mtfaJU devIvatiTe OBNaH|;AgNO, are crratalline 
(Btevene, Oheim* Soo. Froe, 1902» 17, 210; 
KumaJcow, Ber. 1891, 24, 3956). Dithiocarb- 
amide dichloride (CSN 2 H 4 )aGa ^ crystal- 
lined from Gonoentrated hydrochloric acid, and 
forms the diniiruU by the 

action of dilute nitric acid ; the aihromide 

(OSN^HJ^Br^ 

and di-iodide (GSN 2 H 4 ) 2 l 2 are colourless and 
decompose on warming or by the action of 
solvents (Glaus, Annalen, 1875, 179, 135 ; 
McGowan, Chem. Soo. Trans. 1886, 49, 190). 
The potassiwm compound CSN2H2K(0SN2H4)2 
forms needles, m.p. 145® (Werner, Chem. Soc. 
Trans. 1916, 109, 1120); acetyltkiocarbamide, 
m.p. 165® ; diacetylthiocarhamidef m.p. 151®- 
152® (Hohmam, J. Amer. Chem. Soc. 1915, 37, 
2130; Werner, Z.C.). 

For the alkyl and aryl substituted derivatives 
of thiourea and thiocarbamide, see Arzruni, Ber. 
1871, 4, 406 ; Miguel, Bull. Soc. chim. 1877, fii.] 
28, 104; de Clermont, Compt. rend. 1876, 82, 
512 ; Blankenhom, J. pr. Chem. 1877, [ii.] 16, 
358 ; A. E. Dixon, Chem. Soc. Trans. 1891, 59, 
562; 1892, 61,536; 1893, 63,318, 538; 1895, 
67, 556 ; 1899, 75, 373 ; liK)6, 89, 892 ; 1907, 
91, 912 ; 1908, 93, 18 ; Werner, Chem. Soc. 
Trans. 1919, 115, 1168. M. W. A. 

URBASIS V. FfiRMUNTaTioN. 

Urease is produced more profusely by pure 
cultures of Bacterium radicicola than hy the 
nodules, particularly by viciss, trifolii, and 
pisiforms. Urease is also, in certain cases, a 
product of normal papilionaceous plants (M. W. 
Bei^nck, Chem. Soc. Abstr. 1923, 124, i. 1157). 

jBVom dried cultures of Bacillus prolcus a 
soluble urease has been extracted by the use of 
various phosphate solutions (Tetsugora Taka- 
hata, Chem. Soc. Abstr. 1923, 124, i. 1157). 

The presence of two constituents in urease 
has been confirmed by N. Katd (Biochera. 
Zeitsch. 1923, 139, 352-365). The urease 
system consists of a thermo-labile constituent 
which possesses fermentative properties, and a 
thermo-stable constituent with no fermentative 
action which N. Kat6 calls * stable component 
X.* This last, at urea concentrations above 
the * equivalent urea concentration’ (f.c.), 
increases the activity of the urease, but has no 
influence at substrate concentrations below this 
jl^ue; its action resembles that of glycine. 
The action of * stable component X ’ is not 
due to alteration of the hydrogen ion concentra- 
rion nor to the presence of mineral salts (J. 
Chem. Soo. Ind. 1923, 42, 993 A). 

Urease efibots complete conversions of urea 
into ammonium carbonate. The sample of 
urea, in aqueous solution, is brought to exact 
neutraUtv, a neutral urease solution (freshly 
extracted firom jack-bean flower by means of 
water, the mixture being exactly neutralised 
with hydrocUorio acid) added, and the mixture 
kept at room temperature for one hour. A 
known excess of N/IO hydrochloric acid is then 
added and the enurbon dioxide removed by 
aeratton. The excess of add is titrated with 
N/10 sodsum hydroxide ; each o,o. of N/10 acid 
oonsumed is equivalent to 3 mg. cl urea originally 

C ml The tesplts are aocurate to within a 
hitodredtlni cl 1 p.o. The method oan be 
used Icr detettsdldiig in cyanamide ami in 


phosphate nuxtures (after predpitating the 
phosphate with baiyta), and aj^^ears to be of 
quite general application. Most salts have a 
depressant effect on the action of urease, and 
barium and caldum chlorides must be removed, 
prior to its addition (E. J. Fox and W. J* 
Geldard, Ind. Eng. Chem. 1923, 15, 743-746; 
J. Soo. Chem. Ind. 1923, 42, 901 A). 

UREIDES or acyl derivatives of urea are 
formed by condensation between urea and the 
acid with the elimination of water ; in the case 
of a monocarboxylic acid the product may be a 
numoureide RCONHUO’NHj or a dtumide 
C0(NH*C0R)2, according as one or two mole- 
cules of the acid condense with one molecule of 
urea. Similar products may bo obtained in the 
cases of the hydroxy acids and the di-carboxylic 
acids, but usually condensation occurs between 
one molecule of the acid and one of urea with the 
elimination of two molecules of a water and the 
formation of a cyclic ureide. The more im- 
portant cyclic ureides have already been de- 

yNH’CH^ 

scribed ; they include glycdylurea ^ 

V. Hydantoin. B-Lactylurea^ hydracrylurea^ 
hydrouracil v. Pyrxmidii^es. 

/NH-CO 

Oxalylurea. Cq<Q | v. Parabakig aoii). Ma- 


lonylurea CO *00^ CHaV. Baihitwric acid,art. 

Pyrimidines. Hydroxymalonylurea^ tartronyhirea 
CO<^j[][*QQ>CHOH v.Dialurio ACID. Mesomir 

yZM»-eoCO<^g!QQ>COH|jOv.ALLOXAK. NUrth 

niaUmylurea CO<^®'qq>CH-NO, v. DiUTUBiO 

AOii>.iso3ritro«om<tZo»yI«reoCO<^^.Q^>CiNOH 
V. Violuric afid,MU Pykimidiiies. Aminomidtmjfi- 
urea, aminobarbituric acid CO<C^^.qq>CH*NH 2 

V. VramiU art. Pyrimidines. For the action of 
ureides on ethyldiazoacetate, e. Calcagni (Atti 
R. Accrad. Lincei, 1916, [v.] 25, 1, 643). 

Of the open chain mono* and di- ureides, the 
following have been described : form^nrea 
NHa-CONHUHO, m.p. 168®-169® (Gettther, 
Marsh and Scheitz, Zeitsch. Chem. 1^8, SQO; 
Gorski, Ber. 1896, 29, 2046), forms a mercury 
salt (Matignon, Bull. Soc. chim. 1880, [ii.] 34, 
207) ; acetylurea HaN CO NH COCH^, m.p. 218* 
(Behrend, Annalen, 1885, 229, 30; Ber, 1896, 
28, Ref. 63 ; c/. Kohman, J. Amer. Gton. 8oe, 
1015, 37, 2133; Werner, Chem. Soo. Trans. 
1916, 109, 1120), forms mercury^ silver and 
cuprous salts (Matignon, f.c. ; e. also Picroni, 
Gazz. chim. ital. 1911, 41, 11, 754, for merouri- 
methylurethane hydroxide) ; ab*4»ae€^|^ltiria 
C0(NH<»CH4)4, 

m.p. 162®-163® (Schmidt, J. pr. Ghom. 1872, [ii] 
5, 63 ; Werner, ic.) ; 

NH4CO*NH<X)*GH»a 

decomposes ail 160® (Tommasi, Bull. Soo. chim. 
1873, [ii] 19) ; m.p. 150^ witb 

decamp. (Meldola and Tommasi, Ghem.«0oe« 
Trans. 1874, 404f^ bromaeeiylurea 

NHs'GONH-CO-CHjBr; 
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tribromaceif^urea, in.p 158^ (Baejer, Anxialen« 
1864, 180, 149); c^nac^lurea 

H,N-CO-NHCOCHaCN. 
nLp. 200®~210®; iaoveUerylurea 

NHgCONH-C*HgO, 
in.p. 191^: inancbramoiaovalerylurea 

CHMe,-CHBrCONH-CONH, 
(bromoural), m.p. 149^ is a narcotic (van 
der Eeckhout, Aren. exp. Path. Pharm. 1907, 
67, 338); it yields two cotamine derivatives, 
m.p. 126M27° and 105°^110® lespeclively, 
and these have therapeutic values (Knoll 
A Co., D. R. P. 232785) ; hutyrylurea 
H,NC0NHC4H,0, 

m.p. 176°; sttcctny/urea C4H402(NH*C0*NH2;2 i 
lenzoylurea NHg'CO'NHCOPh, m.p. 200°; ab- 
dibenzoylurea CO(NH'COPh)2, m.p. 210® 
dibenaoylwrea NHj’CO'NCCOPh)*, m.p. 


; aa- 
197° ; 

]^-nitrobenzoylurea^ m.p. 243°--246° (evolution of 
gas); o<Mcroaceiylamin<^ m.p. 222°~ 

223° (effervesces); the incte-derivative melts at 
252°- 253° (decomp.) (Jacobs and Heidelberger, 
J. Amer. Chem. Soc. 1917, 39, 2418). 

Cafhonyldiurea CO(NH*CO*NH2)2 decom- 
poses on heating (Schmidt, J. pr. Chem. 1872, 
m.l 5, 39) ; cathoxylureoL^ aUoyhanic acid 
H2N*C0*NH*C00H does not exist in the free 
state ; the esters can be obtained by the action 
of phosphoric oxide on the corresponding ure- 
thane (Bulmann and Bjerrum, Ber. 1917, 50, 
503) ; the methyl ester has m.p. 208° (Ephraim, 
Ber. 1893, 26, 2172), the ethyl ester, m.p. 191° 
(Liebig and Wohler, Annalen, 20, 396 ; 59, 291) ; 
the amide NH2 C0 NH-C0NH2,H20 is biuret, 
m.p. 190°; it gives a purplish- violet colour 
with copper sulphate and potassium hydroxide, 
due to we formation of the double salt 


applied to certain condensation products of 
urea with aldehydes; these axe of the type 
BCEL : N*CO*NHt and the most in^rtant are 
those derived from the aldoses. Qhteoamreide 
: N-CO NH*, thick rhombic 
crystals, m.p. 207° (decomp.), 23*6° in 

10 p.o. aqueous solution ; the ferdoHscetyl 
derivative C7H204N2(CH3C0)5 has m.p. 200°, 
and the tetrabenzoyl m.p. 117°. Oahxctoaeureide 
is a white amorphous powder [a]p+16°; 

mannaseureide, m.p. 188°, [a]|f*-“45’8° ; lactose- 
ureide (Ci2H220j2)N*C0’NH2 decomposes at 
240°, [a]|®-f2*l°(Schoorl,Reo. trav. ohim. 1903, 
22, 31 ; Mayer, Biochem. Zeitsch. 11 
1345). M. 

URETHANE v. Syitthetio dbttgs. 

URETHANES are the esters of 
{amincformic acid) H2N*COOH; the 
is not known, but it is said to occur ii 


OH 


OH 



,te acid 
add 
blood 


OONH2---CU--NH2CO 

\h 

/ \ 

CONH,K KH,NCO 

OH OH 

A Miwilar reaction is given by proteids which 
contain two amino groups in the molecule, 
these ^ups being joined directly together or 
throng a single atom of nitrogen or carbon. 
The amino gronjM must be either two *CONH2 
groups or one *CONH2 group and one ^CSNHj, 
G(NH)NH2» or •CH.NH, group. Substences 
that are non-i>roteid in cbarac^ but w'hich 
contain the necessary groups will also ^ive the 
biuret reaction, for example, oxamtde and 
moftmofnide. 

The ureides of substituted amimuaphlhol 
sutphonie acids form dyes when coupled with 
diaaotised aniline or similar compounds, and may 
be employed as therapeutic agents for destarodng 
blood parasites. They form metallic salts, which 
aim possess therapeutic properties (Heymann, 
Dmsel, Kothe, Ossenbeck, U.S. Pat. 1308071). 

; Cashovyldivrelharie, m.p. 108°, is produced 
by the action of urethane on carbonyl chloride ; 
lor tlie action of ammonia and ammes on this 
oempomA, see Dains, Greader and Kidwell 
Chem. Soc. 1919, 41, 1004); Dains 
and IMdn {ibkL 1990, 42, S03). 

W0lm of ftlgir* The term iir eute is alao 


serum (Drechsel, J. pr. Chem. 1875, [ij.] 12, 
417; cp. Hofmeister, Archiv. Physiol. \ 1876, 
12, 337), and in urine (Abel and Drechsel, 
Chem. Zentr. 1891, ii. 713; Hahn and Nencki, 
Arch. Sc. biol. Petersb. 1892, 1, 467 ; Abel 
and Muirhead, Arch. exp. Path. Pharm. 1893, 
31, 15 ; 32, 467). The ammonium salt 
NH2-COONH4 

is produced by the direct action of carbon 
dioxide on ammonia in cooled absolute alcohol. 
It is a white crystalline powder. The sodium 
NaCH2N0g,H20 and potassium KCHgNOt salto 
are also crystalline ; the calcium salt 
Ca(CH2N02)2,H20 

is insoluble in alcohol and crystallises from ^n* 
centrated ammonia solution in four-sided 
prisms. 

Cafhamyl chloride (chloroforniamide) 
ClCO'NHg 

prepared by passing hydrogen chloride oyer 
heated metallic cyanates, or e^bonyl chloride 
over heated ammonium cliioride, forms long, 
broad ne^es, m.p. 50°, b.p. 61°-62° (Qatter* 
mann and Schmidt, Bar. 1887, 20, 858) 

Urethane, ethyl carbamate NHg'COOEt, pro* 
pared by the action of ammonia on ethyl 
carbonate or ethyl chlorocarbonate ; by hating 
urea nitrate with alcohol; or by the ac^n m 
alcohol on carbamyl chloride, crystallises in 
large pliable plates or prisms break with 
a nbrous fracturogsublime readily, melt at 50° 
and boil at 184°. The system urethane-benzene 
forms a eutectic containing 97 mols. p.e. at 4 ’2°, 
and solid solutions in the interval from 97 to 
100 mols. p.c. of benzene (Pusohin and Masaro* 
vitsch, J. Russ. Phys. (mem. Soc. 1914, 46, 
1366). For the use of urethane as a cryosoo|4o 
solvent, see Bntni (Atti R. Accad. Linoei, 1918, 
[v.] 27, L 321). When heated with water or 
ammonia, urethane yields a small quantity of 
urea ; for the explanation of this reaction, see 
Werner (Ghem. Im. Trans. 1918, 113, 629). 

Urethane has therapentio ptopeities, cm 
employed as a hypnotio. Omaln at its sue 
tuted derivatives nave stmilar popsrlisii for 
example, pheuyhtrethanetetestphofine 
PliHN<XK>St 

fnsthylpiroptd(^ ^trsthem or heiomat 
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diul oo(am«ne*tird&»ie, m^p. ilO^ (BlnoU A Co.» 1 
D. B. P. 232785). 

Uretliftiied wiieii heated with oaldum or 
strotttiiim bromide yidid doable compounds of 
the urethane and the metallio bromide ; 

CaBr,^NH,-CO,Et 

IB a powerful hypnotio {v, J. Soo. Chem. Ind. 
1915, 34, 1166; and Gebe A Go., D. B. P. 
284734). 

p-Benaylphenyl carbamate, m.p. 144% p-iso- 
amylphenjfi carbamate, m.p. 73^-74% p-butyl- 
phenyl carbamate, m.p. 123M24® ; p^ieo- 
propylphenyl carbamate, m.p. 93^-96® ; p-butyl- 
phenyf N-dimethylcarbamate, m.p. 92®; 
allylphenyl carbamate, m.p. 122®-123®, are white 
powders, sparingly soluble in water, and possess 
anthelmintic properties (Synthetic Patents Co., 
U.S. Pat. 1252452, and Farbenfabriken vorm. 
Friedr. Bayer A Co., I). B. P. 296889, from 
Chem. Zentr. 1917, i. 714). 

4t'-Hydroxy-Z-ureiha7iO‘phenylar8ine 

COaEt*NH‘qeH3(OH)-AaHj 

is a white ^wder, (Farbwerke vorm. Meister, 
Lttdus and Brdning, D. B. P. 275216, addition 
to D. B. P. 268220). 

Niirourethane N02-NH*C00Et melts at 64®, 
is readily soluble in water and alcohol and forms 
metallic salts, the potassium^ mercury^ and silver 
salts having been prepared (Thiele and Lach- 
mann, Ann^en, 1895, 288. 30^). From spectro- 
chemical considerations Briihl assigns the formula 
O H 

^^O^^^CO'OEt nitrourethane (Zeitsch. 

physikal. Chem. 1898, 26, 47 ; 25, 577). Nitroao: 
urethane NO*NH*COOEt melts and decomposes 
at 61®'-52® and does not develop a purple colour 
with ferrous sulphate and potassium hydroxide : 
the silveTf poUissium and ammonium derivatives 
are yellow (Thiele and Lachmann, lx.). From 
index of refraction values, Briihl rega:i^ nitro- 

sourethane as diazourethane |^^NH*COOEt 

(Ber. 1902, 35, 1148), w^hilst Hantzsch formulates 
it as an anlidiazohydrate HO*N :N*COOEt {ibid. 
1899, 32, 575). Dibromourethane NBrj-COOEt 
has b.p. 100®-104®/10-11 mm. (Diels and 
Ochs, W. 1907, 40, 4571). Eihylchloro- 

eariamaie NHCPC 02 Et is obtained by the 
action of chlorine on ethyl carbamate if the 
solution is kept well cooled ; it is a pale yellow 
viscons oil, b.p. near 99® (decomp.) (Datta and 
Gupta, J. Amer. Chem. Soc. 1914, 36, 386); 
it is slowly hydrolysed by water, yidding ethyl 
4 • dihxromethyl(^ck7methylenehydrazineimide 

l:3^0Mbo»yl»te OH,CI-CH<JJjgg*gJ>NH, 

odbwhss nsedles, in.p. 143°, whi<£ fonns a 
(uystalllne oce^l derivative, m.p. 117®-118®, and 
imiUk chloride^ m.p. 75®~76® (Datta and Chatter** 
}6e, ibid. 1922, 44, 1538). 

Urethane forms condensation products with 
Mebsrdm and keto acids. Chhraiurethane 
Oaii^(OH)NH<XM>Et has m.p. 103®; 6fo- 
iitokr^iis CBr«<;H(OH)NH*OOOEt has m.p. 
ISr Ber. 1874, 7, 628, 1078 ; Conrad 
and Soeh,, 1903, 36, 2806 ; Simon, Ocmpt. 
lenda 1901, 183 , 536 ; Slinoii and CtoTanne, 
IWA 1906,^1^^ ^ 


TUourrtliaiie^ a mixture of the isomeric 
thfourethanes, is obtained by acting on an 
alcoholic soluti<m of potassium thiocyanate 
with concentrated hyd^hloric acid; these 
conespond with two of the isomeric forms of 
the hypothetical thiocarbamio acid, ethyl 
xanthamide NH^'CS^OEt, m.p. 38®, and car- 
honylihioethylamine NH)*CO*SBt (Blankenhom, 

J. pr. Chem. 1877, [ii.] 16, 358), 

M. A. W, 

UR6INEA. t;. Squill. 

URIC ACID, 2:6: S4rioxypurine 

HN—CO 

ol) 

I II >co 

HN— C— NR/ 

was discovered in human urine by Scheele in 
1776 (Opuscula, 1776, 2, 73), independently by 
Bergmann in urinary calculi {ibid. 1776, 4, 232), 
and in ‘chalk-stones’ by Pearson in 1798 
(Trans. Roy. Soc. 1798, 15). 

Uric acid occurs in the urine of all animals, 
though only to a small extent in the case of 
herbivorous animals ; the average daily excre- 
tion in normal man being 0*597 grm. (Hanzlik 
and Hawk, J. Biol. Chem. 1908, 5, 355). It 
occurs in the excrement of birds, reptiles, scaly 
amphibians, snails and insects ; the wing scales 
of the group of butterdies known as the white 
Pieridae contain uric acid, those of the yellow 
Pieridae contain, as their pigment, a yellow 
derivative of uric acid, which can be obtained 
synthetically by heating uric acid with water in 
sealed tubes at a high temperature (Hopkins, 
Proc. Boy. Soc. 1894, 57, 5). Uric acia is a 
normal constituent of the organs and blood of 
birds, but only occurs in human blood under 
certain pathological conditions. For its occur- 
rence in blood, v. Bass (Amer. Chem. Abs. 
1914, 1602). « 

Preparation. — Uric acid can be isolated from 
serpent’s excrement, bird’s excrement or guano 
by boiliDg the material with dilute alkali 
hydroxide or milk of lime, filtering the hot liquid 
and precipitating the uric acid by addi^ excess 
of hydrochloric acid to the filtrate. Unc acid 
can also be obtained from the yellow add urates 
deposited from urine; this is boiled with 
sodium hydroxide until it ceases to evolve 
ammonia, the liquid is filtered and the add 
sodium urate predpitated from the filtrate by 
moans of carbon dioxide ; this is redisselved in 
sodium hydroxide and the solution decomposed 
by acetic acid, or the hot solution df the alkali 
salt may be purified by boilii^ with a little 
potassium permanganate or dioh^mate and the 
filtrate decomposed by hydrochloric add. 

S^hesis . — ^Uric add was first synthesised 
by Horbaezewski b^ carefully fusing glydne 
with 10 to 15 times its wei^t of urea in small 
quantities at a time, until a oonsi^sraUe quantity 
of predpitate had formed in the molten mass ; 
the uric add was precipitated in the form of its 
sparingly soluble silver magnesium salt, which 
on treatment firstly with potassium sulphide and 
subseqoentlgr with hydxoohlorio add» yielded 
pure uric add (Monatsku 1882, 3, 796 ; 1885^ 
366). Compare, however, Behrsnd (Animhii,, : 
1926, 441, 216t Chem. Soo. Abatr. 1925,1:44^] 
Further synthesm were effected by 
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(i&tU 1887, 8, 201) by fusing tricUorolactanude 
with 10 p9^ of urea 

H,N CO jj 

(So + >CH-OH+g*S>CO 

01,0 

ira--00--C--NH. 

» 1 II X!0+H40+NH4a+2H01 

CO— NH--0— NH/ 

and by fusing trichlorolactio acid with urea 
(ibid. 1887, 8, 684). 

In 1863, Baeyer (Annalen, 1863, 127, 3, 
234) synthesised pseudouric acid, starting with 
malonio acid and urea ; but it was not until 
1895 that Fischer and Ach (Ber. 1895, 28, 2473) 
showed that uric acid could be readily obtained 
from pseudouric acid by fusion with oxalic acid, 
or by boiling with hot dilute mineral acids 
(Fischer, ibid. 1897, 30, 559) ; a complete synthesis 
of uric acid from malonic acid and urea is 
therefore represented by the following equations : 


4H 


HCNO 


5 ifoNitroBObsibiturio 
acid (violurlo add) 

00<^:gg>0H-NHC0*NH, 

5-Carbamlnobarbltiirio acid 
{p9eud(h\xx\c add) 


ra^oo 

6*Amlnobarbiturio add 
(uramU) 


-H,0 


>CH, 


HKOa 


Barbituric add 


HH OO C NH\ ^ 

^o*kh4kh/^ 

Vrle Mid 

This is the most important synthetic method 
of preparing uric acid, and by replacing 
urea by its alkyl or aryl substitm^ de- 
rivatives, it is possible to prepare th 
spending alkyl or aryl substitut 

The synthesis of uric acid cfifeclcd by ] 
and Roosen (Annalen, 1888, 251, 235),'^ start- 
ing with etliyl acetoacetate and urc^, is 
represented in the following series of equa- 
tions : 



EtOOC 

(So + >CH, 




OCCH, 


iSO >CNO, • 
"^NHCCOOH 
5-^itroTuacU-4-carboxylic acid 


^NH.CO.Et ^NHCO 

do >1:H CO >CH 

'^NH CMe hydrolysis '^NH'CMe 
4-BIethylurACII 

^NH-CO CH 

CO >CNOj 

b-NIUouractl 


^NHCO H,() 

CO >CNH, -» 
'-NH-CH 

&*AinliioaracU 


^NIIOC 
do >C0}1 
'-NH-CH 
S-nydroxyuracll 


O ^NH-CO 

CO >C*0H 
WH(>OH 

4 : I>>l>UiydtoxyuracU 


CO(NH,), NH-COOXH, 

i 11 >co 

CO-NHCNH/ 

Uric add 

Traube*s synthesis of uric acid, starting 
with cyanacetic a<dd and urea, is also im- 
portant, and by substituting alkyl ureas 
for urea, the method can Ik? extended to 
the preparation of substituted uric acids. 
Cyanacetyiurea, pre|)ared by the condensa- 
tion of urea with cyanacetic acid, is con- 
verted by the action of alkali into 4-amtno- 


2 : 6-dioxypyriinidine, from which 4 r 5-diamino- 
2 : 6-di(/xypyriinidimj is obtained by reduc- 
ing its wonitroso derivative ; this diamine 
condenses with ethyl ohlorofonnate to form 
a urethine derivative, from the sodium 
derivative of which uric acid is produced by 
healing at 1 80 (Ber. 1900, 33, 1375, 
3035), 


CN> 


6o<™.+ 

^NH-CO 






NHCO- 


.NH-ro 


;>CH. 


, K ; C(0H ) ^NU CO NU -CO C NHv 

>C’NH-CO,Et i II Vo 
•(/NH, CONH-CNIK 


or HO€ ^ :-SH. 

C NH, 


00 


Rropertles*^ Pure uric acid forms a colour- 
less i^crocrystalline |xiw<ler consisting of 
ihombic transparent plates or prisms; as pre- 
elpitated from urine or guano extracts, the 
Ui^siitali are yellowish red or brown. These 
usdilhlfe, under the inicroscojie, eharaeieristic 
iriegwrities in form, due to the rounding of 
the qjh(use angles of the rhombic prisms, and 
the inlerpeiletrattcm of the cryslhls, and present 
the {ofm uf dumb-bells, whetstones, rosettes of 


prismatic crystals, six-sided irregidar ]^tes or 
rec tangular plates with part ly ia|^ sides. 

Uric acid is odourless atia tasteless; H h 
sparingly soluble in watKH', one part dissdhdug 
in 39,480 parts at IH*' (liis and Fault Zsitsoh. 
physiol. Chem. 1900, 31, 41), or 15,505 parts at 
87^ (Oudzent, ibtd. 1909, 60, 27). When sbahen 
with water, uxio add dscmnifMiies so that 
sdubilHy t^s to inemsse with the timei ih« 
increase is only oottoMdite at Ite asd df 
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ftndtlietti#6S rapidly until at the end of 10 days (COOH)a€^NH*CO*NH,)^( 9 .o. ; aee also Bdirend 
the solubility is 11 times as great as at the end and Zicger, Axmalen, 1915» 410» 337 ; Bihe and 
of a few hours, and in the same time the electrical Max, Ber. 1920, 53, 1964 ; Biltz and Robl, thtd. 


oonduotivitv has increased 65 times (Gudzent, 
lx. ; cf. iratz and Herrmann, Anmden, 1923, 
104). The supersatuxation which occurs when 
a warm aqueous solution of uric acid is allowed 
to cool to a room temperature in contact with 
solid uric acid is probably the cause of the high 
values for the solubility found by Bensch 
(Annalen, 1846, 64, 190) ; Behrend and Roosen 
(Annalen, 1889, 251, 250). ' The molecular 
electrical conductivity of a saturated solution 
of uric acid is 32*24 at 18^ (His and Paul, l.c.) 
or 33*92 at 37*^ (Gudzent, /.c.) ; the dissociation 
constant i5;=0*000151 at 18® or 0*000233 at 37®. 
See also Kanitz (Zeitsch. x>hysiol. Chem. 1921, 
116, 96). Uric acid has the })ower of adsorbing 
precipitated colloids from their solutions. If a 
trace of dye is added to a hot saturated solution 
of uric acid, coloured crystals of the latter are 
deposited from the cold solution (Benoit, Compt. 
rend. soc. biol. 1919, 82, 1051, 1052). Uric acid 
is fairly readily soluble in lactic acid, acetic acid 
(see Rossi, Biochem. Zcitsch. 1913, 64, 207) or 
warm concentrated sulphuric acid. For the 
induence of hydr{)gen*ion concentration on its 
solubility, see Jung (Helv. Chim. Acta, 1922, 6, 
688). It dissolves in glycerol, but is insoluble 
in alcohol or ether; it dissolves readily in 
aqueous solutions of alkali hydroxides, of 
lithium carbonate, and of certain bases such as 
ethylamine, propylamine, pi})erazine, but is 
only sparingly soluble in solutions of urotropine 
(hexamethylenetetramine), lycetol (piperazine 
tartrate) or ammonia (Stevens and May, J. 
Amer. Chem. Soc. 1011, 33, 434 ; t\ also Hanzlik, 
Amer. Chem. Abs. 1916, 1226). The solubility 
of uric acid in a 1 p.c, solution of sodium 
salicylate is twice as great, and in a 0*1 p.c. 


1967); (5) with acetic acid vidds potassium 
hydrogen oxamte (Staecker, Chem. Soc. Tram 
1876, 656) ; Biltz and Robl (Ber« 1920, 53, 1967), 
have shown oxonic acid to be identioid with 
.NH-C:N*00aH 
aUafUaxanic acid OOc I 

\nh-co 

When oxidised by hydrogen peroxide in 
alkaline solution, uric acid jdc^ds tefrzeafbou- 

m«feCO<J5|;^;5g>CO (SoholtB, B«r. 1901, 

34, 4130), carhonyldiurea CO(NH*CO'NH*)* 
and urea (Schittenhelm and Wiener, Zeitsch. 
physiol, Chem. 1909, 62, 100; cf. Venable 
and Moore, lx. ; Venable, ibid. 1918, 40, 1099 ; 
Moore and Thomas, ibid, 1120; see also Ohta, 
Biochem. Zeitsch. 1913, 54, 439). 

Uric acid is decompose when fused with 
potassium hydroxide, yielding the potassium 
salts of prussic, cyanic, carbonic and oxalic 
acids. \\^en heat^ under pressure at 160®- 
170® with concentrated hydrochloric or hydriodic 
acid, it yields carbon dioxide, ammonia and 
glycocoll ; it is oxidised by a solution of copper 
oxide in ammonia (Schweizer's reagent) in the 
presence of potassium hydroxide to urea and 
oxalic acid, and a similar oxidation is effected 
by boiling with ferric chloride. It is decom- 
posed by certain moulds (Kossowioz, Bied. 
Zentr. 1912, 41, 791 ; Chem. Zentr. 1912, ii 
1300, 1482 ; 1913, i. 640). 

For the physiological properties of uric acid, 
its origin, and the r61e it plays in the animal 
economy, see Article Urine ; also Biochemisches 
Handlexikon von Abderhalden, vol. iv. 1095- 
1106; and Oxidations and R^uctions in the 
Animal Body, by H. D. Dakin, 92. For Uie 


solution of sodium 2 phenylquinolme 4>carbo- inffuence of drugs on the elimination of uric add 


xylate three times as great as in water (Stem, from the blood, v. Abl (Arch. £xpt. Path. Pharm. 
Biochem. Zeitsch. 1924, 151, 268; 1926, 169, 1913, 74, 119); Denis (J. Pharmacol, 1916, 7, 
192h 265, 601); Folia and Lyman (J. Pharmacol, 

Uric acid is not volatile : on being strongly Expt. Thor. 1913, 4, 539) ; Impens (C&em. 
heated it breaks up into urea, hydrocyanic Zentr. 1914, 563). 

acid, cyanuric acid and ammonia ( Wdhler, Fogg. Detection . — ^Uric acid is readily identified by 

Ann. 1839, 15, 629, 619). When oxidised by the appearance of the crystals under the micro- 
strong nitric acid or iKdassium chlorate and scope. The most characteristic and delicate 
hydrochloric acid, or by chlorine or bromine test for uric acid is the * murexide test/ which is 


water in the cold, urio'^ acid is broken down applied as follows ; a few drops of strong nitric 
into alloxan (mesoxalylurea (q.v,) and urea, acid is added to the uric acid or urate and the 
For cyanuric acid as oxidation product of uric solution evaporated to dryness on the watesr. 
aoid» V. Venable and Moore (J. Amer. Chem. bath, preferably in a poreelain basin; a yelmwi^- 
Soc. 1917, 39, 7750). Warm dilute nitric acid red residue of alloxantin is obtainra which 
produce parabanic acid (oxalyluiea) (q.v.). By acquires the rich purple colour of ammotuum 
the action of such oxidising agents as potassium purpurate (murexiae^ q.v.) on moistening with 
permanganate, or ferrioyaniae, lead peroxide, ammonia, the colour changing to blue on. 
iner^rio oxide or ozone in neutral or alkaline the addition of sodium hydroxide. The niMe 
media, uric acid yields carbon dioxide and acid employed in the test may be re|daeed by 
allautoin (glyoj^ldiureide) (q.v.). According to chlorine or bromine water, or by a few drops m 
Behrend (Annalen, 1904, 333, 141) and Behrend concentrated hydrochloric add and a Mnall 
and Sehmtz (ibid. 19()9, 365, 21), the first ctyeUd of potassium chlorate. Other colour 
product of oxidation of uric acid in alkaline reactions ox uric acid are described by (I) 
media is hydroxyylycoluril eathoxylie add Denigbs (J. Pharm. €!him. 1888, [r.] 18, 161), 

^<3(C0,H)NH. Aenrte add M oxidised to 

r ” \qq ing a solution m dilute nitnc add; on adding 

suooessively 9i> the residue a few drops oi con^ 
^ ' oentrated sulphuric add and of heoasne cmif 

^ m tnating (n) Mih. aa axce* of alkafi taiiiii«t)iiopWaUiiiAooloiptioBtoo^^ 
hydvwtide tafeM m tba deounta af vater, (2) OMuadni (Bdl. ehim. farm. 1009. 4?. twp 


media is hffiroKjfififfeoliirU eatioxf/tk add 

\NH*0(OH)— NH/ 

<m tnating (a) adtli aa earoe* of alkali 
kydvwtide tafeM m the dementa af arater. 
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dksolved in 10 p.o. sodium hydroxide; subse 
quent saturation of the solution with potassium 
persulphate and the gradual addition of 10 p,o. 
aino sulphate solution, until the precipitate 
formed no longer redissolves, causes th^reoipi 
tate to assume a bluish-green colour. tesi 
is not disturbed by the presence of proteins, 
ot^er purines or pyrimidmes, and may be ap- 
plied for the detection of uric acid in urine oi 
in Idood. According to VitaJi (ibid, 1911, 50, 
799), sodium peroxide is the only oxidising agent 
that can replace the potassium persulfate in 
the above test, and no other metallic salt can 
be used instead of the zinc salt. (3) Folin and 
Denis (J. Biol. Chcm. 1912, 12, 239), a him 
coloration is developed when a solution con* 
taining 1 mg. of uric acid is mixed with 2 c.c. 
of a solution prepared by boiling for two hours a 
mixture of 100 grms. sodium tungstate, 80 c.c. 
of 85 p.o. phosphoric acid, and 750 grms. oi 
water, cooling and diluting to a litre (compare 
Leturc, Ann. Chim. anal. 1907, 12, 194 ; Basi 
and Wiechowski, Chem. Zentr. 1913, i. 331 
Obermayer, Popper and Zak, ibid, 658). I'ests 
based upon the reducing pro|)ertios of uric acid 
are the formation of a yellow, brown, or black 
stain of silver, when filter jmper previously 
moistened with silver carbonate is treated with 
a drop of a solution of uric acid in sodium 


until it ceases to evolve amnumia and then 
determining the nitrogen in the residue the 
KjeldaM method: 1 o.c. N/10 sulphuric add 
corresponds with 0*0042 grm. uric add ; 
Kowarsky (Berlin, Klin. Woch. 1917, 54, 987) 
recommends the estimation of the ammonia in 
the ammonium urate by the formalin method* 
Folin and Shaffer's modification of Hopkins’ 
method (Zeitsch. phydol. Chem. 1901, 32, 552) 
is as follows : A solution containing 500 gr^ of 
ammonium sulphate, 5 grms. uranium acetate, 
and 10 p.c. acetic add, 60 c.c. per litre is 
pared, and 75 c.c. of this solution are mixed with 
300 c.c. of the urine, kept for five minutes, 
passed through a double filter and two quantities 
of 125 c.c. each collected. Five c.c. o| concen- 
trated ammonia are added to each dhd after 
about 12 hours the precipitates of aoteonium 
urate are collected and washed and the me acid 
in each estimated by the permanganate method. 
The addition of uranium acetate is n^e in 
order to predpitate a small quantitv of protein 
material w’hich is otherwise thrown down <pn the 
addition of the ammonia, and which r^uoea 
permanganate. Ganassitii (Boll. Chim. Farm. 
1914, 53, 257) uses a modification of this method 
for precipitating the uric acid, which is then 
estimated by means of standard iodine solution, 
the uric acid being oxidised to alloxan, »ee 


c^bonate ; and the reduction of Fehling solu- Curtmaii and Lehrmann (J. Biol. Chem, 1918, 
tion on boiling alkaline solution of uric acid 26. 187). 


with excess o7 the reagent. For the detection 
of uric acid in blood, Weber (Pharm. Zeit. 1912, 
57, 252) recommenck the following method : the 
blood is treated with sodium chloride and }>otas- 
slum phosphate to remove the proteins, the 
filtrate evaporated to a small bulk and saturated 
with ammonium chloride, the uric acid is thus 
precipitated as ammonium urate, which is 
collected and treated with a few drops of hydre 
chloric acid and the crystals of uric acid identified 
under the microscope or by the murexide test. 

E^ffuUion , — The methods of estimating uric 
acid in ume are based upon the' precipitation 
of the unc acid in the form of the sjmringly 
soluble ammonium or the double silver mag- 
nesium salt, and the subsequent determination 


Salkow’ftki's method modified by Ltidwig 
(Chem. Zentr. 1891, 3SM)) consists in precipi- 
tating the uric acid in the urine (100 to 200 c.c.) 
with a mixture of ammoniaeal silver solution 
and magnesia mixture (c/. Salkowski, Zeitsch. 
physiol. Chem, 1913, 83, 152) ; the precipitate 
containing all the uric and phosphoric acids is 
filten^ and washed with very dilute ammonia. 
It is then dc^com posed by a warm dilute solution 
of potassium sulphide forming potassium urate 
which passes into solution, the filtrate is acidified 
with hydrochloric acid, evaporated to a small 
bulk, and the uric acid that separates on cooling 
k colJcH'ted on a tared filter, washed with water, 
alcohol, ether, carbon disulphide, and again 
with idhcr, dried at 110® and weighed, see 


the rac acid in the cAi^idly washed precipi- Salkowttki (Zeitach. phy«ioL 1913, 83. 


tate. Hopkins’ method (Proc. Roy. Soc. 1892, 
52, 93 ; J. Path, and Bacteriology, 1893, 1, 451), 
30 grms. of ammonium chloride are added to 
150 c.c. of the filtered urine previously awmed 
to 40® to 46®, after about an hour the predpitate 
of ammonium urate is collected on a small filter, 
washed with a 10 p,c. solution of ammonium 
sulphate until free from chlorine, and trans- 
ferred to a beaker by means of a jet of hot 
water, the solution cooled and diluted with 
water to 100 c.c., 20 c.c. of pure oonoeutraied 
aulphunc acid are added, ami S/20 jyotassium 
permanganate run into the acid liquid at 60® 
until it acquires a pink tint jiermanent for some 
changed by stirring. Each c.c. 

S/20 permanganate solution decolorimfd 

(Bull Sc». Pharfflurol, 1»1«, 26, 


152) ; Kretschmer (Hioebem. Zeitsch. 1913, 50, 
223) ; (vraves and Kober (J. BioL Chem. 1915, 
20, XX.); (v. Beniard (Chem. Zentr. 1918, 1, 
1364 ; from Bull. Sci, Pharmacol. 1913, 20, 65, 
or a C(»mparativo investigation of differatt 
nethods; he maintains Halkowski’s method 
ives the l>est results). 

Folin and Shaffer (Zeitsch. physiol. Chem. 
1901, 32, 552) recommend the following modifi- 
cation of the method in order to facilitaie the 
removal of the silver from the silver magnesinm 
urate ; the double salt is decomposed by sttl«> 
ihuretted hydrogen in an acid soiutiQtt con- 
taming 5 to 10 C.C. of 1 p.c. ooppot sulphate 
fiolution and the liquid boiled for a few mmutes 
before filtering (c/. ^biieOer, Chem. Zentr; 1913, 
1234). 

Folin and Maoallum rooommmA n colori- 
meirtc method for estimating uric acid in dUnlc 


solution based upon the blue oelour neddwosd 

-Wta. k-to, «. » «. XSa aS.. kX’ t 
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Beneidiel «od Hitohoook, J* BioL Chem. 1915^ 20, 
619, 629). Tlie rq^acement (A pliosphotun^c 
hy arsenotusigatio or araimo-phosphotangstio 
aoid gives a greater deptli of colour (Morda 
and Hadeod, J. Biol. Chem. 1922, 50, 55; 
Benedict^ itnd. 1922, 51, 187; 52, 387). It 
icT claim^ that the method as modided by 
Benedict and Hitchcock (ibid. 1915, 20, 624) 
gives as accurate results as the titration method 
m Folin and Shaffer (c. Morris, ibid. 1916, 25, 
205; Proc. Amer. Soc. Biol. 1916, xiii. ; 1917, 
29), who recommends precipitating the uric 
acid,, with sdnc acetate in alkaline solution as a 
preliminary to the application of Benedict's 
method. See Salkowski (Zcitsch. physiol Chem. 
1913, 85, 346) ; Kaschiwabara, (ibid. 1913, 84, 
223) ; Host (Zeitsch. physiol Chem. 1915, 95, 
88) ; Bogert (J. Biol Chem. 1917, 31, 165 ) ; 
Morris (Inroc. Amer. Soc. Biol Chem. 1917, 
X3d. ; J. Biol Chem. 1918, 33 ; 1919, 37, 231) ; 
Cohen Tervaert (Arch. N4erland. physiol. 1918, 
2, 337) ; Zaleski and SachnovSka (Kuss. Physiol 
J. 1919, 2, 14) ; Folin and Wu (J. Biol Chem. 
1919, 38, 81, 459) ; cf. Brown and Baiziss (J. 
Lab. Clin. Med. 1922, 8, 129) ; and Bogers (J. 
Biol Chem. 1923, 55, 325); Guillaumin (J. 
Pharm. Chim. 1922, [vii.] 25, 5) ; Thi6ry (ibid. 
87) ; Jackson and Palmer (J. Biol. Chem. 1922, 
50, 89 ; 53, 373). 

For the rapid estimation of uric acid in 
urine, Vaillant (Ann. Chim. Anal 1922, [ii.] 4, 
178) titrates the liquid with a standard iodine 
solution made by dissolving 3*78 grms. of iodine 
and 15 »ms. of potassium iodide in 1 litre of 
water. Two c.c. of this solution oxidise 0*005 
grm. of uric acid to alloxan and urea. The 
analysis is carried out by measuring into a 
small tube 2 c.c. of iodine solution and 1 c.c. of 
carbon disulphide, and allowing the urine to 
fall a drop at a time from a burette, shaking the 
tube after each addition, until the carbon di- 
sulphide becomes first pale rose and then colour- 
less. The uric acid content per litre of urine 
is calculated by dividing the number of c.c. 
used mto 5. Sugar and small amounts of 
albnmin do not interfere ; larger amounts should 
be removed by heating to coagulate and then 
filtering. If the mine is alkaline a few drops of 
acetic acid are added (Chem. Soc. Abstr. 1922, ii. 
668 ). 

For the separation of and estimation of uric 
add and xanthine bases by means of potassium- 
dno ferrocyanide, see Thi6ry (J. Pharm. Chim. 
1921. 23, 494). 

A colorimetric method, based on the action 
of uric aoid on iodic acid, whereby iodine is 
liberated, is recommended by Auteurieth and 
Funk (CItom. Zentr. 1915, 1, 1918 from Miinch. 
medL Wohschr. 1914, 61, 457) ; Maase and 
Zondek (Chem. Zentr. 1915, il 858). For a 
critioal review of methods for estimating uric 
add and xantho-uric substances, v. Sauz&t (J. 
Phami. Chem. 5, 164, 445, 485). 

DeitvattveiU ^ SaUe. All four hydrogen 
atoms ct uric add are addio and can be replaced 
1^ m etric, as is shown by the formation of salts 
each of the four trimethyl uric adds ; the 
Sgmogmi ^m 3 is the most addio, then 
hydsogea 8, the hydrogmx atoms 1 and 7 are 
riuoii weaker in thm hence uric aoid 

Manmi iiwUe diM kdd (BUtc and 


seflries of salts, the mmol urates of the type 
are readily soluble in water and 
are never found in the animal system ; theoctd 
or diufedeB HaCfH^0^4 are sparingly soluble 
and occur patholodcally in gouty concretions; 
and the qnadri- or aem-wrofes 

Na 0 ,H, 04 N 4 AH 40 ,N 4 
are more readily soluble than the diurates and 
are the common form in which uric acid occurs 
physiologically. 

Normal urates may be obtained by dissolving 
uric acid in the theoretical quantity of alkali. 
They are alkaline in reaction and are decom- 
by carbon dioxide, forming the add srit. 
The potassium salt K2C4H2O3N4 is crystalline ; 
it dissolves with partial decomposition into the 
acid salt in about 36 parts of cold water ; the 
sodium salt Na2C5Hs,03N4,H20 is less soluble 
than the potassium salt, and is stated to be 
rendered more soluble by radium D (Gudzent, 
Zeitsch. 1 klin. Med. 71, 3--6),and to decom- 
posed by the arrays from radium emanation 
(Mesemitzky, Compt. rend. 1912, 154, 770) ; 
according to KnafiSl-Lenz and Wiechowski 
(Zeitsch. physiol Chem. 1912, 77, 303), and to 
Kerb and Lazarus (Bioebem. Zeitsch. 1912, 42 
82), radium has no action on the salt under 
stt^rile conditions, but accelerates the d^ada- 
tion of the compound in the presence of enzymes 
or moulds ; the calcium CsC strxmtium 
SrC4H303N4,2H20, barium 
and le^ PbC4H203N4 salts are sparin^y soluble. 
The mercury salt HgC4ll208N4 is a white 
amorphous precipitate ; it does not give mercuric 
oxide with sodium hydroxide solution and is 
therefore probably a lactam salt (Arid, Chem. 
Soc. Trans. 1907, 1046). Ztnc, nickelp and 
copper salts are describe by Curtman and 
Hart (J. Biol Chem. 1921, 46, 599). 

Acid or di-waXes. — ^According to Gudzent 
(Zeitsch. physiol. Chem. 1909, 60, 38), uric aoid 
forms two series of primary metalMc salts 
(mono-sodium, potassium and ainmenSum 
urates), which diner as regards solubility. The 
salts of the a-series cannot be obtains pure, 
as at the moment of formation in wator they 
tend to pass into the salts of the d-series. The 
probable cause of the change is an intramole* 
oular rearrangement, so that the two aeries 
correspond with the two tautomerie forms of 
uric acid 


NH*CO*C*NHv N : qOH) • C 
>CO I 

C(OH):N- 


HH, 


6onh-6nh/ 

Lactam 




N 
lAottan 


The unstable a-salts are probahlv the hel«m 
urates, and the stable h-salta the MetHii mtea. 
The a-salts have solabilitiea and medfio ooa- 
duotivities that at 18° are some vc at 

37° some 33*9 p.c. greater than ue ootm* 
Bponding values for the more stable h>aalt8> 

The sodtum salt KaO|9,0^„lU^O fonna 
a crystalline powder soluble in parts ol 
cold or 120 parts of boiling water, ftraming a 
neutral solution. The solulHliy^ ol ttmify 
percolated sodium urate at 18° is 2*08 gnna. 
or 9*8x10*8 gnns. meteouka per Utre. On 
keeping, or more partioularly on stirring in 
omitaot wilk the solution, the solubilitv 'i^miiSBTWi ” 
and approa<dwt that ai the oiystaraaa^BiMll,! 
potmimn salt KC,R,0,Nr« la 
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and disaolyeB in 800 parts of cold or 70-80 parts 
of boiling water; lithium salt Li05Ha0,N4 
forms erystalline grains and is soluble in 870 
parts of cold or 8 9 p arts of boiling water ; the 
€mmonium salt KH4*04H30j|N4 is soluble in 
1600 parts of cold water and quite insoluble in 
saturated solutions of ammonium chloride or 
sulphate ; and the magnesium 

calcium (C4Hj03N4)2Ca,2H20, strcniium 

barium (C3H,03N4)3Ba,3H30, and lead 

salts are described. For the formation of 
coUoidal uric acid in the presence of alkalis, see 
Schade and Boden (Zeitsch. physiol. Ohcm. 
1913, 83, 347) ; compare, however, Lichtwitz 
(ibid, 1913, 84, 416) ; Schade and Boden (ibid. 
1913, 86, 238); Gudzent (ibid, 1914, 89, 352) ; 
Haskins (J. BioL Chem. 1916, 26, 205) ; Kohler 
(Z, Klim Med. 1919, 88, 14); Schade (ibid, 
1922, 23, 1). 

The quadri-uraies are difficult to obtain 
pure as they readily break down into diurates 
and uric add ; according to Rosenheim (Lancet, 
1900; Zeitsch. physiol. Chem. 1911, 71, 272) 
and KoUer (ibid, 70, 360) the quadri' urates are 
only miztures, in molecular proportions, of 
prima^ urates and uric acid ; they are stated 
to exist normally in the urine anid constitute 
the whole of the urinary excretion of birds and 
reptiles {v, UBiinB). 

Adrenaline urate C3Hi303N*C4H403N4 forms 
small pointed plates (Pauly, Ber. 1904, 37, 
1388)- Piperazine urate C4HioN3,C3H403N4 is 
soluble in 60 parts of water at 17®. The 
phosphotungstate of uric add forms reddish- 
brown cudeal plates (Drummond, Bio-Chem. J. 
J. 1918, 12, 6). 

Uric acid glycol 

NH--CO 

l;(OH)— NH 


crystallises with half a molecule of water of 
it reddens at 160® and melts 
166®— 168® (effervesces) (Biltz and Hoyn, Ber. 
1912, 46, 1677 ; ibid, 1914, 47, 469 ; Ann. 1916, 
413, 7). 

4 ; ^Di-methoacy^ 4 ; b-dihydrouric acid 


NH--C0 

do ^’(OMe)— NH 

\ I >CO 

KH-C(OMe>— NH 

crystallizes in slender neerlles, m.p. 202®~203® 
(dteoomp.) ; it is reduced by sodium amalgam to 
sade amd and by hydriodic add (D 1 '96) on the 
bath to i-uric add (Biltz, Annalcu 1916. 
Bfflr. l&l, 64, 2477). 

f V^NUrchenzyl urate ('311,03X4 -(jH* CLH, NO* 
mfla above 360® (Lyons and Rdd, J, Amer. 
Cfcem. goo. 1917, 39, i727). • 

tJsje acid forms the following condensation 
pBodh^ aith formaldehyde ^ 

iHformMehy^uric acid c5H 403X4, 2CH3O 
is a, sparingiy fpolutde compoundi 


monobasio towards X/3 sodium hydroxide and 
forms a barium and a tahium salt (Weber, 
Pott and Pollens, Ber. 1897, 30, 2514 ; Annalen, 
1898, 299, 340). Formald^yde uric add 

C,H 403 X 4 ,CH ,0 

crystallises in needles or prisms, decomposes at 
37®, and forms crystalline alkali salts; and 
anhydroformaJddiyde-^uric acid 


XHCOGNr -CHv 

\C0 >0 

(JOXHC-Nl CH/ 


formed by dissolving diformaldehyde-urio acid 
in concentrated sulphuric acid anopopriim the 
solution into ice water (Xicolaicr, Chem. &ntr. 
1907, i. 949). For other derivatives of mic acid, 
e. Biltz (Lc.). M. A, W. 

0-URIC ACID V , Pykimidikes. \ 
URIDINE V , Pyrimidines. \ 

URINE. The kidneys are compound tubular 
glands, and possess the power of excreting from 
the blood certain waste products whmh in 
aqueous solution constitute the urine. Its most 
important constituents are the result of the 
breakdown of nitrogenous materials in the body, 
but these substances, urea, uric acid, Ac., are 
not a(;tually formed in the kidneys themselves. 
The liver is the most important organ for their 
actual formation ; the kidney is merely the 
situation where they find an exit from the body. 
The characters of the urine differ greatly in 
different i>artH of the animal kingdom, according 
to the character of the foexi ingested, and the 
different metabolic habits of animals. The most 
striking difference is sc^en when one compares 
the liquid urine of mammals (in which urea 
is the main substance in solution) and the 
semi-solid urine of birds and snakes, in which 
urates form the prejwndorant constituents. 
In the following account atU^ntion will be in the 
main directed to the urine which is most familiar, 
namely that of man and other mammals. 

A man of average wejght and height, taki^ 
a normal mixed diet, passes from 14^ to 1660 
c.o. (about 50 oz.) daily, and this contains about 
50 grms. (1^ oz.) of solids. Its yellow colour 
varies considerably with the concentration of 
the urine, and is duo to the presence of a number 
of pigments, of which urochrome (an amorphous 
nitrogenous substance of doubtful composiUon, 
originally so named by Thudichtun) is Uie most 
abundant. Another named urobilin^ a deriva- 
tive of the bile pigment, is present in health in 
small quantities, but may lie considerabiy 
increased in certain diseaseii. 

The reaction of urine is acid ; this is parilv 
due^o free acid, but mainly t<» acid salts, of wfaiim 
acid sodium phosphate is the most abundant. 
During digestion, liowe\'er, there is a fonnatioii 
of free hydroohJoric acid in the stomach, and a 
corresponding liberation of bases in the blood 
causes the urmo to he less acid, or even alkalltie. 
Alkaline urine is also seen in herbivofous 
animals and vegetarians ; heie tim food contains 
excess of alkaline salts df ackfo such as tartsriOi 
citric, malic, Ac. These acids in tbe bo^ am, 
oxidised into carbonates vfaicli, passing into tho 
urine, give it an aUcaline veaetioiL 

The specific gravity varies Invsiselty as^ tbs 
quantity of urine pasMMl I the qiianrity 4e|^^ 
on the amount of water aM sm on 
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the th»t leaves the body by 

other ohaimels^ such as the skm. It varies 
normally from 1*015 to 1*025. A 8p.gr. below 
1*010 shoidd excite suspicion of hydnuria ; one 
over 1*030 of a febrile condition, or of diabetes, 
in which disease it may rise to 1*050. The 
8p.gr. has, however, been known to sink as low 
as 1*0^ (aftor large potations, vrina potue)^ 
or to rise as high as 1*035 (after great sweating) 
in perfectly hetdthy people. 

When a normal urine is distilled, an unsown, 
or imperfectly known, substance begins to 
volatilise at 60®~70®C., but does not completely 
leave the urine until the boiling-point is reached. 
The distillation is carried out on the urine which 
has been acidified with phosphoric acid : at least 
one-quarter of the urine should distil over. 
This distillate is a limpid colourless liquid of 
intense urinous odour, and is neutral to all 
regents. It is not precipitated by alkalis or 
acids, nor with the bicarbonate and sublimate 
mixture; it does not react with Fehling’s 
solution, nor give the diazo reaction in neutral 
or acid media ; no apparent change takes place 
with salts of silver, cadmium, iron, lead, mercury, 
or zinc. With Nessler’s reagent it gives a 
greenSh -yellow precipitate similar to that given 
with many other substances, such as alkaloids, 
amides, all amines, organic ammonias, aldehyde 
and methylene derivatives. It is concluded that 
there is a volatile body in normal urine resem- 
bling ketone, but dilforent from ordinary acetone, 
precipitated by Ncssler’s reagent, and that it is 
to this substance that the characteristic odour 
of the urine is due (E. Pittarelii, La Riforma 
Med. May 14th, 1923, through Lancet, June 9th, 
1923, 1172). 

llie following table gives the average 
amounts of the urinary constituents passed by 
a man taking an ordinary diet containing about 
100 grms, of protein in the 24 hours — 


grms. 


Total quanity of urine 

. 1500 

Water 

. 1400 

Solids 

. 60 

Urea 

35 

Creatinine . 

0*9 

Uric acid . 

0*75 

Hippurio acia 

1*0 

Ammonia . 

0*65 

Sodium chloride 

16-6 

Phosphoric acid . 

3*6 

Sulphuric acid . 

20 

Chlorine . 

11*0 

Potassium 

2*5 

Sodium 

6*5 

Calcium 

0*26 

Magnesium 

0*21 


Tbe most abundant constituents are, there- 
foro, water, urea, and sodium chloride. We 
will take the most important individual con- 
stituents one by one. 

Urea* The time-honoured formula of turea 
as carbamide CO<^* 
aoewriiag to Werner 


HM: 




by 


must 

the 


be replaced 
cyclic formula 


This offers a satisfaotoxy ex* 


by Wdhler (1828) from its isomeride ammonium 
oyanate.* 

It crystallises in tbe dimetric system, and is 
readily soluble in water and inidcohol ; it has a 
faint saltish taste, and is neutral to litmus. 
When treated with nitric acid, octahedra, or 
lozenge-shaped tablets are formed of urea nitrate 
(C0N,H4*I£N’03) ; when treated with oxaUo acid 
prismatic crystals of urea oxalate 

aro formed. 

Under the infiuence of certain micro- 
organisms which grow readily in stale urine, it 
is converted into ammonium carbonate 

[C0N,H4-f2H30-(NH4)3C03] 

Hence the ammoniacal odour of putrid urine. 

In the soil the urinary ammonia is converted 
into nitrates by nitrifying organisms (see 
Soils). 

By means of nitrous acid, urea is broken up, 
as shown in the following equation : 

C0N*H4+2HN0,=:C03-f3H40+2N3 

Sodium hypobromito decomposes urea as 
follows : 

CONaH4+ 3NaBrO ==C02+N4-f2H30+3NaBr. 

A critical examination of this reaction shows 
that there is always a deficit in the quantity of 
urea found, whether it is calculated from the 
volume of the nitrogen liberated, the carlx>n 
dioxide formed, or the hypobromite used. Side 
reactions of a complex nature also occur under 
usual conditions, giving rise to a small amount 
of CO. Moreover, other urinary constituents 
(uric acid, creatinine, Sic,) also yield nitrogen 
under the conditions of the exTOiiment. Hence 
the method which was formerly much used for 
the estimation of urea is now abandoned when 
accuracy is required. The methods at present 
in use are those in which the urea is decomposed 
into ammonia and carbon dioxide ; the ammonia 
formed is estimated, but as the urine contaiDs a 
small amount of preformed ammonia this has 
to be previously esUmatod and deducted from 
the totaL The methods of Momer and Sjoquist, 
Folin and others (v. Urxx) are examples of this 
type of estimation, but the enzymatio method 
depending on the action of the enzyme urease 
contained in soy-beans promises to replace all 
other methods. It was introduced by MarahalL 
Urease is a specific enzyme, which ra^dly and 
quantitatively decomposes urea at ^^-40^0. 
into ammonia and carbon dioxide. The am- 
monia formed is driven of! in a suitaUe apparatus 
by a current of air, absorbed with standard 
acid, and estimated hy titration, alizarin-ied or 
methyl-orange being used as indicator. 

The quantity of urea is praotioaliy unin- 
fiuenoed by muscular work, but depends mainly 
on the amount of protein ingested. Tbe amino 
acid fragments formed by digestion cd 
protein are utilised in two ways. A small 
portion is used by the tissue cells to repair fbrir 
waste. In time this will be cataboliaed and tbe 
waste products discharjB^ as urea, ammonia, 
oreatinme, AB. The amount of such endsffmom 
metabdism k constant. The othwr and latger 


, ^ part d the olea^pgeprodnots of tim food 

lor the behaviour of urea during are deandnised and converted into urea by llm 
byorofyell, Iti was Jilt pienoiied q^thedcally liver, the non-nitiugenoai fatty residiie hAai 



urine: 


®='’<oS: «-c<oS'h. 


Ammonium 

carbonate. 


burnt* and so utilised as a source of beat and 
other forms of energy. This part of me1)abolisln 
is termed ea;ogeno«5. Urea excretion is usually at 
a maximum about 3 hours after a meal. The 
conversion of amino acids into urea is* in part 
at any rate* duo to enzymic action ; e,g, arginase 
is an enzyme which converts arginine (one of the 
more complex amino acids resulting from 
protein disintegration) quantitatively into urea 
and ornithine (di-amino-valeric acid). There is 
also no doubt that ammonia is an important 
intermediate between such amino acids aa 
glycine (amino-acetic acid)* leucine (amino 
caproio acid)* &c.* and the hnal product urea. 
Ammonia so liberated unites with the carbon 
dioxide of the blood* and ammonium carbonate 
and carbamate are thus formed. The close 
relationship of these two salts to urea is apparent 
from their formulae — 

NH. 

NHa 

Ammonium Urea, 

carbamate. 

This view, though simple, must be modified if 
Werner’s conception of the structure of urea is 
accepted. 

A small quantity of ammonia always slips 
through into the uiine, because a small quantity 
of the ammonia-containing blood passes through 
the kidney before reaching the organ (the liver)* 
which is capable of converting it into urea. 
Acids are very toxic to the body, and the 
defence of the body against acids (administered 
as such, or produced in pathological metabolism, 
e,g. fatty acids in diabetes) is an increase of 
ammonia formation* or to put it more correctly, 
less of the ammonia formed is converted into 
urea. 

Creatine and creatinine , — Creatine is an 
abundant constituent of muscular tissue; in 
vitro by boiling it with baryta it takes up water 
and splits up into urea and methyl-glycine* as 
shown in the following equation — 

, C4H^30*+H80=C0NjH4+CH(CH8)NH,-C00H 
Creatine* however, is absent from normal urine* 
and only occurs in starvation and in other 
conditions, in which there is a rapid loss of 
muscular tissue. Its normal fate in the body is 
unknown* since creatine injected into the circula- 
tion leaves the body in the urine unchanged, 
and leads to no increase of urea. 

It also is not converted into creatinine* 
which was formerly held to be its fate. Here* 
again* we have an instance of reactions, which 
occur in vitro, but not in vivo. Creatinine is a 
crystalline, strongly basic substance, which 
chemicalW is creatine minus a molecule of 
water. It is always present in the urine* and 
next to urea* is its most abundant nitrogenous 
constituent. Mellanby believes that certain 
products of protein catabolism, the nature of 
which is uncertain* are carried to the liver, and 
from these the liver forms creatinine ; this is 
transported to the muscles, and there stored as 
creatw» excess being then eliminated in the 
urine* The small amount of creatipine excret^ 
in Uyeir disease favours the view that the 
live^;^ |pceat agent in its production* as it is 
in tw^rOf &ea and uric acid^^ In health ^e 
amount , cl creatinine is very constant* and is 
not inflUMkoed by diet or muscular exercise. 


Ulle aeU (OBH4N4O8) is excreted as urates in 
mammals in quantities only* but in birds 
and serpents is the principal nitrogenous con- 
stituent of their urine. It can be readily pre- 
pared from the latter urine* in which it is mainly 
present as the acid ammonium urate* by dis- 
solving it in sodium hydroxide and pxecipitatii^ 
with hydrochloric acid. It c^stalliBes in 
rectangular plates and prisms. Uric acid dis- 
solves in pure water in the proportion 1 : 16,000 
(Gudzent), and at 18° in the proportion 1 : 39*600 
(His and Paul). On oxidation it yields urea and 
oxalic acid, alloxan (O4H3N2O4) or allantoin 
(C4HeN408), being intermediate products* 
according to the oxidising agent employed. It 
can be test identified by the murexide reaction 
which consists in evaporating to dryness with 
nitric acid ; the yellowish-red residue gives* on\ 
the addition of ammonia, the violet ammonium \ 
purpuratc. \ 

Uric acid does not contain the COOH group \ 
which is typical of organic acids* and in aqileous \ 
solution its reaction is neutral. Nevertheless \ 
one of its hydrogen atoms is replaceable by a 
metallic radicle* and it acts therefore as a mono- 
basic acid* and forms primary salts (mopo- or 
acid urates). In the presence of strong bases 
it forms secondary salts (di-urates) ; these only 
exist in the solid condition or in the presence of 
strong alkali. By water they are at once de- 
composed forming primary salt and alkali. A 
third series of salts (quadri-urates) was formerly 
assumed to exist* but these are merely mixtures 
of uric acid and primary urate. 

In water* urine and blood* wo have therefore 
only to deal with primary urates. It has been 
shown that the primary sodium urate 

(CBH 3 NaN 40 ,) 

occurs in two modifications* the a- and the 
jS-forms. The unstable a salt is ^adually 
transformed in aqueous solution into the stable 
B salt, owing to an intramolecular change. 
These two salts correspond to two tautomeric 
modifications of uric acid* the lactam form 
(formula I) giving rise to the unstable* and the 
lactim form (formula II) to the stable salt. 


^co 


N— COH 
HO-i! ii-] 


V V — 'NM\ 

i I >*OH 
N=C — 

II. 


HN— 0:0 

o.-i (L- N 

H-N— d!— NH 
I. 

These facts have a bearing on gouty conditions ; 
normally the small amount of urate in the blood 
is held in solution. In gout the amount is 
increased* and the excess ^is probably in the 
unstable a^form. The conversion of this into 
the j8-form gives rise to the dej^ition of urates 
in the tissues which occurs during the course of 
the attack. 

The quantity of uric acid excreted by an 
adult varies from 0*6 to 0*76 grm. daily* The 
method used for estimation is based on Hopkins’ 
discovery* that when the urine is saturated with 
an ammonium salt (chloride or sulphate)* all 
the uric acid is precipitated as ammonium urate ; 
this is collected and the uric acid in it deter- 
mined. The Folin-Shaffer method is foimded 
on this reaction. Folin has also introduce a 
oolorimetrio meriiod^ which ds^ds on ibe 
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bhie oolour vceha aoid strikes with phospho- 
tnngstio aoid (v. I7 bio Aon>). 

in birds uric ftoid originates from the com- 
bination of ammonia and lactic acid. In 
mammals it mainly arises from the purine bases 


Cofbonaiea are only present in alkaline urine. 
Alkaline and earthy phosphates are also present 
and small quantitieB of organiojphospl^tes, for 
instance, glyceio-phosphates. They arise parily 
from the food, but chiefly from the metabolism 


of t he food, which are cleavage products of of organic phoj^borised oonstatuents of the body, 
nudieio aoid, the main constituent of the nuclei such as nucleic acid, l^thin, and other phos- 
of the body oelte. In this process several tissue phorised fats (phosphatides). 
enzymes come into play ; first nuclease liberates According to Amberg and Mayer (Amer. J . 
adenine (amino-purine C5H8N4NH2) and gua- Phj^iol. 1922, 60, 564) minute qimntities of 
nine (amino-oxypurine C5HgN40*NH2) from citric acid occur in normal human 
nucleic acid ; wen ‘ deaminising * enzymes Abnormal constituents of urine* The^ most 
convert adenine into hypoxanthine (monoxy- commonly occurring of these are albumin (in 
purine C4H4N4O) and guanine into xanthine Bright’s disease) and other proteins, d^trose, 
(dioxypurine n uTT ^N^Oj) • oxidases step in next acetone, aceto-acetic acid, and j8-hydroxybutync 
and convert hypoxanthine into xanthine, and acid in diabetes, lactose in nursing mothers, bile 


xanthine into uric acid (trioxypurine C4H4N403). 
The liver is the principal seat of these transfor- 
mations, and in some animals some of the uric 
acid so formed is destroyed in the same organ, 
and appears as allantoin and urea. So far 
as tissue extracts can give a true picture of 
metabolism in vivo the human tissues are des- 
titute of the uricolytic (uric acid destroying) 
enzyme) 

Small quantities of purine bases are found in 
the urine in addition to uric acid. 

Hippurio acid (CgH^NOa) in the form of 
hippurates i^ present in small quantities in the 
urine of man, but is specially characteristic of 
herbivorous urine. This is due to the food of 
herbivora containing substances of the ^nzoic 
aoid group. The condensation of benzoic acid 
with glycine to form hippuric acid appears to 
occur in the kidney itself, and may be repre- 
sented by the following equation — 
CeH»-COOH+CH2(NH2)COOH 
Benzoic acid. Glycine. 

^CHjCNHCOCeHJCOOH+HaO 
Hippuric acid. 

For the estimation of hippurio acid in urme, 
see Snapper and Laquer, Archives N^rlandaises 
de Physiologie, 1921, 6, 48, which contains 
further references to the literature of the 
subject. 

Kynurenic and urocanic acids are present m 
small quantities in dog’s urine. Kynurenic acid 
CmHlNO. is hydroxyquinoline carboxylic acid 
(HO’CtHjN'COOH) and originates from one of 
the decomposition products of protein called 
tryptophan (indole-amino-propionio acid). Uro- 
canic aoid N4O4) is a rarer constituent, 

and its origin in the body is not clear. 

Inorganic oonstituento of urine. The princij^al 
salt is sodium cTUoride, and its amount varies 
with that in the food. The stdphaies present 
are principally those of sodium and j^ti^sium. 
They are derived from the metabolism of 
protein, and their excretion, although it occurs 
earlier than that of urea, runs parallel with it. 
About one-tenth of the total sulphates are 
ethereal sulphates, such as potassium phenyl 
sulphate and potassitun indoxyl sulphate 
(urnwy indioan) ; the organic radicles originate 
from protein putrefaction in the alimentary 
canal, and abnormally great putrefactive pjpo- 
cesses there load to an increase in the excretion 
of such aullhates. Sulphur is also present in 
the form of less highly oxidised organic com- 
poundit usually spoken of as * neutral sulphur,* a 
tern whidi indludes thiecyanic aoid and its 
salti^ taurine, qystine, methyl mercaptan. 


in jaundice, blood when haemorrhage occurs in 
any part of the urinary tract, haemoglobin, and 
certain derivatives of haemoglobin in black water 
fever and other pathological states, and pus as 
the result of suppuration in any part of the 
urinary tract. 

Urinary deposits. Normal urine is clear 
except for a faint cloud of mucus. Formed or 
anatomical elements such as blood corpuscles, 
pus corpuscles, bacteria, entozoa, &c., may be 
present in various pathological conditions, and 
are identified by microscopic examination. A 
special chemical interest attaches, however, to 
crystalline deposits, and without entering into 
any discussion of the medical reasons that lead 
to their appearance, these may be briefly 
enumerated as follows : — 

A. In acid urine may be found — 

1 . Uric acid, as whetstone, dumb-bell, or 
sheaf -like aggregations of crystals deeply tinged 
with urinary pigment, looking like cayenne 
popx>er. 

2. Urates. These are generally amorphous. 
The acid urate of sodium and ammonium may 
sometimes occur in star-shaped clustem ^ of 
needles or spheroidal clumps with projecting 
spines. The deposit has the appearanee of 
brick-dust, as it is coloured by one of the urinary 
pigments (uroerythrin). This deposit dissolves 
on wanning the urine. 

3 . Calcium oxalate in the form of octahedral 
crystals insoluble in acid. 

4. CJystine (diamino-dithio-lactic acid 

C.H„N2S204) 

in colourless hexagons ; a rare condition often 
h ereditary. 

6 . Calcium phosphate CaHP04,2H20, rare. 

6 . Leucine {aminO’Caproic acid) and tyrosine 
pp-hydroxyphenyha-aminopropionic acid)^ rare. 

B. In alkaline urine we may find — 

1. Phosphates ; calcium phosphate 

Ca2(P04)t 

which is amorphous ; triple phosphate 
MgNH4P04,6H20 

in ‘ coffin lid * crystads or feathery stm ; calcium 
hydrogen phosphate CaHP04 in rosettes, 
spherules, or dumb-bells ; magnesium phosphate 
Mg8(P04)2 in long plates. All are soluble in 
acetic acid without enervescenoe. 

2. Calcium carbonate CaCOs, bisouit-shap^ 

crystals, comnfon in herbivorous urine, soluble in 
acetic aoid with effervescence. 

3. Ammoniu% urate 
* thorn apple ’ spherules. 

4. Leucine and tyrosine, very rare. 
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URINE. 


Of these deposits, urates in acid urine, and 
phosphates in alkaline urine are the com- 
monest ; these are not necessarily i^thologioal ; 
thus urates ma^ form in the urine when it 
oools, especially u that secretion is concentrated, 
e.g, aiter sweating profusely. Urine, when it 
becomes alkaline, always deposits phosphates, 
and the alkaline urine of herbivora is always 
thick for that reason. 

Urinary calculi. Concretions called sand, 
gravel, and stones, according to their size, 
may form in the kidney, the ureter, or in 
the bladder. They result from the con- 
glomeration of urinary deposits, the deposition 
occurring in concentric layers. The substances 
deposited in acid urine are most frequently uric 
acid, urates or calcium oxalate, or a mixture of 
these materials ; in alkaline urine, phosphates. 
If the reaction of the urine changes during the 
formation of the calculus alternate layers of 
these two sets of materials will be found. The 
uric acid calculus is generally regarded as the 
commonest form of stone in the bladder, but in 
renal calculi, as B. Moore has shown, the 


urine in health and disease to give complete bib- 
liographical references. The literature of urine 
is enonnous, and those interested in it should 
consult standard works on physiology, pby^ 
logical chemistry, pathology, and medicine. 
One of the most trustworthy handbooks on the 
urine only, and containing abundant references 
to literature, is Neubaurer andj^ocel’s Analyse 
des Hams, edited by Huppert, Wie^aden, C. W. 
Kjeidcl. W. D. H. 

URINOD CeHgO, a pale yellow oil, obtained 
from urine, slightly heavier than water, b.p. 
108*^/28 mm. ; possessing a very penetrati^, 
persistent and disagreeable odour and to which 
the characteristic smell of urine is due. Is rea(|By 
volatile with steam, reduces potassium perman- 
ganate and ammoniacal silver nitrate in the cold, 
and reacts with Millon’s rcapnt, but not with 
Barreswirs (Fehling’s) solution, or solution pf 
alkali picrate. The dintifo-dorivative, m.p. 78 
forms golden nc<‘dles. Urinod acts with sen 
carbazide mth production of a compound 
m.p. 254°, which crystallises in thin, hexagons 
leallets. When urinod is treated with bromine. 


most abundant constituent is calcium oxalate, 
frequently mixed with calcium phosphate, the 
second constituent in frequency and abund- 
ance. Calcium is practically the only base 
associated with oxalic acid, phosphoric acid, and 
in less amount with uric acid. All these acids 
form highly insoluble salts with calcium. 
Oxalic and uric acids are associated products in 
metabolism, and occur in cases of incomplete 
oxidation. 


two compounds are produced ; one of these has 
m.p. about 1 10°, whilst the other is not melted at 
2.50°. The compound probably has the structure 
of cycZohexenc-4-one 

or the quinonoid constitution 

Urinod does not occur in the free state in urine. 


The physical properties of a calculus — colour, 
hardness, smoothness, or roughness, &c. — ^givo 
little or no clue to its chemical nature. A 
chemical analysis is always necessary, and this 
mves valuable indications for after treatment; 
for instance, in renal calculi, consisting of 
calcium oxalate, the treatment should be de- 


but exists in a conjugated form, and is liberated 
by fermentation, or by the action of dilute 
smphuric acid. It is very toxic, and may have 
some connection with uraemia (Dehn and 
Hartman, J. Amer. Chem Soc. 1014, 36, 2136). 

URISOL. Syn. for hexamethylenetetra- 
mine. 


signed to diminish alkalinity, to avoid calcium- URITONE (Ztea;amin€). Syn. for hcxamethyl- 
ri^ foods, and to induce the taking of exercise enetetramine. 

to propiote oxidation in the body. UROCITRAL, UROPHENIN, v. Synthxtio 

There are, in addition to these common drtjgs. 


forms of stone, others of a rarer kind, and a list 
of the different varieties of calculus is as follows — 

1. Those composed of uric acid or urates with 
little or no admixture with phosphates. 

2. Mixed calculi, like the preceding, but 
containing often in alternate layers a large 
quantity of phosphate. 

3. QJcium oxalate calculi, often containing 
small quantities of phosphates and urates. 

4. Phosphate calculi : a stone composed of 
pure calcium phosphate is rare ; a nucleus of 
uric add is generallv present. 

6. Calcium carbonate calculi are those 


URODONAL. Trade name for a preparation 
of hexamethylenetetramine, piperazine quinate 
and methylglyoxalidine. 

UROGENIN. Trade name for an addition 
product of theobromine and lithium hippurate. 

UROL. Trade name for urea quinate. 

UROPHERIN V , Sauoyuo acid. 

UROPURGOL (helmitol, neurotpine, forma- 
mol). The hexamethylenetetramine salt of 
anhydromethylene-citric acid. 

UROSIN. Trade name for lithium quinate. 

UROTROPIN, Hexameihylenek^raminet t\ 
Synthetic dkitgs. 


generally found in the prostate* 

6. Cystine calculi are mostly small, smooth, 
and have a yellow tinge, turning to green on 
exposure to air. These are rare* 

7* X^thine calculi are still rarer. 

8* Fibrinous calculi composed of fibrin or 
inspissated albumin, have a glassy apmarance 
on fracture ; blood calculi have been described 
In eases of renal hsematuria; ‘ urostealith ’ 
calculi have been described, and Consist of fatty 
add wiili more or less cholesterol* One case of 
* ^ calculus has been described* 

No atten^ has been maidb in the foregoing 
outUna sketch of the chemical properties of the 


UROXANIC ACID, dicarhaminomabmic add 
(COoH)2C(NH-CO-NH2)2^i8 prepaid by the 
gradual oxidation of uric acid in alkaline solu- 
tion by the oxygen of the air (Stftdeler, Annalen, 
1861, 78, 286 ; Btrecker, ibid. 1870, 166, 177 5 
Biltz and Robl, Ber. 1920, 53, 1950) ; by oxidis- 
ing an alkaline solution of uric acid with 5 p.o, 
potassium permanganate solution (1 atom d 
oxygen to 1 mol. of uric add) (Behiend, thtd* 
1904, 333, 152 ; Bundvik, Zeitschu phydoL 
Chem. 1904, 41, 343; Behrend and Schulte, 
and. 1909, 365, 21 ; Bilt* and Robl, U). 

For the mechanism of the fonuatioii of 
uroxanio acid from urio add, see Bilto and 
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Max (Bar. 1980^ 53, 1964). The two carbamide 
l^ottps in urozanio aoiS can be quantitatively 
elimmated by sodium nitrite with the formation 
of mesozalic aoid (BUtz and Bobl, lx.). 

Urozanio add crystallises in indistinct tetra- 
hedra (deoomp. 162^) ; it is sparingly soluble in 
cold water and insoluble in alcohol; it is a 
strong dibasic aoid and its normal alkali salts arc 
neutral towards litmus and phenolphthalein. 
It readOy loses CO2 and yiel& allantoic acid 
when shaken for several days with cold 96 p.c. 
methyl alcohol. When heated with water it 
breaks down into ailanturic acid 
/NH-CH(OH) 

mesozalic acid and urea. The aniline and 
hydfoxykimim salts arc sparingly soluble ; the 
latter, melts at 1 55° ; the normal jthenyl- 
hydrazine salt. C5H80|,N4*2( 2H|,N2 crystallises 
in colourless plates, m.p, 130°-132° (deoomp.), 
when boiled with water it is decomposed, 
yielding the pkenylhydrazine salt of mesomlic 
acid phenylhydrazone C,8 Hj 804N4,|H20, this 
forms yellow needles that melt at" 154°-158°, 
solidify at 160° and then decompose at 183°. 
The normal silver, sodium, barium, and calcinm 
salts of uroxanic acid are crj'stalline. 

The potassium salt forms colourless crystals, 
a lb: c=0*8857() : 1 : 1 *2044, and gives hydrates 
containing 3 *5, 3, and probably 0-5, H ^0 ; the 
ammonium salt decomposes at 182°. The 
methyl ester decomposes at 213°, and is converted 
by boiling water into spirodihydanioin, which 
yields the di-silvor salt C.Ha04N4Ag2,2H20 
and the diammine copper salt 

(Biltz and Eobl, /.c.). 

For the physiological action of uroxanic acid, 
see Saiki (J. Biol, Chem. 1910, 7, 263). 

M. A. W, 

UBSAL. Urea salicylate. Auric acid eliminant. 

URSOL 0 . p- Phzkylznediamine. 

URSOL P V. p- Amin CPU ENOL. 

URSONE. Urson. A white crysta^lline optic- 
ally active substance C28H470 C00H,2H20, m.p. 
273°, [a]^®=-f-58°, found in holly, maU*, and 
other species of Ilex, and in many ericaceous 
plants. With sulphuric acid it gives an orange- 
yellow colour with green fluorescence ; an acetic 
anhydride solution gives with sulphuric acid a 
red coloration passing to violet, green, and 
blue; a chloroform solution shaken with an 
equal volume of sulphuric acid colours the latter 


yellow. SoluUe i3 eth^l and methyl alcohols, 
ehioroform, carbon msuiphide, ether, and 
ethylene bromide. Yields a readily crystailis« 
able methyl ester (Dodge, J« Amer. Chem. 80c. 
40, 12 ; Nooy^, Phaim. Weekblad. 1920, 57, 
1128). According to van Der Harr (Bee. trav. 
chim. 1924, 43, 367) urson has the formula 
ni.p. 279^-280°, and gives sesquiter- 
pene and COg on distillation with zinc dust. It 
forms an acetyl derivative, m.p. 201°, a methyl 
ester, m.p. 165°, and an acetyl derivative of the 
methyl ester, qi.p. 246° It thus appears to 
contain a hydroxyl and a carboxyl group. 

URUSHIOL V. Lacqusb ; Resins. Cf. 
Majima, Ber, 1922, 55 [B.] 172 ; Levin, J. Amer. 
Med. Assoc. 1924, 465 ; Phann. J. 1924, 112, 236. 

USNIC ACID Ci8Hig07 (Stenhousc, Proc. 
Roy. Hoc. 18, 222), CigHjgOg (Patemo, Ber. 9, 
345). An acid found in certain lichens 
(t?. Lichens). 

UVANITE. Hydrated uranium vanadate 
2U08‘3V805-16H20, crystallised in the ortho- 
rhombic system. It occurs as a brownish- 
yellow powder disseminated in sandstone at 
Temple Rock in Emery Co., Utah. In appear- 
ance and mode of occurrence it thus resembles 
carnotite {q.v.), but it has not the clear yellow 
colour characteristic of carnotite. The mineral 
dissolves readily in a solution of ammonium 
carbonate. The name uvanite is a contraction 
of the w^ords uranium and vanadium with the 
mineralogical termination ite, (F. L. Hess and 
W. T. Schaller, 1914.) L. J. S. 

UVAROVITE V. Garnet. 

UVrrONIC acid v. Bone oil. 

UZARA. The root of a species of Gompho- 
carpus (N.O. AsclepUidacece) is used by medicine 
men in the region of the great African lakes 
against diarrhoea. The action of an extract 
was first described by Giirber (Muench. Med. 
Wochenschr. 1911, 58, 2100) and was found to 
be s|)ecific on the intestine, resembling that of 
opium, but without the undesirable aft^ effects 
of the latter drug. A dried alcoholic extract 
has been placed on the market in German^ under 
the name uzaron. According to Hennig 
(Arch. Pharm. 1917, 255, 382) the active 
principle is the glucoside uzarin (5 p.c. of the 
root) C75 Hio 8^3 o+ 9 HjO, relatively well soluble 
in whaler and hydrolysed by acids into one 
molecule of propyl alcohol, three of dextrose and 
three of uzaridin CjgHagOg, which is strongly 
bitter. The glucoside is only slightly bitter. 
Cf Koflor, Arch. Pharm. 1917, 255, 550; and 
Holmes, Pharm. J. 1920, 507, G. B. 
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VALAMIN. Trade name for the isovaleric 
ester of tertiary amyl alcohol. 

VAL D ARNO SUPERIORE RESIN 
Rxsiks. 

VALEARIN. Trade name for valeiyl 
trimethylammoniiHn chloride. 

VAIJSNTINITE. Antimony trioxide SbgOg, 
oiyutallised in the orthorhombic system and 
dimorphous with senarmontite (q.v.). The small 
tabular or prismatic crystals are often arranged 
in fan-dbaped group. They have perfect 
okavages in three raane dir^tions (the unit 
prism and the toaohypmaeoid) parallel to the 

r. 


vortical axis, and consequently broken surfaces 
present a fibrous aspet with pearly lustre. 
They are white or greyish, translucent, adaman- 
tine in lustre, very soft (H. 2), and readily dis- 
torted. Sp.gr. 5*76. The mineral occurs in 
the uppr oxidised portions of lodes, having 
results by the alteration of stibnite and other 
antimony minerals. It is found at Br&unsdorf 
in Saxony, I^ibram in Bohemia, Malaczka in 
Hungary, Algeria, Bolivia, Ac. L. J. S. 

VAUBRIAN. The root of Ved^na 
nalis (linn.) yieMs on distillation with wa^ an 
essential oil of a prie yellow or greenish colour, 

V 
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VALERI^. 


having a strong smell of valerian, an aromatic 
taste, and aom reaction ; sp.gr. 0*9(M)*93. 
Thickens at — 15^ and begins to boil at about 
200^ Consists of a mixture of valeric acid, a 
camphene, a stearoptene, and a resin (Pieriot, 
Ann. Chim. [iii.] 56, 291 ; Gerhardt, ibid. 
fiii.] 7, 275). 

Valerian root contains two alkaloids : chaii- 
nine and mlerine. One kilo of the fresh root 
yielded only 0*10 grm. of mixed alkaloids, 
chatinine predominating (Goris and Vischniac, 
Compt. rend. 1921, 172, 1059). ^ 

For the assay of Valerian Boot, see Bullock, 
Pharm. J. 1924, 113, 109. 

VALERIC or PENTOIC ACIDS C4H0COOH. 
Four isomerides are known. 

1. n- Valeric acid CH 3 [CH 2 l 8 COOH, is found 
in pyroligneous acid, and occurs free and as esters 
m the animal and vegetable kingdoms, chiefly 
in the rooto of Valeriava officinedia (Linn.) and of 
Archan^elica officinalis (Hoffm.), from which it 
may be isolated by boiling with water or sodium 
hydro xide. It may be obtainod by boiling 
l^-butyl cyanide with potash (Lioben and Rossi, 
Annalen, 159, 58) ; by oxidation of a-hydroxy- 
caproio acid (Erlenmeyer, Ber. 1876, 1840) ; by 
reduction of Isevulic acid(^-acetylpropionic acid) 
with phosphorus iodide or sodium amalgam 
(Kehrer and Tollens, Annalen, 206, 233 ; Fittig 
and Wolff, ibid. 208, 109) ; by heating pro- 
pylmalonic acid (Juslin, Ber. 1885, 2504); by 
the fermentation of calcium lactate (Fitz, ibid. 
1880, 1309) ; and by the action of CO, on mag- 
nesium n-butyl bromide (Gilman and Parker, 
J. Amer. Chem. Soc. 1924, 46, 2816; Chem. 
Soc. Abstr. 1925, 128, i, 228). A colourless oil 
having a disagreeable smell, b.p. 186°-186*4® 
(Furth, Monatsh. 9, 310) ; sp.gr. 0*9415 at 2074° 
(Lieben and Rossi) ; 1 vol. of acid dissolves in 
27 vols. of water at 16°. 

Methyl valerate boils at 127*3°, ethyl valerale 
at 144*6° (736*5 mm.), and tsobutyl valerate 
at 167 0°-168*6° ; sp.gr. 0*8544 20°/4°. 

2. isoFafertc acid, p~methyJbutyric acid 

CH(CHa)2CHaCOOH 


Discovered in 1817 by Chevreul in dolphin oil 
Irom Ddphinus gldbiceps and D. phoccena, and 
termed by him phocenic acid (c/. Andr6, 
Compt. rend. 1924, 178, 1188; J. Soc. Chem. 
Bid. 1924, 43, 479). Found in other fish oils 
and in perspiration. In the roots of Valeriana 
officinalis (Linn.), Archangdica officinalis 
(Hoffm.), and in the berries of Viburnum 
Opultta (Linn.). Formed in the putrefaction of 
albuminoids ; by the oxidation of glue, oleic acid, 
fats, and fusel oil (Lawkrow and Jazukowitsch. 
J. 1864, 337 ; Pierre and Pouchet, Ann. Chim. 


Ijv.] 29, 229; Koizami and Ichinose, Japan. 
Pat. 41910; Chem. Soc. Abstr. 1924, 126, i, 
259). Prepared by the action of alcoholic 
potash on tsopropyl cyanide, and by long 
omling of amyl alcohol with sodium meth- 
oxide (Guerbet, Compt. rend. 128, 512). 
Colourless oily liquid, smelling like valerian root 
and putrid cheese; b.p. 173*7° (Kahlbaum, 
Bar. 1883, 2480), sp.gr. 0*931 at 20°. Soluble 
in 23*6 parts of water at 20°.. The valeric 
add of pharmacy is prepared irom valerian 
Tootar m>m amyl alcohol. The ammonium 
anoime valerates are also used in medicine. 

For Quantitative estimation of isovaleric add 


in the presence of acetic add, v. Chapman, 
Annalen, 1899, 114. 

Methyl isotmiemfe boils at 116*7°, and 
Ethyl iBovalmde at 134*3°. 

vsoAmyl ieovalerate 05 Hi|O( 0 ,H^O) ; b.p^ 
194°; dissolved in spirits of wine is used in 
confectionery as essence of apples. 

3. a-Methylbutyric acid CH 8 *CH(C 3 H 4 )COOH 
is found in the oil of Archangelica officinalis 
(Hofte.) (Ciamician and Silber, Ber. 1896, 1815), 
and may be obtained by heating methyl-crotonio 
acid (tiglic acid) with hydriodic acid (Schmidt 
and Berendes, Annalen, 191, 117) ; by the 
action of sodium amalgam on bromomethyl-ethyl- 
aoetic acid in a sulphuric acid solution (Pagen- 
stecher, ibid. 196, 109) ; and by heating methyl 
ethyl-malonic acid (Conrad and Bischoff, ibid. 
204, 151). On oxidising optically active adyl 
alcohol, a mixture of isovaleric and a-methWl- 
butyric acids is obtained which can to 
separated by converting them into their silver 
salts, silver isovalerate being six times le^s 
soluble in water than silver a-mcthylbutyravp 
(Erlenmeyer and Hell, Annalen, 160, 301 \ 
Conrad and Bischoff, ibid. 204, 157). A colour^ 
less somewhat mobile liquid: b.p. 173°-174°, 
sp.gr. 0*938 at 20°/20° (Schtitz and Marckwald, 
Ber. 1896, 26). 

4. aa-Dimethylpropionic acid (CH 3 ) 3 C*COOH. 
Obtained by heating trimethyl-acetonitrile with 
strong hydrochloric acid (Butlerow, Annalen, 
170, 151; 173, 355); or by the oxidation of 
pinacolin (Butlerow, l,c. ; Friedel and Silva, 
Ber. 6, 146, and 816). Crvstallises in the regular 
system; m.p. 34°-^6°, b.p. 163° (Sudborough 
and Lloyd, Chem. Soc. Trans. 1899, 475), sp.gr. 
0*905 at 50° ; soluble in 45 parts of water at 20°. 

VALEROBROMINE(CH 3 ) 3 CH*CHBr COONa. 
Obtained by hydrolysing and neutralising the 
product formed by the action of bromine on 
valerianic acid. Used as a sedative. 

VALEROPHEN. Methyl ester of phcnol- 
phthalein. 

VALERYDIN, VALIDOL, VALISAN, VALYL, 

V . Synthetic dbugs. 

VALINE, a-aminoisomleric acid 

CHMe 2 *CH(NHa)COOH, 

was isolated first by Gorup-Besanez (Annalen, 
1856, 98, 1) from the pancreas of the ox, and 
occurs in the young sellings of Lupinus luteus 
(L.), Lufintis aXbvs (L.), Lupinus angustifolius 
(L.), Vicia saliva (L.), thg etiolated seedlings con- 
taining more than the green plants (Schulze and 
Barbieri, J. pr. Chem, 1883, [i.] 27, 33 7 ; Schulze 
and Winter- stein, Zeitsdh. physiol. Chem. 1902, 
35, 308; Schulze, ibid. 1894, 20, 306; 1896, 22, 
423; Schulze and Castoro, ibid. 1903, 38, 199; 
Wassilieff, Landw. Versuchsstat. 1901, 65^ 45; 
Schulze, Zeitsch. physiol. Chem. 1893, 17, 193 ; 
Menozzi, Ber. 1888, 21, 619) ; in zelh (Osborne 
and Clapp, Amer. J. Physiol. 1908, 470); 

Dakin (J. Biol. Chem. 1924, 61, 137); in 
Emmentiialer cheese (Winterstein, Zeitsch. 
physiol. Chem. 1904, 41, 500). Valine is one 
of the products of hydrolysis of such protetos 
as horn, keratin, edestin, etc., and occurs together 
with leucine and proline in the fraction of esters, 
b.p. 60°--00°/10 mm.; it is formed in the 
autolysis of the pancreas and liver, and in peptic 
and tryptic digestion (Fischer and Dfitpin^us, 
ibid. 1902, 36, 462 ; Abderhalden and Voitino* 
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riei, ibid, 1907, 52, 348, ; Levene and Tan Slyke, 
3, Biol, CSiem. 1909, 6, 419 ; LeTene, Zeitsch. 
phpiol. Chem. 1904, 41," 393 ; Lawrow, ibid, 
1901, 33, 312). The valine ooourring naturally 
is the dextrorotatory form; the raoemic form 
was prepared first synthetically by Fittig and 
Clark (Annalen, 1866, 139, 200) by the action of 
concentrated ammonia on a-bromotsovaleric 
acid at 100^; and later by Lix>p {ibid, 1880, 
205, 1) by hydrolysing the aminoisovaleronitrile 
obtained by the condensation of isobutyralde- 
hyde with ammonia and hydrocyanic acid. It is 
prepared most conveniently, and the yield is 
70 p.c. of the theoretical, by Slimmer's modifica- 
tion of Fittig and Clark’s method (Bcr. 1902, 35, 
400) ; 500 grms. of a>bromoisovalcric acid with 
1500 gnns. of aqueous ammonia saturated at 
15° and 500 grms. of powdered ammonium 
carbonate are heated in an autoclave at 100" 
for eight hours ; the resulting bro^vnish liquid 
is filtered and evaporated to one-third its bulk, 
when most of the amino acid crystallises out. 
The rest is obtained in the form of its hydro- 
chloride by acidifying the mother liquor with 
hydrochloric acid, evaporating to dryness and 
extracting the residue with 80 p.c. alcohol. 

Kacemic valine can bo resolved into its 
optically active isomerides by the fractional 
crystallisation of the brucine salt of the formyl 
derivative ; the brucine salt of form yl-Z- valine 
being less readily soluble in methyl alcohol than 
is the corresponding salt of formyl -d-valine : 
d- valine and Z- valine are obtained by hydrolysing 
with hydrobromio acid the correspondin^ormyl 
derivatives (Fischer, Matsubara and Hilpert, 
Ber. 1906, 39, 2320) 

dZ-Vallne, In addition to the synthetic 
methods already described for the prcqmration 
of dZ- valine, it can bo obtained by racemising 
the active acids by heating them with baryta 
water at 180" (Fischer, Zeilsch. physiol. Chem. 


n^talline plates, readily soluble in water or in 
•Icohol, insoluble in ether ; the nitrede 
C*HiiO,N,HNOa 

is a readily soluble crystalline confound. The 
3thyl ester OHMe 2 *CH(NH 2 )CX) 2 ^ has b.p« 
^»3*5®/8 mm. or 174** with decomposition under 
.tmospheric pressure, sp.gr. 0*9617 at 15®/4®; 
.t forms a sparingly soluble ciystaUine picmfe, 
m.p. 139*5" (corr.), and a soluble hydrogen 
artrate which on crystallisation suffers partial 
esolution into its optically active isomerides 
Slimmer, Z.c.). Of the ocyZ derivatives of 
valine, the forrnyl derivative 

CHMe 2 CH(COOH)NH*CHO 
)btained by heating dZ- valine with 1^ times its 
ii^eight of formic acid crystallises in large 
hombic plates from water, sinters at 137® and 
nelts at MO"-! 45® (corn), is readily soluble in 
LOt water, alcohol or acetone (Fischer, Ber. 1906, 
:9, 2322) ; the benzoyl derivative 

CHMo2*CH(C02H)NH*CO*CeH2 
rystallisos in plates, m.p. 132*5® (corr.), is 
*eadily soluble in alcohol or ether, sparingly so 
n water (Slimmer, Z.c.) ; the phenyliBoeyanaie 
derivative CHMe 2 *CH(C 02 ll)NH*C 0 *NHPh 
orms colourless plates, soluble in 130 parts of 
lot water, m.p. 163*5® (corr.) with decomposi- 
jon, is readily soluble in hot alcohol, sparingly 
so in ether, and is converted into phenyUm^ 
yNH-CHPr^ 

t)ropyUiydantom CO^ | by boiling with 

lydrochloric acid ; this compound crystallises 
rom ether in long needles, m.^), 124®-125® 
corn), and is sparingly soluble in hot water, 
readily so in alcohol or ether (Slimmer, Z.c.); 
the carbamino derivative 

CHMe/CH(COoH)NH*CO-NH 2 


1911, 33, 162). 

dZ-Valine crystallises in colourless xdates 
from alcohol, has a sweet taste, and melts in a 
closed tube at 298® (corr.) with decoinxK)sitlon ; 
it is readily soluble in water, 1 imrt dissolving in 
11*7 parts of water at 1.5®, is almost insoluble in 
cold alcohol or ether, sparingly so in Wiling 
alcohol (Slimmer, Z.c) ; when oxidised by hydro- 
gen ^roxide it yields /sobutyraldehyde, wo- 
Dutyric acid (part of which is further oxidised to 
acetone and carbon dioxide), ammonia and 
carbon dioxide ; with lead peroxide or sodium 
hypochlorite as the oxidising agent, f’sobutyralde- 
hyde is the product (Dakin, J. Biol. Chem. 
1908, 4, 63 ; Langheld, Bon 1909, 42, 2360) 
When dZ-valine undergoes putrefactive de- 
composition it yields isovaleric acid and a small 
quantity of butylainine; the residual amino- 
valerio acid is Isevorotatory indicating an 
asymmetric attack by the bacteria (Neuberg 
and Karozag, Biochem. Zeitsch. 1908, 18, 435). 

Salts and derivatives of dl-Valim . — ^The 
copper salt (C|H|a 02 N) 2 Cu, blue crystals soluble 
in 3644 parts of methyl alcohol at 20®, or in 
9230 parts of 96 p.c. ethyl alcohol at 21®, and 
warii^y soluble in cold water (Ehrlich and 
Wendri, Biochem. Zeitsch. 1908, 8, 399) ; the 
silver salt G«H 22 N 02 Ag is crystalline and in 
soluble in oold water. The h^rocUoride 


■rystallisos in needles, m.p. 176®, is soluble in 
213 parts of water at 20®, and forms crystalline 
barium f mercury and silver salts (Lippich, Ben 
1908, 41, 2962) ; the picryl derivative 

Cmie2*CH(C02H)NH*CeH2(N02)2 

forms bright yellow needles, sparingly soluble in 
cold water, and has m.p. 171® (Hirayama, 
Zeitsch. physiol. Chem. 1909, 59, 290). dZ- 
Valinamiw CHMe 2 ’CH(NH 2 )CONH 2 , obtained 
by the action of liquid ammonia on the estor 
prolonged over a period of three months, 
crystallises from benzene in colourless prisms, 
m.p. 78®">80® (corn), and yields a B-naphthaUm- 
sviphonic derivative C^gH^OgNjO, m^. 256®- 
257® (corr.), a carbethoxy derivative OgMigO^g* 
m.p. 143-144® (corr.) (Konigs and Mylo, Ber. 
1908, 41, 4427), and a hydrochloride 

CHMe2CH(CO*NH2)NH2HCl 

crystallising in the monoclinic system, and 
forming a ciystaUine piatinicMoride 

(C5B220Nj)2PtCl.,H20 

(Lipp, Annalen, 1880, 205, 1). dl-FaZtne anhy* 
dride CxoHigOgNg, obtained by heating dZ.valine, 
or by &atin£pthe ethyl ester under pressure at 
180®-190®, forms long colourless needles, m.p. 
303® (corr.) (Fischer and Schenkel, Amtslen, 
1907,364,1). • 

Whenj a-bromoisovaleiylglycinamkle ht 


C2Hu02N,HC1 





bwtadM l20’’«ith«l6ob>He«initi«aiikit]riddB 
• a^zton «f va^figii/cim ankyitide {diMtko 
pnpi^pipmai»e) 

oeedfes from hot water, m.p. 245^, and the 
hffir^amide of valfflglycinarntde 

CHMe,-CH(NHjCONHCH4CONHa*HBr 

microscopic needles from alcohol-ether, m.p. 
23^ (Bergell, Zeitsoh. physiol. Chem. 1916, 97, 
293). a-Amino-d-hydroxyMOvaleric acid has 
been j^thesised zrom ethyl j3^-dimethylacrylate, 
it melts with decomposition at 218^ ; thems^Aoryj 
derivative 0 Me*CMe,*Cfl(NHa)C 02 H forms 
colourless lustrous plates, m.p. 250°~260° 


(deoomp.) ; the naphthalene jS-sulphonyl deriva- 
tive OibH.^O^NS forms small colourless needles^ 
m.^ ^1^ (Schrauth and Geller, Ber. 1922, 65< 

... ^'tdinol CHMe,'-CH(NH,)-OH, OH, prepared 
^by reducing valine ethvl ester, is a colourless oil 
with a strong odour, b.p. 181®-186V720 m.m. ; 
. the kydroMoridey m.p. 114°, is very hy^oscopic. 

Pimethylvalind, prepared by reducing ethyl 
ardirndhulaminoiaovakrate (b.p. 160°), gives with 
methyl iodide valineckoline in the form of its 
iodide^ m.p. 195°; the aurichlande 

CaHaoON‘AuCl 4 

forms yellow leaflets, m.p. 225°, the ytatini- 
chloride^ brownish-red prisms, m.p. 210°~2il° 
(Kurrer, Gisler, Horlacher, Locher, Mhder and 
^omann, Helv. chim. Acta, 1922, 5, 469). 

d-VaOne is most conveniently obtained from 
the two to three weeks old etiolated seedlings 
of Lupinua ItOeue and Lupinus aJbua ; contamina- 
tion with, leucine, which is very difficult to 
separate from valine, can be obviated by re- 
moving the cotyledons from the young plants 
before they are dried (Schulze and Winterstein, 
2ieit8oh. physiol. Ghem. 1902, 35, 312). d- 
Valine is prepared from the Bathetic com- 
pound by the fractional crystallisation of the 
muoiae salts of the formyl derivative (Fischer, 
'Ma^bara and Hilpert, Ber. 1906, 39, 2320). 

d-Valine czystalQses in colourless, shining six- 
sided plates. It melts in a closed capillary tube 
at 315° (corr.) ; when heated in an oj^n tube it 
sulflimes and decomposes partially with forma- 
tion of the anhydride. It dissolves in 11 parts 




of water at 16'-5°. The taste is flrst 
sweet, then bitter (Fischer, Matsubara and Hi: 
pert, natural compound obtained 

from JDajnaus hdeus has [a]^^+28*2° in 20 p.c. 
hydcochlorio add (0*5 grm. in 10 c.c.) ; from 
XsilrfiMisaBw [a]J®+27*9°in20p.o,hydiwhioric 
‘Md (6*5012 grm. in 10 c.o.) (Schulze and 
WSntecstein, Zeitsch. physiol. Ghem. 1902, 35, 
^ The synthetic compound prepared by 

hydidlyd^ the formyl derivative has [a]^ 
^ in 20 p.o. hydrochloric acid, or [a]^ 

aqueous solution (Fischer, Matsu* 
Ism and Hlipcat, 2.c.). For the practically 
dsMttttetive scfMtfation of d-valin%ana d-alanine 
% ttiaattfuiiate orystallisation of valine as the 
" ^add aim of alanine as the ^^ho- 
ff. Levene and Slyhe { J. Biol Chem. 


soluble 1m *32 paks of md%l dcdiol at 18°. 
^ hydrochhride CJELipj»*MCAy smali pris- 
matio crystals readily soliilde in water or alcml» 
the ptatinichhnde is also readily soluble (^uhm 
and Barbieri, J. pr. Chem. 1883, 27, 337) ; the 
picrolonate has m.p. 170°-180°, and [a)|P+28^® 
(Levene and van Slyke, J. Biol. Chem. 1912, 12, 
127). 

Formyl d-voltne 

CHMe2CH(GOaH)NH*CHO 
obtained by the resolution of dZ-formyl-vaUne 
through the brucine salt, forms small prisms, 
sinters at 150° and melts at 156° (corr.), and 1^ 
[o]p*^+12‘8° to 13*27° in alcoholic solutic 
di-valine phenylcarhimide 

CHMe 2 CH(CO,H)NH*CO*NHPh 

forms small microscopic prisms, m.p. 147° (corrit 
with decomposition (Fischer, Matsubara and 
Hilpert, Ic.), m.p. 154° (Schulze and Winter.\ 
stein, Zeitsch. physiol. Chem. 1902, 35, 303),^ 
and yields the d-phenylisopropylhydantoin 

C,,Hi 40 ,N, 

on treatment with concentrated hydrochloric 
acid. This forms colourless thin prisms, m.p. 
131°-133° (corr.), and has 97*5° in alco- 

holic solution (Fischer, Matsubara and Hilpert, 
Ic.) ; m.p. 124° (Schulze and Winterstein, le.) ; 
chloroacetyl-d-valine 

CHaC^CO*NH•CHPr^•CO*H 
has m.p. 113°-115° (corr.) [a]|®+16*8°; g^yf-d* 
valine NH, CH, CO NH CHPr^*CO*H has m.p. 
254° (corr.), 19*7° in aqueous, —10*5° in 

hydrochloric acid or —6*9° in sodium hydrox^ 
solution ; it forms a crystalline hydrochloride 
and a copper salt. The hydrochloride of the 
methyl ester CgHjeOaNg-HCl is converted by 
methyl alcoholic ammonia into glycyhd-vaUme- 

anhydride CH,<^^^>CHPrP, in.p. 866* 

corr.), [a]p®+20*8° in glacial acetic, +32*7° in 
aqueous or +41° in alcoholic solution ; l-eolyf-d- 
valine GiDHgoOgN 2 ,llHgO becomes anhywus 
at 95°/12~15 mm. over phosphoric oxide; has 


ly m.p. 308° (o<MT.), and to —74° ; the 


hydrochloride of the methyl ester 3 rield 8 on treat- 
ment with methyl alcoholic ammonia the 


), nididi is < 


\rans-vaUne-anhffdride 

prisou.inj 
uukctiye.(S 
363, 136> 

i-Value is obtained by the lesohition ol tbe 
raoemio fcomyl derivative ibrongh the btooiiw 
salt (Fiscber. Matsubara Mod Hilpert, lx.) ; by 
the aotkm of ammonia on d-a-broanoMovalMt, 
acid (Pisdier Stabler, B«r. 1008, Al. 8891) 4 
and by the selective action of yeast on <8-v»imb 
Ehrl&h, Bioohem, Zritsob. 1808. BV 1908^ 
8,438). 

{-Jaline is acdidble in, 17*1 puts of 

'8^. in PA, •i|aBoas''s|A|(i«B4-. 
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ViSMlUPit 


o:dd« ViOtM fhe vanadium mttBoovite 
(Hiltelbraiid» Tamar and €^ke» Amar. J. SeL 
4^1) ; as Tanadate of ooppoTk 
]|aditm/aad caloinm in and as Tana* 

diiiBi snliddde V-Ss with snlphor, in paironile 
^Bffllehrand, ibid, 1907, \iv,] 141 ; Hewett» 

Eng, A Min* J. 1906, 82, 385 ; Trcuis. Amdr. 
Inst* Min. Eng. 1910, 40). See also Vanadium 
Ores [Monographs on Mineral Besonrces pre- 
pared nnder the direction of the Imperial Insti- 
tute, John Murray, London, 1924. 

vanadium is present in magnetites and in 
most other iron ores (Pope, dhem. Soo. Ahetr. 
1900, ii. ^9), and becomes concentrated in the 
residues from their treatment, especiallv by the 
l^omas-Gilchrist process. It is said to be 
diffused, with titamum, through all primitive 
granite rocks (Dieulafait ; Hillebrand, Amer. J. 
Sci. 1898, 6, 209 ; 7, 294), and has been found by 
Deville in bauosite, rutile, and many other 
minerals, and by Bechi and others in the ashes 
‘cd nlants and in argillaceous limestones, schists, 
jusa sands. Jorissen has iound vanadium in 
the ooal of Li4ge (Bull. Acad. Boy. Belg. 1905, 
178). Soaechi has observed its presence in 
Inomstations on the Vesuvian lava of 1631, and 
Donath has found as much as 0*16 p.c. of 
vanadio add in a sample of commercial caustic 
soda (Dingl. poly. J. 240, 318). It occurs in the 
sun and has b^n found in stony meteorites 
(Hasselbetg, Vetensk. Akad. Svenska. 1899, 56, 
131). 

JBxtraction , — Ammonium metavanadate was 
formerly prepared on a commercial scale by the 
Magnesium Metal Co. at Patricroft near Man- 
chester. 

The mineral employed was moUramite 
(PbCu),(V 04 )j, 2 PbCu(H 0 ) 2 , which occurs in 
the copper-TOaring Keuper beds at Alderley 
Edge and Mottram St. Andrew’s, in Cheshire, 
as a film on the grains of sandstone. The 
sand is digested in concentrated hydrochloric 
add^ and the acid liquid is withdrawn. The 
imliition, with the washing of the residue, is 
wsooentrated and evaporated with an excess 
|i( sonmonium chloride, forming ammonium 
laetavaiiadate, which, bdng insoluble in a con- 
ocMitfated solution of ammonium chloride, is 
‘ 4tate<L After being freed from copper and 
repeated crystdlisation, it is gently 
[ in a porcelain vessel, with production of 
vanadium pentoxide. This is suspended in 
water and suhiected to a current of ammonia 
gas, with formation of ammonium metavanadate, 
the eolation being separated from the silica, 
phosphates, Ac., which are not affected by am- 
nioiua,is (oystallised until fiee from phosphates, 
and gently ignited to produce pure vanadium 
pentoxide (e. Boscoe, Phil. Trans. 1867, 158,, 1 ). 

The chief ores from which vanadium is or ! 
may be derived are patronite, camotite, roscoe- 
vumdinite and asphaltite. T^ chief 
digits cl vanadium ores, mainly camotite, in 
m ITidted States ace in South-Eastern Utah and 
Western Colorado, but at present the only 
produced from native ore is obtained 
from camotite worked for its 
tHie prindpal sdhrce of snpply 
in Peru, where deposits occur at 
ab^t SO milee ^ tbe wrtk-wmt 
0 ds fhsco copper mines; hate 
fa the ooal deposihi is a 





Uadfc mln^ reaemblmgilat^ eoiiaiiii 

shodt /SO p.c. of free sulphur* mSx 40 p;e* 
vaaadmm sulphide (patronite).. After burniiig 
out the free sulphur die ore contains from 30 to 
52 |LC. of vanadium oxide (V|Of). !Dte 
asphaltite deposits of Peru frequently oontahi 
considerable amounts of vanaaium, the ash 
yielding from 25 to 40 p.o. of vanadinip oxlkto. 

Vaimdium ores are also worked in Kew 
Mexico, and camotite, roscoelite, and vanadinite 
deposits are found in Colorado, Utah, Nevada, 
Arizona, and Oklahoma, mainly for the pro* 
duction of ferro-vanadium and vanadium steel. 
Small quantities of vanadium are also ol 
from Aigentina (rafaetite), Chile (< 
South-West Africa (mottramite), and 
(vanadinite). 

Two consignments of 25 and 30 tons, 
tively, of vanadinite concentrate, av 
13 p.c. V 2 O 5 , from the Kaffir’s ICmll mine 
the Transvaal, constitute tbe first important 
shipment of this ore from the Union. \ . 

To extract it from vanadinite the mineral is\ 
fused with potassium nitrate, alone or mixed with 
sodium carbonate, the mass is lixiviated, and 
the solution acidified, or, better, evaporated 
with ammonium chloride in order to precipitate 
alumina and silica. Prom the clear solution 
barium chloride and ammonia precipitate the 
barium salts of vanadic, chromic, and molybdio 
acids, Ac., and on treating the product with 
sulphuric acid, followed by ammonia and j 
water, the vanadium goes 'into solution as ^ 
ammonium motavanadate, which is finally 
precipitated by the addition of ammonium 
chloride. Vanadic acid may also be separated 
from mixtures of sodium vanadate and sibcate by 
the addition of more vanadic acid. This precipi- 
tates the silica and leaves only fairly pure sodium 
vanadate in solution (Herrenschmidt, Compt. 
rend. 1904, 139, 862). 

Gin (Pfoc. Seventh Int. Cong. Appl. Cbem* 
London, 1909) smdts the vanadinite in the 
electric furnace with 6 p.c. of its weight of carbon, 
which is sufficient to reduce the base metals, 
leaving the vanadium in the slag in the form of 
tiioxide. The slag is pulverim and gently 
heated in a current of air until the tiiosade Is 
oxidiBed to tetroxide; at this stage sodhim 
carbonate and a little nitrate are added to com* 
plete the oxidation to vanadio anhydride ; the 
mass is then fused, cooled, pulverised and 
treated with boiling water, whiw dissfdves the 
sodium metavanadate together with the phos* . 
phate, silicate and alominate. The cofdMI ^ 
solution is treated with carbon dioxida to po* ; 
dpitate silica, and then ammonium ^ 

added and tbe solution concentmted" nnISl : 
ammonium metavmiadate is predpitafiSidL , *Tlds ' 
is washed, dried, again WMhea with wateir ^^ 
acidified with nitric a^ and calcined to chljhiipt T 
vanadic acid. When eteidric-f^^ 

Is inadmissibla, it may be replaced by / j! 

in a water-jaeket fumaoe^ la wUSh aass w ^ 
lead and cemper are separated, and tim shg Ik 
oxidised on tbe hearth ol aieverbcsatotgrfonum : 
and mixed with sodium carbonate ana nUnM ’ 
Or, alternatively, the vanadifstoasd^isaBlB^ 
with'sodium faiadphate in an i»m fw iM paai 
when the reaction ' * 

d on to pliites Of 

mi|is|M wilh wfttWlki 




1 *^ 



7aiUi»uk. m 

being tBtMdoMddvxiag iii»^timal Cilbeiiu Zait " 

ih* pnosM. Ibe oppper, rilnir, and axsenio ^ Soe. Oi^ Ind. 

\ «{l» aiM^pitatod feou ^ wMoa to hydn^etL: Aoeiiinang to WJte «nl Omuod Os^ Sda. r 
V wotoa^ aiid tihe ima aad ohiai. 16^1^198. 40; Oampt. trad. 0^^^ the 

■In tein a itoumed. Hu; actolkn sow ooatiuias dam proda^ anile aradd^ the Xhomee^Gih 
: Ito vmiMidiiiixi ia thd fena of ttdovanftdate, ohmt ]p 70 ce 6 B at the Greusat inmworkB oautadiii \ 

. widm ^ converted iato vanadium sulphide nearly 1*5 p.o. of vanadiamp tibe quantity of tiiat 
* neutralising dilate addp and the sulphioe metal thus ocmoentrated amounting to 60»000 
is converted into vmiadic add by roasting kilos (nearly 59 tons) annually. ^Siey reoom* 

(Je Soo. Chem. Ind. 1911, 50, 218). mend the following process lor the si^Mradon : 

Vanadium can be separated from arsenic or 1 kilo of the rongMy broken dag is treated with 
phosfdioros^ by precipitation of vanadio add a quantity of hydrochloric add insnffident to 
nom an addined vanadate solution. A vana- attack the whole (about 1 litre of add of 21^-« 
dinite concentrate containing 10*24 p.c. VfO>, 22^B4.) without stirring, 3 litres of water being 
0*28 p.c. As, and 0*27 p.o. r, wm fused with adde^ and the whole remaining at rest for 
sodium carbonate, sodium hydroxide, and char* 2 days. The solution, having a Bp.gr. of about 
coal. ^ The lead present was reduced to the 27^B6. at 36% is decanted ai^ dilut^ to Ib^BAf 
metallic state and the slag extracted with hot and the silica is removed. The solution contains 
water. After acidifying with sulphuric acid the the vanadium in the hypovanadio condition, and 
, solution was boiled with live steam for several may be used at once for the production of Mrflipft 
hours. A 97 p.c. recovery of vanadio acid free black. If it is desired to produce hypovana* 
from arsenic and phosphorus was obtained (H. die phosphate, the solution is nearly neutralised 
A* Doerner, J. Ind. Eng. Chem. 1923, 15, 1014 ; and about 250 o.c. of saturated ammonium 
J. Soc. Chem. Ind. 19^, 42, 1182 A.). acetate solution is added. Tilie blukh-grey 

Determination of phoepkoma in vanadium precipitate produced, containing phosphates of 
ofSS.<*-*'Fr6oipitation oi the phosphorus as am- iron, aluminium, and vanadium, is re-dissolved 
monium phosphomolybdate from a solution and again treat^ with ammonium acetate, the 
oontaipihg relatively large quantities of vanadio precipitate containing about 20 p.o. of vana^um. 
add yielda an orange-brown predpitate which lithe slag contains less than 1 -5 p.o. of vana* 
contains considerable amounts of vanadic acid, dium, the hydrochloric add solution is neutnd* 

The method recommended by Treadwell (Kiirzes, ised by the addition of a further quantity of 
l>hrbuch der Analytischen Chemie, 6th ed.), findy-powdeied slag. The solution becomes 
involving previous inaction of vanadio acid to colourless, and a greyish granular predpitate 
vanadyl sulphate, is also unsatisfactory for separates, containing the whole of the vanadSmii 
deteixnining small quantities of phosphorus in and smaller proportions of the other less soluble 
vanadium ores ; tne predpitato is neenish- phosphates. The precipitate is re-dissolved a^ 
yellow, and the results are too high, llie most re-predpitated as before. For the preparation of 
satisfactory of several procedures tested was ammonium metavanadate, the j^osphatio pra* 
found to be the following : 10 grms, of finely- dpitate is roasted at indpient redness, and ^ 
divided ore is dissolved in 75 o.c. of hydrochlorio ocnreous-yellow mass of impure pentoiidde Is 
acid and 25 o.o. of water, and the solution is dissolved with the aid of ammonia, boiled tmtil 
oxidised with nitric acid and evaporated with oolomless and filtered, the ammonium metaviHia* 

30 0.0. of sulphuric add (1 : 1) until strong, white date being predpitat^ W the addition of exoesc 
fumes are evolved. The cold mass is dissolved of ammonium duoride. 1mm 4 kiloB. of dagemi* ' ^ 
in 100 o«c. of water, and the sand and lead taining 1*5 p.o. of vanadhim, about 2W gnus, 
sulphate are removed by filtration. To the of ammonium metavanadate may be pirodiioed* 
filtiate 50 o.c. of strong nitric acid and 1 grm. of It is a colourless transparent sal^ or white 
fine tin powder are added, and the mixture is powder, difficultly soluble m water, insoluble in 
sh atam tul the latter has dissolved, then set a oonoentrated solution of ammonium cUoride 
aside overnic^t in a hot place. The Imuid is and in ether. It was formerly used, in omijuBC* 

. diluted with 400 o.o. of hot water and mteiedL tion with sodium ohloiate, as an oxn;ea*carrier 
The nrediitate is heated in a nickel crucible, in the formation of the finest aniline fiaek; <mty 
And the residue fused with 5 grms. of fi^tassium an extremely Small quantity of the salt being: 
cyanide, which reduces tin and arsenio to the required for a large amount of aniline. 

form. The fused mass is dissolved in Spiter attempted (1896) to employ the aahV, 
V1wat<Br«tliaid[ution filtered, and of an anthracite from Yaidi (Peru) oontahiiiig 

. h^ydroohlorio acid to expel all hydrocyanic 28 p.o. of vanadium, but was unsuocesriul. 
a^ is transferred to a gi^uated flask, ^m minerals in which it occult witti,' 

uxamum, vamidfem inay be fudxaqttd 

colour with uranium acetate, with potassiam hydrogen midi^te^ lildWttl£ag ^ 

' dilated to 500 c.o. 450 0 . 0 . is filtered the mass and oonoeotrating &e sdutiQ!!i lihuft 

a dty paper, treated with a aoluti obtained. The solution fermccdtriditi^ 
an ataainium mt oontaining about 0*1 grm. of tiie vanadium precipitated tdth gnm^nia^l^ 
then with a slif^t excess of ammonia, ammonium omrbonate (Gin. ^ 

which oontains idl the phos- 1906, 13, 119). 
ia colleoted, washed free from Haynes states (Miaiei and |Bne>a>i» 

Mndie -tad feRoeyMiide» and dissolved in 13^ that vanadium it ea^oaeted 
The toltttion is evaporated In W6ttOdQiado,tydiBMlvfam 
KMerauM uba^ ind the flteate is evaporated and vanadium with hot aodinm oadhMiMa ' 

to expel chkoiiie compounds, solution, peedpiiating the utaniiiin with catilfi , ^ 
eveotnalty praotpitaited soda, and thxunri^ down the vanndbm iA 
end ditirnmtd''in the aptimr liquev as eaMup 





TANASim 


dbd 8«ek«r and So!ilmidt» 8oo« Chom. liid. 
|»16. «5, 175. 

¥kA and Haldana leoonuaend that the 
‘ m m tieated with 15*20 p.c. salphuik 
: / the add liauid neutralised by the addition 

Imh ore, ana the clear solution fractionally 
peedpitated with limestone, whereby a complex 
' adxtmr rich in vanadium, is obtained, m>m 
\ vdudi element may be extracted by an;y 
ordinary method (U.S. Pat. 880752). 

Tt IS probable that in future American 
oamotite ore will for the most part be delivered to 
the reduction works as concentrates. The mos 
usual process for dealing with these is as follows 
They are first boiled in autoclaves with soda ash 
and water, with stirring, for 6*10 hours. This 
converts radium and barium salts into the 
carbonates, 90 p.c. of the uranium present 
into sodium uranyl carbonate, and ^ p.c. 
of the vanadium into sodium vanadate. The 
treated concentrate is settled, decanted, filter- 
, pressed, and washed free from sulphate. The 
ffltrate and washings contain the uranium and 
vanadium salts and are evaporated. The cake 
is acidified with hydrochloric acid and boiled, 
pressed in wooden filters, and washed. The 
cake is discarded. The filtrate contains radium 
and vanadium, and the former is precipitated 
as radium barium sulphate and removed on 
vacuum filters. The cake is washed and boiled 
with soda ash, caustic soda and water, the 
resultiiig carbonates are pressed and washed, 
converted into chlorides, and are then ready 
for fmctional crystallisation. The utmost care 
must be taken "against contamination by sul 
phates during the stages of this process. The 
uranium is separated from vanadium by crystal- 
lisation as 8<^um uranyl carbonate, dissolved 
in water, acidified, and boiled. Any vanadium 
present is removed by addition of a small 
quantity of ferrous sulphate, and the uranium 
precipitated as ammonium uranate. The vana- 
dium in the acid solution from the barium 
radium sulphate precipitation is precipitated 
with liiiie,*and the calcium vanadate added to 
the solutira remaining from the sodium uranyl 
carbonate crystallisation, and the whole boiled 
with sodium carbonate and a small quantity 
of manganese dioxide. The solution, con- 
takimg 95*98 p.c. of the vanadium, is ^tered, 

^ almost neutralised with sulphuric acid, and 
freed from jdio^hate by predpitation with 
•oditnii aimuiBate. The solution is concen- 
tmted and vanadic add juedpitated by boilmg 
with a dij^t excess of amphoric add. By this 
inocest a minimum yield of 80 p.o. of each 
i^roduct is obtained fiinm eamotite (K. B, Thews 
and F, J. H^le, J. Ind. Eng. Ch^ 1923, 15, 
1159*1161 ; jr. Soc. Chem. Ind. 1924, 43, 55 B). 

PrtpartUMm of tMtallic vamdiufn. — ^Rosooe 
gave two methods for the pteparation of t^ 

, m^A; <o) the reduction of vanadium nitride 
; i^ydrogen, which never gives a pure product ; 
mm Jh) tim reduction of anhydrous, oxygen- 
ftee vanadium chloride in dry hydrogen. Few 
* ”>8 time the latter method was the only one 
the pure metal cow be 
obfeahmd {«. Boscoe and Schorlenuner, Treatise 
but it can be also pmaied by 
^ ^»6aaahim pentoxw with 


ol timia (Wems and Ak^, Annulen , 196(1, 4B7, 

is idaotd in a magnesia crucible and imd { the 
beat of reaotibn is suffident to mdlt the xeduesd 
metal, whidi is afterwards found as a ccmpact 
mass in the crucible (Muthmann, Weiss and 
fiiedelbauoh, ibid. 1907, 355, 58). 

It was formerly supposed that Gbldsohmidt*# 
aluminium reduction method would not give 
pure vanadium from the pentoxide (Koppel and 
ICaufmann, Zeitsch. anorg. CShem. 1901^ 45, 

352), but under certain conditiems Vogel and 

Tammann have, by this method, obtained a 
rogulus containing 99 p.c. vanadium, withia 
little silicon and aluminium {ibid. 1909, 

225). . , \ 

According to Buff and Martin (ZeitiKi|i. 
angew. Chem. 1912, 25, 49), vanadium trio 
molting at about 2000^^, gives better results 
the pentoxide 

Reduction of the oxide with metallic calcium 
according to Muthmann’s method, gives 
product containii^ only 91-93 p.c. of vanadium. ' 
A purer regulus is obtained by reducing with a 
mixture of calcium and aluminium (Frandtl and 
Bleyer, ibid. 1909, 64, 217). 

Vanadium produced by the reduction of the 
pentoxide in the electric furnace contains 
10-25 p.c. of carl)on and consists chiefly of 
vanadium carbide VC, a silvery- white, highly 
crystalline and extremely hard substance of 
sp.gr. 5*405 and m.p. 2705^ A product con- 
taining less carbon can be obtained by con- 
ducting the operation in an atmosphere of 
hydrogen (Moissan, Compt. rend. 116, 1225 ; 
122, 1297 ; Zeitsch. anorg. Chem. 14, 174). 

The pure metal can a&K> be obtained the 
electndysis of a solution of sodium vanadate ixk 
hydrochloric acid, using carbon electrodes and 
a' current density of 0%l6-9*020 amp. per sq, 
m., and maintaining the temperature about 
80'’ (Cowper-Coleit, Eng. and Mm. J. 07, 744 ; 
von Bolton, Zeitsch. Elidrtrochem. 1905, 11, 
45). 

On the small scale it can be obtained bv pass* 
ing a mixture of hydrogen and vanadyl eh&ida 
vapour over incandescent platinum wire, wtum 
metallic vanadium is deposited as a silver- 
grey coating, or ty passing the ohlonde over 
sodium hydride. The reduction of vanadiuixi 
trichloride with sodium yields a product cott- 
aining abewt 96 p.c. of meial and of 5*$t9* 

Propria . — ^Pure vanadium is a silvui^wUls 
metal, similar in ajqicaraiioe to cast kSni, Md 

X rilises in hexagonal iliombohsdi% 

dements of its joonp* Its hifdiniSS‘ Is 
‘^*5 on Mohr's soak, and it is as brittk ai |diss«^ 
ts 8p.gr. ia 5*688 at 18*7 (sp«r. 5*5 at U^, 
Roscoe), and its specific heat is 0*124 
nd Monnet, Com^ rend. 134, 542 ; Mulluiiiiinf 
Weiss and Bieddbaudi, Lc.), tfewnwltiy 

he atomic heat to be 6*4, costSitns tbs uIdpUto 
wekbt of 51. Heat of eombusMoft A t 
(to^Og) is 2456 cals. 

The melting-point i» vwy liigh. Wt 
given \iy varione invHrtintoit am aoi 
meat. Werner von BoKou. wte Hkm M w W ’ 
mefarie metiiod of Lnanaer. ImniS ffWtlW mIO^. 
Togel end Twninn itv* 1* m ITUf., 

%kaeL Mine. ChM Uia UTr i 

itmbk 1715*. Ikn mm apaa r 




m liii^ tmgsu^ tbo tlu> OAtdlte to ^ ait, Ifo nin d tUs ' 

IxioMa 4)xiiildlkaVd.l>e6tii»Bi)ax6d« ' 

^ It i« fliftbb ia jimM w dQr air M fillitflUiraMite , 

foVA^ niidboe setaini its obtaliiadMalaitixmgreyioM 
lustvelc^irecjca. lifriinaotedapo&l^teoinlfie high^ oxktos inih metaUks or by 

watei aqu^ug alkali aolntioiui, hydrodiloric passing the Tappvtr rf vanadyl triohiorl^ wiA 
aoidt or .oold aiiiphiiiie a<^. It is dissohred by hydiotten Over iied^hot oarboiu or by heating 
hydxodnorio acid or hot snl|diTxrio acid forming the solid oxychloride VOd to a red heat in 
groan aolntioDfl^ and ia attacked by nitric acid or hydrogen* lx haj> 8p«gr« 3*64^ is brittle 
Mtaregia^ Melted potash or sutpetre rapidly conducts electricity. At a red heat it bums hi 
disBolre the metal with formation of an alkali air to form the trioxide^ and it combines directly 
vanadate. Metallic vanadium reduces solution with chlorine to form the oxytrieldoride. Thu 
of mercuric chloride and bromide, cnpric oxide was supposed by Berzelius to bo the 
chlorido and bromide, and ferric ohloridb to the metal. It is a black amorphous powder 
lowmr haloid salts, and it predpitates the metal 6*758. 

from wlutioiu of auric chloride, silver nitrate. Vanadium monoxide dissolves in acids to 
platinic chloride, iri^nm tetrachloride, &c. form the corresponding salts, which have a blue 
AUoys of vanadium can be pteparod in the or violet colour and act as powerful xedtidng 
eleotrio furnace by the reduction of the pentoxide agents. The solution in hydxocMoric aoid has 
in presence of a second metal or its oxide been suggested as a reagent for the removal of 
( Moi ssan, Compt. rend. 1896, 122, 1297). By arsenic tom hydrochloric acid gas in the ptooesi 
fusing vanadio acid with aluminium in the of manufacture, the arsenic being rediu^ed to 
necessary proportions, Ozako (Compt. rend, the free state and remaining suspended in tlto 
1913, 156, 140) has prepared alloys of aluminium liquid (D. R. P. 164355). 
and vanadium, and nas isolMed crystals of Vanadium t^xide V^O,, obtained to reduc- 
Al^V and ^V. The hardness of the alloys ing the pentoxide with hydrogen or carM>n at a 
increases with the vanadium content up to red heat, is a black powder of sp.gr. 4*7, m.p. 

60 p.c., after which it dimii^hes. The chief 2000®. Heat of formation 302i*10 cal. (Rim 
industri^ use of vanadium is in the preparation and Friedrich). In air it oxidises, slowly at the 
of special steels, which are largely used for ordinary temperature, quickly when heated, 
motor-car work; it is introduced into the forming the dioxide V2O4. It is insoluble in 
molten steel as ferro^vanadium^ an alloy pre- most acids. 

psured by eleotric-furnace methods. The addi- Vanadium dioxide VfO| or VO^ is prepared 
tion of 0*l-^*25 p.o. of vanadium to chromium, by the oxidation of the trioxide or by the 
manganese, or other open-hearth or crucible partial reduction of the pentoxide. It is a steel«> 
steels greatly increases the elastic limit and the coloured powder composed of dark indigo^ 
ultimate tensile stress without reducing the coloured crystals. It dissolves ,ia acads io 
ductility (J. Kent Smith, J. Soc. Chem. Ind. form solutions of vanadyl salts of a bri^t Uue 
1996, 291 ; ef, Auchy, J. Ind. and Eng. Chem. oobur, and in alkalis to form vemadma 
1909, 1, . A hydnie, V,04,7H,0, or V,0,(0H)4,6B[j0, is 

Ck>lloidal solutions of vanadium have been obtained as a greyish-white preripitate by adding 
prepai^ by Svedborg (Ber. 1906, 39, 1712), sodium carbonate to a solution of a vauad^ 
Aoocoding to Prandtl and Hess (Zeitsoh. salt. At 100® it loses 4 molecules of water, 
anoxg. €£em. 1913, 82, 103) they are best oh- forming V|04,3HtO. 

tained tom the solutions of the vanadic esters, Hypovanadic acid (mnadioua apid) H4V4O4 
especi^ly (erf. butyl orthovanadate, as the has toen prepared by boiling a sohit^ of the 
abohol is easily removed to boiling, Riedel dioxide vO* in aqueous sulphurous arid, it is 
(Cham. Zentr. 1914, i. 1738) found that to- a pink crystalline powder (Gain, Compt. remjL 
amyl orthQvanadate (CsH^J.VOi, b.p. 161®/19 1906, 143, 823 ; see also ibid. 1154), and ean 
mm. is the moat oonvement ester. This is exist in a green isomeric form (Gain, ibid. 1907, 
UM in water until a homogeneous dark red 146, 403 ; Ann. CSiim. 1908, [viii,] 14, 234). 
sdutlDo Is obtained. Alter removing the The salts in which VO, ia the acidie oxmaave 

amyleim hydrate by ether the daen red rolut^^^ derived tom the partial akydridreH^VA^^^ 
eontaiiis about 8 p.c. vanadio acid. H1V4O,. 

Pofeisstoii and sodrem uBuodifes 

and Ka,V40t4H^ 

are prepared by adding exoees of eauilis ilUi 
to a solution of vanadyl sulphate or tUorids 
(v. Koppel and Goldmann, Zeitaoh. ancu. Cbem. 

1903, 36, 281). They form ndmkismm 
crystalline scales and dumve ia watar to dkdc« 
bro wn aolutions. 

VaosOm imtsdto V.O| k (lift fittil 
of mort omiuwiakl pcwwMM 
of TMudtom kom ito ono. Tko jmn «iiA» k. 
oenprepareaitycieocisBpqBiiig vaiMNiiiQieaioiiQe-' 
irito mtov tom tkii^ tito pndbk, to Iw tik 
dooaUMkkon of Mnaonkm I 

' (IktioMB. «»— Zak. iMli IB 'ISfil i 
Ako cMf.- UMk 

;«l fcitotokn 


OxiDU ov VAir.]>nw. 

Thwe aw five oxidM of Taaadimil, aaalogoin 
Jio Iks oikhw of nttrogea-- 
^toiMliiiiia soboxide, y,0 ; 

HW M Mxide, htmovtoiadiomi oxido, 

. VA; 

n aeaqnioxide or trioxide, V.Oi : 

'V 4toxide, hypoTenatke oxide, 

.... V,04{V0.h 

.. ; 'pe nto xide , Taaedk anbydride, V,(>|. 

jOtb kek ene of theee aot aa faaak oxidee, 
Mdli Vito aride; the kri kro L«hai« 
ibjrib.tt mttk cncUae end aoid>fanidBg 









Zeikld^ 111019. 

irmfedinm j^tozide ixxam large rhombk 
jdiBiB, of 1 fioo ral^-red colour by tmosmitted 
of 8 p.n. soluble in about 1000 parts 
• m irateor with formation of a yellowidi, tasteless 
; sohdiim whidi reddens litmus ; this appears to 
: ^ 1 qoUoidal modification of vanadio acid. At 
9^^ (Oanielley) it fuses, forming a red liquid, 
which reorystallises in needles, with incan- 
'deseenoe, on cooling. TVhen the molten add 
isjpoused into water it yields a solution of the 
colloidal modification (Miiller, Zeitsdi. Chem. 
Ind. KoUoide, 1911, 8 , 302). 

When prepared by heating ammonium 
metavanadate, treating the residue with nitric 
add and drying at a gentle heat, it is a yellow, 
hygroscopic powder which forms hy^ates with 
1 , 2 , and 8 molecules of water, and is soluble in 
water to the extent of 8 parts in 1000. When 
the oxide is heated at 440**, or fused, two different 
sparingly soluble modifications are formed 
(l>itte, Compt. rend. 1885, 101 , 698). 

The propertieB of colloidal yanadium pent- 
oxide have been studied by Dumanski ( J. Buss. 
Phys. Chem. Soo. 1924, 54 703; Chem. Soc. 
Abstr. 1924, ii, 195). 

Vanadium pentoxide is reduced to V 2 O 4 by 
tile action of SO|, or by evaporation with hydro- 
chloric acid or hydriodic acid in absence of air ; 
to V| 0 , by magnesium and hydrochloric acid, 
or by hydrogen in the dry way ; to VjO, by 
zinc and hydrochloric acid (Glasmaiiu, ^r. 
1905, 38, 600; Chapman, Analyst, 1907, 32, 
250] ; or by shaking with mercury in presence 
of sulphuric or hydrochloric acid : 

2Hy0,+2H8+8H,S04-2y0S04+HgtS04+4Ha0 
If a sufficiency of sodium chloride is present the 
whole of the mercury is precipitated as mercurous 
chloride, and a blue solution is obtained which 
may be quantitatively titrated with per- 
manganate: 

10VQSO4+2KMnO4+ 12 H ,0 

«10HVOa+K,SO4+2MnSO4+7H,SO4 
(McGay and Anderson, J. Amer. Chem. Soc. 
1922; 44, 1018). The determination of vana- 
dium reduction with hydrogen peroxide and 
titration with permanganate has been studied 

S r Hothersall (J. Soo. Chem. In<L 1924, 43, 
0 T, 853 B). Vanadic acid volatilises with 
hydrochloric acid or to a slight extent when 
heated with alkaline chlorides. 

3%e pentoxide was former^ used in the 
prejNttation of aniline black, 9 Jod it acts as a 
cante of oxy|;en in many zeaotionB, e.g. the 
efaotro^rtio ozidatkm of organic oompoura in 
add solution {Mdster, Lucius and Bruning, 
R 1726M), and the oxidation of sugar 
to o|Mb add or of stannous to stannio chlome 
& Ifoeser and Lindmibaum, J, pr. Chem. 
JE}76,146; D.B.P. 183022). 

Mine analysis of oommerdal vanadic acid, 
ssDsau { 8 th Internat. Cong. AppL Chem. 
Vl^ 1, 123 ; J. Soc. Ck^m. Ind. 1912, 31, 921). 

The Fonodte Adda and thdr Salta, 
^Mhoraaodte add H,V 04 has not been pro- 


JMsmasdie aeuf HVO, may be obtained 
by boiling oopper metavanadaCe with aqueous 

wdpinttoiwacBf AntixtuseolbrownaDdyillow 


is '^ESt' proAicdl* th^ 

dit^Mi ocmttouad Ikdl^ wfllt 4^^ 
stt^utousaidd. The lemaixda^F^^ 
consiBi of metavanadio add. The idd wmj; 
also be prepared by addition d a sblntiqa m 
ammonium metavanadate to one of eewpto 
sulphate containing excess of amsmmm 
chloride, rmtil a permanent precipitate is 
duoed, and heating for a few nours at 75*, The 
whole of the vanadium is slowly prroipitaied, , 
the colour being finer when piedpitation is dow 
(Gerland, Ber. 1876, 9, 874). Metavanadio add 
torms brilliant golden or orange-coloured scales, 
which are used as a pigment in place of gold 
bronze under the name * vanadium bronze.’ • 
Pyrovanadic acid H 4 V 4 O 7 , prepared by tip 
action of nitric acid on an add vanadate, is ^ 
brown precipitate which when air-dried has * ‘ 
above composition (von Hauer, v.i.). 

Hexavanadic add H 4 V 4 O 17 , formed when 4 
solution of pervanadic acid is allowed to standi 
is known only in solution (Dullberg, Zeitsohi 
physikal. Chem. 1903, 45, 170). \ 

The following sodium vanadates are known, ^ 
and may be taken as typical of the vanadates 
in general — 

Sodium metavanadate, NaVO^ ; 

„ orthovanadate, Na|V 04 ; 

9 > pyrovanadate, NaiV.Of ; 

„ tetravanadate, NasHV|Oi 7 ; 

„ hexavanadate, Na 2 H 4 y 40|7 

(r. also von Hauer, J. pr. Chem. 1856, 69, 385 ; 

1859, 76, 156 and 929 ; 1860, 80, 324 ; Gamelley, 
Chem. Trans. 1873, 323). In solution the 

meiavanadates are most stable, and the ortho* 
vanadates least stable, the pyrovanadatas being 
intermediate. This is the reverse of the brder 
of stability of the phosphates. At high tempera- 
tures orthovanadates are the most stable salts, 
being produced, e.g., by fusing alkali carbonates 
with vanadium pentoxide. The dlkaU pyra* 
vanadaUs, prepam by fusing the pentoxtib 
with excess of alkali carbonate and orystallisiBg 
from water, are soluble, w'hilst the pyrovauadatos 
of heavy metals are mostlv insolum^ 

The aUoaU fndavanadaies are obtained by 
boiling a solution of alkali carbonate with w 
pentoxide, and are cdourless salts whMi ghp 
yellowish-red anhydro-salts on treatment with 
acid. The metavanadates of heavier metals see 
usually yellow. Pore silver metovifiidate is 
precipitated on addition of stiver nitrate to 4 
neutral solution of an alkali vanadate (Browiting 
and Palmer, Amer. J. Bol. 1910, 30, SMQ. . 

A test which distioguitiiei between 
and meta* vanadates draeiids on the ootonr of 
the oopper salts of the amds which are IdnagtotCi 
and li^t yellow fet^tivdy. . < 

A series of double staiinatei and wsnadtitol^ 
of sodium has been described tv Fiaodtl and. 
Rosenthal (Ber. 1907, 40, 2125). Mnsd alhatt 
tungstates and vanadates by Prirndtiaid |bskh 
(ZeitsclL anoig. Chem. 1815, H, lOi^ Beteiw* 
polyvanadates have a3m> been ' 

Rosenheim and Piadc (ZeUseh. anoim flhsii. 
1916,88,228). 

By introdiudiig vaaadhtm nenloatfsJ^^ 
boiliim aqueons solntton o< iefc 



V^AiblDX. 


r)ris»iQri«cb«A»ae 

lutd BiOi^VgOgtPgDj^BfO (Booeiilialm and 
Yaiig/Zdtooh. ddiOfgvC9i^ 192S, 129, 181; 
<!bmu Soo* Atetr. 1924, 126, ii, 54 ). 

A niunber of molyMaao^Taiiadates molt as 
4K*0,4MoOg,3V,Og,7H,0 and 

8Kg0,6Mo0g,2V*0*,7H,0 

have heen prepaied (Caoneri, Gazz. chim. ital. 
1923« 53, 7^ ; J. Chem. 8 oc. Abstr. 1924, 126, 
i, 118). 

Ammmkm metavanadate NHiVOg is the 
most important salt of vanadio acid. It may 
be prepaSred by dissolving vanadium pentoxide 
in excess of aqueous ammonia and then, by 
evaporation or by adding alcohol or excess of 
ammonium chloride, it is thrown out of solution 
as a white orystallino powder. 

Pure ammonium metavanadate {d 2*326) is 
prepared by saturatmg with ammonia moist 
vaiUMlium pentoxide and crystallising from a 
very dilute ammonia solution. One hundred 
parts of water dissolve 5*18 parts of the salt at 
15° and 10*4 parts at 32° ; it is only slightly 
soluble in hot alcohol and in ether, l^en 
heated in a vacuum to I35°-210°, the salt yields 
anhydrous ammonium trivanadate ; above 
210 % lower oxides of vanadium are formed. 
On boiling an aqueous solution, soluble am* 
monium mvanadate and the insoluble tri- 
vanadate are formed. By the action of 4 p.c. 
aoetie acid on boiling solutions of ammonium 
metavanadate, the divanadate 

2VgOg(NH4)tO,3HgO 

Is obtidned, which on desiccation loses 2 HgO. 
TTee of 10 p.c. acid gives the trivanadate 
3V|Og(NH«)gO,2HgO (d 2*694), desiccation of 
which gives an anhydrous red salt (d 2*163). 
The previously de^ribed yellow s^ydrous 
trivaiiidate has d 3*029. When the acetic acid 
Is spaced by nitric, hydrochloric, or sulphuric 
adidt indefinite acid ammonium vanadates are 
foinied, the composition varying with the oon- 
essiMtioii of tlm acid addi^ With a laige 
exeess of h 3 rdroohloric acid, reducticm of the 
vanadate also takes place (M. Lachartre, BuU. 
Sec, drim. 1924, [iv.] 35, 321 ; Cbem. Boo. 
Abstr. 1924, 126, ii, 409). 

A 'vaufufium ink* is produced by the 
ad d i ito i of gallic add to a mixture of neutral 
amhmidm metavanadate and This 

I fade la not destroyed by adds, aOmUs, or dbbruie 

Soeienaen 

^;.(^5«8oe«C)iem 1, 185)iecommeiid8theu8eof 

: AioldHbu of 1 lb. imut^ 
me jb 10 gats, of water for producing a peima- 
cfare on leather which has been 

A * drier * fair linseed oil may be prepared by 
' amonium fiietavanadate with rosin or 
^ dil. Vanadium is said to be superior 

TJWpMfteV' tifiMiaaji— it OT CObalt. 

- *0 Chednor (Giro. 149, Pdnt Manu. 
L, 17.&, Apra, 1922) the time of 
* oil stoeaiti^ wlui vgnadiiim 
faeom that of oil 


Arfsmdis aM HVOg, prepared b^ sddifag 
finely powdesed vanadium pentoxide to a sedu* 
tbn of IndoEpen peroxide addified wftih sid- 
phuric.asld, mnus yellow crystals solulde fai. 
watsr, giving a deep-red solution (Wdrther, J. 
pr. Che^ 1861, 83, 195 ; Pissaqewricy, SSefaxch, 
physikal. Chem. 1 ^, 43, 173). The pofasaiim 
eaU KVO 4 fonns a vellow miorocrjvtiiilm 
civitate Iwt «■!.» Mdikoff and ffMariswakv* 
ZMtech. anoig. Cham. 1809, 19, 594i^iw. 
iewsky, i&td. 1903, 32, 341; ICelikoil and 
Kasanezky, ibid. 1901, 28, 242; Mdikoff mid 
Jelhohaninofi, Ber. 1909, 42, 2291 ; Auger, 
Oompt. rend. 1921, 172, 1355). 

Fanodtsdeatous acid 3VgOg*4SeOt,4HgO and 
its salts have been describe by Pmndtl (Ber; 
1905, 38, 1305). 

Vanadium trifiuoride VFs,3HgO r^ialtiBee 
in dark-green octahedra from a solution of the 
trioride in hydrofluoric add. Addition of 
potassium fluoride precipitates the doMe 
poiaeeiim eaU 2 KF*yFs,H 20 as a bright green 
crystalline powder. 

Vanadium tetrafluoride VF 4 , a brownish- 
yellow hygmcopic powder, deliquescing to a 
blue liquid, is pr^uow by the action of hydrogen 
fluoride on the tetrachloride. 

Vanadyl dlfluoride VOF, is prepared by heat- 
ing vanadyl dibromide in a current of hydrogen 
fluoride. It is a yellow powder of Bp.gr, 3*396 
at 19°. 

Vanadyl trlfluoride VOE, is formed by the 
action of hydrogen fluoride on vanadyl txi- . 
chloride. It forms yellowish-white hygroscopic 
crusts of sp.gr. 2*459, deliquesdiig to a hrowiush* 
yellow solution. Melts at 300° and bmls at 
480°. May be sublimed in a current of oxygen. 

Vanadium pentafluorlde VF 4 , obtained as a 
white sublimate by heating the tetrafluoride m 
nitrogen. Is readily soluble in water, aloohol, 
chlox^orm, acetone and li^t petnfleam. 
Sp.gr. 2*177; b.p. lll*2°/758 min (Buff and 
licHett, Ber. 1911, 44, 2539). 

Numerous double fluorides have been de« 
scribed (see Petersen, J. pr. Chem. 1889, [U.] 40» 
193, 271 ; Piocini and Gioigis, Gazz. chim. ibd. 
1888, 18, 186; Baker, ibiA 1878, 388; Oostg^ 
chesou, Ann. 1^. Univ. Jassy, 1910, 6, 117). 

Vanadium tetraeUorMe VC34 is forined 1^ the 
action of excess of chlorine on the metal or 
the mononitride. It is prepared , 
the vapour of vanadyl triehloside wit 
over xM-hot sugar charcoal, or by the setion of 
chlorine on the impure metal obtofaied by Gciii*' 
0 dunuit *8 method (Koppd, Ctofahugim 
Kaulmann, Zeitsoh. anorg. Chenu I90S» 41^ 94% 
and is separated from admixed oiyciuksridi 
faactionaf distillation. It k teadfl|y oIriaiM 
by the action of chlorine on finely p owd e t e d 
vanadium carbide. Itkbeat pvepamdby hm^ 
ing the trichloride in a stream of ehknine (Buff 
and LioUett, Ber. 1911, 44, 506), ear by paming 
oUorine over heated fea^vMadibm^ 

Pev+7ci«iwa4+vca* > t 

(Mertoa, J. Amer. Chem. 800 . 1913, 3A 671). 
Heat of formation 166d:4 OaL 

It k a deep brown-red, vkoous UniA wfakh 
fumes in air. It bo& at 154% and idmn h^alfad 
or nxftmei to lUit ioaas cUoxxiie, ionniai:^ 
tekUadda (eAf. It has Agr. ^l* 6 flM 
VJ>. S*69 al CBT. * ^ 




m vjoojmm. 


uritli lotiifefttiaB of a \Av» of Tazii^T! 

fModcbt It Ib acdol]le in caxbon tetraoihloiide* 
The pentoddoride doea not a|>pear to eaiE^. 
Vwriilim tildlloiMo YCL is obtainod hy tbe 
decoauposition of the tetraohloride* by passiog 
^ vapour of the tetrachloride with nydrogeo 
through a red-hot tube, or by heating the 
^iBol^de in chlorine (Halberstadt, Ber. 18^, 
. IS, 1619). It is prepared by passing first the 
vapour of carbon disulphide and then dry 
chlorine over heated vanadium pentozide, or 
more easily by heating vanadyl trichloride or 
vanadium tetrachloride with sulphur (Ruff and 
Lickfett, Le»). Hydrogen chloride reacts at 
800^-4(X)^ with vanadium to give the trichloride 
(Meyer and Baoka, Zeitsch* aiforg. Ohem. 1924, 
136, 177). Heat of formation 187d:8 Cal. 

The trichloride thus obtained forms beautifu! 
pmple tabular crystals, resembling chromium 
trichloride. HeatM in air, it decomposes 
yielding the pentoxide. Heated in nitrogen 
it is ckoomp^ed into the tetrachloride and 
"""didikiiride. When heated in hydrogen it does 
not volatilise, but is reduced to the dichloride. 
Ita ^.gr. is 3*0, and it is extremely hygroscopic. 

Ijie hydrat^ salt VClajGHjO is obtained by 
evaTOrating in vaeud a solution of the trioxide 
in nydrochloric acid (Locke and Edwards, 
Amer. Chem. J. 1898, 20, 594), or by reducing 
eleetrolytically a solution of the pentoxide in 
hydrochloric acid and saturating the resulting 
action with hydrogen chloride (Piccini and 
Brizzi, Zeitsch. anorg. Chem. 1899, 19, 394). It 
is a green crystalline powder, and when heated 
b^ins to decompose before all the water has 
be^ driven off. 

Vanadium dichloride VClg is prepared by 
reducing the trichloride, by heating to redness 
a mixtim of the tetrachloride and hydrogen, or 
by heating the silicide VSis in chlorine (Moissan 
and Holt, Oompt. rend, 1902, 135, 78 ; Ruff and 
lickfett, 2.C.). Heat of formation 14^74 Cal. 

It forms driiquescent, apple-green hexagonal 
^tes having a micaceous lustre ; it dissolves 
hk water to form a solution which bleaches 
stroi^y, and is a more powerful reducing agent 
'"pmk than ohromous chloride (Piccini and 
Maiino, Zeitsch. ano:^. Chem. 1902, 32, 68). 

ynim the solid is heated in hydrogen the 
pme metal is obtained (Roscoe). 

Vmum MeUoride YOdt {vanadium oxy- 
tricktorii^ is pr^Mured (1) by the action of 
chlorine on the tnbxide, some pentoxide being 
fomed according to the equation 

9V,0,+6C1,«4V0C1,+V,0, ; 

(2) hy heating the pentoxide to a dull red heat 
inastreamcffehlonne ; (3) by heating a mixture 
of the pentoxide and carbon in a current of 
dhteine ; (4) by passing hydrogen chloride 
SfW n mixtuze m vani^um and phosphcHrus 
. riaotoxides at 60^ (Ephraim, Zeutech. anorg. 

; 1 35, 66); (5) by chlorinating a 

,::grixtiiie of the pentos^e and sulphur ; (6) by 
' tlhitlng the trichloride in a current of ozygen* 
m fiosmatioti 200d:4 CaL 
' product is usually dark-coloured from 
ifce fMiaoB of the tetrachloride, •and is bwt 
«]RifE|bA hy distillation over metallic sodium in 
an alMflNsiM of carbon diozid^ 

AuM w em in acetic acid ma/be obtained by 

Ike iNnttinf dry 


df ^ in 

IPme vanadyl trichlorkle is a lenion-ydUh^ 
moUSe liquid; bj). 127*2% 8p.gr. 1*86^ at 
(Thorpe). In contact with moist air 
It evolves dense red fumes. Water dee^ 
poses it with formation of vanadip and hy^- 
chloric acids, and with a large quantity of 
water it yields a yellow solution (see Agafonoff, 
J. Russ. Phys. Chem. Soc. 1903, 35, 649). \ 
Heated in a current of ammonia it ^^ds the 
mononitride. At 70*^ it combines with ether 
ridding the compound VCls(OC,H*L, orotal- 
lising in red needles (Bedson, Chem. Soo. Trans. 
1876, i. 309), and it forms a compound with 
P3rridine. 

Vanadium may be quantitatively volatil 
as the trichloride by heating its compounds : 
current of carbon tetrachloride vapour (Janns 
and Harwood, J. pr. Chem. 1909', [ii.] 80, 1271 

Vanadyl Mehloride VOCl,, cmtallising 1 
deliquescent green tablets, is formed wbe 
the oxytricbloride is heated with zinc at 
(Thorpe), or with hydrogen at a red heat, 
latter method of reduction yields vanadyl 
rwrwchloride YOGI, a flocculent brown powder, 
insoluble in water, and divanadyl numochlcride 
V 2 O 2 CI, a yellow cr 3 rstalline powder. Double 
compounds of VOCI 2 , with the hydrochlorides 
of p 3 rridine and quinoline, have b^n described 
(Koppel, Goldmann and Kaufmann, Zeitsch. 
anorg. Chem. 1905, 45, .345). 

Divanadyl tetrachloride V202Cl4,5H20 is j 
obtained as a brown, amorphous deliquescent * 
mass by the evaporation of a solution of the 
pentoxide in hot concentrated hydrochloric acid. 
It dissolves in water to a blue solution which 
is turned brown by hydrochloric acid or alcohol, 
possibly owing to the formation of different 
hydrates (Crow, Chem. Soc. Trans. 1876, ii.453). 

Another oxychloride V208Cl2,4H20 is ob- 
tained by similar methods as a dark-green 
deliquescent solid (Ditte, Compt. rend. 1886, 
102, 1310). 

Vanadium trIbromide YBrg is prepared by 
the action of dry bromine on the metal on 
.the mononitride, on vanadium carbide Y 4 Ct» or 
a mixture of the trioxide and carbon at a red 
heat. It is a deliquescent solid which is very 
unstable and loses bromine even at the ordinary 
temperature. 

The hydrated bromide VBr„6H20 is toe- 
pared in a similar manner to the corresponoing 
chloride (g.c.). 

Vona^l trlbiomlda YOBrs, prepared bv 
passing bromine vapour over the Imted 
oxide, is a dark-red liquid, ^,gr. 2*967 at 0% 
b.p. 130^ under 100 mm. Heated to 180^ it 
suddenly decomposes into free hromkie and 
vanadyl dibromide YOBr., a brownteh-y^bm 
powder. This on farther neating yields vOBr, 
a violet powder, ofsp.gr. 4*0, whirls eventually ; 
decomposed into vanadium trifaromide arid ' 
vanadium trioxide (Buff and Lickfett, Ber. tOlL 
44,2634). 

ftaifiam triioiiit {hydxnibei) TI«SH^ 1^; 
1^^^ ia tbe Mme mMBwr «0 th» 

M m dailMKdoand' .tgr "aitec 

0o8^ miL MM, 



fiBtflIUi WttpliUM VS, <»btftiiied hf 
litiitfaig tii6 gqsaiiiwiMide in Jiyibogen, im 4 
brown polwlet romble la nitric acSL 
Vanadtaim caiViMllbldc {vanadUm 
fdiide) V,Ss is proparod by beating the trioxide 
in a ouxrent of hydro^n sul^de or the 
jMtoxide in the vapour of carb^ disulphide, 
it is a greemsh-blaok powder (Kay, Chem. Soo. 
Ttmoui. 1880, 728; cf. Wedekind and Horst, 
Ber. 1912, 45, 262). 

Vanaffium pentasulphide V2S5 is obtained as 
a black powder by heati^ the trisulphide with 
sulphur. This sulphide is acidic and rives rise 
to a series of fkiownodries, which are best pre- 
pared by passing hydrogen sulphide into cooled 
solutions of the corresponding vanadates. 

Vanadyl sulphite 6 y02*4S02,9H20 is ob- 
tained as a dark blue crystalline powder by 
reducing barium vanadate with sulphur dioxide. 
Gain has described a sulphite 4V02*3S02,10H20, 
crystallising in silky blue needles (Oompt. rend. 
1906, 143, 823 ; aee also ibid. 1907, 144, 1157). 

Vanadous sulphate V804,7H20 is best pre- 
pared by acting with sulphur dioxide on a sus- 
pension of vanadium pentoxide in sulphuric 
acid and then reducing the solution electrolyti- 
oally. On evanoration in vacuS the salt is 
obtained in readish-violet monoclinic crystals 
which appear to be isomorphous with ferrous 
sulphate. The solution of the salt is a powerful 
reducing agent and bleaches strongly. 

Vanadous sulphate forms a series of double 
salts with the alkali sulphates (aee Piocini, 
2^itsoh. anorg. Chem. 1899, 19, 204; Piccini 
and Marino, ibid. 1902, 32, 55; Marino, ibid. 
1906, 50, 49 ; Rutter, ibid. 1907, 52, 368 ; and 
Zeitsch. Elektrochem. 1906, 12, 230). 

Vanadium sesquisulphate prepared 

by reducing a solution of vanadium pentoxide 
in sulphuric acid with magnesium, or by the 
electrolytic reduction of vamriyl sulphate, forms 
a green solution from which green crystals of 
the acid salt V2(S04)^H2S04,12H20 separate 
out. By dissolving this salt in water, adding 
sulphuric add and heating at 180^ in a current 
of carbon dioxide, the sei^uisulphate separates 
out as a yellow crystalline powder, insoluble 
in water (Stabler and Wirthwein, Ber. 1905, 38^ 
8978). Alkali vanadium sulphates of the form 
MV(to4)s have also been prepared (Rosenheim 
and Hong, Zeitsch. anorg. Chem. 1925, 148, 25 ; 
Cbam Soc. Abstr. 1925, 128, i, 1411). 

Several vanadium aluma have been prepared. 
Vanadyl sulphate V802(S04)2 is preiiared (a) 
in the insoluble form by dissolving the dioxide 
VO« In sulphuric acid and heating the solution 
at 860^ (Gerland, Ber. 1877, 10, 2109 ; Koppel 
and Beh^dt, Zeitsch. anorg. Chem. 1903, 35, 
(5) in the soluble form bv heating the 
taecdsdde form with water at 130^ or by dis- 
aedving the dioxide in suljdiuric acid, evaporat 
ing, and treating the residue with alcohol. 
mOi toma are mue, and by crystallisation of 
the icduble form under mfferent conditions 
h^dfeates with 18, 10, 7, 4, 3, and 2 molecules 
water are obtahned. 

arid solutions deposit the acid 
erystaUising with 
water* when heated it gradually 
Ibiii wahrit yMdiag various lowmr hydteates, 
and, Ab ^4 at 190% tim 


m 

whidii firime mkroeeffiplo green tatregoiiejl 

Belra^ i Cbln, Oompt. rend. 19W« 1^ 
1154). ^ 

IMvanadyl Miidli^te (V0)2(@04V2i8 obtaJaed 
in rttby*red ootaheaza by boiling the ipentoxide 
with excess of sriphuric acid (aee Ihtte, 

1886, 102, 77). Other basic salts, e.9. 

(¥02)0(804). and V0(0H)S04, have been 
described (aee Gerland, B^. 1878, 11, 98). 

Vanadium pyrophesrimte V4(P^O.).,30Bi;tO 
is formed as a fbcculent green preci.]pitate when 
an alkaline pyrophosphate solution is added to 
a solution of vanadium ammonium alum (Rosen* 
heim and Triantaphyllides, Ber. 1915, 48, 588). 

Vanadium mononitride VN may be obtained 
by the direct union of its elements or by h^tliig 
ammonium metavanadate or the pentoxide to 
whiteness in a current of ammonia. It is a 
brown |K)wder, oxidised to the blue oxide when 
heated m air. * 

Vanadium dInitride VN2 is a black powder 
obtained by the action of ammonia on vanadyl 
trichloride. 

Many phosphovanadic and axsenovanadic 
acids ore known, giving rise to numerous deriva- 
tives (see Ditte, Compt. rend. 1686, 192, 757 ; 
Gibbs, Amer. Chem. J. 1886, 7, 118, 209 ; Fried, 
heim, Ber. 1890, 23, 1530, 2600 ; Gain, Compt. 
rend. 1907, 144, 1271 ; Mawrow, Zeitsch. 
Chem. 1907, 55, 147). Blum has described a 
series of phosphovanadic molybdates ( J. Amer. 
Chem. Soc. 1908, 30, 1858). 

Vanadium boride VB is formed by hbating a 
mixture of its constituents in the electric arc. 

It is a hard metallic looking sutM^nce. Stable 
towards alkalis and acids but readily deoompcMied 
by fused alkali hydroxide. 

Vanadium carbide VC, obtained by heatmg 
the pentoxide with carbon in the electric 
furnace, forms hard crystals of sp.gr. 5*405; 
m.p. 3100® Abs. 

Vanadium silieides. Two silicides are known: 
VgSi, 8p.gr. 5-48 ; and VSis, sp.gr. 4^. Both 
ore obtained in the electric furnace from ^ 
oxide and sOicon. They are hard, ciystailiDe 
substances, having a metaUic lustre (Moissan 
and Holt, Compt. rend. 1902, 136, 78, 493 ; 
Meyer and Baoxa, Chem. Soc. Abstr. 1924, ii, 
558). 

A vanadium aluminium siliride V* 
has been described by Manohot and 
Annalon, 1907, 367, 129). 

For vanadic eatera and other orgamc vamikm 
coinpounda^ see Hall, Chem. Soc. Trans. ISSTt 
51, 751; Prandtl and Hess, Zeitsch. aaOK 
Chem. 1913, 82, 103 ; Barlderi, Atti B. Aooaa. 
Lincei, 1914, [v,] 23, ii. 408 ; Mertes and IJeckt 
J: Ind. Eng. Chem. 1915, 7, 1037. ^ . 

Detection and estimation of 
Vanadium may be detected by tim 

behaviour of Its oompounda on ox l d afikm and 
reduction, yellow or red sohitionB of vanadates 
yieldirg blue sriutions of remdfl aato on 
reduction with sine and arid, JkddStiaa of 
ammonium chloride to a sohitioii of a vanadate 
p^pitates white ammomum matavimadaha 
tale most delicate test known for vanadjhna 
consists In adding hydrogen peroxide and rite 
to a sofaition od a vaname aridified withaait,. 
t&urioarid; 

b the afusaiis U^ar (Q,,Werite, JT. . 









OimpBigp»t CSiem. Zentr^ dbJjptf4»Mtibiddf^Dgoltto1be^ 
j^d<(ym]ll47)» Yaiiadiamttayal8obedet9<^ Iiid«:lM8» 180). ' . . ; ^ : 

h;QB0opioMly (Me Porvis, Trans. Camb. Por Itwatova 

1006,20, 108; Pollok, Soi. Proo. Boy. tho beams, v. iSW. 18Wi W7; mi, 

^pm.e^ 1009, 11, 831). 1896, 679 ; ihH. 1800, 847 • f6fd. 1901, 1^ ; 

^ ‘ P^ the aiioroeotrom of Tanadtiim,sse W. P 9M* 1806, 1117; ^nd* 190^ 1008; Fr« PM. 

i Xe^^eis (J. Washington Aoad. Sd. 1923, 18 367285, 1906. ^ ^ . 

\ 817-^28). Those who habitually handle taidl^ ba^ 

. Pana^um is usually estimated volumetrioall; are often subjected to a cutaneous afhotbn in 
by oxidation methods after other reduoibl' the form of an eruption on the iumds, fhoe, or 
metals have been eliminated. jS^ee art. Akaltsis neck, which causes intense irritation; this Is^ 
and also (Zeitsch. anal. Chem. 1925, probably due to the oily juioe which exudes 

66, 16). from the beans. To avoid the affection, good 

For the volumetric estimation of vanadium in ventilation of the factories and thorough Wwi* 
steel, «ee A. T.ptheric^ (Analyst, 1923, 48, 588). ing of the hands are recommended (CSaverie, 
Aiomic She atomic weight ot J. Soo. Chem. Ind. 1908, 1082). 

vanadium was estimated by Boscoo (Phil. Commercial vanilla beans are almost 
Trans. 1808, 158, 1) to be 51-23; by Prandti 15-20 cm. long and 6-0 mm. thick. TheyaieU 
and Bleyer (Zeitsch. anorg. Chem. 1909, 65, 152 ; a flattened cylindrical shape, taporingtowards 
1910, 67, 257) as 51 -07 ; by McAdam ( J. Amer. each end, wrinkled and flexible* The 
Chem. Soc. 1916, 32, 1603) as 50-96 ; and by varieties, chiefly the Mexican, are the larg^\ 

Briscoe and Little (Chem. Soc. Trans. 1914, 105, they are very dark, glossy, and frost or 

1310) as 50*95. (».c. become covered with white crystals) ve , 

VANADIUM INK e. Vanawtjm. quickly. Tlie inferior varieties are shorter,^ 

VANADIUM MICA v. Roscoeute. lighter in colour, and do not fmt much. 

VANILLA is the dried fermented pod of VaniUom are the cured fruits of uncultivated 
certain orchids, indigenous to Mexico, but also vanilla plants ; they are usually of poorqu^t^. 
found in Java, Reunion, the Seychelles, Brazil, The unripe b^ns are said to contain conilerm 
Peru, on the banks of the Orinoco, Parahyba and two enzymes, one of which converts conilertn 
and other rivi^ of South America. into coniferyl alcohol and ^ucose, and the other 

The chief cultivated variety is F. planifolia oxidises the former to vanillin (Lecomte, Oompt* 


(Andr.), which is grown on a considerable scale in 
Mexico, Iteunion, Mauritius, Madagascar, the 
Sejrc^lles, and in Java. The long fleshy stem 
of the plant clings by its aerial rootlets to trees, 
and bears a greenish-white flower. The fruit 
. is a pulpy pod, about 6-12 ins. long and half an 
inch thmx. In Mexico the plant is cultivated by 
planting cuttings at the feet of trees left in a 
clearing of Uie forest ; these root in a few weeks 
and bear in the third year. In Reunion and in 
tfa^ Seychelles the plants are trained on trellis* 
wosk BUj^rted by trees, and are fertilised by 
hand. Care has to be taken to gather the pods 
at proper time of maturity, as if over-ripe 
tl^ split m. drying, and if unaer-ripe they are 
(Wdent in fliavour. 

The fruit is usually gathered in the late 
autumn when full grown, but just before it 
ripens. 

The coring of the fruits consists essentially 
of a stew process of (hying in wexm air, using 
ehte. artmcial or solar limt, but the details 
vary in different countries ; thus in Mexico the 
gathered pods are allowed to lie in heaps until 
th^ begm to shrivel, after which they are 
iuHKtod, eithw by exposure to the sun or in 
ovens, when they gradually acquire a dark* 
brown ecdoor. In Munion and liadagascar the 
*Tgo4» ate immersed in boiling water for a few 
Vseoonds, and then exposed to the sun for a few 
i yesks m woollen doths until they aequire tlm 
As they become^, they 
;r.|Umteige a viscid liquid from the upper end^ 


r iUr^umsHi bundles of fifty or one hundred in 
' eadl. The yield of vanilla beam in ^ 

: and dependmuaes for the season 1921-22 was U 
' ‘ ..BflKBlOOO lbs., and in Rdinion and MauriMus a 
^.Ul^OO and 2000 Ib.,f6q^^ " g 

It has ate been miggai^ to use 3 


rend. 1901, 133, 745). 

Best Mexican vanilla beans contain 1*69- 
1-86 p.c. vanillin. Bourbon 1-91-2-90, Java 2*75, 
German East AiMcan 2-16, Ceylon 1*48, Tahiti 
1*55-2*02, but the flavour of vanilla does not 
depend merely on the quanti^ of vanillin it 
contains (Busse, Zeitsch. Ndir. Uenussm. 1899, 2« 
519). The best qualities of vanilla beans oontain 
less actual vanilun than the cheaper varieties. 

In addition to vanillin, the beans ate con- 
tain vanillic acid C«H}(OH)(OCHa)CO|Bl!, xednst 
^at, sugar, and 4-5 p.c. ash (Winton im SQver- 
man, J. Chem. Ind. 19^, 1300 ; U.& Fat. 
931805 ; ibid. 1909, 1062 ; Gautier and Kling, 
Ann. Falsif. 1910, 3, 200). Anisyl alcohol and 
anisaldehyde have also been detected ( Walbaum, 
Chem. Zentr. 1909, ii. 2181). 

When the green vaniUa pods are exposed to 
ultra-violet rays, they emit a smeD of vaaOiiii, 
he process being accelerated by a rise in tem« 
perature and by previous immersion in dilute 
manganous chloride (Pougnet, Comjg^ imd* 
1911, 152, 1184). 

Tincture or essence of vanilla is tmmed te 
xtracting the ground or out up vanilla (10 parte 
with a murtnre of alcohol and water, andmixteg 
:he extract with 20 parts of refined sogaTt ^ 
whole being made up to 100 parte. 

The extracts obtained from sermul tearleite 
of vanilla and timka beans, using 
ateirol, ether, acetone, and oarite teteaclttcii^ 
when eempexed with tltet obiatnnl Flfili { 
alodml dkowed that the atehdio aedveate ite: 
much superior as legards quality of exl0Mrib 
carbon tetrachloride ^ving tae {NMNlt aulfiOli 
Tt is pofriUs, however, thet a aiaBnilMqr m* 
traetkm wHh ether or oaibou tatetfiMMb 
folbwed by oxtraetfam wMi a 

3 . Soo. dMoulsr im. ttTUI AAiiaiiL'. 



YMfsusa. m" 

l!h« oodnaMvoliii 

. m|»r wtifidU OT from >ettiiiiiifgfddyBttooeadiil« owing to ^ 

_ haiMte metiitftn au^ bo obtoined from S >1 o zeBiii m a ledralt o£ the veaction beiiig a 
porto of vaoifik 9tii I .|«rt of tonka beans, bat Tory rapid quo^ 1» tho new procen tibe pSmt 
iBost eommeioial oondslo <rf aoxioi 

andaiiemadeapofartifieialTa^ with or balls. The fint t«D 

and extraort of tonka beans, the whde being contain a xntxtufO of tsoeugenol and aonepiis 
O^omod with caga toel ( Winton and SUvarman, sodium bisalphite, while the third and foa^ 

V {«e^}. in the preparation of inferior extracts ^re smaller and contain s^om carbonate ahd 
wash alcohol and alkali are employed ; these lydroxide respectively. Ozonised air is drawn 
nan be distinguished from good extracts by through the towers and the vanillin disBotves in 
Bhakh^ a few o.o. with 3 volumes of water, he bisulphite solution as formed. After 8 hours 
wb^ if no alkali has been employed, a fiocculent he aqueous layer is nm off, the bisulphite com- . 
red jj^recipitate will be formed. With hydro* pound decomposed with the requisite quantity 
chloric amd a good extract should mve only a of sulphuric acid (determined by titration of 
sii^t turbidity (Hess, J. Amer. Ghem. Soc. test sample), rendered slightly alkaline with 
1899, 21, 719). ^ sodium carbonate, and extracted with bmizene. 

Vanilla in the form of its tincture, is em* The crude vanillin recovered from the benzene 


plqyed for flavouring chocolate and confectionery, 
it Is also largely used in the manufacture of 
liqueurs and perfumes. See also Vanille, 
Vanilline, Vanille-Extracten. W. L. Utermark, 
Amsterdam : Kolonial Inatituut, 1922. 

VANILLIN (4*hydroxy*3*methoxyb6nzalde* 
hyde CaH,(OH)(OHO)(OCH 9 )) is contamed in 
vaidlla Deans (v. Vaxilla) ; in Hahenaria nigra 
(R. Br.)(Lippmann,Ber. 1894,27, 3409) ; in dahlia 
tubers {ihia. 1906, 39, 4147) ; in the woody parts 
of plants {ibid. 1^, 37, 4521) ; in the fruit and 
roots of Avena eaiiva [L.] (Rawton, Ck)mpt. rend. 
1897, 125, 797). It also occurs in many other 
plants, in resins, balsams, and other substances 

f Oampani and Grimaldi, Bull. Soc. chim. 1890, 
iii] 3, 468 ; Weld, Tollens and Lindsey, Ber. 
1890, 23, 2990 ; Thomas, Arch. Pharm. 1899, 
237, 271 ; Knitl, ibid. 256; Itallie, ibid. 1901, 
239, 506). Vanillin may be obtained from 
vanilla pods by disintemting the latter with 
sand and extracting with ether or a mixture of 
ether and alcohol (Tiemann and Haarmann, 
Ber. 1876, 9, 1287). 

Vanillin may be obtained artificially by 
oxidising conifc^ or coniletyl alcohol with 
oluomic acid; by oxidising eugenol or, better, 
woem^nol with air (Fr. m. 316526, 1902; 
Eng. Pat. 4909, 1902 ; J. Soo. Chem. Ind. 1902, 
722 ; t5td. 1903, 439). According to A. Lowy 
and Catherine M. Moore (Am. Electrochem. 
Boo. Trans. 1922, 42, 273), contrary to the claim 
of J). R. P. 92007 (1897), no appreciable pro 
portion of VBiuUIn could be obtained by the 
lo oxidation of isoeumnol. The latter 
susceptible to oxidation to a wide 
\ possible products and vanillin itseL 
oxidised eleotroiytioally (Boi. Abstr. 
1M4» 27^ 675). Ri the oxidation of the sodium 
salti of tsoeugenol, or of acetyl Moeugend 
in prsienee of aromatic amino oarooxylic acids, 
ex&ni^ing aeeiylvanillin from the pmucts oi 
tim ibsisl^ oonvsrting this into the bisulphite 
Opnoyfmnkd trea^ successively with adkl 

Ik Bwl^^ 88063 <» 
<mmdiBdair<lkSi^ 1901, 133,822, 

BulL Boo. flUm. 1908, 29, 45 ; Er. Pats. 326775 
«H784, 1909; U.a Fat. 829300, 1906; J. 

<3m&. Ind. 10(0, 819) ; with peroxides 
& FOM. 11002, 18942 14028, 1886; X Soc. 
'9m buL im iM. 1807, 633); 

Faha.m 1885; m 




solution is crystaUised three times from water, 
the last crystallisation being from water com* 
pletely free from iron. The power required lor 
ozonisatiou is given as } kva. per oz. m vaniflui 
(B. G. Wood, Met. k Ghem. Eng. 1923, 1^, 806 ; 

J. Soc. Ghem. Ind. 1923, 42, 

A 95 p.c. yield and a much purer product is 
said to be oWined by oxidising eugCnol, iso- 
eugenol, coniferin, or coniferyl alcohol, simid- 
taneousiy with air and ultra violet rays at 50°*- 
60° (D. R. P. 224071 ; J. Soc. Chem. Ind. 1910, 
1036). 

The conversion of wengenol to vanillin by 
ozonised air has been studi^ by Briner, Patry, 
and E. De Lusema (Helv. Chim. Acta, 19I1M, 
7, 62), by conducting a current of ozodsed 
air at varying concentrations of ozone (5 p.e. to 
19 p.o.) into a solution of isoeugenol in carbon 
tetrachloride, at temperatures from 15°-9l60°. . 
The highest oxidation efficiency obtamed, in 
terms of ozone consumed, was 20 p.c. at the 
lowest temperature. At higher temperalnreB 
the efficiency falls off rapidly and the quantity 
of resinous by-product iormra increases (Om* 
Soc. Abstr. 1924, 126, i, 290). 

Vanillin may also be prepared by dissolving 
14*2 kilos protocatechnio aldehyde in oonoen* 
trated sodium carbonate solution, nod mfegbig 
it with 12*6 kilos of dimethyl sulphate. The 
whole is heated on the water-bi^ addifiedt 
and extracted with etiwr. The latter is evapo^ 
rated, and the vanillin extracted from the icsi^ 
with chloroform (J. Soc. Cheim Ind. 1902, 274 ; 
see also ibid. 1897, 633 ; ibid. 1894, 1218 ; fticL 
1896, 1061). 

Pure vanillin may be tyuthesised Ity the 
following method, the yield being 70-80 pA e| 
the theoretical : 1 grm. molecule of a metiiyl or,/ 
ethyl ester of mesoxalio add or of emm 
diketonio acid (or of the free add) is adM m 
a solution of 250 grms. of am iMaddo in 
500 grms. of glacial acetic add. The nhble is 
kept at the ordinary temperature for 15 iMi% 
after which it is heated at 60° 
and thmi diluted with water and shddn nitti 
ether. The ethereal extract Is wasM Mil 
dilate aqueous sodsmn cerbciMe, dlitffibd 
with* steam to remove gimkM f prUit} 
and oxvBsed with oopper eModde or imMSb 
vaailloyioarbotylio am behig fbiMd. 
latter when heated with an 
of dfrnbtltyl«jhteliiidiiie at 170^, ' 
is bm the ^ 






Vk3SBJU3i, 


02«^ TaoiOin may lOw 
by with bydro- 

byMW bydxodibi^ wd, and stnc ehlodda 
y'^ Jba mienoa <A inlmodAl eartli (D. B« E 
^91^7 ; Obem. Ze&tr. 1908, i. 73). 

, Aiiesrly theoietioal yieM of vaniiliii todium 
iral{diitie is obtained when dry hydro* 
fian is yawid through a boiling mixture of Tanil* 
/Jk>yl emodde-y-toluenesulphonio ester (154 pts.), 
^ w syiene (1000 pts.), and palladised ba^um 
mohate (5 p.c., 30 pts.) until evolution of 
hydrogen ohlozide ceases (Eng. Pat. 131161). 

Vanillin has also been prepared by other 
methods. 

Th^rooess of the Ozone Vanillin Co. (U.S. 
Pat. 829100) consists in passing ozonised air 
into a mixture of taoeugenol and sodium 
lusulj^te solution of 30®B4. The vanillin pro 
ducea unites with the bisulphite from which it is 
eadly separated. The production in the United 
States in 1919 was 134,700 lbs., valued at 
#1,365,900 (Census of Industrial Products). 
Gattefoss4 and Morel describe a method of 
producing vanillin from phenol which consists 
in nitrating the phenol, separating the ortho- 
and pa^oerivatives by steam distillation, 
methymt^ the ortho-nitrophenol by dimethyl 
Bulplmte in presence of caustic soda to produce 
o-nltroanisol, which is then reduced by zinc 
powder in presence of calcium chloride to o- 
aminoMUsole. This is converted by diazotisation 
into guaiaool, which by treatment with formal- 
dehyde and hydroxylaminobenzenesulphonic 
addyidds vanillin. 

lliese reactions may be thus represented : 

CAOH->C,H4<gg^(l:2) 


r)p|T yOCHj 

(2:1:4) 

JAknOnre^ — Tiemann, Ber. 1891, 24, 2877; 
AwiBr and Boissien, Bull. Soc. chim. 1895, 13, 

< S19 ; Bonveault, ibid. 1898, [iii j 19, 75 ; Verley, 
ML 1901, [iii] 25, 48 ; J. Soc. Chem. Ind. 
lg99»W6,740; t&»d.l902,68; ibid. 1908, 644 ; 
ItoK Bar. 1904, 37, 4149 ; Frdl. 1877*37, i. 
M#390; 1890-94, ui. 894-900; 1894-97, iv. 
1273-1291 ; 1IW7-1900, v. 101, 110; 1902-04, 
vii 755; 1905^, viii. 1280, 1281 ; 1907-10, 
ix* 162, 1130, 1166. 

VaoBBn fenns white needles having a stioim 
diiiaetaeistie taste and smell, m.p. BO'^-Ol , 
b.p. 285^ (without decomposition in a stream of 
oMcbon dwadde) or 170^/15 mm. It is soluble in 
90-100 parte of water at 14% and in 20 parts at 
76^-80® ; it is readily soluble in ether, alcohol, 
tmddhloiolornu Curves of sdulnlity in aqueous 
^flOMhel and aquem dyoerbl are given by 
' i ^ 1924, 16, 

1 12M0r; The aqueous solution is add, and 
a bbte-videt colour with leciio chloride. 
WIm treated with ferrous sulphate %n d biomine 
, wite, lunillhr U coloured Ud^-green. then 
. 7^^ J. 1897, 58, 167). VanUlin in 

hydsocUono ^ gives disracteristic colour 
seaottm with phenols, ketones, and other 
; tlMDW wiA aoetone and its homo- 


I €bni^:1905, 44, 292)« A idtila add a^atloii 
vmttOin 4^ standing yields a smil ra 
bydxQgm cyanide (^orisaen, J. Soo. Cham, lid, 
I9%l086). 

. when nxidised with ferno cfalofide, nitde 
ikoid, car with fungus extract, or with mm arbbie . 
sedation, vanillin forms deb^drodimnmn 

[CA(CHO)(OCH,KOH)1. 

white needles, m.p. 303*^-304^ (Tiemann, Ber. 
1885, 18, 3493 ; v. Lerat, Bull. Soo. chim. 1904, 
[iii.] 31, 270 ; Bourquclot and Marohadiw, ibiL 
1248 ; Bentley, ibid. 1900, [iii.] 24, 942). 

Vanillin may be estimated by oonverdng it 
into its hydmzone by treatment with a hyo 
zido (HanuS, Zeitsch. Nahr. Qennssm. 1900, 

531, 657 ; ibid. 1905, 10, 585) ; or by conr 
it into its bisulphite derivative, decomposing 
latter with sulj^urlc acid, removing the sul; * 
dioxide with a stream of carbon dioxide, 
extracting the vanillin with ether ; the ether id 
evaporabd and the residue weighed (Buase,\ 
ibia. 1899, 2, 619; Doherty, J, Boy. Soc.\ 
N.S.W. 1914, 47, 167). For other methods, see > 
J. Soc. Chem. Ind. 1893, 718 ; ibid. 1903, 514. 
Or it may be estimate colorimetrically by 
adding a phosphotungstic phosphormolybdio 
acid solution to an acid solution of vanillin, and 
comparing the intensity of the blue colour 
produced with that fonn^ under like conditions 
by a standard solution of vanillin. For details, 
e^Folin and Denis, J. Ind. Eng. Chem. 1912, 4, 
670. Or 1 c.c. of the vanilla essence is extracted 
with ether, the extract evaporated over the 
water-bath, and the aqueous solution filtered 
and diluted to 50 c.c. in a Kessler glass. Ten 
drojis of freshly prefiarod bromine water and 
ten drops of 10 p.c. ferrous sulphate are then 
added, and the green colour matched against a 
0*2 p.c. solntion of pure vanillin. Methods lor 
determining vanlUizi are critically reviewed fay 
Badcliffe and Sharpies (Perl. Ess. Oil Bee. 1924, 
15, 396, 437 ; 1925, 16, 20, 51, 87, 156, 197, 271, 
353, 387). 

A refiactometric determination of vanillin 
in vanilla sugar may be made by shaking 3 pnm. 
of the sugar with 3 c.c. of ether for 1 mmute, 
and allowing to settle. The hutyro-iefiaoto* 
meter reading of the ether used and that of the 
>thefealsoluuonof vanillin are then taken. The 
difference multiplied by 0*4 gives the pemntege 
of vanillin in the sugar. The tempm&ure of the 
prism should be the same for both readings. 

A vohunetric method of determining vaniUia 
depends on the formatiem of a bydio*dMv^ 
by the interaction of vanillin and p*toluidiDe 
dissolved in 80 p.c. alcohol. This eornpemi 
ooDtaius the original hydroxyl group m tile 
vaniUin, and is there^ eolufib in alkelit 
giving a ydlow solution. A meienred e xc ess et , 
•taaSod alkali is added, followed by a eomi* 
parativdy large vdimie of odd welir* The 
addltkm of staodaird acid fffit noidaittMl Ihe 
excess of alkali and then libentiai tiis aalgdfac^ 
derivative from its sodium salt. The ffBlfc4fof' 
of acid which liberatas tha derivative peednaas 

yeUow turbidity, the free deriv a t i ve bitag 
preetioally iwftiyii i Hf {q the ItawH phase. The • 
volune df dkali nfiibid fat Iftniln cf 

TBniUiB k tiuia oMaiaed. fliin)iiii,'~iwrirtp,i||l< 
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to w A giAVittoM) nieSiod. Ko sample of 
flnt-dbMs TaniUln oentalna mm than 1 p.o. 
of add fas TaaUlio add), though some ci the 
samplee kad* been leqvt in oardbdard oontaisers 
lor 19 jeara The gradmetrio method sug- 
gested oomprises the precipitation of Tanillm 
as the semi-oarbaeone from dilute acetic acid 
solutiQiu The medpitate is easy to wash and 
filter and may be dried in a water oven for 6-S 
hours, without losing a weighable quantity 
tolatiUisation. The vanillin may be separated 
ieom impuddes, such as piperoniu, by dissolving 
the semi-carbazone in ammonia solution. 
Vanillin semi-carbazone, by virtue of its hydroxyl 
groopt forms a soluble ammonium salt, giving a 
v^w solution, whilst piperonal semi-carbazone 
is hisolulfie. Test analyses in which piperonal 
was added to vanillin gave results agreeing with 
the actual percentage to within 1 part in 450. 
The oxidation of samples of purified vanillin 
exposed to air, moisture, and light was practically 
nes^igiUe. With vaniUm in solution, however, 
oxidation proceeds much more rapidly, while 
solurions ox vanillin in alkali behave similarly 
to Iodine pyrogallol solution. The following 
conected melting-points are given: vanillin 
semi-carbazone, 232^0. ; piperonal semi-car- 
bazone, 218^0. ; vaniliin-p-nitrophenylhydra- 
zone, ]48**C. (S. B. PiuUips, Analyst, 1923, 48, 
307-373 ; J. Ohem. Ind. 1923, 42, 948 A). 

Oxidising agents, in particular ferric chloride, 
convert vamllin into dehydrodivaniUiin 
[C,H,(CHO)(OCH,)(OH),J, 

m.p. 302^-305%., and the precipitation of the 
latter can be observed from aqueous solutions 
containing as litde as 1 in 10,000 of vanillin. 
20 e.o. of the soluUon to bo test^ is heated in a 
bath containing a solution of calcium chloride 
at 1^^-140%., and two fractions of 10 c.c. of 
distulate are coUected. Further quantities of 
10 C.C. of water are added to the residue and 
distilted off, until nine or ten such fractions have 
hem collected. These fractions are tested with 
ferric chloride, it being easily possible to detect 
and cihaiaoterioe 04)1 grm. of vanillin in the 
20 e.o. of sampie taken (c/. Chem. Soo. Abstr, 
1923, ii. 887; H. Herlssey and F. Belauney, 
J. Fhmrm. Ghim. 1923, 28, 257-262; J. Soc. 
Cbem. Ind. 1923, 42, 1197 A). 

For other methods, see Fellenberg, Oiem. 
Zentr. 1916, ii. 391 ; Box and Flaisance, Amer. 

Wmm. 1916, 88, 481 ; Estes, J. In^ Eng. 
€hem.m7, 6, 142. 

Vanillin is frequently adulterated wiili 
coumarint ncetaniliae, and with acetyl mo- 
eogmiol (Hees and Prescott, J. Amer. C&em. Soo. 
im, 21, 256 ; see also J. Soo. Chem. Ind. 1898, 
1076; IMZ. 1899, 604). 

Aoeoiidliig to Winton and Lott (ibid. 1910, 
vanUUomay be distinguished from 
by dotcaunining the lead number 
wUeh, Jottf the former, dmuld lie between 

049Ahd0^ 

or ViJnDCiUK* 

Vimfllbadocma ealte with sfnc, lead, sodtimi. 


_J4,7,6141 

LiieO)(caioxmi&.ii. 

iaMhtB ySmUMm 
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as4 1*0.); tim cbrinspoudiiig ioda 

174^ (Bentley, Amer. C9mm« 

1959,24, 172). 

S^MlIrofahlflm has m4>. 137^ 5-iiltro?aiiffiiii, , " 
m.p. 176^(B«itiby,l.e.; AdhorrandSumukanu, 
Ber.1899,32,3^). 

Vanillin forms an nldozime, m.p. 121'’-122'’ 
'Decker and Klauser, ibid, 1904, 37, 520); a 
j^enylkydfazomf m,p. 105^ (Tiemann and 
Kees, f6td. 1885, 18, 1662); an aztne, m.p. 
174M76^ (Kndpfer, Monatsh. 1909, 30, 2^ ; an 
acetyl derivative, m.p. 77" (PSehorr and Sumu- 
leanu, lx.); a benzoyl derivative, m.p. 75" 
(Womer, Ber. 1896, 29, 143) ; also a ii* and 
trithio derivative, in which the oxygen of the 
aldehyde group is replaced by suphiir, m.p. 
129"->130", 235^-237", respectively (Manchot and 
Zahn, Annalen, 1905, 345, 320 ; Womer, l.e.). 
VaniUinaeeticacid CHO-C«H,(0Me)O-CH,-0O,H 
has m.p. 188" (Gassmann and Krafft, Ber. 1895, 
28, 1871). 

Vanillfai-p-phenetidine {eupyrin) 

OH C^,(OCHs)CH : N CeH^-OCtH* 

is formed by the interaction of vanillin and p- 
phenetidine at 140" ; m.p. 97". It is said to 
have hypnotic and antineuralgio properties 
{D. R. P. 91171, 96342 ; Frdl. 1894-97, iv. 
1183, 1185). 

BenzaldhranilUn forms microscopic needles, 
m.p. 221-5"-222‘5" (Rogoff, Ber. 1901, 34, 
3881 ; ibid. 1902, 35, 1961). 

Methyl ether of vanfllin (veratraldehyde) 
(CH 30 ) 2 C«H,*CH 0 may be obtained by the 
methylation of vanillin, and by other methods. 

It is best to dissolve 1 moL of vanillin in lets 
than the equivalent quantity of 10 p.c. methyl 
sulphate on the water-hath, 1 mol. of potarii 
in solution is then added in drops. Wlum the 
reaction is over the solution is made sl^tly 
alkaline when it separates into two layers. The 
upper layer is extracted with ether, and on 
distilling off' the latter, the pure aldehyde is 
obtained (Decker and Koch, Ber. 1907, 40, 4794). 
It has m.p. 47" (Juliusberg, ibid. 119), and 
possesses hypnotic properticB. The correspond- 
ing dhyl derivative CHtO'CcH 3 (OC 3 Hs)CHO 
hm m.p. 64"-65" (Tiemann, Ber. 1875, 8, 1120). 
Homologucs of vanillin have also been mepaied 
(Eng. Pat. 10112, 1895; J. Soc. Chem. Ind. 
1895,595). 

o-Vanillin (m-methoxysalicylic aldehyde) 
(OHO : OH : OMe=l : 2 : 3) is, in the pure state, 
a solid which crystallises from water in pale 
yellow needles, m.p. 45*5", b.p. 265"-266"« It 
dyes wool and silk irom an amd hath a golden 
or lighter yellow, but the shades are not Imt tC: 
soap (Noelting, Bull. Soc. Ind. Mulfaooae, 1900| 
79, 401 ; J. Inarm, chim. 1908, 28, 173). 

It gives a phenyl-hydraione, ia.]x 136"*-> 
131", and a large number of other denvariims. 
Cf, Perkin and Bobiiisoo, Chem. Soo. Ikms. 
1914, 105, 2376 ; M o eima an and Thmbmr, Ber. 
1916, 49, 1261. 

Ttm root of a species of OMsmoedbii of 
Dgaiida» where it is termed 
odorous oonslitucmt G,H<0.*QMe, m.p. 41"«49i"» 
b.p. 257"-293", whktn^orms tidn, eofeurieae 
pktos, k komerio with vanillin, and ykhk 
arims , m.p. ISS^, and a ptnnyl^todrsBMWhl 

?y?l oUu 
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VjyHHBMCBHk Ww pntHMinn tt tUi 
<iwM| Witt m tiw ■hEwm-<«te Uairng wd 

4lit’1(VSbelm«Wdi mar Staufiirt, wu deteoted Iqr aknKH^ Way take longar to dqr, tlugr aM . 
|Mti|ijgoiiQQrv68 tlMiwiltsof ^ gomnw move lustvoui adod dvmUe. Wlm , 

from •& a^ipflurently homog^ieom w^yi is xiaed aa tlm valdoie (» medl^ ::' 

ma found to oonsist of a mix* a^j^oatbn of a figixunitor 
wa of vaathoffitOp loewite» apkdiitalitep halite, an enamel k prodnoeda Such eiiaaiek w^^^^ 

Ao* ‘ fiadi intimate intennixtiueB of minetalB a gloss, and save labour by ooiribialng pafaitiiig % 
Oi difbseet kinds are really of the nature of and Tarnishing in one opexatioa. !!!)ie S^renm 
jMb, aaft they must be studied by the methods employed in making the various vaniiihas are ^ 
of petiogtaphy ; namely, by the examination of chiefly turpentine, naphtha and petfoteuat 
than sections in the pokrinng microscope, and spirit, kerosene and write spMt, methylated 
hy aepuating the individual minerals with the spirit and, xeoentiv, higher aliphatic alooho l at , 
help of heavy liquids (e.^. mixtures of methylene s»p. isoproi^h butyl and amyl alcohols. linseed 
iocude and benzene or tetrabromoethane and oil is the dt^g ou in most general use, but to 
tohmne). fiimtlftr mixtures containing vant- oil (China wood oil) is coming more into denu 
hoiite have also been found in the Bwlepsch Wamut and poppy oils are artists’ medhi 
mine at Stassfurt. The mineral has also been. The solids, resins, d;c., mostly em|lo;^~ 
observed as nodules embedded, with loewite, oil varnish making are: 1. Copid, me 
in btoedite at Hall in the Tyrol. It is colourless Kauri, Manila and Congo ; 2. Eo^, indu 
with a vitreous lustre, and a flat-conchoidal its |(lyceryl ester ; 3. Anshaltum, indudiiiff t|ie^ 
fracture; sp.^. 2*7; H. 3^. The mineral is various pitches. Recently i^thetic leai^na^ 
named after J. H. van ’t Hoff, who, when its been tried in the form of ooumaxone reaimi 
ocourrence in the salt deposits was discovered, phenol formaldehyde resiiis incorporated uith, 
succeeded in preparing it artificially. When rosin (Albertols). The resins are solid bodiet, 
mystals of bloedite (Na2804*MgS04*4H|0) arc generally more or less coloured, amoi^ous 
heated in contact with their mother-liquid to usually with a vitreous lustre, which melt as a 
qj^ve 70^ tlusy axe transformed first into loc- rule at comparatively low temperatureaoftan with 
wite (Na|604*MgSG4'2H40) and then into the decomposition. They are insoluble in water, 
soJiydxous sdt S^a 4 S 04 *MgS 04 . L. J.JS. but partially or wholly soluble in a number of 
VAFOUR DJWSnry v, f^Ecmc GRAVITY. solvents, e,g. alcohol, ether, acetone, carbon 
VAREC. e. loniHX. tetrachloride, benzene, light petroJeum, tur* 

VARI OLAR IH v. LiCHEys. pntine, &c. In practice the vamkh maker 

TARlSCffTE. Chie of the many minerals is more concerned with the properties of tint, 
iwnmgfcfay of hydrated aluminum phosphate, varnish film than of the oi^i^ min, and 
bene uim the formula ALP 04 , 2 H.O. It forms although, generally speaking, the hardest rosia 
cooexetiooary and compact nodular masees, ^ves the hardest film, the properties of the 
smnettmes with a minutely crystallised (ortho- film are groatlv affected by the otW inaredieitls 
iiiciinlno)^suxlaee. The colour is bright apple- of the varnish and the skill with wwh they 
green (due to chromium) ; 8p.gr. 2*5~2*6 ; H. are incorporated. 

4^. It was first found in 1837 in Saxon Reilns*— 'The resins have been cisesified jnto 


Vclg^aiid (the ancient Varisda), and within 
leo^ years has been mined in considerable 
quantities (3| tons in 1909, and 2^ tons in 1910) 
at Mvml piaoes in Utah and Nevada. It k 
used ae a (^m-stone, taking the place of green 
turquoise (D. B. Sterrett, Min. K^. U.8. GeoL 
Survey, Annual Reports for 1910 and earlier). ^ 

L. J. S. 

VARIBH (1^ Vemis, Fr. ; Lac, Fimw, 
(Sen). A varnish may be described as a homo- 
geueoitt fluid, which, when applied by any suit- 
able means in a thin layer over the surface of 
any object, dries either by the evaporation of 
the vdktile solvent, or by tte oomUnra evapoia- 
tkm of the volatile solvent and the oxidation 
of the oompooent oils and radns to a more or 
hsi imperaous elastic film of varying degrees 
of hardness and of generally go^ weather- 
mMim pioiierties. 

Taniidies, In the djying of which heat is 
; IH |Re d in a well-ventifateMi compartment to 
Ike solvent and to comidete the oxida- 
^iO that the film is uniform Hhn glass, 
ato termed stoving varmshes. The simplest 
of varnidi is the q>irit varnish, which is 
mHully a sedation of a more or less elastic solid 
in n H Dl a tale solvents Spirit varnishes dry the 
murt 'lijpofljt but are liable to be Mttle and 
eiqpilnn vtooia^ off unless pla^daed 

of suitslde thhible ehurtie sub- 
.,•1^' .OB ftnkte ai^ to « Mton^ 


hard, medium and soft. Among the haxd restus 
appear Zanzibar and Amber. The medhuft 
resins include Kauri, West African and QcM 
Coast copab. Among the soft xesfciie are 
Manila (East Indian) and South Amerieaii resinsr 
Among the spirit varnish rerins shellae, dammar, 
sandanK; are hard resins, whereas xnastie and 
rosin are medium, and efemi, oleo-reiin tmmea^ 
tine and Butgundy j^h are soft, llmsoluliittly 
of a resin may be said to be in invexie pnmertioii 
to its hardness. The hard xesitis ana tmi* 
hard resins are but vexy slightly soluble in thfir 
original condition at the ordinary tenqpeeat^ 
but they are easily dissolved turpeiriitiB, 
linseed oil, and other solvents, by 
heating them in such a manner as to eeuiellMai 
to lose by dimtnioiive dhrtSMoii 

to the resin dealt wTth. This partial deskuolt^ 
distillation of the hardmr leeiiis is 
before they wiQ dissolve in oil or ottesOliimi. 
The temperature to uUeh the sedks musl he 
heated before they beoome sofadde. Is . 
in the case of the hard xesitts tkam e( Rm mR 
resina 

Oli Vanil8lisi.---Tfae flint nroe^ 
an oU varniRi k ssleotlon of tim fp^ 
am sorted out ly hand Slid gmaetissf^^ 
their oolour and meial wpmibmmi fl«t Jii ttk ' 






> with 

LfcWI of aliitnitwnim 
• iraUt fitoi lAA it k pinfratiy Kqwi «t 
alNMt 

Ite pot» wlilah is ooimeolad to faage flooo m 
iRAka Ite wskii ‘fmiios* «re ocmdomed. 
lEbe jijping oiI» ipeeubUy clioaen lor Tamlifi 
makiny dbcitbd, is bested sikd added 
oiiiitioiiily at the right moment to the *nm* 
jpim« the whole being kept well stixi^ and the 
Seathqf eontinned until die nurture is perfeetly 
!nie driers are added in sevml ways^ 
eidier in the lonn ol a lead and manganese 
soap disscdired in oil or as solid lead and man- 
ganese eompoimds, and the mirtuie boiled with 
stining nndl the driers are inoomrated. The 
pot is then zmnored from the me, and when 
saffioiently eooled, turpentine or white spirit 
ie aMed gradually, stirring all the while until 
the whole is thoroughly mixed. Much inflam- 
mable 'vapour is eYolved during these operations, 
and it is necessary that the varnish house should 
he so oottstmoted that the vapours do iM>t come 
In oontaet witili fire. 

Alter the addition ol the thinners the vamirii 
Is strained into a tank, and allowed to stand 
natU dear lor use. The time required lor this 
varies, and as all vamisheB imnrove by age, the 
ItmgBt they are tanked the better. In some 
esses the driers, oonsisiiDg ol litharge and dry 
whke copperas (cryst. IZnBOi), are churned at 
the ordinary t^peiatnre with the varnish 
and the excess of undissolved solids is allowed 
to settle in tanks. Old varnishes produce 
surfaces ol much greater lustre tihian new ones. 
The good qualities ol a varnish largely depend 
on toe efficient mixing of the gum and oif; il 
these axe thoroughly incorporated the varnish 
wiU be tee from spots and blemishes on its 
surface, while, if well boiled, a vamidi is said 
to flow more freely and to dry more rapidly. 
Bxoesstve boiling, however, oausea the varnish 
to stouten and thus to lequiie more thinners to 
bring It to a working oonsistency, and the 
leswing fluid, being poorer in its non-volatile 
oonsrituents, yields a thinner and less lustrous 
ooat. Wo ititerokcm this point can be riven, as 
souse cOs and gums stouten more rapidly than 
othem, and the final result has to be mani- 
puh^ aoofmdliig to drcumstanoes. 

We drying of oQ vamiriies varies 
aeoording to composition, and within certain 
Bmili to the pioportioti of metalhe driers 
pMMsri m wrii as to the objects to which they 
haws to be amdled ; thus a grid sise may dry 
in a {aw minutes, while body or coach vamishes 
tequte tS-M hours, and even then should be 
atewud Sot 9 days to haxdeii. 

'-■.'W many attempts have been 

tefMtte ril van^ 

IjRibilirite On^onehasledtosuooesa 

that in wbkh mpbO ok m 
is empkmd* By this process, 
• fiMantad the oopals axe 

ia aaaibltelene by healing under 
te Unsaed oH or othsr 

ett it sMsd ta tta aohritei aad tkt 


Tte riAroikQS to te aMteiam 
a eari u a onilayaaditeUnith 
a Han takeos in imdering w gum arimte 
Other siHnial solvents lor eopals have bemi 
Sig» linaasd ril anyi hl ^ h e jl, 
J|»», but Huy have met with no 
BUGoesa The effect of the arivent 
on the fiririied product is deleterious, 
they can be eompkt^ removed, vAiah is not 
feasible. The weight of the gum ■ xm * M one 
operation has been steadiJ^ on the teieaSe, and ^ 
nowadays the old charge of } owt. is fttoseaied 
to over 1 cwt. and the whole operation can be 
performed with complete sa&ty, it proper 
pieoantious axe takm. 

The nombmr ol varieries of oil vaxnbhes is 
Imge; as many as 200 may be listed, each having 
its own special use. There is no general clasrifi* 
oarioB, although long and short cri vamiriies, 
based on the proportion ol resin to oil, is tlie 
most acceptable. The most important riaases 
are, coachbuilders' vamiShea, inriuding those 
for carriages, motor ears and rufiway woxk$ 
boat, marine and spar vannahes; decomtom* 
vamishea lor inside and outside work. Other 
classes include furniture vamiafaes, dear and, 
black stovmg vamishes and hiaek japans con* 
taming pitches. Coaehbuildem^ vainisiies (bo^ 
and carriage varmshes) must gim fihna whish 
are dust dry within 12 hours and do not mack 
nor show ‘ bloom; ’ moreover, they will letain 
their lustre lor several years, il washed tem time 
to time and occasionally poliriied with umx. 
Undercoating vamishes, harder than finisfaifig 
vamishes, must be sufficiently dry in 10-15 
hours to admit ol beii^ lightiy nibbed down 
previous to the application or an elaste fhiiiBiiafig 
coat. A film ol a blooming vanflrii shows aftor 
a time an opacity which may become permaaaxit* 
Such surlaoes have been found to be siraiflfr 
polar. Blooming is not confined to oil vmnwt 
mms. The general lonnnlm of eoaehbnSdaii^ 
vamisheB nmy be sammsxised as follows^ 
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Vlnishliif body vainbb 
mastic coach vmndah 
Hard elastic vamlsh 
Quick hard drying var 
nlBh 


Undercoating vamiahea ritow 
not covered by an elastic finish* BosU viwidihai 
shorid give a water-resisting film sad AOidA 
not become opaque on unaaeisfon in wMtf: 
these, aa weU aa seariane vimiiri^ 

China wood oiL Whilit a 
linaead cdl nevm attains a dagiaa of 
to withstand ahtaaion, China wood afl gte* u 
harder and moie weather-iesistiim oaatiwr 
Owing to the xapid g el a t i n iaa ti o n m wood w 
on 

and nu fl^rwrido. J icwidwi* ww i iiwi n wr 
iiMidk and antiide mde dUhv iliMr 
smwctieimaf gumandolli itehuiifoaiigMte^ 
madliim gowl dmr. ba Imo imn UMia.M'! 
anat waatfwf iwaiaring jmne k aob nfiwlj^ . 
Iw N '* 




.i'-l^rataUbta, dr^ xapid^ bo t£i»t io lS ho«n tkthre; 4fifib.pttdh»6gBllk 
,,titqrinirl>enlbMdoOTmto»fla>t8nifacei»»a UtluiiaehbtiiieidontilBtiiiigf BiidwaioodMBm 
' " wiiiw iuB flnfaiiing Twdoty miiry be appued.. tiduied irith 25 gallatupBatite w ii^idBW. 
iy the pR^porUoDB of gum to oil mey be 1 ; 1*25* tt it evidttit that the vanette of blaxn win be 
They an liable to uooiu and not dwable to laigB in number and will hm aaim 

jvwealhermgiiidem protected by an ela 0 t|c£^^ aooordiiig to their xeauixemeata. They my m 
ll^eaatB Ower Taxmties of deooratozs’ vaniisbea bfmt or dead ; e.ff, Berlin black for mMee m 
r' hodode : ohnroh oak, drying with a hard film, fenders, in which the inl^uotion of a 
^ appreciably np to 40**G., aoitable 

lor church seats; floor varniah, softer than 


seats; 

d^oroh oak, with a gum and oil proportion of 
1 1 1*4 or 1 : 1*67 ; front door varnish, which 
must combine elasticity with hardness and 
lustre ; furniture varnish containing rosin : 
oiltsl : 1*10, in which rosin is often intro- 
duced, and thin coats are applied, rubbing down 
between each coat until the requisite bilUiance 
is obtained. 

Blade Japuu and Bituminous Varnishes 
oooupy a special position, since they have for 
thdr oharacteiistio ingredients a bitumen or 
asphalt. Both gum resin and oil may or may 
not be present, as the asphaltic substances 
differ far more widely in their hardness and 
elasticity than the various gum resins, and their 
propertm can be modifled with greater facility. 
The most important bituminous varnish in 
the higher branches of the decorative craft is 
known as hlaOk japan. The term japan,’* 
applied to su&tanoes which promote the 
g of apaint film, denotes generally liquids 
i dry to a hard flUn possessing considerable 
ooheienoe. Japan driers give a harder fllm 
than the oleo-chiers, which are elastic and of 
a dmng-oil character, whilst japan driers are 
of nature of a resin varnish containing 
ledn, or rosin with lead and manganese. The 
specific purpose of black japan is in the pro- 
entotiou of a brownish-black ground of special 
translucenoe or depth, thus dmering from pig- 
mented preparations (black euanmls), which 
appear to reflect their depth of colour from the 
sunaoe only. The main use of black japan in 
the coach-building trade is for panel work. 
The varnish is obtained by amalgamating 
qpedidly treated oil of great drying power with 
irnttable bitumens, in the same manner as 
desostibed in the manufacture of copal varnish. 
iUaoik jananitself rarely possesses great elasticity 
or wemer resistanoe, so that it requires a 
coating of a suitable finishing varnish. The 
art of the varnish makericonsists in the prepara- 
liem of a mixing of great degree of depth and 
intensity of colour without employing so high 
a proportion of bitumen that the solutality of 
the latter in the ensuing coat takes place, a 
condition manifestiDg itself by the appearance 
on the fin ish e d work of a greenish flooresoeace. 
It is dUfieolt to give a general formula for these 
joostmgs, as the quality depends on the selection 
m the materials. The proportions may be 
^ as equal quantities of hard 
sfe^Mhaltiim or peboleum pitch, and boiled 
ml wM torpen^, and white spirit ibinners. 
^ill'fll^yliig Black Bnamcls are made on a 
m to the coacbmaken’ black japans, 
bol materials which are not so carefully 
ap. asphaltum, rosm, boiled oil, and 
n t hinner s. Some coutain only pitch, 
oil, and turpentine, and are known aa 
UeAi, for which the following 
wmy bc^cooaldeied as fairly 



pigment such as carbon blade produces a matt 
appearance. Coach and motor buiideni re^piire 
a quick black for iron work, drying in about an 
hour, a black petrol-resisting varnish of brOUant 
lustre, drying and hardening quickly, and a 
dead black metal priming, capable of standing 
great beat, for the exteriors of oylinifers w 
motor oars. . 

Black Stoving Enamels are of great varied 
and a similar classification holds, as in the < 
of resin oil varnishes as to elas^t^, bodj 
viscosity, and temperature of stovn 
coating, under-coating and finishing, 
dipping and spraying modifications are 
use. 

The marked difference between clear var*\ 
and black stoving enamels lies in the 
presence of bitumen. The remaining oom- 
ponents are drying oils with tbeir attendant 
driers and thinners, cMefly kerosene, sinoe the 
temperature of stoving is higher tbiui tiiat of 
resin-oil varnishes, viz. 160®-177®C. Some 
black stoving enamels contain no reim or rosin, 
but generally a certain proportion is present $ 
but it is dimcnlt to identify the resins m the 
presence of a mixture of bitumens, especially if 
stearinc pitches have been used, flow amd 
surface are important propmties. The fi nish in g 
coat must have a high lurtre and hardness, and 
should show no runs or rivell^ at the edges 
under the conditions of application, dippir^ 
brushing, or spraying. The production < 
quality coatings demands careful eetootion of 
the components and of the proportions in the 
mixings. If aa under-coating be used it must 
be adHerent to the surface and be rust preven* 

tatlve, providing also a grip for the ^ 

coat. The under-ooatingii possess small clastki^, 
groat hardness, good hiding power, but nolosIteB 
They may ooniaio a pigment such aa eurbim 
black instead of bitumen, whose function is to 
leave a dull uniform surface for the finiahiug 
coat. The oompositioii and mode of prepara- 
tion is variable. Among the many pumlied 
formulie a mixing containing asphaltum, xeiiii, 
and boiled linseed oil in the proportions of t 
2*5; 50, with petroleum or turpentine hm^ he 
consider^ as fairly roproeentativeB Xho pfo^ 
portions will depend on the lequirooMati ond 
on the temperatoro of stoving. iBrititik fipodfi* 
cations for oil, hlaok and shellac vandihai 
in the trade have been iii»Mi by iho Bemh: 
Engineering Standards Aaiftflfatioin)i 

'^ttch bU^ atoTing eaHndi^ 
on ironwork, ham greait wnaii 
poww, hot recently oethiloM «ir4 
enameb ham been mit fonmid. 
in the tpaoo amuabie to ooflL^.- ^ 
the great mriety ci daeotat^ «4i ] 
ooatu^ aa well aa thair admal 
defects. 

Vor farther dataib wl—iei mjy . Wowidi 
to A. B. HoaMlI’a VandriHi Mi 
panaoth. isn; S. S. lap 
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only in aa intcmadUate atage Md baeoMf, 


mm jaanaa o n wan i <s»ll A* JElirrm wi fc Aiw u fcion— W * /> 

mooA and R & WMEi, Berins^ Kijfpial aind analaipma to ibeikc in tbdr eohifaBiiy nbtlbn- 
ByntbetiOf 1926 ; Tlib Asa^^ of rigmentfl* ahipB ; soloUe in alcohol aaa inacdidUliO 

Bidats and VtaoUlmy J. J* Fox and T. H. in Av^oarbou. Hio second of xosin Is 
Boiriest I92& Uiat in wUch tbe iwin is solnble and losijblo: 

dptaK VnririW — The nanniaotiue of spizit only in an intennadhate stage and beeiiwai;: 
msfahes is mnoh less complicated than that of insoluble and infusible on heat iaeatiiieiik bdlm 
the ofl prepaxattonsa the former being simply Qnally in the reaits 0 Qndition» paaslim thxow 
solnffons of one or mom lesinB in various Bolvente^ the intermediate resiki stage* Bahi^i B!iO» 
Qn the evaporation of the solvit a coating of and Bakelaque aze examples of this larier fme* 
tMMi is obtained, consisting practically of the Baekeland terms these latter resins resmmiif 
uhobangod rerins. The rerins employed for this as they do not possess all the properUes Comiiicm 
pdzposB are chiefly shellac, sandarae, soluble to the natural zesins. 

maoila, dammar, acaroid, elemi, benzoin, For details as to preparation and farther 
mastic and rosin. The solution of the rerins implication reference must be made to Osrieton 
is affeeted either cold or hot, as circumstances Ellis, Synthetic Berins and their Fiastics, 
require, heat presenting the advantages of 1923, aM to the Chemistry of Bfatural and 
rapid solntion and clearing, irhile the palest Spithetic Eosins by Barry, Drummond aPd 
Varnishes are obtained by the cold 'process. Morrell, 1926. 

To facilitate solution the gum should be kept The chemical changes occurring dmteg the 
continually agitated, thus preventing the manufacture of these substances axe not yet 


la, dammar, acaroid, elemi, benzoin, For details as to preparation and farther ; 
lo and rosin. The solution of the rerins mp^^^tion reference must be ma^ to Osrieton 
Eeeted either cold or hot, as circumstances Eliis, Synthetic Berins and their Fkatics, 
ire, heat presenting the advantages of 1923, aM to the Chemistry of Bfatural and 
I solntion and clearing, irhile the palest Spithetic Bosins by Barry, Drummond aPd 
ishes are obtained by the cold 'process. Morrell, 1926. 

adlitate solution the gum should be kept The chemical changes occurring dmteg the 
InuaUy agitated, thus preventing the manufacture of these substances axe not yet 
ides ot gum from forming a mass. It will rmderstood, althougb oonriderable advance 
gadfly seen that the laiger the surface of the has been made during the last few years. The 


be readily seen that the laiger the surface of the 
gum exposed to the solvent the quicker will be 
the solution. A revolving chum is used, and 
the rotation keeps the particles in motion and 
luevento them from caking t(^ther. When 
the gum is all dissolved the varnishes are set 


varieties of resin 
amounts of formi 


iroduoed is dei 
dehyde and pi 


ndent on the 
mol used and 


whether the catalyst is acidic or baric in cha- 
racter. Baekeland ( J. IndL Eng. CSiem. 1909, 1, 
159) uses ammonia as catalyst. An acid cata]^ 


aside to settle, and are ready for use almost will tend to produce a soluble resin, wherm 
immediately. They dry very rapidly and are, an alkali favours an insoluble ^ resin. The 
generally speaking, harder and more brittle greatest development of these resins has bm 
than oU varnishes, and as their dmng is merely in the direction of moulding and i nsnia ri pg 
dependent on the evaporation of the .solvent oon^unds. 

tiM addition of driers is not i^uired. Within ronnaldehyde-nret Re^s. — Oondensation: 
recent years many forms of artifleial or i^thetic products of formaldehyde with urea and 
resins have come into use. They may be broadfy nave been used to give viscous products , which 
classified into (1) condensation rerins*— e.p. the may be selatinis^ in severm hours, . 
formaldchyde-phcnolio rerins; (2) polymerisa- reaction takes place in two stages, a osndensaitioii 


than oil varnishes, and as their dmng is merely 
dependent on the evaporation of the .solvent 
the addition of driers is not required. Within 
recent years many forms of artifleial or i^thetic 
resins have come into use. They may be broadfy 
clasri^ into (1) condensation rerins— e.p. the 
formaldehyde-phcnolio rerins; (2) polymerisa- 

^tion rerins— e.p. the oOumarone rerins, which pnase louowea ny a poi^ensaiaQn pnw 
axe obtained 1^ the treatment of certain dis- solid zesins obtained are transpoem, 
tillatea from coal tar naphtha. Condensation ooloorless, stable, taking a high polidi,aiiid zriiv. 
resins are such as axe made by preliminary be used as substitutes for glass; FoUopas am 
interaction of at least two chemical substances, the Beetle Products Gomj^y zesnsa iM 
generally involving elimination of water, examples. In Pollak*8 Scheuan solutioaia tine 
Besiidiloation may be eom|deted by a poly- resin is maintained in water solutimi by alkali 
meriaing action. salts of weak adds, e.p. sodiuxa acetate or a 

IhfiaalMiyda pbenoUe resins,— The most- borax solution of shellac, 
important condensation resin is made from Coumirone Rerins ace obtauied firom Urn 
lormalddiyde and phenolic compounds. Bake* fraction of solvent naphtha 160^^800^ and 
iite U the iypleal example* Amongst other are polymerised as ze^jaide oextain id iheir 
teade fsodtu^ of similitf character are— in constituents by sulphtirio add to yudd 25-40 

^ ^ mmmUw 


phMe foUowe 


plMW. / 
ai« ttamprawtt 


'■MsAgAk, Bedmuiol, OondMudte, Ambortte, p.c. of lesin. llkew 
niiad,icnia,Sibdite,Ntt]oki, AmbeideeD, AbalM, aoloUe in aloohd. and 
AOfk "A' Wtvm, Ifelndte, Osiite; in Gnat na^tiia, and tnipenti 
•IBmmt Itk), Bakelaqns. ia a nuudnd an mismble 

' .#|(naw kk tlie jatopettiea of tin fonuaUahydo diSuenoM in the teo 
nrina oennpand with the natond depend on the wiaUe 
MbMi Xhe natual maine can be melted, hot eomnarone praaent. 1 


p.c. of leain. llkeee naina ue not wmlky 
aolnUe in aloohed, and benaene, tcdnewaolniilt' 
naj^tiia, and tnipenUne am ti» bant aelniidN,' 
They aie miamnle irith diyii^t bitt» Hm' , 
diSueneea in the teohnieal oquimioim ranh 'M 
depend on the wiaUeprapotiani#!. 'M 


not *nm,' end oo(ded, witiiout gmat dta^ ia 
or foaildlity, hot the poewd 
i||i)tiMie miihi on heating may, anduc oerteia 
'oDWji Ml eBa , paaa auae or leea ranidfy into aolid 
M i i i fl ii raaint, ehaoiag at hOCro. ; monoaw, 
-fkr'iwip bMomM faHolnbie ia all oidinaiy 
i haid hn aeattod aiemaikahle laomaee 
' ‘ % # pa auttod ohaoge la 


hot a oonmairnie oil raitihht On 
oontalidag 15 p-o. of Hnaeed w tt 
with the mtin IB the aroportiim.ol 


with the mtin la thejuoportiim.oCII^. 
pea 100 Ibe. mein. The dxkn aaod era 
or-fnnHpmeae Uaolaatea, and the 
haaiv refined coel*tar aq^hthhl hkii, ' ‘ 
160*0. Inkaii. wataiah mbtaiea on 


riatfi lih^. pfodaeta to VkoSSSfSPtaiL Jto.''€ham. 
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Wloilig^ ^ lii« liMt and tlw aoetata, 
loQfted to aomtoudioii of oeUidese ivltli Mtiib 
add and aodio add mpoodiraly. Tbsm 
[': astotelioeB aie adnbla in oertok suxtiiM of 
liqnidiiit iddeh turn a ooinjNMthrdy 
kllpi fate <d evamzationi and whentiie eolttd^ 
amamead on «^d aoift^ th^ za^v become 
dqr, leaving the oelkiloee ester in me mnn of a 
oontimions dim. By makiiig oertain additions 
to the oiigmal solutionsy the hardness and 
adhedveness of the films may be modified. 
Ovdng to the lapdity with whidi the solutions 
diy» they may be applied at or^naxy tern- 
peratnres^ although a warm room is advantage- 
ous. As a mle a coating is dxy un<tor an hour. 
All otganie paeoteotive coatings consist of highly 
polyniefised sttuotures. The degree to which 
the Qikii^ cellulose is depoiymerised or 
.degraded in structure before and during the 
manulaotuie of the ester determines to a con- 
ddezaUe extent the properties of the resulting 
. .vaxniah. 

ntraeelbdose Vambhas.*— The cellulose ester 
wnishes may be either transparent or opaque. 
The tian^pazent varnishes may be coloured in 
pnaetioally any tint so as to give a coloured 
. tfanqmrent lacquer coating. The opaque 
vaaomhes oontaining pigments may also be 
obtained in any colour^ and are usually termed 
enamels. It is customary to include all solutions 
of ceUtthm esters used for protective or decora- 
tive ooatings under the general tenn of cellulose 
vaixiidbes. They may be applied by brush, 
but better results are obtained by dipping or 
to use of an air spray. Under proper conditions 
the ecdtttbns dry with a high polish, and the 
ilms xesist water, petrol, soap, turpentine, 
weak adds and weak alkalis. 

(Mlidoii nitrate lacquers.— The common 
iiaetai laoquer usually contains not more than 
S pwo. of oellulose nitrate, in a mixture of sol- 
vents, and serves to delay the tamisliing of 
metel, not acting as a finishing material. In 
drier to increase the solid content it was neces- 
to p^uce oellulose nitrate, which, when 
' ^molved in suitable solvents, gave a solution 
of low viacodiy. The addition of natural 
leaiiis wasiound to impart adhesion and rubbing 
pKfpwUBB in vacying degrees according to the 
acdn employed and the mount us^. The 
.coi»rit|MtB of fiirishxng li^uers may be: 
eeOsloae mtrate oi low viseodty, resins to make 
the iltai i^kwsy and hairi««felvents which control 
rim fate dt d^png, degree of gloss and viscosity 
of rim lacquer, and j^iaeticides to remain in riie 
film after rim scdvents have evaporated and so 
le give ft dasricity. Scrap oeUuloid as a sub- 
isrceilulose lutiate has many drawbacks, 
toA fti use is not to be recommended. The 
i^priai sie sirimr of the soft or medium hard 
Butyl akohol, ethyl, butyl and 
-acetates, ethyl lactate and amyl fomate 
d^&tmwsedasscdvents. D. B. Keym dassifieS 
^|i"griveiits into three groups: (1) lowboriing 
reducing the viscosity cd the lacquers 
Wpil ‘ paiiiniring a high rate of evaporarion; 

iKiiliiig, giving the Umqnem tto 
of flow; (3) high boiUog, aoring as 
pievmiting rim pree^ptorisn 
ITT thn miin 

. ' a|l^ iV -Mr- ^ 


' Ito isritom s^^ea ri en' w '' 

csssful oDiiii£m^ of timhr clMtMly nnst 
to tiftMjk so as to pieveiit sutosquent cradri ng 
el the Pigmented laequm and enaamfi 
have been used for maiy yean as protte t ive 
ooatiiigB for bathroom fitrinn cycle and motor 
lamps and furniture. Thefmkiwingptoporrions 
of odhilose nilrate, resin and jdamside have 
been found satisfaotoxy for interior laoqtmr 
enamels: oellulose mtrate 13jparte; xerins\ 

6 parts; plasticide 2 parts. Inis ratio 
give a hard and elastic film movided too mtteiL 
pigment is not added. For further detaSa 
reference may be made to F. Sproxton, Oelhiloss 
Ester Vanusnes, 1925. ^ 

Cellulose acetate varnishes.— Solutionsj of 
oellulose acetate in a mixture of high tod 
low b.p. solvents are used for taut^ihig tod 
weather-proofing linen fabric composing the ynpg 
surfaces of aeroplanes. A typical three-cm 
formula would be cellulose acetate 6*5 parto 
acetone 50, alcohol 24, benzene 24, tonm 
alcohol 2 and triphenyl phosphate 1*5. For 
durability the dopes must he specially pigmented 
and generally require a protective coating of a 
seaplane oil varnish. 

Natural varnishes or lacquers.— Japanese 

lacquer is the milky juice exuding from the 
trunk of Bhus vemictfera (Tsi-chou, vamirii 
tree). The tapping of the tree resembles that 
of pinna for turpentine oleoresin. The raw 
varnish, which is frequently adulterated with, 
tung and perilla oils, is Imown in Japan as* 
Ki-umslii. The peculiarity of the vaznish is 
that it hardens omy in a moist atmo^hexe and 
remains in a tacky condition to sunlight and heat 
It is the most durable varnish known and resists 
the action of air and water excellently. It is 
stated to be the best protective ooaUng for 
aeroplane propellers. The application of the ^ 
lacquer is said to bo dangerous to western 
workers owing to the pecuuar poisonous pro- 
perties of the unuikiol in the resin. The resin 
has been investigatod by Japanese riiemisfo, 
who have ^rnthesised hyctourushiol, the reduc- 
tion product of the active prinoipfo tA Japan 
lac. A concise account of Cmiiese and Japanese 
manufacture will be found in the Bulletin oi ilm 
Imperial Institute, 1910, 8, 32 ; and in Stewart 
Di&’s Arts and Omits of Old Japan, 1906. 

B.S.K. 

VARVICITB. Bff^raUd mamganm m 
Mn0g'Hn,0|,Hg0 (Btoimelsbcrg), ot 

Mji03Mng0„Hg0 
(Phillips) (e. Makoanxsx). 

VASOTONIN. Trade name gften to u 
oombinarion of yohimbine and nMhanli tojlMir. 
j^roduoea a frii of blood preasure, and anutom- < 
to Imve oonrideitob thectoeantfo . 

Soo. Absto MIO, ii. 725). . , . > 

VATDTBB. Theteim*vat43«*£iaMllat 
to thoae dyestuffs wUeh, Use Indiia^ vka ^ 
BoluUe in water, driuto ntob, andSMb^^^toA* 
which, OB being tmtto iMk aailahfoltoltote 
agonti, jMd lauco . eewmaade ■ 

•oiall. it tiw li7tol(ita4riiAak.w.a««|-. 
dlntim WMH wBd Id 





M ilM ptMtH 4lmet ^ iM>]^i3pm 'nife |i mi^ 
lai||el 3 r tned ia this oouatry^ ibe amhi yffisgiwi \ 
bei^ that its iise in^olYies * ooDjridBn \ 

indigo, Sind the sodhnent in the vat is tskt 
bulky, (hi the other hand, the Maes obtanea ^ 
in the c^petas yat axe lasterlhan thqse^idit^^ 
in the aiiie or hydrosuiphite yats* r ' 

In the tiTic wt^ sdno powder is the xedaoiag . 
agent. For satis&Mstory working, this di^ila 
contain not less than 80 p.a of metalBo lono. 
whidi is dyed either wholly or in part with The ^at is set with indigo, aino powder ana lime 
indw. ^ (or caustic soda). The reduction may he !»• 

In preparing or * setting * the indigo vat, garded as taking place as follows : 
tatious methods are employed in pradice to 

xl i 


asHl is Ihi 4l»e, wift Ifts se-fomaition of ^ 
onginal ooloturiaf malitor. The dueaoteihtic 
lamess of the oelMaRS thus prodnoed is, in a 
large measaxe, due to the ImaMliiy ^ the 
dyBstnfl. / 

Indigo iq.v.), yfhMi waa temerly wt oafy 
known yat dye, is by the most important 
of tills series of colouring matters, and has 
bera used in dyo^ from tune immemoriti. A 
Mne^ dyed with it on cotton, is still referred 
to ae a 'vatted Mue,* whilst in the woollen 
industry the term * woaded blue ’ means a 


bring about the reduction of the indigotin. 
This is efleoted either by purtiy chemical or by 
bacteriological means, but in either case the 
product of the reaction is the same, viz. indigo 
white, OisHi 2 Na 02 , or graphically, 


OH 

' I 
/\/\ 


OH 

/Vi 


which dissolves in caustic soda with the forma* 
tion of either the moco- or di-sodium salt 
(CiiHnNiOjNa or CnHioNjO^Na,), according 
to the amount of caustic soda present in the 
bath. It has been shown that indirubin and 
thioindigo red also requite 2H for reduction, 
and by analogy it is presumed that the other 
indigoid dyestuffs behave similarly. In aqueous 
solution, the mono-sodium salt of indigo white 
has been shown to be an electrolyte, though it 
is not so strongly ionised as sodium chloride 
(Knecht and Batcy, J. Soc. Dyers, 1910, 
171). 

The so-called chemical vats are distinguished, 
according to the reducing agent employed, as 
the ooppeiBS, the zinc, and the hyarosulphite 
vats. They are used in cotton dyeing, but the 
faydrosulpmte vat also finds a limited applica- 
tion in wool dyeing. In the setting of any 
indko Tat, It is essential that the indi^ should 
be m a finely divided state* Thx> 20 p.o. 
AriMtial M^go pask contains the colouring 
matler in a mimoiently finely divided oondi- 
tion the purpose, but the natural induct 
must m ground, neforo use, to an impalpable 
PCW^kKT* 

THkt Mfpmti vai depends upon the redudiig 
aotion of mrrouB hydroxide, and is made up cj 
hufigo, cc^peras and slak^ lime. The ume 
k^^^wlth the copperas forms ferrous 

. 1^ 

btim reduces the indigotin to indigo 


),+CS,2H„N20. 





id Ubw 

, . ,1a tib* 

piMbS\aiM»«|aMa awaat ti 
‘ i^'dMiir^ aibaMte teto 


Ci«H2oN202+Zn-f2NaOH 

=C2,H2oN,02Na2+ahi{<JH)* 

although, according to Binz (Dhem. Ind* II, 
1902), it is probable that combinatiim of tim 
indigotin with the alkali takes place first, wxtii 
the formation of a compound 

CieH,oH 40 ,- 2 NaOH 

which then reacts with the zinc, forming the 
same products as shown in the above equation. 

This vat is the one which is most largely used 
in cotton dyeing. 

The hydrotudjhiU vai depends upon the 
reduction of the indigotin by sodium hydtosul* 

S hite, which is usually prepaid by stirnii^ zinc 
ust into commercial sodium bisulphite, in the 
proportion of a pound of the former to a gallon 
of solution ; and after allowing to stand for 
some time, adding to the solution an excess d 
milk of lime. The so-called ^ stock vat’ dr 
concentrated vat is made by dissolviiig tlm 
indigo in this muddy liquid. (A jpAuct of thia 
ki^ containing almut 3 p.c. of indigotm, was 
formerly sold under the name of ‘zedsuod 
indigo.’) This stock vat serves either for 
mft.lcing m or for replenishing the dye vat 
proper, l^e reduction by means of aodiniu 
hyposulphite may be regarded as taking phoe 
according to the following equation i 

C,.H,oN20-+Na,SA+^*^OH 

=Cx,HjXO,Na,+aMO,+fll^O 

By employing eitificial mdigo pea^eewto" 
soda, and me solid cQumereial sodium nydruaiu* 
phhe, iriiioli is nowpioed on the nudkab in M 
almost pure oondition and at a leaaoimUe priae, 
it k pombk to obt^ n nt pn<dicH|}y ^ 
ftomsediment. . ' 

The dyeing of cotton in the inaign eat li u; 

itaeU anompaiatiy^ i^pto opeMtion(««l|llMi^ 

^ mnaagsmeik ca toe MMni 

saperrisioB end oonaideiabie pnitoMl'aiqpnii*. 
enoe. In bulk dyeing, toe «eUeiiM|* 

•le immened in the vet end t urned bf bind 
ante toe enifMe of toe Uqoid ntil tlbowu^ 
impiegDsted aito the eet liqacM!, efter inn 

tb^ era aitfatewa ud enoag, theBqnorheinft 

letnraed to the eeit ®»e heoha en toan e*-. 
po^ to toe eir,.in oite to flOinr of ^ 
oxidettan of toe indigo ahito to hidigatok % . 
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one and tli6 same or in difi^nt irats. Al- 
thmgli it is possible to obtain a dark shade by a 
sit^le dip in a strong vat^ this is not practised, 
beoause it would result in a large proportion of 
tibie indigo being loosely fixed and much of it 
would be lost in washing off ; besides, the 
resuldng blue would * rub off * very badly. The 
oxidation of the indigo white taken up by the 
fibre from the vat is usually regarded as taking 
place in the following manner : — 

0Kr 202Na| -f- 0 “h H 20“^Cj 2 O 2 

-i-2NaOH 

though under chosen conditions it has been 
shown by Herzog and Manchot that auto- 
oxidation may take place, resulting in the 
formation of equal molecular proportions of 
indigotin and hydrogen peroxide (Annalen, 
316, 318). This interesting observation may 
account, according to Crowther, for the presence 
of isatin in the hydrosulphite vat (J. Soc. 
Dyers and Col. 1911, 146). It is further evident 
that the dyed cotton material removes a con- 
siderable amount of alkali from the vat. Where 
lime is used in the vat in place of caustic soda, 
an accumulation of calcium carbonate on the 
fibre occurs through air exposure, and the goods 
therefore soured, after dyeing, in dilute sul- 
phuric acid. In the dyeing of cotton warps and 
of piece goods, the material is guided through 
the vat by means of submerged rollers, so that 
it passes many times up and down between the 
time of entering and leaving ; excess of liquor 
is expressed at the point of exit by means of a 
pair of squeezing rollers. In case it is desired 
to give the pieces two or more ' dips ’ in the 
same vat, they are stitched together, end to end, 
so as to form a continuous band, and, after 
leaving the vat, are passed up and down over a 
series of loosely running w’^ooden rollers (which 
are usually placed immediately above the vat 
in order to economise space) for a sufficient 
length of time to allow 01 the oxidation of the 
indigo white before they re-enter the vat. 

The r^son why indigo white shouhi be taken 
up from its aqueous solution by the cotton fibre 
is imperfectly understood. It has been sug- 
gested that it is a case of mutual precipitation 
between colloids, but as it has been definitely 
shown (see above) that indigo white lacks some* 
of the most essential properties of a colloid, this 
theo^ cannot hold good. In any case, the 
affinity of indigo white ^ cotton is but slight, 
as, when once taken can be completely 

removed by continued washing with cold, air- 
free water, whereas a boiling solution of dilute 
caustic soda removes it from the fibre almost 
instantaneously. The affinity of indigo whit 45 
for cotton appears to be similar in character 
to that of tannic acid for this fibre (Knecht and 
Nair,»6ki.l912,28). 

j be dyed in indigo or other 

vat dyes has been previously mercerised, darker 
B^es are obtained than on untreated cotton. 
Tto same appHes with regard to indigo and 
certain in^oid dyestuffs if the cotton has been 
pre^^hr dyed manganese bronze or has been 
smped for some time in strong nitric' add (see 
mi TOimM mrq). In the latter case, the increase 
in is dm in a greater measure to alkht 
motion ^ fibre than t& the merceriimg 
elSeot of the acid. ^ 


Indigo dyed on cotton is sometiiiieB associ- 
ated wiSi other colours. Thus, if a light shade 
(ff indigo is ^topped’ or sabsequently dyed, 
chrome yellow, plying and very fast diades of 
green result. The old-fashioned 'fast Uack* 
was obtained by a combination of a hea*!^ shade 
of indigo and catechu brown. The dyeing of a 
black of this description was practise by the 
Incas of Peru prior to the Spanish invasion* 

Indigo dyed on cotton if usually regarded 
as fast to wadiing and to light. Strict]y iqieak- 
ing, however, these qualities are only relative, 
for by repeated washing in soap or continued 
exposure to light, the emour (espeoiallv in light 
shades) gradually fades. But in ^ it 

always retains the characteristic colour of hplfio 
and does not change, as is the case with mc^ 
other blues, to an unsightly grey or drabi It 
is noteworthy that the fastness of indigo to kht 
may bo considerably enhanced by treating nhe 
dyed fabric for a few minutes in a boiling mmte 
solution of copper sulphate. 1 

In Egypt, Persia, India, China, Japan, and 
other Eastern countries, where dyeing is still 
almost entirely a household industry, fermenta- 
tion vats are generally used for cotton dyeing. 
Such vats arc occasionally used in this country 
for the dyeing of goods for certain markets. 
The fermentation vat imparts a certain peculiar 
smell to the goods dyed in it, and unless they 
possess this smell, the natives in some markets 
will not accent them as indigo-dyed. A product 
known as inaigo essence, consisting of a mixturp 
of the methyl ethers of a«napthol and fi-iiapthol, 
is put on the market for the purpose of imitating 
this smell on material dyetd blue with dyes 
other than indigo. 

The dyeing of wool with indigo differs from 
the dyeing of cotton in that whereas cotton is 
invariably dyed cold, the temperature of the 
vat for wool dyeing must be maintained at from 
50® to 55®. Anot her point of difference is that in 
t he (^ase of wool, the time of immersion in the vat 
has to be much longer than in the case of oottnn. 

For wool dyeing, especially where fermenta- 
tion vats arc used, natural indigo is genmaliy 
preferred to the artificial product. 

Only one of the vats generally used in cotton 
dyeing can Ik? use<l with advanta^ in wool 
lycing, viz. the hydrosuiphitc vat This is set 
with indigo, sodium hydrt)sulphite and am* 
iionia. Although the cost of working this vat 
s greater, as far as materials arc concerned, 
than that of the fermentation vats, tibia is more 
than compensated by its greater output. It Is, 
however, only suitable for light to mediiim 
hades of blue. 

The fermentation vats, of wliich a oemsidm*-. 
able varietur' are in use in different oonniiici and 
Bometimes in one and the same countryt wniAt 
appear at first sight to depend for thiir amon 
upon different principles. Bui it is prohahlc 
that in ail casce the action dapendi mpM a 
tutorial decom^itlon (butvriio acid lermonta* 
tion) of the carbohydrates, in which hydtOfMi 
's m»niyrated. Various subslaiioes eontipttig 
jarbohydrales, such as hfW| Sour#^ m 
reacte or dates, are used wmg vmll 
po^h, or soda lor the purpose. The diM&d; 
and i^nmment of fermeiitatiiiB vats tamlie 
oonsidera^ skill and eqperhiioe, and hs all 
wmlts tibrne mattma am ante the sob 
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ooiiM of tto • \Am dyw/ n^n wliose intelli* t biM^k to Indigo Wuo^ Tho opexat^ns of pro- 
I ^wioQoj tm prosperity of the works piling in duoose and dryix^ may bo dispenuied 


^d^nda 

be fermentatton vat mostly used in this 
country is the so-called itfoai va$, which is set in 
a vessel having a capacity of from 1600 to 
3000 gals, withlndigo^ wood, bran» madder and 
lime^ the temperature being maintadned at 60^ 
The fermentation will have set, as a rule, in 
from three to five days, and the vat will then be 
read|^ for use. Once set, a woad vat simply 
requires replenishing, from time to time, with 
the necessary additions of indigo, lime, and bran, 
and may remain in use continuously for many 
yearSi It should be explained that in this vat 
the woad, which in former times (before the 
introduction of indigo from India) was the only 
indi^-bearing dyestuff used in this country and 
on the Continent, now acts solely by virtue of 
the bacteria which it contains, for in com- 
mercial woad there is, at the present day, no 
indip^n, the whole of the colouring matter 
having b^n destroyed by bacterial action. 

Dyed on wool, indigo resists the action of 
light oetter than when dyed on cotton. 

The diaulphonic acid of indigotin, which is 
obtained by heating the dyestuff to about 100'' 
with excess of concentrated sulphuric acid, is 
known commercially as indigo extract or, 
in the form of its sodium salt, as indigo 
carmine. It dyes wool ‘at the boil’ from a 
bath containing sulpbtirio acid and Glauber salt 
a much brighter shade of blue than that ob- 
tained in the vat, but the colour is neither fast 
to light nor to soap, and goods so dyed cannot be 
classed as being dyed with indigo. 

Silk is seldom dyed in the indigo vat, al- 
though fast and pleasing shades can be obtained 
in this way. 

Indigo in friniing , — In textile printing, 
notably in calico printing, indigo may be 
regarded as the most important individual 
dyestuff in us© at the present time. This is 
partly due to the favour which it finds with the 
public as being pleasing to the eye and relatively 
fast, and partly to the variety of styles to whicn 
it lends itself in this branch of textile colouring. 
Effects are obtained with indigo in printing in 
thro entirely different ways, vis, by direct 
printing, by the discharge process, and by the 
resist process. 

In direct printing, the indigo is not printed 
on to the fabric in the reduced condition (a 
process which would obviously suggt^st itself 
at once to anyone i^uainted with its properties 
and its application in dyeing) owing to practical 
difficultjes which this mode of application en- 
tails. The process in actual use is the so-called 
glucose process, in which glucose and caustic 
soda serve as the reducing agent. The pieces 
are first prepared by padmng in a solution of 
gluoose 4uid are then med. The finely ground 
mdto ii made up with strong caustic soda 
jwkened witti maiie starch and British gum. 
This ia printed on to the prepared calico and the 
.goods are run through a rapid ager containing 
wfiee ttoirt stearup the time required for this 
tjMtment beiiig about half a minute. During 
ths slMMuningf the indigo is reduced to indigo 
^*Ute wUsk disaolvesui caustic soda and 
tote the SfaM. By subsequent 
the indigo wMte, slowly omte 



with by ad^g to the prmting colour a suitable 
reducing' agent such as the formaldehyde com- 
pound of sodium sulphoxylate (hydrosulphite 
NsE.). This has no action on indigo in the cold, 
but reduces it on steaming for two to three 
minutes. The goods are then exposed to the 
air as in the glucose procers* 

Indigo may also be produced on tbe fibre in 
printing (or in dyeing) by means of indigoadl, a 
product discovered by Messrs. Sander and Bader, 
and recently introduced by Messrs. Durand and 
Huguenin. The new procfuct is a comparatively 
stable compound of indigo white, soluble in 
water and in caustic so^. The printed or 
padded pieces are run through a weak bath of 
nitrite of soda and acid, when the indigo instantly 
develops on the fibre. The blues obtmned in 
this way are faster to rubbing than Uiose ob- 
tained in other ways. 

In the discharge process, which lends itself 
to a greater variety of effects, the whole piece is 
first dyed to the required dejith of blue in tbe 
vat and the colour is then removed locally either 
by destroying it by means of oxidising agents or 
by reducing it to "the leuco compound and re- 
moving this by means of boiling dilute alkalL 
The former process, which is the one chiefly em- 
ployed, consists in printing sodium chromate, 
suitably thickened, on to the blue fabric. After 
printing, the goods are run throimh a warm 
solution of sulphuric and oxalic acids, when in 
consequence of the liberation of chromic acid, 
the indigo is oxidised to isatin and this is re- 
moved in the subsequent washii^, a white 
pattern on a blue ground restiltinc. For coloured 
discharges, the chromate is mixea with albumen^ 
and a suitable pigment, such aa vermilion or 
chrome yellow, and the goods are run, after being 
printed, thriuigh the mixture of adds at a 
temperature high enough to coagulate the 
albumen. The fixation of the pigment and the 
destruction of the indigo thus take place simul- 
' taneously. The process is capable of many 
modiBcationa. Thus, in order to obtain a 
bright scarlet on a blue ground, the Indigo-dyed 
fabric is padded first with an alkaline solution 
of jS'Uaphthol, dried and printed with a colour 
containing diazotised p niUaniline and sodium 
dichromate. The p-nitraniline red thus formed 
resists the action of the chromic acid formed , 
when the pieces ain run through acid and a 
brl^it red on a blue^round results. 

Indigo may also ^ discharged by pristiitf 
on sodium nitrate and running the goods throum 
warm sulphuric acid of lOO^Tw, (Freiburg^a 
process). 

In the reduction discharge prace8B« thepieoea 
are printed with the formaldehyde eompcMind 
of s^ium sulphoxylate with or without the 
addition of a catal^t such as anikFaquinone. 
They are then steamed in the rapid ager to 
reduce the indigo and immediatdly run through 
a boiling bath of caustic soda« soda adi> or 
sodium locate. The indigo white is thus emh* / 
pletety removed and there is no tendering Uf tihe ^ 
SUschaiged places, as is invariaUy the case whig; 
the ohiumate disoliaige is used. 

In the raisyiroce^ the Ikbrio is fiiut 1 
with a meehalloal or with a _ 

i^jhthmdlyedto llllwrevurite^ 



m 


VAT 


baa bem printed no ocdonr ia fixed* and a white 
pattasi on a biue ground results. In the East* 
and 4dpo to some extent in European print 
woxbs* wax is used as the resist. Alter dyeing 
it is removed by soap and alkali. When the 
m)ods are handi^ (as in dyeing) after the ih,x 
has been printed on* the latter cracks in places 
so that in the dyeing some of the reduced indigo 
liquor penetrates through the fissuxes* with the 
result wat fine blue veins axe afterwards seen in 
the pattern. This defect is characteristic of all 
true Battick work, which the modem printers 
are at pains to imitate. 

The ^ohemical resist* mostly used at the 
present time is a very thick colour containing 
copper sulphate, lead nitrate, and Chixia clay, 
usually thicken^ with flour and Britirii gum 
and wiUi or without the addition of such 
mechanical resists as tallow or rosin. As with 
the wax resist, the dyeing is best conducted in 
the zinc vat. By increasing the amount of lead 
nitote in this resist so as to exceed its equivalent 
in copper sulphate, and running the gcmds after 
dyeing through sodium dichromate, lead 
chromate is formed in the resisted parts and a 
yellow pattern on a blue ground results. 

Vat Dyes othbb than Indioo. 

Althoujgh it has long been known that indi- 
rubin (an isomeride of indigotin which occurs in 
almost all natural indig^) can be dyed in the 
same manner as indigo, it has never found any 
technical application, partly on account of the 
shade it yields being undesirable and partly for 
other reasons. The tetrabromo (5:7:5': 7') 
derivative, obtained by brominating the arti- 
ficially prepared djwtuf! in nitrobenzene 
solution is, however, a useful vat dye, and comes 
into the market under the designation Ciba 
Hdiotfope B. Indophtnol, which was dis- 
covered in 1882 by Kocohlin and Witt, is also a 
vat dye, and although it was a (onimerdal 
article in the *90's it was nevesr much uscfl, 
mainly because it produced loose colours, and it. 
is now entirely obsolete. 

The enormous development in the vat colour 
industry that has taken place daring the last 
few years may be traced, on the one hand, to the 
discovery of indanthrene blue by Bohn in 1901, 
4snd on the other hand to the synthesis of thio- 
indigo red by Friedlfinder in 1905. At the present 
time there are well over one hundred individual 
dyestuffs which may be strictly classed as vat 
dyes, without taking into account the large 
number of sulphide colours (g.r.) which, in a 
sense, might also be classed as vat dyes. It 
would obviously be out of place to embody the 
wfaofe of our present knowledge of the vat dyes 
in tins work, as that would require an amount ' 
of aq^ace which would not be commensurate with 
the general interest attaching to the subject. 
In Hie following, it will therefore be under- 
stood that the examples given are only typical 
various dasses. For further information 
vat dyes, see Engi, Chera. Z«it. 

Staeble, 

P^. ^t. 1910, 731 d 9M, ; Friedl&oder, ibid. 

1 1911* 640; Masera, F&il)cr-ZeH. 1911, 336; 
^damoi^ and Battegay, E)% Text. Bl, 1910 : 

*WI. 1910t W 396 ; S. de Bftirjr 
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AM. MIS. ISsf^L. E. VBh, AM. IS; 
Truttwin, Ensyklop&die der Efipsnfaxbstoffs, 
1920; J. F. Thorpe and C. E. Ingold, Vat 
Colouxai, 1923 ; The * Colour Ixidex^ of the 
Society of Dyers and Colourists, edited by 
F. M. Bowe, 1924 ; Knecht, BawsonandLoewen- 
thal, A Manual of DWng ; Eneobt and 
Fotheigill, The Principles and Practice of 
Textile Printing, 1924. 

These vat dyes may be classed under two 
headings, viz. as (a) indigoid dyestuffs, and 
(5) anthraquinonoid d^stuffs. The former 
come into the market under various trade names 
such as indigos of various brands, the Durind 
colours (British D^stuffs Corporation), 
anthrene colours (British Alizarine CoA 
the Ciba colours (Soc. of Chem. Ind., fia^), 
while the latter are represented by the 
anthrene colours (British Dyestuffs Corporation!, 
the Caledon colours (Solway Dyes Co.), and 
Cibanon colours (Soc. of Chem. Ind., Basel): 
F. Indtootd Dyestuffs, Vol. III. p 620. 

The bromo derivatives of indigotin are 
brought into the market under different designa- 
tions, such as indigo pure B.B.N., ciba blue, 
indigo K2B, and generally yield, in dyeing and 
in printing, either redder or greener shades of 
blue than indigo itself, according to the amount 
of bromine which they contain. Thus indigo E 
Is 5 bromoindigo, ciba him 2B is 5 : 7 : 5' : 7'- 
tetrabromoindigo, and indigo KG consists mainly 
of 4 : 5 : 7 : 4' : 5' : 7'-hexabromoindigo. There 
is no object to be gained in substituting more 
than five h3^drogen atoms in the indigo molecule, 
as the leuco compounds of the more hi^^ity 
halogenated derivatives axe so sparingly soluble 
as to preclude their practical application. The 
8 : fi'-dibromoindigo synthesised by Friedltoder, 
and shown by him *to be identical with the 
Tyrian purple of the ancients, is not a com- 
mercial article. It is interesting to note that 
the 0 : IV-dibromoindigo dyes an axnetb;pt shade 
(T\Tian purjfie) whereoK the isomcnc 5 : 6'- 
dibromoindigo (indigo HB) dyes blue. The 
position oecupied by the halogen atoms in the 
molecule is of importance In other instances. 
Thus the entrance of the halogen atoms in the 
para- position with reference to the nitrogen 
atoms causes but little alteration in the colour, 
although the shacles arc brighter than those 
from indigo itself. If the hatoxen atoms 
occupy the para- position to the GO gnmps, 
the dyes obtained arc n*dder in shade tiuMa 
indigo. 

Of homologties of indigo, the 7 : 7'*dimethyl- 
indigo (methyl indigo B), and the 5 : 5*-dlmelAyl« 
indigo (metf^ indigo E) are the most Importanl 
commercial representatives. The lormer dyes 
cotton a greener and the latter a redder hbade 
of blue than indigo itself. 

Thioindigo red B or thionaphtheiie itx^Kgo 

c.h.<^>c»-c<T>c,h: 

was dteoovemi in 1905 tqr BWodUbMlMr iod 
ia obtained by fnaiag <H> a r b o »y | A «glliMB« 

S yordlio a«id witii ewartio fwtMdh to fmi tUc^ 
doxyt, iriiieh to than o rim ia d to the dtowlaA 
Tbto dyn leanHa fram the oelfaM of oakiiMO* 
ntbylmw on tiiioaaltojlio acid, fofloovd 
moat trttli ml^ngM tiUaiaMik 
<»n«y of Arit i»nAN9 ibhIim tio 
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mwmh ih tta Uikny dllsfaafo txdomiiig 
mlleK9, lor it t^^enodi up u Ueur field and hae 
jl^iadted in tbeixiirodiifiti^ of a i«n» number cl 
new and vuluable rat djes. I&e artsficial 
indigo and moot ofcber oonuaeroial vat dyes, 
tUdnd%o red B oomes into the market in 
tbe form of a 20 p.o. paste. The pure colour- 
ing matttr is readily obtained from the dried 
paste by crystallisation from benzene or toluene 
m ir^-defined dark red crystals. Its solution 
in benzene is red and shows a characteristic 
intmise yellow finorescence. In concentrated 
sulphuric acid it dissolves with a bluish-green 
colour ; but on pouring the solution into water, 
the ortgtol dy^uff separates. By warmine 
with fuming sulphuric acid, it is sulphonated 
and the soluble sulphonic acid thus obtained 
dyes wool from an acid bath a full bluish shade 
of red. Unlike indigo, thioindigo rod is not 
afieoted by oxidising agents, remaining un- 
affected by chromic acid, alkaline ferrocyanide 
and bleaching powder; whilst, on the other 
hand, it is more readily reduced than indigo. It 
has been shown that the reduction of thioindigo 
red to its leuco compound is analogous to tlmt 
of indigo, two atoms of hydrogen or their 
equivalent being required for one molecular 
weight of the dyestuff (Knecht, J. Soc. Byers, 
1906, 156). Like indigo white, the leuco com- 
pound dissolves readily in caustic alkalis, form- 
ing a yellow vat from which it is t-aken up by 
the cotton fibre, the red reappearing on exposure 
to the air. 

Of derivatives of thioindigo red, the following 
may be mentioned : 

Thioindigo red B.Q (dichlorothionaphthene 
indigo) C.H,Cl<®^>C=C<^jP>C,H,Clj thio- 


ind^ red ZB (dichiorodimcthylthionaphthene 
indigo) 


CHjv p p ^p^^OOv p |T -OHg 


thioindigo 2B(dichlorodimethyldlmethoxy- 
thionaphthene indigo); thioindigo orange B 
(6 : 6'-diethoxythioitaphthene indigo) ; and 
thmndigo gpray (7 : T^diamiiiotliioindigo) In 
general it may be amd that the introduction of 
snbstituente such as OH, OCH„ SCHa. 

Bpj|9|, NHi, Ito., in the para- position to the 
sulphur atoms produces a deej^uing of the 
sluMe to blue-violet, greenish-black, &c. Sub- 
stitution in the meta- position to the sulphur 
atoms produces yellower shades — orange, orange- 
brown and aoariet. Halogenation darkens the 
shade of thioindigo red. 
fUoiniigo marhd B 






obtaludl by tba Mtion of Utioindoxyl on iMtin 
OQBteiai t» dbuMterisUe gronpinp of thio- 
minvtd aui of indiraiiin. When acted upon 
<9 BNafaw Itt adfihiitio add lolntioii it yielda 
• wWMMtjdtrtwMW whMt i* daead on the 
Muiah tnlar aama el vMti K. 

\ haniBMiniiio dariTatire le pw ee B t e thio- 


0 («lw fatoim m. rt hw 'n dw o 
: | we dw% oh* 



tahied by die eondeiiHitioii of tidoiadbxyl ida 
aoenad^tiieDe quhume and has the oondatu&m 


> 

By the bromination of this dyestuff, Ciha red B 
results. 

Of other indigoid dyestuffs, mention may be 
made of Ciba ydlow ZO, w^oh is obtainea by 
boiHng indigo with benzoyl chloride and copper 
powder in nitrobenzene, and to which the con- 
stitution 


c.H4<^>c=c<^>ca 

I - CH ' 

1 


has been described. The complete change from 
blue to yellow is remarkable. 

By the condensation of a-naphthol with 
a-isal^chloride, a compound is obtained with 
the following or/^oquinonoid structure 


0 


,/\/ 


K 


and is, in a sense, also indigoid in charMter. 
The iribromo derivative is Imown as Alizearin 
ifidigo ZB, The corresponding ^mpound firom 
alpha anthrol and dibromoisatin is known as 
Alizarin indigo 0, 

The indigoid dyestuffs all behave very much 
like indigo towards reducing agents, i.e. they 
yield louco compounds (corresponding to indigo 
white) which dissolve readily in caustic alkalis, 
and in this condition show affinity for the 
textile fibres. The affinity of the different dye- 
.stuffs for the cotton fibre varies, however, in 
eac‘h cose, so that their successful applioation, 
ttspecialiy in the production of mix^ shades, 
requires a considerable amount of practical 
experience. The reducing agent employed for 
these colouring matters (in fact for au vat dyes 
other than indigo) is invariably sodium hydrosul- 
phite, for although it is not the most eoonomica], 
it is the most effective and convenient reagent 
for the purpose and yields vats which aw free 
from sediment. In principle, the d3reing of 
oottbn with these dyestuffs is the same as the 
dyeing of indigo in the hydrosulphite vat The 
optimum temj)eratures vary, however, aoeording 
to the indiviclual dyestuff, from the ordinary 
temperature (as used for indigo) to temneratum 
as high as 70^ The range of shades obtainable 
contains almost every colour of the qpeotrum» 
and some of these vie in Imlliaocy with the 
bi^ooolours. Mostof timcolounawdiimter** 


ised by great fastness, and ate in thie^ resneet 
luperior to indigo. Hitherto no indigoid luaoh 
has been produeed. . , ^ i 

AMough original^ spoiled to dyeing and 
ptinting on cotton and other vegetal 
methiw have ^een devieed by wUch 
KdourSng mattem can be e«oosiisfa“**- - 
in irool dysi^ by sttbsHtutfog “ 
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VAT 

the caustic soda in the vat or neutralising the 
effect, on the fibre of the caustic soda by the 
addition of some soluble oil (see H. K&mmeier» 
Soo. Dyers, 1913, 68^ 

In calico printing, the indigoid dyestuffs can 
be applied by methods similar to those employed 
for in<^o, mth the exception of the chromic 
acid discharge, which cannot be used owing to 
these dyestuffs being either not affected at all 
1^ chromic acid, on the one hand, or yielding 
imperfect discharges on the other. They can, 
however, be discharged by means of the form- 
aldehyde compound of sodium sulphoxylate. 
For further imormation on the use of these 
colours in calico printing, see N. Evans, J. Soc. 
Dyers, 1913, 144. 

ArUkrug^inonoid dyes. — The first of these 
<^6stuff8 brought into the market was indan- 
threne blue, a product formed by the action of 
molten caustic potash on j3-amiooanthraquinone, 
and possessing the constitution 

/\/^\/\ 

1 i 11 

V^o/Y\h 




It is a dark blue compound insoluble in water, 
dilute acids, alkalis and most ordinary organic 
solvents. It can be obtained in well-defined 
crystals from its solution in quinoline or by 
sublimation. Oxidising agents convert it into 
the yellow azine 


D?m . 

^ A 

requires 4H omts equivalent. In this eun- 
neoticm it may be mentioned that in tike quantii* 
taiave estimation of alizarin by^ titration with 
titanous chloride in presence ci sodium tartrate 
(J. Soo. I^exs, 1915, 241) the analogous redoc- 
tion to desoxy^zarin 

.COHv 

takes place, 4H being required. 

To what extent the four — CO — groups of 
indanthrene blue suffer reduction in the forma- 
tion of a "vat* is not known at the prewnt 
time, and this applies also to the other ant* 
quinonoid dyes. 

Halogen derivatives (Cl and Br) of indah- 
threne blue are also commercial articles and yiel^" 
in dyeing greener shades of blue which are fast 
to bleaching powder than ordinary indanthren 
blue (v. Indanthrene), as the introduction 
of halogen atoms renders the oxidation to\ 
the azine less easy. Indanthrene blue QCD ^ 
an dindanthrene blue QC are the diohloro and 
dibromo derivatives respectively of indanthrene 
blue. 

By the condensation of alizarin with 2 : 3-di- 
atninoanthraquinone, a compound having the 
following constitution 


yCO. 




CO. 


(containing 2 atoms of hydrogen less), but this 
is readily reconverted into the dyestuff by the 
action of reducing agents. Acted upon by 
hydxosulphite in presence of an excess of caustic 
soda» indanthrene blue yields a blue vat from 
which cotton and other ve^table fibres can be 
dyed in exceedingly fast imades of blue. The 
composition of the leuco compound of indan- 
threne blue and other anthri^uinonoid vat 
dyes is not known with certainty, but it is 
evident from the behaviour of anthraquinone, 
alizarin and the non-nitarogenous anthraquinonoid 
dyes that reduction takes place in the — CO — 
group, resulting in the formation of compounds 
analogous to oxanthranol 

or tibe iBomoio aathraliydroqiiinoue. 

-CHOH. 

ia eitiwr cho 2H rronld be required for 
'-Hlk nduettmi. The fniidier reduction to 
'•BllMnoi 




CO 1 

\/\ 

1 I 

\/ 

is obtained, halogen derivatives of which come 
into the market under the names algol blue and 
algd green. 

Flavanthrene or indanthrene yellow is formed 
as a by-product in the manufacture of indan- 
threne blue, but is obtained in much better 
yield, according to D. R. P. 138119, by tlm 
oxidation of ^-aminoanthraquinone with anti- 
mony pentachloride in boiling nitrobenzene, or 
by the action of manganese peroxide in nitric 
acid solution (D. R. P. 141355). Flavanthrene 
has been shown to possess the constitution 


I I 




Q 
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'\Ar,rK/ 


CO' 

and comes into the market in the farm Of o ' 
jellow paste. With caustic soda and' hvdro* 
sulphite (or other redutdng errata) it jdnds a 
deep oobidt.Uue vat inua irUdi ; 

up the lenoo compound and ii- ^red. -9iSi0i: 
exposuia to the air, a fast ysUour. ^haleglB’ 
derivativae of flaTanthwne djre xeddsr akpiaae 
than flavantliwne itself. 

1%Bt nitrogw and fn^neaesnoliMinttil. 
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coniMitiieiits of Tat dym is by the fact 

thatr pifranifkrcm or inmnihrem golden orange Q 

CO 



obtained by the condensation of two molecules 
of 2 : 2^-dimethyM:l'-dianthraquinonyl behaves 
in exactly the same manner towards reducing 
agents and in dyeing as the other vat dyes of this 
series. By the introduction of halogens into 
this dyestuff the shade is altered towards red. 
Thus, the brominated product represents indan- 
threne scarlet G, 

By the alkaline condensation of two benz> 
antbrone molecules, vat dyes are obtained, the 
simplest representative of which (violanthreneBS) 
is represented by the constitution 

/\ 

! 1 

\/\/\ 
ro' ^ ^ 

^^\/\/\/\ 
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which, when nitrated, yields indanihrene green. 
This vat dye produces a green on cotton which 
is not very fast to light. Indanlhrem violet ET, 
which dyes very fast shades, is a halogenated 
violanthzene. vudanihrene E extra is obtained 
by fusing halogen derivatives of benzanthrene 
with alcoholic potash. It is represented by the 
constitution 

CO 


ax).. 


u 


\/\. 

I I, 


. \/ \ 


Indanihrene violet EE and indaiUhrene violet 
Bare the diohloro and dibromo derivatives of this 
vhdaiftlirene. 

Some of the dyestuffs of this series are 
dmIratiTes of aminoanthraquinones and are 
represented 1^ comparatively simnle constitu- 
tional {onnnus. Thus, algol yeltow WO 
a^bemmylaadnoanthraquinone 

i, NH.CO C.H, 

/\/ \/\ 


Njc/^ 


whilst olgot'^iinJf B is the bensoyl derivatlva 
of a hTdroxyamisoanthraquinone 

CO 0^ 

/\/^°\/\ 

•COCeH, 

A variety of shades are produced hy the 
introduction of further groups such as OCH,, 
NHg, additional OH poups, Ac., into the anthra- 
quinone molecule, followed by benzoylation. 
Succinyl derivatives are also us^. An example 
of these is the dyestuff known as algol yellow 3(7, 
which is the succinyl compound of diamino- 
dianthraquinone 

CO-NHC.H,<g>C,H« 

CH, 

(in, 

<!!0-NHC,H,<gg>C.H. 

It is noteworthy that the arylaminoanthra- 
quinones do not act as vat dyes for cotton, 
although some of them arc, in the form of the 
sulphonic acids, valuable wool dyes. In t^s 
connection it may be mentioned that whereas 
alizarin is quantitatively reduced by titanous 
chloride in presence of ^chelle salt to desoxy- 
alizarin, alizarin orange cannot be reduced 
further than to j3-aminoalizarin. 

Another class of anthraquinonoid dyes, the 
anthraquinone acridones, are obtained by 
condensing 1 : 2 chloroanthraquinone carboxylic 
acids with aromatic amino compounds, foUowed 
by treatment with concentrated sulphuric acid. 
Indanihrene violet 2B is a member of this class. 

It is represented by the constitution 

“\0 

Some of the sulphide colotira (g,v,) are also 
classed as vat dyes, though they do not appear 
to bear any relationship to the indigoid or 
anthraquinonoid dyestuffs as far as constitution 
is concerned. The points of similarity are the 
use of hydrosulphite to form a vat and the 
fastness of the resulting colours on cotton. Of 
these dyestuffs the best known is hydron Mue, 
which is obtained by melting the indoj^end ol 
carbazol (from p-nitrosophenol and carbaaol) 
with a B^um polysulpoide rich in su^ur. 
The dyeing ia done at an elevated tempeEfttuxe 
(30M0^), and shades are obtained which 
resemUe indigo, though they are daimed to be ^ 
faster. Some vat dyes obta^ed from anthracene 
or ita derivathrea,. such as algol hmm B, 
indanihrene dive (?, and the eihanon coIouxb are 
also suij^ide dyes of nnknown constitutkni*. 

The anthraquinonoid dyes are employed in 
cotton dyeing much in the same way as the 
indigoid dyes. ^netaUy speaking, they reqUiia, 
however, a mudrlaTger amount of cauatie apda r 
ia the vat and are not dyed coUt» b«t it i^: 


is 
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In dyra^ight shades, pued iRi^, for instanee» the ba^ and dimt 
the dye^bath is geneially exhausted under thesi cotton oolours. Even indigo itself shows tiUh 
conditions. After dj^ing, the goods are soa^c drawback, but most of the othw vat dyes show 
hot, a process which in most oases consideraoh it to a greater extent, 
enhances the brilliancy of the colour. With For the identification of the vat dyes in dyed 

some of the oolours, the fastness to bleaching an<^ printed fabrics, see A. G. Green and 
powder is increased by steaming under pressure " 

after dyeing. Although no black anthra< 
quinonoid dyestufi is Imown, a black of extra 
ordinary fastness can be obtained on cotton 
dyeing it first indanthrene green and then sub 
l^ing the dyed material to the action o 
bleaemng powder. The colours obtained with 
the dyes of the anthraquinoid series are generally) 
somewhat faster to light than those obtained 
with the indigoid dyes. They are not applicable 
to wool dyeing owing to the necessity of keeping 
the vat strongly alkaline with caustic soda, 
with the inherent risk of damaging or dostro^ng 
the fibre. It has been suggested that a prolimi 
nary treatment of the wool with fonnaldehyd( 
would obviate this difficulty. 

In calico printing, the anthraquinonoid dyes 
hre laigelv used for some of the best classes of 
work. The usual method of using the indan 
threne colours is to print a colour containing 
the vat dye, stannous chloride, ferrous sulphate 
and thickening, and after drying to pass rapidly 
through a hot strong solution of caustic soda 
The &ation may also be effected in one opera> 

tion by using a printing colour containing the ^ ^ ^ 

vat dye, byd&OBulphiieTormaldehydo and soda less, triclinic crystals of prismatic habit with 


G. H.‘Frank (J. Soo. Dyers, 1910, 83), also 
G. E. Holden {ibid, 1909, 47), A. G. Otmi, 
W. Gardner, L. lioyd, and G. H. Frank (i* 6 id. 
1913, 227),andJ.LM. Jones and W. Kilby (tbid. 
1925, 127). Indigo can readily be distinguished 
from the other vat blues by d&olving the fabric 
in warm 80 p.c. sulphuric acid. The solution 
is poured into water and filtered through a small 
asbestos filter. After washing and drying, j ' 
residue on the filter is heated to about 
with concentrated sulphuric acid and 
poured into water and filtered. Under th 
conditions, the indigo is sulphonated and i 
into the filtrate with a bright bine colour, wh 
the other vat blues remai n unaffected. £. K. 

VAUQUELINITE* Native lead and copp^ 
chromate. \ 

VAUXITE AND PARAVAUXITE. These 
occur on wavellite in brecciated tin-veins in 
rhyolite at LlalJagua, Oniro. Vauxite occurs 
as" radiating aggregates of sky-blue, triclinio 
crystals with a:b: r = 11610 : 1 : 1*2024, a« 
99" 32', /3=102" 14', 7 = 110 " 14' ; d 2*375, H. H i 
refractive indices a 1*661, $ 1*656, y 1*682, 
optically positive. Paravauxite forms colour- 


ash, ato which the goods are steamed for d~7 
mins, in air-free steam. The glucose process, as 
described for indigo, is also applicable to vat dyes 
in general 

In seaming or * ageing * the vat dyes, it 
sometimes happens that the colours do not 
develop satisf^torily on subsequent exposure 
to the air, and faulty goods thus result. This is 
due to over-reduction of the vat dye to a stage 
at which neither air contact nor oxidising agents 
will develop the colour, ^ee Reinlung: £x- 
othennio reactions in the rapid ager, J. Soc. 
Dyecsi, 1922, 306. 

By the introduction of the vat dyes the 
public demand for fast colours, especiaUy in 
dyes and printed cotton and linen fabrics, has 
mn met, and it is now possible to obtain by 
meuis of them almost any shade fast to washing, 
light, peis^tion, rubbing, and even bleaching 
powdbr. It should, however, not be taken for 
- granted that a vat dye is of necessity a fast 
ooloiir. Those on the market have, however, 
genmlly been carefully tested and selected by 
the malserB and usuaUy possess this attribute. 
Mwory of the vat dyes are so fast that they can 
hy put t^ugh the full bleaching process for 
oottm pieces without suffering any 


good b (010) cleavage ; a:bi csU'6058 : 1 ; 
0*8882, a=97" 42', /3=110" 22', 7 == 100" 66 '; 
d 2*291, H. 3 ; ndractive indioes a 1*664, ^ 1*658, 
7 1*673, optically positive. Analyses by J. E. 
Whitfield gave 1 for vauxite and 11 for para* 
vauxite. 


H,0 

HfO at above 
fof 104* 


HuO A1,0, P,0, 

I. 19*34 0*18 14*89 31*33 3*68 30*24 

IL 16*47 -- 17*89 29*80 16*40 20*34 

The minerals are readily soluble in hydro- 
chloric acid. The water content of the para- 
vauxite varies considerably with the hummity 
of the atmosphere. Formula) : 

Vauxite : 4Fe0,2Al,0„3Pj0„24H,0+3H,0. 
Paravauxite : 

6Fe0.4Al,0„6P,0,,26H,04-21H,0. 
(Samuel G. Gordon, rroc. Aci^. Nat Bci. 
Philadelphia, 1923, 76, 261-270; Chem. Soo. 
Abstr. 1923, 124, ii. 646). 

VEGETABLE BUllER v. Bassu oils ; also 

JIL8, nXXD, AKD FATS. 

VEGETABLE ETHIOPS. A form of char* 
!oal obtained by the incineration of Fmck 
VEGETABLE FATS V. Oils, mxn,Ain> fats. 
VEGETABLE IVORY. The fruit of 


din^uitiicm of intensity and btiOiancy, and ad- macroearfa (Eulz. and Pav.) found In 

vantage is taken of this in the production of Colombia, South America. 

lah^ with cobured stripes or figures. VEGETABLE PARGHMENT v. /WtAiketil 
. , whiinis it was formerly necessary, in order to wper, art. Gellitlosb. 

bloMb both wvpand VEGETABLE SnBMAim 

'':«iftwlai» moving the Umdungi. now lais^ Wxxib. 

.iwM in the ^ ai^ VELOCITY OF BBAC^ r. Owwnat. 

yit tMiUied. With the ezeepthm of indjno, the aniKm. 

' m .till too eiqwniiTe to a&it of VBLL08QIB «. tUMOO nuts. 

l^lefageii^ili^edforaDylmtthebw^ VENBllAI CHALK V. Smim 

eiikA. latuMdaeinparttothehighoortof VBIBIIAH LAKH. (Mmm fait •. IW* 

iManffeellm. bat non eepecftlly to tiie faot Mmin. 
ttl«^^^ai»tinotoiiallyweak.aeooiii. VBirBIIAMBBD. IWteesiile. 



A w)i]t6 lead pigia^ 
o<Mit|iiai»g lb iKCgfii petceatage ol barium aul- 
phate. . "w 

VnmiAGO MADBASPATANA (Gerten.) 
IB a large diimbmg slurub belonging to the oirier 
HhamnaeM, the root-bark of wmch furnishes 
a dyeetuiS muoh valued in Southern India. It is 
very common in the Western Peninsula from the 
Konkan southwards, as well as in Ceylon and 
Burma, and, according to Lostaid, it is collected 
in Mysore at om*tain periods of the year and 
exported to other districts of India* 

The following are a few of its vernacular 
nanm: pitti {Hindi); raktapita {Bengali); 
pappili-chakka, surralpattai {Tamil); popli- 
ohukai {Kan) ; lokandi, kanwail {Bomb), 

The root'bark appears as dark purplish* 
brown scales, ribbons, or filaments, the dust 
from which, when it is ground to powder, irritates 
tlm throat in a marked manner. When treated 
with boiling .water or alcohol it gives a red 
solution, which on addition of caustic alkali, 
changes to a deep crimson. 

Perkin and Hummel (Chem. 8oc. Trans. 1894, 
65, 923), who examined this dyestuff, extracted 
the root- bark with carbon disulphide, and 
obtained in this manner a resinous colouring 
matter, i>tnJlilagin, together with the crystalline 
non-tinctorial substances described below, 
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lonverted into the emodin meHiyl etheiv m.p. 
M)0^ As two methyl anthranohi are capable 
>f existence, the isomerism of these compounds 
may possibly be thus explained \ — 

OH 



CHa 


H 

0 


\ 



H 

Substance 


OH 


C,.H,0, 


VeMilagin Ci^H| 40 a consists of a reddish- 
brown brittle resin which, when distilled with 
zinc-dnst, gives a-methyl-anthraceno, and when 
treated with zinc-dust in alkaline solution 
behaves as a derivative of methyl-anthraquinone. 
Dilute alkalis dissolve it with a purple-violet 
ooloratioii, and the corresponding salts are 
obtained as violet precipitates on adding sodium 
or potassium chlorides to these solutions. 
According to Perkin and Hummel, ventilagin is 
possibly allied to alkanniu C|^Hj 404 , the 
colouring matter of alkanet, Anchuea tincioria 
(lAm*), and may differ from this merely by 
the possession of two additional hydroxyl 
group. 

Emodin monomtihyl ether Cj^Hj^Og, m.p. 
200^ consists of orange-red n^les, and is 
identical with that sub^uently isolated froir 
the root of the Pdygowm cwpidatnm (8ieb. and 
Zttoc.) <Perkin, Chem* Soc. Trans. 1895, 67, 
1684)* A 'similar, if not identical, substance 
was isolated by Schwabe (Arch. Pbarm. 1888, 
26r 569), and by Thorpe and MUIer (Chem. Soc. 
Trans* 1892, 64, 6) from the bark of the Ehamnue 
frangula (Linn*), and it is also present in rhubarb 
and the Mumex ecklonianus {Ic,) and Goa 
powder* ^ 

TrihffiroaBy^-methyl • anthrunol manomethyi 
ether (A), 0}^i4O4, colourless needles, decom- 
poses aooot 26<r before melting, and is soluble 
in alkaline solutiona with a yellowish-browo 
eotoratton* On gentle oxidation with chromic 
acUi it is eonvexied into emodin methyl etherj 
m*p, 860^ (Le)« and the same reaction takes 

S when tts alkaline solution is oxidised with 
gen peroxide* It closely resembles th 
£o«einodtsi«aatliranol monomethyl ether, 
imbseMently isolated from Goa powder 
Tvm and dbwer (Chem* Soe. Trans* 1912, lOi 





IB*. 


meSkflaii^unol monomethyl 
pak yellow fieedles, BLp, 
with ehromic arid is alio 


v^jgxjLgv/g, orange-red crystalline 
powder, m.p. 275^-280®, is soluble ii\ alkriine 
solutions with an orange-red coloration, and 
when heated with zinc-dust gives a hydrocarbon 
which resembles a-methyl-anthraoene. 

Substance C|,H|gOg ? is a chocolate, crystal- 
ine powder, soluble in dilute alkali with a yellow 
coloration, and this solution, on exposure to air, 
dejKisits a blue amorphous precipitote* 

Dyeing Properties. — On strip^ printed calka 
the root-bark gives with alumina mordant a 
claret-red, not unlike that of alizarin boideaux ; 
with iron mordant a greyish-lilac, which in strong 
colours approaches a black ; and with a mixture 
of the two a very purplish dark chocolate. The 
colours arc moderately fast to soap, although 
considerably behind the alizarin colours in this 
respect. On oil-prepared calico ventilago gives 
with alumina mordant a rich claret-brown, with 
chromium mordant a very black-purple, and 
with iron mordant a good purplish- bla^ shade. 
On wool chromium moimnt gives a good 
pi^lish-brown, alumina a bordeaux red, tin a 
brighter red similar to an alizarin red, and 
iron mordant gives dork dull purple and 
black. On silk similar colours are pix>duced* 
No difficulty is experienced in dyeing with 
ventilago, and no additions to the d^-bath 
are necessary, except in the case of wool, 
with which it is desirable to add calcium 
acetate in order to coirect the strong acidity of 
the mordanted fibre. Owing to the sught 
solubility of the colouring matter in water, the 
dyeing does not commence until the temperature 
reaches 70'^-80^ The root-bark appears to 
contain from 8-10 p.c. of ventilagin* 

A* Q* P. 

VERATRALBINE, VERATRIDINB, VERA- 
TRINE V, CEvaniKS. 

VERATROLE {o-ditnethox^fienzene) 

C.H4(OMe)4 

is best obtained by dissolving catechol (100 
gnus.) in methyl alcohol (200 grms.) mixed with 
75 grzus. of methyl sulpnate* The mixture is 
cooled to —5% and 150 grms. of potash dissolved 
in 350 grms. of water are then added all at 
once. Cl 3 mins, the methylation is oomj^ie. 
The product is diluted with water, extracted 
with ether, and the extract is dried and distilled 
(Perkin and Weizmann, CShem* Soe. Trans* 1906, 
1656). Yeratroie is al^ formed by the dktilla* 
tion of guaiaool with lead oxide (PschoiT and 
SUberbarii,Ber* 1904, 37, 2149). Yeratroie forms 
a crystaiUne mass, m.p. 15% b.p* 205% It yields 
a number of halogen &rivatives (Coustn, Oompi* 
rend 1898, 127, 759; 1902, 135, 967; Am 
Clliim* 1898, [vii^ 18, 483) ; also nitro 
tivea(CkHadn,Orinpt*xend 1902, 184,280; 



TEBATBOLB. 


,M7; Balvay, Cbem. Soc. Ihnuu. 1909, 1163), 
-O- >^^C.H3(OMe), 

(Berldn and Weizmann, he,) and other com 
l^nndB (Kxopp and Decker, Ber. 1909, 42, 1184). 

Yeratrole reacts with hippuryl chloride in 
pieeenoe of aluminium chloride, forming a 
orjstaliine product, m.p. 155° 

CeH3(OMe)gCOCHaNH-COPh 

from which valuable therapeutic products are 
said to be obtained (D. E. P. 185596; Frdl. 
1905-1907, 1184). 

For other literature, see Simonsen, Chem. 
Soc. Trans. 1917, 111, 69, 220; 1918, 22, 782; 
Jones and Robinson, ibid, 1917, 111, 903. 

VERBENALIN. A crystalline glucoside 
found in Verbena officinalis (Linn,), m.p. 181-5° ; 
Opsa: — 180-3°. Hydrol^’sed by emulsin, yield- 
ing dextrose (Bourdier, J. Pliarra. Chim. 1908, 
27, 49, 101). 

VERDIGRIS, VERT-DE GRIS, VERT DE 
MONTPELIER. Basic acetates of copper t\ 
Acetic acid. 

VERDITE. An ornamtjnlal stone of a rich 
green colour consisting mainly of hydratc'd 
magnesium silicate coloured by chromium. It 
represents a serpentine rock more or less com- 
pletely altered to talc. The chromium is 
probably present as the chrome-mica fuchsite, 
which was no doubt derived from chromite. 
The rock shows mottlings of yellowish-green 
and bluish-green with splashes of brow’n and 
yellow, and it takes a high polish. Sp.gr. 2-8 ; 
H. 3f. It occurs in the Jamestown series 
(Swaziland system) of chloritic and talcose 
schists; and is obtained from small quarries 
at several places on the banks of the Kaap and 
North Kaap rivers near Barberton in the 
Transvaal, and more particularly at the \Vrdite 
mines at Jamestown near Barberton, which are 
worked for talc with gold as a by-product 
(A. L. Hall, The Geology of the Barlx^rton Gold 
Mining District, Union of South Africa, Geol. 
Survey, 1918, Mem. No. 9). L, J. S. 

VERDITER, GR^ AND BLUE, v. Coppek. 

VERIDIAN* OuigneVs green v. Obrosaivm, 

VERJUICE. A kind of vinegar containing 
malic acid made from the juice of the crab- 
apple. 

VERMILION V, M gRcuRy. 

VERMILIONETTE. A red pigment made by 
adding eosin to white lead, barium sulphate or 
zinc white. 

VERNINE C,3H,30.N.,2H30 found by 
^hulze (Zeitsch. physiol. Chem. 1885, 9, 420) ’ 
in seedlings of Vicia sativa^ and later in a number ^ 
of other plants. Is identical with guanosim, 
obtained by Levene and Jacobs (Ber. 1909, 42, 
2469) by the hydrolysis with water of guanylic 
acid. M.p. 237°, [a]^-60%'>2° in alkaline solu- 
tion. It is hydrolysed by acids to guanine and 
aj^n^, presumably d-ribose (Schulze and 
Trier, Zeitsch. physiol. Chem. 1910, 70, 143), 

iri)m the ipreen leaves and berried of the 
tzoe a pentoside has been isolated, con- 
gua^, which ia probably identical 
wita gaanoaine obtained by Schulze and Trier 
hsm otiw plants and from«-nucleic aoid bv 
lanme and Jaoobs, It is suggested that tb 


caliche in the leaves and berries ol the ccdlee 
tree is derived from gaanosme* the latter beliig 
converted successively into guanine, Mnthine, 
and oaReine by the action of enimnes (T« de A. 
Camaigo, J. Biol. Chem. 1924, 58, 831 ; J. Soc. 
Chem. Ind. 1924, 43, B. 312), u. Ebqot. 

G. B. 

VERONAL. Trade name for diothylmalonyb 
urea (C3H3)3C[CO-NH]2CO, prepared by the 
condensation of urea and diethyl - malonyl 
chloride. A white or3mtalline powder of bitter 
taste, m.p. 191°. Soluble in water, ether, 
acetone, acetic ester. Used as a soporific (e. 
Synthetic drugs and Pyrimidines). For the 
chemical detection of veronal poisoning;, 
Macadie, Pharm. J. 1913, 90, 134; RicluSras, 
Analyst, 1919, 44, 192; van Itallie and wan 
der Veen, Pharm. Weekblod, 1919, 56, 11112 ; 
J. Pharm. Chim. 1919, [vii.] 20, 337. Ve 
and the malonylureas generally readily ohn- 
dense witli xanthydrol to form orysti 
dixanlliyl derivatives which may be used for tpe 
characterisation and identification of tl^e 
malonylureas by observation of their meltin^- 
IK>int8"(Fahre, J. Pharm. Chim. 1922, 26, 241). 
The veronal derivative melts at 245°-246. Thus, 
if a solution of 1 grm. of veronal and 2 grms. of 
xanthydrol in acetic acid is boiled for a few 
seconds and cooled a crystalline precipitate of 
a dixanthylated derivative is formed wnich can 
be purified by washing with boiling alcohol and 
its melting-}>oint determined. In toxicological 
investigation the veronal has first to be isolate^ 
from the viscera. lYom 100 to 150 grms. of 
material are digests on a water- bath for 3 
hours with a mixture of 95 p.c. alcohol and 5 
grms. of tartaric acid, cooled, filtered and con- 
contratod by distillation. The residue is dis* 
solved in 50 c.c. of distilled water, and aftor being 
made slightly alkaline, the solution is shaken 
up several times with ether to eliminate fatt^ 
matter. After aeidulaiion with dilute salphuno 
acid the liquid is evaporated, and the reridne 
taken up thm? times with ether which dissolves 
the veronal. The residue from the extract is 
purified by dissolving it in water, heating with 
animal charcoal, filtering and crystallising the 
filtrate. After several c^stallisations the melt- 
ing-point can be determined. The search lor 
tlu^tse h^-pnotic compounds may also be made 
in the urine, since 60 to 65 p.c. of the veronal 
absorbed ran be found in the urine excreted 
iuring the four following days (Analyst, 1022, 
47, 523). 

VEROPYRIN. Trade name for a mixture 
of etbylmorphine hydrochloride, veronal-iodiuin 
and calcium acetyjsalicvlate. 

VERT DB GVlGNEf «>. CaBOHnm. 
VERVAIN. C^paylaoetid (l-iio* 

propyl-i^itbaitalbMixeiie 

tmsaeiBCB a alixma odour namifalfof vernia. 
but not of Bttoh oeliouDr m tlM* of Iho pwat. 
A* it may be eaiily nod Mononioalfy pinfewd. 
it i* antidnnted thot ft wiU be taUuiMfy Med 
to qrothetio pwfmmy. It f* obtatMd eon* 
dealing magneMua eyaiyl dUoride Wftk 
^hofcunide, hydmiydM tte HOliidk 
wte nil^nrie 

B • phe Tdloir 
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Oog^Mniid. 1323, in>«S(MWl ; J. Boo. Ciluia. 
fod. 1923, 42, 1099 A). 

VBMLVUIJB* 8yn. lor hexuinetliyleneteiTa* 
mine. 

VB8IP1B1N. Trade name for phonyl aoeio- 
salicylate, SALtOYUO acid and Sykthshc 
DBUOS* 

VESTORIEN V. £aypxiA» blub ; also 
SiNAMBLS. 

VBSUVIANITB or IDOCRASE. A mineral 
consisting of a complex silicate of calcium and 
aluminium, together with iron, magnesium, 
water, fluorine, boron, &c. F. W. Clarke’s 
formula is K' 4 Al,Ca 7 Si 0 O 24 , where R^^Ca*, 
(AlOH),, H 4 , Ac. Crystals are tetragonal and 
usually green or brown in colour ; sp.gr. 3*35- 
3*45; H. 6 i. The mineral is of common 
occurrence in contact-metamorphic rocks, par- 
ticularly crystalline limestones. Lustrous, 
brown crystw are common at Monte Somma, 
Vesuvius (hence the name vcsuvianitc). Green 
crystals from Ala in Piedmont are cut as gems at 
iSirin. A compact, massive variety has been 
found abundantly as blocks and bouldere, 
measuring up to 0 by 3 ft., at several places in 
California (Siskiyou, Butte, Fresco, and Tulare 
counties). Tim hiwi been called californite 
(G. F, Kunz, 1003), and is much used as a gem- 
stone and for larger ornamental objects. It is 
somewliat translucent, takes a high polish, and 
ranges from bright green to yellowish-green and 
white in colour, thus closely resembling jade in 
appearance (D. B. »Stcrrett, Min. Res. U.S. Geol. 
Survey, annual reports for 1909 and 1910.) 


m ean s of barium carbonate, the cresol-sul- 
phonio aoid is converted into potassium salt, 
which in the dry state is nitrated by introducing 
it rapidly Into’^about three times its weight of 
dilute nitric acid (sp.gr. » 1 * 2 ), and is then 
poured into water, neutralised with potassium 
carbonate, and the resulting potassium dinitro- 
cresol crystallised out. Obtained in this way, 
the colouring matter is a mixture of the 
potassium salts of dinitro-o* and dinitro-p* 
cresol, and varies in colour accorcflng 'to the 
proportions of these. Thus Victoria vellow is 
yellowish in colour, and consists chiefly of the 
potassium salt of dinitro-o-cresol (m.p.= 86 ®), 
which crystallises in yellow needles (Wichelhaus, 
ibid. 7, 176 ; Piccard, ibid. 8 , 685), whereas 
saflron surrogate is distinctly reddish in colour, 
and consists chiefly (80 p.c. according to Piccard) 
of the potassium salt of dinitro-p-cresol (m.p.s 3 s 
84°), wmch crystallises in red nettles (Armstrong 
and Field, Chem. News, 27, 318 ; Hofmann and 
V. Miller, Ber. 14, 567 ; Staedel. ibid. 14, 900, 
006 ; Noiting and Salis, ibid. 14, 986). 

Victoria yellow is soluble in water and dyes 
wool and silk orange, but owing to the fugitive 
nature of the colour is no longer employed for 
this purpose. Saflfron surrogate is still used to 
some extent as a colouring matter for butter, 
margarine, vermicelli, cheese, &c. (Piccard), but 
this is to be deprecated, since Weyl’s experi- 
ments show that the compound is poisonous 
(Ber. 20, 2835 ; 21, 512). €f. Nitbophbkoib 

AND THBIB HOMOLOGUES. 

VIENKA BLUE. Cobalt blue v. Pigments. 

VIENNA GREEN. Emerald green v. PtQ< 


VICINE Ci 4 H. 40 ,N 4 ,H 40 was discovered by 
Ritthausen (J. pr. Chem. 1870, [ii.] 1, 336 ; 1873, 
[ii.] 7, 374; 1881, fii.] 24. 202) in the swds of 
Vicia spp. According to Levene (J. Biol. Chem. 
1914, 18, 305 ; Lovene and Senior, ibid. 1916,25, 
607) it is a mononucleiwide, or glucoside of 2 ; 5- 
diaminotetrahydropyrimid-4 : 6 -dione ( 2 : 5-di- 
amino-uracil) of the following constitution : 

c.h„o. nxSSnh;) 

It forms needles, m.p. 242°, [qJ^— 1 1*7°. It is 
hydiolywd by 2 U p.c. Bulphurtc ikctd .t 100 " to 
dextrow And dimeine (of Rittiuiuscn) ~2 : 5> 
diuQiikMmoil CfBfOtN.. Coin [taro Alao John- 
wp. J. Amer. Chem. Boc. 1914, 30, 337 ; Johnson 
and Jiduuit » 6 *d. 1914, 30, 645 ; Kischor, Ber. 
1914, 47, 2611; Wint«n»U«in, Zcitsch. phyaiol. 
Chem. 1919. lOS, 258. , , 

CoMvieiM C,,H, 40 ,N„H, 0 (?) wen eleo found 
by Ritihattxtn in vetch eeeda and yields on 
hydrolyaia alloxauUn, ammonia and a ^exose. 

VnaAKlK V. OtncNMaoxs. 

ViaUUIQ 8 B«.CIutiioiiYUMaTEB. 

inOIOlIA TBUbOW. Gold yettom. AnUtee 

onitae, SaJhtm mmoaaU. This ootouring mattmr. 


onitge. SaMvw mmogaU. This ootouring mattmr, 
intoMtUMM Mattanxwei, under the name of 
Vkhwh mOm <tf onmge (Wag. Jour. 

1869. fm), oouaiata of tin potassium or am- 
intmiaitt Mt ei a dinitrooresol (liartios and 
Wi ehiiaM ww it SisB. 2, BOB ; v. Bonunaruga, t6td. 2, 
379)i H Is mimaiA ter heating ereeol, with 
ihiia thuM ita tMiht •nliiiiiaio aoid at 
190% wofl the ptwEiei to M&hto in water. 
After w w ffa n the aaoeae «t eutehuito wM vj 


MBNT8. 

VIENNA PASTE. A mixttpe of lime and 
potash used as a caustic to extirpate malignant 
growths. 

VlFERRALa A polymerised chloral 
(CaHOas)* 

A white powder, m.p. 153°-165°, soL in water. 
Used as a hypnotic. 

VIMOPYRIN. Trade name for p-pheneti- 
dinc tartrate, 

VINASSE V. Sugar. 

VINE BLACK. Blue black v. Pigments. 

VINEGAR, AROMATIC, v. Acbho aced. 

VINEGAR PLANT, v. Aesne Acn>; Feb- 

MEN TATION • 

VINOUilE* A mixture of coal-tar 
mostly rosaniline salts, used for colouring wines. 

viwOPYRIN V. SrNTHEnc dbuos. 

VIOFDRMe Trade name lor iodoohioro- 
hydroxyquinoline. A greyish-green powder us^ 
as a bactericide and antiseptic, and as a sub- 
stitute for iodoform (r. Synthetio obuos). 

VIOLANE. A variety of the pyroxene 
group of minerals of a rich violet oolour, aim 
occasionaUv used as an ornamental stoi^. It 
is a silicate of calcium, magnesium, al um i ninm , 
sodium, iron, and manmmese (about 2 p.e. 
MnO, U> which the colour is due). It aometo^ 
forms prismatic crystals of the menociinic 
system, but more often oompaot msm mih a 
lameUi^ or flbrous structure. It is fouM, 
together with other sUicates coloured by manj 
ganese, in the manganese mines at San Mweel 
m the Aosta valley. Piedmont. L, J. 8 S 

ViOliAllIN sPAktbocyaninb. 



VIOLET DE PARIS OR VKHiBT DXREOX. 


nOLBT DB PAmS or VIOLET DIRECT. 

MMyl violet V. TfilPHENYliMBIHANB OOLOUB* 
XBG 2CATTBBS. 

VIOLET fiB, 6B. V. TBlPHBNin<MBTHANB 
OOLOITRING MATTBBS. 

VIOLET R and RR and 6R. Hofmann'a viokt 

V. TBIPHBNYLMBTaABB COLOUBING MATTERS. 

VIOLIN. An emetic substance contained in 
the common violet, supposed to be identical vdth 
emetine from ipecacuaima root. 

VIOLINE or VIOLEIN. A synonym for 
mauve or aniline purple. 

VIOLONES. Coloured anhydro-bases ob- 
tained by acting upon pyiylium salts vdth p- 


pending a knowledge of their nature, it is agreed 
to call vitaminfl. 

The assumption mentioned in the last para- 
graph was unjustified, because the food con- 
stituents which were thought to cover all needs 
were never administered in a pure form. It can 
be shown with the gr^test ease that if an animal 
be supplied with purified protein and pure fats 
and carbohydrates, together with a salt mixture 
proved in other associations to be efiicient, the 
food may be well eaten, well digested, and even 
fully metabolised, yet the animars nutrition 
fails, and it finally dies. What, however, 
endows the phenomena we are considering with 




Dilth^ and Burger, Ber. 1921, 54 [B], 825). 

VIOLURIC ACID V , Pyrimidines. 

VIRIDIAN. Hydrated chromium sesquioxide, 
0. CtoOMIUM. 

VIRIDINIC ACID v. Tannins. 

VIRIDITE V , Thttringite. 

VISCOSE V. Silk, artificial. 

VITAMINS. To deal seriously from a 
standpoint strictly chemical with substances 
which have never been isolated in a pure con- 
dition is, of course, impossible. The constitu- 
tion of the peculiar dietary constituents which 
have been called Accessory Food Factors 
(Hopkins), or Vitamines (Funk) is as yet entirely 
Unknown. They are not, however, merely 
hypothetical substances. The evidence for 
their objective existence is ample enough, but 
as this evidence is in part, so to speak, of a 
negative kind, and in any case depends upon 
studies in which impure preparations have been 
perforce employed, it calls for critical considera- 
tion. The fundamental facts which make 
necessary a belief in the existence and physio- 
logical importance of nutrients differing in kind 
from those which until lately were alone 
recognised, can, however, be quite briefly 
enumerated. 

Until fiifteen years ago it was generally 
believed that the efficacy of a diet could be deter- 
mined by three essential criteria. The first was 
the obvious one that it should provide enough 
potential energy for the current dynamic ne^ 
of the body. The second was that it should 
contain a certain minimum of protein, to 
exercise specific functions which the non-nitro- 
genous foodstuffs caxmot subserve, and the third 
called for a balanced mineral supply. We now 
know that these criteria are insufficient. 
Although data from highly quantitative studies 
of human and animal nutrition have long 
existed in great numbers, these data were 
obUdned during the administration of natural 
food materials. The fats, carbohydrates and 
proteins contained in those diets were accurately 
calculated and the effects of their variation 
evaluated; but that these constituents (with 
the necessary minerals) were alone responsible 
lor the successful maintenance of the body was 
an unjustifiable assumption. Quantitatively 
they account for nearly the whole of the 
necessaiy supply, but hundreds of recent 
eiqpecunents and observations have shown that 
them are other substances in natural foods 
wlftdw tboUjB^ present in only very small quanti- 
ties, aie. jA absolutely essential for proper 
nutrttion. These are the substances which. 




the purified foodstuffs just mentioned become 

and ^tivity when material is ad^d to them in 
amounts so small compared with the w]] 
quantity of food consumed that it would 
almost negligible. This material must comi: 
at least three and probably more vitamins, 
extraordinary importance of their nutritio^l 
effects and the remarkably small concentration 
in which these effects are produced are tl^e 
characteristics which supply the only definitioli 
of vitamins at present available. 

While, during the first decade of the present 
century, the facts just mentioned were being 
established by feeding experiments done mainly 
upon animals, evidence giving precisely simik^ 
indications arose from a new and enlightened 
study of certain human diseases. It was almost 
a pure coincidence that these two lines of 
evidence should have become available con^ 
temporaneously . Clear indications showing that 
the disease, Beri Beri, which mainly — though 
by no means exclusively — attacks rice-eating 
populations, is intimately related to diet, was 
indeed brought forward by Eijkman so far back 
as 1897. Ho showed that a condition very 
similar to the human malady could be induced in 
fowls by feeding them upon an exclusive diet of 
polished white rice, while a cure was at once 
established by adding rice polishings to the diet, 
or by replacing the polished grain by whole 
grain. The suggestion given by these experi- 
ments was followed up and observations made 
upon a great number of prisoners in the gaols of 
Java, and the fact established that Beri Beri is 
far more frequent among these eating rice 
deprived of the grain cortex than among those 
receiving the whole grain. This work was fully 
confimed by that of W. Fletcher, published in 
1907-8 (Lancet, 1907, 1776). The time was not 
even then ripe, however, for the simple inteiii^ 
tation of the facts. Only when later studies 
were published, and in particular those of 
Frazer and Stanton (Studies from the Inst, for 
Med. Research, Federated Malay States, No. 12, 
1911) did the clear conception arise that the 
cortex of rice grain, unuke the endosperm, 
contains a sx)eoific substance of unknown nature, 
but certainly essential to life. It can be supplied 
in many other foodstuffs besides oereals, Imt the' 
circumstance that it has a local distribution in 
gxains, toother with the one-sided oharaoter of 
Eastern dietaries, oonspired to bring the fade 
to light. The disease soui:^ yields even dearer 

of a substance, or Substances, hot eompSil^ 
in the ordhuoy categoriei of foodstufla, lt« 




iaoidflooe And eim it inroidd teem, hBite 
led loDig aga^ a oonoqptton of vhat we shotild 
now ^ a Titaniiiu F^woono^ions and 
Iffejudioea led, liomTer, to other eiplanations 
of the dlseaee. Ultimi^y, howeTer, thoueh 
not until about 1912, the convergence of tne 
pathological evidence and that obtained from 
feeding experiments led to a somewhat sudden 
eixMrgence of the belief that nutrients must 
exist with the potent qualities now attributed 
to vitamins. 

Though all attempts to isolate the sub- 
stances with which we are concerned have so 
far failed, preparations have been made in a 
l%My concentrated form, and work which, in a 
limited sense at least, is quantitative, has been 
done upon them. Certain of the properties of 
the vitamins are well characterised in a chemical 
sense, and there is every reason to believe that 
they will ultimately be isolated. It is as yet 
impossible, as already admitted, to define them 
except in terms of their physiological properties. 
They arise during the growth of the plant. For 
the animal they are essential, indispensable 
nutrients. There is clear evidence that at least 
three distinct members of the class exist and 
strong suggestions for the existence of a fourth. 
Each has its own peculiar influence in the body. 
While we are ignorant of their nature any scheme 
of nomenclature must be unsatisfactory. It is 
best to use names without special connotations, 
and to speak simply of the A-, B- and C-vita- 
mins, respectively, is a justifiable custom. 

The B-VUamin. — Although this substance 
has received as a prefix the second letter of the 
alphabet, it wiJ] be convenient to deal with it 
first. It is the so-called * water soluble vita- 
min,* or anti-neuritic factor. If it be absent 
from the diet, a young animal fails to grow, and 
soon, like the adult animal, develops symptoms 
which depend upon the occurrence of degenera- 
tive changes in the nervous system. In the 
human individual these symptoms in their more 
extreme form constitute the picture of Beri Beri. 
The substance, as its earliest name betokens, is 
freely soluble in water. It is also soluble in 
80 p.o. alcohol, though much less so, if at ail, 
in absolute alcohol. Acidified methyl alcohol 
extracts it from many tissues containing it. 
Insoluble in other ordinary organic solvents, it 
i^ows a rather remarkable solubility in oleic 
acid or olive oil (Myers and Voegtlin, Proc. Nat. 
Acad, of So. 1920, 6, 3). It is precipitated from 
aqueous solution by precipitants which throw 
down organic bases : phosphotungstic acid, for 
instance, or silver nitrate plua barium hydroxide. 
!ntis behaviour, together with the fact that very 
active preparations obtained by the use of these 
precipitants contained nitrogen, led Funk to 
believe that the active substance was a base, 
and, in coniMuence, he suggested the name 
vitamine, which is now attached to all members 
of the class. Such precipitation mav not be 


speoi&c, however, but may be due to adsorption. 
The substance is freely adsorbed, for instance, 
by fuUer^s earth, and may be concentrated by 
its use. This property also allows of its se|^- 
tidn item otmt vitamins (Harden). A silver 
OCmpeuikd him been prepared with high physio- 
teiM (Seiaell, Pub. Health Keports, 

Wmingt^ 1921)^ The B-vitamin is a rela- 
iiibcta&oc, lAtowing considerable 


xedstanoe to destruction by heat. It also 
resists the effects of acids, but is much more 
sensitive to alkalies (McCollum and Simmonds, 

J. Bk>L them, 1918, 33,. 65; Daniels and 
McCiurg, ibid. 1919, 37, 201), Several attempts 
to isolate it have been described. Funk 
obtained, from extracts of rice ^lishings and 
veast, cratalline products cap^le of curing . 
birds suffering from polyneuritis due to feeding 
exclusively upon polished rice ( J. Phys. Chem. 
1913, 46, 173). Such results proved, indeed, 
the potency of almost infinitesimal quantities of 
the active substance, but unfortunately did not 
lead to its isolation. Funk believed at first that 
he had proved it to be a pyrimidine derivative, 
but when his crystalline preparations were fully 
purified they were found to be inactive and 
to consist largely of nicotinic add, which itself 
is certainly without the characteristic activity. 
The purine base adenine has been stated to 
possess the properties of this vitamin, the 
remarkable statement being made that this 
base exists in two forms — one a physiologically 
active form, which by molecular rearrangement 
may pass over into a second and inactive form. 
Certain synthetic a-hydroxy-pyridines have 
been said to have similar properties (Williams, 
J. Biol Chem. 1916, 25, 437; WillkmB and 
Seidell, ibid, 26, 431). These statements have 
been controverted, however (Harden and Zilva, 
Bio-Chem. J. 1917, 11, 172 ; Voegtlin and White,, 
J. of Pharm. and exp. Ther. 1916, 9, 155). It 
must be admitted that all attempts to isolate 
the vitamin or to relate it to known substanoes 
have hitherto failed. 

The B-vitamin is widely distributed in the 
tissues of plants, and is stored, though in low 
concentration, in many animal tissues. In the 
yeast cell it is especially abundant. As already 
pointed out, in the grains of cereals it has a 
local distribution, being present in the germ and 
pericarp, but not in the endosperm. The 
relative amounts present in various natural 
foods have been ascertained by determining 
on standard lines the minimum quantity of each 
food which is capable of preventing or curinc 
polyneuritis in birds. The available data wiU 
oe found in the Keport upon Vitamins issued by 
the Medical Research Council. Such experi- 
ments consume much time. Endeavours to use 
its supposed effects upon the rate of growth of 
yeast as a measure of its amount have on the 
whole proved disappointing (c/. Funk and 
Dubin, J. Biol. Chem. 1920, 44, 487 ; McDonald 
and McCollum, ibid, 1921, 46, 525). No 
chemical means for its estimation are yet 
available. 

Vitamin C . — ^This is the antiscorbutic sub- 
stance which, while present in most uncooked 
foods, is found in exceptionally hi^ coneeintia* 
tion in certain fruits and in other vegetable 
tissues. The very fact that it is an unstable 
substance— -easily destroyed by heat at tempera- 
tures not exceptionaliy high, prone to oxidation, 
and possibly destroyM under the influence of 
catalysts , present in the tissues themadves — 
has b^ in itself the direct cause of much human 
suffering. Scurvy follows almost automatically 
when the substance is absent from the diet, i^d 
is often a devastating disease in oommonities 
out off from a supmy of fresh foods. T3ie 
tentative efforts which have so far been made to 



m VITAMUSS. 


isolate the antisoorbutio agent, though without 
suooesB, have served the useful purpose of making 
it clear that there is a definite suostanoe to look 
for. We have not to deal with some vague 
* property’ of fresh foods, nor, as has b^n 
thought, with the infiuence of known constituents 
such as citrates, malates, or inorganic potassium 
salts. Because of its great importance to the 
body and the low concentration in which it is 
efficient the anti-scorbutic substance must cer- 
tainly be reco^sed as a vitamin. 

In the endeavour to study its distribution 
among foodstufEs, and the rate pf its destruction 
by this or that agency, physiological methods 
have hitherto been penorce employed. For an 
account of methods whereby highly concentrated 
preparations of this vitamin are obtained and its 
main properties demonstrated the papers of Zilva 
should be consulted (Bio-Chem. J. passim). The 
discovei^ of oven a purely empirical chemical 
methodior estimating the vitamin would certainly 
be of the utmost practical importance. Determi- 
nations of its relative concentrations have been 
made by observing for each kind of material 
under study the minimal curative or preventa- 
tive dose for scurvy in the guinea-pig. This 
animal reacts in a highly cWacteristic way 
when it is deprived of the factor in question, and 
also when after deprivation a supply is again 
provided (Axel Holst). Elaborate and careful 
experiments have been made on these lines 
(Chick and Hume, 1917, et aL). The vitamin 
is absent from diy cereal foods and from pulses, 
but appears suadenly in grains, beang, Ac., 
during even the earlier stages of germination. 
It is present in all fresh vegetables though in 
varying concentrations. It is usually destroyed 
when these are dried, though it is stated that 
very rapid sun drying (an industry in Belu- 
ohi^n) leaves it largely intact. Its concentra- 
tion in fhiits varies considerably. Those of the 
genus Citrus contain it in relatively large amount 
— as the long established empirical treatment 
of scurvy with lime juice would itself suggest. 
The fact that the concentration differs, however, 
in the juices of different varieties of citrus has 
affected the history of anti-scorbutic treatment. 
On several occasions in the past, and even during 
the war, * lime juice ’ has appeared to fail and 
faith in its efficacy has consequently wavered. 
This occurred long ago when in the British 
Navy the juice of the West Indian lime was 
Bub^ituted for the lemon juice previously used. 
The esqilanation came when it was shown that 
the first-mentioned juice contained no more than 
one-fourth of the active substance present in 
the latter. Orange juice, on the other hand, 
contains about the same proportion as lemon 
Juice (Chick, Hume and Skelton, Biochem. J. 
12, 131 ; Davey, ibid. 1921, 15, B3). Orange 
juice retains its activity when wholly freed from 
Its odUoids and from citric acid and calcium 
(Harden and Zilva, , Bio-Chem, J. 1918, 12, 259 ; 
McClendon, J. Biol. Chem. 1921, 46 , iz.). 
Oiaoge or lemon juice evaporated to a syrup 
under reduced pressure at 40 ^ 0 . or concentrated 
by rajj^ methods at higher temperatures, 
retahiB . its activity (Harden and Robison, 
i^Cheiii. J. 1920, 14, 171). The condition of 
vttaiuiki in the tomato m imparentlv such 
M to malm it ezoeptjonally stabK In aU cases 
Bk dightly acid leactkm in the material makes 


for stability. SVesh tomato |uioe, for instanoe, 
boiled lor one hour lost JSO p.c. o| its activity ; 
boiled for four hours it lost 70 p.o. When the 
Juice was first made rii^^tly idkaline, boilinff 
destroyed it much faster (La Mer, Oanmbell and 
Sherman, Proo. Soc. exp. Biol, and Ked. 1921, 
18, 122). In the case of vegetables (cabbage) 
heating for twenty minutes at 100*^0. may 
destroy 70 p.c. of the anti-soorbutio power 
(Delf, Bio-Ohem. J. 1918, 12, 416). Oxi^tion 
plays a part in the destruction of this vitamin 
(Zilva, Lancet, 1921, i. 478; Anderson and 
others. Science, 1921, 53, 446). It would seem 
to be especially rajiid in the case of some tissues. 
Fresh potato has marked anti-scorbutic power, 
but the juice, unless made acid, quickly loses it 
even at ordinary temperatures (Berzssqnoff, 
Compt. rend. 1921, 173, 417). The janti- 
scorbutic value of milk, even when freim, is 
relatively low, important as the function must 
be to the infant. The actual concentration of 
this vitamin (and, indeed, of the other yta- 
mins in cows’ milk) depends, hoTveYer, upon\ the 
nature of the food supplied to the cow (Hess Vnd 
others, Proc. Soc. exp. Biol, and Med. 1920, ^8, 
39 ; Drummond and others, Bio-Chem. J. 1921, 
15, 540). The vitamin is largely destroyed by 
Pasteurisation, and it is becoming well recog- 
nised that infants receiving heated milk should 
be given a ration of fruit juice. 

Vitamin A . — ^The ‘ Fat soluble * accessory 
factor. If animals be fed on a synthetic dietary 
such as that earlier described there may be 
complete failure of nutrition, even when Vita- 
mins B and C are duly supplied, unless at the 
same time regard is paid to the nature of the fot 
comprised in the diet. Most vegetable fats, 
whether purified or not, prove unable to support 
nutrition in the circumstances mentioned, while 
most animal fats arc found to be efficient, 
though in varying degrees. This is of course not 
due to any differences in the fats as fats. As a 
source of energy for the animal one type of fat 
differs but little from any other type. The 
difference, as abundant evidence proves, is due 
to the fact that associated with animal fats and 
not (at least as they apjicar on the market) with 
vegetable fats, is a sji^cific substance, not itself 
a fat or other ester, which is essential to life. 
While actually made by the plant and present 
for instance in relative abundance in green 
leaves, it for some reason does not accompany 
vegetable oils when those are expressed from 
plant tissues. When, on the other hand, it is 
eaten by the animal in its food the substance 
tends to accumulate in its fatty tissues. It is 
stored in exceptionally large relative amounts 
in the livers of fish, but takes its ori^n from the 
marine vegetable organisms on wUch the fish 
feeds (Hjort, Proc. Roy. Soc. 1922, B). Am 
in the case of other vitamins, its rwtive 
distribution has been in the main studied by 
means of standardised feeding experiments, bat 
evidence is accumulating to show that its con- 
centration in a fat is measured by the inteiudty 
of a colour reaction produced on the additiw 
of arsenic chloride and certain other xeagiesiti 
(Rosenheim and Drummoiul, Bio-OhmEU. J. 
1925, 19, 753). It is soluble in afoohol, 
ether, and benzene, and may be extracted, for 
example, from gremi leaves by these sdvents. 
The vitamin is stable best, sod 
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miitaiit to the prooeim iiiTolved in ssponifioa * oaimot be here dkcfumed. It ie probaUe that 
tion. It appears therefore peatly ooneentrated the list of existing vitamins is not exhausted 
in the uttsaponifiahle lesidne from any fat by those disoiused. Already there is evidence 
which contauis it. On the other hand, it is that a quite specific constituent in the diet is 
easily osidised, and loses all activity when a necessary for the maintenance of reproduetive 
fat or oil containing it is thoroughly aerated functions (Evans and Burr, Proc. Nat. Acad. So. 
(Hopkins, Bio-Chem. J. 1920» 14, 725). Drum- 1925, 11, 334). P. G. H. 

mond and his co-workers have shown that VITE^LIN e. Proteins. 
when the unsaponifiable material from cod- VITEXIN. The Ftiea; liUaralia (A. Gunn.) or 
liver oil is freed as far as possible from ‘ Puriri ’ is a large tree, 40-60 feet high, and 
diolesterol and distilled in a high vacuum the 3-5 feet in diameter, which grows only in tlm 
active vitamin is found in fractions distilling at northern portion of the North Island of New 
lS4®-220® at pressures of 1 to 2 mm. (Bio-Chem. Zealand. The wood affords a very durable 
J. 1925,19,1047). An ethereal extract of green timber, and is chiefiy used for house blocks, 
leaves has been prepared (Osborne and Mendel), of fencing posts, piles for bridges, railway sleepers, 
which a daily dose of 30 milligrammes contained Ac. 

enough of the vitamin (doubtless greatly diluted Vitexin, the main colouring matter, is present 
with other substances) to supply the needs of the in the wood in the form of a glucoside which 
rat, an animal highly sensitive to deprivation has not yet been isolated. It is prepared bv 
of the substance. Omcentrations much greater digesting a purified extract of the dyestuff with 
than this have been obtained from the un- boiling dilute hydrochloric acid, and by this 
saponifiable residues of cod-liver oil prepared means separates in the form of a yellow viscous 
with avoidance of oxidation. Of one such mass. By extracting this crude product with 
preparation a daily dose of no more than boiling alcohol, a pale yellow crystalline powder 
0*904 mgm. was sufficient to maintain a rat remains undissolved, and this, owing to its 
(Paulsen), and very small amounts of such sparing solubility, is most readily purified by 
concentrates will stwe thi purposes of the acetylation, and the subsequent hydroljrsis of 
whole oil in therapeutic practice. The variation the pure acetyl derivative (Perkin, CSiem. Soo. 
in animal fats is great. It has been estimated Trans. 1898, 74, 1020). 

that cod-liver oil may be 250 times richer in Vitexin consists of minute canary-yellow 
the substance than butter (Zilva and Miura). prismatic or fine hair-like needles, soluDle in 
For the influence of storage and emulsification alkaline solutions with a pale yellow ooloration, 
on the vitamin A in cod-liver oil, see Drummond, and from these solutions when boiled it is de- 
Zilva and Coward ( J. Soo. Chem. Ind. 1924, 43, posited by acidification in a crystalline condition. 
236 T). On fusion with alkali vitexin yields fhloro^ 

The following figures have been obtained, glucinol and ^-hydroxyhenzoic aculf and when 
representing the relative amount of the fat digested with boiling 50 p.c. potassium hydroxide 
needed to supply a growing rat with its solution p-hydroxyacetopkenone is also produced, 
necessary supply of the vitamin. Crude cod- Boiling 15 p.c. nitric acid gives dinitro-p* 
liver oil 2 mgms., haddock-liver oil 10 to 15 hydroxy benzoic acid, together with a small 
mgms., refined cod-liver oil on sale in this quantity of tetranitroapigenin, m.p. 239®-241®. 
country 10 to 15 m^s., butter 500 mgms. The formula first assigned to vitexin by Perkin 
(Zilva and Drummond, Lancet, 1921, ii. 753). was Ci(Hi 407 , and the acetyl derivative^ colour* 
The effects which follow upon an absence of less prismatic needles, m.p. 251*^-256% was 
this vitamin from the food, or a considerable consequently represented as Ci 5 H, 07 (CjHa 0 ) 5 . 
deficiency in the supply, are failure of growth In a later communication in view of its apparent 
and maintenance, together with a spccifio form relationship to apigenin, and the difficulty of 
of degenerative changes in the eye, constituting accounting for the large number of hydroxyl 
what is known as xerophthalmia. It was for groups which are present, it is suggested by this 
some time believed that the deposition of lime author (C3iem. Soc. Trans. 1899, 77, 422) that 
salts in growing cartilage on the lines necessary vitexin is probably a very stable glucoside of 
for the normal formation of bone called for a apigenin represent^ by the formula CsiHsoOj^. 
supply of vitamin A. The work of E. Mellanby Vitexin is a somewhat feeble colouring matter. 
Has indeed shown clearly that something present and dyes shades similar to those given h^ 
in natural animal fats exerts an important apigenin; these, employing woollen dew 
influence on this process. When this substance mordanted with chromium, aluminium, and tin, 
is absent from its food a child becomes prone are respectively greenish-yellow, pale bright 
to devdop rickets. It would seem, however, yellow, and pale brown. 

as McCollum and his co-workers were the first In addition to vitexin the wood of the Vitex 
to suggest (J. Biol. Chem. 1922, 63, 293), that lUtoralis contains (as glucoside) a small qumtity 
the dietary factor which prevents rickets, while of a second colouring matter, htnHovUexhk 
usually associated with vitamin A, is not It was obtained as a pale yellow powder, m.p. 
identical with it. It is a substance less readily 245*^-246% and is distinguished from vitexm 
oxidis^. A fully aerated animal fat will fail by its roari^ solubility in alcohol. Fused with 
to promote growth, but it may efficiently alkali it ^ves phloroglucinol and p-hydroxy* 
protect the young animal from rickets, it benzoic acid, and is pressed of feeble dyeing 
would seem that at least one other vitamin proj^rty! The anal;^ical figures approximate 
mav ttierefore in addition to the three to or C,8H|,0,. 

udiioli have been discussed, and it is now usual According to Barger (Chem. Soo. T]W& 
to speak^of thie substance as Vitamin D. The 1906, 69, 1120) the glucoside saponaiin, wltw 
lemarkaUe rdations between the activity of is present in Sa^fimaria officinalia (lanm), yiekte 
thb food odnstitiieiit and the effects of fight on hyditdysis glucose, saponaretin and a smaii 
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qnwtity of vitexiii. It is possible that sapona- 
retin and homovitexm are identioaK A. G. P. 

_ VITRIFIABLE PIGMENIE t;. Pottbby; also 
POBOXLim 

VITRIOL (oi^ruOT, "glass’). An old name 
Icnr a sulphate* and still frequently applied to the 
snlphat^ of certain common metals on account 
of thbir vitreous lustre* e.^. white or zinc 
vitriol ZnS04,7H20; blue or copper vitriol 
CaS04*5H20 ; green or iron vitriol PeS04,7H20 ; 
red or cobalt vitriol CoS04*7H20. Basic ferric 
or ferroso-cupric sulphates obtained in the ex- 
tr^tion of copper sulphate from ferruginous 
minerals are known as Admont* Bayreuth* 
Salzbui^ vitriols, Ac. 

VITRIOL, OIL OF. Vitriolic acid^ Sul- 
phu ric a cid 

VITRIOL STONE and COLCOTHAR. Vitriol 
M the material from which the so-called fum- 
ing or Bohemian sulphuric acid was formerly 
manufactured, and it is obtained from the rock 
toown as vitriol slate (‘ Viiriolschiefer’) in the 
following^ manner. Large masses of p3rritou8 
slate (v^ch belongs to the Silurian formation, 
and^ consists of a quartzose matrix containing 
pyrites, carbon* and clay) are exposed to tlie 
weathering action of the atmosphere for thw'c 
years. The products of oxidation so formed 
are^ ferrous sulphate and sulphuric acid, 
which latter acts upon the clay, yielding 
aluminium sulphate and other sulphate.s. 
The ferrous sulphate at first formed becomes 
by oxidation feme sulphate, which, together 
with the aluminium sulphate, is the principal 
product of the weathering of the vitriol slate. 
Fenous sulphate remains only in small quan- 
tities. The next operation is lixiviation of 
the mass^ with water, after which the liquor 
obtained is concentrated to a density of 
and finally evaporated in pans until, on cooling* 
a crystolline cake of vitriol stone is obtained. 
The vitriol stone is now calcined, in order to 
remove the greater part of its water. The re- 
sulting product, when heated to a high tempc*ra- 
tur© in clay retorts, yields sulphur trioxide; 
and a residue, termed colcot/iar, remains in the 
retorts. The composition of vitriol stone and 
oolcothar may bo seen from the following 
anafyses : — 

sfonc.— FejO, 2007, A1,0, 4 76, 
FbO 0-64, MnO traces, CaO 0*14, MgO 0-39, 
K,0 0 07, NajO 005, CuO 010, SiO, 010, 
PjO. traces, SO, 40;51, As traces. H2O 32-58. 
Total 99'32 ; or combining acid oxides and bases : 

Na,SO. 0-11, H,SO. 1-49. knO. A«. W 
PA to»c«, ao, 9*10, H.O 3-31— 99-29. 

-“*0* *2 63, MgO 
3-M, OaO 0-82, SO, 817, SiO, 1*17, CuO 0-20, 

k KSnigl. B6hin. 

J* So®- Chem, Ind. 6, M). 

- Hydrated ferroue phosphate 

®®i(PO*)f "^,0, crystallised in the monoolinic 
Wmem. orystw have a perfect deavase 
IB w duection, paraUel to the plane of sjS- 

but not elastic. Sp.gr. 
S*5^2*e8. Ciystals from freshly opened mk 


cavities are cdloorless* but on exposure to the 
air they very soon acquire a gxeenish-bhie 
ting^ darkening to a characteristic deep indigo^ 
blue. This change in colour is due to a partial 
oxidation of the iron* which in the Mack 
kertsohenite (Fe,Mn,Mg)Pe'"(P04)2 7H2O* from 
the Kerch peninsula, Crimea* is almost com** 
plete. Vivianite is the commonest of the 
several iron phosphate minerals. The best 
crystals are found in metalliferous veins* €.g. 
at Whoal Jane, in Cornwall, with pyrrhotite* and 
at Leadville in Colorado. Crystals are also 
found in the interior of fossil shells, e.g. in the 
iron ores of the Kerch x>enin8ula, O^ea ; and 
also sometimes in bones and horns buried in 
peat deposits. More often the mineral has the 
torm of a blue earthy powder ("blueiiron- 
earth ’), and it is in this form that phosphorus 
is present in bog iron-ore and other lim^nitic 
ores of iron. L. J. 

VOLBORTHITE. Hydrated basic ^ 
vanadate (Cu0H)2V04-6H20, with the cop 
in part replaced by calcium, barium, and mag- 
nesium. It forms olive-green or citron -yelltpw, 
|)early scales, which are often aggregated \ in 
globular forms. As a dissemination m sand- 
stones of Permian age it occurs over a wide area 
in Govt. Perm in Russia. 

Calciovolborlhite is a nuneral of very similar 
apix‘arance and mode of occurrence. It con- 
tains, as a rule, rather more calcium and has no 
water of cTj'stallisaiion ; the composition ap- 
proximates to the formula Cu2(CHi0H)2(V04)t. 
This is found as golden-yellow or gmnish- 
yellow pi'arly scales and rosettes on the sur- 
faces of sandstone in Utah, Colorado* and 
Oregon, and also at Friedrichroda* near Gotha* 
in Thuringia. On the significance of these 
occurrences of vanadium and copper minerals 
in sandstones r. Psittaokiti!!. L. J. S. 

VOLCANIC GLASS r. Obsidian. 

VOLCANIC TUFF v. Tt ff. 

VOLEMITOL V. Cabbohydratks. 

VOLUMENOMETER r. Spectfic obavity. 

VOROBYEVITE e. Beryl. 

VRAIC. Farec^. The French name for 
kelp, V. Iodine. 

VRBAITE. Thallium sulnh-arsenite and 
antimonite llAs28bB4 or Ti2S'2A8262*8b2St« 
containing T1 32-15 p.c., crystallised in the 
orthorhombic system. It is greyish-black with 
motallio lustre* but in thin sjJinters dark red« 
and the powder is light red with a yellowish 
tinge. 8p.gr. 5*3. The small crystals are foimd 
embedded in realgar and orpiment, at Allchar* in 
Macedonia. AnothtT mineral containing thal- 
lium as an essential constituent yielded by this 
locality is lorandite (g-vX L. J. 8# 

VOtCANlSED OILS Oils* fixxd* and 
Fats. 

VULCANITE V. Robber. Also apfdied to a 
nitroglycerin explosive. 

VULCAN roWDBR e. Explostveb. 

VULPIC or VULPULIC ACID e. Ummm. 

VULPINITE. A variety of anhydri^ mixed 
with silica. That from Vnlpino near Bexgii«iO» 
known as the Mwrmo Beard4(^io di 
Ukes a fine polish and is used lor mmsmoM 
purposes. 
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^ WAD or BOG-MANOANSSE. A black, i 
earthy mineral consisting mainly of hydrated 
manganese dioxide, but of variable composition, 
barium and various other constituents being 
often present. Many varieties have conse- 
quently been distinguished by special names. 
A^oiUe or * earthy cobalt’ is a cobaltiferous 
variety, and lampadite contains copper. The 
mineral may be regarded as an earthy form of 
psilomelane (q,v,) ; it is so soft and sooty that 
it soils the fingers, and is sometimes so porous 
that it floats on water. It has resulted from the 
weathering and decomposition of other manga- 
nese minerals, and is sometimes deposited from 
solution by springs and in swamps. It is of 
wide distribution and is mined at many places 
together with other oxides of manganese. 
Ai^lite is of importance as an ore of cobalt 
(up to 35 p.c. CoO), as much as 5000 tons per 
annum having bron exported from New 
Caledonia. L. J. S. 

WALNUT HUSKS [Brous des noix. Fr.) are 
employed by the French dyers to give dun 
colours. The green shells contain juglone or 
hydroxy-laynapJUhaquinone ; v. Nafhthalxkx. 

WALNUT OIL V , On^, fixed, and fats. 
Walnut oil is obtained from kernels of the 
walnut tree {Jnglana regia), which contain from 
about 65 to 66 p.c. of oil. The best oil is sepa- 
rated by cold expression and from its pale colour 
is a favourite medium for white joints, and is 
commonly termed ‘ nut oil ’ by artists. It dries 
more slowly than linseed oil, but yields a more 
elastic film. In the bromination test it yields 
from 1*5 to 2 p.c, of an insoluble bromide, 
which ai>pears to ^ that of a mixed glyceride. 

An oil of similar character is obtained from 


introduced into England from Aden as an 
adulterant or substitute for kamala (Fluckiger 
and Hanbury’s Pharmacographica, 1879, 576). 
Under the microscope waras apMars as orange- 
brown lumps, frequently circular and closely 
resembling kamala. 

Flemingin C]|H|204 (provisional) is a dull 
>range-red crystedline powder consisting of star- 
shaped groups of minute prismatic needles, which 
melt at 17i°-172®, and closely resembles the 
rottlerin of kamala. Solutions of the alkali 
hydroxides dissolve it with an orange-brown 
int, but these solutions when boiled do not 
deposit resinous matter, as is the case with 
rottlerin. On fusion with alkali salicylic acid 
and acetic acid are produced. 

Silk suspended in a solution ofi^ flemingin 
in dilute sodium carbonate, and the whole 
^adually raised to the boiling temperature, 
is dyed golden yellow, slightly duller thmi the 
shade given by rottlerin; but, on the other 
hand, flemingin possesses much the stronger 
dyeing power of the two. 

In addition to flemingin waras contains a 
trace of a yellow crystalline colouring matter, 
hmnoflemingin, m.p. 165M66® (C=69*97; 

H.=:5*75), together with some quantity of two 
resinous substances: (a) Ci2^t02 (?), m.p. 
162®~167®, and (5) C18H14O3 (?), melting below 
100*’. Fused with alkali these latter gave 
salicylic and acetic acids, and appear to be 
allied to flemingin. 

Added to a boiling solution of its own weight 
of sodium carbonate, waras dyes silk gol&n 
yellow shades, which are brightened by rinsing 
in very dilute acetic acid. Contrary to the 
statement of Wardle, it is to be regarded as a 


the seed of the North American walnut, Jwjlans 
niger. This oil is termed pecan oiL 

The fruit oiJuglans Siboldiana gave 26*54 p.c. 
of kernel, which contained 4*99 p.c. of water, and 
gave 59*^ p.c. of oil by pressing. The oil has a 
Ught yellow colour and no odour, and has the 
following characters : sp.gr. 0*9332 at 15^ ; N^^ 
»i*4800; acid value 0*68 ; Hehner value 92*3 ; 
saponification value 191*1 ; Keichert-Meiss 
value 0*62 ; and iodine value (Hiibl.) 150*8, and 
has the properties of a drying oil. C. A. M. 

WAuRODE POWDER v. Explosives. 

WARAS, also called * wars’ and ^wurrus,' 
consists ot a purplish resinous ^wder which 
covers the se^ pods of Flemtngia cmgeMa 
(Roxb.), an erect woodv shrub growing in the 
thiokete and forests of the wanner parts o:' 
India. According to Watt (Dictionary o; 
Soonomio Products in India, ilL 482), it is 
ooUeoted also in Africa in the neighbourhood 
of Hairaar, and is sent to Arabia, chiefly to 
Yemen and Haddramant, where it is used as a 
as a oosmetio, and as a specific agains 
oolos. Aooordiiug to Wardle, waras is dis 
tiiictly iaferiot as a dye to kamala, which ii 
olosety resomhles. and contains only a small 
amauni ot twhiiinttff matter oompared with the 
yaSoir vegetable dym of commerce. It ii 
enitebie ae a dye lor silk rather than for wool^ 
bnt.fs qisdU imte with cotton. It his been 


decidedly superior dyestuff to kamala (Perkin, 
Chom. Soc. Trans. 1898, 73, 659). A. G. P. 

WASH. The name given to the fermented 
wort of the distiller. 

WATER. 

Its Physical and Chemical Pbopebtubs. 

Purification , — Because of its solvent action 
on solids and gases, water is difficult to piiiify 
and still more difficult to keep in a pure state. 
It may be partially freed from dissolved salts by 
freezing, the ice separating from any unsatnrated 
salt solution containing omy the small quantity of 
the dissolved salt present in the mother liquor 
included in the ice crystals. The ice separating 
from, say, sca-water, is fairlv free finom saline 
matter. It is not known whether this method of 
purification eliminates, partially or com^tel;^, 
dissolved gaseous impurities. The method is 
relatively troublesome and costly, and has not 
been practically applied. 

Water is commonly purified by distillatian 
under atmospheric pressure. When ade^ttaie 
arrangements are made to prevent oan3ing over 
of entfained droplets of water formed upon the 
bursting of steam bubbles, the oondenaea steam 
contains only the solid and gaseous impmties 
it dissolves after condensatiou. Assumnw dust 
to be exdudecK the non-volatUe imuurttsss in 
the distillate will be conSued to such 
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able material for condensers and^ containers. But still simpler methods we effective. 
Hot, newly condensed water has a much greater It has long been known that ordinary con- 
solvent action than when cold ; therefore a duotivity * water, having a conductivity aTOUt 
material suitable to contain water for a given I’OxlO-* mho {1 gemmho) is materially 
purpose may not serve for its condensation, improved by contact with an atmosmere 
Good resistance glass vessels, which have been freed from carbon dioxide, e.g. by enouBure 
freed from superficial soluble matter by blowing over lime or even by passing through it clean air 
steam into them for some hours in such a way from the open, whilst it deteriorates mark^y 


that the condensate drains away continuously, 
i^r long standing in cold water will yield 
littlo impurity to pure water during several 
weeks. Such glass, so treated, is suitable for 
the preservation for short periods of cold pure 
wato for all but a few very special purposes. 
It Is unsuitable for condensers, which are asually 
made of pure block tin or heavily tinned copper. 
The risk of introducing non-volatile impurity 
may be reduced by using pure fused silica, or, 
better, pure tin or silver as the material of 
condenser and receiver. Occasionally water 
has been condensed and kept iu vessels of gold 
or platinum, but for all ordinary and most 
special puiposes water condensed in pure tin 
and kept a short time in steamed resistance 
glass is quite satisfactory. Water kept in 
ordinal^ glass bottles for some weeks or months 
may dissolve sufficient silica, Ac., from the 
glam to render it unsuitable for ordinaiy precise 
analytical work, especially that in which small 
amounts of silica must be determined. 

In the estimation of ammonia in abater and 
for work upon conductivity of dilute solutions, 
the volatile impurities arc much the more 
serioYu. Fortunately simple precautions suffice 
to elimmate them. Organic matter may be 
destroy by adding to the raw water in the still 
a smiuJ proportion of potassium permanganate 
or ipangaoate, with sufficient caustic soda or 
potash to make the water distinctly alkaline 
(Stas, M^m. Acad. Belg. 1805, 35, 1 ; Chem. 
News, 1861,4, 207; 1867,15,204). Practically 
the whole of the carbon dioxide and ammonia 
will come over with the first 20-30 p.c. of the 


in contact with air contaminated by hun 
breath or by flames (Kohlrausch, Zeit 
physikal. Chem. 1002, 42, 103). \ 

If a current of purified air bo passed through 
such ivater heated nearly to its boiling-point 
in a quartz still, and "the water distilling 
under these conditions be condensed in 
block tin and collected in quartz, it has 
a conductivity of 0*05-0 07 x 10^* mho at 
18° (Weiland, J. Araer. Chem. Soc. 1918, 40, 
131). Such w*ater compares favourably with 
the purest conductivity water prepared by 
distilling repeatedly in ty/cv6 in sealed glass 
vessels and had a conductivity of 0*043 x 10-^ 
mhos at 18° (Kohlrausch and Heydweiller; 
Zeitsch. physikal. Chem. 1804, 14, 317: Kohl- 
rausch, Proc. Roy. Soc. 1903, 71, 338). This 
method is applicable only to those cases where 
carbon dioxide is the sole impurity, but the 
same principles have been applied in a method, 
applicable to all types of water, first described 
by Bourdillon (J. Chem. Soc. 19J3, 103, 791) 
and elaborated by Clevenger (J. Ind. Eng. 
Chem. 1919, 11, ^). Raw water containing 
potassium bisulpbate or phosphoric acid is 
disdlied, and the steam is cart^fuliy scrubbed 
and sejoarated from spray and led into a long 
vertical tube through which a current of purified 
air passes from the bottom upward. The upper 
end of this tube is surrounded by a water- 
jacket maintained nearly at 100®, which, there- 
fore, condenses, but docs not cool, the major 
portion of the steam ; the unoondensed steam 
■scapes cither to the air or to a second condenser. 
The hot condensate which flows down the walls 


distOlate, and if this be rejected the remaining of the tube in contact with pure air, Is <Mmied 
two-thirds will be pure water. by a cold- water jacket surrounding the lower pi^ 

Many^ prooed^s have Wn described, in of the tube and passes away by a si^on. Tto 


which tlie addic and ba.sic impurities are 
retained in tiie still by added reagents, e,g. 
alnininlum sulphate, potassium hydrogen sul- 
phate or phosphoric acid to retain ammonia, 
<« Ume or baryta to retain carbon dioxide 

a a.g. Hnlett, Zeitsch. physikal. Chem. 

,21, 297 ; Walker and CJormack, J. Chem. 
Soc. 1902, 77, 5; W. R. Bousfield, tbil 1905, 
87, 740; 1912, 101, 1443). ^me workers 
halW obtained lair conductivity water by 
redis^|faitloii of laboratory distilled water 
wfthoiit lidded reagents (see ^us^ld, /.c.; 
Barriey^ Cbmpbsll and Poole, j. Chem. Soc, 
1908, $$,ms Thole, m. 1912, 101, 207). 


apparatus is best constructed whofiy of comet 
heavily tinned and soldered with pure ra* 
Thus It is not difficult to prepare water baviitt 
a conductivity about 0-05xl0*“* mho, but H 
cannot bo preserved save under rigid eamliikbtt 
of atmospheric carbon dioxide. In oonteoi 
with clean air its conductivity increases to a 
'imiting value of about 0*75 xlO** mho, wl^ 
8 that of a solution of carbonic add in equiil* 
brium with the 0*035 (db 0*004) vdume p.c, of 
carbon dioxide present In air (Kendall, d. AhmuBi 
C hem. Soc. lll6, 88, 1480). XfiidaB ha« 
suggested that as such a sdum is psciBaiiuni 
is preleralde to uca il nwl eonmet tor 
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kficmn miAiotivttjr ztttlMff Hkm to luio wotof o( 
lower oonduotivity, tlie oorreotioti lor whiob 
most be onoertein (KendaQ, J. Aiiier, Chem« 
floe* 1916» 38f 2460 ; q.v. also lor a Ml <ys- 
msioii and Ub£k)gm:gb;^t previous work on 

l^ite^mter has been pmpared^ in other 
ways* Baker found that pure water prepared 
by the union of pure and dry hydrogen and 
oxygen differs in some respects from ordinary 
pure water. If steam from pure water hie 
passed through a red-hot silica tube and then 
condensed in silica and Jena glass^ the con- 
densate acts upon pure 1 p.c. sodium amal- 
gam much more slowly than do other types of 
water. TWs inactivity is independent of the 
conductivity of the water, and there is evi- 
dence that it is duo to the absence from such 
water of traces of hydrogen peroxide which 
constitute a normal impurity in ordinary pure 
water (Baker and Parker, J. Ohem. Soc. 1913, 
103,2060; Parker, *6 id. 2071). 

Pure water may also be prepared by dehy- 
drating pure hydrates, e.p. hydrated barium 
chloride or telluric acid, H 2 Te 04 , by heat; 
but the method has usually been applied to 
obtain very small, accurately known, amounts 
of water in closed apparatus, and little or nothing 
is known of the i)ropcrties of such water. 

The Eelatiok op Pressure and Tempera- 
TUBE FOR Steam, Water, and Ice. 

The pressure, tempcratur<', volume, and 
state of aggregation of water are, of course, 
interdependent, and it is thus difficult to discuss 
separately the effect of variation of any one or 
two of these factors. Possibly the simplest 
method is to discuss first the relations of pressure 
and temperature for the various states of 
aggregation, and then consider the effect upon 
volume of varying temperature and pressure 
considered separately. 

Fig. 1 is the complete pressure-temperature 
diagram for water, except that to save space 
the steam-line aj is not continued to the 
critical point at wliich it terminates, viz. 374®C, 
wd 217 atmo. The diagram is defective also 
in that the line alm stands for the vapour- 
pressure curves of both ice and supercooled 
water, which are in fact distinct but by an 
amount entirely inappreciable on the scale of 
pressure necessarily adopted. The line al 
lepments the vapour pressure of supercooled 
wat«, which has been measured down to — 16*3® 
and is given in Table 1 ; the line am shows the 
vapour pressure of ice which has been measured 
down to about --70^ and is given in Table 2 
from ^60® to 0®. The maximum difference 
between the vapour pressures of ice and super- 
cooled watw is 0-^ mm. at -117®. 

The vuour pressure of water has been the 
eub|eet oi muon accurate experimental work. 
The data given in Table 3 from 0®-100® and in 
Table 4 mm l00®-870®, and represented on the 
oiogram fay the line a^, are the values regarded 
•omcMitiirobaUe, 

The area below the line m represents the 
vopour ph a se, and water as we know it at or 
aitmepleiio mtsuxe, is, on the soale of 
hy little more than the 


For many purposes the changes hi the 
boiling-point of water attending small ehaogss 
id pressure are of great practical importance* 
At pressures in the neighbourhood cl I atmo* 
the value of A/dp for Sp^l mm. of mercury 
is 0*0376® (Wiebe, Zeitsch. fur Instrumentknnde, 
1893, 13, 329) ; and the precise values of the 
boiling-point of water at pressures from 720-800 
mm. of mercury are given in a form convenient 
for reference in Table 5. 

Our knowledge of the rest of the FT 
diagram, covering a range of temperature from 
—80® to -f 80® at pressures from 1 to over 20,000 
kgm./cm.* rests upon the work of Tammann 
as confirmed and extended by Bridgman. 
The principal numerical data are given in 
Tables 6 and 7, which show respectively the 
variations in the melting-points and transition- 
points of the various forms of ice with variation 
in pressure ; their significance is evident from 
a consideration of Fig. 1. The line ab repre- 
sents the equilibrium between water and 
ordinary ice, Ice I. At pressures above about 
2000 kgra./cm.*, whatever the temperature. 
Ice I cannot exist, but changes into one of the 
denser forms of ice, II or III, the equilibria 
between which and Ice I are represented respec- 
tively by k'gb and kob. The line k'q repre- 
sents stable equilibrium between Ice I and 
Ice II, whereas KO is the locus of equilibrium 
between Ice I and Ice III in a metastable con- 
dition. Ice III has a stable existence only 
in the range of temperature and pressure 
denoted by the area bcfo, within which are 
smaller areas (shown on a larger scale in the 
upper part of Fig. 1 ) in which labile modificationB 
of Ice I and Ice III, called respectively Ice T 
and Ice III', can exist. The inter-relation 
of these forms is not as yet well understood. 

Two other still denser forms of ice exist at 
higher pressures. Ice V is in equilibrium with 
Ice III at about 3500 kgm./cm.* over a small 
range of temperature in the neighbourhood 
of —20® ; its equilibrium with Ice II has been 
followed over a small range only, the point B 
being conjectural. The stable equilibrium 
between Ice V and water, indicated by the line 
CD, has been traced some distance into the 
an>a of Ice III as shown. Ice V being here meta- 
stable, Above a pressure of about 6500- 
8000 kgm./cm.* Ice V and Ice II are converted 
into Ice the only form observed at higher 
pressures. Its equilibrium with liquid water is 
represented by the line dh, and it is remarkable 
that at the highest pressures this form is stable 
at temperatures up to 75®. The existence of 
metasiabie Ice VI in equilibrium with liquid 
water has been traced along the line nn^ for 
a considerable distance in the area oi Ice V* 
The estimated densities of the different forms 
of ice are: — Ice II 1*03; Ice III 1*04; Ice 
V 1*06; Ice VI 1*09; as compaied with 
ordinary ice 0*92 and waters=:l*00. 

It must be understood that the evidence 
for the separate existence of these solids is 
simply tfae abrupt change of volume, manifested 
by a sudden drop of pressure, observed in a 
mass of water subject to isothermal com- 
prossion. The conclusion that these are s^^d 
forms of water supported hy tiie fact tha4 
Ice in formed at aimut 2600 kgm./Mu* and 
—20® to -30®, if eooled first to -80^ and tiwiiL 
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to —190% is BO staUIised that it is imchaiu^ puent loe III breaks down into a bulh^ powder 
on rdease of pressure and can be examined in of loe I (T(unmann« Zettsdn aoorg. C9ima> 
the opMia At temperatures of — 120° or h^jher 1909t 63> 286 ; Zeitsch. physikal. Ghmn> lOlO^ 
under atmospheric pressure, the clear trans- 72, 600 ; 1913, 84, 267)> 



Hie extent and direction of the line dr are 
great theoretical interest, inasmuch as they 
Imd no support to the hypotheses which have 
been Jormnuted (Poynting, Hiil. Mag. 1881, 
K], 12, 92 ; Ostwald, Lehrb^h der allgemeinen 
t mw a i e, 1902, 2, ii. 373, 391 ; Tammann, 
Kristallisiwen nnd Schmelzen, Leipiag, 1903, 
29 ; Planck, PTied. Ann. 1882, 16, 446) that the 
mdting'pcint curve . of a solid should, with 
i no r ease of pnessure, terminate at a criti<^ end* 
point aoalQgons to. that of the boiling>point 
eurve, or pass throng a maximum. 


Critkal data for water have been determined 
as follows: 

Au- Crit. Crit. Crit Oitt. 

tharltgr temp. press. voL dendtr 

1 3681» — 0-001874 0^ 

2 364-3° 194-6 atm. 0-003864 - 

3 874-0° 217-0 atm. — — 

(1) Nadejdine, J. Buss. Phys. Chem. See. 
1886, 9, 721. 

(2) Batt^ Mem. Torhao, 1890, 41. 

(3) Holbom and Baumann, Ainu PlnuOu 
1910, 31, 946. 
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Tablx 1. 

VAPOxm Pbbssubb ov Sttpbb-ooolxd Watbb. 

Millimetres of merooiy at 0*^. at sea^level in latitude 45*^* Temperatures on the constant 
volume gas-thermometer (Beiohsanstalt) scale. 


Temp. 




Tenths of a degree 





degrees 

0-9 

0-8 

0*7 



04 

0*3 

0*2 

0*1 

0^0 

-16 

rnmmmm 









1-316 

-16 

1-326 

1-337 

1-349 

1-360 

1-371 

1-383 

1-394 

1-406 

1*417 

1*429 

-14 

1-441 

1-463 

1-466 

1-477 

1*489 

1-601 

1-513 

1-626 

1*538 

1*551 

-13 

1-664 

1-677 




1-630 

1-643 

1-657 

1-670 

1-684 

-12 

1*698 

1-712 



1*754 

1*768 

1-783 

1-797 

1-812 

1-826 

-11 

1-841 

1*856 

1-871 



1-917 

1-932 

1>948 

1*963 

1-979 

-10 

1-996 

2-001 




2-077 

2-093 

2-109 

2*126 

2*143 

-9 

2- 160 

2-177 

2-196 

2-212 

2-230 

2-248 

2-266 

2-284 

2-302 

2-320 

-8 

2-338 

2-367 

2-376 


2-412 

2-431 

2-460 

2-469 

2-489 

2-609 

-7 

2-629 

2-649 

2-669 

2-589 

2*609 

2-629 

2-650 

2-670 

2-691 

2-712 

-6 

2-733 

2-764 

2-776 


2-818 

2-840 

2-862 

2-884 

2*906 

2-928 

-5 

2-960 

2-972 

2-994 



3-063 

3-086 

3-110 

3-134 

3-168 

-4 

3-182 

3-206 


3-254 

3-278 

3-303 

3*328 

3-363 

3-380 

3*404 

-3 

3-429 

3-466 

3-481 


3-634 

3-661 

3-688 

3-616 

3-642 

3-669 

—2 

3-697 

3-724 

3-762 

3-780 

3-808 

3-836 

3-865 

3-894 

3-923 

3*962 

-1 

3-981 

4-011 




4-131 

4-162 

4-193 

4-224 

4-256 

■ 

4-287 

4-318 

4-360 

4-382 

4-414 

4-417 

j 4-480 

4*613 

4*646 

4*679 


Scheel and House, Ann. Physik. 1909, [iv.] 29, 723. 


Table 2. 

VArouR Pressure op Ice in Millimetres of Mercury. 

Measurod at 0®C. and at seadovol in latitude 45® over a range of temperatures on the 
constant volume gas-thermometer (Rcichsanstalt scale). 


Tenths of a degree 

I Temp. 


•c. 

0-9 

08 

07 

0-6 

0*5 

0-1 

0*3 

0*2 

-0*1 

0*0 


mm. 

nun. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

mm. 

-.60 

0*006 

0-006 

0*006 

0-006 

0-007 

0*007 

0*007 

0*007 

0*007 

0*007 

-69 

0-007 

0-007 

0*007 

0-008 

0-008 

0*008 

0*008 

0*008 

0*008 

0*008 

-68 

0*008 

0-008 

0*009 

0-009 

0-009 

0*009 

0*009 

0*009 

0*009 

0*009 

-67 

0*009 

0-010 

0*010 

0-010 

0-010 

0*010 

0*010 

0*011 

0*011 

0*011 

-66 

0*011 

0-011 

0*011 

0-012 

0-012 

0*012 

0*012 

0012 

0*013 

0*013 

-66 

0*013 

0-013 

0*013 

0*014 

0*014 

0*014 

0*014 

0*014 

0*016 

0*016 

-64 

0016 

0-016 

0*016 

0-016 

0-016 

0*016 

0*016 

0*017 

0*017 

0*017 

-68 

0-017 

0-018 

0*018 

0-018 

0-018 

0*019 

0*019 

0*019 

0-019 

0*019 

-62 

0-020 

0-020 

0*020 

0-020 

0-021 

0*021 

0*021 

; 0*022 

0*022 

0*022 

-61 

0-022 

0*023 

0*023 

0-023 

0-024 

0*024 

0*024 

0*026 

0*026 j 

0*026 

-60 

0-026 

0-026 

0*027 

0-027 

0-027 

0*028 

0*028 

0*029 

0*029 

0*029 

-4» 

080 

0*030 

0*030 

0-031 

0-031 

0*031 

0*032 

0*032 

0*032 

0*033 

-.48 

083 

0*034 

0*034 

0*034 

0-036 

0*036 

0*036 

0*036 

0*037 

0*087 

-47 

038 

0*088 

0-080 

0*039 

0-040 

0*040 

0*041 

0*041 

0*042 

0*^ 

O'W 


048 

0*048 

0-044 

0*044 

0-046 

0*045 

0‘(K6 

0*851 

0*046 

0*047 

'.-#8 

0-048 

0*048 

0-0« 

0*049 

0*060 

0*060 

0*061 

0*082 

0*082 
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Schoel «nd Heuirb, Aan. Physik. 1909, [iv.J 29, 728. 
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VATOim PsasstTBs ov Watbs nov 0* n> 100”. 

la millinv B tT M mMoaiy at 0”C. at aea-tevel in latitude 46*. Temperatuna on tibe constant 
vdume gas-thermometer (Bokshasnstalt) scale. 


(Xandott-BSmsietn: Physikdliche-ChemischtTabdlen.) 


Temp . 




Tenths of a Degree 





degrm 

0-0 

0*1 

0*2 

0*8 

0*4 

0*5 

0*6 

0*7 

0*8 

0*0 

0 

4-670 

4*613 

4*647 

4*681 

4*716 

4*760 

4-786 

4-820 

4*855 

4-890 

1 

4*926 

4*962 

4*998 

6*034 

6-070 

5*107 

6*144 

5*181 

5*219 

5*256 

2 

5*294 

5*332 

6*370 

5*408 

6*447 

5*486 

5*525 

5*566 

6*605 

5*645 

3 

5*685 

6*726 

6*766 

6*807 

5*848 

5*889 

6*931 

5*973 

6*015 

6*068 

4 

6-101 

6*144 

6*187 

6-230 

6*274 

6*318 

6*363 

6*408 

6-463 

6-498 

6 

6-643 

6-689 

6*635 

6*681 

6*728 

6-776 

6*822 

6*869 

6-917 

6*965 

a 

7*013 

7*062 

7*111 

7*160 

7*209 

7-269 

7-309 

7*360 

7*411 

7*462 

7 

7*513 

7*666 

7*617 

7*669 

7*722 

7-776 

7*828 

7*882 

7*936 

7-990 

a 

8*045 

8*100 

8*155 

8*211 

8*267 

8*323 

8*380 

8*437 

8*494 

8*551 

9 

8*609 

8*668 

8*727 

8*786 

8*845 

8*905 

8*965 

9*025 

9*086 

9-147 

10 

9*209 

9*271 

9*3.33 

9*396 

0*458 

9*521 

9*585 

9-649 

9*714 

9*779 

11 

9*844 

0-910 

9*976 

10*042 

10*109 

10-176 

10*244 

10*312 

10*380 

10*449 

12 

10-518 

10-688 

10-668 

10*728 

10*799 

10*870 

10*941 

11*013 

11*085 

11-168 

13 

11*231 

11*305 

11*379 

11*463 

11*528 

11*604 

11*680 

11-766 

11*833 

11-910 

14 

11*987 

12*065 

12*144 

12*223 

12-302 

12*382 

12*462 

12*543 

12*624 

12*706 

15 

12*788 

12*870 

12*963 

13*037 

13*121 

13*205 

13-290 

13*375 

13*461 

13-647 

16 

13*034 

13*721 

13*809 

13*898 

13-987 

14*076 

14*166 

14*256 

14*347 

14-438 

17 

14*530 

14*622 

14*716 

14*809 

14*903 


15*002 

15*188 

15*284 

15*380 

18 

15*477 

16*676 

16*673 

15*772 

15*871 


16*071 

16-171 

16*272 

16-374 

10 

16*477 

16*581 

16*685 

16*789 

16-894 

1112^ 

17-106 

17-212 

17-319 

17-427 

20 

17*536 

17*644 

17*763 

17*863 

17-974 

18*086 

18*197 

18*309 

18*422 

18*536 

21 

18*650 

18*765 

18*880 

18*996 

19-113 

19*231 

19*349 

19*468 

19*687 

19-707 

22 

19-827 

10-948 

20*070 


20*316 

20*440 

20*666 

20*690 

20-815 

20-941 

23 

21-068 

21-196 

21*324 

21-463 

21*683 

21*714 

21*845 

21*977 

j 22-110 

I 22-2^ 

24 

22-377 

22-612 

22*648 

22*786 

22-922 

2:1*060 

23*198 

23*337 

23-476 

23-616 

26 

23-766 

23-897 

24*038 

24*182 

24-326 

24*471 

24*617 

24*764 

24-912 

26-060 

26 

26-209 

26-360 

26*609 

26*660 

26-812 

26*964 

26*117 

26*271 

26-426 

26-682 

27 

26-739 

26-897 

27*055 

27-214 

27-374 

27*635 

27*696 

27*858 

28-021 

28-186 

26 

28-349 

28-641 

28*680 

28*847 

29-016 

29*184 

29*364 

29*625 

29-697 

29-870 

20 

30-043 

30-217 

30*392 

30*568 

30-746 

30*923 

31*102 

31*281 

31-461 

31-642 

90 

31-824 

32-007 

32*101 

32-376 

32-661 

32-747 

32*934 

,33*122 

33-312 

33*603 

31 

33-606 

33-888 

34*082 

34-276 

34-471 

34*667 

34*864 

35 062 

36-261 

36-461 

32 

36-663 

36-805 

36*068 

36*272 

38-477 

36*683 

36*891 

37*099 

37-308 

37-618 

S 3 

37-729 

37-942 

38*155 

38*369 

38-584 

38-801 


39*237 

39-467 

39-677 

34 

30-808 

40-121 


40-669 

40-796 

41-023 


41*480 

41-710 

41-942 

86 

42-176 

42-409 

42*644 

42-880 

43-117 

43*355 

43*595 

43-836 

44-078 

44-820 

86 

44-663 

44-808 

46-064 

46-301 

46-549 

46*799 

46*050 

46*302 

46-568 

46*811 

87 

47-067 

47-324 

47*682 

47*841 

48-102 

48*364 

48*627 

48-891 

49-187 

49-424 

38 

48-602 

49-961 

50*231 

60-602 

60-774 

61-048 

51*323 

61*600 

61-879 

62-160 

30 

62-442 

62-725 

53*009 

03*294 

63-680 

53*867 

54*156 

54*446 

64-737 

65-030 

40 

66-32 

65-61 

55*91 

56-21 

56-61 

66-81 

67-11 

67*41 

67-72 

68-03 

41 

68-34 

68-66 

58*96 

59-27 

69-68 

59*90 

60-22 

60*54 

60-86 

61*18 

42 

61-60 

61-82 

62*14 

62-47 

62-80 

63*13 

63*46 

63*79 

64-12 

64-46 

43 

64-80 

66-14 

66-48 

66-82 

66-16 

66*51 

66-86 

67*21 

67-66 

67-91 

44 

«8-86 

68-61 

68-97 

69-33 

69-69 

70-06 

70-41 

70*77 

71-14 

71-61 

46 

71-88 

78-26 


72-99 

73-36 

73-74 


mm 


76-26 

46 

<78<«6 

78^ 

76-43 

76-82 

77-21 

77-60 


78-40 


m 

47 

7840 

8( MK > 

80-41 

80-82 

81-23 

81-64 




48 


84-13 


84-99 

86-42 

86-86 

i 8et28 



874» 

1 48 


88^ 


89-34 

89-79 

90-24 


u til 


02-06 







WATm 

TAi»t.» i.—Yisom "Psasvsa or Watu iboh 0° xo lOO** (eoNtuHia^. 


Toathi ol A Degne 



682-62 
677 12 
702*17 
727-66 
784-66 


SM-OO 

864-87 

666-41 

606-64 

681-67 

66642 

vtfm 

704-71 

73041 

76740 

784 ^ 






















WAXBK. 


336 



Hdtxini and IfAntiing , Ann. Ph;fBik. 1908, [ir.] 26, 833 ; Holbom and Baumann, ibid. 1910, v. 31, 946 ; C^fts, J, C!him. Ptys. 1916, 1,3, 106. 
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WATEB. 


Tablb 6. 

Boiuko-point ov Watxb ax vabious Babombtio Pbbssubbs. 


Barometrio piessuie in mm. of meronry at 0‘C. at sea-level in latitude 45*. Tempetatnfes 
on the constant volume gas-thermometer (Beiohsanstalt) scale. 


Pr60ii* 




Tenths of a millimeter 





mm. 

0-0 

01 

M 

0*3 

0‘4 

0‘6 

0-6 

0*7 

0*8 

0*9 

720 

98’494* 

497 

601 

606 

609 

613 

617 

H 

624 

628 


632 

636 

540 

544 

547 

551 

666 

mm 

563 

667 

■il 

671 

674 

678 

582 

580 

590 

693 

697 

601 

606 

mm 

609 

613 

617 

020 

624 

628 

632 

636 

640 

\ 644 

724 

648 

662 

656 

669 

663 

667 

671 

676 

678 

'682 

726 

98-686" 

689 

693 

697 

701 

706 

709 

712 

716 

720 

726 

724 

728 

732 

735 

739 

743 

747 

751 

766 

768 

727 

762 

766 

770 

774 

777 

781 

785 

789 

793 

797 

728 

801 

804 

808 

812 

816 

819 

823 

827 

831 

836 

729 

839 

843 

846 

860 

854 

858 

861 

866 

869 

873 

— 

98-877* 

880 

884 

888 

892 

896 

899 

903 

907 

911 

mM 

916 

918 

922 

926 

930 

934 

937 

941 

945 

949 

mil 

963 

966 

960 

904 

968 

972 

975 

979 

983 

987 

mil 

991 

994 

998 

•002 

•006 

•010 

•013 

•017 

•021 

•026 

734 

99-029* 

032 

036 

040 

044 

048 

051 

055 

069 

063 

H 

99-067* 

070 

074 

078 

082 

085 

089 

093 

097 

101 

mm 

106 

109 

112 

116 

119 

123 

127 

131 

136 

138' 

mil 

142 

146 

160 

163 

167 

161 

165 

169 

172 

176 

738 

180 

184 

187 

191 

195 

199 

203 

206 

210 

214 

739 

218 

221 

226 

229 

233 

236 

240 

244 

248 

262 

740 

99-266* 

259 

263 

267 

270 

274 

278 

282 

286 

289 

741 

293 

297 

300 

304 

308 

312 

310 

319 

323 

327 

742 

331 

334 

338 

342 

346 

349 

353 

367 

361 

364 

743 

368 

372 

376 

379 

383 

387 

391 

394 

398 

402 

744 

406 

409 

413 

417 

421 

424 

428 

432 

436 

439 

745 

99-443* 

447 

461 

464 

458 

462 

466 

469 

473 

477 

746 

481 

484 

488 

492 

496 

499 

603 

607 

610 

614 

747 

618 

522 

626 

629 

633 

6.37 

640 

644 

648 

661 

748 

656 

659 

663 

666 

670 

574 

678 

681 

686 

689 

749 

693 

696 

600 

604 

607 

611 

616 

619 

622 

626 

750 

99-630* 

633 

637 

641 

645 

648 

M2 

666 

669 

668 

751 

667 

671 

874 

078 

682 

680 

689 

693 

694 

700 

762 

704 

708 

712 

715 

719 

723 

726 

730 

734 

738 

763 

741 

746 

749 

762 

756 

700 

704 

767 

771 

778 

764 

778 

782 

786 

790 

703 

797 

801 

804 

808 

812 

766 

99-816* 

819 

823 

827 

830 

834 

838 

841 

846 

RAfl 

756 

852 

856 

860 

863 

867 

871 

876 

878 

882 

888 

767 , 

889 

893 

897 

900 

904 

908 

911 

915 

919 


768 

926 

930 

934 


941 

946 

948 

962 

966 

969 

769 

963 

967 

970 

■n 

978 

982 

986 

989 

993 

986 
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Tabui S.->-BoiuirQ-FOiHT ov Watxb at Vabious Baboukhuo Pbbssttbbs { wnUrntd ). 


PreflA. 




Tenthe of a millimetre 





nun* 

0-0 

0-1 

0-2 

0-8 

0-4 

0*6 

0*6 

0*7 

0-8 

0*9 

760 

100-000® 

004 

007 

on 

015 

018 

022 

026 

019 

ill 

761 



044 

048 

052 

055 

069 


066 


762 

073 

077 

081 

086 

088 

092 

096 

099 

103 

Him 

763 

110 

114 

118 

121 

125 

129 

132 

136 

140 

143 

764 

147 

161 

154 

158 

162 

165 

169 

173 

176 


766 

100-184® 

187 

191 

196 

198 

202 

206 

209 

213 

216 

766 

220 

224 

227 

231 

235 

238 

242 

246 

249 

253 

767 

267 


264 

268 

271 

276 

279 

283 

286 

mSMM 

768 

293 

297 

300 

304 

308 

311 

315 

319 

322 

326 

769 

330 

333 

337 

341 

344 

348 

352 

356 

359 

363 

770 

loo-aee** 


373 

377 

381 

384 

388 

392 

39S 

399 

771 

402 

406 


414 

417 

421 

424 

428 

432 

435 

772 

439 

442 


450 

453 

457 

461 

464 

468 

472 

773 

475 

479 

483 

486 

490 

493 

497 

601 

504 

508 

774 

511 

515 

519 

522 

526 

630 

533 

637 

540 

544 

775 

100-547° 

551 

555 

550 

562 

566 

569 

573 

577 

580 

776 

584 

588 

591 

595 

- 598 

602 

606 

609 

613 

616 

777 

620 

624 

627 

631 

634 

638 

642 

645 

649 

653 

778 

056 



667 

671 

674 

678 

681 

685 

689 

779 

j 

002 


699 

703 

707 

710 

714 

718 

721 

725 

780 

100-728 

732 

735 

739 

743 

746 

750 

763 

757 

761 

781 

764 

708 

772 

775 

779 

782 

786 

789 

793 

797 

782 

800 

804 

807 

811 

815 

818 

822 

825 

829 

833 

783 

836 


843 

847 

851 

854 

858 

861 

865 

869 

784 

872 

876 

879 

883 

886 

890 

894 

897 

901 

904 

785 

100-908° 


916 

919 

922 

926 

929 

933 

937 

940 

786 

944 


951 

954 

958 

962 

965 

969 

972 

976 

787 

980 

984 

988 

991 

995 

998 

*002 

*006 

*009 

*013 

788 

101-016° 


023 

027 

030 

034 

037 

040 

044 

047 

789 

061 

054 

068 

062 

065 

069 

072 

076 

079 

IB 

790 

101-087° 


094 

097 

JOl 

104 

108 

II2 

115 

119 

791 

122 

126 

129 

133 

136 

140 

144 

147 

151 

164 

792 

168 

161 

165 

168 

172 

176 

179 

183 

186 

190 

793 

194 

197 

201 

204 

208 

211 

215 

218 

222 

22S 

794 

229 

232 

236 

239 

243 

246 

250 

254 

257 

261 

795 

10l-265» 

269 

272 

276 

279 

283 

287 

290 

294 

297 

796 

300 

303 

307 

310 

314 

317 

321 

324 

328 

382 

797 

335 

339 

342 

346 

349 

353 

356 

360 

363 

367 

798 

371 

375 

378 

382 

385 

388 

392 

395 

399 


799 

406 

409 

413 

416 

420 

423 

427 

430 

434 

< «7 

m 

101-441° 


— 

— 

— 

— 

— 

— 

— 

— 


Holbom and Uenning. Aim. Physik. 19&8, [!▼.] 26, 833. 
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Tabu 6. 

MBLmro-POiirr' ov Iob av High Pbbssvbb. 


(Laitdelt-BSmriem : PhyaiMitckt^hemitchit TabMtn.) 







WATER. 


Tabls 7. 

XKTXB-ESXiAI^IOKS OV THB fiTABLB EOBIfS Ot ICX. 


solid pluMMs: td^e points 

PressuEe kgiii./em.* 

Transttlcm points 

Eeteconoe 


2,103 


3 



-80-8 

3 

loeL; loftin. (SO) . 

2,178 

2,160 

-40‘0 

-SO'O 

3 

3 


2,117 

-60-0 

3 


2,220 

-SO'O 

1 

Ice 1. ; Ice 11. .... 

2.170 

-84*7 

3 

loom. (0) 

2,240 

-870 

1 

1 

2,164 

-35 0 1 

\ 


1 

1 2,072 

j -46 0 1 



loe I. ; Ice II. (KQ) . ( 

1,980 

-650 



! 1,886 

-65-0 


3 

1 

! 1,794 

i -76-0 



2,230 

; -340 



Ice II.; loom. (fO) . , 1 

' 

2,530 

2,910 

31-0 

i -28-0 




. 3,370 

i 

-26-0 




The Relation of Volume and Temperature 
AT Moderate Pressures for Steam, 
Water, and Ioe. 

It is convoniont next to consider the relation 
of the volume of unit mass of water to tem- 


perature at ordinary or moderate pressures, 
and the available data are presented in a further 
series of tables. Table 8 shows the specific 
volume in o.c. per gram of saturated water 
vapour corresponding to each degree of temper- 
ature from 0*^-1 80®; the specific volume of 


Table 8. 


Specific Volume of Saturated Water Vapour. 


In cubic centimetres per gram, at temperatures on the constant volume gas-thermometer 

(Beichsanstalt) scale. 


Tempera* 

t4ire. 


1 



Degrees 




Tens of 
degrees 

0 

2 

3 

4 

5 6 

7 

j 

8 

9 

o« 

205,000 : 191,400 

178.700 

167,100 

156,300 

1 146,300 137,000 

1128,300 

120,300 

112,800 

10 

105,900 : 99,400 

93,390 

87,770 

82,550 

77,660 73,090 

68,850 

64,870 

61,150 

20 

37, 600 

54,400 

51,350 

48,500 

45,820 

43,310 40,950 

38,740 

36,660 

34,710 

SO 

32,830 

31,160 

29,540 

28,010 

26,570 

25,230 23,950 

22,760 

21,620 

20,580 

40 

19.340 

13,690 

17,690 

16,840 

16,040 

15,260, 14,560 

13,880 

13,240 

12.630 

* 30 

12.060 

11.600 

10,080 

10,490 

10,030 

9,585 9,165 

8,766 

8,388 

8,028 

60 

7,686 

7,360 

7,049 

6,763 

6,472 , 6,205; 6,951 

6,710 

5,480 

6.261 

70 

5,050 

4,850 

4,669 

4,477 

4,303 

4,136! 3,978 

3,826 

.3,681 

3,6fil 

30 

3.410 

3.284 

3,163 

3,046 

2,935 

2,828: 2,727 

2,629 

2,636 

2.447 

00 

2,361 ; 2,279 

2,200 

2,124 

2,051 

1,981 1,914 

1,850 

1,788 

1,728 

100 

1,6710 

1.6170 

1,664-0 

1,513*0 

1,465*0 

1,4180 1,3730 

1,3290 

1,2870 

i 1.247-0 

110 

MOO-O 

1,172*0 

1,136-0 

1,101-0 

1,068-0 

1,036*0 1,005-0 

974-4 

946-6 

917-6 

130 

800’7 

864-9 

839-7 

815*5 

792*0 

769-4 ; 747-6 

726-6 

706-1 

686-4 

130 

667-3 

648*8 

631-0 

613-8 

597-1 

68M; 565-5 

660-3 

636-6 

621-4 

140 

307-7 

494-4 

481-6 

469-1 

457-1 

446-4 ! 4340 

I 

4230 

412-4. 

402-1 

ISO ■ 

SOl-l 

882-4 

872-9 

363-8 

355*0 

346-4 : 3380 

829-9 

321-0 

siii^ 

■■■100, 

806-8 

299-6 

292-6 

285*9 

279-3 

272-8 ! 266-6 

260-6 

264-7 

248-0 

■■ -m,;.: 

343-3 

. 237-0 

232-6 

227-5 

222-4 

217-6! 212-8 

208-8 

208-7 

109-3 

: h: 

: 183-1 

: . 




1 ~ 












WATER. 


steam is aimilarfy given at 10” 
mervala nf traiperatim and for tneuans from 
t-lO l^n^om.* k Table 9. .. 

Tbe q;>eoi&o volume is pven for super- 
i^ooied water from —13” to 0” in Table 10, ai^ 
fbr stalile watw from 0”-36” by tentbs of a 


(%est id Table 12. firam 80”~I00” hf dsgnes 
inTiAle 14. and, under pmssoM of the saturated 
vapour lor ten-degree intwvals. Aram 100”- 
in Table 16. For oonvenkue^ tbe same 
data Uk tocms of speefflo gravity ue given 
also in Tables 10. II, 18 and 16. 


Tabl* 9. 

Sraozno Vonova or SumasaTiiD Sxxaic. 


Cubic centimetres per gram (M. Jahob, Zeits. Ver. Ing. 1912, 66, 1980). 





Prawure In kilograms per square oentimetre. 



troju jNsv 

1 

3 

5 

m 

9 

11 

18 

15 

17 

/" 

Saturation 











tempera- 

1728 1 

618*2 

382*6 

278*6 

219*5 

181*3 

164*6 

134*6 

119*3 


tore. 











110 

1781*6 

— 

— 

— 

— 

— 

— 

— 

— 

\~ 

120 

1830*2 

— 

— 

— 

— 

— 

— 


— 


130 

1878*9 

— 

— 

— 

— 

— 

— 


— 


140 

1927*3 


— 

— 

— 

— 

— 


— 

JL. 

100 

1970*6 

647*6 

— 

— 

— 

— 

— 

H 

— 

— 

160 

2023*7 


392*3 




— 

— 

B 

— 

— 

170 

2071*6 

681*4 

403*0 

283*3 

— 

— 

— 


— 

— 

180 

2119*6 

698*1 

413*6 

291*3 

223*2 

— 

— 


— 

— 

190 

2167*4 

714*6 

423*9 

299*2 

229f. 

18/>*2 

— 

— 

— 

— 

200 

2215*2 

731*1 

434*2 

306*8 

236*9 

190*6 

159*1 

135-9 

— 

— 

220 

I 2310*7 

7639 

454*4 

321*7 

247*9 

200*9 

168*3 

144-3 

125*9 

111*3 

240 

2406*0 

796*4 

474*4 

336*4 

269*7 

210*8 

177*0 

152*0 

133*0 

118*0 

260 

2501*1 

828*8 

494*2 

350*9 

271*2 

220*6 

186*3 

159*5 

139*7 

124 2 

280 

2596*0 

861*1 

614*0 

366*3 

282*6 

230*0 

193*5 

166*8 

146*3 

130*2 

300 

2690*9 

893*2 

533*7 

379*5 

293*9 

239*3 

201*6 

173*9 

152 7 

135 9 

300 

2927*9 

973*3 

582*4 

414*7 

321*7 

262*4 

221*4 

191*3 

168*3 

100*1 

400 

3164*3 

1052*9 

630*6 

449*0 

349*1 

285*0 

240*7 

210*9 

183*4 

163*7 

400 

3400*6 

1132*3 

678*6 

484*2 

376*2 

307*4 

259*7 

224*8 

198*1 

177*1 

000 

3636*4 

1211*3 

726*2 

518*4 

402*9 

329*4 

278*6 

241*2 

212*6 

100*1 

000 

3872*2 

1290*2 

773*8 

556*8 

429*5 

351*2 

297*1 

1 

257*3 

226*9 

202*9 


Tabls 10. 

Srxcmo Qbavity asd Sracmc Vonuin or Watkr below 0”. 




Speciflo volume 


Temperature 

0c gravity (1) 

<1) 

(2) 


-”-13 



1*00308 


-12 


— 

1*00271 


-11 

— 

_ 

1*00237 


-10 

0*99816 

1*00186 

1*00207 


-9 

0*09843 

1*00157 

1*00175 


-8 

0*99869 

1*00131 

1-00150 


-7 

0*99892 

1*00108 

1*00128 


-6 

0*99912 

1*00088 

1*00105 


-5 

0*99930 

1*00070 

1*00082 

. ' - 

-4 

0*99946 

1*00055 

1*00062 


-3 

0*99958 

1*00042 

1-00045 

; . 

-2 

0*99970. 

1*00031 

2*000» 


-1 

0*99979 

1*00021 

1-00023 

' 

0 

0*99987 

1*00013 

1*00013 
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TlBUt 11. 


BsNsrnr ot Watbb nr Gbamb pxb Cubio Oxhukbixb. 

At teiaperatatw from 0” to 35* on the constant volume gas-thennometer (Beiofasanstalt) scale. 
(LandoU-BOmttein : Pkytikaliiche-Ckmiseke Tdbdkn.) 


Degress. 




Tenths of a degree 





00 

0-1 ! 

1 

0*2 

0-3 

0*4 

0-5 

0*6 

0*7 

0*8 

0*9 


0*699.868 

874 

881 

887 

893 

899 

905 

911 

916 

922 


927 

032 1 

936 

941 

946 

mEM 

954 

967 


966 


968 

971 

974 

977 


982 

986 

987 

989 

991 


992 


995 

996 


998 

999 

999 




1*000.000 


000 

999* 

999* 

998* 


996* 

996* 

993* 

5 

0*909.092 

990 

989 

986 

984 

982 


977 

974 


a 

968 

965 

962 



951 

947 i 

943 

938 

■M9 

7 

929 

925 

920 

916 

910 

904 

899 1 

893 

888 

882 

8 

876 

870 

864 

867 

851 

844 

, 837 1 

830 

823 

816 

d 

808 

801 

793 

785 

778 

769 

" 761 1 

763 

744 

736 

10 

727 

718 

m 


691 

681 

672 ! 

662 

662 

642 

11 

632 

622 


601 

691 

580 

669 1 

558 

647 

636 

12 

625 

513 

502 

490 

478 

466 

454 . 

442 

429 

417 

13 

404 

391 


366 

353 

339 

326 

312 

299 

286 

14 

271 

267 

243 

229 

215 

200 

186 

171 

156 

141 

15 

126 

111 

096 

081 


060 

034 

018 


986* 

16 

0*998.970 

963 

937 

920 


887 

870 

1 853 

836 

819 

17 

801 

784 

766 

749 

731 

713 

696 

! 677 


640 

18 

622 

603 

586 


647 

628 

609 

1 490 

471 

451 

19 

432 

412 


372 

352 

332 

312 

1 292 

272 

251 


230 

210 

189 

168 

147 

126 

105 

083 


040 

21 

019 

997* 


953* 

931* 

909* 

887* 

864* 

842* 

819* 

22 

0*997.797 

774 

761 

728 

706 

682 

669 

636 

612 

588 

23 

665 

541 

617 

493 

469 

445 

421 

396 

372 

347 

24 

323 

268 

273 

248 

; 223 

198 

173 

147 

122 

Bil 

25 

071 

045 


994* 

968* 

941* 

K9 

889* 

863* 

836* 

26 

0*996.810 

783 

766 

730 



648 

621 

694 

667 

27 

639 

612 

484 

456 

428 


372 

344 

316 

288 

28 

250 

231 


174 

146 

116 



029 

Mi.ViMl 

29 

0*965A71 

941 

912 

882 

863 

< 

823 

793 

763 

733 

703 

80 

673 

643 

613 

682 

652 

621 

491 


429 

398 

31 

367 

336 

306 

273 

242 

211 

179 

148 

118 

084 

82 

062 

020 

988* 

966* 

924* 

892* 

869* 

827* 

794* 

762* 

88' 

0*e84,729 

696 

663 

630 

697 


631 

498 

464 

431 

at 

398 

364 

330 

296 

263 

229 

195 

161 

128 

7»* 


86 

068 j 

023 

989* 

964* 

920* 

! 

886* 

860* 

816* 

745* 


3%iMMi«|tohe4And Diesselhonit, Wiss. Abh. Phy8.>Tecli. ReichsaoBUl t , 1900, 3, 68 j Ghbppnb^ 
«fMr, 18^. Iyit..,}0Q4, 13. 
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Tablx 12. 


SpBomo VoLimB op Watsb in Onbio Cbnxiubtbns pxb Gbak. 

At temperstuns from 0® to 36® on the constant volume gas-thermometer (Reiohsanstalt) se^e. 


Degrees, 




Tenths of a Degree 





0-0 

0*1 

0*2 

0*3 

0*4 

... 

0*6 

0-7 

0*8 

0*9 

H 

1’000,132 

126 

119 

113 

107 

101 

096 

089 

084. 

\o76 

1 

073 

069 

064 

059 

066 

061 

047 

043 

039 

V35 

2 

032 

029 

020 

023 

020 

018 

016 

013 

Oil 

009 

3 

008 

006 

006 

004 

003 

002 

001 

001 

000 

QOO 

4 

000 

000 

000 

001 

001 

002 

003 

004 

006 

0^7 

6 

008 

010 

012 

014 

016 

018 

021 

023 

026 

029 

6 

032 

035 

039 

042 

046 

060 

054 

058 

062 

066 

7 

071 

076 

080 

086 

090 

096 

101 

107 

112 

118 

8 

124 

130 

137 

143 

149 

156 

163 

170 

177 

184 

9 

192 

199 

207 

216 

223 

231 

239 

247 

266 

264 

10 

273 

282 

291 

300 

309 

319 

328 

338 

348 

368 

11 

368 

378 

388 

'399 

409 

420 

431 

442 

463 

404 

12 

476 

487 

499 

611 

622 

634 

647 

669 

671 

684 

13 

696 

609 

622 

636 

648 

661 

676 

688 

702 

716 

14 

729 

743 

767 

772 

780 

800 

815 

830 

I 

844 

869 

15 

874 

890 

906 

920 

936 

951 

967 

983 

999 

016* 

16 

1-001,031 

048 

064 

081 

098 

114 

131 

148 

166 

183 

17 

200 

218 

235 

253 

271 

289 

307 

: 326 

343 

361 

18 

380 

399 

417 

436 

466 

474 

493 

: 613 

632 

651 

19 

671 

691 

610 

: 630 

1 

660 

671 

691 

: 711 

i 

732 

762 

> 20 

773 

794 

816 

836 

867 

878 

899 

i 921 

942 

964 

21 

985 

007* 

029* 

061* 

073* 

096* 

118* 

1 140* 

163* 

186* 

22 

1-002,208 

231 

254 

277 

300 

324 

347 

i 370 

394 

418 

23 

441 

465 

489 

613 

638 

662 

686 

611 

636 

660 

24 

686 

710 

736 

760 

1 786 

810 

836 

: 861 

886 

912 

25 

938 

964 

990 

! 016* 

1 042* 

068* 

094* 

i 121* 

147* 

174* 

26 

1-003,201 

227 j 

264 

281 I 

! 308 

336 

363 

1 390 

418 

445 

27 

! 473 

601 

629 

^ 566 1 

1 685 

613 

641 

1 769 

698 

726 

28 

766 

783 

812 

1 841 1 

! 870 

899 

928 

i 967 

987 

016* 

29 

1-004,046 

076 

106 

136 ; 

1 

1 166 

194 

226 

! 266 

286 

315 


346 

376 

407 

437 i 

468 

499 

630 

1 661 

692 

623 

31 

656 

686 

717 

749 1 

781 

812 

844 

i 876 

908 1 

940 

32 

972 

006* 

037* ! 

070* 

102* 

135* 

167* 

' 200* 

233* 1 

266* 

33 

0-006,299 

332 

366 

399 

432 

465 

499 

i 533 

586 

600 

34 

634 

668 

702 

- 736 

771 

805 

839 

1 874 

908 , 

943 ' 

35 

978 

013® 1 

1 

047* 

082* ; 

j 

118 * 

153* 

188* 1 

' 223* 

269* 

m* 


!nyeaeD« Sdbed and Bieaselhorst, Wise. Abh. Phy8.-Tech. Beiohsanstalt, 1900, 8, 98 jC9Hq[9td% 
Tnv. Bnr. lot., 1904, 13. 
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Tialb 18. 

Daimirr ov Watxr vbom 30^. vo 100^ 


TeoBof 

Begceei 

Bogreei 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

30 

0-90567 

637 

505 

473 

440 

406 

371 

336 

299 

262 

40 

224 

186 

147 

107 

066 

024 

♦982 

♦940 

♦896 

♦852 

50 

0*98807 

762 

716 

669 

621 

673 

525 

475 

425 

376 

60 

324 

272 

220 

167 

113 

059 

005 

•960 

♦894 

•838 

70 

0-97781 

723 

666 

607 

648 

489 

429 

368 

307 

245 

80 

183 

121 

057 

♦994 

♦930 

♦865 

♦800 

♦734 

*668 

•601 

90 

0-96634 

467 

399 

330 

261 

192 

122 

051 

♦981 

♦909 

100 

0-96838 

765 

693 

— 

— 

— 

— 

— 

— 

— 


Table 14. 

Specific Volume of Watee from 30® to 100®. 


Tens of 

Degrees 

Degrees. 

0 

1 i 

2 

8 ! 

4 ! 

1 

5 

6 

! ^ 

8 1 

9 

30 

1*00436 

466 

497 

i 630 

563 

598 

633 

i 669 

706 

743 

40 

782 

821 

861 

901 

943 

985 

♦028 

! *072 

•116 

•162 

50 

1*01207 

254 

301 

1 349 

398 ‘ 

448 

498 

1 548 

600 

652 

60 

706 

768 

813 

867 

923 . 

979 

♦036 

' •093 

•161 

♦210 

70 

1*02270 

330 

390 

452 

514 1 

676 

639 

; 703 

768 

833 

80 

899 

965 

♦032 

; •05)9 

♦168 I 

♦237 

1 *306 

: •376 

♦447 

♦618 

90 

1*03590 

663 

736 

1 810 

884 1 

969 

i *036 

i •111 


♦265 

100 

1*04343 

422 

I 501 

i ~~ 

1 — t 

— 

— 

1 

j *188 

— 


Thiessen, Wiss. Abh. Phys.-Teeh. Reichsanstalt, 1904, 4, 1. 


Table 15. 

Deesity aed Specific Volume of Water from 100® to 320®. 


Temperature. 

DenMty 1 

f 

Specific Volume 

100* 

0-9685 ! 

1*0433 

110 

0-9610 j 

1-0516 

120 

0-9434 

1*0601 

130 

0*9352 i 

1*0693 

140 

0*9264 1 

1*0794 

150 

0*9173 

1*0902 

160 

0*9075 i 

1*1019 

170 

0*8973 

1*1145 

180 

0-8866 1 

1*1279 

190 

0-8760 ! 

1*1429 

200 

0-8628 1 

1*1590 

210 

0-860 

1*177 

220 

0-837 i 

1*196 

230 

0-823 1 

1*215 

240 1 

0-809 I 

1*236 

250 

0-794 

1*259 

260 

0-779 

1*283 

270 

0-766 

1*308 

280 

0-76 

; 1*34 

290 

0-72 

1*38 

300 

0-70 

1*42 

310 

0-68 

1*46 

320 

0-06 

1*51 
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' Wil 


DmSTTY AND EXPAKaZBS^r i09« 




1 


Katuralice 

Artiilsialioe 

XNde 

A«- 

tixMty 

1 Method ot experiment 

Kind of See 

Density 

Density 

1845 

1 

Weighing in liquid . 

Natural • 1 

0-9179 0-0001126 


1845 

2 

Direct measurement 



0*0001593 



of linear coefficient . 

Artificial 

[0-0001060] 

1845 

3 

Dilatometrio . 

Not stated 

1 l[00001060' 

1862 

4 

Dilatometric . 

Artificial . 

0-91667, 0-00016S6 

1862 

5 

Neutral equilibrium in 






liquid (chloroform 
and petroleum) 

Artificial . 


0-9177 

1870 


Dilatometric . 

Artificial . 


0-91674; 



/Dilatometric . 

Artificial . 


0-916191 



Artificial . 


0-910031 

1899 

7 

Weighing in liquid 

1 ^ (renned petroleum) 

Natural (icicles) 
Natural (new 
pond ice) 
Natural (pond 
ice, 1 year old) 
Natural (new 

0-91796 

0-91792! 

0-91623 




Volume by displace- 





ment 

pond ice) 

0-91760 




Direct measurement 

V of linear coefficient . 

Artificial . 


0-0001020 

1901 

8 

Weighing in ivater . 

Natural (old and 
new) 

10-91661 


1902 

9 

Direct weighing of 
buoyancy in mercury 


10-0160 1 0-000162 



Artificial . 



Means, neglecting results of No. 3 |0*9174 0*0001123 f0*9166 1 0’OOOISS 


1. Bnmner, Fogg. Ann. 1845, 64, 116. 

2. Strave, Fogg. AnjL 1845, 66, 298. 

3. Maiehand, J. prakt. Chem. 1845, 35, 254. 

^ 4. Plilcker aiid Geissler, Fogg. Ann. 1852, 86, 265. 

5. Bafoor, Compt. rend. 1862, 34, 1080. 

6. Bnnsen, Fogg. Ann. 1870, 141, 1. 

7. Niohola, Fhys. Beview, 1899, 8, 21. 

8. Barnes, Fhys. Zeit. 1901, 3, 81 ; Barnes and Cooke, Trans. Roy. Sue. Canada, 1002, 8, (iii.), 

143. 

9. yineent, Froo. Boy. Soc., 1902, 69, 422. 


A large number of formuke, for tbe most part 
eotlreiy empirical, have b^n proposed to 
express the yariation of volume of water with 
tempefataie, and these are collected, e,g. in Lan- 
fblt-BdiQSteia Tabellen, 1921, p. 1231. 

Aa^exam^es Mie fdlowing may be givon for 
Irom 0®-40® and from 17"-10er respeo- 
f, due to Thiesen, Scheel and Biesselhorst 
/Ahhu I1iys.-Tech. Beichsanstalt, 1900, 3, 
^-d ftdeseii (Wiss. Abh. Phys.-Toch. Reich- 
190^ 4« 1). li s^^the density, 

I X ilt-— (from O'* — 40'') 

^ X' ■ 503570 i -h 67-26 ^ ^ ^ ) 



r ^w.<^-®'®®2)*v<-^273^ 350.-f 
, T667(k) " « -i- 67 366 - f 

= • ; (from n" - lOO*) 

^ TbilM valniim dumgea may a^ be oonsideied 
te tanyi <|jf fte epefideii^ 


which varies with temperature in the general 
manner indicated below : 

Temv. 20^ 40" 60" 100" 140" 180" 200" 
ax 10* 110 217 305 452 584 722 788 

(See Mpyer, NemsCs Festschrift, EUlle a, 

1912, 278 ; Him, Ann. Chim. 1866, [iv.] 10, 82 1 
Tammann and Zepemik, Zeitadi. pliysilal* 
Chem. 1895, 16, 659.) i ; 

Despite many invesiigaiions our lomwMm 
of the densi ty and expansion of ice is not entii^ . 
aatisfactory. Table 16 gives an iodleaftl^ m 
the methods adopted, me kinds df lee I9se(i 
and the final results obtained in the eUef 
researohea on the subieet ; thofipefl by 
and Cooke and by Yinoeiil^ died in tea 
oontain eiitieal leriem of oiilier tvd«k adjt 
should be cmnlted lor moss dotailad intanir^ 
atkm* 

0poa examlnal^ jt is at onea anpaMit 



WJOXSBL ' 




thoii iM* tiy 

MOttnti jpe^ tlm luay ^nmineiital 
MW to oMoli tbo oetml ^tenwotion of 
densHy oaa oonoeiTobly be eobject. 

With leoleilied exeeptiosia the valoeB for 


natuml iee appioxlinate to 0*018« whilst those 
for artificial loe are oear 0*016. The mean 
Tallies in .the Table are respectively less than 
fuid greater than these inures, because they each 
include exceptional data which appear from 
their ma^initude to belong to the other classifica- 
tion* Kiohols first drew attention to this 
appaiently systematic difference, and his 
experiments seem to show firstly, that it is real, 
and seccmdly, that the density of natural ice 
decreases with lapse of time until it approaches 
that of artificial ice. The experiments of 
Barnes and Cooke, made with natural ice from 
the St. ^wrence river, which had been in storage 
for various periods up to three years, confiim 
the ooneotness of the lower value for old natural 
ioe^ but it seems probable that none of their 
samples of ice were as recently formed as those 
which other observers had found of high density, 
and their conclusion that age has no effect on 
the density of ice is open to doubt. 

Cooke (Trans. Roy. Soc. Canada, 1902, 8 
[iiL] 127), in a discussion of these and earlier 
results, advances the view that the differences 
niise from stresses produced in the mass of ice 
by certain modes of freezing, but it is evident 
that Nichols' results with icicles discount this 
hypothesis. Vincent, measuring directly the 
upward pull exerted by a mass of water or ice 
completely immersed in mercury, confirmed 
generally the lower value for artincial ice, but 
obtained very definite evidence that the same 
Bpeoimen of water can, on different occasions, 
freeze into specimens of ice having distinctly 
different densities. 

^ Further investigation is clearly needed on 
this point, and in the meantime the density of 
ice may perhaps best be taken at the mean value 
of 0*917. 

Leduc has attempted to show that the 
observed differences may be due to variation 
in the content of dissolved air, but this explana- 
tion seems inadequate, especially in view of 
Vinoent's results; he finds ice prepared by 
lepeaiedly freezing in vaev6 water previously 
boiled to expel gases has a density of 0*9176 
(Oo^tfend. 1906, 142, 149). 

Toe differenoo between the density at 0^ of 
water* 0*99967, and ice, 0*917, nearly 13 p.c.. 


|4aoe when water ST froastt. iUar importaiit 
pmotieal oonsequeciees of this eapam fen^^^ 
weUlmowiiu Fieei* 
eSeots in ibe oelle 


plant and animal tissues 

and in pipes andoontainenK^alisorte, and these 
effects, oocurring in the crevioee of rocks, stonee 
and buildings, and of the soil, cause progressive 
superficial disintegration. Whmi water is cooled 
by contact with cold air, ice is formed, and 
because of its lower density remams, on the 
surface ; the temperature of the bulk of water 
does not fall below 4^C., the temperature of 
maximum density, at which cooling by con- 
vection ceases. When water in process of 
cooling is continuously mixed, as in runnizqa; 
streams, and free radiation occurs from the 
bed-rock to a clear atmosphere through shallow 
water, the temperature of the bed-rock and 
the water in contact with it may fall below ()®, 
when the so-called * ground, * atmor * or ^frazil * 
ice is formed at the bottom. 

Freezing of Wafer in CapiUa^ Systems , — 
Much of the water of soils and inorganic gels 
fails to freeze, even at temperatures as low iw 
—78®, because it is physically adsorbed, chemi- 
cally combined, or in solid solution. E. A. 
Fisher (J. Physical Chem. 1924, 28, 360) jjoints 
out that water present in very fine capillary 
tubes or pores must be under considerable ten- 
sion, and so the density may not necessarily be 
the same as that of water in bulk, but probably 
less. Hence the expansion on freezing will 
probably be less, and since the amount of water 
which fails to freeze is determined by dilato- 
metric measurements, false conclusions may 
thus l)e drawn (Chem. Soc. Abstr. 1924, 126, 
ii, 391). 

Temperature of Maximum Density . — ^The 
data given in Tables 11 and 12 show the well- 
known fact that water attains a maximum 
density at about 4°C. Precise investigation 
fixed the temperature as 3*98® at atmospheiio 
pressure (Chappuis, Wied. Ann. 1897, 63, 20fi; 
Thiesen, Scheel and Hicsselhorst, Wiss. Abh* 
PhyB.-Tech. Kcichsanstalt, 1900, 3, 68; de 
Coppet, Ann. Chun. 1903, [vii.] 28, 145). 

At higher pressures the temperature of 
maximum density of water falls progressively in 
the manner shown in Table 17, and expres^ 
in the following formula (Luasana, Nuovo Cim* 
1910, [v.] 19, 182) 

<,„=4*10®-0*0225 (p-l) 


Tabus 17. 

Vabutxok or the Tshfbratubb or Maxuiom Density or Water wrra Pbessube. 


Pressure. Temperature of Maximum DensUy. 


1 atmo. 

4-08* 


1-76 „ 

4-0 


2*86 „ 

SO 


4-06 

3-8 

Gras^ Ann. (Siim. 1851, 

5-8 

8-7 

[iu.l31,«»7. 

6*9 

3-6 


8*6 

3-6 


10*6 

3-4 


St'S .. 

I08-8 „ 

3*3 

20 

OO 

Aai«n4t CobtA. rend. 
?8DS. 118, m 
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SV>r tikis reason in speoiii^ water at its 
tenmeratare of maximikm density as the standard 
of tosity, it is ueoessaiy to stipulate that the 
pressure must be noimaL It is also lowered by 
the presence of dissolved i^ts. For a given 
salt, the lowering is proportional to the oonoen- 
tration of the solute (Law of Despreta, Ann* 
raiim. 1839, [ii.] 70, 49 ; 1840, [ii.] 73, 296), but 
it is not connected with the depression of the 
freesing-point and is not a colligative property 
(Bosetti, Ann. Chim. 1867, [iv.] 10, 461 ; 1869, 
[iv.] 17, 370). The molecular lowering of the 
temperature of maidmum density by salts of 
monovalent ions (e.f/. H*, Li*, Na*, K* and NH** 
witha^Br^^andNO\)doesexhibitaregula^ity 
in that it can be calculated from the molecular 
lowering of Hd (the lowest) by adding two 
numbers, charact^tic res^ctively of the 
purticukff basd and acid present (Wright, J. 
Ghem. Soc. 1919, 115, 119): weak aci£, and 
the salts of div^ent acid and basic radicles, 
show no such regularity (de Coppet, Ann. Chim. 
1894, fvii.] 3, 246, 268 ; C!ompt. rend. 1897, 125, 
533; 1899, 128, 1559; 1900, 131, 178; 1901, 
m, 1218; 1902, 134, 1208). 


Thx Bslation of Volume and Pbessuae 
FOB Water and Ice. 


The effect of large variations of pressure upon 
the volume of water or ice is usually expressed 
in terms of the compressibility coefficient 
where 

= I vXizZ* 

Vi ' Pt-Pi 
where Yjasthe volume at an initial pressure pj, I 


and Vg tl^ volume at a hkher pressure pg at 
the same temperature; p is evidently the 
fraction by which the original volume is reduced 
for unit increase of pressure. 

Table 18 gives the values of j3x 10* lor wator 
according to Amagat for pressures from 1-600Q 
atmospheres and temperatures from 0^-200^ 
Table 19 gives the results, more accuratdiy, but 
relating to a much smaller range of temperature 
and pressure, obtained by Biohards and Stull 
and by Tyror, and, for comparison, those of 
Bridgman at 0^" and 22^ 

The same data can, of course, be exmessed 
in terms of specific volume, and Table gives 
this quantity f6r water over a range of pressure 
from 0—12,000 kgm./cm.* and from --20*^ to 
+ 80 °a I 

Normal liquids show a compressibility wh 
decreases with rise of pressure and incre 
with rise of temperature. These data show 1 
the compressibility of water is thus affected 
rise of pressure, but that increase of temperatt 
up to about 50° laivers the compressibilify^ 
at higher temperatures the compressibility ol^ 
water increases with rise of temperature like!' 
that of other liquids. The significance of this 
fact in relation to current hypotheses of the 
constitution of water is discussed elsewhere. 
The relation of the coefficient of expansion of 
water to pressure and temperature is given in 
Table 21. Experiments upon the isopieeiio 
expansion of water at higher temperatures and 
pressures show that the thermal expansibility 
increases with temperature to a maximum value . 
which is the less the greater the pressure (Watson, 
Proc. Roy. Soc. Edin. 1911, 31, 456). 


Table 18. 


CoEFnCTBNT OF COMPRESSIBILITY jS FOR WaTER. 
(Tabulated data are 10*). 


Temp. 

0* 

6- 

I 

10* 

15' 

; 20* 

1 

1 30* 

40' ' 50' I 00' 

70* 

so* 

100* 

200^ 

PimAt. 

1-100 

5M 

( 

49-3 

48*3 

1 

47-3 

1 46-8 

1 46-0 

1 ; 

44*9 ! 44*9 : 45-5 

48-2 


47*8 


00-200 

49-2 

47*5 

46*1 

i 45*1 

i 44 *2 

1 43*6 

42*9 ' 42*5 42*7 

43*9 

— 

46*8 

80*7 

iOO-300 

48-0 

46-2 

45*3 

; 44 *3 

43-4 

42-2 

41*4 1 41*3 41-5 

42*5 

43*8 

45*9 

76*9 

tOO-400 

46*6 

44*9 

44*1 

43*3 

42*4 

41*3 

40-7 ! 40-2 40-8 

4M 

42*2 

44*6 

731 

00-500 

466 

44*4 

43*0 

1 42*2 

41*5 

! 40*0 

40-4 ; 39-9 > 39-4 

39*8 

40*8 

43*4 

68*2 

00-600 

43*8 

43*0 

41 8 

41*1 

40*4 

j 39*2 

39-0 39-0 ' 38-8 

39*1 

39*9 

41*6 

86*0 

00-700 

42*9 

40*9 

40*5 

39*8 

39*4 

i 38*7 

38-2 ! 37-7 ; 38*3 

38*0 

38*7 

40*7 

02-7 

00-800 

41*8 

40*7 

39*8 

39*0 

38*8 

1 37*6 

37-4 1 37'J i 38-9 

37*4 

37*8 

38-9 

61*8 

00-900 

40*6 

39*3 

38*9 

38*0 

37*3 

36*8 

38*2 * 36-2 38-3 

36*6 

36*8 

38*2 

38*9 

00-1000 




36*8 

36*5 

36*0 ; 

35-3 1 35-3 I 36-0 

< i 

36*1 

36-2 

87*1 

33'3 


'Temp. 1 

.J 

0* 

*■ 1 

10' { 

1 

15* i 

20" 

?ie8S.At. 

1-25 

52*5 

i 

61*2 ; 

60*0 i 

i» *6 j 

49*1 i 

23^ 

51*6 

49*6 

49*2 i 

48*0 ! 

47*6 i 

30-73 

50*9 

48*6 ! 

47*3 : 

48 *5 ! 

45*6 1 

73-100 

50*2 

48*1 1 

47*0 

! 46*7 i 

45^ : 

00-125 

49*4 

47*7 1 

46*6 

45*4 1 

44*9 ' 

25-130 

49*1 

47*5 

46*3 

45*4 1 

S-6 

80-175 

49*1 

47*6 

46*3 

45*1 1 

44*2 

75-390 

m i 

47*2 

46*0 

44*7 1 

J J 

43*8 

i 


Tcfaperatore 

Frsss. stmo. 

1-500 

500-1000 

1000-1500 

1500-2000 

2000-2500 

2500-3000 


0* 


Mr 

15* 

KT 

59* 

47-5 

45*8 

44*7 

43*8 

43*4 

8H 

41*6 

40-6 

39*6 

39*1 

38*0 

88*8 

36-8 

35*5 

34*8 

34*4 

38-8 

"m' 

32*4 

31*8 

31*8 

31*2 

80*8 

m 

29*2 

28*9 

28*9 

88-0 


17*8 

29*1 

29*4 

25*8 



88^9 


a 






Anugat, Alto. CUm. 1893, [^] S9, 08, 300. 
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Ymams or m OoMroa m t or OonnassnouR 8 ros 
Watsb viih PsawtntB. 


Temperature 

Fresrare range : atmo. 

9X10* 

Beferenoe 

20* 

0—98-7 

46-8 



aa 

98-7—197-4 

44*8 




197-4—296 

42-4 


1 


296—895 

41-7 


1 

» 

396—494 

39*9 




1—2 

60-28 



10“ 

99 99 

47-80 



20“ 

99 99 

46*90 


> 2 

60“ 

99 >9 

44-82 



100“ 

99 99 

48-18 



0“ 

0—484 

46-2 

'I 


«» 

1460—1936 

31*2 



91 

2900—3390 

24-4 




4360—4840 

20-6 



«» 

6290—6760 

14-2 


1 3 

22“ 

0—970 

39-6 




2900—3870 

. 23-8 



>» 

6800—6760 

16-3 



99 

9680—10,620 

9-6 

J 



1. Richards tmd Stull, J. Amor. Chem. Soc. 1904, 26, 399. 

2. Tyrer, J. Chem. Soc. 1913, 103, 1676. 

3. Bridgman, Proo. Amor. Acad. 1912, 47, 347, 439. 


Tabus 20. 

Sraomc Volume or Water, c.c. per obah, over a Baeoe or Temperature and Pbxssubi. 


Temperature 


kgim/effl.* 

-20* 

-lO" 

0 * 

+ 10“ 



20“ 

so 40” 

50 “ 

«0” 

70 “ 

80” 

' 

0 


1-0018 

1-0001 

1-0002 

! 1*0017 

‘1*0042 1*0077 

1*0119 

1 * 0169 ! 1*0226 

1*0288 

1,000 


0*9609 

0-9679 

0-9603 

0*9631 ; 0*9664 0*9701 

0-9744 

0*9792 0-9843 

0*^7 

2,000 

0*9220 

0*9244 

0*9261 

0*9294 

U-9328 

: 0-9365 0*0404 

0-9446 

0*9490 0*9638 

0-9686 

3,000 

0*8964 

0-8986 

0-9016 

0-9061 ! 0*9088 

10*9106 0*9165 

0*9206 

0*9248 0*9293 

0*9338 

4A)00 

— 

0*8776 

0*8808 

0*8844 

,0*8881 

! 0*8898 j 0*8967 

0*8997; 0*9038, 0*9081 

0*9124 

6,000 


0*8600 

0-86:13 

0*8667 

0*8703 

0*8720 0*8779 

0*8819 0*88691 0*8900 

0*8941 

6,000 

— 


0-8481 1 

0-8610 

0-8646 

0-8666 0-8624 

0-8663 

0-8703 1 0-8743 

0*8782 

7,000 



... 

0*8371 

0*8405 

0-8426 0-8486 

0*8626 

0-8666 

0*8603 

0*8641 

8,000 

•P— 



... 

0-8276 ! 0-8301 0-8361 

0*8400 

0*8439 

0*8478 

0*8614 

9m 


— 

— 

— - 

0-8161 

0-8209 0-8260 

i 

0*8289 

0*8328 

0*8366 

0*8402 

lom 




■ - 


0*8190 0*8160 

0-8189 

0*8227 

0*8265 

0^1 

11,000 






— 0*8067 

0-8096 

0*8134 

'0*8171 

0*8207 

12.000 

— 

— 

— 

— 

— 

— ! 0-7967 

j 

0-8006 

0*8044 

0*8081 

0*8116 


P. W. Btidgman, Proc. Amor. Acad. 1912, 48, 338. 


InpctMaa erf piearan doea not ahrft the 
tMUMMtwga of miidinum oompreiaibility, but 
<4 uwiurua thia minimum diaappeata 
<&Ul»^8U«wdk aiiorg. Chem. 1912, 77, 377). 

; fa tto oompwiiaibflte of tmter it 

It baa 

hBM wndlMoflmt man mater hMompteaiiUB 
teaaM«ia.li^ mo^ be IMfa^ birawthaa 
H MiiAf It; ahoMt 4 B.O. d exiatiiig 


land would be aubmetged (Tait, PPoo. Boy. 
Soo. Edin. 1884, 12, 46{ 1892, 20, 63, 141). 
CSompteadon wavea in mater am tcannnlttod 
mith Tdoeity and am applied in the Ooa> 
Btantineaco ‘ mave-pomer * ayatm to attain the 
econmnieal tranamiBBion of pomar, a.p. 2tam o 
oential motor to drilling m a chin ea or the mm 
in mineB, millraa effiomuqr eo n^ a i aMa m!^ 
that of j d a etti a al twawnlwiim and mhh tih 
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Tjlbxjb 21. 

WAT«&-»OaBFF]oi]Bsrff OF TssBicix. ExMfmov AT Burn PaasstTBis. 


Temperature 

C)oeri&6ieni of ouNeal expansion at 

1 atmo. 

500 atmo. 

fiOOOatmo. 

0*-10“ 

0*000012 

0*000166 

0*000383 

0*-30® 

0*000138 

0*000229 

0*000415 

0»-60® 

0*000238 

0*000295 

0-000413 




Amagat, Compt. rend. 1887> 105» 1120. 


coavenienoe and aafety charaoteristio of com- 
pressed air. 

The compressibility of ice at —7*03® for 
a range of piessure from 100-500 megabars is 
0*0000120 (Kiohards and Speycrs, J. Amor. 
Chsnu Soo. 1914, 36, 491), or al^ut one quarter 
tlmt of water at 0® ; it does not decrease greatly 
with increase of pressure. The much higher 
value calculated by Bridgman (0*000036) 
prol^bly indicates that the temperature co- 
efficient of increase of compressibility for ice is 
abnormally high. 


In considering the remaining physical 
properties of water it is convenient to take them 
in a systematic order for all forms of water, 
under the main groups, mechanical, thermal, 
optical and magnetic, and electrical. 

Msghakioal Pbopebties. 

Cryaial Farm . — Ice crystals, as ezempli&ed 
by snow, can assume a great variety of forms 
wdiieh ace commonly characterised by extreme 
openness of structure and consequent lightness ; 
they are readilv formed by the condensation of 
water vapour below 0® as hoar frost. Liquid 
water, if free from dissolved air, freezes to clear 
tram^arent ice which may give indications of 
structure by transmitted light or on melting, but 
has usually no external ciystalline form, f^lid, 
well-definM crystala of ice are extremely rare. 

Though liquid water, if perfectly pure and 
free from dust, can be cooled to about —15® 
without solidiheation (Thomson, Trans. R03'. 
Soc. Edin. 1849, 16, 575; Sorby, PhiL Hag. 
1859, [iv.] 18, 105), ice always melts at a definite 
and fixed temperature at atmospheric pressure. 


and its melting-point is therefore used to define 
the 2sero point of thermometrio scales. Tim 
melting-point is lowered by increase of pre8sun| 
and this has been adduced in explanation of thq 
phenomenon of regeUUion or welffing of separate, 
pieces of ice, and is illustrated by the weU-uown 
experiment in which a weighted loop of wire ' 
cuts through, but does not sever, a block of ice. 

Ice separating from under-cooled water 
forms hexagonal crystal skeletons or spherulites, 
according to the degree of under-cooling, and is 
obtained in feathery forms from very dilute 
solutions ; but inoculation of under-cooled pure 
water with these forms produces identical forms 
of ice (Hartmann, Zeitsch. anorg. Chem. 1914, 
88, 128). 

The crystalline form of ice is hexagonal* 
bipyramidal with the axial ratio a : e apj^xi* 
inately 1 : 1*6 (Nordenskiold, Oefv. Aka£ Fdrlu 
Stockholm, 1800, 17, 439; Rinne, Ber. Sachs. 
Ges. Wiss, 917, 69, 57). Its X-ray spectrum 
has been investigated (St. John, Proc. Nat. 
Acad. Sci. 1918, 4, 193; Dennison, Phys. Rev. 
1921, 17, 20), and the results are interpreted 
by Bragg (Proc. Physical Soc. 1922, 34, 98) on 
the assumption that the molecules are separated 
into positive and negative ions arrange in a 
hexagonal lattice in such a manner that each 
oxygen atom is situated at the centre of gravUw 
of four neighbouring oxygen atoms, from each 
of which it is B<qiaraU^ by a hydrogen ion 
situated midwav between. Tho^ exUoindly 
oj^n character of the structure is in acooidanoe 
with the low density of ice. 

The velocity of crystallisation of water In 
long tubes, 12 mm. external and 7 mm. intmal 
diameter, increasea with the degree of under* 
cooling as foilc»ws ; — 


Tea^. -2® -3-61® 


-4-67' 

71-4 


-5-86“ 

1071 


-018“ 

114*7 


-7*10" 

286*7 


-8*19* 

415*2 


-9-07* 

M4*0 


CWaltoik aod Jadd, J. Phys. Chem. 1914, 18, 
722> «ee for * tueful summaiy of earlier 
iroiid, hot at any giyen temperature is retarded 
to ttonpreMoce of dissolyed acids, salts, dyee, 
*0. ^ retardation ia not a ooltigatiye 
fiBSfiWfto of the aofaite. but appeara to depend 
egpm tiM, extmt to wluoh the aolute ia hydrated 
to M|^<W«ttaa and Braun, J. Amerf (W 
217 1 Braun, 1918, 40, 

in, haa beeo obtained by m olia g 


Bolutiona of water In ether or oUtoofona, to 
tome oaaea with the oae cd fatty aeida or nthtov 
aa protective ooUoida (v. Widman and OiltMild. 
ZeiUeb. Chem. Ind. KoUohto 19Kh 9. Itlf 
J. Btisa. I%ya. CSiem. Soo. 1910^42, 296); * 

Slattkiljf.~-A aam of lee yialto «tMd% to 
l»eaaare, ey. a bar of gfatobr ioe UmemlkM 
toe enda and kwded to tine Jtoddwia iiii^ 
dMeoted. and iw eoaapmaato to 
■tea^, aito tto flew ottofei OM to Mato* 
taiaed hy lelatividy itontt jiiawwM (BMMh 










wAxm m 

Am. Hiyrik, 190% Ctitioiifid|^ t& jmWUy aitiibiitsble to 8 lippa 4 $ eryslal 

INur of ioe wbea rdieTod from ite load slowly laym of finite thseknese. 
leooven its original form. It has been shown Ibe eonf^t^ results <d eaxHer kiwesti- 
a bar of ioe out from a sifif^ crystal with gators am tbmezimnedly and it is aeoessaiw only 
m leiigtb jperpendioular to the optic axis is to record the detecminations of modulus 
brittle and does not yk3d to tension or pressure elasticity E and bending moment B in grmu ems. 
(McOonneU Pfoe. Bov. Soc. 1891» 49, A. 323), made Hess (2.C.) upon bars of toe out Irra 
and the behaviour oi ordinary ioe is therefore single crystal as tabumted below : 


Load in gm. on 
beam 1*2 cm. x 


Length parallel to 
crystal axis 


2*3 cm. X 4-16 cm. 2000 5000 6000 


ExlO-i® = 

B = S £ 


Elasticity of Ice. 

Width parallel to 
crystal axis 

1000 2000 3000 


0*64 0*70 0*76 

1350 3400 4000 


3*6 2*9 40 

1500 3000 4450 


Thtckneea parallel to 
mystalaxla 

1000 1500 2000 
1*6 2*0 2 ^ 
1600 2350 3100 


The recovery of bent ice on removal of stress 
is much greater than similar effects in other 
substances, and has not been adequately i 
explained. 

The rate of plastic flow of ice is small at low 
temperatures, but increases rapidly near the 
melting-point (Tammann, Ann. Physik, 1902, 
Fiv.] 7, 198 ; Siatowrataky and Tammann, 
Zeitsch. ph^ikal. Chem. 1905, 53, 341), and a 
iff! liar vanation characterises tho hardness of 
ice. On Mohs* scale the hardness is about 1*5, 
but as measured by the penetration of a steel 
rod into a block of ice it is considerably greater 
at temperatures from —37" to —12" than at 
about —7®, and at the melting-point ice becomes 
relatively quite soft (Andrews, Proc. lioy. ^c. 
1886, 40, A. 544). 

factional resistance to motion on the surface 
of ice is clearly related to the above phenomena ; 
It is greater for small pressures than for large, tho 
fespeotive values of tho coefficient of friction 
being 0*36 and 0*17 (Morphy, Phil. Mag. 191.1, 
tvi.J25, 133), 

Liquid water appears to liave, like some other 
licj^uids, tensile strength. If a glass tube con- 
taining only water and its vapour and nearly 
filled with the former be warmed until the 
liquid thus expanded just fills tho tube, and 
then allowed to cool, tho water continues to 
fill the tube even when its volume is thereby 
greater by about ;|]^oth than that corresponding 
to its temperature. It is hence calculated that 
the tensile strength of water is some 700- 
900 lbs,/8q. in. (mrthelot, Ann. Chim. 1850, 
fiiL] SO, 232 ; see also Bud^tt, Proc. Hoy. Soc. 
1912, 8% A. 25). The rupture of a stream of 
water flowing tmoogh a constriction in a pipe 
» probaUy a true tensile rupture, especially as 
tha tensib strength, deducea from the velocity 
at which rupture occurs, diminishes with rise 


of temperature and becomes zero at about 250® 
(Skinner and Entwistle, Proc. Hoy. Soo. 1915, 
91, A. 481 ; Skinner and Burfitt, Proc. Physical 
Soc. 1919, 31, 131), in accordance with Lamorb 
calculation from van der Waal’s equation thait 
the tensile stxen^h of water could subsist only 
up to about 265" (Larmor, Proc. London Math. 
Soc. 1916, [ii.] 15, 191). 

The compressibility of water has already been 
discussed in relation to the attendant volume 
change, but it must here be noted that it 
connotes a bulk elasticity which is related in the 
usual manner to the velocity of sound in the 
medium. Experimental determinations of the 
velocity have given the following results : At 
8*1", 1435 metres/sec. (Golladen and Stonn, 
Ann. Chim. 1827, [ii.] 36, 113, 226; Pogg. 
Ann. 1828, 12, 39, 161); at 3*9", 1399 m./8eo. ; 
at 13*7", 1437 m./sec. ; at 26*2" 1457 mu/sec. 
(Martini, Wied. !^ibl. 1888, 12, 566; Nuovo 
Cimento, 1909, [v.] 18, 441). 

The velocity of sound in water vapour is 401 
m./sec. at 0" (Masson, Compt. rend. 1857, 44, 
464 ; Phil. Mag. 1857, [iv.] 13, 533), and about 
410 m./sec. at 100" (Jager, Wied. Ann. 1889, 
36, 165). 

Viscosity . — ^Tlie viscosity of water vapour 
has been determined at about the ordinary 
temperature by several observers with sub- 
stantially concordant results as follows ; — 

At 0", 11=90*4 xlO-* C.G.S. units; at 
16*7", 11=96*7 X 10-* (Puluj, Sitznngsber. Akad. 
Wiss. Wien. 1878, 78 (2), 279); at 18*8"- 
21*6", 11=97*5 xlO-* (Kundt and Warburg, 
Pogg. Ann. 1875, 155, 337, 525); at 28*9", «« 
100*6 X I0-* (H. Vogel, Ann. der Physik, 1914, 
43, 1235). 

For undercooled water below 0® the most 
probable values of the viscosity are those given 
in Table 22 ; for water from 0"- 100® substantially 


Tablb 22. 


Tempccature 

Vtocodty n 

Temperature | 

VIsoosity e 

20 - 0 * 

OOIOOS 

- 2*10 

0 - 01 ^ 


o-onsd 

- 4-70 

0-02121 


0-01807 

- 8-20 

1 0-02260 


0-01528 

- 7*23 

0-02341 

0 * 0 d 

0-01798 

- 8-48 

0-02468 


• 

- 9-80 

• 

0-02649 








8S6 water. 


Qonooidant determinations are recorded by a 
number of ol^rvers, and the more important 
are giyen in Table 23. The viscosity progres- 
sively diminishes with rise of temperature both 
as these data show and above 1(K)^ (becoming 
0'00223 at 124'' and 0*00181 at Ids'* : Hosking ; 
Bingham and White ; Table 23), but the 
variation does not follow any simple law and 
can only be expressed by empirical formulas 
which it is unnecessary to recom. 

Water under high pressures of the order of 
400 atm, is Im viscous than uncompressed water 


af temperatiffes up to about 35^; at high» 
tempeiatureB the v&oosity of water is increased 
by increase pressure, just as is that of most 
other liquids at all temperatures <Hauser, 
Orude’s Ann. 1001, 5, 607). 

viscosity of ice, regarded as a fluid, has 
been estimated from the movement of daoiers 
to be of the order of 200-300X 10^* (Beeli^ and 
Parr, PhU. Mag. 1013, [vi.] 26, 86; 1014, [vi.] 
27, 163), but measurements on blocks of ke or 
single crystals give widely divergent results 
(see e,g. McConnell, Proc. Roy. Soc. 1800, 48, A 


Table 23. 

Viscosity of Water, in C.G.S. Units, and its Variation with Tempebattob, 

ACCORDING TO VARIOUS OBSERVERS. 


Temperature 

1846 

1876 

1883 

1804 

1009 

1012 1 

Poiseuille 

Sprung 

Slotte 

Thorpe & Rodger 

Hosking 

Bingham \ 

0» 

0*01716 

0*01778 

0*01808 

0*017800 

0*01792 

0-01797 ■ 

6 

0*01515 

0*01510 

0*01624 

0*016118 

0-01622 

0*01626 

10 

0*01309 

0*01301 

0*01314 

0*013063 

0*01305 

0*01301 

16 

0*01146 

0*01135 

0*01144 

0*011366 

0*01142 

0*01138 

20 

0*01008 

0*01003 

0*01008 

0*010061 

0*01006 

0*01006 

26 

0-00897 

0*00896 

0-00896 

0*008949 

0-00892 

0*008948 

.30 

0*00803 

0*00802 

0*00803 

0*008019 

0*00800 

0*007998 

36 

0*00721 

0*00723 

0*00724 

0-007248 

0*00724 

0*007229 

40 

0*00663 

0*00667 

0-00667 

0*006588 

0*00657 

0*006563 

46 

0*00695 

0*00602 

0*00602 

0*006029 

0*00600 

0-005994 

60 


0*00653 

1 0*00553 

0*006537 

0*00660 

0-006500 

66 

— 

— 

! 0*00510 

0*006124 

0*00608 

0-006081 

60 

— 

— 

0*00472 

0*004762 

0*00460 

0-004735 

66 



0*00438 

0*004432 

0*00436 

0-004369 

70 


.... 

0*00408 

0*004144 

0*00406 

0-004075 

76 

— 

— 

0*00382 

0*003885 

0*00380 

0-003806 

80 

— 

— 

0*00368 

0 003666 

0*00366 

0-003570 

86 




0*00337 

0*003450 

0*00336 

0-003348 

90 



— 

0*00318 

0*003260 

0*00316 

0-003143 

96 


— 

0*00301 

0*003096 

0*00300 

0-002993 

100 


— 

0*00285 

0*002946 

0*00284 

tMt 


Poiseuille, Mem. Acad. Roy. Sci. Inst. France, 1846, 9, 433. 
Sprang, Pogg. Ann. 1876, 169, 1. 

Slotte, Wied. Ann. 1883, 20, 257. 

Thorpe and Rodger, Phil. Trans. 1804, 186, A. 397. 
Hosking, Phil. Mag. 1909, [vi.] 17, 602 ; 18, 260. 

Bingham and White, Zeit. phys. Chem. 1912, 80, 670. 


260). Hess found that the app^nt value of 
the visoosliy depends upon the diiection of flow 
in fribtion to the original crystal axis, and 
varies with time in the manner indicated 
by the results given in Table 24. It would 
appear that even a single crystal of ice may 
ymi hy slipping on cleavage surfaces, with 
consequent reoiystallisaUon similar to that 
whibh is familiar in the ease of metals yielding 
to stress# 

•Swfaet Untion , — ^Water ha. a^ liigher 
muibKM ieadoa tiian any other common liquid 
No data are available for ita 
^ Bodetoooled ifrater; Table 25 gives 
a^ tiw speoifio o^esum. and of % 
^ Mjgdlide teiutoi in ifomfem., at 1” intervals 
of toM^smtao ltoin 0”-80*’; the ptopmin 


diminution of y with rise of temperature may be 
expressed by ysE76‘09 (1-0'002Q26<) (SmitiBi 
Joum. de Phynque, 1897, [iiL] 0, 183), mr 
better, byy,=:y.(l -0-001 90179(-0<000002499f^ 
(Forch, Ann. Phyaik, 1905, 17, 744 ; ate also 
Reinbold, Ber. 1913, 15. 903). WhUrt «]m ^ 
relative values of the surface tension at difiereut 41 
temperatures are well rejmeentod % 
Table 25, the absolute values' may bs ia . 
error; in very carefnl measurmnesto of tha 
capillary rise (Riohards and Coomba,fJ, Amw, . 
(%em. Soc. 1915, 37, 1056; Bbdwrds aad 
Carver, ibid. 1921, 43, 827) and Of the ' dli^ 
weight ’of water (Bjuidns and &»«i>rd.Aai«r. 
Oiem. Soe. 1919, 41, 499) a nmaber of iobi^ 
of mot iiwktontal to bora metboda bava mm 
diaooveied and eUmiaated*. and Ibo final npidbi : ' 
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Thorpe and Bodger (loc. cit) have detenuined by the tube method the Viscosity of Water at 
Tsdoug Temperatures iu the vicinity of its point of maximum density, with the results seen 
in the annexed table. 



y 

1 

Mean temp. 



Difference. 

Observed (mean). 

Calcolated. 



0 

0-37 

•01757 

•01757 

•00000 

M3 

•01710 

•01712 

+•00002 

1*86 

•01670 

•01671 

+•00001 

2*41 

•01640 

•01641 

+ •00001 

3*09 

•01608 

•01606 

-*00003 

3*84 

•01568 

•01566 

-*00002 

' 4*47 

•01535 j 

•01535 

•00000 

5*19 

•01600 

•01600 

•00000 

5*94 

•01464 

•01465 

+•00001 

6*67 

•01433 

*01433 

•00000 

7*41 

•01401 

•01401 

•00000 

8*01 

•01377 

•01375 

-*00002 


[NoU on Table 23a ; The viscosity of water at different temperatures has also been determined 
by the rotating cylinder method by Leroux (Ann. Physique, 1925, [x.] 4, 163), the water beinu 
contained between two concentric cylinders, of which the outer is rotated at known velocity and 
the resulting twisting moment on the inner cylinder measured. 

Moritz (Pogff. Ann. 70, 1847), from observations made by the method of (lloulomb (oscillating 
disc), inferred that water had a maximum viscosity in the neighbourhood of 4^. Other observers, 
and more especially Poiseuille and Sprung, using the tube method, were unable to detect any 
peculiarity in the rate of change of viscosity at temperatures at about the point of maximum 
density. The observations of Thorpe and Bodger lend no support to the conclusions of Moritz. 
It must be borne in mind, however, that the anomalous change in the density of water amounts 
only to about 1 part in 10,000 ; hence, since the accuracy attained in these special observations 
of viscosity probably does not exceed 1 in 5,000, it may be doubted whether any anomalous 
chanm in viscosity of the same order of magnitude as that observed in the case of l^e density 
would be detected by any of our present experimental methods.] 


Table 24. 


Visoosiry of Ice, 7x10^® C.G.S. Units, for Various Orientations, Pressures and Times. 


Relation of beam 
to axis of crystal 

length parallel to axis 

Width parallel to axis 

Thickness parallel to axis 

Iioad : grams. 

2000 

5000 

6000 

1000 

2000 

sooo 

1000 

1500 

2000 

DvnUim of test. 
ISaeeonds . 

6*6 

10*6 

0*66 

3*7 

2*4 

11-0 

7-6 

10-0 

8-0 

«0 .. 

17-6 

11*5 

3*6 

8-0 

6-0 

9-0 

7-6 

ll-O 

70 

120 „ 

10*0 

13-5 

3*7 

12-0 

10-0 

— 

7-6 

0*0 

110 

800 „ 

11*0 

16-6 

3-5 

21-0 

17*6 

i 

8-0 

la-o 

120 


H. Hess. Ann. Physik. 1902, [iv.] 8, 405. 


Hkm respectively 7,00—72*75 and 7io«^72*800 surface tension, and precise measuiesikents can 
Mpeotively. Bichaids and Carver (i.c.) have only be made in a totally enclosed apparatus ; 
inoved experimentally, by a veiy ingonious Harkins and Brown have found &at the 
Opticid method, that the surface of water is capillaiy rise is affected by * steaming* the tubes 
aetna% timgential to a properlv wetted glass beforeh^d with the vapour of the^uid under 
anilime, and thus that the ordinary formula Investigation. 

ceniiaelto miifaoe tension and oapillaiy rise ^JM^bed or dissolved gases affect the aurteca 

pcedsely. Minute traces cd dust or Hhnsion; Bichailto and Carver &id 
impaiim have a considerable effect on the in sir as compared with 72*75 in mmw; 
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TjmM. 25.' 

Scpnaaed in terms of the Speoifio Ckthesion a*in 'aim,* iad SnrfswTsiiskai, <«X {Mir teaft^^ 
IcQon 0* to 40" in dxy Kir and from 40*%a W* ift.air mtanted withimiwmifipaib^. . 


^toperatme 

a* mm.* 

y dyD68./eiiL 

XempenSbuiiB 

a* mm.* ' 



15-406 

76*49 

40" 

14*393 

09*«4 


15*375 

75*34 

41 

14*26 

09*8 


15*344 


42 

14*23 

69*8 . 


15*314 

76*06 

43 

14*20 

fl9*« > . 

4 

15*283 

74-90 

44 

' 14*17 

08*8 

5 

15*251 

74*76 

45 

14*14 

68*6 r 

6 

15*221 

74*60 

46 

14*11 

68*5 t 

7 

15*192 

74*45 

47 

14*08 

68*8 \ 

8 

15*163 

74*30 

48 

14*05 

68*1" \ 

9 

15*134 

74*15 

49 

14*02 

68*0 


15*105 

74*01 

50 

13*99 

67-8 , \ 

11 ■ 

16*076 

73*86 

51 

13*96 

67*6 1 

12 

15*045 

73*70 

52 

13*93 

67*4 

18 

16*017 

73*56 

53 

13*90 

67*3 

14 

14*989 

73*41 

54 

13*87 

67-1 

15 

14*969 

73*26 

55 

13*84 

66*9 

16 

14-033 

73*11 

56 

13*81 

66*7 

17 

14*904 

72*96 

67 

13*78 

66*6 

18 

14-878 

72*82 

58 

13*76 

66*4 

19 

14-849 

72*66 

59 

13*73 

66*2 

20 

14*821 

72*63 

60 

13*70 

660 

21 

14*796 

72*37 

61 

13*66 

66*8 

22 

14*768 

72*22 

62 

13*63 

65*6 

28 

14*741 

72*08 

63 

13*60 

65*5 

24 

14*714 

71*93 

64 

13*67 

65*3 

26 

14*686 

71*78 

65 

13*54 

65*1 

26 

14*669 

71*63 

66 

13*61 

64*9 

27 

14-633 

71*48 

67 

13*47 

64*7 

28 

14-607 

71*33 

68 

13*44 

64*5 

20 

14*581 

7M8 

69 

13*41 

64^ 

30 

14*556 . 

71*03 

70 

13*39 

64*2 

81 

14*627 

70*88 

71 

13*35 

64*0 

82 

14*504 

70*74 

72 

13*31 

63*8 

33 

14*476 

70*68 

73 

13*28 

63*6 

34 

14-447 

70*44 

74 

13*26 

63*4 

36 

14*424 

70*29 

75 

13*24 

63*3 


14*398 

70*14 

76 

13*21 

63*1 

87 

14*373 

69*99 

^ 77 

13*17 

62*9 

38 

14*348 

69*85 

78 

13*14 

62*7 

89 

14*323 

69*70 

•79 

13-11 

62*5 


, 


80 

13*08-. 

62*3 


V(dkmann, Wied. Ann. 1880, 11. 177 ; 1882, 17. 363 ; 1896, 66. 467 (0*-40"). 
Branner, Pogg. Ann. 1847, 70, 481 (40"-80"), 


>ii|i|vedC0(,00, H,0(Mui N* similarly 

> ^ loitering of the surface tension 


fftidnoke, Pogg. Ann. 1870, 139, 1, 89; 1877, 
UO, 337 ; Yoltaaann, Wied. Ann. 1880, 11, 177 ; 
dtt3, 17, 863 ; 1894, 63, 663 ; 1895, 66, 467 ; 
19^ 66,220; Foteh, Wied. Ann. 1899,68,801; 
“ It, 1906, [»▼•] 17, 760; fihatnagar, 
Cbem. 1920, 24. 716). 
i; W)ensiawnent of the amplitude of the 
1 ahen a stream of water emerges 
) fenn capillaiy «f elliptioal erop* 
p hM Wa obtained that tM 
119 • fteriify fomed sufap <d 



water is about 0*6 dvne/oau less thi« in 
surfaces (Meyer and Stooher, ZMtselu, ISsldaiiK 
chem. 1916, 22, 6; Stookw, Zdtscli.'^bfidBidJ ' 
Chem. 1920,94, 149). 

fVom tlw eooling eSest (d adjabaMs, '■«>»' 
pension of wrater, the internal press u re tm bSsa " 
mdculated to be 2160 atmonihema (PanoManA- 
Cook, Proc. Roy. Soe. 1011, A. 8»> , ^ 4 

The surface tenMoa ih Mw intpbhplMpW 
water and weernl onpnis UoaUs is jIiwr hiv 
Table 26 ; It is ab^ lMS,.«iii usw^ mDieli : 
less, than in pure wmtor. 

The co^MmU gf JijPhMaa nf . walsr 
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twf, 

MohtMiar tbta ii»Te beat oa U wkted m 
M lom for water TaponraAO*: . 

- Mean mtdeoolar veloaity, fiMfiO cm/aeo. 


\|lnaiifiNM'9i^«t?Q0ff^']^ >4‘0|x 
' 14^ ^ , 

Ifbleealar diaaieter, aboiit I'OxlO-^o 
Tba Bsmber ai. mo^alea jpar |paiB.-iaola<Mda 
of liauid water ia eetiiiiated to be 8*5x1^ 
(Sana, Traaa. Ibraday Soc. 1819, 16, 98). 


Tam 26. 


SiTBTacw Txmssnr, oxam/tat., at tbx Iktebfaob bbtwesh Waras airo bovb OBaano 

LXQtTIDS. 


Otgaalc liquid 

Eef. 

0** 

10' 

20" 

SO' 

40" 

50* 

eo« 

Beiiieiie e 

1 


35-56 

34-96 

34*34 

33 84 



Benana • 

2 



48-3 


... 


MM. 

Odrlnm disalphide 

3 



38*8 

1 



mm. 

Ottrbon tetrachloride . 

1 

40-97 

45 97 

45-05 

44-04 

43*04 

..... 

MM, 

Chloroform 

3 



25-8 




MM. 

Ethyl oapronate 

1 

21-03 

21-42 

21-29 

21-16 

21-02 


•M. 

Ethylene dibromide . 

1 

— 

38-28 

37-20 

.36-08 

35-03 


MM. 

Heptalddliyde • 

1 

10-78 

12-51 

13-74 

14*41 

14-82 

14-50 

12-13 

Heptane • 

1 



28-11 

— 

— 

.... 

.M. 

Heptylio acid . 

1 

8*34 

7-93 

7-64 

7*13 

7-00 

— i 

MM. 

Hexane • 

1 

— 

51-26 


50*66 

50-48 

' — 

MM. 

Octane 

1 

— 

61-01 

50-81 


49-58 


MM. 

n-Ootyl-aicohol . 

1 

7-76 

— 


8*97 

9-32 

.... 

MM. 

dfcc«octyl alcohol 

Olive oil • 

Petroleum, 

1 

3 

8-44 

8-80 

9*24 

18*2 

9*65 

10-04 

— 

MM. 

2 

j — . 


48-3 




MM. 


]. Harking and Cheng, J. Amer. Chem. Soo. 1621, 43, 35. 
2. A. Pookels, Wied. Ann. 1899, 67, 668. 

3 Quincke, Pogg. Ann. 1870, 139, 1. 


Table 27. 

CoBmoiBNT OT DirrasioK of Watbb Vapoub. 

Into air (I), carbon dioxide (IT), and hydrogen (III), in cm'/aec. at 760 nun. pnaaore. 


Temperature 

I. 

II. 

UI. 

0” 

0-198 

0*132 

0-687 

49-6” 

0-283 

0-181 

1-000 

92-4” 

0*346 

0-238 

1-179 


Wfabrimann, Wind. Ann. 1884, 22, 1, 152 ; 1884,28,203; 1886,26,106; 1888,33,446; 1889. 
26,98; Ann. Phyaik. 1901, 6, 104; 1902,8,388. 


Tbebhal Pbopbbtixs. 

OoaduUivUy. — ^Ihe prind^ data for the 
tbaimal oonduotiTity of uauid water an 
given In Table 28 ; the oonaideraUe variation 
among them ia a meaaon of the difficulty of 
maMng a preoiae meaauiement of the con- 
: dnstmty, owing to the eSeota of convection uid 
ndfadiOB, bnt It ia dear that it ia very anuJl 
. M oompoted with that of metak, yet greater 
than iuat dt other non-metallio liquid (ao. 
. ateohcd 0*00066; benaene 0-00033). The oon- 
dnenvltar ahowa a linear inoream with tempera- 
latte and may be repraaented by eonductivityn 
£ 4N012ti(l+O-002884f) OaL/om. aeo. degree 

f 71a tlieimil oondnetivity of aolid ioe ia 
; MOtttfoittfiBwatba8ofwatm,tMaioatBmbable 
1 9l tiA nmidad vabma being (H)087 (lleviBaaa, 


!Ann. Chim. 1862, [iii.] 66, 183; PhO. _ 
1863, [iv.] 26, 63). 0-0062 (Straneo. Atti 
Acoad. Lincei, 1897. [▼.] 6. (2), 202), and OKlQtt 
at O” ; 0-0068 at -57”, 0-0062 at -117” (Xeea, 
PhiLTrana.l898.191,A.300: PttM.Bay.8ae. 
1905, 74. 337) ; in all caaee gm. oaloiiea Imiib- 
nutted per aec. per aq. em. tmton^ a ■ 

of 1 cm. for 1” temperatum drop. 

Aa a matter of oonunon eiperiaaee the 
thermal conductivity <d anow ia mudi leaa than 
that of ice, but it varka oomddeiably with ffiw 
naton and denaity of dm anow, and attempta to 

It have given widely dlveree leraltB. 




that td ice (Andiewa, Proo. Boy. ^ 188,, 
644; Abda, Bep. MeteoroL Aead. B a tm grad, 
1898, 16, 63 ; SiebtrOm, Oe& Akad. Sto dth dm , 
1889, 46. 669; /aaaaon, AM. 1901, 68, 207; 
Okada, J. MetootoL Soe. Japan, 1906, 241 ). 

tA 





K 






CoKD Utmv TT Y M>B 

la oalogriea per aa. per eecood pec Atgjiae Aiercnee of temptnliBa. 


Temperatm 

.. Ckm 6 itbliylty 

Beldieaca 

4.10 

0-00129 

1 

7'8* 

0*001347 

2 

ll-O* 

0*00149 

3 

12 - 0 ® 

0*00136 

4 

20 K)* 

0*00143 

5 

23-7* 

0*00143 

6 

24-5® 

0*00136 

3 

28® 

0*00150 

7 

40-8® 

0*00155 

8 

41-4® 

0*001492 

2 

72-4® 

0*001610 

2 


le Waohsmuth, Wied. Ann. 1893» 48, 158. 

2. Jakob, Ann. Physik 1920, [iv.] 63, 537. 

3. Lees, Phil. Trans. 1898, 191, 399. 

4. H. F. Weber, SitzungsW. ^uss. Akad. Wiss. Berlin, 1885, 809* 

6 . Milner and C^attock, Nature, 1898, 58, 532. 

6 . Weber, Wied. Ann. 1880, 10, 103, 304, 472. 

7. Jager, Sitzui^sber. Akad. Wiss. Wien, 1890, 99 [2. a.], 245. 

8 . Lnndquist, Mon. Sci. 1871, 500. 


Change of State, — ^The general relation of the 
state of aggregation to temperature has been 
discussed, Wt reference should be made to the 
undeitxK^ng of the liquid and vapour and the 
superheating of the liquid. 

Li the absence of nuclei, water vapour may 
be cooled much below its saturation temperature 
without deposition of visible water. Solid 
nudfli, such as particles of dust, spores, Ac., 
may, and in ordinaxy air do, cause the oon- 
denimtion of liquid water immediately the 
saturation temperature is reached. Even less 
ttmgible nuclei will suffice. 0. T. R. Wilson’s 
sim]^ and ingenious method of rendering the 
tramc of a-partioles in a gas susceptible to visual 
observation or photographic record depends 
xmm tibe fact that gaseous ions (product by 
collision between the a-particle and molecules) 
win act as nuclei for the condensation of super- 
aatumtcd water vapour. 

Shailariy, pure water in oaenS, in fine 
eaplUaxy tubes, or covered with petroleum, may 
ha cooled some 15^ below zero without soli^dca- 
ikm; even when slightly underoooled, water 
may be caused to ciystallize by medianioa] 
^rifcoek or agitation in the absence of nuclei 

a w. Young, J. Amer. Chem. Soo. 1911, 83, 
I; Yoang and Cross, ibid. 1911, 33, 1375; 
Tomig and van Sicklen, ibid. 1913, 35 , 1067; 

, and Thomas, J. Chem. Soc. 1906, 89, 

. iyl3}« There is thus for water no evi^ttoe of 
: 4ne eoHnlled * metastable,* as distinct from 
^'*la%Ae»* condition in which nuclei are nssmtisl 
to MTitenisalion. 

wperheated; it Is 
MM to boil water w^out sU^t local 

mMAsatiBg, asid very fmoently the super- 
®«“M«oble that when steam 
IndMhr mtebiate tlu^ inomse In rise with 


air expelled on heating serve as nnolei for stMin 
bubbles and minimise uie bnmpipg, and the sane 
effect is frequently attained artificially' by^ 
introducing air-fiUed porous solids, e.f. Inoben' 
mtteiy, or a fine stream of air into the liquid. 
Without specul precautions air-free water can 
be heated to 130° (see e.,. Donny, Ann. Chim. 
1844, [iii] 16. 167; Gemex. ibid. 1876, [v.] 4. 
336 : Krebs, Pogg. Ann. 1868, 133, 673 ; 1868, 
136,144; 1868, 138,488),andifitisrasp«Bided 
in a mixture of olive oil and linseed oil of its 
own density it may be heated to 178* witlumt 
boiling (Dafoor, Ann. Chim. 1663, [UL] 68 , 
370). 

latent fifeut. — Heat ie absorbed and r en de red 
* latent ’ both in the fusion of ke and te the 
evaporation of ioe or water. 

Table 28 gives the vahies of the heat ol 
evaporation of water (frequently and BMW 
conveniently called the latent heat of eteaBi) 
determined by a number of ind^endenfe At* 
vestigators at vaiions temperatutea froai. 6 f> 
180*. The value at 100 ^ to aa ia^portMl 
constant, and for this the most probaUe wopd 
value is fiSO-O 16* gm. cal. per gna. 

TaUe 30 similarly gives date for lalMKb 
beat of fusion of tee, wfihdi naefi^ Wa tsv 
but crauBoi^ is aot, oaBed the leteat iMl 
<rf water. BnaseB*e value to aadoBMad|r 
erroaeous, but if eoneoted for the dll a n a w it . 
deneity betwew dd.aad aew toe (fte.) heouBMp > 
78-67 la good emnwioBt aWb aMW wNtA 
detenninaUMa. The rouaded valao TH twiflr 
he used with ooafideaee for amet BoipaMk 
fhew ie, of Wee» a Aiaet WhMw IMMN^ 
the lataat heat of stein or water a ~ ' ~ 

of dissolved Bafateosee i^tet the 
and freedag'pidBt. 

The mobcnlar slevattoa otBhe I 
is OASf (BedBBteni, Zritecfc. 

1661. 8. »3} , 



■mmm 









iku^ 

UlS, 179^499). 


Taxm 29. 


laLtpin S[S4< Of 8n^— fibuT or STArra«xiotir WAna» 
(^ooonUii^ 10 variom ebatnm.) 



Heat of aviapofatl 0 D 
W gm. oals/gm. 

Beferenoe 

Temperature 

Heatof evaporation 
15* gm. oal,/gma 


0* 

594*3 

1 

80“ 

561-0 

4 

15* 

590*9 

2 

99*96“ 

538-9 

5 

20“ 

686*3 

2 

100® 

640*5 

2 

26“ 

581*9 

3 

100® 

639-1 

4 

80“ 

573-7 

3 

100“ 

638-3 

6 

30“ 

579-8 

4 

100“ 

539-0 

7 

40“ 

674-0 

2 

100“ 

538-9 

8 

40“ 

674-5 

4 

120“ 

525-8 

4 

40-2“ 

672-0 

3 

140“ 

511*4 

4 

48*8* 

660-5 

3 

160“ 

497*0 

4 

60“ 

603*4 

4 

180“ 

482-7 

4 


1. Dkterioi, Wied. Ann. 1889, 37, 504 ; Ann. 

2. A. W. Smith, Phys. Review, 1903, 16, 383 

3. Oriffiths, PhO. Trans. 1895, 186, A. 261. 

4. Henning, Ann. Physik, 1906, fiv.] 21, 489 ; 1909, fiT.] 29, 441 ; 1919, fiv.l 68, 769. 

6. Joly, Phil. Trans. 1906, 186, A. 322. 

0. Rtohards and Mathews, J. Amer. Chem. Soc. 1911, 33, 863. 

7. Mathews, J. Phys. Chem. 1917, 21, 636. 

3. T. Carlton-Sntton, Proo. Boy. See. 1917, 93, 166. 


Physik 1906, 16, 912. 
i 17, 193 : 1907, 26, 146 ; 1911, 33, 173. 


Tabu 30. 


Latent Heat or Posion or Ioe (16* gm. caL/gram.). 
(Accmding to varuma obaenera.) 


Temperature 

Latent boat of fusion 

Eeferenee 

-6*6“ 

70-03 

1 

-6*0“ 


1 

-2*8“ 

77*71 

1 


78-20 

2 

0“ 

79-26 

3 

99 

79-00 79-25 

4 

99 

80*03 

6 

#9 

79*24 

6 

99 

79*89 

7 

99 

79*61 

8 

99 

79-2 

9 

99 

79*67 

10 

99 

70*63 

11 

99 

79*74 

12 


iMtOfson, Oefosnigt ai Kcmg}. Vetenskaps. Akad. FSKhandluiger, StocUuda, i3l3,'34 

- fts' SUdWwski. Bolle Acm. Craoow. lS92a 153e ^ 

■3. Ponon, Ann. Ghim. 1847, [iii.] 21, 333 ; 1848, [iU.] 24, 136, 284 ; 18tt, [Hi-lwr 
4. BWMolt, Ann. Chim. 1843, {iiL] 8, 27 ; 1849, [iiL] 28, 278. * * ^ 

' A. Baossn, Fogg. Ann., 1870, 141, 3L ' ‘ 2 < 

HMstns, OonmA rend. 1843, 18, 981. 

A. W. taitli,F!^ReTiaw, 1908, 18,383; 17,193. 
r4 . 4L •egelnrleMidl, Clwin. Zoitr. 1906, H. 946. 
m CaZii^ Gooft. MmL 1900, 142, 48. 

Own. 1908, 8^ 

13S-K ft4 ^ 

Mt StaadaiiB lOLIks llB. . 118 ^ 













tcniMntm >ad 

'tiia tempemtm wd ]^»asnte of utnittUon aad ootwitod ttewB >t coartont pim i aw t hw flua 
MUgftuibm|mtiaeBorknirarpKaaiin6(idi»D alioiib 9’ otiwiqiiMm deenMW to • sduiai^ 
it k imntiiniM or ‘mpedieated’) k of great nine tad tiiMi koMaaea p u M Bwaa k w ktft. 
thaomtioal and praetkal imnortaDoe ia oanaeo* tmparatara; the miabaiim « apaoine' iMt 
tkn with the seneration of steam aad ita ina oeotoa at tempsiatiires adiidt i ne waae DUk 
in all types of prime movers. Table 31 gives pKasure* and may ootfnr at p r ea e n r e a above 9 
the mines at temperatntes kom 80*~5S0‘ and atmospheres at higher tempemtnrea than 
nnder pressures nom 0*5 to SO atmoapheres. yet brnn subject to experiment. 

^Rie Bpedflo heat of saturated steam increases , The specific heat of steam at m near 


Tabls 31. 

Sncnna Hut ov Uuutuutxd (“Supbbhbatsd”) Stx&ii at ths TBurmuTUBn t* amd mmw 

TBB COKBXANT PbBBSUBX p KOH./SQUABI! OH. 

(t, indicates the saturation temperature under the corresponding pressure.) 











gne M suah aad Bsbch, gettidi. Yer. lag. ICB, W, 418 ; basid on previous work by Kaotka* at al. 
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Ikhm, fUl. iraiM. 1901. 
'i.*n9|» MS') B w »i> . ted OociiB, Fim SUview, 
«S; €ol^» Ass. CUis. 1911. [iliL] 
M* *98). ' 1,1 ^.,r- '■.:•■ 

11^1 ttae 4*0. the 

ipodfts iMfe ivaimm mgii&f to • misimnm 
wua ssd tiun itwneMM moie alowly at a late 
wiidi itodfisonam but sIMtly sitli tempera* 
tbe oieaeiiiemsntB of OuleBdar add of 
daegM aad Stdnadtr agree is ;^iiig the. 
jaiimum of epeoifio heat at about %*. 

..Hteawoiu formube have been propoaed to 
' Mcpraea the variation of the spemc heat of 
Vtertar vridi tempersture, but they have no 
diyaioal basis; as an example, the formula 
<7i*IH)0733-0-0007416(+0-0000168i6<* 

-0-000.000,096fi2«» 


vbeie Ouessl, agrees vrell from OMOO* with 
dm best emrimental values (Narbutt, Zeitsoh. 
Plqndtnd. Ohem. 1918, 19, 513). 

Below 0* the speoifio heat of underoooled 


water iaonaaea very ra^y with taU of tempsia* 
ture, attain fag ^ value 1*0155 at —5* (Baaea, . 
1 . 0 .).' 

. The ijpeaifie held <d water at 0* is daoieaaed 
by OOOOlQtt if the presanre is bureased hy va» 

fttooftphcTOs 

Tke 0 p^c heftfe of ioe is b« wdl kaown^ 
it is about half that of watar at 0^ and becomas 
quite small at low temperatuim A number 
of determinations are giyen dn . Table 33o 
It appeals to inorease rm rapidhr Just below 
the melting-point (A. W. I&iith, Phys* BevieWp 
1903» 17p 193), probably owing to ^yidcal 
inhomogeneity. *' 

JE^nfropy.— The entropy of ioe at 0% oalott* 
lated from absolute zero, is found to be 
9*96 per gram molecule; adding 5*26 tbe 
entropy of fusion of ioe at 0^ and 1*58 that due 
to heating water from O*’ to 25% the entrcm of 
water at 25^ is 16*8 per mm moleoule (Lewis 
and Gibsoui J. Amer. uiem. Soo. 19np S9p 
2576). 


Tablb 32. 

SpBcmo Hbat of Water. 


Ten^ostere 

Regnauit 

Air-thermometer 

Bousfleld: Hydrogen- 
thermometer 

Callendar 

Kelvin scale 

laeger and v. Stetawelir 
Kelvin scale 

0* 

0*9992* 

1-0070 

1*0093 

(1-005) 

6* 

0*9994 

1-0039 

1-0047 

1-0080 

10* 

0*9997 

1-0016 

1-0019 

1-0013 

15* 

1*0000 

1*0000 

1-0000 

1*0000 

24* 

1*0004 

0*9991 

0-9980 

0-0990 

25* 

1-0048 

0-9989 

0-9980 

0-9083 

84* 

1-0012 

0-9990 

0-9976 

0-0979 

36* 

1-0017 

0*9997 

0-9973 

0-0979 

44* 

1-0022 

1*0006 

0-9973 

0-9981 

46* 

1-0028 

1-0018 

0-9975 

0-9087 

80* 

1-0034 

1-0031 

0-9978 

0-0906 

65* 

1-0041 

1-0045 

0-9982 

— 

94* 

1-0048 

1-0088 

0-9987 

— • 

65^ 

1-0056 

1-0070 

0-9993 

- ^ 

74* 

1-0064 

1-0080 

1-0000 


78* 

1-0072 

1-0088 

1-0008 


' w , 

1-0081 

1-0091 

1-0017 

' VMIW 

'98* 

1-0091 

..M 

1-0026 


94* 

1-0101 

— 

1-0036 


V'. ,'98* 

1-0111 . 


1-0046 


.149* 

1-0122 

— 

1-0087 


r, 

199* 

1-0160 


1-0108 


'••"HO* • ' 

14»24 


1-0167 


199* 

1-0286 

.1— . 

1-0284 

. — 

.194* 

1-0368 


1-0309 

— f . 

«»• 

•w 

tmmtm 

. 1-0392 



T 


_ j Utm. de r Aoads 1847, 21. 729 ; Pogg. Amt 1850, 79, 241. 

.tW^^end W. S. Bonifield, PhiL Trans. 1911, 211, A. 199. 
^iilM>nftwfcBoy.Boo.mt.96.A.8S4t Ph^ lOli A. L ^ 

* Stowmgsbar. Pnoiu. Akid. Win. 19U^ dM| 
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WATSB. 


TiJBUi 83. 

SPBomo Hus or Icaiv 


(AeeonNn^ to oariom obMrvara.) 


Temperatim 

Speotfichoat 

Befemoe 

-250-6* 

0*0303 

1 

-236* 

0-086 

1 

-262* to -188* 

0-146 

2 

-186-9* 

0-189 

1 

-188* to -78* 

0-285 

2 

-189-5* to -81-7* 

0-266 

3 

-100* 

0-325 

4 

-188* to 0* i 

0-337 

5 

-185* to 0* I 

0*345 

6 

-60* 

0*409 

4 

-78-4* to 0* 

0*424 

5 

-40* to 0* 

0-431 

7 

-76-9* to -2-9* 

0-4.33 

3 

-78* to 18* 

0-463 

2 

0* 

0-505 

7 


1. PoUitzer, Zeitsch. Elektrochem. 1913, 19, 613. 

2. Dewar, Proc. Roy. Soo. 1906, A. 76, 325. 

5. Hernrt, Koref and Lindemann, Sitzungsber. Preoss. Akod. Wiss. Berlin, 1910, 247. 
4. Nenut, ibid. 1910, 202. 

6. Jaokeon, J. Amer. Chem. Soo. 1912, 34, 1470. 

6. Notdiii^er «id Bernoulli, Ber. 1^, 6, 175. 

7. DiokinBon and Osborne, Bureau of Standards, U.S.A., BuU.,'1915, 12, 49. 


OmoAL Pbofxbths. 

CrutlaBo4wminesceiice . — It has been re- 
ported that if water be rapidly frozen, bright 
n a a h e a of Inminesoence are omerred (Trautz, 
Zrttseh. phyzikal. C!hem. 1905, 53, 9). 


CoUmr : absorption of light . — ^Thete is much 
eridenoe, irrelevant here, that the bright blue 
colour often observed in water, notably in that 
of china-clay settling pits, reservoirs for large 
scale water-softening, and some lakes, e.g. Law 
Geneva, is due to the scattering of lij^t by 


Watsb Yafottb— Absobftiok Bands in thb Invba-bed. 


0-944* 

1*128 

1*157 

1*367 

1*411 

1*480 

1*843 

1*870 

1*904 

1*980 

( 2 - 010 ) 

2*898 

2*948 

2- 997 

3 - 0 ^ 
8-070 
3*112 
3*194* 
3*240 
8*296 
8*840 
3*402 
8*408 


Maxima in ft 

(4-66) 

, (4-70) 

4- 98 

5- 04 

6- 18 
6-24 

6-42 

6-49 

0-66 

6*61 

7*44 

7*68 

7*76 

7*88 

8*04 

8*17) 

8*23) 

.8-86 

8*42 

8*61 

8*78 

• 8*99 


10“* mm. =»10* A). 

9- 30 
9-60 
9-74* 
9-98 

10- 30* 

10-66 
10*80 
10-94* 
11*24 
11*47 
11 * 66 * 
11*89 * 

12,-42* 
12*82 
18*84* 
18*62 
14*32* 

, 14-98 

16-62* 
16*00 
(16*80) 
17*88* 
18*87 
19-22 


19*70 

20- 5 

21 - 6 
22-0 
24-1 
27-1 
29*4 
31-0* 
18-1 




PbydQfu 19^1% 





BttI gh/ekut foe 
mi th» iruter jfmmmA thmfrao* wkfoh pee 
ixedpaUedlv eeary pPre* ebov by trpaeiBitted 
IMt A disunet gceeidwli-hltte eoloiir (S. Davy, 
OolBeoted Woriu, IMO, 0t 19i^; Buneeiit Bosg, 
Ami* 18(l^l« 83» 197 ; Bayleu^» KatiU6» 1910, 
83,48)* 

Fere distilled water in a tube several metres 
bng and blackened internally is quite definitely 
gieeinsii'bltte by transmitted light. 

As ozone is deep blue, liquid oxygen ^e 
slightly greenish-blue, and hydrogen peroxide, 
‘ methyl sloohol, ethyl alcohol and similar simnle 
hydroxyl compounds are blukh-green, this 
colour is probaoly an intrinsic property of pure 
water. In smaller thicknesses water appears 
colourless. 

The absorption spectrum of water in the 
visible region accords with its observed colour. 
In the rra from 660-040uu the absorption oo- 

A. A. A.rt aVV -4. 




mately fiOO/m it is about 0*15, whence it falls 
rapidly to about 680/btfi, and is less than 0*06 
thioughout the regions of the mctnirn from 
yellow to violet (von Aulsess, Die Farbe der Seen, 
Vfinchen, 1903). The absorotion in the ultra- 
violet has been studied by Kreusler (Ann. dor 
Physik. 1901, [iv.] 6, 412). 

Water is opaque to infra-red radiation over 
a wide range of wave-length. The most recent 
measurements are given in Table 34 (see 
also Bode, Ann, Physik, 1909, [iv.] 30, 326; 
von Bahr, Ber. 1913, 15, 731 ; and, for the 
fine structure, Sleator, Astrophys. J. 1918, 48, 
125; Wichmann, Physikal. kitsch. 1921, 22, 
535 ; Ann. Physik. 1922, [iv.] 66, 501. 


wafor is more trsnsnsmi than 

liquid water to inba-red xamattom Tba 
opacity , of the atmosphere to such radiatioh fo 
mainly due to its content of water vapour, and 
does not extend to wave-lengths shmrter then 
about llfi; the absorption by an equivstait 
layer, say 2 cm., of liquid water is oom|dete. 
down to l*2ft. The difieience gave rise to pro- 
longed controversy between Magnus and 
Tyndall before its nature was estaUisheA 
(Magnus, Pogg. Ann. 1861, 112, 497 ; 114, 835 ; 
1863,118,576; 1864,121,186; 1886,127,813; 
1867, 130, 207 ; Tyndall, Proc. Boy. Soo. 1880, 
10,37; 1861,11,558; 1879,30,10; 1881,31, 
307, 478; 1883, 35, 21; Phil. Ua«. 1861, 
[iv.] 22, 377; 1862, [iv.] 23, 252; 1863, pVr] 
26, 44; 1866, [iv.] 32, 118; 1867, [iv.] 33, 
425). 

Water also absorbs X-rays (for details, sss 
Hewlett, Phys. Review, 1921, 17, 284 ; Kxdit* 
myer, ibid. 1921, 18, 13). 

Eefradive Index . — ^Table 35 gives the re- 
fractive index of water for li^t of vazioiia 
wave-lengths and at temperatures from 0^-80^ ; 
these values are substantially confirmed by m^ 
recent and very precise determinations, which 
give, for the iron line £ (A~5270*ll) 

1*3356369 

and, for sodium light, the following values 
referred to air and in vacud ; 

Temperature . 20® 25® 80* 

tip m air . 1*33299 1*33248 1*33190 

fiptneocttd . 1*33335 1*33284 1*33226 

E 36. 


Against air at the same temperature; and its rate of increase with temperature for the 
temperature ranges and spectral lines specified. 



















m 


tOiM Bkk>; Bov. Soo. A. 76, mi 
imaidttitfBjaxgm Amer. CSioui.8oo» 

muz6,m). 

Tempmaun . . 0* 10® 

i)i9fiirriim equiva^ OOH7 146 

Di^perswe power 0*0429 429 

(Oladstone and Bale, Phil Trans. 1868, }48, 
887; 1863, 163, 323). 

Meaamements with eleotrioal waves, A«=3*5* 
4*6 om., show that the refractive index of 
water increases with the wavedength and 
that water exhibits anomalons dispersion 
<Mero^yxig, BalL Acad. Sd. Graoow, 1911, 
123). 

Im ejdiibits double refraction and is optically 
positive. TbB refractive indices for sodium 
I^t are for the ordinary ray 1*3091 and for 
tbs extraordinary ray 1*3104 (Pulfrich, Wied. 
A nn . 1888, 34, 336; e/. the values 1*3083 
and 1*3133 respectively of Meyer, ibid. 1887, 
Bl, 322). 

S eaUenng of Light . — ^It has been shown that 
pure water, 6ee from nltra-microsoopic suspended 
'Wf scatters light, and that the scattered 
I ^larised, but the interpretation of the 
i^on is as yet incompete or lacking 
Binstein, Ann. Physik. 1910, 33, 1275; 
sbaniies, J. Phys. Ohem. 1920, [vi.] 1, 129; 
Martin, J. Hiys. Chem. 1920, 24, 248 ; 1922, 26, 
76 ; 1923, 27, 568 ; Rayleigh, Proo. Roy. Soc. 
1920, 97 A. 436; Raman, ibid. 1922, 102, A. 
161 ; PhO. Mag. 1923, 45, 625). 

Maoksho Aim ELxoraioAL Pbopxbtibs, 

Coi^fcient of magnetimUan . — ^The coefficient 
of magnetisation for water referred to unit mass 
has won detenaoined several observers to be 
about — 0*72xl0“® C.G.8. units at 20® (de Haas 


WAT^ 

^ equivaleiit Wii a^^tibe^ 

dl^ei^ power (ii^-nj/{i^-l) are 



P® 10® 
a 0*9998 


20 ® 

1*0001 


30® 

1*0008 


40® 

1*0018 


asmSows : 

30® 
146 
438 


148 

446 


40® 

148 

449 


60® 

147 

448 


60® 

144 

441 


141 

436 


and Brapier, Ann. Physik, 1913, [iv.] 42, 673 i 
Weiss and Piccard, Compt. rend. 1912, 155, 1234 ; ' 
Piooard, Arch. Sci. phys. nat. 1913, [iv.] 36, 468 ; 
see also Gray and Birse, J. Chem. Soc. 1914, 
105, 2707 ; Hayes, Phys. Rev. 1914 (2), 3, 295). 
This coefficient has a temperature ooeffioksd. 
of about +0*00012 at 20®. 

Ice is said to be diamagnetic (Brunner, ! 

Ann. 1850, 79, 173). 

Magneto-ojAk Rotation. — ^The rotation of I 
plane of j^lansation of light by a given thickn 
of water in a given magnetic field depends uf 
the wave-length of light and upon the tempo 
ture. The specific rotation (for 1 cm. ol liqu 
in unit magnetic field) for the B line at 18® : 
€0^30—0*01309 minutes of arc (Agerer, Sitsungs- 
her. Akad. Wiss. Wien. 1905, 114, 830), and its 
variation with temperature is given between 
3® and 98® by cof =:001311(1-0*04306| 
— 0*0.305f*) (Rodger and Watson, Zeitsch* 
pbysikal. Ohem. 1896, 19, 357). 

The molecular magnetic rotation of water 
at 4®0. is taken as the standard, unity, for fixing 
that of other liquids, their molecular magmdio i 
rotation being then given by 

^ _ 10 X mol. weight 
18 

Thus the variation of the molecular magnetic 
rotation of water is of practical importance and 
is illustrated by the foUowiDg data (Rodger and 
Watson) ; — 


50® 

1*0029 


60® 

1*0041 


70® 

1*0063 


80® 

1*0066 


90® 

liWi 


Ebetrieal eondnetivUy . — ^Pure water is a very 
pCKur coodnctor of electricity. The purest water 
evur obtained (see Purification) had a specific 
condnotivity 0*043x I0-® reciprocal ohm (mho) 
at 18®. 

It is eakulated that the conductivity of 


absolutely pure water at 18® should be 0*038x 
10-® mho. From the same or similar data it to 
calculated that the ionisation eanslant, K"» 
[H JxCOHf for water is 0*73xl0-»« at 18* 
(Sorensen, Bioohem. Zeitsch. 1909, 21, 191; 
Sorensen and Palitssch, ibid. 1910, 24, 387); 


Table 36. 


Biblsctbio Cokstakt of Watxb, c. 


Temperatme 

A cm. 

< 

Eefetence 

— 

00 

70 

1 


00 

80 

2 

18» 

OB 

8M 

3 

17* 

60 

Sl’O 

4 

17* 

40 

80-7 

4 

17* 

30 

80*4 

4 

0 

76 

88*2 

6 


• 




i* ^ 1 ». Ih M. 

2. ftaafab Wied. Aim. 1887. 07. 215. 

8. Tiim.ZdfadL;phfrilmLCaiei^ 

Dim, OriSiwild^ 

ri. WM. Am 1^ 




wAse^ 


m 


tt ; miet i* 

i,jF;, j|»«r, CSienu Soe. 

loe is quite a iiiaiiia^ 

Wivtanoe u 4865 an^fams at 0^ and 33,540 
n^nbntB at —17’* Thus, a cable, the insula- 
tion of which is defeetiTe through moistuie, 
ww frequently show a good huulation test 
When enqpo^d to severe frost* 

DkMnc, capac%.-->71i6 ^eleotric constant 
lor steam at 145’ and 760 mm. is c=l 00706, 
and its variation with temperature is expressed 
oy o(r 2 ~<i) where a«=l'4xl0-’ and 

36 Zeitsch. physikal* Chem. 

Tabk 36 gives a series of values of e 
for' water for different wave-lengths. The 
dielectric constant varies with pressure from 
7-200 atmosj^eres by about 0*0046 p.c. per 
atmosphere (FalckenWg, Ann. Physik. 1920, 
CvL]61, 146), ^ 

The dielectric constant for ice for A ~ 6000 
cm. at -18’ is 31 (Abegg, Wied. Ann. 1898, 65, 
229) and for A=76 cm. at -190’ is l*76-l-88 
(%hn and Kiebitz, Boltzmann's Festschrift, 
Leip|^, 1904, 610). 

The ioniaina potential for water vapour is 
calculated to be 8*64 volts (Compton, Phys. 
Review, 1916, ( 2 ), 8, 412). 

Tn Chxutoal Propebties op Water. 

Mahcniar eofutitution . — It was formerly 
supposed that the relatively high density of 
watM vapour in the neighbourhood of the 
boffing-pomt and at lower temperatures connoted 
the presence in it of molecules more complex 
than H|0 (see s.g. Bose, Zeitsch. Elektrochem. 
1908, 14, 269 ; Oddo, Gazz. chim. ital. 1915, 45, 
i. 319 ; 395), but if the experimental values are 
oozreoted for the deviation of water vapour 
from the ideal gas-laws and recalculated by the 
01 aiiidus-( 2 apeyron equation the results afford 
no evidence whatever for any deviation from the 
simple formula H, 0 , and this must, therefore, 
be assumed to represent correctly the molecular 
slate of water vapour (Kendall, J. Amer. Chem. 
fibe* 1920, 42, 2477; Menzies, ibid, 1921, 43, 
851). 

On the other hand, experiments with a 
imodifled Wilson’s expansion apparatus, inter- 
pfeted in accordance with Lenard’s theory, 
pdicate the presence of about l*9x 10-^^ p«c« of 
^^toehaegsd nuebi of relatively large dimensions 
wUdh are most probably polymerised molecules 

: SMtUn® 

• Wledi MiflM to liquid water, tiwre is a great 
, iwdr ^ vndeiioe pointing to Uie presence of 
onguite nudeonles. It is now fsiriy gsmen'*- 
,)ismslMA tiiia abunmilit; of watw as com] 

; pie *0 many jAyidoal pco' 

^^ip|isdi|etop(4yBietfsation. ^lisezplaaa- 
fm advanced by Whiting ^ New 
l.OeesioD Aralwd to the Tbamo* 
«f liqnida and SoIidB, Barvard 
nbo^ Hass. 18M, p. 70), who 
Int water at 0* nay oontain 
Iwt 100” p.e. of dissolved 
iaiflMpvadi anansion irf 4 p.o. 
*1 Miml ii ws tesnmut * 
i oImim 0-10 BA by volanw 

i4m «» ilte-SidWu «l (ho 



ic^ B&^t ydan latmr, Sffniif^ 
(Wiedo Ann. 18 ^ [SI 45, 9)) independently 
sx^mdied water consists of *100 molecules * 
and ^water molemileet’ the former being mote 
conmlex but lass dense than the latter. 

Later, Sutherlmid elaborated the hypothesis 
stiU further and, possibly influenced by Traube's 
theory that normal liquids consist of ^liqvdd- 
ogenic* and *gasogeniG* molecules, supposed 
water to consist of single, douUe and tr^ 
molecules, to which he gave the names hymrol 
(H^O), dihydrol (H 4 O,), and trihpdrol (Hw9^. 

In liquid water we then have the equilibria : 
2 H^O,;t 3 H 40 ,:^ 6 H, 0 . Steam is hydrol; ice 
is supposed to consist chiefly or wholly of 
trihyarol. Because of the lower density oi ice 
it seems probable that trihydrol is less dense 
than dihydrol ; and our present knowledge of 
the crystal structure of ice (q.v,) accords well 
with the view. Whiting’s theory, originally 
propounded simply to explain the anomalous 
expansion of water, has been applied successively 
to the other physical properties of wat^, and 
has been found to accord so well with the 
observed facts that its substantial truth seems 
clear (see e.g, Walden, Guye, Bonsfield and 
Lowry, Sutherland and Nemst, Trans. Faraday 
Soc. 1910, 6 , 71-123). It is of interest to 
consider some examples. 

The melting of ice is attended by considerable 
absorption of heat and decrease of volume; 
ex kypoUiesi then, these phenomena characterise 
the conversion of trihydrol to dihydrol* There* 
fore, in accordance with Le Chatdybr’s theorem, 
either rise of temperature or increase of pressure 
will tend to dissociate trihydrol and so reduce 
the proportion present in water. H the vohiine 
change of water on heating is the resultant 
of (a) contraction due to depolymerisatlon of 
trihydrol and (5) the nom^ expansion of 
dihydrol, the preponderance of“(o) up to 4’ 
(owing to the relatively higher proportion of 
trihy£ol then present) can explain thie observed 
net contraction between 0’ imd 4’. Similarly, 
the diminution of the nroporrion of trihydrol % 
pressure explains the lowmog of the tempera* 
ture of maximum density by incresse of pressuie. 

The minimum of oompressibility of water 
about 50’ is best accounted for by Bouideld and 
Lowry’s extension of the hypothsris (Trans. 
Faraday Soc. 1910, 6 , 85) ; they assume that 
monohydrol, like trihydrol, is less dense than 
dihydrol, and constitutes an important pro* 
portion of water above 50’. Tne increased 
proportion of a less dense and therefore more 
compressible constituent both above and 
below that temperature then accords witih the 
observed greater oompressibiliiiy (m alsp 
Richards and Pslitzsoh, J. Amer. CbsiBu Soc. 
1919, 41, 63, for a discussion of this matter, and 
Fai^, Gaze. chim. itaL 1920, 50, i. 186). 

Similarly ooavxndng eiiqplaiiidioiis have been 
elaborated for the obserm variatioiis ^th 
temperature and pressure of the viseoettgr 
liani, I.C.), spe^e heat (Nemst^ J. Chem. See. 
1910| L ii. §k),indexof refraotioii (Cbfaeveau^ 
Gompt. tend. 1913^ 15^ 1972), 

(Piooard, i»AL 1913, 155, 1497)^ 
constant (Falokenbc^, Ann. Bi]^ 19l2^\|^}i: 
81,145),^ • , ' 

Ibameaienti of tibo mohoular wri^ el; 
% a..,4qw«o|to ^ 





.W0£9Sk' 


j'Btoc.BM 

B0c.im,jL^,m% ^ 

3tafl&cm of d^cMsoting fii liy on dioetrio 
wfmA k leeqMitty o piitSy HuMtinat effdot* Imt 
toit cttanot be ttiie of the itow eombinetioii 
bfoogbt ebont hy tbe eileiit dkdb»ft» (Beitbelot, 
Aim. Oaim. IBn, [r,] 17» 142 T J>ehman rad 
XiMtiieiiiie^ Oampi. rend. 1881, 93, 895, 963, 
1021 ; Ulster, Atner. Jonrn. Sd. 1898, [£▼.] 4, 
51; Kirl^, Pbil. Ma«. 1904, [vi.] 7, 223). 
A geaerel exemination of the effeots indieates 
that the eathode column is the re^on of greatest 
diemioal activity (Kirkby, Phil. fiDag. 1807, [vi.] 
13, 289), and it seems probable that reaction 
proceeds by the ionisation of both gases, though 
short wave-length radiations akin to ultra-violet 
Ii|^t mav contribute to the effect. 

Kembaum has found (Compt. rend. 1910, 
151, 319) that H|^Og and H, are produced by the 
silent discharge m oxygen and hydrogen mix- 
tures, and concludes that the action of the 
dlsdiarge is analogous to that of ultra-violet 
light. 

Ultra-violet tight causes combination of 
hydrogen and oi^gen and decomposes water, 
the reaction in eithtf case tending to the same 
pdnt of equilibrium which, for example, at 150^ 
w that corresponding to thermal equilibrium at 
1250^ (Goehn, Ber. 1910, 43, 880 ; Coehn and 
Orote,Nemst*8Pestschrift, 1912, 136; Andi4eff, 
X Russ. Fhys. Chem. Soc. 1911, 43, 1342). 
Water in a quarts vessel is decompose thus 
oven by sunlmht (Kembaum, Oompt. rend. 1909, 
149, 273; Bull. Acad. Sci. Cracow, 1911, A. 




action of ultra-violet light in decom- 
posing water is chiefly duo to the radiation of 
very short wave-length (A»1900), and is best 
observed, therefore, ny the use of low-tension 
or ficis high-tension quartz mercuiy vapour 
lamps, which emit radiation relative^ rich in 
rays of short wave-length (Tian, J. Chem, Soc 
1915» A. ii. 828 ; Obolewsky, Ann. Phyi^, 1912 
tiv.] 39, 961), 

In this decomposition pure hydrogen is at 
first tile only gaseous product; later oxygen also 
Is poducea and aooumulates until the com- 
PMnion of tile mixture is that of detonating gas. 
TRds is best exfdained on the assumption wt 
the primafy action is an auto-oxidation pro 
dnoing hydiwen and hydrogen peroxide, 
l|HgO*-vHi+A 90 ,, oxygen being formed by a 
seooiidaiy decomposition of the latter, 

2H,0*-^2H»0+0, 

whiiiA Sail result from tbe action of moderately 
ilmrt wave-length radiation (A 2500-3000) (Tira, 
OsmpA lemLlOll, 152, 1012). In support of 
tiris them, there is evidence that hydrogen 
y e se t M e xermed from water- vapour in air by 
the aetien of nlbra-violet rays in sunlight forms 
MdU for the condensation of moisture 
Atm. ViKyik, 1912, [iv.] 39, 1313} 
^lo saggestioni which have been xna^te^ 
^ i» tlmt tile amount of hydrogen 
Inoed by ultra-violet l^ht is much 
fto aoeonnl for the bacteneidal action 
llsMmlWCbiinnont, Mogier and Roebai; 
MUfi, MM), 1463). 

.. shenras of pote n tia l oeoor at 
. in jmhttaBi 


to be explainsd mi the astnmipion 

sf a riwtoQininitsal deeompcMdtloa of the water 
byvMWeRtitt; Init there k ra other evidrace 
in snimcMrt oftiik hypc^heek(BiMm andBebsum^ 
Belv. Cbim. Acta. 19», 4, m). 

llie ^mthesis and deecmipoaitlon of water 
W a*radmtion ia well estab&hed (Bavts and 
Edwards, J. Soo. Chem. Bid. 1905, 24, 266; 
Piokel, kitsch, anorg. Chem. 1904, 38, 307; 
Lind, J. Amer. Chem. Soc. 1919, 41, 531, 551 ; 
Duane and Scheurer, Compt. rend. 1913, 156, 
466). In a given spherical or cyMndricsl vessti 
the velocity of reaction depends only on the 
quantity of emanation present and the gas 
pressure, but the velocity diminishes with 
increase in the volume of the vessel and depmids 
upon the hydrogen : oxygen ratio. Thm is 
reason to suppose that combination is preceded 
by collision-ionisation of both gases, but the 
mechanism of reaction is not weirundmtood. 

Catalytic action in the synthesis of water 
was first observed by Davy (Phil. Trans. 1817; 
97, 45, 77) in the case of platinum, and has been 
the subje^ of so many investigations that ita 
adequate discussion here would be impomibie, 
and properly belongs to the general oonridera- 
tion of catalytic action. 

The energy change involved in these reaotionB 
is expressed by the heat of formation of watmr 
for v^ch the chief data are given below. 

H8(wb)+ J 0,(ga8>-v H,0(iiquid)+* gr«n eaksciM. 

X ==68,310* Ice calorimeter; const, pressure, 
(Schuller and Wartha, Wira. Ann. 
1877, 2. 381). 

68,390. Burning at const, pressure, |m:18« 
in 15^ calories (Thomsen, !nieniioeheai. 
Untersuch. 2, 45). 

68,400.' Burnt in bomb; calc, to const, 
pressure at 1=17^ in 15^ eal. (Mixter, 
Siliiman's J. 1903, (4), 16, 214). 

68,380. Mean result of critical leoaleiilatkm 
of foregoing, at 18^ and const, pressure, 
in 15*^ caL (Roth, Zeitsoh. f. ElektrochiMii. 
1920, 26, 1, 288). 

Water is decomposed by the passage of an 
electric current, but owing to ila very low 
conductivity the extent of the deoompoeitkHi 
is veiy small with pure water, in prseties^ 
the eiectrolytio decomposition el water so» 
called, is eileeted by the eleetidysis of aqueoua 
solutions of electrolytes, rad aceoidhig to tlm 
ionic hypothesis the productum d one at tssst 
of the constituent gases at the eleclxodes. k 
due to a secondary action of the dtsdbaxgsd Sens* 
It has long been known that the 


of an ekotricu discharge thron|^ steam {to* 
duoes both deoompoaitioB and a sortiagd the 
products apprasntfy akin to efootroljeis (Pstioti'^ 
&mpt. wtOL 18^ 46, 180 ; 47, 359; Ansu 
Chim. 1861, [iii.] 61, 161 ; J. J. Thomson, 
Recent Researches in Eleotrieitj and MsgnslH 
ism, Cambridge, 1893, 559). But both oxygen 
rad hydrogen may appear at either or noth 
electrodes acoordmg to the aiae and form of 
tte diachaige ve8oti,aiMl it seems probahts timl 
the aopmtion observed is due lo sAwte of 
dlffuaioii and g aseous flow and not to ttuo 
eisotroMs (Ghapmsa and lidbuir, J. 

Boo. 1902, 81,* 139; Holt and Bbqfl 
BdL Ham 1998, (vi] 16, t2> 



m wAtmt. 


.hiviKMlM water acts on many metals, 
inmally losrming a iMudo oxide and hydrogen. 
Xhe lukali and alkaline earth metals react with 
oold water; glnoinnm (beiyllinm), maepesium, 
and many rare-earth metals react with water 
below its boiling-pomt ; zinc, cadmium, tin, 
iron, cobalt, nickd, and chromium decompose 
steam at a red heat, and some other metals, ag. 
copper and lead, react only at a white heat. 
Mercury, silver, gold, platinum, iridium, &c., do 
not react at all with water. 

Whilst this is broadly true for ordinary 
distilled water and ordinary metals, some 
qualification is necessary. 

The very detailed and critical study which 
has been made of the interaction of water and 
air upon iron shows clearly how greatly such 
actions are infiuenced by minute traces of 
impurity in either water or metals and it has 
been proved that water has no action on magnes- 
ium below 100^ if free from air (Roberts and 
3rown, J. Amer. Chem. 8oc. 1903, 25, 801), 
and acts extremely slowly at ordinary tempera- 
tures with sodium amalgam if free from traces 
of hydrogen peroxide (Baker and Parker, 
J. Chem. Soc. 1913, 103, 2060). Therefore 
caution must be used in regarding the observed 
reactions with metals, especially at low tempera- 
tures, as those of pure water. It is known that 
in the wet oxidation of some metals, e,ff. zinc, 
hydrogen peroxide is produced and appears to 
tue part in the reaction (see e.y. Smith, J. 
Chem. Soc. 1906, 89, 479). 

Water can oxicUse many non-metals. 
Silicon is attacked by water in glass vessels 
at 100**, but the action is probably due to 
dissedved alkali (Moissan and Siemens, J. Chem. 
Soc. 1904, A. ii. 398) and occurs with pure water 
only at a higher temperature. Ruction of 
steam with carton begins at about 850^ (Farup, 
Zeitsdi. anorg. Chem. 1906, 60, 276), and at 
higher temperatures proceeds accd^ing to 
the equations C+HtO <-4* CO+Hs; C+2H30«4> 
CO9+2H1O with a reversible secondary reaction 
OO^Hf ^00+H|0 (see Gautier, Compt. rend, 
19M, 142, 1382). It is of great importance 
^la tibe manufacture of producer-gas and wat^- 
gas (g.e*). Boron at a red heat similarly 
yidds with steam borio oxide and hydrogen. 
At 2000^ even nitremn is oxidised by steam 
with the production of nitric oxide and hydrogen, 
Ks+ZH^;^ 2NO+H„ the mixture at equili- 
hmim containing about 0*5 p.c* by volume of 
KO (Tower, J. Amer. Chem. Soo. 1905, 27, 
1209). 

Some of the lower oxides of metak, €.g. MnO, 
UO^, OrO, or compounds derived therefrom, 
s.g. notasihmi cobaltocyanide K4Co(CN), wd 
ImolyweDO^ diloride MojCSg, are oxidised 
ly water with liberation of hydrogen. 

Thus the oxidising action of water is pro- 
^ liotinced at high temperatures and occurs at 
"lioier tempstatures with powerful reducing 

:{JPQWardi some non-metals, notably the 
water acts as a reducing agen^forming 
ila imi-iiietallio hydride and nee oxygen. 
SMsaethm ooeiirs with sulphur and phosplu^ 
fait lia omen simultaneously forms tne iioxh 
inetalto oaiBMi Thus with sulphur above 100^ 
the imMim ^ ited ly the eqnatioo 

though, oflxm 


edhiBMim: at low ctoototial^^ 

lumy of the most important and chanM^bsiistlo 
reao&onsof water. 

The typical case is the hydrohrris of non- 
metaOic chlorides, e.g. PO., ks,, Sa^ l^«, 
Ac., to form hydrogen ohlonde and the hydroxy 
acid of the non-metal, e.g. 

Pa,+3HaO 3HCl+P(OH)s ; 

BCla+3Hj|0 -4- 3HCl+B(OH)|. Similar reac- 
tions occur with the corresponding bromides 
and iodides, and their irreversible oharactmr 
constitutes an important distinguishing cha- 
racteristic of non-metaUio elements. l%e 0$ 
outstanding exception to this rule is the 
case of the halides of carbon, c.g. (XSa, CB^ 
CaHaBri, Ac., which are not hydrolyrnd 
water to any appreciable extent at or“ 
temperatures. 

A similar, but reversible hydrolysis occur 
to a greater or less extent with many metallio\ 
halides. The chlorides of bismuth and anti-\ 
mony are extensively hydrolysed in cold dilute 
aqueous solution, insoluble oxychlorides being 
precipitated: BiClj+HjO zt BiOCl+2HG9i; 
SbCl5+HaO;i:SbOda+2HCl, and the higher 
chlorides of lead, tin, titanium, Ac., Pbdi, 
SnCla, Tida, are hydrolysed with the formation 
of the corresponding hydroxides, which in some 
cases remain in solution. Many other metallio 
salts, c.g. Mgda, ZaClf, CUSO4, ho., are appreci- j 
ably hydrolysed in their aqueous solotions, ^ 
which thereby acquire an acid reaction. It 
is indeed only in the case of relatively few salts, 
those of strong bases such as the alkidis, with 
strong acids such as the halomn hydrides, 
nitric acid, sulphuric acid, percmoric acid, Ac., 
that hydrolysis in solution is ^inappreciable. 
Just as the hydrolysis of the salts of weak bases 
with strong acids, e.g. AlJSOils, ^ves add 
solutions, so that of salts of strong bases with 
weak acids, e.g. Na^COs, Na^S, Ac., causes their 
solution to have an alkaline reaction. It is 
frequently assumed that the neutral charaoter 
of a solution of, say, potassium chloride, indi- 
cates an absence of hydrolysis, but this Is by 
no means necessarily so. The neutrality of 
such a solution is quite compatible with exten- 
sive hydrolysis to yield equivalent amounts 
of acimo and basic solutes of the same type 
which, by the preponderance of one or otim 
sort, give the basio or addle character to sohi- 
tions in which hydrolysis obviously oocrors* 
This point is of importance to the theoaiy dt 
solutions (VoL vi. p. 286). 

The hydrolytio action of water inmaiss 
with temperature, so that at a ted^heal most 
metallio salts are completely hy«to]ysad by \ 
steam, ajr. 

hauer, Zdtsch. anoig. 1909» 

and many, ag. NaCi, which show oo eigii^ df 

bydrolyds in the cold, are nartfa 4maao$m(A'h- 

Many binary oompomm ctf msAsk ; 
non-metals are readily and oornplstifa ; 

lysed hy water at ordinary iem|mninsei^ 4o . 
produce the metallio hydroxide smA tlia nosh 
metallic hydride. The siifaliides» mdsaideiii.V 
nitridee, phcsphidei^ and dlkBea id inififaebini» . . 
dndnnm, and aloinfainm Abb Ifam dfsasawmeA > 
and tk« kjMpk ti 



:wmm: Mk' 

OH tUioidb is u eoimiBSeaa^ soeihod for the vra- In' nmnio ifmiamimXh bfi ^ ' 

lotion of phosjj^ii^ or lilioon hydride, iytio mraone ol imporUoioe are kfiowii» ^g* 
Hydiolysla of w oarbUtei is of special inteiest ; of ^»gano*iaiitollic ocnopounda Zn(GH«)^ Italldes, 
MOm% a^. doiniiiten or giin^uiii carbide, jdeld esters, cyiuaiidee, etc. 

pose methane^ otihm give radotis miztims AddUum. — ^£he direct addition reaeti 0 ti 8 .<d 

of liydrooarbons and %diogen. Tbe hydro- water with basic and acidic oxides to fom baaes 
lyris of cakinm carbide to produce acetylene and acids occupy an intermediate position 
Is the basis of a great industry, and that of between hydrolync action of the foregoing type 
nitrides, e.g. AIN, to produce ammonia has and the so-calJed simple hydration dkousm 
been employed in some processes for the fixation below. 

of atmospheric nitrogen. Anhydrides of strong acids and bases, e.g. 

Some binary compounds of non-metals, SO,, PgO,, or Na,0, OaO, 11,0, too,, 

e.p« boron nitride, and the sulphides and selenides combine very readily with water; those of 
of boron and silicon, are similarly hydrolysable. weaker acids and l^s, e,g, B,0,, SiO„ or 
Hydrolysis of many metallic hydrides, ZnO, MgO, Ac., react slowly or at hkher tm- 
e.p. LiH, Gw„ Ac., yields the metallic hydroxide peratures. Data for the heat of hydnition of 
and hydrogen. typical basic oxides are given in Ti&le 37. 


Table 37. 

Heats of Hydbatioe of Oxides. 


Typical examples of the heat of hydration of basic oxides, hydroxides and peroxides are given 
in the following table : the values given are in 16^ gram-calories. 


Heats ot hydration 

15*^ gram-calories 

Belerence 

idiO+%0 2LiOH . 
NajO+H,0-^2NaOH 



14,400 

1 



35,440 

1 

t$ to • « • 



30,620 

4 

K,0+H,0 -* 2KOH . 



42,100 

1 

Ca0+H»0 -> Ca(OH), 



15,100 

1 

0* ft * « • 



16,640 

17,100 

4 

8r0«f-H,0 Sr(OH)| • « • 



1 

ft ff • • • 


• 

17,700 

4 

Ba0+U,0 -> Ba(OH)« 


• 

17,600 

1 

ft ft * * * 



22,260 

4 

Mg0+H,0-».Mg(0H), 

ZnO+H.O-.-Zn(OH), 

T1,0+H,0 -► 2T10H . 



6,400 

-2,760 

1 

4 



3,230 

4 

NaOH+H.O NaOH.H.O 

KOH+H.O -* KOH,H.O . 
K0H+2H,0 -» K0H.2H,0 


. 

3,260 • 

1 



8,900 

16,400 

1 

1 

Sc(OH},+tHaO -* Sr(0H)„8H«0 . 


. ; 26,280 

4 

ft ff • • • 


. ' 24,700 

1 

Ba(0H),+H.0-*Ba(0H)„H,0 . 
Ba(0H),+8H,0 -* Ba(0U)„8H,0 


» • 

3,680 

27,470 

4,2 

4 

tf ff . e . 


• « 

24,400 

1 

8r0.+9H|0 -> Sr0t,9H,0 . 
Bi^,+H.0-*Ba0»H,0 . 

BaO.+10U.O -* BaO|,10H,0 . 


• • 

20,480 

$ 


• • 

2,800 

1 

• 

e e 

18,200 

3 


1. Berthdot, Thennoohimie, IL 1897* 

2. de Fororand, Compt. rend. 188^, 103, 60* 

3. de Foicrand, Compt. rend* 1901, 130, 1017* 

4. Thomsen, Thermoohem. IJntersuoh. IIL 1883. 


(m, of hjrdmticm leads to. a pcofoond 
: wfi^ in m properties of the oompouod, and 
■M U jpntNlly held that the water kieee its 
nhmeiiinr a«- enoh and enters into the oon- 
MlInltoB of the poduot in the form of hydroxji 
Saeh tiierefore, leaemblee 

ave that one prodnot only leealte. 
miMi of water with eub> 
.,0 fone hf i mf e t, ac dieUnet from 
lA,ia ehawrteriwd by ^ dightneiis 
ilw. phyiboikl and e&mioal 




properties of the original snhetaiMer ^fiifo i 
emeoielly well seen where a ooanjMand fointt 

ase^of hydrates, s.,. IfoO^r ^ 

as these dilmr from eeiw othw 
oolow. eolpbility, fto., and not at I 
propertiee. 

It is the praotioe to confomthe teni^liiiiM 
to oomponndB in whieh . water is. pitimil h 
fixed and timple molemdar propoclaontSui^^ 
however, hi an arbitraiyrnls. wolUKinjM 
eafily no swidoBoe aa to the ■aManK tn 












h^diaiitlQa^ oiygtolliitation) 

Ji lieidlii tliemo^^ We know eimply tli«t 
eMier ie ev^ted from liydmtes, ueuaiJly et 
<Mlinpeii»tiv^y iow temperaSaizeBy that it is not 
and necessarily ooncem^ In the nioet 
alrtMMtoristio zeactione of the hydrated sub- 
atalieet and that it can frequently be replaced 
WMleoiile for moleoule by other solvent^ €*g. 
Other on alcohol, with a minimal change in 
eharaoter of the hydrate. 

The ease with which water is expelled 
horn hydrates is illustrated by its liberation 
by simple ffrinding (Gillette, Ohem. News, 
1911, 104:, 313), and in one recorded case by the 
aation of light (McKee and Berkheiser, Amer. 
Chem. J. 1908, 40, 303). It has been suggested 
that hydrates may retain some water in solid 
solution (Richards, J. Amer. Chem. 8oc. 1911, 
33, 888). 

Water of crystallisation has many of the 
propertieB of free water. It acts like free water 
wpon calcium carbide (Masson, J. Chem. Soc. 
’'TOIO, 97, 851) and upon some metals, e.g. magnes- 
ium (Michailenko and Mushinsky, J. Buss. 
Phys. Chem. Soc. 1912, 44, 181). It exhibits 
the same infra-red absorption bands as water 
(Schaefer and Scherbert, Ann. Physik. 1916, 
£iTj, 50. 339). 


41 Water wi si^ el 

crystalline hydrates (Baker and X 

C&eim Sofs. 1911, 99,567) fay aprocesss^m 
tesernfaling its diSuslw through solution^ 
hydrated salts are curiously «ddn to the 
solutions from which they form. Wh^ the 
colour of an anhydrous salt differs itoa^UuiA 
of its solution, e.g. CUSO4, CoCL, CuBr|, OoCl*, 
ko., the colour of the crystalline hydrate is 
usuid^ that of the solution. Hydrates exhibit 
a demiite vapour tension of water; hence» 
on the kinetic theory, water molecules must 
pass freely in and out of tfae crystal space lattice 
as they do in and out of a solution. If the 
pressure of water vapour above the hydnfte 

is less than its vapour tension, the hydrate ? 

water and effloreacea. Conversely, it abs 
water and may ddiquaaot. 

When a salt, capable of forminff 
hydrates (typically CuS04,5H.0, which 
peld CuS 04,3H,0 , GiiS 0«,H40 and OuSOj 
is in equilibrium with its vapour in a close' 
space, and water is slowly but oontmuaJl;, 
removed, the pressure of aqueous vapour over\ 
the hydrate remains constant until the whole is 
converted to ‘the next lower hydrate, when the 
vapour pressure attddetdy drops to that character* 
istic of the second hydrate and maintains that 


Table 38. 

Vapoub Pbbssvbss OB Hydbated Saijts. 


Equilibrium 

Pa 

Befefenoe 

( 

18*2 mm. 

1 

Na4S04,10H40 Na2S04+aq. vap. . . .{ 

19’22 „ 

2 

1 

19*20 „ 

3 

Na,HF04.12H,0 Na,HP04,7H,0+aq. vap. . | 

180 

1913 

1 

2 

lla,BP04,7H40 5*: Na*HP0«,2H,O+aq. vap. . | 

12 -4 „ 

14-61 „ 

1 

2 

.Na4HP04,2H40 ^NasHP04+aq. vap. • 

8-9 

1 

Ki^OO^l^BHgO K^COa-f aq. vap. 

M 

1 

Ca(0B)4 OaO+aq. vap. 

0-8 „ 

i 

BaGI„2H,0 BaCi.,H,0+aq. vap. . .j 

4 -8 „ 

6-26 „ 

1 

4 

6-8 

2 

Ba0i„HaO BaCla+aq. vap. .... 

2 -6 „ 

1 


7-0 „ 

1 

ObSO^^ Cii804,3H,0+aq. vap. 

7-68 „ 

7-80 „ 

4 • 

8 , 


7-77 „ 

■ ® 

«m>B,0^€!iiS04.H,0+aq.vap. . 

4*7 „ 

■ 1 

^ CJnSO.+aq. vap 

0*8 ., 

J 


1. JT. Amer. Cbem. 800. 1911, 89, 1869. 

8 . WilMD, J. Amer. Chem. 800. 1981, 48, 70*. 

8. Baito and Laoj^J. Amer. Cfceai.8ofc 1980^41^ 

A Fnrtii«iioa,J.€3iem.8oo.l91J,99,466. ^ T 
/A, Umidm, J. Amer. cawn. Boo. IMO* *8, isn, ; v 
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iq tcnw of oodi oampeudi, < 
ioingao {M«f lotilfMdtiw MlofeofilB iplira^ 

TrowTlKadiff. &», nOA 1, 4S). 

On tiio ^tief :lwiiil^ ynffiitti ^pQik; 0d(luo6l4ii 
^vid^oe lor ii lUMKmTkMiag lad^DOtt* 

tittdiol^. KeiidftB lisa Mosiked: ^Za Urn 
system HtSO«-HfO, for imtiiioe, sa mai^ sa 
*02 diffete&t aydistes b»m hem * disaovsiedt* 
Jug in compositioa from 9dHi804*fi|0 ts 
EgSOi * 4950H|O. Few of tlmse iiswe 


' ii.'aMMBildBiSo .ZhiBoiif tnuBrfonnatioii, 

w i W jy bttnqpntaft fai tomi « tbo pibase-nilo, 

• tteut of idftaetitat ^ edrtww ^ 

sydfsiest 

If dttiing dehydmikm tlia piessiiie be 

plotted agaanst the pemntage ei water in the 
mUMM solid* the esktenoe of s hy^te will 
bsovideiioed by %flst * platfcHnn * on the curve ; 
a ootttlnuous curve Imoates the absence of 
deinite ttydzates* 

Oars must be exercised in appl 3 nn|| tins vinA/juLg^/* fvw ui wuono mmirv mmm 

method, because there is frequently a delay, encountered twice by independmit kveali§pi^ 
or period of induction, in the rise of the vapour he opportune for originality beoag abnoat 
pressure to the value characteristic of the unlimit^*’ Thus many chemists hava as|^ 
temperature (Gumming, Trans. Chem. Soc. ported the original view of (ktwidd and via w 
1910, 97, 593; Partin^n, ibid, 1911, 99, HoF, which regards the solvent as a 

466; Ephraim and Miumann, Ber. 1917, 50, dispersive medium, enabling tiie amts 4o 
529 ; Ephraim and Wagner, Ber. 1917, 50, behave as if alone and in a gaseous state iwm 
1668). Brit. Association Report. 1890, 60, 311-4188). 

, Indeed, Faraday showed (Pogg. Ann. 1834, But the * solvate ’ theory, lejeeting the 
83, 186) that whereas hydrated sodium carbon- conception of ionisation altmther {smeA 
ate, sodium hydrogen phosphate, and sodium Armstrong and Worley, Proc. l^y. 8<^ 1^8, 
sdphate readily effloresce in air, perfect crystals 87 A. 604), fails to explain in any aatlsfaotety 
of these salts may be kept in air for years manner the mechanism of conduction in elaotio* 
without change. Inoculation with the lower lytes, whilst the strict ionic theory eonatly 
hydrate at once causes the v^ur pressure fails to explain why and how ionic dissomatioa 
to assume its normal value. The period of occurs. 

s xi i - xi 1 Tx 1 


ladaetion in dehydration leoeives a rational 
njdanation if we oonaider that the minute 
pe rt ielee of the second phase formed at first by 
ddiydntion have, like smafi drops of water, 
an almotmally high Taponr pressure (Rae, 
J. CSiem. Soo. 1916, IM, 1229; see PavloT, 
J. Boss. Chem. Soo. 1909, 41, 679). 

Table 37 contains data for the thermal 
effect <d seTMal typical hydration reactions. 
TaUe 38 giree the eqnUibrinm pressure of 
water vapour, in mm. of mercury, at 26“ over 
afew of tne more important orystwine hydrated 
salts, edMn in equilibrium with a lower hydrate 
«t tlw ani^fdtons salt 

iSoWoa mi wnMnfton.— Water is, par 
mdhHct, the solvent It has been argued that 
«B eubstanoes are soluble in water, but this 
is not mven. Host salts and oompounds 
anally massed m insoluble, silver chloride, 
rises, eilioa, are well known to have a small, 
init d^nite, Kfinbiliiy in water. The great 
aujoiity of solids ana liqnids, and all known 


are disUnotty soluue, and some very 46, 1716). 


It has been generally recognised by Hnw 
who admit the existence of ions, that tiba ba 
in solution are hj'drated (see drihmihis. Theorise 
of Solutions, pp. 184-196), and it ha been 
pointed out that the rival ‘solvate ’ and ‘ hmm* 
theories are in reality not irreconcSaye Imt 
sup^ementary (Walker, Brit Association Be* 
port 1911, 81, 366). 

There is, in fact, an intimate and gsneiri 
connection between ionisation and oompoaad 
formation in solutions, ud Kendall and Benge 
have strongly advocated the hypottatis tiM 
ionisation is preceded by, and is a consamesms 
ot the formation of such oompoandB f Bendril 
and Booge, J. Amer. Chem. Soe. 1917, Sfi, 
2323; this paper contains a detaflad di»- 
cussion of the hypotheeia and nmasaow Infer* 
enoes to the literatiupe, and dronld he oonsritad; 
the same idea had been indiaated by otAait 
to whom reference is made in the ahca faftr. 
and was formulated with some pcaHrien hy 
Bogtnodaki, J. Buss. Phys. Chem. fioc. .1914, 


aohibtle^ in it 

nase is much reason to believe that the 
aohsent power of water and its pre-eminence 
Man hndaing solvent are both due to chemical 
nriion between solvent and solute of tiie kind 
aanddand under hydrolysia and hydration. 

- An ovanidwlming mass of real evidence 
nrista hhat sttbstanoea diasolved in water are 
InthnaMy associated, one had better say com 
•'Wnad. mm watw or ‘sohrated’ (sss, for a 
ihif of nfsrencea, Dhar, Zeitsoh. EMctiochem. 
1914,90^67; and for a critical review of earlier 
wtrit Wadibun, Hydrates in Solution, Tedi. 
Qaasrt 1906, 91, SOO; m oxamples of mow 
Miwt aatdanm, eae xg. Selmefler, Fralna and 
'■•4k~-9atm, Zebmh. 1914, 15, 447; 
I and SriwlM. J. CSiem. Soo. 1916, 107, 
th loam. Mdnatah, 1916, 36, 866 
Zma XWadiy, Soo. 1917, 18. 193, 
iHlII). Znado and Boswiaa, Froo. JL ^ 
IKriM^iWriaidaa. 1991, 99, M9).and 


Experimente with tetrae^jd-attiacniiBni 
iodide m a large number of eolvente have shown 
that oondootivity of eolntione is fandaaentaSy 
related to the dielectric constant and to ae 
state of unssturation of the stomle moberiee 
of the eolvmit (Walden, Zeitseh. phyeikal..ObaBt; 
1908, 46, 103; 1906, 64, 139; B. a lonnh 
Amer. Chem. J. 1901, 95, 9^ Tlnaa noh 
pertiee, m mij^t be antiolpaitM Inm mir 
dlehem, have a causal xriatfeashto 
, PM. Hag. 1914, [vL] 97, 7«fi 
iwie, J. Amer. Chsia. See. 191A 96, 1449; 
1916, 88, 762). 

Cn satu r ation iis^Iiee the ineaMoe In 
moleonle of ebrinme whkh ass fana toanea 
nndsr tha tofinenoe of an risetrie field, Tha 
rimrie wntw moleonle 


doublate,aeln ) Mifi 

the eto fiw dsetioni ri Hm aygsti 
mm into «tdh poriHons M anufie Hnm 41“ 




pqidim parU ql tbaae doublets, so that aa 
QilMual distribution of dbotrio ebargss will 
XMuIt. By firozimify of two such molecnlea this 
iuie^iial wtribution is aooentuated and may 
lead to the formation of associated molecules, 
poBsesBing a still larger electrostatio moment, 

fid which the constraints are correspondinglT 

weakened. Further association can occur untn acida by strong bases (Wtenann, Ami. ?liyn% 


• Tim heat fonnation of watc^ 
is +ldf700 gm. oah per gm. moL at 0^ the 
mmb at oth^ temperatuiei i, being by 
>fl4,70a-S0r. This is the most pzohaMe 
vsloe derived from' a number of researches by 
di&rent methods, asfoQowss ' ' 

1. From the beat of neutralisation ofutrong 


mihanoement of these effects. 

Great attractive forces are exerted by such 
associated molecules upon any solute BX; 
these forces are cumulative as the molecules 
come into closer proximity, and can evidently 
lead to the formation of complexes of the type 
B(HaO}«— X, in which the constraints upon the 
elMtrons are still further weakened. Such 


1905, [iv.] 18, 793 ; Heydweilier, Ann. PMsOc. 
1909, [iv.] 28, 503 ; Thomsen, Thermowesou 
Untersuoh. 1882 ; Muller, Bull. Soo. chim. 1919, 
[iv.] 23. 8 ; Muller and Bauer, J. Chim. Phya. 
1904, 2, 457). 

2. From the change of conductivity of 
pure water with chai^ of temperature; caJ* 
culated by van ’t Hoff from the data of 


complexes are much less stable than the simple rausoh and HeydweiUer. 

component molecules and dissociable at any ® ™ 

point, and it is thus possible to see how hydration 
may cause ionisation. 

The essential probability of this theory 
is Unatrated by the case of aqueous hydro- 
chlbiio acid. Both hydrogen chloride and water 
when pure are almost non-conductors (Kohl- 
tausch and Heydweilier, Zeitsch. physikal. 

Chem. 1894, 14, 326; Steele, McIntosh and 
Archibald, f6td. 1906, 55, 148); both contain 
unsaturated atoms in the simple molecule and 
are in consequence associated ; both have high 
dielectric constants. When mixed they con- 
stitute a good dectrolyte. 

In contrast with the older ionic hypothesis, 

KendaU^s theory permits us to regard the 
ionisation and conduotivity as due to bM 
eonstituents of the solution. Complex mole- 
eules (H«0)x*(HCi), are formed ana dissociate 


3. From the variation with temt 
of degree of hydrolysis of salts (I 
J. Chem. Phys. 1907, 5, 145, 574; 1908, 6,V 
81 ; Noyes, Carnegie Inst. Publ. 1907, No. 68 

H. A. B, 1 

Water in its Eeanomie and Sanitary Relaliofl 
Drinking Water. 

Water for Domestic Supply. 

Water is absolutely indispensable to both 
animal and vegetable life; it is «the cause 
of many of the most stril^g phenomena in 
nature, and is employed for countless purposes b^ 
man. Its distribution is as wide as that of the air 
itself whilst its amount on the earth is enor» , 
mousiy greater. In an absolutely pure state itf 
is never met with in nature. The impurities in 
natural water are derived^ rom the materiahH- 


to ykud positively and negatively charged radi- solid, liquid, or gaseous-^-with which it <mmes in 


oali. TaMng the simplest case these would be 
eUher (a-H-O)^ and (H-H,0)+ or (HCl-OHr 
and (HG1*H)*^, and on inspection these two 
alternatives are seen to be the same thing. 
The oom|dex (HaOd)** may be regarded either 
as a hv^tM chloride ion or a solvated 
hydroxyl ion. 

The following table shows the degree of dis- 


contact, and they may be present either in 
suspension or in solution or in both. Inasmuch, 

therefore, as the interest attaching to different 
waters depends upon the impurities they oontain, 
and these are dependent upon the mattets with 
which they have been in contact, it is most eon* 
venlent to classify waters according to their or^liii* 
1. Bain-waieft snawp haii, aeWp and aSar* 


ioeiation of pure water at varions temperature frost. All these forms <n wate are obtaiiied by 


ir^ a being the weight in gims. of 

hydfOgmi km In 1 e.c. of water at the stated 
lempefafore. 

Tsiiip* a X 10^* 

0® 0-36 

2® 0-40 

10® 0-57 

18® 0*80 

26® MO 

34® 1*45 

42® 1-91 

50® 2*44 

S liiiauseh and Heydweilier, Wied. Ann. 

I, 53, 234; Zeitsch. physikal. Chem. 1894, 
14, 330; llie numbers are in substantial agiee- 
la^ with the indirect measuxements of 
Zritsch. physikal. Chem. 1893, 11, 
ii3 ; Hernst, ibid. 1894, 14, 155 ; Lorens and 
BshL ibid. 1909, 66, 748 ; Noyes and Kato, 
OjdL 1910, 73, 20; Bolesalek, Zeitoeh. Xtek- 
tamlwsi. 1899, 5, 536 ; Kanolt, J. Amer. Chmii. 
See. ' 1969r/29, 1414; Lewis, Brighton and 
SelNMte ibid. 1917, 39, 2260; 3. 

CAmasu Ffcys. 1907« 5, 589 ; HeydweiOer, Aast. 
PlQfift. 1909, [Ir,] 28, 511). 


the condensation of the aqueous vapour whieh 
is invariably present in the air. The amount of 
aqueous vapour which can be oontained in a 
given volume of air is solely dependent upon the 
temperature. If the atmosphere has become 
saturated with aqueous vapour at any given 
temperature and is cooled below that tmpenif 
tore, the ezoess of aqueous vapour will eoiiAms(S 
according to ekoumstiiices, as rain, hai], anoWt 
mist, dew, or hoar-frost. This ooi^biisaliion is 
promoted bythepresenoeof dustanddeOttMljr . 
charged particles. All these forms of witw 
having been only in contact with the-sds nii^, 
not with the earth are oharaoterised by im 
small proporlkm of solid matter wUdh Ito: 
contain, although Gia amount found, tbjgfMw 
in tile vieinity of towns, is often 

falling in the neUhbm^&Irf^il^^ 
often mixed to a eonsfilemble esteni wMi sen* 
spray, whieh with favonsable irindi ii enodlpi. 
many In the loilsertBg taWt siii'' 

n<M»^ the mariwawi, wliiinwia, 
mopetlkMM'mttAM 
ot nds«mtiw 



itATOk 



payonty 

* • 

Onaalo 

catbu 

as 


mtKWBn 

sitkIMei 

sad 

idWltes 

i 

4^M>u 

BnaMi. 

Miniiwan . .. . 

0<62 

0«21 

0*003 

0*006 

0 

0 

0 

Muianm . . . 

8*58 

0*372 

0*121 

0*166 

O-OM 

1^ 

I'J 

Average 

Rila-water coileoted at 

3*42 

0*096 

1 

0*021 

0*049 

0*007 

o-ss 

0*6 

Land’s End, Ckxmwall, 
Jan. 2, 1873 

Rain-water collected near 

42*80 

0*131 

0*034 

0 

0*020 

21-8 

10*0 

Hyde Park, London, 
Nov. 8, 1873 

2*76 

0*383 

r — ^ 

0*040 

0*210 

0*008 

0*{f 



II is thus seen that the composition of 
kin-water, even in the open conntiy, is 
sble to ^at fluctuations, and that the 
cnount of impurity, both mineral and organic, 
occasionally surprisingly large* The amount 


of organic impurity in dew and hoar«frost 
is still greater owing to these forms of water 
being condensed out of the lowest and most- 
contaminated couches of the atmo^^beie* 
Thus— 


Sbvxh Sawflbs or Dbw aki) Hoab-vbost, Rothamsted, 1869 and 1870* 


(Resiilta of Analysis expreBsed in parts per 100,000.) 


— 

Total 

solids 

Organic 

carbon 

Organic 

nitrogen 

Ammonia 

1 

Nitrogen 
as nitrates 
and 
nitrites 

(Hdorine 

sm- 

Minitniim 



2*64 

0*196 

0*026 

0*130 

0 

0*35 

i-a 

Maximum 



8*00 

0*460 

0*196 

0*280 

0*060 

0-80 

2-5 

Avwage 

• 

* 

4*87 

0*264 

0*076 

0*198 

0*023 

0*53 

19 


Two other impurities, not referred to above, 
which are fleneraily present in the rain-water 
and snow of towns are sulphurous and sulphuric 
acids derived from the combustion of coal 
Angus Smith found in the rain-water of London 
3*^ of Liverpool 3*96, in that of Manchester 
4/48, and in that of Glasgow 7*02 parts, of 
autohurid acid per 100,000, to a considerable 
ex&nt in the free state. Sendtner found 
ftesIdp^aUen snow in Munich to contain 0*7 part 
•nlphurie acid (SOg) pur 100,000, on the follow- 
li^ day 1*76 parts, after 10 days 6*22 parts, 
Mm aner 16 days 9*18 parts. The presence 
this tee add In the ram-water of towns is, 
of eomse, not only detrimental to vegetation, 
tel also to sculptures and buildings in which 
‘ * or limestone are employed. The pro- 
i of ammonia increases in the snow aftsr 
on^the ground (Wagner, Taohnologie, 

Vfkni iurfm water most nearly ap- 
in oomimtion to that of the atmo- 

It 

la faet» rain-water which baa underuone 
amtena contact with the earth, althoog^ in 
oonseqnenoe of its solvent action even this 
oentaot is suflkient to impart to the water in 
. many oases such proportions of dissolved 
maiMf aa are nevw found in rain-water. The 
aneant and aatnie of these umredients depend, 
M omute ate&ly apoa the Sbd of toil over 
water has traveiled, and consequently 
teaSBMis aoBViNdant to suhdlvjkle till class 
to tlia geokgioal chanetcr of the 



In the tables on p. 370 ate recorded the 
maximum, minimum, and avera^ amounts of 
impurity found in the examinafaim dt a tefi ; 
senes of samples of waters prinoipaliy derived 
from land not under cultivation, so as to re- 
present the characters naturally acquired fey 
water passing over the various feotogteal 
formations. 

The tables (L and n.) show that uplaiid 
surface waters generally contain a oons Mte at ie 
amount of dissolved matters only wtea tey 
are derived from oaloaxeous strata. 
organic matter is subject to great variatiott, mi$\ 
in every case oontams only a very amiA' pas- 
portion of nitrogen in oomparismi I3m:- 
carbon, indieatiog that the organic fubefeitiiea 
present are of vegetable ori(p, whidi Is 
attested by the almost entire abemice : 

mcmia, nitrates, and nitrites, dl 
when present In amount beyond ted in wUdh 
they occur in rain-wate, am nearly exdnsivifejr 
denved from the decomnositioii of satesg 
matters. The ddorine is uso low* the 
gathering grounds being geneiiQy bmnft te 
reach of sea-spiay and not leeshpist te XtlM 
excrements of animals, which are iteMKly 
rich in chloridss* whilst tern their aula auliiiaa 
contact with the ami tiny have not estrartitl 
any ooBsideraUe quanUtwa of thaaitts ynite 
1 b the latter, as is the oaumMi anrfi^.tei 
well-water. 

3. Anr/sce water ihrwad /tea 

teA-Thia inefaKte the gnat bc^T # 
waters^ inaamaoh as jvaotMlly alliitewiijl 




&. -'...O' 



m WATB& 


L-^WaSUS VBOM Noir^ULOAMOVS BftJOA. 
(Betiilteot Analyris wqitttaa^ In tMffto per 100,000.) 


DesoctpUoii 

Total 

solid 

matters 

Organic 

carbon 

Organlo 

nltco- 

gea 

Am- 

HHcro- 

gmas 

nitrates 

and 

nitrites 

Total 

com- 

bined 

nitro- 

gen 

Ofakr- 

ina 

Hardness | 

TSm* ] 
porary 

Pgny- 

Total 


(a) Upland surf ace water from Igneous roeks^ 





Mharinmm 

12-70 

0-582 

0-071 

0*004 

0-029 

0-073 

2*10 

0-4 

6-7 

6-9 

Miniipum 

1-52 

0-074 

0-013 

0 

0 

0-014 

0-35 

0 

0-8 

0*8 

Avorage (18 samples) 

5-15 

0-278 

0-033 

0-001 

0-002 

0*035 

1-13 

0-1 

2-0 

2*1 

(6) UpkLnd surface water fr<m MetamarphiCf Cambrian, Silurian, and Devonian rocks^^ 


Maximum 

12-48 

1-059 

0-076 

0-008 

0-043 

O-llO 

3-35 

1-8 

6-0 

6-0 

Minimum 

2*14 

0-042 

0-001 

0 

0 

0-002 

0*52 

0 

0-3 

0^4 

Average (81 samples) 

5-12 

0-293 

0-024 

0-003 

0*006 

0-031 

0-92 

0-3 

2*5 

2-5 

1 (c) Upland surface water from Yaredale and miUaUme grits and non-cakareous parti 





the Coal Measures.^ 






Maximum 

15-00 

1-467 

0*103 

0-024 

0*042 

0-116 

1-59 

3-7 

811 

8-7 

Minim ww 

4-58 

0-033 

0 

0 

0 

0-012 

0-65 

0 

Of 

0-9 

Average (47 samples) 

8*75 

0*377 

0-033 

0-003 

0-010 

0-050 

1*05 

0-4 

4-3 

4-7 

(d) Upland surface water from Lower London Tertiaries and Bagshot beds. 



Mawimiitn 

13-14 

0-439 

0*056 

0-012 

0*020 

0*086 

2-60 

0-9 

5-6^ 

5-6 

Minimum 

6*92 

0-282 

0-039 

0 

0 

0-039 

1-24 

0 

1-8 

1-8 

Average (3 samples) 

8-40 

0-379 

0-048 

0-004 

0-007 

0-068 

2*06 

0*3 

3-5 

8-8 


I All soft uid peaty. Generally turbid, and of a yellowish or even brownish ooionr. 

* This water is also generally peaty, and often turbid and coloured. Owing to the large area of these rodcs 
aaposed they farm some of the most Important gathering grounds, especially in Scotland. 

* Soft, but generally turbid, peaty, and of a yellow or brownish ooionr. 


11. — ^Watbbs fbom Caloabxous Stbata. 
(Aesults of Analysis expressed in parts per 100,00.) 


Description 

Total 

soUd 

matters 

Organic 

carbon 

Organic 

nitro- 

gen 

Am- 

monia 

Xitro- 
gen as 
nitrates 
and 
nitrites 

To^ 

com- 

bined 

nitro- 

gen 

1 

Chlor- 

ine 

Btardness 

Tern- * 
porary 

Perma- 

nent 

Tbtal 

1 (a) Upland surface water from Silurian and Devonian roeks,^ 




MaTnmnm 

14-46 

0-475 

0-046 

0 

0-055 

0-080 

1-62 

3-5 

9-6 

9-6 

Minitnnm 

12-26 

0-103 

0-008 

0 

0 

0-016 

0*83 

0 

5-2 

7-8 

Avarage (3 aamplM^ 











all fiom Sootliuad) 

13-71 

0-301 

0-026 

0 

0-021 

0-047 

1-20 

1-2 

7-4 

86 


b) Upland surface water from Mountain Limestone 





Mkrimiim 

23-40 

0-812 

0-097 

0-002 

0-042 

0-097 

1-59 

9*3 

106 

146 


12-45 

0-218 

0*023 

0 

0 

0*024 

0-92 

1-7 

4-3 

0*8 

Avegrage (7 samples) 

17-07 

0-370 

0-047 

0-001 

0-011 

0-059 

1*24 

6-7 

76 

12-7 

(e) Upland surface water from calcareous portion Oj 

1 

1 



Maximum 

77-36 

0-856 

0-089 

0-010 

0-061 

0-122 

4-85 

11-6 

136 

286 

Miiiimum 

10-20 

0-082 

0-001 

0 

0 

0^14 

0-84 

0 

36 

86 

Avwage (20 Mun^) 

22-79 

0*346 

0-037 

0-003 

0-016 

0-056 

1-52 

4-0 

8-8 

126 

(d) Upland surface water from Idas, New Bed, and Conglomerate Sandstone. 



Maarinmm 

26-32 

0-506 

0-075 

0-008 

0-034 

0-100 

2-00 

16*0 

126 

246 

ySniimim 

11-08 

0-186 

0-020 

0 

0 

0-022 

0-99 

2-9 

3*1 

86 

Am,g5 (8 aamplM) 

18-92 

0-300 

0-042 

0-002 

0-012 

0-056 

1-50 

7*8 

66 

|l46 

I (e) Uplandeurfauwater from Magnesian lAmeslone^ 




Bipoi|,tihaKac Beck, | 











8 nilM from aonioe, ^ 

17-84 

0-172 

0*036 

0-001 

0 

0-087 

i-40 

6-4 

86 

14^ 

Jan. 27. 1874 .) 












(/ 

') Upland surface water from 





iBm Wicmt, abov«\ 











W«odlMid« llill.1 











SoaaxMttiiireb i 

17-46 

0-826 

0*025 

0-004 

0-042 

0-070 

1-55 

6-6 

86 

116 

limAl0,l87O j 















miiiT bdim 


gnat flabteMtkiBi At wflineat mmmm of the Bti^ mten of ti 


•'WATML , ■ ' 'WI', 

eadiag b dbirad from oideamotti or ncia-otleMEMnt 
M/b to dMeiotv. The fcdlowinf vesulb of mmiymm dt 


iptjkm MO comi 


jTNur. 1 %b jroa|ii iii»y be oonto from the SizOi Beport of tbe Bivexs 

into two enb«grei 90 f ooooxdiQg mi die watM mission, 1874 :— 


SOBVAOS WATEBS VBOM CuLXIVATBB LiJSfJ}. 
(Essoltft of Analysis expressed In parts pear 100,000.) 


Description 

Total 

soUd 

matters 

Organic 

carbon 

Organic 

nitro- 

gen 

Am- 

monia 



(a) Water from non-calcareoua districts^ 


Maximum 

18*10 1 

1-124 1 

0-112 1 

0*066 1 

0-268 1 

0-393 

2*80 

4-6 

8-0 1 

10-1 

Minimum . . I 

5*26 1 

0*126 

0 » 


0 j 

0*017 

0-70 

0 

1-8 

2-1 

Average (31 samples) 

9*52 

0-276 I 

0*034 

0-007 ' 

0-089 

0-128 

1-49 

0*6 

4-3 1 

4-9 


(6) Tra<ef/romca{(^reoM(iMincis.* 


110-40 

1*338 

0-307 

0*030 

1-005 

1-096 

12*76 

26-3 

42-1 

13-22 

0-069 

0*009 

0 

0 

0-033 

0*54 

0 

2-1 

30*08 

0-268 

0-063 

0-006 

0*267 

0*314 

2*24 

12-4 

8-2 


Maximum 

Minimum 

Ayerage (144 samples) 


^ tJsually turbid, organic matter generally moderate in amount, but partially of animal origin. 

* This result is extremely improbable, more especially as the particular water in ouestion (a sampla m 
water supplied to Bury and Badcliffe, Lanca^diire) contamed 0*229 organic carbon, 0*082 ammon ia, and 0*000 
nitrogen as nitrates nilritm. 

* Generally turbid, the organic matter is much the same in amount as in the water from nonHadear eoui uls* 
triots, but generally more nitrogenous, in consequence of calcareous soils being usually under bigher mutlyalm 
than non-calcareous ones. The total combined nitrogen is also for the same reason considerably greaser, ana too 
hardness is, of course, very much higher. 


In oonneotion with the effect of cultivated 
land upon the water with which it comes in 
contact, it is instructive to note the nature of 
the water which drains from such land, as this 
throws light upon the composition of subter- 
ranean waters (from springs and wells), which 
will bo considered below. 


In the following table is recorded the oom« 
position of the water obtained from diain-j^ies 
placed from 18 ins. to 5 ft. below a j^oi of iim 
at 'Bothamsted which had remained both 
unmanuzed and uncropped for a period of 
11-15 years; — 


0o»osmoxr of Watxb fbom Lakd unhabubbi) akb ukoboffbd fob Elxvbit to Tsmm 

Yxabs.^ ( 6 th Bep. Biv. Com. p. 62 .) 

(Besults of Analysis expressed in parts per 100,000.) 


Description 





IfuianiAi . 63 *S 8 

Miniimua IS-OO 

'Amnig» (U aamplM) 
i Abteitwtod over 


0-116 0-026 4-936 4-981 
0-026 0 0-607 O-OM 

0-063 0-006 2-196 



^ IhsMinOiW'ndffiftaaalMCtotitfU^ 


be tecta ftaei tlie eo&Teitam of the It b ini 
i|piW:'iplwgen«aw 4 a|pudo metitor la the aoO the emaacN 
italta 1 BaiiwiJw 6 ABetwb»wayetoyproeeee,laigB ^t of lu 


oeitiaa to tanapHO -wilh fho ahoae.,: 
itba in the nater ^hataldg iNOt ta \ 
l .aaaiHiaiid fn i6>21 nanii hah 


cedaetBbaTn7BlovpnMeeB,laige ^t of laod aaaiHiaiid fn i6>21 nanii hah 
tatotaei beiag elill praeeat ia the ooatiaaoiiitr beetlag aa aaaaal wBMta artf 
■itajtnaeb^oleenaayyeank dnibig Iheg tbaetr-' 





























m WATSB. 


iSmmmov OF Watsb fboh Lakb immxvwh fob Bixtiait to Twvimr-oBa YiABSt nm 
coKTiBTToosLY BXABiBO Wbbat Obofs. <0th Eep. BIt, Ooib. p, €0.) 

<Be8ultB of AnaSaniiii fixprested iB |»rtB 


Descriptloii 

Total 

solid 

matters 

Organic 

carbon 

Orsanlc 

mtro- 

gen 

Am- 

monia 

Nitro- 
gen as 
mtrates 
and 
nitrites 

Total 

com- 

bined 

nitro- 

gen 

Chlor- 

ine 


■ 

Tem- 

porary 

Perma- 

nent 

Total 

Maximum 


48*40 

0*242 



2*268 



14*1 

22*4 

82-7 

Minimum 


13*80 

0*099 






8*9 

3-9 

13-5 

Average (11 samples 













distributed over 


24*96 

0*170 

BEMI 



— 

1*37 

■so 

6-i 


10*2 

five years) • 







} 




[■ 

L 



As might have been anticipated, the proper- We will, in the next place, compare With the 
tions of ammonia and nitrates finding their way above the comi^sition of the di^m water 
into the drainage water in this case were much from land whicn had been manured apnuallj 
less, and in the summer months during the with 14 tons of farmyard manure per acm over 
growth of the crop the amount of this mineral a period of 24-29 years, and bearing \wheat 
nitro^n found in the drainage water was continuously during that time : — 
practically nt7. 

CoMPOsmoN or Dbajnaqe Watee fbom Land manubed with 14 Tons Fabmyabd Manube 
FEE Acee foe Twbnty-foue TO Twenty-nine Yeabs. (6th Rep. Riv. Com. p. 68.) 


(Basults of Analysis expressed In parts per 100,000.) 



Total 

solid 




Nltro- 

Total 


Hardness 


Organic 

carbon 

Organic 

mtro- 


gen as 

com- 

Chlor- 

ine 



1 

Description 

Am- 

monia 


bined 



' f 

matters 

gen 

and 

nltro- 

Tern- 

Perma- 

Tqtal 





nitrites 

gen 


porary 

nent 

Maximum 

61*20 

1*243 

0*335 

0*062 

2*692 

2*764 

3*36 

12*1 

20*6 

32*1 

Minimum 

14*00 

0*181 

0*036 

0 

0*082 

0*130 

0*60 

1-4 

0*4 

8*7 

Arenm (13 samples) 
over five years) ./! 

1 

25*90 

1 

0*519 

1 0*116 

1 

1 

0*009 

0*628 

0*665 

1*30 

6-8 

8*6 

16*4 


Thus the difference between the drainage those obtained in the analysis of a number of 
waters from the unmanured and manured land samjples of the drainage water from sewage farms, 
is not nearly so great as might have been ex- inaQof which the town sewage is, or was, applied 
peeled, being principally confined to the larger to land, with the double object of purifying the 
proportion of organic matter found in the latter, sewage and deriving a profit out of toe crops 
The above results may be oompared with laisea Thus:-^ 


GkiMFOSPcrov OF Dbainaob Water feom Sewage Faebis. (6th Rep. Riv. Com. pp. 65*67.) 
(Results of Analysis expressed in parts per 100,000.) 


Dewxiptioo 

Total 

solid 

matters 

_ 

Orgsaic 

carbon 

Organic 

mtro- 

gStt 

Am- 

monia 

Nitro- 
gen as 
mtratsi 
and 
nitrites 

Total 

com- 

bined 

nltio- 

gen 

. .. 

emor- 

ine 

Baldness , 

Tem- 

porary 

fwaur 

.MBt 

Tblil 

Mtrimnm 


2*180 

IH 

1*366 

6*499 

1 

6*833 

13*40 

36*9 

39*8 

86*8 

MlidttHmi 





0 

0*069 

2*10 

0 

3*9 

8'9 

Avinee (72 BuaplM) 

64*02 

0*982 

Bll 

0*388 

0*706 

1*260 

6*36 

17*6 

18*4 

fTgil 

ill 


f wilt be seen that the draini^ water from plants. Occasionally, as indicated by the above 
iKUrn Is generally richer in organic and minimum results, the drainage water feom 
'hwigiaio Impunties than the water draining sewage fams Is reoisrlmbfyfreelromisapariliea^^ 
feom mattuioa or unmanured land, the passage A mndh poiar dmlaage water is often yhMed 
- el the water ihroiigh the ground being in the in the mtennlttent downwaaed ffifesrieoat ef 
letter ease a mudi sfower one, and thus aUowiag sewi^ throu|^ suitaUe IwmL ^ 

fhi^ in mem perfect piiwifioarion ^ sc4I atm tlM gained of Ifet eiimfeA\ 

































■ w«W. . 

Wmk» WAnm* 

jbudyils exprened in ittrts pet 100,006.) 



mm 

mitten 


Offiiilo Orginio Am* 
oirbon Dittogen monli 


Kltrogen 

ie Total 
nitcatei oomUneA Chlotllii 
and iiltrogeii 

nitrites 



Maximum 

Minimum 

Mijrimum 

Minimum 

Maximum 

Minimum 


Maximum 

Minimum 


From Cfneias and Silurian rocks ^ (6th Bep. Rir. Com. p. 69). 
100*20 I 0*362 I 0*110 | 0*625 | 2*465 | 3*090 | 17*00 | 22*3 

6*32 I 0*027 1 0*003 | 0 | 0*033 | 0*040 | 0*90 | 0 

From Devonian rocks ^ (29 samples analysed). 

105*20 I 0*794 1 0*172 I 0*630 I 4*197 I 4*261 I 17*00 I 18*3 

12*16 I 0*004 I 0*003 | 0 | 0*033 | 0*039 | 1*60 | 0 

From Toredale and MiUstone grits ^ (20 samples analysed). 
133*60 I 0*859 I 0*216 1 0*010 | 5*100 5*200 I 13*90 1 37*2 

5*92 1 0*039 1 0*007 1 0 | 0*006 0*013 | 0*65 \ 0 

From Coal Measures * (44 samples analysed). 

220*92 1 1*200 1 0*169 1 0*170 110*102 110*262 I 29*00 I 28*2 

9*40 0*024 0*007 0 0 0*015 0*99 0 


From Mountain Limestone and Magnesian Limestone ^ (9 samples analysed). 
Maximum I 108*88 I 0*190 | 0*070 | 0*002 I 4*812 | 4*884 I 13*35 I 40*1 I 48*5 
Minimum | 45*84 \ 0*037 1 0*010 | 0 0*527 0*549 2*40 18*3 21*8 


Maximum 

Minimum 


Maximum 

Minimum 


Maximum 

Miriimum 


From New Red Sandstone * (87 samples analysed). 
240*20 I 2*349’ 1 0*346’ I 0*620 I 14*717 I 15*333 I 39*00 1 

20*64 I 0*029 1 0*009 | 0 | 0 | 0*027 | 1*40 | 

From Lias * (38 samples analysed). 

306*85 I 1*792 | 0*298 I 0*152 I 19*858 I 20*123 I 40*50 I 

49*48 1 0*052 1 0*023 | 0 j 0 1 0*033 | 1*75 | 

From Oolites * (25 samples analysed). 

269*60 1 2*662 I 0*531 I 0*240 | 12*220 1 12*508 I 44*50 I 
31*00 1 0*041 1 0*008 1 0 0 I 0*178 1*23 


From Upper and Lower Greensand and Wealden (21 samples analysed). 
Maximum I 381*10 I 0*485 1 0*196 1 0*160 I 6*722 I 6*735 I 82*50 1 35*8 1 44*7 
Minimum 10*52 0*014 0*006 0 0 0*012 2*10 0 3*8 


Maximum 

Minimum 


159*16 

32*48 


From Chalk (33 samples analysed). 
0*772 I 0*340 1 1*700 I 6*345 1 7*779 1 28*50 
0*014 0*007 0 0*613 0*628 1*79 


From gravel on the London Clay (49 samples analysed, 37 from London itself). 
Maximum I 396*60 I 1*006 I 0*604 I 2*750 I 26*840 I 25*927 I 34*60 | 49*2 I 164*3 

Minimum 31*80 0*040 0*012 N) 0 0*013 1*90 I 0 5*7 


Maximum 

Maximum 

Minimim^ 

'Mmiimimi 


286*80 

23*18 


From Bagshot beds (8 samples analysed). 
1*295 I 0*154 I 0*630 1 17*940 | I 31*15 

0*078 0*027 0*001 0. 0*087 2*48 


From Fluvio-marine series (13 samples analysed). 

66*12 I 0*429 I 0*093 I 0*016 | 3*640 I 3*734 | 7*20 I 12*1 

8*16 1 0*063 1 0*010 I 0 I 0 I 0*010 1 2*40 | 0 

From AUuvkm and gravA (29 samples analysed). 
320*72 I 0*931 I 0*940 I 3*050 1 11*265 I 14*300 f 36*25 I 36*4 

28*58 0*015 0*010 0 0 0*074 1*70 2*7 


Xfl im^taa cases clear and palatable. * Generally clear and palatable. * Almost ail dear and pMataMi. 
* m many esses clear and palatable ; but In others tnibla, and eiren very turbid, 

^ * AUdear or slightly turbid and palatable. 

* Generally dear, or only slightly turbid and palatable. In a tow cases tdhie taste. 


* Generally desr, or only slightly turbid and palatable. In a tow cases sdhie taste. 

this water dear and palatable. ^ In nesily Aesses dear^ or dlditly^tiirbld and palsttddtw 

* Yar^ring 

CXsm to ycgy turbid. ntotabto,moocaBtoa^slit^8ailne taste. 


Qy more or less turbid, rsiatable, 

Alatable, or oocastoasUysUt^ saline taste. 

*4 Oenaeilly umorlsmtiubMandpstetable. OcMraattys^t sdiiieteM. ^ . . 
SQgti^mcueorlBsstubtoandpiimA ^ ^ w tmhid 

mssallrdssKerimlydi^tly tuiWaadpils^ Occsdons^slii^silte 












m WA9E^ 

fkk of wttteB draining from onltivated land « ISioiiietttltBiMordedl&O^ 
boOomoB of special value in studviqg the natofe lo ahoer the gmoal oompoeifion of alia&^ vdLl 
ol the next group of waters (shaubwvrell water)* waters as met with in Cheat Britain^ 'Obe 
4* JShaUow weU water, — ^It has been esti- Oompoi^on of these waters viwies within rery 
mated that about twelve millions of ike in- wide limits^ even when derived from <me am 
habitants of Great Britain are supplied with the same g^ogioal fonnation» which is due fo 
water for domestic purposes from shwow wells* their bdlng not geneiaU^ an aqueous extract of a 
This class of water is Very liable to serious con- soilin its natuiM condition, but of ground which 
tamination with sewage and refuse animal is often saturated with sewaffis and other animal 
matters, inasmuch as such wells are almost in- refuse* In consequence of the oxidising nower 
variably sunk in the vicinity of human dwellings, of soil, the organic matter of this refuse Is not 
and fmquently within a few feet of the cesspool unfrequently almost entirely destroyed before 
receiving their drainage. It is these waters reaching the wells, and even the ammonia, 
which Imve most frequentiv caused serious out- which is one of the first products of its deoom- 
breaks of tj^hoid fever, la consequence of the position, has often disappearod, having generally 
great pracucal interest attaching to these waters, become converted into nitrates and nitrites* 
their composition will be considered in con- Of nitrates and nitrites these shallow well]watei8 
neotion with the principal geological formations generally contain some, and often a\ large 
upcm which such shallow wells may be sunk. amount, which thus, together with the amiponia, 

Bxsp WicLL Watxbs. (6th Bep. Bay, C!om. p. 89*) 


(Results of Analysis expressed in parts per 100,000.) 



Total 

MUxo- 

carbon monia 

nitrites 

Total 

com- 


Hardness 


Description 

solid 

matters 

bined 

nitro- 

gen 

(chlor- 

ine 

Tem- 

porary 

Perma- 

nent 

Total 

Maxfmufn 

45-30 

From Devonian rocks, 
0-083 0-016 0-001 0-696 

0*713 

4*20: 

26*2 , 

16*4 

32*5 

Minimum 

8*94 

0-021 0-006 0 0-044 

0*049 

1*40 

0*5 

3-1 

3-p 

Average (5 samples) 
Polluted well at 

29*41 

0-047 0-012 0 0-400 

0*412 

2-90' 

8*9 

9*4 

18-3 

Bromyard * 

85*12 

0-177 0-048 0 2-279 

2*327 

11*26; 

25*0 

16*2 

41*2 

Polluted well at 
Ihindee 

27-60 

1 

0-119 i 0-027 1 0-026 0-632 

0*580 

3-Q6: 

9*6 

8-6 

18-1 

Wen at Bradford, 
Yorks * 

65-40 

From Millstone QrU. 

0-160 0-006 0-028 0-038 

0-066 

3-23 

6*8 

7*3 

14-1 

Well at Glossop, 
Derby « 

26*32 

0-092 0-020 0-003 0*019 

0-042 

0-89 

9*8 

5.-9 

18-7 

Maximum 

144*88 1 

From Coal Measures. 
0-198 0-064 0-170 1 1-468 

< 1-484 

60-86 

28*2 

48-6 

|76-0 

Minimum 

33*42 

0-046 0-014 '00 

: 0-029 

1-29 

5*7 

1-2 

8-9 

Avmcm* <9 aamploB) 

1 83*10 

0-119 0-034 0-044 0-207 

; 0-278 

18-06 

16*1 

20-6 

86-7 

well at 
Holyfood. £din- 1 
boi^ . . .j 

i 

1 

: 

1 92*54 

0-326 0-176 0-066 0-960 

1 

j 1*171 

7-96 

27*9 

8-3 

:S6-2 

Mawl^, Wood- 

54*32 

From Magnesian Limestone.' 

0-139 0-039 0 1-188 

i 

1*227 

3-20 

23^ 

26-0 

48-4 

Pontaimidk Yotka 

84*92 

0-064 0-021 0 2-673 

2*604 

6-85 

26*5 

40-8 

«7-3 














Dworipiion 


BWP Wbut WAfims (dofU^iMMit). 




nlXi 


Nita^ Mai 

and nitro- ^ Tea> |Peniia*l 

nitritea gen porary' neat 


From New Red Sandstone, 


Maxtiiimn 

Mnummn 

Average (28 samples) 
Polluted well at Lich- 
field . 

Polluted well at 
Liverpool . 
Polluted well at Ox- 
ton .. . 


Well at Northampton 
Well at Somerton, 
Somerset 

Polluted well at Trow- 
bridge, Wilts 


Maximum 

Minimiifn 

Average (5 samples) . 
Pollute (maximum 
of 3 wells) • 
Polluted (minimum 
of 3 wells) . 


62*84) 

0*091 

0*038 

0*039 

3*508 

3*528 

7*51 

19*4 

20-0 

14*20 

0 

0 

0 

0 

0*009 

1*30 

0 

4-9 

30*63 

0*036 

0*014 

0*003 

0*717 

0*734 

2*94 

7*4 

10-6 

32*06 

0*163 

0*038 

0*003 

0*489 

0*529 

2*20 

9*3 

9-0 

86*70 

0*135 

0*038 

0*005 

8*678 

8*721 

12*61 

11*5 

24-0 

27*80 

0*249 I 

0*034 

0*001 

0*376 

0*411 

3*52 

5*6 

8-6 


From Idas, 


57*76 

0*168 

0 

1 

o 

§ 

0 

0*026 

5*15 

8*6 

17 

84*20 

0*124 

0*030 

0 

0*778 

o 

00 

3*70 

35*3 

14-7 

144*34 

0*236 

0*057 

0*002 

0*550 

0*609 

36*70 

27*4 

297 


From OolUes, 


41*90 

0*054 

0*018 

0*110 

1*898 

1*907 

3*70 

18*0 

10*6 

26*60 

0*023 

0*005 

0 

0 

0*099 

1*35 

8*3 

3*6 

33*60 

0*037 

0*010 

0*022 

0*625 

0*654 

2*69 

13*8 

6*8 

71*04 

0*217 

0*053 

0*002 

0*778 

0*800 

7*80 

26*4 

12*9 

27*48 

0*106 

0*020 

0 

0 

0*047 

2*10 

12*6 

8*6 


35*6 

5*7 

17*9 

18-3 

35*6 

14*1 

10*3 

50*0 

67*1 

23*0 

18*9 

20*6 

30*3 

21-2 


Maximum 

Minimum ' 

Average (20 samples) 
PoUutiKl well in 
Lower Greensand 
at Sevenoaks 


Maximum 

Avwtage <66 nmples) 
Foliated wella, mud- 
' nooi . 

Feilated wells, mini- 


From Htutinga Sand, Lowar and Vpptr Oreensand, and Wealden. 

79-20 0-120 0-021 10-074 1 1-074 1-086 10-00 27-8 26-0 44-8 

1-60 1-1 1-2 3-6 
6-38 16-8 10-6 27-3 


28-24 0-028 0-003 1 0 | 0 0-007 
46-20 i 0-068 0-014 0-016 0-196 0-223 


38-70 1 0-447 0-072 0-262 0 324 

From Chalk. 


66*34 

0-131 

1 

o 

0*029 

2*277 

2*319 

11*10 

138-6 

13-8 

23*30 

0 

0 

0 

trace 

0*014 

1*00 

10-8 

27 

9 

CO 

0*050 

0*017 

0*001 

0*610 

0*628 

2*76 

217 

6-6 

216*40 

0*821 

0*186 

0*150 

3*401 

3*484 

106*0 

36-1 

34-3 

32*16 

0*107 

0*028 

0 

0 

0*204 

1*83 

13-9 

6-3 


From OhaOt Imtath London Clog. 



Welle 
Baandinr . 




10670 

0-195 

0-067 

0*118 

0-046 

0-681 

38*80 

29-5 

26-41 

38-38 

0-065 

0-006 

0 

0 

0-063 

2*38 

0 

0-9 

78-00 

0-093 

0-028 

0*048 

0-068 

0-136 

15*02 

07 

87 

9070 

0-174 

0-030 

0*021 

2-682 

2-629 

fil*00 

127 

18*0 

82-40 

0-273 

0-042 

0*001 

0-846' 

0-880 

9*05 

28-3 

8‘) 


5-90 7-2 13-4 20-6 


00-0 

19-1 

37-7 

51-6 

33-9 

49-6 

0-0 

19-4 

26-7 

M4 



JVem Thantt Sand hmT Dr^ 

91-10 0-133 0-(»l 0-190 0-4^ 0-467 9-10 337 13*9 34-9 

46-99 9-074 0-019 0 0 0-919 6-30 4-6 3« M 

83*94 0-113 0-020 0-073 9*116 0-303 6-M 14-4 7*6 ||9 



WATBR. 


to tile weter hewing previoiidy been in 
eq^imot leith ^^trogenous <»ga!dc mettor whieh 
W embeeMenUy mideigone destniotion. In 
; idiallo V w3l weteie, even when the ofiganie 
letter is cmly email in amount* it is genmlly 
highly nitrog^ouB* pointing to its probable 
' antnial origin* and in some exceptional cases 
the oiganio nit^en found is actually in excess 
of the cadbon. These waters* which are generally 
suspioiouB from the presence of mineral nitrogen, 
bet^e in the highest degree dangerous when 
the proportion of organic matter is large. 

6. Deep wdl wakre , — It is convenient to 
distinguish for sanitary purposes between 
waters which are obtaind from comparatively 
shallow wells and those which are derived from 
wdls* say* upwards of 100 ft. in depth* and 
sometimes reaching to the distance of more than 
1000 ft. below the surface of the earth. The 
presumption is that waters obtained from such a 
depth Imve undersone perfect filtration through 
porous strata* and consequently it is not usual 
to view the evidence of previous contact with 
animal matters afforded by the presence of 
mineral nitrogen with so much suspicion as in 
the case of the waters from the shallower wells. 
The great efficiency of the filtration which most 
of these deep well waters have undergone is 
attested both by their freedom from organic 
matter* and from every kind of suspended 
material* whether oiganic or inoiganic. In 
consequence of the excellent water obtainable 
from such deep wells* they have been multiplied 
greatly during past years, so that at the 
piesent time not only are many towns (including 
a part of London) and villages supplied from 
thui source* but also nearly all larger breweries 
and many private establishments. In some 
oases these deep wells are of the kind known as 
* Artesiaa ’ (from Artois, in France, where they 
were probaUy first employed) ; that is to say* 
on leaching the water*lmring stratum the water 
time to the level or even considerably above the 
level of the ground* due to the underground 
Water being confined under pressure beneath an 
impervious stratum of clay or the like* and 
IhroQi^ the outcrop of the water*b^ring 
steatum being at a considerably holier altitucm 
Aan thepoint at which the boring has been 
made. Thus* in the London basin, * Artesian 
welb * are obtained by sinking through the 
London clay into the chalk beneath, whmh has 
its outcrop at considerable altitudes in the 
ohalkhills on the north and south of the Thames 
vall^. Owing to the large abstraction from 
ondi water-bearing strata, the water of many 
wdb wyoh formeny rose to the soribce has now 
to be pnmpedL In the majority of deep wells 
tins water dfoee not rise nearly to the snrfsee, and 
Iho pumps have often to be placed at consider- 
depidii in the shaft. It is usual to line 
'ilwis we& with closely -fitting iron cylinders, in 
oSte to esdiide surface water* as unless this is 
done the deq» wells may beoome as objectionable 
and dangafous as shafiow ones. 

' The preceding tables afford a surv^ of the 
ffknmsd Asiaeler of the dera well wafbis bb- 
idned in Cheat BrHsia. £i nearly all the 
aHKi^ssaf which the mintmtin f^ gud 






in most bf the ssethms analyses of deep weB 
waters from the same strata in which polbtion 
bysotiMW or impsrlsoUy*^ water is highfy 
probaUe. 

These fcsnlts demoashcate the great suiwri* 
ority from a chemical point of view of the sub» 
tenanean waters ohtiuned at great depths to 
those derived from shallow wells. Indeed these 
deep well waters are* as reflards organic mattert 
amongst the purest to be found in nature* and 
hence* unless extremely hard* are of the bsst 
quality for drinking purposes. 

Closely associated with these deep WsU 
waters is the next group of spring wateis. 

6. Spring waUT,~ln the following table is 
given the oomposition of* presumably unpolhited* 
British spring waters arranged according to 
geological nature of the ground from whmh they 
are derived, whilst for the sake of com] 

the oomposition of probably polluted 
waters from the same geological sourcdils in 
many cases appended. 

7. Mineral spring vMUera , — ^Many spring 

possess marked medicinal property in 

quenoe of the materials they nold in solution. 
Until the discovery of radium it was generally 
supposed by chemists that the therapeutio 
value of such waters containing only an insigni- 
ficant amount of mineral matter must be 
imaginary, but it is now known that some of 
these* such as the waters of Bath and Buxton* 
are pronounoedly redioaciive* and it is generally 


accepted at the present time that the old- 
established efficacy of these waters in the tieat« 
ment of gout and rheumatism is due to their 
content of radioactive material (ees Nature* 
1911* 86* 167). Indeed* radium-salt is now 
much employed for the artificial production of 
radioactive water for medicinal purposes. An 
immense number of mineral waters are in use^ 
and have been submitted to careful analysis; 
a very extensive collection of such analyses Is 
to be found in Raspers Heilquellen Analysen^ 
Dresden* 1885. 

These mineral waters are conveniently das- 
sified by Hermann Weber (Quain’s DictioiiMy of 
Medicine)* according to the ing^ients whloh 
characterise them* inio--<l) Simple thermal 
waters; (2) common salt or muiiated salhm 
waters; (3) alkaline waters; (4) sulphated 
saline waters ; (5) iron or cludyoeate watem ; 
(6) sulphur waters ; (7) earthy and oaleaieous 
waters. 

(1) The simple ikemat Ufoterep whilit oon- 
tainiog only a moderate proportion of dissolved 
solids* are charaeterised oy a hkh temperainieji 
from 27^-65^ and someUmes the presentee 
of an unusually large proportion ol mlfbgeib 
which is im w Imo wn to be infxed with igKMeee^^ 
queotitles of hdittm. DoubUess tbe medfainel 
reputatioD of most* if not aU» of these wiMi 
depends on their ladioeotfviiy. The prin cip a l 
springe of this efauil are; Paafieoea^ 

Ammo* Gastein* Pftileis* JbhannM>i4 
WildbadU Ffaunfettfee* Bwrioiit IdmcAt 

Teidits, SoUangenbad* ike. 

(2) Common soli or amrisMt asShi ise t i ft 
ecmtafn sodium eUorida aa tha jnlaelaal i 
tnentf attihongh thk also oeows often in 




foe tibs 


. ted by surface water, but watem. Theae sail m 
of eempafkcmdMma^ aosuaon In ahneet dl 






loMioo.) 





Am* 

monU lyiA 
iiittltw 


IfAAimiim 

Minimum 

Airmge (8 samples) . 

MAsimum 

Minimum 

Avttfage (15 samples) 

Maximum 

Minimum 

ATUfage (22 samples) 

Maximum 

Minimum 

Avarage (13 samples) 

Maximum 

Minimum 

Average (8 samples) . 

Maximum 

Minimum 

Average (22 samples 
fnnn millstone 
grit and coal mea- 
sures) « 

I 

! Pontefract, Yorks . 

Mudmnai 

Mninutm 

Avenge (16 umples) 

Meariaaom 

MinUniim 

Avenge (7 mnidee) . 

Meadnam 

Mi&iniam 

Avemge (66 semplee) 
Prom 

Ilearimwitt 

lOiiiiiitm 

Avenge (19 eeaplee) 


Prom Qhinite and Oneiaa. 

9^ 0*119 0*019 I 0*002 I 0*204 i 0*210 

1*40 0 0 0 0 0*013 

6*94 0*042 0*008 I 0*001 { 0*106 1 0*116 
From SUnrian Boeka. 

27*10 I 0*096 0*042 I 0*006 I 0*669 I 0*674 

3*04 0*011 0*002 0 0 0*011 

12*33 I 0*061 0*014 | 0*001 ] 0*178 | 0*192 

From Devonian and Old Bed Sandalone. 


08*60> 0*286 
16*70 0*011 
32-06 0*087 


3*32 0*017 0*004 0 0 

1 17*73 1 0*042 1 0 011 0*001 \ 0*169 
From Coal Meaaurea. 
i 30*60 1 0*120 I 0*027 1 0*008 , 1*813 



1*21 6*8] 
0 1*2' 

0*4 2*6 ; 

6*0 I 0*3 
0 1*6 

1*6 5*8 


0*006 4*104 1 4*128 13*80 22*4 

12*4 

292 

0 0213 0228 1*30 0 

12 

22 

0*001 0*764 1 0*777 3 2 6 42 

72 

122 

i/atn lAmeaUtne. 



1 0*006 1 1222 1 1 086 1 32*00^ 202 I 

20*6 

482* 

0 0 0-001 0*70 2*1 

32 

112 

1 0*001 1 0*224 1 0*236 | 423 102 

82 i 

192 

and MUlalone Orita. 



0206 0217 10260 3*46 121*4 

11*6 

262 

0 0 0*006 026 0 

2*7 

2*7 

0*001 0*169 0*181 1*73 62 

6*7 

12*3 


6*84 0*029 0*004 


: 21*91 1 0-060 I 0*014 1 0*001 i 0*393 1 0*408 1 1*86 I 62 I 7*9 | 

From Magneaian Idmeatone. 

I 66*52 I 0-068 1 0*038 | 0*002 | 1*686 | 1*726 | 3*40 | 24*9 | 34*8 | 
From New Bed Sandatone. 

I 74*26 1 0*118 1 0*069 ! 0*014 I 1*266 1 1*276 ! 7*00 1 19*8 1 26*0 
12*90 0-027 0 0 0 0*006 1*30 j 0 42 

I 28-69 1 0*066 1 0*017 I 0*001 { 0*330 | 0249 I 2*19 ] 8*1 1 10*7 
From Liaa. 

68*12 0*131 0*036 0*009 1*332 1*363 420 { 322 { 172 

2122 0224 0-006 0 0 0*036 1*36 9*1 62 

36*41 0273 0219 0*001 0-467 0287 2*48 212 82 

From Odlitea. 

I 62*16 10*140 0221 0214 1*167 1*168 3*30 302 i 1S« 

22*30 0*009 0*003 0 0 0214 027 11*3 1 32 

3023 0*043 0211 0*001 0*402 0*414 1*66 182 1 62 


262 1 22*1 

0 I 02 

1321 02 


llnnkmu 


A v e ng e (30 temples) 




■.'.iflWS!! 


Lower Oreenaand, Baatinga Sand, and Offer Oreenaand. 

68*40 10*13610228 10*003 1*116 1 1*1291 7*101262* 22*11 
4*68 1 0*008 0*002 0 0*034 1 0*046 1*10 ] 0 [02] 

30*06 1 0*063 1 0212 i 0 1 0*326 1 0*338 | 228 j 132 1 02 

Prom Cktdh. 

1 8920 10*097 10223 j 0-006 1 0*683 1 0074 1 7*40 1 2621 8*1 

I 2826 0*008 0*003 0 0 1 0*009 1 1*06 j 02 1 32 

1 292410*044 0210 ] 0*001 1 0288 1 0292 { 226 } 18*1 [ 62 

Prom Fhavio Marine, Bed Crag,fififi, and Qrand. 

28624 1 0*164 1 0*048 1 0*007 1277 1293 1 427 1 822 1 00*1 

84*02 1 0204 1 0*000 I 0 0*004 0*034 i 2*10 02 j H 

01*I8 0*060 0210 0-001 0*364 0274 2*70 182 1 102 
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WATER. 


: Ilroitwiidi, Naat« 

mdkivUirwb^^ and Ham^; 
litaaiQiilg^ ana CBieltanham along fith sodiiun 
: imlj^hate. In Gtemany: Slsaiogen, Hombfug^ 
^ MSanhoint, XxetiBnacb* Soden, Fyrmont, WIm- 
^ fcadfliit Irahli Kientl]^ Baden-Baden^ Ao. In 
, iftanoe: ifourbonne-les-Bains, Lamotte-lei* 
Bains, Balaroo, Salins. In Italy : Castellamare, 
bdiia, Monte Oatini, La Porretta. In Swita«r- 
. land: Bex. 

(3) AlhaUnt waJktB aie obaraoterised by the 
^ceimee of sodium carbonate, almost always 
with more or less free carbon dionde, and 
sometimes with a large quantity also of sodium 
chloride. Of the simply alkaline waters, there 
are— (a) HUi Vichy, Keuenahr, Mont-Dore, 
Ghaudesalgues, N^; (h) CMx Apollinaris, 
Vais, Salxbmnn, Bilin, Wilhelmsquelle, Taunus, 
Mazeob; whilst the chief muriated alkaline 
waters are : (a) ffoi : Ems, Boyat, La Bour- 
boule; and {hi CM: Luhatschowitz, Selters, 
Gleichenberg, Rosbach, Vic-sur-Chre. Several 
of these, but especially La Bourboule and Mont- 
Dore, contain a marked proportion of arsenic. 

(4) Stilphaied uxUera contain either sodium 
or magnesium sulphate, or both, as the promi- 
nent ingredients. In some cases also associated 
with sodium carbonate and chloride. They are 
often cabled ^hiiter toeUers* The chief simple 
sulphated waters are: Galthof, PuUna, Said- 
schute, Sedlitz, Birmensdorf, Ivanda, Hunyadi 

heim ; two latter are also rich in chlo^des. 
Weidmr springs of the same kind are found 
at Leami^i;ton, Cheltenham, Scarborough, and 
at Purton Spa. Of alkaline sulphated waters 
there are : (kurlsbad, Bfarienbad, Tarasp-Schuls, 
Franxensbad, Elster, and Bertiich. 

(5) Iran or ehal^eate vxUera are those in 

which an unusual proportion of this element is 
present, either in otherwise comparatively pure 
water or associated with other mineral matters. 
Ibns, of oomparativdy pure chalybeate waters, 
there are those of Schwiubach, Spa, Bruckenau, 
Schandan, Liebwerda, Flinsberg, Freienwalde, 
Beooaro, Kdnigswarth, Liebenstein, Altwasser, 
Alexisbad, Mumu, Tunbridge Wells, and some 
of the springs at Harrogate ; whilst of waters in 
iriikh tne mn is associated with a^considerable 
quantity of other salts, there are those of Arata- 
pak, (mssa, Pyrmont, Dribuig, Rippoldsau, 
Ghkebaoh, Petexsthal, Booklet, St. 

Merits, Beinerz, Qedesbeig, Codowa^ Imnan, 
and Santa Catarina. 

(6) SiAphinr wafers are those containing ap- 
prembb quantities of either sulphuretted 
nydrogsn or the sulphides of sodium, potassium, 
ealdum, eet magnesium. Some of the more im- 
portant thermal sulphur waters are those of 
Banu Oiaodes, Cauterets, Saint Sanveur, 
Badbgts, Bagnhres-de-Lnchon, Ax, Esoaldes, Le 
Vecttit, Amflie-les-Bains, Uriage, AUevi^, Aix- 
bs-Balns, Aix-la-Gbapelle, BMen (Ausftda), 
Bads n (Switierland), Lav^, Schinznaoh, Bat- 
• tatfH a» and Abano in the iTuganean Mountains, 
BaaMsosa, M ehad i a, Helouan, near Chtiro; 
IpidM el cold so^ur springs thm arerthose 
m IW s en , Xeundorf, Lan^nbrucken, WeUbach, 
miHw^Bmittogen, Enghein, Challes, 8ta<^« 

vSigh liawUa^ BuUth, Mbflat, Smih* 


• {4§ CmQKfWmm flw w nw ^ 

tedsed Hiy the presence d IisQp jpinpovt^ bl 
eabhim osdHinste and sd^pA^ 
esrbenate. Some of the moie inmnmnt are 
found at WiUungen, Ltaptmrtnge, weissinburff, ' 
C(mttex6ville, Bagntoes-de-Bigm, St. Amina, 
Otausac, whilst the table waters of Oonaan, Bk 
Galmisr, and Taunus are of the same ebaracter. 

8. Sea tooler.— -The ocean is a great evapora- 
dng-basin, which is constantly reoelviiig waters, 
more or less impure, in the shape of rivers, wldisl 
at the same time it is constantly losing pure water 
in the form of vapour, the impurities remaining 
behind and imparti^ to the sea its well-known 
saline character. Inis also dktinguishaB all 
lakes which are devoid of outlet, like the Dead 
Sea, Caspian, Aral, Great Salt Lake Utah, Ac., 
in which the same process of concentration by 
evaporation is going on. As will be seen from 
the table on the next page, the oompositionptthe 
ocean varies considerably in different 
and at different depths, whilst land-h 
like the Mediterranean, Black Sea, and 
present even still g^ter differences. 

Thus in the vicinity of the poles the proj^- 
tion of salt is less than near the equator; 
similarly, land-locked seas, such as the Blaek 
Sea and Baltic, which receive large rivers are 
salt; whilst the Mediterranean in most 
places is more salt than the great oceans. Of 
salt lakes the Dead Sea is far more and the 
Caspian far less salt than the oceans. In 
addition to sodium chloride, the prindpal sub- 
stances present in sea water are the sulphates 
and carbonates of calcium and magnesium, and 
salts of potassium, whilst in very minute quan- 
tities there are found also a number of otners, 
amongst which may be mentioned bromides, 
iodide and ffuoridee, silica, pbospborio and 
nitric acids, iron, sUver, golo, copper, lead, 
arsenic, eino, cobidt, nicl^ lithium, mbidhim, 
and caesium. 

The volume of gas dissolved in sea water is, 
according to Hunter (Chem. Soo. Trans. 1870, 
20), only from 2*2 to 3*8 vols. in 100 vols. of 
water. 

COg O •» 

. r cent per cent, pur esat 
2*2 vols. oonsisied of 28*62 21*94 49*44 
3*5 „ „ 48*28 17*22 34*50 

A very extensive examination of the com- 
position of sea water was msda in conne ct i on 
with the voyage of H.M.S. OhaOmaet^ and tbo 
elaborate report prepaied tiiefeon Dittmar 
should be oonsultM lor detailed informatioii on 
ibis subject. From 77 oompisle aaa^jieii tho 
foBowing numbers for the averuM oonqpMmon 
of ocean-water salts arc calculiSed:-**^ 

Average tcenpasUim of aeea/n>'^^ 

per 100 o/(^sslfr (JMlfmar), 

Oilorino 

Bromine • 0*1884 

SulnhurioacidfSOg} 4^10 

Oarlfonio acid (OOt) 

Liine(C40) , . 

Msgiisiia(kM) . 

Potash (K^ 

(Baric oxygen equiiraliBt I 
gene) * - 
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axpfemd in p^rti ( %at naitoal ivaten an to bs awt «Mi vhloli 
. ol fcM 1000 paila are abnlately above snimioion <rfgay o ont am ln a- 

: to, Imtween the Idlowing Uan with nfiiae animaT mafeteia, it ia generally 

neoewMuy to be aatisfied with lebUn jpiixity» 

: Opeaiit south of 06^ lat.)» S3*01 ; maximtaii and thus the ezamuiation» ohemioal ana biolo* 
fhrom the middle of the North Atlantic^ at gioal» of drinking waters becomes a nmtter of 
Ab^i lat.), 37*37. She hjgheBt importance and utility^ Thenatnial 

As regards the carbon dioxide in sea water, Waters which can lay claim to the greatest 
: Bittmar comes to the following conclusions : degree of safety for drinking purposes an of 
{1) Free earl^nic acid in sea water is the two kinds. 

esceeption ; as a rule, the carbonic acid is less 1. Unpolluted surface waters (generally ttp« 
than proportion corresponding to bicarbonate, land waters). ^ ^ , 

(2) In sux^bMie waters the proportion of carbonic 2. Naturally filtered waters (spring and deep 
acM increases when the temperature falls, and well waters). 

vke verad. (3) Within equu ranges of tern- In the first case the waters, both inspeo* 
perature it seems to be lower in the surface tion and analysis, must bear no eyidence of 
water of the Pacific than it is in the surface animal contamination, and this is generally f 
water of the Atlantic Ocean. possible in the case of waters which are fi 

nrinUng Water. It has long been known at altitudes above that of human hahitattons. 
that the palate is by no means a safe guide in the A number of our large towns are supplied with 
choice of drinking water, for although unpalat- water of tl^ kind, although the gathei 
able waters are obviously unsuitable for drinking, grounds do in most cases contain some boua 
palatable waters may contain materials capable so that absolute freedom from sewage cm* 
of dqing serious injury. It is now established tamination cannot generally ^ guarante^ M 
beyond question that the diseases termed the table on p. 381 the chemical composition bf 
^xymotio’ are due to minute forms of life known some of these upland surface water supplies is 
as micro-organisms, and in a number of cases recorded. 

the iqieoifio forms responsible for such diseases The majority of upland surface waters are 
have been discovered, identified, and studied, either very soft or of only very moderate ha^* 
Of aymotic diseases there are two— Asiatic ness, and as in many of these towns extensive 
Cholera and Typhoid Fever — which are with manufactures are carried on, these supplies are 
certainty known to be propagated by drinking not only valued because of their^ silety for 
water, and in the case of these two diseases drinking, but also on account of their fitness for 
authoriries are agreed as to the particular industrial purposes. It should always^ be re* 
ozganisnis to which they are due. The pro- membered, however, that these snrfa^ waters 
pagatkm unquestionably takes' place through may at times receive more or less sewage mn* 
t^ excreta of persons suffering from these tamination, and that the ova of animal pararites 
diseases gaining access to water which is after- derived from the cattle grazing on the gathmng* 
wards um for drinking, whilst water contami- grounds may also be present, and that, ihemfore. 
Dated with the sewage of healthy persons is to reduce these sources of danger to a mi n i m um, 
gsoerally believed to be capable of producing it b highly desirable that such waters should be 
diarrhesa and other minor dikurbances in those subjected to prolonged storage in reservoirs, 
drinking H* followed by careful filtration through sand b^ote 

In sriectmg water for drinking purposes it delivery to the consumer. 

Is necessary, therefore, in the first instance, to In the second class of water its original 
nmke^ a eim^ inquiry as to the possibility of purity is a matter of seoondary oonseouma, 
UOf Water haviiiEg been in contact with refuse the guarantee of safety resting uwn tba ex* 
snimal matters, and if possible all waters open haustive process of filtration whi^ the water 
lo sudi suspioion should be discarded. For the has undeigone in passing through porous strata 
same reason it is of the first importance in the of the earth^s crust, luis filtration efbcls, on 
examinatioD of water to discover what evidence, the one hand, the more or less complete ohemfoel 
if any, thm is of the water having been in purificationof the water from organic substiiioes, 
contact with such refuse substances. In the and, on the other Imnd, the mechanical temovid 
p res ent state of knowledge this is a difficult of organised matteie, such as bacteria and animal 
matter as, although the results of chemical parasites. The most perfectly filtered waters 
anallyiiwi fir^usntly point to such contamination this kind are those oatained from npringi and 
when on a suffidi^iy large scale, it Is occasion- from deep wells, and, again, many of our towns . 
ali^ snd indeed geneiMy impossible to prove the are supplied with water of this khid*-*4n0iw 
negative^ The haeieriological examination, on espeelaUy from the Chalk, Qreensand, Owta» 
tibn eOuff hand, is of extreme delicacy, but, and New Red Sandstone formatlotta, whichn^? 
htasninch as we have at nresent no means of stitute efficient Altar bads. In the lahlf on 
aponetiliiing whether the bacteria hidici^ve of p. 382 is recorded the chemical eo fo pis d ilen m ; 

are derived from man or the water supplied to some of oiur fowni ,2 r)WI " 
, Imn the lower animals, the results obtained by such souroes. ' 

^lUl meaiii, also, are often of restricted value Of other forms of drinking water, ww haws 
4bo)W a Igrgienio point of view. It becomes, river waters end shaliow-well watsia, uponlMdh 
* wiefoie, of the greater importance toenake a of which a very lame portioa of tho peMlMpii 
IlMaongh taugpeetfon of the source and to trace Is dependent for domestfe ffiVplr- lhi% ^ 
Mi Cha fnitto history of the water, for unless these olaasee of water am opM w ipM 
till Iwdsne tte mautte of the scientific examlna* tions, and nesrily all tha best andbrnaafiA MHW 
tiMaaMfffibnreoelveanenoneou^ of the piopiflrihm of - 



wAim 


m 










WAYXB. 


4ui8ow vitth SSM6 lidimrer, vaam 
Mtotk* biSiiaiioM tmllQig ^ ranoTe baotetift 
INmol ^mtap %bio]^ «kii a i^riorf raMoning^ would 
hmyn been regsraod m almoB^ U iiot%boUy, 
itiopmtivo. These eauses aie mainly the 
pooees of devitelisatioii which pathogenic 
oaotedia tmdefgo in ttatmal, and more espeoiidly 
in surface waters^ and the resistance offered by 
eren a oomparatiTely small thickness of soil or 
other porous matenu to the passage of micro- 
oiganiims. But although these causes are to be 
lowed upon as tending to keep the evils which 
oan result from contaminated drinking water 
within narrower limits than might have been 
anticimted, stUl the possibility of their failure 
must be constantly kept in view, and they must not 
be allowed to check the endeavour to substitute 
unimpeachable for suspicious sources of supply. 

Every effort should be made to exclude 
avoidable sources of contamination, to select the 
best water which the source affords, and to submit 
it to the most effective purification available. 
The improvements which can thus be brought 
about m water supplies obtained from sus- 
picious sources is conspicuously exemplified in 
the case of the London supply derived from the 
rivers Thames and Lea. Here, on the one 
hand, incrsaaing vigilance has been exercised by 
the llames ana Im Conservancy Boards in the 
exclusion of dangerous matters from the rivers 
an4. their tributanes, whilst on the other hand 
the authorities supplying water have removed 
their intakes to points on these streams above 
the most serious pollutions ; by increasing their 
storage capacity they arc enabled not only to 


Chuies dissolved In 100 cub. Ins. 
of water 


ibvoid drawing from the rivers in times of flood, 
but also to mug about a great amelioratkm in 
the quality of tw water during its sojourn in 
the reservoirs, whilst by impro vmg their filtering 
appliances th^ seenre a more perfect purifioation 
of the water which they have abstracted. Thus 
the water supplied to London to-day is both 
ohemioally and hygfenioally very different from 
what it was fiO years ago, mthongh still derived 
from the same streams, which in the ordinary 
course of events would be more polluted now 
than they were then. 

Importance to he attributed to variaue %%• 
gredieniB of drinking waier . — ^It is only possible 
here to give a brief account of the importance 
which is usually attnbuted to the sevend 
ingredients which are commonly determined in 
the analysb of drinking waters. 

Diamved gaeee . — gases present in oxdi*> 
nary drinking waters are those of the atmo* 
rahere— oxygen, nitrogen, and carbon dioxide. 
Their quantitative determination is of little or 
no significance in connection with the quidity 
of the water for drinking, excepting that tnroum 
the absence of diasolv^ gases a water has the 
flat taste of that which has been recently boiled. 
It is sometimeB supposed that the absence of a 
due proportion of dissolved oxygen in water is 
an indication of the presence of deoompoaiDg 
organic substances, but this can only be the 
case with surface waters, as the very purest 
subterranean waters are almost entirely destitute 
of it. In tho following table the proportion of 
the several dissolved gases in different kinds of 
water is recorded : — 


Thames water 


Nitrogen 
Oxygen . 
Curbon dioxide 


^1^ laege projportion of d^lvi^ I 


Ealn-watsr 

Cumberland 

mountain 

water 

Loch 

Katrine 

water 

cab. Ins. 

cub. ins. 

cub. ina. 

1*308 

1*424 

1*731 

0037 

0*726 

0*704 

0*128 

0*281 

0*113 

2-073 

1 i 

2*548 



dioxide in tbe Thamee and dem chalk well 
. mtn la mainly oomUned with oaloinm carbonate 
•• Moachonate. 

ToM mM n$idm€.—l% ia only rarely that 
tlia ataonat of the reaidiie Mt by a water on 
wniMcation affords any evidenoe of its fitneu 
torarfahiog. ABag«iecalni]e,itmaybeatated 
watam whioh oontain ratj small reeidnes 
OM probably pore and unpoUnted, bnt on the 
,<oilMr hand auu^ waten of oiganio parity oon* 
taia^kMo pnportiona of mSwial matter in 
a oiarton. if ia unpeaiible to aaaign Umita to the 
^jaogattfon of mineral aiatter ahieh may be 


rOOWltiinwiU oat iMdth («. aiao JSfardaew o/j 
IMI^ all tfbe beat driiddag waten in 
mUM. magdma yield leas than SO parts of 
pcMl Mullaii par lOditOOO^ and moat of them 
Ml. SSn aae of waten 
wwHr liiMtawi is gsiMiUj 
'by* wfehsh gMsoSl 


In consequenoe of their unfitness for bmlm am 

^potiie woffer.— As will be pointed aril 
(under If ofer amlffaU), the eoooiate detarndl B 
tion of the omaio matter in water ia att e ad B 
with gnat diffienUieB, and none of the medioai 
of analysis in nae daiina to effeot more than a 
partial determination. Thus in the ^oamhoa- 
tion prooees * the o^nlo carbon and nitrogw 
an Mtermined with mon «r leas aoonaoyj 
fat the alkaline permanganate proona thal 
portion of the oigante nitrogen fi dbrnorcteri 
vtoh ia madify eon'rectible into oannoaini 
iiriiiM in tiw * permanganate * or * oxgWMi * pro 
oeea tho proportion ofpennaaganole ue a t n^ 
by Qigaaio mattor ia tahaa ioM 
idthongh It may he Mated genanriDy that ffh 
amallepthe pn>porth» orgMde.matiMr Hh 
momdadramia tho water fwdzIaldagiOl MB 
gnater hmpovtanoe ia the datermimtiott of th 
ork^ of the oifudo amttar pmtaL whom 
aifiaal or Togatahtoi The peennoa olwigilMl 
amtlar ia ofoMyaottreC 
















i*«m _ ^ 

«ith Ite of tlie mter, what !• 

lonom M » ' pmty taste ’ being imparted by 
nay^ mtnmt yMling mneb in e»)eM of (HK y«rt 
por t^OOO ol organio carbon. S omet unei 


0^ pM^'' 


doea«)l ykW 

Tbe ibwKid ^ 


isadii liiplit may be tlm^wn on tbe origin ol tbe 
matter in water by the moportum wldefa 
tbe caijiott and nitrogen exhibit towards e«di 
eqmdally when this is considered in ocm* 
neotten with the proportions ol ammonia^ 
ntoteSf nitrites, and onloiine. Inasmnoh as 
animal matter in general contains a much 
highm proportion of nitrogen to carbon than 
doM Teget^le matter, it foUows that the higher 
the ratio ol nitrogen to carbon in the organic 
matter preeent in a sample of water, the more 
mimmty is tberei calms paribua^oi its being 
derived mem ankecl sources and vies ifsrsd. 
The nosnhSity ot such diagnosis, however, is 
eonaiderably lixnited by the fact that in the 
oxidation A peaty matter the organic^ carbon 
disam^ears much more rapidly than the nitrogen ; 
whilst^ on the other hand, in the oxidation of 
~ animal matter thm isoonversely a tendency for 
the organie carbon to become concentrated, 
thus leading to a simulation of animal matter 
In the case of vegetable, and a simulation of 
vegetable matter in the case of animal sub- 
gtaiiees after oxidation. 

It is thus essential that the evidence afforded 
by tbe proportion of oiganic carbon to nitrogen 
■hould be supidemented by an inspection of the 
source, and oy a consideration of the mineral 
nitrogenous ingredients— ammonia, nitrates, and 
nitrites— all^ which are principally derived 
tern the decomposition of animal matters. 

Mumnaid tmmania. — ^The ammonia yielded 
on distillation with alkaline permanganate is 
so frequently made the only measure ol the 
organic matter present in water that a few 
words sxe necessary to indicate what u the im- 
portance to be attached to the results obtained 
m tills simple process. According to its author, 
the late Hr. Wanklyn, * deep spring water is 
so pme as not to yitid 0^1 part of albumi- 
noid ammonia per million ; and unless mixed 


of 


ive 


hms - 

£emn de^ed rivwa-yislds from €W to ^ 
port el slbuminoid ammonia pcv miliotii ini, 
hid^ if the ttotion beetMeat, appcoiliitatet 
to 0*06.’ ’ When the fflters axe ovw-taamd, ta 
happens in the rainy season and in the 
watw companies supply imperfmtiy-liitii^ 
water, in which as muon as from 0*10 to 0*80 paq^ 
of albuminoid ammonia is found.’ This sm^ 
ment must be accepted with great reserve, lor 
in the winter months such surface waters almosi 
invariaUy contain a much larger proportion of 
organic matter than during the dry season, 
accounting for tbe increase in alottmu 
monia quite irrespective of any over-1 
the filters. On the other hwd, the all 
ammonia is the chemical ingredient in 
which is most affected by fil&ation. It 
appear, therefore, that suspended j 
vegetable and animal matter, which are 
by sand filtration, are partici^ly pr^i 
01 ammonia on distillation with alkaline 
manganate. In fact, tbe ekemtcal 
between a water before and after san 
is often only attested by tlm dimin 

S >rtion of albuminoid ammonia yielo^ mj •««« 
tered water. ^ 

Oxygen or pcrmon^nete prccera^Tbe 
analytical value of measuring the proportion cn 
organic matter in water by tbe amoimt pw« 
manganate it is capable of deccdorising is dis* 
cussed in the section of this article on 
analysis, and it will be sufiGicient here to give 
some idea of how the results are to be inter- 
preted. As in the ease of the organic elssnentii 
determined by combustion, it has here epln 
been attempted to establish a scale ol cl a ssific a- 
tion, which, however, must a^ be used with 
tbe greatest caution and in oonjunc^n with the 
other analytical data, as well as with regorff to 
the water’s source and history. Thus the 
following artificial standards have been sug* 
gested: — 



Oxygen absorbed to three houw it room tswpojj^ 
tore from po^um permengaiists by MN^OOP 
pcrtsof witor 


For Upland Surface 
Water 

For ether Water 

CfawL Wrtarof grwt<aguiiopiiriiy . 

„ IL „ Budivm „ 

„ m. „ donbUnl „ 

„ X?. Impon water . 

(M)*l part 
0-1-0-8 „ ^ 
0*3-^*4 „ 

above 0*4 „ 

O-O'OtSfart 
0HMM)*U M 
OlIM)-* 

aboTB 0'S n : . 


- It wIB be readily understood that a great 
to this permangatiate process consists 
fill tts not distingntebing between iritrogenoiis 

BenoelNiis 

Uelqr dtadnilile that* if the eombostion process 

nMUtot bonsorted to, it shonld be supplmnented 

bgr m detsmination of tbe ’allrammhid am- 

"y or ^ the K|eldahl nitrogen (see p. 408). 

mUngsn (ammonia, nitrates, sm 

f Importuiee of tiiese ingtemixte 

JUS totted one. pi timmieivus tb^ in no 

. . 



water; but, on tbe other bendf they usu tC.^ 
consequence se i^ioa^g what tiie 
histoiy of the water hm been. Tta% 
ordlniwy p r oces e of decompotitien to UlMr 
oiwaaio matters are aubjeeM hi nstM fn 
nitrogen is pitaripi^ UbenM instill 
ammonia, and tins, by i«ibMii|asnt sMiSiiwtill 
oxidation, may beooma eenvertsd into nl 
andidtrates. Hbieaver,ewiBftotitoiMri 
•idtosss in afes g sn ol ontotii 
maltors. It to mMito 
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mmk ooixtiftoft mm ^faMm 4k>es tliat 

of DfitMito* ov uiitritfHfir dltlUniie^ in tlie ease of 
ioii» deqp vabtammMi w»Ma it appem that 
aitvaM originally pment in tha watar hava 
nndeMAa reduction to ammonia^ and hence the 
latter in eueh cases must be regarded as evidence 
of a more remote character even than the nitrates 
themsdives. Again, in the ordinary course of 
nitrification in nature the ammonia is wholly 
ponterted into nitoate, the preliminaiy oxidation 
to ifitritebcii^ rapidly passed over; butifwater 
containing nitrates is brought in contact with 
organic matter, these nitrates become more or 
less reduced to nitrites through the agency of 
certain micro-organisms (P. F. Frankland, 
CSiem. Soc. Trans. 1888, 373 ; Warington, ibid. 
742), and hence the presence of nitrites gcnerallv 
constitutes evidence of contamination with 
organic matter subsequent to the original 
nitrification, rather than to the latter having 
been imperfect. The fact must also not be lost 
si^t of that nitrates can be reduced by certain 
mtciobes in the nrosence of organic matter with 
elimination of the nitric nitrogen in the free 
state, or as oxides of nitrogen, and that a 
contamination of the nitrified water may thus 
lead to the more or loss complete removal of 
the mineral nitrogen. The absence of nitrates 
may thus, under some r^iroumstances, actually 
indioate contact with animal matter instead of 
freedom from it (Munro, Chem. Soc. Trans. 
1886, 632). 

It must also be remembered that, in the case 
of siuface waters, the mineral nitrogen may 
undeigo removal through being taken up as 
food by plant-life, and thus the evidence of 
jmvious contact with animal matters be 
oestroyed* 

As the hygienic significance of contact with 
animal matters consists in the possibility of the 
ingress of pathogenic microbes (which may at 
any time be present in sewage and similar 
amnal refuse), it is obvious that the evidence 
of suoh previous contact afforded by the presence 
of mineral nitrogen in any excessive proportion 
mnst be viewed as serious, if the history of the 
water furnishes no guarantee that any such 
oiipmlied poisons which may have gained access 
wmild have been subsequently removed, whilst 
the evidence is of tar loss conseauenoe, or may 
indeed haoome entirely neglimble, if in the 
subsequent history of the water It has undergone 
prooeWM of purification which practically pre- 
date tiie Msaibility of such poisons beiim still 
until the application of bacteriology 
tn questions ^ water supply, it was not possible 
^ esoertein we efficiency of processes of water 
milfioation In this reweot. But we now know 
01)44 the exhaustive filtration through porous 
whloh spring and deep wdl water has 
janin praeticeliy guarantees the removal of 
m^^oqtaifiians which may have been 
% mmiAi in the case of river and 
well iMtm on the otiier hand, the 
ex sdoh Jttittoval is mneh less, and hence 

vritih effi i ea i, 

nhflsl 


is lihe sprhm and deep wdl watem it may often 
be diseatnx^ altogether. 

CAM^^This etement is Invariably In a 
state of oombbiarion^eOerally as sodium dblor- 
ids, ind henee quite mnocuous. Its detennl- 
uation in potaUe water, however, Is of imporir 
anoe as oi&n aSordiug inforiiiation as to whmer 
the water has been in contact with refuse animal 
matters or not. In this respect it is often more 
useful than the mineral nitrogen, as, once 
present in water, it cannot by any natural 

S rocesses be removed. Its diagnostic value is 
ue to the fact that human urine coutaina 500 
parts of chlorine, or 824 parts of common salt 
in 100,000 parts. It is, of course, inapplioable 
in the vicinity of the sea and of natuxal salt 
deposits* In British waters free from animal 
pollution the average proportion of ohlorfaie 
may be taken as 1 part per 100,000 ; but it is 
subject to very great variations. 

There are, however, many other refute liquids 
besides sewage which contain lam quantities 
of chlorides, such as the effluents fiom dye and 
bleach-works, tanneries, paper-mills, alkali* 
works, and especially tin-plate and galvanismg 
works, the proportion being often far in excess 
of anything ever found in sewage. 

In America much attention has been, 
bestowed on the proportion of chlorine present 
in unpolluted water at different distances from 
the sea-board. The points at which such waters 
exhibit the same amount of chlorine are joined 
by lines termed * isochlors,’ and these isoohlors 
are found to be roughly parallel to the coast* 
line. Any water subinitted for examination is 
then remanded for further inquiries if it exhifaiis 
more chlonne than is normal lor the isoehlor 
upon which the source of the particular watei^ 
is situated. This is an attempt to make the 
chlorine a measure of the sewage cojatamination 
past and present, in much the same ww aa the 
proportion of total combined nitrogen has been 
employed by others. It has the advantage over 
the latter, inasmuch as the chlorine is praeticaDy 
permanent whilst the nitrogen is removable & 
various ways: but, on the other hand, the 
chlorine is subject to great variations witliili 
a small area, accordix^ to local circumstances, 
morees] 
over, 0 ] 




The chlorine^ more- 
[y testifies to contamination by liquid, 
and not by solid, excrements, and in this respect 
also is of Im general applicability than the total 
combined nitrogra. 

ifardnesa.— Tniis term is appliM to those 
ingredients in water which react with aoao ond 
ptMuoe an insoluble * curd,* the prinoipsi siih- 
stances in question being the vinous saltU qf 
calcium ana m^esium, whidb, entering into 
double deoomposilion with sodium skeucate 
(hard soap) or Mtaasium stearaite (soft sogp), 
give rise to calcium and rnameslum steaiatee, 
both of whoih ate insoluble bodiea, end eoihible 
salts of sodium or potasrium. On thft ateomrii 
the salts of oakuum and magomten mm mm* 
lestly detrimental to the fitness <Kt the welef 
for washing. As regards the d ibelie 

salts upptt the quality of drihldbpig irUer, iiqpftriknk 
is divided. Soma consider the pre it nee of A ^ 
omain proportion of these salts dmaMe 
furnishing the materiah noossiMixy * 
fcmaiiiont 

tnetn tMe* a modeasis j 








«i«i» Mlflaatew eoawetioiu in iliie.i'-iiyrtwi,.. 

'milsC, kady, odien zegaxd their yceemoe or iaiwacInlk^noB UMacadcina'Mrhada^ 
ameaoeMlmBUktoiialiK)mahygieiiiop<)iBt:.of 'Hw luodneM wstor.jMt oAfteqraaotly' 
view. Fordier, by some oo^uMsitiet lh# eni* dnowa dglit 19^ He vieyfaot Uatavy, ior'm 
B^teeoodobloiidesof oaJoinmjM^ia^^iedinqa; food of both asMi oad oaimale k of iMeeM^ 
(UM oo-ooUed ‘permanent hudnem*) are ikh in lime^ and nearly the whok of thia k bv- 
kyarded ae more objeetionaUe than dm bt> adnlt life again found in the lipoid and aoBd 
wkwatea. or 'temporary hardneaa.’ AsaiOt excreta; hence water obtained aofl whkli - 
tiiere are many who view the preaenoe of the haa been much poHoted with anh ha t mWklt|.i 


(tlie 80-oalled ' permanent lui^eta ’) ai^ xieh in limop. and nearly the idiole <rf this k in,^. 
tn^arded as more objectionable than tna Id- adult life again found in the liquid and eoBd 
uarbonates^ or * temporary hardness,’ Againp excreta ; hence water obtained fi^ soQ whidb ^ 


ealts of ma^esium with more suspicion than always e: 
those of oalcium^ and, indeedy magnesian waters hardness, 
are yeiy generally credited with the power of 
oaudng phosphatic calculi, goitre, and cretinism, 

On this aocOnnt it has sometimes happened that 
watem whieh were otherwise of most unimpeach- Inasm 


always exhibits a large amount of pemument'^ 


Pttehioatiok of Dbinkxng W^txb. 


watem wfaleh were otherwise of most unimpeach- Inasmuch as the impurities are either ens- 
cd>le qmdity hare been discarded in consequence pended or dissolred, mineral or organic, and ^ : 
of thto^ oontaining a few parts per 100,000 of organic either animate or inanimate, it f^ows; 
magnesia. All these views concerning the in- that the subject of purification may ~ 
flumiee of oaloium and magnesium salts are, sidered from different points of view, 
homver, based upon very unsatisfactory to the particular class of imparities the removM 
^ 'ence. The Rivers Pollution Commissioners, of whiw is under discussion. Until reoenw all 
in wosecuting their inquiry into this subject, the more important processes of drinking upter 


in piosecuting their inqi:^ into this subject, the more important processes of drinking ibter 
^^nd thi^ * where the oniet sanitary conditions purification were filtration processes,, those! de- 
^"^piwvail with tolerable uniformity, the rate of pending upon precipitation bei^ more 
ntoiPlity is practically uninfluenced by the cially of importuice in connection with wi^ 
adfiaiess or hai^ess of the water supplied to the for industrial purposes {see p. 391)^ Now, how* 
duKmnt towns, and the average rate of mortality ever, methods of more or less sterilbing water 


’In the different water divisions varies far less by means of hypochlorites, ozone, or ultra-violet 
Idkm the aotual mortality in the different towns light are sometimes being resorted to (see p. 
of the same division. They were of opinion 417). 


that, whilst mters of excessive hardness may Purification of drinking vxiter on large soate**^ ^ 
be .prodnotive of calculus and perhaps other All surface water is liable to turbidity, and in 
Atieesee, srft and bard water, if equally free times of rain and flood the amount of suspendod 
from doletedons organic substances, are equally matter may become excessive. It is, l^erpterp, 
wltol^ine.’ The question of magnesia in desirable that all surface water, even that irotn : 
l^ter has been discussed by the upland sources, should be submitted to pmrifioa'^. ^ 
What is the Importance of Magnesia tion before distribution for domestic pfirposea. , 
ing Water,’ P. F. Frankland, Transac- The purification of surface water is best imtlatsd 
the Intemat. Congress of Hygiene and by permitting the water to remain at test kk 




WKR^T*Wliat is the Importance of Magnesia tion before distribution for domestic pfirposea. , 
'In Drhiking Water,’ P. F. Frankland, Transac- The purification of surface water is best imtlatsd 
tions Of the Intemat. Congress of Hy^ene and by permitting the water to remain at test kk 
Des&ogr, London, 1891), from whose uiquiry it storage reservoirs for some days or evmi Wei^ 
mpeara that whilst the amount of magnesia in the greater part of the sosTOnded matter thus 
im Water enpplled to most large towns is veiy becoming precipitated, and some deetroction / 
imtaIl---genemIly not 1-2 parts of MgO even of the dissolved oiganic matter also taking 

per 100,000— 4t is much larger than is generally place. During storage most importairtblifiqi^^'; 
supposed in the well-water consumed by such a changes also take place (see lat^. The process 


•nhae fifty brewery waters from all parts of almost invariably that through sand of diflnrsflt 
kingdom, the aveipge amount of magnesia degrees of coarseness. This method WaS v^r ^ 

^ {0} WM 3'41 parts per 100,000. It must also augurated by Simpson, the engineer to tiie ; 
imemhm^ed that the geological formation Chelsea Company in 1829, and me einitm biM . 
hi magnesia (the magnesian limestone) adopted in an ever-increasing number of fileeee X 
IsOffi^yery sIig^tl^repreBenMin thiscountiy, all over the world. The filter beds, as 
TO timt the fMODortons of magnesia met with m constructed, are 10-16 ft. in depth, often ; 
the dcdomldo autricts of the Continent must be upwards of an acre in area, made water-tl^ 
mndk larger. with masonry, oonomte, or puddled-day Wwkv 

QntU, therefore, a far mote searching inquiry On the bottom are ooUectlng drains^ tqpon lAism;; 
'timn Mtiurto baa been made into the aiteged is placed a layer of broken stone abm 0 | 

a8eet of sueh waters upon health, it would in thickness, following upon which are lays^ 
appear imdesIraUe that any importance should coarse gravel, fine gravel, and uppermilj;^^ 
. ,TO atliibiited to such proportions of magnesia stratum of fine sand, 1-4 ft. in thifllmaai>;V;3i||^ 
ii the above in drinking waters which are other- water is kept at a depth of 1-4 
IrftS^'mdmpeacl^ purity. surface of the fine sand, the rata of 

: < Tha affect of CSark’s process on magnesian varying in different works. Fbr <xiitrtanMfaaf:; 

.i vwMBm k noteworthy. As a general thp and cost of filtiatton plant, 4TOl)TOasd €Ujffl0^ 
y.mtogiaitt^ (d magnesia removed by the treat- Modem Methods of Water Puiificaftoiet 

^ small— much smaller than 1911, 126. The greater part of tte wiMpTOfiMC 
but it k particularly impurities k retained fai tiie ;> 

that in cases where oaustic rage of the water by tihe first.ftefdiMW 
in ooninnction with lime, as k said, and sooner, or tataTt ■ s<iisBWsi;"j^ ' ftfe: ' 
i ^ ^ softening of water comae of » few weeha^ .dnilii 

the-filtar. Whsii'flkviMf ‘ijf 
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arUA tia iMelaiMM <oi tha awid-lwrar 

it nttond uatot of imlwd liud. The 
Mtidaon««d off it gOBoiailly thoionc^ tratfaed, 
ikllooted V> dry, muI then used ac^. The 
{wrtienlMi lor ^ several sections of the Metro- 

S fUtah smidy, shovn below, will serve to 
tuAiata w method of working. 

Besidsa the filter beds just described, some 
the works drawing from the Thames are now 


-,Jt»ed AMh altiw wiy eOdient w 

^tilMftoOBiifehslt«|MeaM«ni^^ rwMv^ fiw mi««^ inaittsf . haw eome^ 

of sand faoeeniw too la be ofDhifaBt, attar tivnfytiMMaGeiitan|iontlMAwlikhu 


tivwy twit acmnnjMMi thstwhiioli it diaalved. 
Thtis ihe toiBoerlttg ngwne exhibit the cmnjpoii- 
tion of the Yoifc watw mpj^yj^srfote and after 
filtration thronid^ taad 

(Beshlto of Analrils expcesasd in parts par 10(^000 J 

Behm ^Aftrc 
ittratioailtetign 


Ulnnnta tbe metnod of working. Xotal solid mattera 

BeMdsa the filter beds just described, some Organic carbon 
the works drawing from the Thames are now Organic nitrogen . 
naing an auxiliary process of filtration through Ammnni. .... 
the natural gravel beds wLi^ form the banks of Nitrogen as nitrates and nitrites 
tbe Thames at Hampton. These gravel beds are Chloime .... 
at all times full of water, which forms, as it were. Temporary hardness 
an undeisiound river, and underground pipes permanent hardness 
are lidd^m this gravel and connected with a Total hardness 
pumpiiig well in order to utilise this water. Micro-organisms (colonies 
which is alwayu clear and bright in consequence yield^ by 1 c.o, of water 

of the natural filtration which it has undergone. on cultivation with g^> 

In order to inoieaae the supply of this under- tin-peptone) 
ground water the gravel bed is flooded with 

water directly horn the Thames, for which pur- It was formerly supposed 
pose a seoona series of perforated pipes are laid filtration could have little or no e 
parallel to the first and placed at a distance of the micro-organisms present ii 
about 30 yards from them. This second series interstitial spaces between the 
of piM is placed in direct commnnication with are so large in comparison u 
the Thames, but at the point of ingress is dimensions of the microbes. II 
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It was formerly supposed that such sand 
filtration could have little or no effect in lemeving 
the micro-organisms present in water, as the 
interstitial spaces between the grame of sand 
are so large in comparison with the minute 
dimensions of the microbes. It was first shown 
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Weab^Chelaea Works . 
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by Kochi fa Oermany, and by the writer in this 
UMOtcyi that nearly all the microbes in water 
fCtf be removed by the sand-filters (Koch, 
Beefobit ^ D^utat. I. die Verwadtu^ dmr 
Berlin, 1883; P. F. Ksnk- 
lb>y. Soo. 1885; Proo. Inst. Civ. 




1885^; J. Soo. Chem. Ind. 1885. 
. tUa result has been since oonfirmea 
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Description of water 

Xliaines 

unSitered 

ilhelsfNi 

West 

Middlesex 

Southwark 

. Chsud : 
funetioii 
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January 




45,400 
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2270 

4894 


Februaiy 




16,800 
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208 

265 ^ 

March . 




11,416 
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287 

April • 
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20» 

May . 
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136 

June * 
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00 
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17 

129 

July . 
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August. 




0,100 
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September . 
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49 

17 


October 
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61 1 

77 ; 
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November . 
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1700 
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Average 
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1 
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i 
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i ' 
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Tablb U. 188G. 

Percentage reduction in the number of developable micro-organisms present in the river waters 

before delivery by the companies. 
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U^cription of water 
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99*4 1 
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99-0 1 

99*7 
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November 
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98-0 ' 


90*7 

1 08*2 
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GfAQd Junction, and Lambeth Companies 
\ mpectivdiy. 

d Braenkel and Plefke (Zeitscli. Hygiene, 
8, 1890^ 1-40) subsequently demonstrate by 
direct experiment that pt^icular species of 
baobniapurposely introduced into the onfiJtered, 
were stilt present, although in greatly dMoiaished 
numbers, m the titered water. 

Ihe wonderful efficiency of these sand filters 
in removing microbes was at first very difficult 
to aeoount lor, but it is no w recognised to depend 
npon the impervious nature of t^ slimy deposit 
r mich forms upon the surface of the sand, and 
; : imtil such a coating has been established the 
Ster has but Uttle efiect in removing micro* 
drgaiito (Fiefke, Aphorismen liber Wasser* 
Zeltsch. Hygiene, 7, 1889, 115- 
19% Tmi slimy deposit consists not only of 
;e% shod, and colloidal matter, but also of a 
, muWindb living forms— diatoms, green and 
htae Innumeiabte bacteria, fun^ and 
Umar^ tlmse forms aotoaUy feed on 


bacteria. The rate at which filtration ja eanied 
on is also a most important factor, the 
rapid the rate the less efficient being tnepiitttmU 
tion (P. F. Prankland, Proc. Inst* CSv. Knrineaiai, 
1885-6)* Although 4h6 removal of baotmia Is 
not attributable to the sand partidsf m gdlli, 
there is abundant evidence that the ffimir l}m 
sand and the greater its depth the momaffidlent 
is the filtration* This is doubtless due to a v 
better support being mven to the filtering sk% 
and to the finer and tmeker layer of 
ing the psasage of water through tim 
whilst the water is also hroimht into mtese 
inUmate and piotonged contact tlm ocdWdal 
matter with which the sand of a nii^nted JItar 
Is clothed. The statisties cl the Xantdon ufulur* 
works show that the oost of fiHmtktt a^^iMiied 
out by them aversgeeabont OlkLper lOOOjnpIlQiib 
In oountrlei liable to eitMiroAli^^ 
even in cold wtotMi in tils eomtflr - tit> ^ 
of sand filtration oflsii greabi^^ 
sequent cl tim beestgg 4 
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in been ^pttudAcl agaioBt by the ioi^ 
iitarjc^OlAiinittl^ In 

(hd Oidted Sl^teBt lAm m flame diffioslty 
exiflti^ the HyMt vp^ of filtration hae be^ 

. ma|dk>yed on a ooneUtoraUe aoaie. In this the 
Is fiM treated itith a nfinete quantity of 
(i^l^ I grab i»er gdVon}^ alter whi& it 
(r^faMi throfuipk a atm finering ohamb^, oon- 
/tisting of a TertJeal cylinder the diameter of 
nearly twice its height. This cylinder 
ifl^diviied by a horiaontal diaphragm, oapabe of 
V, Uflthstonding the hydrostatic pressure necessary 
> lor rapid filtra^n* The lower half contains the 
' ffltermg material, composed of 2 parts coke and 
j|iipart8 sand. The upper part of the cylinder is 
MaiM to washing the mteniig material, which at 
,;reguto intervab Is transferred into it in a state 
of violcmt agitation by hydraulic currents, the 
impurities flowine away through pipes situated 
near the top of the cylinder, lb the process of 
Mtration the water is admitted throujgh pipes to 
the upper ^rt^ of the lower section of the 
oyliuito, and it is drawn off through perforated 
oupi, which permit the water, but not the sand, 
to pass. It IB claimed that the efficiency of the 
system depends more upon the successful preci- 
pitation and entanglement of germ life by the 
ooagiilflnt alumina than upon any special merits 
of the filter {Fotable Water, Hoyd Davis, Iowa, 
11.8. 1891). The cost of maintenance is said to 
be only one-fifth of that entailed by filter beds. 

In recent years the use of mechanical filters 
. has been (fining ground in Great Britain also, 
the Jeweu, Bell, and Candy filters being those 
most oommbnly employed (see Modem Methods 
of Water Punfication, ]^n and Chisholm, 

: London, 1911; see also Bacteriology of fsater, 
; bebw). The Puech-Chabal system consists in 
submitting the water to successive processes of 
ptetiem, sometimes as many as six stages, 
ing with coarser grades of gravel and 
with fine sand, being employed. It is 
^ lly suitable for very turbid waters, as the 
tie of the fine sand filter is greatly prolonged. 
It hfli bemi used at Mag<bburg and omer 
; pbees (see Ben and Chisholm, le,). 

. ; Of other methods of drinbng-water purifica- 
tion on the large scale the only one that need be 
, tnmitioiied is Anderson’s. The method consists 
) b Ptobg ^*ter slowly through revolving 
hpem cylinams about two-thirds filled with iron 



A small quantity of the iron con 
ttniKmy passes into solution, so that the water 
^^beofnmw impregnated with ferrous iron, which 
ittbimq|iientiy, men the water fiows into a settling 
fank, is converted into the ferric state with pre- 
cipUatioB, a large proportion of the organic 
, matter in aolution being removed in the process, 
' ^lAilflt a veiy oonsidorable diminution in the 
^ !i:iliiimber of vital g^rms is also effected. Alter 
^ Stidmigoing oxidation in the settling tank* the 
imtoli finally filteswd through sand before d^^ 

■ ttibatioa. It takes 8} mins, for the water to 
the rotating cylinder, the entire 
.V oocnpying about 6 hours (Andenon 

* XnattiiT. Ec^eem ; Engineering 
MiCOosiB has baen uaed on a largo aoale at 
— i.aaAI!!MfaL 

on ftfl fliwi 
retithpamallBcale 



An brnbiise number 
have been enndoved dmcinx ' 
recent y:eais^ ihtt spso^ 

brief ooiitiiMcbitoefa to of themoxeimpovtant 
onec. 

Anitol obKcoat k mplcyed 
common housriioid fiHers, a^ iipm, the invalu- 
able flervicee which it yitida in augar-refining it . 
was anticipated that it would be effic^ 
as a water filter. Unlike sand, it not only acts 
upon the suspended matters, but also removes a 
considerable proportion of the dissolved ozganic 
matter, and even some of the temporal^ hard- 
ness, Unfortunately, however, its action k very 
transient, and it generally soon bocomea the 
seat of numerous organic growths, which ate 
favoured by the calcium phosphate it contains, 
and the filtered water is tlm often rendered 
more impure than the nnfiltered. 

Vegetable charcoal has but little effect on 
the dissolved organic matters, aithou^ in a 
sufficiently fine state of division it k an exceUent 
strainer for suspended impurities (see table below). 

Bischof’s spon^ iron, obtained tither by re- 
duction of hflsmatite or of roasted pyrito haa 
a remarkable power of removing dkaolved or- 
ganic matters, as well as temporary hardness 
and nitrates, and this power k far more perma- 
nent than that of animal charcoal. It was to 
some time also employed on the large Scale^ in 
conjunction with sand, at the Antwerp Water- 
works. The effect of filtration thiougn mnimaJ 
charcoal and spongy iron respectively k eidu- 
bited in the table below. 

Since the recent great advances in bacterio- 
logical science, it has become evident that the 
removal of micro-organisms from drinking water 
is a matter of much greater importance than tire 
removal of organic matter, and hence it k in 
respect of this nroperty that the value of filteia 
is now generally estimated. The writer has 
shown (The Removal of Micro-Organkma fnm 
Water, F. F. Frankland, Proo. Boy, Soe, 1888) 
that several substances— euch as coke, wood-, 
charcoal, spongy iron, Ac.-— in a aiiffiekn% fina . 
state of division are capable of entindly mtohlgL 
all microbes in water passed tibod^ a tkaim * 
of a few inches of these mateiiak. Thk power, 
which k quite independent of any etaolol 
action (thus in the case of coke and wood-char- 
coal there k little or no removal of dksolv^; 
orsanic matter), k, however, not mainlatod:' J 
unfess the materials are frequently ronamdfyC 
and in the case of animal charo^ wmeh to bto 
m use for a short time (one month} the lisiihto : < 
of mkrrtwi was found to be far greaterln the^ 
filterediBm in the unfiltered water. The most, 
ooDspicuona instance of biological, as oppoaad . 
to ohemioal, filtration is fuxniwed by Ghambw^:. 
land’s unglaaed poroelaiB filter, wwli antiiely 
removes microbes, but haa no tiunnkal aatkm 
whatever (sea table on next pm), 4 

A number of household fflten in aetaial use 
have been examined with regard to thak^wev 
of removing microbes by Fh^ (Fuiffic &altb 
fieotion of Gem. Absm m Natodkta a^ 
FhyaioUna, 1886), who divides them ktto tixf 
dbusea, aoooidiBg to the mateiiah meti '' 
aatbeii fUere^ (2) sfona wd mad 

•me JUm, fi) iMpar ‘ " 
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SolurmrV The carbon filieis were IxmA 
not <ni]y to a^lmit of tbe free iraiiniiisabm of 
iiuei!Dbe 0 » but in some oases the numbers in the 
greatly exceeded those m the uufdtered 
. water. Thus in one case 68 colonies were ob- 
tained from 1 C.C. of the untItered. and 12»00d 
from 1 C.O. of the filtered water. stone and 
sand filters were all found to be wortUess. 
The spon^-iroQ filter 3 rielded the following re- 
sults: unmtered water, 38,000 colonies nK)m 
1 c.o. ; filtered, 18,000-24, OOO colonies from 1 o.o. 
The paper filters all yielded very unsatisfactory 
results ; the earthenware and asbestos filters, on 
the other hand, gave in nearly every instance a 
filtrate practically free from microbes. (For par- 


ifeidim cottoen^ tjim s^eirfiisiM pbU^ cl Jhi 
Cbsspberlaiid filter^ sss also jlna^ah 

dee Ihnai, Bafiis« 188^]f Tbs 
(bawback to these borcha earthenwase 
mters is the rapid dhninnUon in the rate ot 
Mtration which they exhibit. More satisfsetoiy 
ih this respect are the Berkefeld filters, similar]^ 
oonstruot^ of burnt infusorial earth (Nbidt* 
mover, Zeitsoh. Hygiene, 1891, 10, 145 1 Miart, 
ibia. 155). Neither the Chamberland nor |lerke- 
feld filters penuanently yidid sterile water, eome 
of the bacteria in the unfiltered water sooner or 
later growing through the pores. It is, however», 


(Results ot Analysis expressed in parts per 100,000.) 


Description 


bondoB water, unflltered ^ . 

Ditto, after flltration through fresh animal 
charoesl 

loodon water, unfiltered ^ 

Ditto, after flltration through animal char 
coal In use 11 months ^ 

London water, unfiltered * . . . 

Ditto, j^fter flltration through fresh spongy 

Lemdon water. *uiillltered^‘ * * ! 

Ditto, aftor flltration through spongy Iron 
In Bse 8 months ^ . 

Water, before flltration * . . 

^tto, after flltration through fine coke ^ . 
Ditto, afttf flltration through fine wood 
ohareoal* . . . 

IiOiideii water, before filtration^ 

Ditto, idter flltration through Chamberland 
gte* 


Total solid matters 

Organic carbon | 

Organic nitrogen 

Ammonia 

Nitrogen as nitrates 1 
and nitrites j 

I 

Total combined 
nitrogen 

Chlorine 

Hardness 

fp 

ST 

Temporary 

Permanent 

i 

24*60 

0*129 

0*023 

0 

0*188 

0*211 

1*0 

— 

— 

19-4 

-- 

19*40 

0.029 

0*007 

0*013 

0*194 

0*212 

1*0 





15*2 


25*94 

0*164 

0*030 

0*002 

0*062 

0*004 

1*9 

— 


19*7 

— 

25*10 

0*010 

0*002 

0*002 

0*325 

0*129 

1*9 

— 

..... 

19*1 


25*28 

0*120 

10*013 

0 

0*166 

0179 

1*7 

14*5 

6*7 

21*2 

1 

13*70 

0*025 

^0*004 

0*002 

0*031 

0*037 

1*7 

7*4 

4*6 

12*0 


24*10 

0*188 

0*034 

0*001 

0*120 

0*155 

1*95 

11*8 

7*3 

19*1 

— 

14*84 

0*089 

0020 

0*001 

0 

0*021 

1*05 

6*8 

4*3 

9*6 


24*80 

0*144 

0*050 

0 

0*190 

0*240 

1*9 

11*8 

5*6 

16*9 

26,000 

2500 

0*107 

0038 

0 

0*202 

0*240 

1*9 

11*8 

5*6 

16*9 

0 

24*68 

0*090 

0 024 

0 

0*221 

0*245 

1*9 

32*5 

4*6 

17*1 

0 

33*70 

0*282 

0*028 

0 

0*288 

1 0*316 

X*9 

15*7 

4*9 

20*0 

54 

30*04 

1 0*284 

o 

6 

0 

0*289 

0*316 

1*9 

14*4 

5*8 

19*7 

0 


^ Biv. Cominis. 6th Rot. ^ P. F. Frankland, J. Soc. Chem. Ind. 1885. 

* P. P. prankland, Proc. Roy. Soc., 1885, 300. 


known notually to multiply extensively in 
oidiiisi^ dskiking water (Kubler, Zeitsch. 

1898, 10, 48). 

W. E. Hidl has described a simple apparatus 
; the enriraetion of micro-organiams from 
, saasdtos of water. The sample is collected in a 
small rtxslntng iar through which any quantity 
of water can be passed, and the organisms 
letidoed in a quantity of water for 

oarrisga, 

S!iom tins ooBoentmted sample the 
ban bo oxtiaoted by passing it through a filter 
paper about 1| in. diameter placed over a small 
fon aid attached to a vessel mm which the air 
r.ls extracted W means of an exhauster consist- 
ing of a aodifii^ form of filter pump. 

the eigsiiisms are finally wadbed off the ^ 
pi^er by means of a wash bottle with 
t ff s.e. m water in which the oxganisnis 
Modilylie examined in a stage trough or 
rioomi hi Sami} quantities on a compressor slide 
{7.^ Clma. IiMi 1924, 43, 280). 

sMoh tf drinkiiig water by dtstiEs- 
ili^.eloouiis^ tibe most effectual mode 
MMsg from aH its impiiritiMi 1^ Is 


resorted to, on a considerable scale, at sea, both 
for steam and sailing vessels. (For deseniptioa 
of forms of apparatus in actual use e. Iwlimr, 
Technologic d. Wassers, Brunswick, 1S8Q, 281«- 
208.) The insipid taste of the distilled water can 
be removed eitner by adration, or by filtration* 
through anirosl chaiwal or other pewons sub*., 
stances, l^ttlled water is also employed to" 
some extent for the manufacture of afifWied 
waters and for artificial ice. 

PuHfioatUm of drinkiny water by 
The purification consisto, of course, os^ in 
destruction of living organisins wmemM 
water, but this is from an hyipboie pcM ti] 
view of the greatest importance. In Mi adliesi • 
it is far more reliable than any pcooeiw. : 

tion, and ehould be invariably resorted to hk 13^^^ 
case of waters which besx ai&imtpMion;0f , 
age oontamlik^loik. The va|4d taste 
water may be removed fay paewige dbreoig^ 
filter, wbi^ however, 

ployed lor this purpose and not lor ffiWtaf- 
unboiled water/ AecmfenimekfomofsMi^^ 






d’Anahw tjactMidogiqne de| 
I 89 I 9 The moie eztesfim 
\m ol boikd intit^ of filtered water ia'one 
of the chief eanitaiy desiderata of the dajc 
Although absolute sterility cannot be guaraniked 
ter a few minu W ebuUition^ yet the muotion in 
the number of microbes by ^is simple process 
is 90 great that it may be safely rmrded as 
ample lor practical purposes. Thus Miquel and 
' Waoa (ibid, 185) found in the case of the Ourcq- 
canal water of Paris 


Tunperature. 

, UV. 

50^ for 10 minutes 
60 ^ 

70 

80 ^ 

90 ® 

100 ® 

100 ® for 20 minutes 


Bacteria in 1 c.c 
460,800 
600 
(60) 
88-8 
62-4 
26-4 
0-5 
00 


I 


Warn 70B Ikdxjstbul Purposes. 

Of the numerous industrial uses to which 
water is put» the most general and important is 
the raising of steam. The composition of the 
water supplied to steam-boilers is a matter of 
great consequenoe, as the use of unsuitable 
water may cause the corrosion of boiler-plates 
and the formation of deposits, which not only 
occasion a serious loss of neat but may also lead 
to most disastrous explosions (t^. Boiler Ie- 
ORUSTATIONS AND DEPOSITS). 

Water for other industrial purposes.— (1) For 
brewing, see art. Brewing. For use in bakeries, 
the water should be in all respects of the same 
degree of purity as is demanded for drinking 
puiposes. 

( 2 ) For the textile industries the character of 
the wi^r employed is often of great consequence, 
^us in bleaching and dyeing the presence of 
iron and manganese, even in very small quan- 
tities, is highly deleterious, giving rise to iron 
and manganese stains on the bleached goods, 
and caurag spots and modifications in the 
' i^Ades of dyed materials. Hard water, again, 
involves the use of larger quantities of mkali 
; and soap in the several operations of boaking, 
soonring, and milling, and the insoluble lime- 
soap islto adhering to the fibre, often prevent- 
ing the subsequent application of mordant or 
dye^^ In those operations, again, in which dyed 
,, lahrics are soap^ the lime-soap often injures 
the btilUanoy of the colour, whilst in other 
cgiw the earthy soaps precipitated on the fibre 
: acl as mordants, and attract the colouring 
,, 1 ^^ m those parte of the goods where it is 
not fish^ to fix them. In general, hard water 
, elieot of dulling many colours, and if 

;; to bitorbonates ret^, or even prevents, 

> toe ming of suoh colours as require an acid 
bath (s<g. cochineal scarlet). In some cases hard 
water eontainiiig bicarbonates wastes the mor» 
danto by lNceoi]£ation in the bath instead of on 
to9%o,« hibt it is sometimes actually bene- 
- Jclallto the washing of goods which have been 
; mcadutod toto basm mordants. Such water is 
' ^ ton solution of many coal-tar 

V Mtoyl violets porUon of the 

' - lost as a tany piacipitatei whilst 


pmsenoe of a certain amount of lima is iteost . 
mdhpeDsable; a pure water to whito a Imown 
quantity, of lime-salt has been added is^ how^ ; 
ever, pnferable to a naturally hard water, espe- 
cially a the latter is of variably comppsij^, 
Water oontahnog dftaliiie carbonates h s^r ' 
times advantagi^ e-g. to wool-soouringr 
in those dyeing Cpemtkms k which the aMtkn 
of sodium carbonate is presoribed; but in mor- 
danting, in the dyeing with many oolours, and 
in the washing of dyed goods, it is often veiy 
ireiudicial; in these cases it should be neu- 
iralised with sulphuric or acetic acid. Aeid 
waters are generally highly mjurious^ and toould 
be neutralised with sodium carbonate; Sul- 
phuretted hydrogen in water is also objec- 
tionable in many operations of dyeing, more, 
especially in mordanting With metallic salts 
(Hummel, Dyeing of Textile Fabrics). For toe 
manufacture of paper, water contmmng iron is 
highly objectionable, giving rise to stains, whUst 
the presence of hardness is objectionable in 
causing the decomposition of the rosin-soap, 

( 3 ) For tanning, pure water is also a de- 
sideratum. Water much contaminated with 
organic matter causes injury to the. suiteoe of 
the leather, and sometimes a corrosion from the 
flesh-side of the skin. Water oontaining oar- 
bonic acid, or the bicarbonates, or caldium and 
magnesium sulphates, causes the hides to swell, 
whilst the chlorides prevent the swelling, and 
hence sea-water cannot be employed lor toe 
purpose. Hard water occasions a less peileet 
utilisation of the tanning materials, and an 
excess of chlorides retards the tanx^ ^noese 
and causes the leather to attract moisture ; toe 
presence of iron is not so objectionable as » 
commonly supposed (Fischer, Das Wasser, 49- 
51). 

(4) In sugar-refining the sulphates and 
alkaline carbonates are more pmueiive of 
molasses than the ohlorides, whilst mtrates aie 
specially objectionable, as they, prev^ the 
crystallisation of six times their wei^ of* 
s^ar (Fischer, Technologic d« Wassem, y 

Purification of toaterfor industrial pnrpoeek 

As already pointed out, tome mibstancee, 
although unobjectionable in drinking watery 
oprate prejudicially when the water it emw 
ployed for many Industrial puipqtee, gril , 
numerous methods have been devised tor lO- 
moving these impuriUeB or lor' oounteieirikg 
their ejects. But few methods of |witookkii / 
have favour in actual praetioe,^^.^^ 

to these iilono will any attention be gkto ' 
The processes which have for toefr objeto % ; 
removal of matters in suspenrion oi 
substances have been already daeeiiM 
Purification of drinking water ( 1 ^ p; V 
toe prooesses intended lor toe ^ ' 

industrial water suppUes are toisd^ AitotoeA k 
the removal of luao and magoiria tails k 
solution, which, as has been toown abovs^ 
ktertese with toe success of so maoy indosldal 
operatkni Thu removal of lime and 
saitefr beqito&tiy spokenof as * waterMmftmungi* 
k eckmqueiioe of tin 
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vM Unu (CSufc’s piooMs),— 

: flf pKoifioatioD v» fi»t mopoatA 

, / of Al)iN<&eo, in IMl, and'oOluisia In 

dMompotition of calcitnn Inoarbonate or 
-.’ieuporKty baidneas * of woter too additoat 
' of m miitabie quantity of dated lime, aoeording 
. ' to o^wtion 

: 0aH,{CX),),+Ca(0H),-:2CaC0,+2H*0 

Oaldum bicarbonate Caloium carbonate 
Thus both the lime in solution as bicarbonate 
as well as that added in the form of hydroxide 
are precipitated as normal carbonate, which is 
almost insoluble in water. The calcium 
hydroxide is sometimes added in the form of milk 
of lime» sometimes in that of clear lime-water, 
but the latter is far preferable, as the quantity 
added can be more easily controlled and an 
excess avoided. The necessary quantity of 
calcium hydroxide is most easily ascertained by 
adding such an amount that, after thorough 
mixing, a small quantity of the water taken out 
, yields a yellow or brown colour with a solution 
of silver nitrate, more water is then added, until, 
on similarly testing, no coloration with the silver 
^ nitrate is obtained. This test should invariably 
be resorted to even in the case of such waters 
as are of very constant composition, and which, 
therefore, admit of the lime being proportioned 
by experience, as otherwise an excess or deficiency 
of linm is nearly sure to result. In its original 
form the dark process is carried out in large 
tanks in winch the water can remain at perfect 
rest for about 16 hours, although by the use of 
a floating exit-pipe the clear surface water can 
often be drawn off after 2 or 3 hours, and before 
the whole of the precipitate has reached the 
bottom. This method been most success- 
fully empk^ed on a large scale at the Colne 
Valley Waterworks, near Bushey, at Canter- 
bury, Caterham, and many other places on a 
amsB scale. The * temxK>rary hardness * only is, 
cf course, removed, and even this not com- 
plddy, as under the most favourable circum- 
stances a small proportion of calcium carbonate 
^remains is solution, whilst in the case of waters 
, eontalmilg magnesium bicarbonate the removal 
of the lattm* is generally far less complete. In 
addiliim to these bicarbonates, the salts of iron 
and much organic matter are also removed. 

In order to obviate the large amount of 
storage capacity required for Clark’s process, 
sevem modifleations have been intiwuoed, 
in which the predpiiate formed by the treat- 
ment with lime is either removed by filtration 
or made to subside rapidly by artificial means. 
The most notable of these improved processes 
ace the so-called ^Porter-dark,’ in which the 
pi^pitate is removed with a filter-press, and 
ihdllet and Huet’s process, in which subsidence 
I# promoM by causing the water to take a cir- 
^^^mmous sig-xag and upward path after the addi- 
Hon of the time. In this latter process both lime 
and caustic soda are frequently emplwed in 
!,;CO^iinotiton as the softening agents ; in tins . 
.gjwier boft * temporary’ and ‘permanent* 
ffgddoem cih bet to a great extent, reipioved, 

^s(00^+2NaOH*CaOO»+N^^ 

, 0iij®4+Ha^,«Ca(X),H-Na,S04. 

, .does not peemit the description of a 
ad ottim vater-softeniag appacatuses 


udddi now on tlm marlBett and ishtcii otil^ 
differ fiom each other in the specM meehiudoai * 
devices Ibr «upi^|:d% Hie ehemiods (mHI; of v 
Ihne^ lime water, somum carbonate, or eauCtio 
8od«» as the case may be) and for removiud ihfi 
d^icsit. The Archbutt-Zieeky process, however, 
possesaes certain features of interest In this 
the darifieation of the treated water is acceler- 
ated by stirring it up with the sludge of calohdn ; 
carbonate obtained in previous predpitatkmti:' 
this being effected by blowing in oompCtssed ait 
through perforated pipes. The subsequent 
sedimentation takes place very rapidly, and the 
clear water is drawn off from the surface hy ' 
means of a floating arm. Further, the danger of 
subsequent deposition of calcium carbonate in 
the service pipes, which often occurs whan an 
insufficient time is allowed for sediment^tioii, 
is avoided by injecting carbon dioxide (ob 
from a coke-stove, the gas being scrubbed ^th 
limestone to remove sulphur compounds) mto 
the clarified water as it is drawn from 
settling tank. 

Magnesia has also been employed to a limi(3 
extent for softening instead of lime. Under 
these circumstances the following reactions may 
take place, esjiecially if heat is applied 

CaHj(CO.)*+MgO=-CaCO,‘fMgCO.-fH,0 
MgCOj-r CaSO^-CaCO, {-MgS04 
MgCOa f CaCla =:=CaC08 f MgCI. 

(Fischer, Chem. Tcchnol. d. Wassers, Bruns- 
wick, 1880, 264). i 

The formation of magnesium cliloride is ob- 
viously disadvantageous for boiler purposes, 

A number of other processes of chemical 
purification have from time to time been sug- 
gested, but none of them have met with any 
great success. Thus attempts have been nia& 
to utilise the following reactions : 

CaH8(CO,)*-fBa(OH)8 
CaS04+Ba(0H)8 
CaS04-hBaCl, 

CaH8(CX>8)4+C804Na, 

Sodium 
oxalate 

CaS04+C804Na,: 

Csa,-fC,04Na,. 

CaH*{CO,)*+2HCl: 

In the Permutiie process, devised by Dr* 
Gans of Berlin, the water is softened by ffltratimi 
through artificial zeolite (a hydrated silicate of ^ 
alumina and soda) t<r which the name of Per- 
mutUe has been given. The latter is made 
fusing together silica or quartz, dhotmlna pf 
china-clay, and sodium carbonate. Tbe fused 
nass is extracted with water, a crystaOine 

AltO,>»22, MasO^aS-e^ HuOselH 
p.c.) being obtahied. When waters 
calcium or magnesium salts ars filtcml HieOHp 
his material, the following leaetiiM^^ M 
place ' ''''''/.v';'.. 

Na,Al,Si.O.+CWX>»«Na,OOa+( 
Na8Al8Si,04+CaS04»Na,80vfC 

It is claimed lor this urooess that the whole 
of the hardnem is rsmovM and tlud» tte^oidshini. 


=:CaCO*+BaCO.+2H.O 
=BaS04+Ca(0H)8 
=BaS04+CaCL 
=-C, 04 Ca+ 2 NaH 00 * 


Oaiclam 

oxalato 


Sodlctm 

bicarbofiate 


«Ct04Ca+Na*S0* 

-C, 040 a-h 2 NaCl 

=Caa,+2C0,+2H,0 


or mogneriom looUto foniMd < 
nto toe original panawttta nr naikMiit '•Mite 
treataentwitonaliongi ' 








j' and a aadda^of maaganeae) far 
tha nmcrral cdE hotr and manganese in water. 

; i Tlua material can be zeganevated hy treatment 
with a solution of potoMiuia or calcium per- 
/ mangaaate. The^manganefle^permntrte can ako 
: be «mplo 3 ^ lor the steiijMdicm of wat#$ 
f the wter is treated with permanganate in 
m destroy bacti^ia»,aiid^ 

m subsequent filtration through mangtineee- 
permhiite» the whole of the manganese is said 
' V to be retained by the filter. Caldum-permutito 
!ha8 been used for removl^ potash from molasses, 
lime passing into solution; the lime may be 
T^kMOed by soda by passing through sodium- 
termutite. The plant and materia for Uia 
inimutite process can bo obtained from * Water 
Softeners, Ltd.,* Kingsway, London, W.C. 

For the effect of softening processes on the 
bacteria in water, v. p. 417. 

. "T^ Odum of vnter on lead^ zinc, copper^ and 
ahiminium , — ^The action of water on these 
jnetals, and especially on lead, is of great 
imi^rtanoe in connection with the distri- 
bution and storage of water. The Romans 
employed leaden pipes, and Vitruvius and Galen 
were aware that some waters were thereby 
imidered deleterious. On the other hana, 
certain waters have so little action on lead that 
pipes of this material liave been in use for up- 
war^ of 200 years without showing any trace 
of ebnoeion (Fischer, Technologie d. Wassers, 
317). As a general rule, hard waters, and more 
. especially those containing bicarbonates, do not 
act on lead; the greater number of active 
watexs are soft, and generally entirely destitute 
of bmarbonates. The ^tivity has been ascribed 
by different authorities to the presence or 
absmioe of a great variety of ingreaients in the 
water—^g. the presence of dissolved air (Yorke), 
ammonium nitrite (Medlock), ammonium car- 
bonate (Bdttcher). Some have contended that 
oiganic matters diminish the activity (Horsford), 
others that they incroaso it (Hofmann, Graham, 
Mflter » and Koad). The latter authorities were 
of opinion also that the presence of dissolved 
/oxygen and the absence of more than 3 vols. 
of carbon dioxide in 100 vols. of water are 
amongst the conditions necessary for the attack 
upon lead. It has idso been contended that a 

a sirft wv^fcom attaoking^loai’ (Riv^Pollut. 
Oommiss, 9th Rep. 224), whilst according to 
' otheim, again, the protecting ingredient is silica 
OdUim, and Tidy, Report on the Action 
bf Water on London, 1886). In many 
eases tiie activity of the water is due to the 
mosmice of oxipmic acids (Allen), this being 
wubtiesi a fnutful cause of moorhnui waters 
: mstiiig Oft lead« Hie activity of many waters is 
^bonmsi to new untamlsbed lead, whilst others 
qoftllilftt to aot^ sometimes with increased 
. oil the old and tamisbed metal (P. F. 
JdA$ Hie Action of Water on Leed, J. 

nttftftliibiii eftpedisttts nave been resorted to 
in to destroy this activity of some soft 
Wtsfti.. aeuUty is the pmnxnaUe cause 
, the ^pift.>io|wlsM lenMy is the ftltraUmi of the 

inprao* 

fosnid to^be only of tea- 
I ae lik# euilaeei^of lia 

t afitta wh^ thar 


ifthesbeea 

found more effective to mix the waterftcmtaxkn* 
ousl^ Wi^ o miSc of finely-divided celcium^ 
cacoonate, mA s&wing this to subside before 
the water k distributedL 

It is now general^ admitted that the action 
of water on lead is of two different kinds* Of 
these the most obvious Is that dne totheaoidity^ 
of some waters; such acidity may be due to 
organic or even mineral acids^ and can be 
determined by titration with appxopriate 
indicators. Such acid waters have, in general, 
a continuous action on lead. The acidity can, 
of course, be neutralised by the addition of lime, 
finely-divided calcium carbonate, or most 
effectively by sodium carbonate. It was, how- 
ever, shown many years ago by the writer Uiat 
such neutralisation does not necessarily entirely 
stop the action of the water on lead, and that 
this is often only secured by adding a oonsider- 
able excess of sodium carbonate. BimOaxly 
there are many natural waters, which, although 
slightly alkaline with small proportions of 
calcium bicarbonate, nevertheless act on lead* 
Such action of neutral or even slighriy alkaline 
waters is now usually termed * erosive * as dis- 
tinguished from the ^ plumbosolveiU* action of 
acid waters. These remarkable phenomena have 
only received a satisfactory explanation since 
the recent advances in physical chemis^ have 
illuminated the subject of chemical equiuhrium. 

This matter is very ably dealt with in an 
important paper by Paul, OhlmuUer, Heise, and 
Auerbach (Arbeiten a. d. kais. Gesundheitsam^ 
1906, 23 ; Untersuchnng fiber die Beschaffenheit 
des sur Versorgung dor Haupt-und Besidensstadt 
Dessau benutzten Wassers, insbesondare ubeir 
dessen Bleildsungsfahigkeit). The coxkdu&ionB 
arrived at by these authors are:-*-> 

1. Dissolved oxygen is necessary for the 
solution of metallic lead in pure water. Experi- 
ments made with distilled water, which had Mm 
saturated with air freed from carbon dioxidi^ 
showed that nearly the whole of the oxyg^ 
(amounting to about 9 xagm. per 1 litre) was 
taken up presumably according to the equation s 

2Pb+2H,0+0,*2Pb(0H), 

The water, which was at 18% took up about 
U5 mgms. of lead per 1 litre. By increasiiig the 
proportion of oxygen in the air used lor saturat- 
ing the water the amonnt of lead taken up was 
at first also increased (up to about 140 mgina. Fb 
per 1 litre), but this was followed by a sudden . 
wp to an amount which remained motioally 
constant (about 108 mgms. per 1 littelto about / 
14*5 mgms. 0, dissolved iu 1 litre water)* Tbit ; 
sadden drop is referred to the appearance of a 
precipitate (solid pkase) preventing ftirtte 
supeiuatuxwtion of the water witih lead hydroxide* 
(Tne authors did not detenuine the eimet ; 
composition of the solid phase, wiikb xnay have 
been Pb(OH)t. or more probab^ one of its 
anhydrides*) 

2* Free eairhoinic wU dimiftWiee the phimbo- 
solvent effect of the simultaikeously pMSnt 
dissolved oxygen. thus^inMesperibent ii^^ 
distilled wiMr made to contain about ftingn^ Oj 
Mid 40 mgBHk OOt in 1 " 
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X it tS^t diascd^ irtm tibie same 
S[ difwob^ oxynpn m 3 present in the absem 
i4 wrbQiik acid. This diminiahed jditihboo 
soiveno^ la, of course, attiibatable tQ the fcma- 
tioii of a more inaohible solid phase, yIk. 
PbOO^ or more probably some basic carbonate 
such as 2PbCO^]Pb(OH},, 

3. Sodium biodrbonak in the absence of any 
appreciable quantity of free carbonic acid matly 
reduces the |>lumb^lvency of water ; thus in 
similar experiments, in which the same pro- 
portion (al^ut 9 m^s. 0 , per 1 litre) of dissolved 
taloE 


oxygen was retains, but along with 35 rngms, of 
KwCOg per litre, the amount of lead tahen up 
. was oidy 0*6 mgm. per litre of water. This, again, 
is attributable to the diminished solubility of the 
solid phase in the solution of the sodium bi- 
carbonate. The amount of lead taken up by 
the water is limited by the ^Mbility product ; 
thus a saturated solution of lead carbonate 
will cdntain a small concentration of PbCOs 
-molecules, together with Pb"+C 0 j" ions, of 
which only the PbCOs-molecules are in d^ct 
equilibrium with the solid phase (precipitated 
lead carbonate). The concentration of the 
Pb 00 | molecules will always remain constapt 
as long as there is any of the solid phase present, 
but Uds concentration is very small. The 
concentration of the ions, on the other hand, is 
detennined by the dissociation equilibrium. 
Thus, representing the molecular concentrations 
of the rnipective bodies by the formula enclosed 
in brackets, we bave — 

[Pb-3x[C0/]=:bx[PbC0J 

in wbicb b is a constant. But in saturated 
solurions, as already seen above, [PbOOs] is 
oonstant, therefore ixlPbCOt] is also constant, 
and can be represented by S, which is termed the 
proauctf thus— 


lPb-]x[CO/]=S 

_S 

’loo7j 


[Pb-]= 






^ V; 


tail XbM, 4hf' 

in which the values 

li,=l-3xl(H» 

are known (J. Walker and W* Cormaol^Chemi 
Soo. Trans. 1900, 77, 5; Bodl&nder, j^ts ^5 
physikal. Chem. 1900, 35, 23). - 

From equation (2) 

and combining this with equation ( 1 ) we 
ix [H.COJ 

but with PbOOs ^s solid phase we had' 
[Pb-]-, " 


, /wbi^ obviousity si^^nifies that the concentration 
of Pb*vioiis wul be the smaller the greater 
tbu is^fiQentmrion of the (If the solid 

pbuse 4 * U carbonate, then it can be shown 
concentration of the Pb^dons must be 
inyrnsj^ proportional to the concentrations of 
^ 00/. andthe OH'-jons.! 

In soittrions of free carbonic acid Jthe con. 
cimtriUcm of co/.ions is very small (because 
?%arbonic arid bri^ a verv w^ acid is only 
vmyr dissected into ions), whilst in 

idurionii of KaHCOt the concentration of 
: .OO/.ium is much greater, and, therefore, the 
. of tlm Pb**.iong will be oorre- 

l diminished, or, in other words, a 

; proportion of lead will pass into 

^ {K should be mentioned that the 

" jjttfSliMwva. snay be complicated by the circum. 

of the solid idiase may be 
dStanM aooofding as the metallic lead is placed 
' fa laith a solution of free carbonic arid 

' 4 , ffa rinndtaneous presence of /ree cofiouic 
acUimited^ to theloUoiring 




tCO'J 

which can, therefore, be written 


[HCO,']* 

But, inasmuch as free carbonic acid Is verv 
little, and sodium bicarbonate very muep 
dissociated, the value of [H 2 COS] may be taken 
as proportional to the molecular concentxatiun | 
of the free carbonic acid, and [HCOji] to that of/ 
the sodium bicarbonate, and thus the concentm^ 
tion of the Pb** -ions wiU he direcUy projfortiamU 
to that of the free cathonic add, aid ifwereely 
proportional to the square of Suit of the sodtfiiii 
hkarhomU, 

This important theoretical deductvm was , 
experimentally verified by placing lead in con* 
tact with water containing 8*3 mgms. 0t« 35*3 
mgms. NaHOO), and about 33 mgms. CO| per 1 
litre, with the result that the amount of lead 
in solution was found to be about 1 mgm, per 1 
litre, and thus slightly but distinctly greater 
than in the previous experiment in which thm , 
was no free carbonic acid present, and in which 
0*6 mgm. Pb per 1 litre was taken up by the 
water. 

In ordinary natural waters the phenomena 
are complicate b^r the simultaneous presence 
of other salts, especially chlorides and sw^^les. 
Both PbClg andf PbSQ^ are considerably vsam ^ 
soluble than the carbonate. On adding 71 legnii^ 
Na,S 04 per 1 litre to the last artmcisl wat^ 
mentioned above, it was found that the pro* 
portion of lead taken up was about 
being about 3 mgms. per litre. This inoreaie 
of course, depend on the presence of PnSD^ . 
molecules in solution, and not on a«t faersafa fai 
the concentration of the PV'-ions, wfa*** ^ ' 

shown was already fixed to the conct 
of the carbonic add and bioarbonafa 
removing some of the free caihonio 
by adding Na|CX>t) the conoentraliain 
A-.ions will be diminished, and Ufa 
the effect of also diminiahing the fjfaowt 
lead in solution due to the folslii%r of fae 
PbSOi, for the amount of fag H es ori efad 
ie dependent oa 'tke of ^ 

kais. and if the tatter iNa^flnttHeli e«e 




muat bedimi&ished also, vitih the result thatito 
tot^ amount of lead pitfshig into solution idU 
he^ kes. This was enerixnentally unified W 
using^ the same artifieul water as in the lasj^ 
®^<»ned eacpedmeutr exdepting that by the 
ai^Km ol KstCO, ihb free carbonic acid was 
' ISr*^ to about 9*5 mgms* CO* per litre, and 
'™ NftHCOg consequently raised to about 
®g«is* per litre, with the result that the lead 
taken up amounted to only 1*3 mgm. per litre of 
uuter* 

^ Experience has also shown that some waters 
act powerfully on lead when the pipes are cbaigod 
mtermittently, whilst the action Incomes veiy 
much diminiabed if they are kept under constant 
pressure. The effect of pressure on the activity 
Qi^ht, therefore, always to bo siiecially deter- 
mined (P. P, I^nkland, J. Soc. Chem, Ind. 


Metering 
^ Hi nu^ Sb m|% vswJ 
w MsKHWilmn <d fareniog nlMit. — • “- 
tan* nag mesd* iatoa^ 


Xoa Cbiiiiic*i:i Aif^ALTsts o* Wixta, 


In investigating the action of water on lead, 
the water should either bo put in contact with 
, strips of the metal or placed in leaden pipes for 
a definite TOiiod of time, after which it should 
be removed and tested for lead both in solution 
and suspension^ fresh portions of the watef 
under examination are then placed in contact 
with the metal and again tested after a definite 
interval of time, this procedure being repeated 
a number of times. Thus it is often found that 
a water has a considerable initial action on the 
metal, but as the latter becomes coated with 
deposit, the action moderates and may practically 
oease altogether. Some waters, on the other 
hand, act continuously on the metal. 

i^me polluted waters have a very strong and 
cemUnuous action on lead (Riv. Pollut. Commiss. 
fith Bep. 226), and in such cases the obvious 
remedy is the abandonment of the source. 

It is worthy of note that hot water generally 
acts much more violently on lead than cold, and 
further that the lead dissolved in water is en- 
tirely removed by passage through any of the 
numerous forms of animal charcoM filters. 

As regards the quantity of lead in water 
firom which danger to health is to be appie- 
hend^, it is now generally admitted that water 
eontaining anything above one-twentieth gnw 
of lead per gallon, or 0-07 part per 100,000, may, 
by oontinu^ use, produce misi^ef. 

Of the action of water on sine but little is 
known beyond the fact that many waters do act 
on It, and that it is therefore not to be reoom- 
mmided for the construction of cisterns, Ac., in 
wllich drinking water is to be stored. The solu- 

of the sine takes place with spechd fadlity 
tf inetallio iron is also in contact with it (Heaton, 

' Hews, 49, 85; P. F. Frankland, ibid. 

; ll|lj SUmmson, ibid. 107). 

. Oopper appears to be oontinuously acted on 
by water, especially if simultaneously in contact 
' With air, and hence should not be used in con* 

" neotikm.with drinking water. , 

5; .aetioa of water and other liqukls on 
' ahwiiiiQitt is now a matter of some importance 
osriqg to its use for domostio and industrial 
-ywineaBS (me An Investigation of Aluminium, 
vWm SpedUl Bpsference to its Suitability for the 
CtaBStaiwB^ of Brewery Plant, A. C. Chapman, 

S* fast, BMwiw 1911). Ai&ough aoM on 
ilpnllt air oxide exerts a imuhed 


As the qualitative* analysis of the ma^^edieiits 
of water is of no practical Impmrtanoe, and in- 
volves no special methods, the qjuuitltatiTe 
examination will alone be oonsidexM hm. In 
order that the analysis may be of any value, 
especially for sanitary purposes, it is of the 
greatest importance that the samples s ho uld 
have been collected with care. 

Suspmded matter . — The suspended matter, 
if considerable in amount, should be sepa- 
rately determined, but if only present in minute 
quantity it is advisable to regard it as part of 
the dissolved matter, in which case it is necessary 
that the sample should be well shaken^lbefore 
taking out each portion for analysis, so that the 
suspended particles may be uniformly distri- 
buted. If it is decided to determine the sus- 
pended matter separately, the sample ahnnid be 
well shaken, and 250 or 500 c.c. measured out 
and passed through a filter previously dried 
at 100® and weight. The matter on the filter 
is washed with distilled water, ami dried at 
100® until of constant weight. Some analysis 
prefer to dry at 105®, 110®, or even ISK)®, but 
in all cases the temperature should be speriSed. 
The filter and its contents are then incmeratod 
in a coil of platinum wire and dropped into a 
weighed platinum crucible, gently ignited until 
free from organic matter, and then^aied with 
a few drops of a solution of ammonium oailmnale, 
and dried at 150®. The loss in weighit repu- 
sents organic matter and water of hy^tl^ 
It is sometimes of importance to determbie the 
proportion of carbon to nitrogen in the oagfmio 
part of the suspended matter. For this 
^me of the suspended matter is eoliboted 
ignited plug of asbestos or glass w^^ ttaariiinsad 
to a small fiask, and boim with W o.u. igil- 
phurous acid and some distilled 
ammemia and oiganio matter, and then farttM, ; 
treatec^ as in the determination of oiganiq eqrilQa - 
and nitro^n, by the combustjon pxoeem (Sk 
p. 402). If the suspended msAUaTi^^ 
thus separately detennined, the resudndsr qf thk 
analysis should be perform^ on the waijer, aiNte ^ 
aitrat^ throi^ Swediah pa^. wjtatW 
fint 250 O.O. which pam throng ; w if th. wa* 
praded mattor oomideteta settiw an. 
the. clear water may be npknMd off. t 

pended matter may, of oovne, in 
cam also have to be submitted ta a '<,^11 
nain^ analyta^ or examined Uta taM ' 
ingredient. ' ’ 

An ingenioiiB meUiod of Wr- 

teaoes of stnpendsd mattwr has 1 

Kb^ (Ana^ 1898, 81, 2). As thjs mstiisd 
tbe volnme the mtast seapndsd tarttat is 
inessuied in a of^^sllsiy tahe. 
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: Auiq^tortod Oil dw or jpofcdbikit Imt not oO a 
Oie&l]i^ ring* Tt» dida and re^oe are iilie^ 
, diM nnHil oensiant at 100^ 105% 110^# 120^# or 
; at 180% The residue may he further 
\ : for th|; detennination of nitrates and 

73 ^^ 

JLmmaafo.— A measured Tolume of the 
' tmrying from 100-1000 c.o., according to the 
7 pro|MHiaon of ammonia present) is distilled in 
^ a capacious flask or retort connected with a 
Xiebig’s condenser, about 1 grm. of recently 
igtui^ sodium carbonate having been previously 
added. It is essential that the whole apparatus 
should have been carefully freed from ammonia 
immediately before use, which can be done by 
distilling some water in the apparatus until the 
distillate ^ves no reaction with Nessler solution. 
The remainder of the water in the flask or retort 
is then thrown away, and the measured quantity 
of the sample under examination introduced 
along ydth the sodium carbonate. The distilla- 
tion chould be carried on briskly, and the 
^ distillate collected in colourless gtes cylinders 
of 50 O.C. capacity. If less than 500 c.c. has 
been used, this volume should be made up with 
distilled water free from ammonia before distil- 
*latk)n. If the quantity of water has been well 
chosen, the whole of the ammonia will be found 
In the first three cylinders of the distillate, 
and in most cases it will all be contained in 
the first. The quantity of ammonia in each 
cylinder is estimated by adding 1 c.c. of Nessler 
solution, and comparing the coloration obtained 
with th^ similarly produced by known q;uanti- 
tieB of a standard solution of ammonium emoride, 
added to 50 c.c. of distilled water free from 
ammonia. The Nessler reaction is so delicate 
that by its means 1 part of NH, in 100,000,000 
parts of water can be easily detected. The 
colour produced by more than 10-15 c.c. of a 
solution of NH 4 GI (containing 0*00001 grm. NH, 
per litre) is too deep for accurate comparison, 
and should one of the cylinders require more 
than this the determination must be repeated 
m a smaller volume of water. This may be 
gramOy avoided, however, by adding the 
Kessler solution to the second and third cylin- 
jdexs of distillate before the first, and if it is 
found that the second cylinder gives a colour 
lequiriug more than 5 c.c. of the above solution 
of ammonium chloride for its imitation the first 
eyfrnder diould be diluted, aud an aliquot part 
taken for testing with the Nessler Te&gmt, 

The Nessler solution Is prepared iy dissolv- 
ing 02*5 gums, of potassium iooide in 250 c.c. of 
wtilled waimr ; set aside 10 c.c. of this, and run 
Into the remaliider a cold saturated solution of 
mmeuiio ddoride until a permanent precipitate 
is focmed, tim add the above 10 c.c. of potas- 
Jdnm iodide, which will cause its solution, after 
, wViA vmf caiefully add more of the mer- 
' ^rnrio -dikme until a slight precipitate re« 
mtitm on stirring. Now add 150 grms, of 
dissolved in distilled water, 
and diliite tie whole to 1000 c.c. After settling, 
4 a pa a t thn taker li<|uid into a bottle for use. 

'aUmminoid ammonia ' is commonly 
'dsfuBorinpi in one operation with the *fr!ee* 

' a wwnoitiih the method of estimating the former 
mfll aM be 'described, instead of consider- 
ing it voder the methods for determining organic 
natter,, p properly befongs, 


• * ammonia ’ jahiesM^Whfk the 

doteicniination of the free ammonia is beiim pro- 
ceeded with as above,.the solution of alkaline 


. and ! 
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as it is required immecfiatdy the free ammonia 
has passed over. The vokme. of the aOmline 
permanganate (for pr^mration e. below) takmi 
must be at least one-tenth of the volume of the 

not volume unless the water contains 

a very large amount of organic matter. The 
alkaline permanganate taken is then diluted with 
four times its volume of distilled water, and 
boiled in a fiask during the whole of the time 
that the distillation for free ammonia is 
on as above, and when the latter is flniiAePi it is 
added to the w*ater remaining in the 
flask or retort (the whole volume in t 
now be not less than 500 c.o.), and dist' 
then continued until the distillate is 
ammonia. The distillate is collected 1 
lerised, as in the determination of free amm^ 
above. The ammonia thus evolved by disti! 
lion with alkaline permanganate is generally 
recorded as ‘albuminoid ammonia’ (c. 403). 
The alkaline permanganate solution is prepaj^ 
by dissolving 200 grms. of potassium hydn^xida 
and 8 grms. of pure potassium permanganate in 
1100 C.C. of distilled water, then boding the 
solution rapidly until concentrated to about 
1000 C.C. 

Chlorine , — (a) Mohr*a method, 50 or WjO 
c.c. of water are treated with a few drops olla ^ 
solution of potassium chromate, and a standaid ^ 
solution of silver nitrate is then run in from a 
burette until the precipitate becomes of a faint 
but distinctly reef colour. The water must be 
well agitated after each addition of the nitrate, : 
the reaction depending upon the decompositkm 
of the red silver chromate by dissolved chlorides 
with formation of silver chloride and soluble 
chromate. As soon as the last trace of chloride 
is precipitated os silver chloride, the ted odour 
of the silver chromate makes its appearaiioe. 
By using a solution of stiver nitrate eontaiiiing 
2*3944 grms. per litre, the number of o.e, tm* 
ployed gives at once (if 50 c.o. of water hasw 
been taken) the parts of Cl per 100,000, whilst ' 
if 100 C.C. of water are taken the silver uHrsie 
solution should be of double this strength. 

Mohr's method cannot be employed if the 
water is acid, and if this is the case a given 
volume of the water should be boUed witii ifi! , 
excess of pure calchiin carbonate (free from ^ 
chlorides), filtered, the filtrate made up to 7 
known vdurne, and the chlorine detemfried 
a part of this. In the jpresenoe of redudiig sullr 
stances, much orffanie matter, suhikilielMt ^ 
hydrogan, and sult^ites, the tnethod £1 ako 
applicable, and in such eases it is deriiabli A ^ 
determine the chlorine gravimetries^t islm 
should also be done if the propcwtkai of cUsfbtiT^^ 
is lai^. 

( 6 ) Volhard^i mdhod. 60 or 100 e.e, of Ik/t't, 
water are treated with an excess of dsoliicmBiot 
silver nitrate, the mixture bsi^ wdl aMliiMlan?^. 
as to cause the ailvar chioriide to setftb in 
tiie latter is filtered off and washed, ted thsfr is J 
the filtrate about ten diopa of a odA uatipi^ 
solution of iron«stitn are 'added,' 
quently enough atioiig 
hHious acU) to 
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then added from a texeite, stirring well all the 
tiinoy until tixe lioiud acquiree a light 
brown eoioiir» whiea xemauis permanent on lear* 
the liquid at rest for aSoat 10 mine* By 


iuoting "the number of o.c.’b of thiocyanate | 
bom tlmt of the silver nitrate added« the re* 
m at ning eilver nitrate indicates the proportion 
of dhkxine present in the water. The advantage 
Ol this method consistB in its being applicable 
] to acid liquids. The method depends upon 
' tiim being no formation of red ferrio thio^ 
oyanate until the whole of the silver in solution 
been precipitated as thiocyanate (Annaleo, 

Nmoffen as nitrates and nitrites . — number 
of different methods have been devised for the 
determination of oxidised nitrogen ; there are, 
however, only a few which have been largely 
adopted in practice, and such alone will l>e 
described here. 

(a) Crum’s method. This depends on the 
decomposition which nitrates and nitrites un- 
deigo when dissolved in strong sulphuric acid on 
being shaken up with mercury, and which leads 
to the eolation of the whole of the nitrogen as 
nitiio oxide, the volnme of which is then deter- 
mined. The residue obtained in the estimation 
of the total solids {see p. 395) may be con- 
vanieiitly used for tliis determination also. This 
tesidne in the platinum or glass dish is repeatedly 
treated with a very small quantity of hot dis- 
tilled urater, which is brought into thorough 
contaot with the residue by detaching the latter 
with a small glass rod covered with a piece of 
india-rubber. The aqueous extracts, which 
should in all not exooed about 10 o.o., are 
jpassed through a small filter and collected in a 
little beaker. This aqueous extract, containing 
all the soluble salts in the water residue, is 
evaporated nearly to dryness on a water-bath, 
after which it is dissolve again in a minimum 
quantity (1 or 2 c.c.) of water, and introduced 
Into a Lunge nitrometer (Ber, 11, 434); the 
beaker is repeatedly rinsed with a jfew drops of 
hot wator^ and these rinsings added to the 
nitrometer. The beaker is then further rinsed 
with pure strong sulphuric acid (free from oxides 
of Imogen), and this also is transferred to the 
nitromstor. About 1} volumes of sulphuric acid 
moil in all be used to 1 volume of aqueous 
extmei. B the water contains soluble carbon- 
ates ttiers win be an evolution of carbon dioxide 
whon sulphurio acid mixes with the aqueous 
extroot; the gas should bo allowed to collect 
vsUtmt ekohitig Ike luhe, and should then be 
espdUU The contents of the nitrometer tube 
are now violently agitated with the mercury, 
aii4 in the course of a minuto or so the 
evoluttimBi idf nitrio oxide will oommenoe, and tlie 
be continued as long as any 
to oome off. If the water contains 
a eomsUhsmble quantity of chiorid^ some hydro- 
may have been given off with 
but this may be removed by 
a little water into the nitrometer. 
WhM has cooled to the temperature of 

trohuiie is meamrsd at atmospheric 


whiedt ease the decomposHion with msroufy and 
sulj^uric i^ is effect in a small tube standing 
in a mercury tsoufi^ the evolved mtric oxide 
being Urn. tfaasfmnm to the gas apparatus 
(see Sutton^ Yobniietric Amdysis). This 
method, sddeh is by fsr the most convenimxt 
for ordi^ty water analysis, becomes ini^licable 
in the presence of very large quantities either of 
organic matter or of chlormes. 

{h) Methods of Schuhe-Tkmanng and of 
Schldsing-Eeichardt, depend the deoompo* 
sition of nitrates and nitrites ferrous chlonde 
and hydrochloric acid, and me measuremmit 
of the evolved nitric oxide. Of these methods, 
which closely resemble each other, the former, 
as the more convenient, need alone be con* 
sidered here. 

100-500 c.c. of the water are concentrated 
by evaporation to about 50 c.c., which ate then 
introduced into a flask of about 150 c.o. capa* 
city, provided with an india-rubber stopper, per* 
forated by two narrow pieces of glass twing, of 
which one (a) extends about an inch into the 
flask, and is constricted below,*whil8t the other 
(B) only just penetrates the stopper; the tube 
(b) is externally connected by means of a short 
piece of india-rubber tubing provided with a" 
pinch-cock, with a delivery tube dipping into a 
trough containing 10 p.c. caustic soda solution 
previously boiled to expel air. The tube (a) ia 
also connected with india-rubber and pineh-oock 
to another piece of glass tubing, which is idlowed 
to hang vertically downward. The water in 
the flask ia vigorously boiled with the pinch* 
oocks open until the air is completely exmlledi 
by the steam, then the pinch-oock on (B) is 
closed whilst that on (a) is left open until the 
volume of water in the fl^k is reduced to about 
10 C.O. ; this pinch-cock is then also closed, and 
the flame removed from beneath the flask. The 
glass tube attached to (a) is carefully filled with 
water up to the pinch-cock; l5->^ c,o. of a 
saturated solution of ferrous chloride are inti^ 
duoed into the flask, in which there is now a 
partial vacuum, by siphoning from a snmll 
beaker through (a), the pinch-cock being tem- 
porarily opened, and about an equal quantity of 
strong hydrochloric acid is made to follow in 
the same manner into the flask. The flask is , 
now carefully heated, and when the internal 
pressure rises the piuch-cock on (b) is openech 
and the evolved gas allowed to pass throng the , 
delivery tube into a measuring tube filled with ; 
the 10 p.c. caustic soda solution standing in the^ 
trough. The heating of the flask is ccatoned 
until the volume of gas in the measmii^ tiibe 
ceases to increase. The measuring tube lii 
transferred to a tall glass cylinder fnlT of 
and after the gas has acquired the temneiatmrev 
of the room the volume is ineaaaxea at tW; 
atmospheric pressure, a coxseotipn teitig 
course made for the tension of aquebimvapoim, ' i 
This method is specdally apxdhsabtn tO tho ' 
case of water containing 
of organic matter and oUorides 
1041; Tiemann and G&rtner’a ** 

A Wasaers, 17^. 
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Tbm detecmiiiatiQn is rendered more anal. Ghem. 1870, 94, or TtomMm amt CHWhMc!^i 
eeiallr if the quantity of nitrates Untonaoh. d. Wsasexi^ 178- 
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kiyiKtfin ti tite oxi^Md nitK^ni In the mter 
fnito Ma»ionin» Mid estiiniitioB of the leUet bjr 

c.o. ol the WHie» 
Ate i&ttodiioed Uito a £U»k together with 10 c.e. 
A( eaiietid eoda^eolutioii free from nitratee and 
Alli!itoa» the miactiue being boUed until it ie re- 
dueed to about one-fourth of its volume. It k 
then dilated to about its orginal bulk with die- 
tilled water free from ammonia, and a piece of 
ehtminium foil, about 2 ins. square and wrapped 
found a piece of glass rod, is dropped into 
the flask, which is then fitted with a stopper 
and small U-tube containing glass beads mois- 
tened with hydrochloric acid free from ammonia. 
After the ei^ution of hydrogen has continued 
for about 6 hours, the glass b^ds and washings 
of the U-tube mo transferred to the liquid in the 
flask, the latter is then attached to a Liebig's 
condenser, and the ammonia determined by dis 
iUlation and Nesslerising in the ordinary way 
(m p. 396). Aecordina to Tiemann and Gartuer 
^Ontersuchung des Wassers, 208), only the 
equivalent of 72-90 p.c. of the nitric acid is thus 
recovered as ammonia. 

Zinc-Gopper coupU method. — The residue 
obtained in the determination of ‘ total solids ' 
Is extracted with about 25 c.c. of hot distilled 
water, and this is boiled down with a fragment 
of recently-ignited pure lime about the size of 
a hemp-sm to one-fourth of its bulk. This 
liquid, together with the washings of the dish 
containing the residue, is transferred through a 
stoppered funnel into an eight-ounce W urtz fi^k, 
attached to a liebig's condenser, and containing 
the requisite amount of the zinc-copper couple. 

dkiUlation is carried on until the greater 
part of the water has passed over, after which 
not distilled water is repeatedly run into the 
flask and the distillation continued until about 
100 O.C. of distillate have been collected ; the 
latter is then * Neeslerised ' in the ordinary way 
(l^orpe, CSiem. 8oc. Trans. 1873, 541). Accord- 
to !nemann and Gartner, from 88 to 95 p.c. 
of the nitiic add is thus obtained. 

In tile writer's laboratoiy the process is 
carried out as follows: A stoppered bottle 
(about 200 o.c. cavity) is loosc^iy filled with 
strips of mne, whico, afU^r cleaning with dilute 
solj^tirio add, are covered with copper sulphate 
solnthm (1 p.c.). The copper-coat^ strips are 
repeatedly washed with distilled water, and 
finally with the water under examination, care 
heinff taken not to detach the copper film. Tlio , 
bottle Is then completely filled with the sample 
of water and a crystal of oxalic acid is added, | 
and the bottle, loosely stoppered, is allowed to ' 
stood over tdght. A definite volume is with- ’ 
fiesMi hp means of a pipette, and this is distilled 
WHih 0 suitable volume of ammonia-free water 
Ihe ammonia apparatus as usual, a small 
^ MUmtity of ignited sodium carbonate being 
^ j w ded . Before withdrawing the water from the 
ilottie tot distillation, a small quantity should 
^ ie tested for nitrite to ensure that the reduction 
^ to MUficmia is complete. Waters containing 
fore <m $tib» amnionia must have tliis Qistiiled 
i> m ftifelu beiim placed in contact with the 
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by sine-dust and estimotfou Of tho nitibus 
am by salpiiaiiilio aeid and 
(Gfkmr test). This reagent Is ptepmi by 
dksolviim 1 grm. of a-ni^tiiiyfomfoo, 1 gnu. 
sulphaniuo acid, and 25 ttc. sttonu hydro* 
chloric acid in about 200 c.o, dktilUa water; 
boiling witha small quantity of animal ehareoal, 
filter, and making up to 500 o.c. The prooees is 
conducted thus : 50 c.o. of the water are placed 
in a beaker of 100 c.c. capacity, and in three 
similar beakers 50 c.c. of three standard sciltt** 
tions of potassium nitrate, containing (1) 10 
part N, (2) Oi pari N, (3) 0*01 part N per 
100,000; to eacli beaker 10 c.c. of the abovp 
test-soliition are added, and afterwards a vety 
small quantity (7-8 mg.) qf zinc-d^ H 
nitrate is present in the water a pinls colour 
apY^rs, which must be compared wiw that 
yielded by the three standard solution aftes 
15 mins. "This gives an approximate idm^f tile 
amount of nitrate jiresent, whilst in orier to 
obtain an accurate result the water must bo 
diluted until the colour produced is abnost 
identical with tliat given by one of the standards. 
The results ap^iear to bo accurate, but It is 
especially necessary to avoid the addition of 
large quantities of zinc-dust, which would 
decolorise the solution. 

(d) The indigo method differs from those 
previously described in being a simple vote* 
metric method dcjicnding u}>on the decolor* 
ising action of nitnc acid on indigo solution. 
The results are only accurate a hen the greatest 
uniformity is pn*8ervc*d in the conditions under 
which the experiments art^ made — the proceos is, 
in fact, entirely empirical. It may be carried 
out as follows : 25 (*.e. of the water are mixed 
with 50 c.c. of pure strong sulphuric aeid ; a 
dilute solution of indigo is then immediately 
added from a burette, shaking the whole time, 
until the solution acquires a bluish-green oolottr. 
In a second exiierimeni nearly the whole voteme 
of indigo whict was found necessary In the first 
experiment is addiHi at onee, and the blue 
colour is then obtained by further small addi- 
tions, and in this manner, by shortening the 
time taken in the titration, a more aoeurale 
n*sult, generally liigher than in the prtiitiiiiiaty 
exjieriment, is obtained. The solutiofi of 1 imU|P> 
must be standardised under precisely abnuar 
conditions by means of a solution of pota«itaitt 
nitrate of known strength. The indigo Aollitioii 
should be chosen of such strength that 6**8 9.0, 
correspond to 0*001 gnu. N,0| ; and If 25 o,o. of 
the water contains more than 0*003-4X101 grm, 
N,0|, it should be diluted before a final iittia^bA 
is made. The method is only suitablo for mm 
by an operator in conilnual practice (Waifog* 
ion, drem. Hoc. Trani, 1879, 578; Waist 
Analysis, B. Frankland, 31). The retalts mm 
too low it there is a large amount of otganfe 
matter in the water. 

The methods described above do iiot dfoMch 
guish between nitrous and nitric addi, fadflid# 
the indigo method is altogether unssHahle In thd 
presence of any notable proportion Of llMbciti ^ 
acid, as Is also Cram's metmd^ llMMi i| bp 
necemry to allow any esrboa dioxidi jWMM# 
before shaking with iAmmj {m% Wtl m 
nitdEDiis Add hh howator, gnngimw ttm wbfo 
sent in natarel wataca bi ttmto mmm mh { 
diffionltiili do iaiAiMdltf asmsl had 
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nMMM ini i* iBoM Mti- 

‘ antlft aiathDds, whkb ttwce 

wt n »WM in vagtte. 01 time nay be amt* 

tiolidd : 

(H) Pmm‘iPimtiim*0 fM&od, depending 
vtMiii ^ ]p!MNlneti 0 ii df BtflttUack bvown when 
jMi noid Bolntion oft* n nitrite nets upon 
phenjrleiiediftniine» 100 o.c. of the water are 
placed in a cotonrlesB glass cylinder, 1 o.o. of 
dilute sulphuric add (1 : 3) is added, and then 
1 o.Oe of solution of m-phenylenediamine (5 grms 
in IQOO CeC. distilled water, decolorised neces- 
sary “ with animal charcoal) ; if the colour 
appears in less than 1 or 2 mins, the experiment 
must he repeated with a smaller quantity of 
water* in each case diluted, however, to 100 c.c 
Hie coloration is then imitated under precisely 
simOar conditions with a standard solution (the 
standardisation can be effected either by the 
potassium permanganate, or, better, by the urea 
method) of potassium or sodmm nitnte. The 
final tint is not arrived at until the mixture in 
the tflass cylinder has stood for 20-25 mins., 
whkm is the great drawback of the process (see 
also Waringion, The Detection of Nitno and 
Nitrous Acids, Ohem. News, 1885, 51, 39). 

A preferable method (Zambelli, Chem. Soc. 
AbBtr« 1887, 533) consists in addinu to the 
water a few dro;^ of a saturated smution of 
sulphamlio acid in dilute sulphuric acid, then a 
few drops of a saturated aqueous solution of 
phenol, after which the mixture is rendered 
aUadine with ammonia. The presence of 
nitrous acid is indicated by the appearance 
Of a coloration, varying from faint yellow to 
intense reddish yellow, according to the quantity 
of nitrous acid present. The author claims that 
this method is capable of revealmg the presence 
of 1 part of nitrous nitrogen in 40,000,000 parts 
of wi^r. It has the great advantage that the 
loa^nts employed are permanent m solution 

For larger quantities of nitrous acid, as also 
for the standardisation of solutions of sodium 
and potassium nitrite, the urea method devised 
by the writer is to be recommended (Chem. Soc. 

1888, 364). 

JBardneM, — ^The determination of the hard- 
ness of a water consists in empirically asoer- 
tidning the amount of soap which has to be 
destroyed by a given volume of the water before 
a lather can be obtained, and expressing this 
fak tmoB of the amount of calcium carbonate 
which must be dissolved in the same volume 
0f water to destroy the same amount of soap. 
Aecuzate fosults can only bo obtained by pre- 
borving umfoimity in the conditions of experi- 
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BO e. 0 . of tho Wftter on meaaund into an 
Bi«ik atoppend bottle, whitii ia then violebtiy 
H^atad and the air snoked out by means of a 
§bm tnbe to mmove any carbon oioxide which 
may bo off hy the water. Aatandardsoln* 
tiBttqtaoapCo. fn/n»)iB then added in diminishing 
ydiotities wot emeeiieg 0’&4*10 oe. at a time, 
mmMfint, violeats shaking after oaoh addition, 
tutkll mb Cmth pioanoed mmains unbroken over 
titii bWdhqe for a period of B mins, when the 
Wifo fo la pM e d direst OB its side. Tbeqnantity 
01 WBili l i fo BaainiMte ooneq^oading to tiie 
foiy •tivtion tmalMvi ean.theB he 
«liMMte» to the entfoiki talde 
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In performing tho titration to dbOMt Bto 
experienced operator ia gnidwl ty the tor to 
w^ to by the epe, tor ^ aoBMl^ ptbdwed «B 
s hakin g serves to indioate hotr the feetotito 
between the hardening oenatitMiria o( tiM 
water and the soep is ^ogiemingt lor to llfo 
appnMtiwa'eompletion to* amnd beoQtoie aqMto, 
and whennn exoeasof soapkto b«M aditil itijm 
s gi t a tfoo tmll but nois e le ss. 

luMniP iiicnii liisu 
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16 cue. of soap solution for the 50 c.o. of water, 
it is neoesi^iy to take a smaller voIuiqb of the 
water and dilute to 50 o.o. with boiled distilled 
water. The presence of ma^esia salts is in- 
dicated in the soap test by the formation of, a 
oharacteristio light ourd, and also b^ the prema- 
ture formation of a lather, which agam disappears 
on the further addition of soap solution and 
shaking. H these signs are exhibited, only such 
a volume of water should be taken as, when 
diluted to 50 o.o., requires not more than 7 c.o. 
of the soap solution ; indeed, it is a very good 
practice invariably to dilute waters so that not 
more than 7 or 8 c.o. of soap solution are re- 
quired. In the presence of magnesia salts the 
results are always less accurate, and, unless 
great care is exercised, may become wide of the 
truth. 

Permanent hardness , — ^The permanent hard- 
ness is most conveniently determined by taking 
a small flask with a very short nock (the Erlen- 
meyer shape is very suitable), and adding the 
water to it until a definite weight (e.g. 250 
gnus.) has been made up. The water is then 
maintained in gentle ebullition for exactly 
half-an-hour, and, after cooling, the weight is 
again made up to the original by the addition 
of boiled distilled water, the soap titration being 
Ahen performed on a measured portion of this, 
as described above. 

Some analysts prefer to take a given volume 
cf water and restore the volume after boiling, 
then removing the precipitated carbonates of 
lime and magnesia by passing through a dry 
filter. 

The standard sclviion of soap is prepared as 
follows. A cf^e of Castile soap is scraped with 
a knife, and about 7 grms. of the shavings are 
dissolv^ in 500 c.c. of a mixture of 2 vols. of 
methylated spirit with 1 vol. of distilled water. 
Filter oft the insoluble matter, and dilute the 
soap solution with half its volume of water. 
A portion of this solution is then further care- 
fulfy diluted with a mixture of 2 vols. methylated 
spirit and 1 vol. water until 7*8 c.c. are required 
to form a permanent lather with a mixture of 
25 O.O. of the standard calcium chloride solution 
^prepared by dissolving 0*2 grm. of Iceland spar 
in dilitte hydrochlorio acid, and, after drivmg 
off excess of acid on the water-bath, making up 
to 1600 e.c. with distiUed water) and 25 c.c« of 
distilled water. 

Poisonous metals . — Of these the only ones 
which are of practical importance in water 
analysis are leM, zinc, copper, arsenic, and 
barium. As they are generally present in only 
very mhiute proportions, it is necessary to evapo- 
rate largo volumes (5 litres and upwards) of 
water in order to obtain gravimetric determi- 
siations in the ordinary way ; but the following 
wpe^ methods may be generally employed. 

For teadf take 100 c.e. of the water, acidify 
with a few drops of acetic acid, and then add 
about 5e.o. of a saturated solution of sulphorotted 
hydstgen. The colour produced is imitated by 
a known quantity of a standard solution 
of akadsalt to IW c.c. of distilled water. Even 
sum proportions as 0*03 part Pb per 

lOOyOOOthowi invariably be recorded. (For the 
standssdiO^ of lead, dissolve 0*1831 grm. 
estpMBM normal lead acetate in 1000 c.o. 
dmillid 4rst«r; I e^.«*6*0001 Pb.) 


For coppsTf the same odbrimetrie method 


copper stdphate per litre). In the anSenoe of 
iron a very delicate colorimetric method may 
be employed, based upon the reaction between 
copper salts and potassium ferrocyanide, the 
water being acidified with hydrochloric acid. 


whilst in the presence of iron the blue colora- 
tioi^roduced by ammonia may be used. 

The presence of zine is generally indicated 
by the gradual formation of a film of carbonate 
on the surface of the water when the latter is 
exposed to the air. Some of this film ignited 
on platinum foil should leave a residue, which 
is yellow when hot and white on cooling. The 
quantity of the zinc may be approximated de- 
termined, in the absence of other heavy mbials, 
by acidifying 100 c.c. of the water with wute 
hydrochloric acid, and then adding a solution 
of potassium ferrocyanide. The white turbmty 
produced is then compared with that obtamed 
from a knov*n quantity of a standard solution of 
a zinc salt (Sniiders, Ber. 1878, 939). \ 

Arsenic is Dost detected and estimated py 
Marsh’s test ; 500 c.c. of the water are rendered 
slightly alkaline with caustic soda or potash 
free from arsenic, and evaporated to dryness. 
The residue is extracted with strong hydro- 
chloric acid, and the liquid introduce into a 
Marsh’s apparatus. The gas is passed through 
a small 0-tube containing pumice soaked in 
solution of lead acetate, and then through a 
piece of combustion tube constricted in the 
middle, where it is heated to redness. The 
passage of gas through the heated tube is con- 
tinued for an hour, although nearly alt tho 
arsenic is liberated in 5 or 10 mins. The metallic 
ring formed is compared with a number of 
standard rings similarly Obtained with known 
quantities of arsenic. A blank experiment most 
invariably be performed previously, to control 
tho purity of the chemicals employed. 

Barium may be detected and determined by 
concentrating a considerable volume of the 
water, acidifying witJi hydrochloric acid, and 
after filtering, if necc^ssary, adding a solution of 
calcium sulphate. The barium sulphate preci- 
pitated is then collected and weighed in the 
ordinary manner. 

Iron can generally be estimated coloxime* 
trically by means of ferrocyanide or thiocyanate. 
Its determination is frequently of importance in 
waters used for industrial puiposes. 

In the ferrocyanide method, the water residue 
is dissolved in hydrochloric acid and diluted to 
100 c.c. Of this 10 C.C. arc trsmsfeived to a 
100 c.c. cylinder ; add 1 c.c. of strong nitric aoid, 
diluto to 100 C.C., stir, and then add 1 c.o. of 
potassium ferrocyanide solution and mix welL 
The colour produced is compared with that 
obtained from a standard iron solution, but the 
same quantity of nitric aoid must be msefit 
in each case (Sutton, Volum. Analys. 6tb ed* 
194 ; e. also Cariet Bell, J« Soc. Ch^ Ind, 
175h 

In the thiocyanate method, two 100 e. 0 , 
cylinders are taken, and Into each 5 o.c« ^ dihsla 
hydrochlorio aoid (1 i 5 ) and 5 o.e, dUsdt 
nitric 4cid (1 ; 5), to|^itlier with 15 c.0, Of 
ayaaate solutioii, are jpomdf then InMdooe e 
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meiuimd toIhiiio ot the Uqiitd to be tested into 
tbe^oiie oylindet^ end aitei^ dUiog up bofh 
OS^iitdeiu to the mark with diirtilied water, 
imitate the red ookmr obtained with the liquid 
under examination by running in a standard 
solution of ironircnn a burette into the other 
OyHnder. In this way one part of iron is said 
to be recognisable in fifty millions of water 
(Thompson, Chem. Soo. Trans. 1885, 493). 

D^ermincAion of organic maUer , — A number 
of processes have been devised for the determi- 
nation either of the whole or part of the organic 
substances present in water. Of those which 
lay claim to discovering the whole of those 
oxganio materials, none is entitled to any con- 
ficmnoe, whilst even those which attempt to 
determine a part, or to indirectly obtain a com- 
parative measure of the organic matter, are also 
open to objections on the score of accuracy. 
Only those methods more commonly m use by 
water analysts will be described here. 

(1) Methods depending on the reduction of 

KvbeVs w^ess . — In this the reduction is 
effected in acid solution. 100 o.e. of the water 
are placed in a fiask of about 300 c.c. capacity 
and treated with 5 c.c. dilute sulphuric acid 
(1 : 3), and then with such a quantity of stan- 
dard dilute permanganate (equivalent to centi- 
normal oxalic acid) that the liquid is of a 
strong red colour. The mixture is then boiled 
for 10 mins., and the excess of jiormangana^x^ 
added must be such that the colour is not dis- 
chaiged in the operation. 10 c.c* of centi- 
normal oxalic acid are now added, and into the 
resulting colourless liquid standard perman- 
ganate is then run until a faint red colour is 
obtained. The amount of oxygen consumed by 
the organic matter in the water can then l>o 
calculated. 

(6) Schulze's process , — ^In this the reduction 
is commenced in an alkaline and completed in 
an acid solution. 100 c.c. of the water are 
placed in a flask of about 300 c.c. capacity, 
0*5 O.C. caustic soda solution (1:2) are added, as 
well as 10-15 c.c. of standard dilute perman- 
ganate (eauivalent to centinorinol oxalic acid). 
The liquid is boiled for 10 mins., allowed to 
cool to 50** or C0*^C. and then 5 c.c. of dilute 
sulphuric acid (1:3) and 10 c.o. of continormal 
oxidio acid are add^, the liquid being shaken 
and gently warmed until the colour has quite 
disappear^. Then the standard dUate per- 
manganate is run in until a faint red colour, 
remaining permanent for at least 5 mins., is 
obtainod. The oxygen consumed by the organic 
matter of the water is then calculated. 

(c) ForMamtner proress,— This resembles 
Kubd's method, inasmuch as the reduction of 
ihe permanganaio is effected in an acid solu« 
iioti, but the temperature employed, instead of 
being defined, is that of the air of the labora- 


tory* 


flasks are carefully cleaned and into 
one SfiO M* of the water, into the other 250 c.c. 
^ dtotOled water, are introduced. To each 10 
fhO* of dilute sulphuric acid (1:3) and 10 c.o. of 
Standard permangenate (containing 0*395 grm. 
per Utie or 0*001 grm. available oxygen in 10 
M^) am added, and ihe mixture is allowed to 
44nM Int three hours. At the end of this time 
^ ekoeii d peemangenate ranainiiig is deter- 


mined bv adding two drops of potassium iodide 
(1 1 10) to each fiask, asid then running in a 
standmd solution of sodium thiosulphate (1 
grm. per litre) until the whole of the ma iodine 
IS remowed, a drop of dear starch solution 
being added at the dose of the operation. GThe 
amount of permanganate destroyed in the blank 
experiment must of course, be deducted from 
that destroyed in the case of the water, and 
from the difference the oxygen consumed by 
the organic matter of the water can be calcu* 
lated (Tidy, Chem. Soc, Trans. 1879, 66). 

In this country it is now almost the invariable 
custom of water analysts to allow the add per* 
manganate to act for 4 hours at 80^F. (26*7^0.) ; 
Thorpo (Metropolitan Water Reports, 1904) hiui 
also used 1 hour at 122^F. (50^0.), under which 
conditions a larger amount of oxygen is con* 
Burned. 

It must be pointed out that in these several 
methods dejiending on the reduction of perman* 
ganaie, the results are only comparative for the 
same l^d of organic matter, a given weight of 
organic carbon in different l^ds of water con- 
suming different quantities of oxygen from per- 
manganate under the same concutions* Thus 
it has been found that for surface waters, such 
as those of the rivers Thames and Lea, by mul- 
tiplying the oxygen consumed in the Forch* 
hammer x)rocess by the factor 2*38, the propor- 
tion of organic carbon (as determined by com- 
bustion) is approximately obtained, whilst in 
the case of deep well water the factor which 
must be employed is 5*8 (Woodland Toms). 

Again, all these methods are affected by tha 
presence of nitrites, ferrous salts, and larger 
quantities of ammonia compoimds, all of wmeh 
exercise a reducing action on permanganate. 
By determining the nitrous acid, a ooxrectmn can 
be made for this, whilst the ferrous can generally 
be converted into ferric iron by shiddng up 
the water several times in a half-filled TOttle 
previously to the oxidation with permanganate ; 
and the error due to ammonium salts is so 
small that it can generally be neglected (even 
one part NH3 per 100,000 has no appreciable 
]^ud^ effect) (Preusse and Tiemaxm, Ber* 

(2) Determination of organic cathon by oxida* 
turn of organic matter trith potassium dichromatt 
and sulphuric acid (Wolff, Degener, and Hera- 
fold), — 500-1000 c.c. of the water are intro- 
duced into a capacious retort, the neck of which 
is drawn out and bent downwards and is con- 
nected with a Liebig's condenser. This arrange* 
ment enables the retort to be tmned upwards 
and the condenser downwards, thus prevenring 
any loss by spurting during distillation, wU<^ is 
carried on until 250-700 0.0. (acoordi^ to the 
volume of water employed) have passed over« 
The distillate is submitted to KubeTs metlmd 
(e. supra) to ascertain whetber any volatile 
organic matters axe presents Alkaline imters 
should be saturated witl^ carbon dioxi^ and 
acid waters carefully neutralised with sodium 
carbonate before the above dist^tioin The 
water Remaining in the retort is evaporated 
down to 15 C.O. in a glass dish on a water-bath, 
the access of dust being carefully avoided. This 
concentrated liquid is mixodnew into a fiask of 
250*300 C.O. capacity, and the dish and retort gie 
rinsed with 10 e.o. ox dilute suIphiirioairid( I x Sh 

fin 
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tbeae rinsingii Abo bd&g added to the watof in 
the flask. The decomposition of carbonates 
caused by tim addition of this acid is completed 
by heattniff to 50*^. and shakitiff, and the erolyed 
cwbon oloxide completely displaced by sir. 
After cooling the flask and its contents^ 10 gnns. 
of fineljopowdered potassiiim dichromate axe 
added* and the flask is then attached to the 
remainder of the apparatus. An india-rubber 
stopper with three holes is placed in the flask ; 
thfOiiffh one hole passes a thermometer dipping 
into the liquid* through a second passes nearly 
to the bottom of the flask the tube of a bulb- 
funnel (a) provided with a stopcock* whibt 
through the third passes the bent tnbe of an 
inverM Liebig's condenser (b). The upper 
extremity of the condenser (b) is connected with 
two U-tubes (0 and d) filled with fused calcium 
chloride* whiM between these is a third U-tube 
(B) containing coarsely-powdered antimony. Of 
these* 0 and j> are intended to absorb the mois- 
ture passing the condenser* and the intermediate 
one* B* to retain any chlorine. Following on 
them tubes is a set of weighed potash-bulM (f) 
for the absorption of carbon dioxide, and these 
bulbs are* of course* protected from ingress of 
moisture on the other side by means of a calcium 
chloride tube, which can be attached to an 
aspirator at the close of the experiment. The 
apparatus having been thus put together* 
flO-flO e. 0 . of diluted sulphuric acid (3 : 2) are 
mdually added through thestoppered funnel (a). 
Xlnruig the first half-hour the temperature is 
kept at fiO-55*’C.* whilst during the second half- 
hour it is gradually raised to boiling* which is 
maintaiiied from 5-10 mins. The aspirator 
is then attached* the imt which enters by the 
funnel (a) having been previously freed from 
carbon dioxide by bubbling through caustic 
potash. The increase in weight of the potash 
bulbs (f) gives the weight of carbon oioxidc 
evolvea* from which the carbon itself can be 
calculated (Ber. 1886, 2618 ; Tiemann-Qkrtncr* 
Untersuch. <L Wassers* 247). 

For a somewhat simihu* method of deter- 
mining ofgamc carbon in which permanganate 
is used inrtead of dichromate* see Blair, Organic 
•otable Waters, ^urchill, 1891* 83. 
appears worthy of more extended 



(3) DsUmintUion of organic cathon and 
niifvgen by combustion , — (a) Frankiand and 
Armsinma's process (Cbem. Soc. Trans. 6* 77). 
This method* which is unquestionabl v the most 
rational and exact* has bmn adopted to a com- 
paratively limited extent by water analysts 
In oonaequence of the speciu apparatus and 
manipnlalive sldU which it entails. The method 
wilt be described only in outline here* and for 
Ml particulars the reader is referred to Sutton’s 
Voifunetrio Analysis, whilst for a critical survey 
of the methods employed in the organic analysis 
el water he should not fail to consult Mallet* 
Beport of the United»States National Board of 
Hsallli*18»- 

Tlie process is divisible into three parts; 
(1) tbeevapoiation of the water* (2) the nrepara- 
tm Md combustion of the residue thus obtained* 
mad (S) the measurement of the gases evolved 
in Ito eomhmrtioti. 

fto Urn smpomtion, from 100 c.c. (in the 
am of and Idijblf polluted waters) to 


1000 c.e. (in the ease of very pnie waten) are 
nSeasuxed into a dean flask* 30 o.c. of a saturated 
soltttkn of BulpliurouB acid being added together 
with a dropof a eolution of ferric chloride ; the 
liquid is then boiled rapidly for a few seconds. 
This treatment secures the decempositiQn of 
carbonates* nitrates* and nitrites* whilst any 
ammonia is fixed by the sulphurous add* and this 
ammoniacal nitrogen* whion has previoudy been 
determined* must be deducted Irom the total 
amount of nitrogen obtained in the combustion. 
The water is now rapidly cooled* and the evapo- 
ration commenced in an appuatus speciiuly 
designed for the purpose. This consists of a 
neany hemispherical glass dish about 4 ins* 
in diameter and without a lip. It is floated in a 
shallow copper basm heated below by a water- 
bath proviefed with constant feed* and bn the 
flange of this copper basin there rests a tnmeated 
conical ring* constructed of lead or coppm* and 
about 3 ins. in height* whilst upon a flanro at 
the top of this again rests a tall glass &ade 
about 12-18 ins. in height. The water for 
evaporation is placed in a flask which is provided 
with a delivery tube of special construction 
ground on to its neck* and which serves* when 
the flask is turned upside down, to maintain the 
water at a constant level in the ^lass dish in 
which the evaporation is proceeding, for this 
delivery tube is made to pass through a notch 
in the truncated conical metal ring, just beneath 
the glass shade which the latter supports, and 
delivers into the centre of the glass dish within. 
In the writer’s laboraic»ry, the evaporatioii of 
500 c.c. of water is found to take from 10 t 12 
hours. The evaporation should be continued 
until the residue is quite dry, and if the water 
contains only a small amount of total solids 
it is advisable to add a little ignited calcium 
phosphate to the dish before commenoijig the 
evaporation. In the analysis of sewage* or 
waters containing much ammonia and no 
nitrates or nitrites^ it is advantageous to use 
10 c.c. of a solution of metaphosphoric acid 
(1 : 10) instead of the sulphurous add* as 
ammonium phosphate loses much less ammonia 
during evaporation than ammonium sulphite. 
A little ignited calcium phosphate shonlo also 
be added to dry the residue in this case. But 
if there are no nitrates and nitrites and much 
ammonia* the more satisfactory, although more 
laborious, plan is to use a little ignitid borax 
instead of the sulphurous or roetaphosphoxio 
acid. In this way the ammonia is completely 
dissipated on evaporation* and as no coxteetkm 
has* therefore, to be applied to the organic 
nitrogen found* the result is more correct. Bui 
AS t^rio acid does not entirely decompose 
earbonates the accuracy of the organic carbon 
found by this method may be seriously affected* 
and it is advisable to make a separate &ierniina» 
tion of the carbon in a second experiment in 
wliioh the sulphurous acid method is employedU 
Unless this method be adopted the rosoHa fet 
organic nitrogen in the presence of much 
ammonia are nearly sure to lie UgUy inaceoiate# 
If the water contains more tm 0*5 part par 
]OQ*000 of nitrogen as nitrates and nitntes* ihe 
20 e.c. of sulphttrotts acid employed above may 
not improbably prove insuffiefent for thrir eem* 
plate Mtroetton* and in tlm earn of inch erotem 
the nsidiie in the dirik s l MT iw I d be further tmaAed 
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with 10 e*c. of aiilphiisoiui aoid, this evopo» 
offi Md if the motmt of aitrio or nitrout 
nitrogen escoeed 1 port per 100,000 this tnat- 
tnent of the residue with further quantities of 
sulphurous acid may be repeated twice or three 
times to seouxe comjdete destruction of the 
nitrates and nitrites. 

The preparaitoa and combustion oj ike 
residne thus obtained is efieoted by thorougUy 
mixing with the latter in the dish a smaU 
quantity of finely divided and carefully ignited 
copper oxide. This is then completely traninerred 
to a narrow piece of combustion tubing about 
18 ins. long and sealed at one extremity. The 
dish is again rinsed with a little fine oxide, and 
this also transferred to the tube. Coarse and 
carefully ignited oxide of copper (preferably 
from wire) is then introduced to a depth of 
about 10 ins., whilst the fine oxide previously 
introduced will occupy about 2 ins. Upon 
the stratum of coarse oxide follows a copper 

S mze cylinder 3 ins. in length, and then anotW 
yer of coarse oxide about 1 in. long. The 
open extremity of the tube is now drawn out 
over the blowpipe, so that it can be connected 
with a Sprengel mercury pump. The tube is 
completely exhausted, and the combustion 
performed in vacuS in the ordinary way, the 
evolved gases being then drawn over by the pump 
and collected in a test tube filled with mercury 
and placed over the lower open extremity of the 
fall tube in the trough below. 

The volumetric measurement of the gases 
(con^ting of carbon dioxide, nitrogen, and 
possibly idso nitric oxide and sulphur dioxide) 
coUected as above is carried out in the 
Frankland gas apparatus, which admits of the 
measurement of very minute quantities of gas. 
Three measurements are only necessaiy. In 
the first place the gee is treated with a few drops 
of a saturated solution of potassium dichromate 
to absorb any sulphur dioxide that may he 
present. The volume of the gas is then accu- 
if tely measured, after which it is treated with a 
few drops of strong caustic potash, which rapidly 
removes the carbon dioxide, after which the 
volume^ of the remaining gas is again carefully 
ascertained. The residual gas now consists of 
nitrogen, udth possibly a little nitric oxide. It 
is mixed with a bubble of pure oxygen in order 
to convert any nitric oxide into nitrous and 
nitric acids, which are immediately absorbed by 
the eaustio potash present, and then, on adding 
a drop or two of solution of pyrogallic acid, the 
excess of oxygen is absorbed and the remaining 
gas, which consists of nitrogen, is carefully 
measured. The diminution in volume effected 
by the caustic potash in the first instance 
obviously represents the carbon dioxide, whilst 
tlm final volume of residual gas, together 
with one-half of the oontiaction resulting from 
the addition of oxygen and pyrogallic acid, 
rqpsesent the total volume of nitrogen. Fiom 
these volumes the weights of oarbon and nitrogen 
leepeciively can be calculated. As already 
immed out, if sulphurous or metaphosphorm 
uM bee bom used in the evaporation, and 
ammonia is preeent in the water, the am- 
mm^hmal nitrogen (subject to an empirieal eor- 
seotieii Ibr ioes of ammonia during evaporation) 
IM to be stthtonoted from the total nitfogen 
AiinidlootxeetiQn(«^ 


tained by blank experintenis made from time to 
time with the reagents employed in the evapora- 
tion and combustion) has also to be applied to 
the oarbon and nitro^n thus determine 

For Dupri and Bakers meBud^ see Chem. Boo. 
Tnms. 1879, 159. 

In Dittmar and Eobinson^s method of deter- 
mining organic carbon, the gases proceeding 
from the combustion tube are first passed throng 
a U-tube containing a solution of chromic amd 
in 60 p.o. sulphuric acid to absorb moisture and 
sulphurous acid (the water is evaporated with 
sulphurous acid for the prepmation of the 
residue), the carbon dioxide being absorbed in 
a weighed soda-lime tube (Chem. News, 1877, 
36, 26). A method of determining ozganio 
nitrogen has also been devised by Dittmar and 
Eobinson, and is described below. 

(4) Methods for determination of organic 
nitrogen only. — Of these the most common one 
in use is the well-known 

(a) * Albuminoid ammonia ’ process of 
Wanklyn, Chapman, and Smith (Chem. Soc. 
Trans. 1867, 591), which does not yield the 
whole, but only very variable proportions, of 
the organic nitrogen in different nitro^nous 
organic substances, although in the oase of some 
— such as leucine, aspartic acid, tyrosine, Ac* 
— which frequently appear as decomposition 
products of albuminous matters, nearly the 
whole of the nitrogen is obtained as ammonia 
(Preusse and Tiemann, Ber. 12, 1906 ; Mallet, 
U.S. National Board of Health ^port, 1882). 

The method has already been described on 
p. 396. 

(5) Dittmar and Eobinson's process. — ^In this 
process the residue, obtained in the same way 
as for the combustion process, is heated with 
fused caustic soda, or soda and baryta, in a 
copper or silver boat placed in a combustion 
tube in a current of hydrogen, the evolved 
ammonia being absorbed by very dilute hydro- 
chloric acid, which is subsequent^ * Nesslerised * 
(Chem. News, 1877, 36, 26). The results are 
accurate, and coincide with those obtained by 
the combustion process of Frankland and Arm- 
strong. 

(c) KfMahVs process.— -This well-known and 
now much-employed method for determining 
organic nitrogen was adapted for use in water 
analysis by Drown and Martin (Chem. News, 59, 
272). It appears to give accurate results unto- 
fi uenood by the presence of nitrates and nitrites in 
such quantities as are found in ordinary waters, 
500 C.C. of the water are placed in a round- 
bottomed fiask of about 900 c.c. capacity ; the 
volume is then reduced to about 200 by 
boiling, and to this, after cooling, 10 e.o« <rf pm 
concentrated sulphuric acid ere added^ The 
mixture is then cautiously boiled, with the ffaakfai 
an inclined position, until all the water has been 
driven off and the acid remains of a white or 
very pale-yellow colour. After removing tlto 
source of heat, add a little powdered pennlai- 
ganate until, on shaking, the liquid beoomes 
green, showing that excess has been added. U 
a purple* instead of a green ooloar appears* H 
shows that the whole of the water has not hom 
I driven off. When oool, 200 0 . 0 . of water tm 
from ammonia are added, cars beiiig talm to 
rinse round the neck of the flask, and ihni 
wash in any add wUoh may be adheto^ theia, 
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pteipeM ky dissolving 200 gnna. of good 
mm&9 «od» in 1250 c.c. of distilled water, 
iddiog 2 gnns. TOtassium permanganatCy an. 
boiling down nntu the volume is rather less than 
1000 0 . 0 . makmg up to 1000 c.c. when oold.) 
The distillate is collected in a dask containing 
50 O.O. of water free from ammonia, and 1 c.c 
of dilate pure hydrochloric acid, and during the 
distillation of the first 50 c.c. the delivery tube 
of the condenser is made to dip into thiis acid 
liquid, whilst during the remainder of the dis- 
tillation the flask isTowen'd so that the delivery 
tube is just above the liqmd. The distillation 
is carried on until the whole of the ammonia has 
passed over, and the contents of the receiver 
are then ^ Nesslerised * in the ordinary way. The 
most scrupulous care must be exercised to 
prevent access of ammonia from the air and 
reagents; a blank experiment should also be 
made for control. 

Determination of dissolved oxygen . — ^Much 
importance is, with very little reason, attributed 
by some analysts to this determination ; it can, 
moreover, be rarely applied, as the samples 
must be collected with special precautions if the 
results are to have any value at all. The various 
processes in use have been examined by Kisch 
(Ohem. Soc. Abstr. 1892, 98). ReichardVe method 
(Zeitsch. anaL Ohem. 1872, 11, 271), as modified 
by Pieusse and Tiemann (Ber. 1879, 12, 1788; 
l^mami-Gartner’s Unter&uch. d. Wassers, 278), 
consists in boiling a measured volume of water, 
and collecting the gases over a hot solution of 
caustic potash, the oxygen being then estimated 
either by explosion with hydrogen, or by 
absorption with potassium pyrogallaio. lii 
Mohre method (Mohr’s Titrirmethoden) Ih^ 
sample is mixed with an acid solution of ferrous 
solpliate of known strength, then with caustic 
sooa to throw down ferrous hydroxide, and 
after remaining for a few hours (air, of course, 

^ Uy excluded), the precipitate is re- 
. L in sulphuric acid, and the remaining 
ferrous sulphate titrated with pc^rmanganate. 
In the SchiUzenberger-Eieler process (Bull. Soc. 
ohim. 1873, [11.] 19, 152; 20, 145; Tiemann- 
G&rtner’s Untersuch. d. Waasers, 277, 288; 
Oatherine Williams and Eamsay, Ghem. Soc. 
Trans. 1886, 760; Bemthsen, B^. 13, 2277; 
Boscoe and Lnnt, Ohem. Soc. Trans. 1889, 552 ; 
Duprd, Analyst, 1885, 10, 156) the water is 
allowed to act on a solution of sodium hydiindi- 
gotin disnlphonate, which oxygen converts into 
the blue compound; a sian&rd solution of 
sodium hj^rosulphite is then run in until the 
liquid again becomes colourless. In WinUer*e 
prooess (Ber. 21, 2843) the water is mixed with 
a solution of raanganous chloride, and then 
uith potassium iodide and caustic potash ; the 
pfieedpitated manganous hydroxide absorbs the 
passing into a higher state of oxidation 
Oil adding hyajN >chloric acid the higher oxide 
of uMganese gives rise to the liberation of an 
quantity of iodine, the anfount of 
nbMl is detsnninM by titration with sodium 
According to Kisch the 
hf the Beichaidi-Pieusse*Tlemaiin 
fnaOMM IM decidedly lowe^ than those obtained 
hf mt WiaUer prcKsess, which is in harmony 


on the whole, to bathe most trustworthy, 

JO easiest to cany out. A modification of 

Winkler^B method has neon made by Bideal and 
Stewart (Analyst, 1^1, 26, 141), and a more 
recent one reducing it to a colorimetric prooees 
by Bideal and Burgess (ibid, 1909, 34, Iw). 

A full description and discusrion of the 
several methods will be found in Sutton’s 
Volumetric Analysis. 

The determination of dissolved oxygen has, 
in recent years, been much practised in connec- 
tion with the rate at which dissolved oxygen i4 
absorbed by sewage and efQuonts from sew^o 
works. This matter is of importance as afiording 
a measure of the readiness with which suoh 
liquids will romovo the dissolved oxygen from 
a stream into which they are dischar^. For 
Scudder’s method, see Fowler’s Sewage Works 
Analj^ses, or Sutton’s Volumetric Analysis* 

Determination of carbon dioxider^i) The 
total carbonic acid is determined by completely 
precipitating os calcium carbonate with an 
excess of calcium hydroxide (a suflicient quantity 
of calcium chloride being added to decompose 
alkaline carbonates), then filtering off the 
cipitate, and dotorminiiig the carbon dioxide 
in it in the usual way (Im'senius, Quant. An. ; 
Tiemann-Caartner, Dio Untersuch. d. Wassers, 
213). If the water is saturated with carbon 
dioxide under pressure, the above method must 
be preceded by Itoehleder’s process fpr estimating 
.ho gas which cscapcH on reducing the pressure 
to that of the atmosphere. 

(2) The free and semi-combined carbon 
dioxide is determined by Pettenkofer’s method, 
in which the water is treated >vith an excess of 
itandard calcium hydroxide solution, and, after 
the precipitate has soriarated in a ery^laUine 
form, the clear liquid is decanted off, and the 
excess of lime ascertained in an aliquot nart by 
Jtration with standard dilute oxalic aciu, using 
lihenolphtholein as indicator. If the water 
^ntains alkaline carbonates, sufficient neutral 
calcium chloride solution must bo added to 
decomjiosc them, whilst if there is a consideVaUe 
proportion of magnesia salts, some ammonium 
chloride must also bo added. 

If the carbonic acid thus determined is sub- 
tracted from the total obtained according to (1), 
then the difference represt^nts the eombiM 
carbonic acid. To this combined oarbonie acid 
.here ooiTPsmndN, of course, an equal quantity 
}f semi-combined, so that only an excess over 
md above this can be regarded as free eorbonio 
acid. It must, however, be pointed out that the 
determination of total cartenic add gsnstaQy 
yields results which are below the truth oy 1-^1 *5 
units in 100,000 parte, in oonsequenee of iiie 
solubility of normal calcium oarbonate itself 
[v. Walker and Kay, J. S^. Cham. Ind 1212^ 
31, 1013). 

DeterminaJtion of euUkvretki hfdrofdm^ 
Colorimotricaify with a solution of somuin idtio* 
pmsslde, using for eompaiison a standard sols* 
lion of sttlphuietted hydrogen. ThO laMsv is 
standaidised by taking a msasuied volume Md 
addteg an excess of deoiiioiMd sodlw 
shake well, and then acidify wBh hydtosUetfe 
add* After the wxmakm suhAMe has ^ 



mxhiMf dilute to SOO and dttot 

Mmo'vu aoiditgr by Jaaafew of solid sodium esr« 
bouate, add a drop of stareb solutbuf and then 
ran in deoinormal iodine until a blue colour is 
obtoliiad. This method may, of course, also be 
employed for the determination of the sul- 
phuretted hydrogen in the water itself if present 
m sufficient quantity. 

In using the colorimetric method, 300 o.o. of 
the water are treated with 5 o.c. sodium carbonate 
and 3 o.o. sodium hydroxide; allow the pre- 
cipitate to subside for 1-2 hours, then decant 
or filter. To 250 o.c. of the filtrate in a colour- 
less oylinder add 1 o.o. of sodium nitroprusside 
solution (4 grms. per litre), and for comparison 
take 245 c.c. distilled water, to which add 2 c.c. 
sodium hydroxide and as much of the standard 
solution of sulphuretted hydrogen as is re- 
quire to produce precisely the same tint as is 
obtained with the water above. In this manner 
0*1 part HjS per 100,000 can bo determined 
(Tiemann-G4rtner, Untersuoh. d. Wassers, 232). 

Sulphuretted hydrogen may also be accu- 
rately determined by means of centinormal 
iodine solution. 10 c.c. or other suitable volume 
of the latter are placed in a 500 c.c. fiask, and 
t^ water added until the colour completely 
disaj^ars ; 6 c.c. of starch solution are then 
added, and centinormal iodine is run in until 
a blue colour is obtained, pure distilled water 
being added up to the 500 c.c. mark from a 
buieite. On subtracting the sum of the volumes 
of iodine, starch solution, and distilled water 
added from 500 c.c., the volume of water wldch 
reacted with the iodme solution employed is 
ascertainod. A correction should bo made for the 
volume of iodme solution required to produce a 
blue colour. 

Baotebioloqy of Watbb. 

The great progress during the past half 
century made in our knowledge of infectious 
diseases and of the processes dependent on 
bacterial life, has necessitated that the subject 
of water supply should bo considered from a 
bacteriological, as well as a chemical, point of 
view. 

It had even previously been recognised that 
in making determinations of organic matter, 
ammonia, nitrates, Ac., with a view to ascer- 
taining the fitness or otherwise of water for 
drinking purposes, the concomitants of the living 
poisons of aymotio disease and not the morbific 
matters themselves, wlucli were still more or less 
hypotheticid entities, were being tested for, and 
that the living poisons themselves must be 
explored by biological, and not by purely 
ehemioal, methods. 

Liquid and ^id media. 

The classical investigations on bacteria by 
AMtenTt l^dall, lister, N&gcli, Cohn, Fitsis, 
SeUoesing, jtfunta, and others prior to 18^ were 
pracUoaliy all made with liauid culture media 
Such ottltore media labour under sevearad 
Mma dbadvantages 

(l]i FbedUty with wfaioh they become con- 
4aiimatw| wi& baotoria and other organisms 
ntm the Ids otlmr sor^^ 

Ste 4o»|NiUtion whidh adsas between 
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the nrieiolMMi p g e isnt may lend to the 

entire siq^pr eaai O ii of some fhsotqi^ the met* 
whdmtyf 

<3) Tlua great diffienlty of obtaining pure 
oidtivatioiui of spedfic miaro^organisma 

The introduction of solid culture media by 
Kochattheb^^ning of the ’eighties, in the laift 
century, led to great devebpments in bacteri- 
ology. An immense variety of investl^tions 
were now rendered possible which bad long 
been awaiting attack. These new methods of 
bacteriologicid study wore at once applied to the 
identification of the specific mioro-oiganisms of 
numerous diseases, and to the investigation of 
the bacteria present, in air, water, toil, and all 
our other surroundings. 

By means of gelatinr'plate-cviiufe it became 
possible to ascertain the number and the nature 
of most bacteria present in anv materiaL Thus 
in the case of water the number and nature of 
the bacteria present in any sample could be 
determined, and by this means it was possible 
to ascertain the effect of any treatment or 
process of purification on the bacteria present 
m water. Thus it was applied by the writer in 
1885 to the study of the remow of bacteria 
from water by artificial and natural filtration, 
by mtbsidence, and by precipitation. 

The results obtamed in investigations of this 
kind led to a great modification of the opinions 
which had previously been entertainea with 
regard to the value of these processes in lemoviz^ 
the zymotic dangers of water. Thus it was 
found that bacteria could be almost wholly 
removed from water by the process of sand filtra- 
tion which had a comparatively insignificant 
effect on the organic matter and other ingredients 
discoverable by chemical analysis. 

Similarly these methods of bactoriologioal 
investigation enabled such processes of water 
purification to be readily controlled. Thus if the 
safety of a water-supply depends on the efficiency 
^th which the remove of bacteria by filtration 
is carried out, it is obvious that this efficiency 
should be continually controlled by baotorio* 
logical examination, so that any defect in the 
working of the filters may at once be detected 
and rectified. The systematic control of water- 
works by bacteriological examination is now 
being very widely carried on with great benefit 
to the communities concerned. 

With the discovery of the specific bacteria 
of cholera, of t 3 rphQid fever, and of many other 
diseases, attempts were naturally made to find 
these specific pathogenic bacteria in oontsmi* 
Dated water-supplies. The chance of sneh dte* 
covery by the ordinary method of plate-cultiva- 
tion is, of course, hopelessly remote, because a 
single pathogenic organism must almoet inevit- 
ably be acoompi^ed in water by a host of mm- 
pathogenic individoals, and amongst these 
multitudes of harmless forms the few hennM 
ones will under ordinary dreumstaaces be orter- 
looked, whilst, in the small quantities of wefcer 
oprated on, the pathogenic forms may 1m» 
absent, although preeent in a larger buBc« 

Te surmount these diffienktes, the nsisttil 
device was to provide conditions eiiich would 
be favourable to the particular pathoienfo ftmi 
being sou^t for ana less fovomable or ewor 
antagqnisuo to the multitude of nonq 
ionrn with udiich it would be 
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We mav call the wovision of stioh conditions 
the method of enri^meni or prtJtreiMial caters. 

Such a method of enrichment was very satis- 
&otorily applied by Koch to the discovery of 
the ehcMra-iactUua in the water of the Kite at 
Hambuig during the epidemic of 1892. If 90o.c« 
of the water under examination be incubated 
lor 18 hours at 37° with 10 c.o. of a solution 
oontaining ^ptone 10 p.c.» and sodium chloride 
10 p.o.y cholera bacilli will be found in the thin 
surface pellicle, and from this cultures are made* 

l^hoid fever is, of water-borne diseases, 
the most important in Western Europe. An 
enormous amount of labour and ingenuity have 
been devoted in recent years to the discovery 
of the bacillus of this diisease in water. That 
the problem is a very difficult one may be 
gathered from the fact that until recent!^ iU 
aeUdtan even in the dischargee of typhoid patients 
was very frequenUy abortive. 

The special difficulty attending the discovery 
of the tj^hoid bacillus depends on the circum- 
stance that even in the intestine of the typhoid 
patient it is enormouslv outnumbered bv other 
oacteria, and especially by the Bttciuus coli 
communis^ which, discovert by Escherich in 
1886, has in recent years achieved the very 
greatest celebritv in the bacterial world. 

Practically all conditions which are favourable 
to the typhoid bacillus are equally or even still 
more fovourable to the B. colt, and for a long 
time all methods of favouring the typhoid 
bacillus at the expense of the B. coli proved 
futile. Much interest was, therefore, excited 
when In 1903 Roth announced that the B. colt 
was more disadvantageously affected than the 
typhoid bacillus by solutions of caffeine. 

Experiments made by Kloumann ^ in 1904, 
however, showed that the differential effect on 
the two bacilli was only veiy slightly in favour 
of the typhoid bacillus. 

A method of testing for typhoid bacilli in 
water and other liquids was elaborated by 
Hoffmann and Ficker in 1904 ; it was also 
based on the inhibitory action of caffeine and 
of crystal-violet on the B. coli. The method 
will te best understood bv the following descrip- 
tion of the manner in which it was successfully 
em^kmd by Jaksch and Rau (1904) to detect 
g^juioid badlli in the drinking water supplied 

900 c.c. water from a service tap were added 
to ^e Hoffmann and Ficker cvUure-medium^ 
eonsistlng cn 10 gnus, nutrose, 5 gnus, caffeine, 
and 0*01 ^rm. crystal- violet, in KX) c.c. water.. 

The mixture was then incubated at 37° for 
13 hours, when it was to be presumed that any 
typhdd bacilli orimnally present would have 
extensively multiplied. Loopfuls of this large 
cnltivataoii were then withobrawn and spread 
on tile surface of DrigaUki and Conradi Plates 
(agsft meat extract, peptone, nutrose, lactose, 
Sfmoin ohloride, crystal violet and litmus), 
wWoh were then incubated at 37° for 24 hours. 
On time plates the B. coli colonies are red (acid 
tflmns) and non-transparent, whilst those of the 
iypliora bacillus are blue with a violet*tinge, 
dewdrops, and smaUar 


tempasent, resembliii 


than the A eoU colonies. In the Prague 
aapecfamits time plates gave only a few red 

* Itewmiti OndmlbL f. Baktertologle, 1904, 86, 
•lA, 


lue and transpavent. 
The latter were suthcoltmed, and, aocoiding to 
Jakach and Rau, gave results in the most vsiied 
tests (including a^lutination, toxicity, and 
immunisation) which were identical with those 
obtained with the true typhoid bacillus. 

Other solid media whion have proved of great 
value in distinguishing between coli-like and 
typhoid-like colonies are Loeffler's malachite- 
green agar, and McCbnkey^s bile-salt-neutral- 
red agar, both of which will be referred to later. 

By far the most extensive, interesting, and 
systematic search which ever been made 
for the typhoid bacillus in natural waters is 
that carried out ^ Houston on the waters of 
the three rivers — ^Ijbames, Lea, and New River 
— from which the greater part of the London 
water supply is obtained. As this invesfi gation 
illustrates the most approved methods Which 
are now available to tne bacteriologist, will 
be considered here in some detail. 

Two hundred and ninety-four experiments in 
8 series were made with 156 samples of raw river 
water (52 Thames, 52 Lea, and 52 New River) 
during the 12 months ended July 31, 1908. The 
total volume of water dealt with was 294 x 100 » 
29,400 c.c. The total number of bacteria in this 
volume of water (as ascertained by gelatin- 
plate cultivation for 3 days at 20°-22°) was 
135,687,500. The total number of colourless 
(or nearly colourless) colonies sub-cultured from 
the Drigubki or similar plates was 7329. These 
7329 selected colonies form but a small fraction 
of the millions of bacteria which were excluded 
owing to the temperature of incubation, the 
comxx>sition of the media employed, and the 
fact of their appearing on the plate-cultures as 
coloured colonies. 

The following tabular summary indicates 
the method adopted in this exhaustive investiga- 
tion : — 

Direct Plating on Solid Media. 

Series I. 100 c.c. of the sample of water were 
centrifuged and the resulting deposit spread 
over a number of plates consisting of 
malachite-green (1 tn 5000), saccharose^ 
dulciU^ scuicin, neutral-red, htle-salt, peflone, 
lactose, agar. The plates wore incuoated 
at 40°-42° for 24 hours, and the colourless 
colonies sub-cultured into special media, as 
desenbod in the next table. 

Series 11. Same as Series I, but the proportion 
of malachite-green was 1 in 10,000. 

Series III. Same as Series I, but the medium 
used in the plates contained no malachite- 
green. 

Series IV. Same as Series I, but the pro- 

r >rtion of malachite-green was 1 in 20,000^ 
in 40,000, and 1 in 80,000. 

Primary Liguid Cultures followed by Plating on 
Solid Media. 

Series A. 100 c.c. of the sample of water wests 
added to bile^saU-glueose-feptem msihm 
containing malachite-green m prqpoEtion of 
1 in 1000, 1 in 2000, 1 in 4000. T^lignid 
was incubated at 4(l°-42°for 24 homni* and 
then plated on the same medium aa wai 
employed in Series 1, 10 eolourlam odoniii 
were in each case sub-cultured and tinted 
as described. 

SeriaaB. Sana w teiaa A, bol MMlMUIa* 
M t te i^ndium inn in 
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of 1 in 0000. 1 ia 10,000. 1 io 82,000. 6ai>< portioa. 10 onltotM of 10 e.o. oMb wan 

MMiiidiitlv t>Uiied od whib inediQiii im thftt nuule* 

uaed in II, The following table shows the behaviour of 

Series C. Same as Series A, but the liquid 32 strains of the typhoid baoill^, on the one 
oultuie medium consisted of meat-broth hand, and of the 7329 suspicious colonies 
only without malachite-green or any other isolated from the raw waters, on the other. It 
adoitions. Subsequently plated on same wiU be seen thai not one out of aU iksat 73S^ 
medium as that used in Series I, different microbes^ aUhaugh eue^ious in certain 

Series D, Same as Series C, but instead featuree, gave reaciione agreeing in their enhretg 
of cultivating 100 c.c, of water in one mtkthoeeofthety^^hoidbaciUuB. 


Vbeifioation Tests for Typhoid Bacillus. 



Testl 

Test 2 

Test 3 

Test 4 

Test 6 

Test 3 

Description of microbe. 

Proskauer*8 
and Capal- 
drs No. 2 
medium ^ 
(with inner 
tube). 

Lactose- 
saccharose 
dulcite- 
salicin- 
medium 
(with inner 
tube). 

Proskauer*s 
and Capal- 
dl's No. 1 
medium * 
modified 
(with inner 
tube). 

Glucose- 
neutral red 
broth cul- 
tures (with 
inner tube). 

Peptone- 

water 

medium. 

Gelatin sugar 
media :—Wfdaetoae, 
glucose, liBViOoBe, 
maliose, and man- 
nite respectively. 

Results characteristic of Typhoid Bacillus. 

32 strains of typhoid 
bacillus from a num- 
ber of different la- 
boratories. 

Acid, no gas 

No visible 
change 
(No acid, 
no gas.) 

No visible 
change. 
(No acid, 
no gas.) 

Purplish 
tint. (No 
gas, no 
fluores- 
cence.) 

No indole 

Acid, but no gas 
with all five sugati. 
No liotuefactton. 

Results which exclude, as not Typhoid Bacillus, the Suspected Microbes. 

7829 colourless (or 
nearly colourlesH) 
colonies, sub-cul- 
tured. 

No acid, or 
acid and 
gas 

Add or 
gas- 

formation. 

Acid or 
gas- 

formatiom 
or decided 
growth. 

Gas or 
fluorescence. 
(Absence of 
purplish 
tint.) 

Indole 

Gas formation in 
one or all of the 
sugar media. 
(Liquefaction.) 


* Solution of peptone and monnlte. , ^ ^ 

* Solution of aaparaginc, iiiannlte, glucose, galactose, loevulose, maltose, magnesium sulphate, soaium miimiae. 


~ eniAUUUii ui iiinuuiM?, « luv/o 

calcium clilorlde, potassium hydrogen phosphate, and litmus. 


From the very nature of this investigation — 
the search for a specific microbe in a natur^ 
water which at some period in its history is 
practically certain to have received this microbe 
in comparatively small numbers — ^it is impossible 
to make it really exhaustive. Houston has, 
however, amplifi^ his previous investigation 
in a very suggestive manner. Bealising that 
the objection might be raised that the method 
a^pted may not be capable of detecting a very 
smaJi number of typhoid bacilli in the presence 
of a very large number of other microbes, be 
devised a mode of procedure which enabled him 
to affirm that in each particular sample of water 
examined there were not more than a certain 
definite number of ty^id bacilli in a given 
volume. The method adopted was this: — 

Baoh sample of raw river water was divided 
into two equal portions of 000 o.c. (A and B). 
The A sample was inoculated with a very small 
number of typhoid bacilli. The B sample was 
net so infeotecU and was, therefore, normal raw 
rim water. The subsMuent procedure was 
exes% the same in each case* both mmples 
A ana B being treated exactly alike* The 
500 ie.c* of water were centrifuged and the 
reiuHfag dsiposit spread over 16 plates prep 
wihh ioGU medium of the toUowmg oomposftioii : 


and salicin, each 0*2 grm., made up with water 
to 100 c.c. and tinted with 0*4 c.c, of a I p.c. 
solution of neutral red. In some of the experi- 
ments malachite-green was added to the above, 
in the proportion of either 1 to 10,000, or I to 
5000 of the medium. 

Of the 24 experiments, 14 were carried out 
with raw Lea, and 10 with raw Thames, water. 
Those waters contained on an average 62,068 
bacteria per 1 c,c. (gelatin at 20®-22®, 3 days* 
incubation). The worst sampie contained 
760,000 and the best sample 1200 bacteria per 
1 C.C. Thus in the 12 litres (50D c.c.x24) ot 
raw water (B samples) examined for typhoid 
bacilli there were 752,21^,000 bacteria present* 

The total number of colonieB selected for 
study was 5451 from the infected A sampte, and 
the same number (5451) from the non-infeeted 
B samples. The average number of tjrphoid 
bacilli artificially added to the A s a mpl es was 
2*242 per 1 o.c. or 1121 per 500 o.o. The average 
number of typhoid bacilli isolated bom the A 
samples was 14*64 per 500 c*e* ot sample* It 
may be argued fairly, tbeteiore, that if oofy 

of the above number of typhoid harilfi 

bad been present in the infected san^ thia 
microbe would still have been deteotea by the 

method of iiivestiigatio]i adopted; but x 
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8*SI42eiB0*154 typhoid baoillus por 1 o.o.» or 1 
^rphoid bacillas in 6*5 o.o. would have beoi 
detected. 

From the uninfected B samples, out of the 
(5451 colonies selected for special study* one, 
and wUy one, conaiated of bacUria which raatmbUd 
$ha typ&oid baciUua very cloaely. 

It will be instructive to record the observe- 
tions which were made on submittiiig this 
typhoid-like microbe (Lee W, 684 ? B. iyphoauat 
Jaauston) to the several tests used in the diagnosis 
of typhoid bacilli. 

Characteriaatian of typhoiddike haciUus from 
raw river water (Lea IT. 694 ? B. typhoaua, 
HouOon). 

Morphology^ — K motile multifiagellate bacil- 
lus. The seemed shorter than in most 
strains of B. iypAosus. 

CMatin and agar alope-cuUurea, — Possibly 
the growth was slightly less filmy in character 
than that of the true B. typhoaua, 

Olucoaehtle-adU agar-aiope (neutral red). — ^The 
sbreak somewhat brighter and cleaner r^ than 
in most strains of B, typhoaua, 

Lactoaehile-aaU agar-alope (neutral red). — 
Colourless streak. 

Fofato, — No visible growth (5 days at 37°). 
NUratehroth, — Reduces nitrates to nitrites. 
Peptone-water at bo^F, — ^No visible growth 
after 5 days ; on transferring tube to incubator 
at 37°C. growth occurred withm 24 hours. 

Indole teat, — ^No indole formation (5 da\’s at 
37°). 

Liquid peptone (1 p.c.) media containing 
separately 1 p.c. of the substances stated and 
tinted with litmus. Sorbite and inositc are only 
used in 0*2 p.c. solution. Acid but no gas in 
sorbite, inannite, glucose, licvulosc, galactose, 
and maltose respectively (2 days at 37°). No 
change in inulin, inosite, saccharose, salicin, 
adomie, lactose, duicite, and rafiinosc respec- 
tively (5 days at 37°). 

Oelatin glacoae medium tinted with litmus, — 
Acid but no gas formation. 

Vogea and Proakaucr a readion, — Negative 
result, 5 days. 

No liquefaction after one month at 

20 °. 

Litmua milk, — Slight acid but no coagulation 
(5 days at 37°). 

Giyeoae~neuiral-red-broth ruUurea , — ^No gas, 
no fiuorescence characteristic purplish tint. 

Lack^-aacc^roac-dulciie-aultcin-jieptone me- 
dium tinted with litmua. — No change (2 days 
at 37°). ^ 

Proakauer and CapaldVa Medium No, 1 
(modified). — ^No change (2 days at 37°). 

Proakauer and CapaldV a Medium No, 2.— 
Acid but no gas. 

AggbUination experimenU and irata for patho- 
genicity. 

Antityphoid aerum , — Microscopiealiy, 1 ; 200 
almost instantaneous clumping, 1 ; B0f> very fair 
uhiiraiii^ 1 : 2000 little or none. B. ifphoaua 
tostra with the same serum gave veiy similar 
mults but appeared to be clumped slightly 
^dly in slightly higher dilutions 
The d^renoe, however, if any, was not well 
maniea. 


• 8mm of an animal immuniaed ioUh the 
auapected mtcrebe (Lea W* 694 1 B. lyphoaua, 
Bouahm), — Mtoosoopically, 1 : 200 very rapid 
and saiiafactoiy clumping ; i : 2000 good, but 
not quite complete clumping within haS an hour. 

& typhoaua tested with the same serum gave 
very similar results, but was perhaps clumpKl a 
little more slowly and in slightly lower dilutions. 
The difference, however, if any, was not well 
marked. Microscopically, the titre limit was 
about 1 : 8000 (18 hours) and was practically the 
same for both microbes. 

Pathogenicity , — ^2 o.o. of a broth-culture 
injected subcutaneously into a guinea-pig pro- 
duced a swelling and illness with recovery. A 
guinea-pig intraperitoneally inoculated with 
5 C.C. of a broth-culture died in less than 24 hours. 

On the results of this laborious investigatkln, 
which had extended over more than two yeaij 
and which had been conducted with the mC 
meticulous care and regardless of time ail 
money. Dr. Houston very cautiously remarli 
* If this microbe had been iaolated from a caae < 
typhoid fever (or from a auapected caae) I do n 
think any aerioua heaitation would have been fa 
in describing it as B, typhoaua.* 

It would be im|>os&ihlo to produce more 
eloquent testimony than the above as to the 
enormous and almost prohibitive trouble which 
a systematic and conscientious search for the 
typhoid bacillus in natural water entails 

Cofnparative unimportance of searching for 
the typhoid bacillus in trater , — The almost noM- 
lc<^ nature of the sc^areli for the typhoid baduus 
in natural waters is of the loss importance as 
the anxiety to delect this microbe in water is, 
for the most part, based upon an entire mis- 
conception of the objects of water oxaminatlon. 
The object of a water cxaminatiim is, in general, 
not to determine whether the particular sample 
of water ccuitains typhoid bacilli and is, there- 
fore, capable of carrying typhoid to the oon- 
suiiKT, but to dis<*ovcr whether the water is 
likely at any time to contain such infective 
material. 

Now any water w Inch receives sewage matters 
must be n*gardcd as a possible carrier of lyphoid 
infection, f(»r at any time these sewage matters 
may l>o derived fiom persons suffering from 
typhoid. Thus any sewage -oontamuiated water 
is a |K>tcntial canier of typhoid unkMMi it has 
been subjected to conditions which would ensure 
the removal of the possibly present typhoid 
liaciHus. Thus the all-iuiportant thing is to 
a4oertam whether a given wnUsr has hoin con- 
taminated with sc^wage, in what proportion such 
cofiiaminalioti has ti^n place, and whatlier the 
water since su< b contain inaiion has been snb- 
mitted to conditions which would removs or 
destroy typhoid baciUi should they have gained 
acc<*ss with the sewage matters. 

Firstly, as the detection of sewifs 

conUminaiirm. Exoremental eonUfninalion* H 
sufficient in amount, can t»o revealed wMi mors 
or less certainty by ehemical aaalysia» wbioh 
can indeed even dlst^gttisfa between whether 
such pollution is recent or remote In Mliii of 
time, but in order to soeertate ilm leteol 
gaining acoess to water teconme meet he hid to 
taethodh. II tfame ente baetatie 
absolutely ebataeterMIe ol mmm 
minatlon ihthr ritBittiiiif erftwl frt ^ 


i 
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wra tike danger of a miter. Unfortnoatoly m I artifioial enltaxe, may low dther or botb ite 
So not kwnr any baetecla vbioh satisfy the hidole-piodnoiiig and milk-onrdUng properties, 
condition o( being dudbMy oharaotoristic of ^Riis mode of dliereatiating bdween other- 
se«age» so we must be satinied with a second wise very ■imOa* forms of baoteiia has been 

kskciA 1 J—j. i. i-U... 


TyPHOID-OOLT Oeottp. 


best qiMlifioatjk)n for diagnostic purposes by greatly extended tdthin recent years. In the 
those which are eew characteristic of sewage. loUowii^ table the classification of the 
^e microbe which is moat charaoteristio of Typhoi£coli group of bacteria into seven sab« 
the intestinal discharges of man and the higher groups h&s been attempted : — 
animals lS| as its name implies^ the JB. edi 

eommunia, and a great amount of time and TypHOTB-ooLr Gn 

ingenuity has been devoted to its accurate and , — 

expeditious discovery in water and other 

materials* ' S ^ S 

In identifying a particular organism, Sub-groaps 1 | 5 1 1 
whether plant or animal, we depend on recos;- 13^3 

nising in the individual a certain group of sjpecino 

characters which are more or less arbitrary. * 

!l^e ^tanist at first tried to classify and dis- ^ Tvphows + - - 

tinguish bacteria by external appearances B\dmntenaf ! *.+->- 


Sub'groaps 


I sli S I S 3 s 

ll'l! Il II 


iimguisn oaotena by external appearances BVdiimtmof . 
alone ; he measured the length and breadth of S,/ceealisalealigen$i . 
these minute organisms; he counted the II, 

number of flagella with which some of them are B. entenMxa (Gaeit- 
provided ; ho was very careful to observe cer) . . 

whether they wore square or round at the ends, * 

and 80 forth. : ™ * 

These morphobgioal clmracteM have, how- jjaeuius from urine . 
ever, long been recognised as madequate for 
purposes of identification, since organisms ^ .. , * . 

exhibiting the closest morphological similarity 
have been found to differ enormously in other y 

After the inirodueiion of Koch’s methods -ff* 
much attention was directed to the macroscopic _ ^ . 

appearances to which the organisms give nse . 

when grown on a variety of solid media, by yj* 


I. 

B. Typhotus 


I =i= 


B. paracoU 

in. 

Bacillus from urine 
IV. 


oraanisms give nse 
of solid media, by 


l&nder) 

VII. 


which mwns microecopicaUy bimilar bacteria B.«a,„da,„;(p,eJffer) + + + + -- + + 
can often be differentiated. B. laetia alrogeiu» 

Some 35 years ago the writer commenced (Bachcrlch) + 

distinguishing bactena, wMch were similar in B. doccw (Jordan) .j*t-+|+ + -~ + + 
form and in cultural appearances, by differences 

in the chemical changes which they could bring It is obvious that by increasing the number 
about in certain media. Thus he found that the of biochemical tests many further vaimtions of 
capacity to reduce nitrates to nitntes was in a given type of organism may be discovered, 
some cases a valuable means of distinguishing ana, for the purpose of mow precisely defining 
between otherwise similar bacteria. This reduc- ' a particular microbe, bacteriobjgisU have intro- 
tion of nitrates has been extensively used for duced biochemical tests involving the use of a 
diagnostic purposes, more especially by American variety of organic compounds— more espedaHy 
bac^riologists, Homowhat later he devoted carbohydratos, polyhydric alcohols,^ and. gluro- 


much attention to the fermentation of carbo- sides. These tests generally consist in asoerti^- 
hydrates, polyhydric alcohols, and hydroxy- ing whether an organism under invBetigati<m 
acids, by means of pure cultivations of micro- gives nse to acid or gas, or both, or ndther, m 
oi^ganisms, and showed how capricious is the a suitable nutritive medium contaa^g one of 
{lower possessed by different bacteria in tWs these substances. The following sub* 

xtbspeot Thus perhaps one microbe ail I ferment stances employed in this manner will some 
graoose* mannite, and glycerol, but not dulcite idea of the degree to which these biochemical 
or glyc^o acid, another will ferment glucose, tests have been complica^ in teoentywst 
mannite, and dulcito, Ac. adonite, asparagine, dextrin, dulcite, erythnta, 

Thm are, however, many bacteria which gaJactose, glucose, ^yeerol, glyed, tmuh&ta, 
mote or kss simulate the characters of the lactose, Icevulose, maltose, maanite, maimosa, 


mote or kss simulate the characters of the lactose, Icevulose, maltose, maanite, maimosc, 
typhoid bacillus on the one hand, and of the mitrose, raffinose, sucrose, salidn, sorbite, sod 
A edi on the other ; such forms exhibit almost stweb. The above list by no meansexhansts 
WTCiy degree of approximation to one or other the number of organic substances wbich are 
of wm two types, from which they can only acted on by bacteria, and by vomm of which, 
be dMbguUhed by applying a number of tests, therefore, mfferenoes can be estabmmed. 
SudblWnni are derignated as ofypioel, and what Although such tests are axtrcnkly usaf id ftwE 


wSBiiMa 4o WU^ tikmr b#«i mlmitted diMMton of boot^ m HoUo to If I** 
tli4»tHmlcM|fiHiiM0< Wdko^^ Tku Uu»n(^o(»£ltooof 

A<n|i(.oii;^ olio Ibini Ihv in worn «mh 
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fHt«nd liy HM^iang to ptrUcnlir metkida of 
imltm ana tndning. 

It is obvioiis that it would bo impracticable 
to resort to such numerous tests in the ordin^ 
baetexiologioal examination of water in which 
we are concerned with the detection of sewage 
or exoxemental contamination, unless some very 
great advantage should result from such mvltv 
plication of tests, and this is not the case a 
present 

QuantUative determination of B, coli in water 
— ^If we regard the" B, coli provisionally as the 
best indicator of contamination with the living 
bacteria of animal refuse, we shall obviously 
view its presence with the more suspicion the 
larger the numbers in which it is discovered in a 
given volume of water. 

The numerous methods which have from 
time to time been devised for detecting B, coli 
will be passed over, and only the one which in 
this countiy at any rate has superseded ar 
others will be described. 


« In mtm to Moeitiin tdMte th# 
mmptin * B. etii is tjridoal omoti the tube 
ootttaining the smallest portion of vater which 
has given rise to acid and gas in the MoOonkey 
medium is plated on a solid medium of the 
following composition : Agar 20 gnus,, peptone 
20 grms., semium taurocholate (bile-sslt) 5 
gnus., lactose 10 grms., neutral red (1 
solution) 4 C.C., made up to 1000 c.o. with 
water. After 12 hours’ incubation at 37% the 
colonies will be distinctly visible, and tbose 
which are most likely to be B. eoli will have a 
strong red colour owing to the acid produced 
by this microbe in the medium. Five of the 
most typical red colonies are separately ino^* 
lated into 5 glucoseditmus broth tubes, which 
are then incu&ted at 37*’. Any of these 6 tubes 
which develop acid and gas are then e^h 
further inoculated into tubiro of the folloT*““ 
media which are then incubated at 37** 

(a) Neutral red broth to bo examined 
fiuoresoence. 


An important departui'e in practical bacteri 
oloOT was the intr^uction by McConkey and 
Hiir(* Bile-salt broth. A simple teat for f»cal 
contamination.’ Thompson- Yates Laboratories 
Beport, 1901, 4, [i.] 151) of a medium for the 
pieferential culture of the B, coli and allied 
microbes from mixtures of micro-organisms 
The essential ingredients of this medium are 
sodium tanrochomte (bile-aalt) 5 grma., glucose 
5 grms., peptone 20 grma., uater (tinted with 
litmus) 1000 e.c. Incubated in this liquid at 
37®--42® bacteria of the B. coli group give acid 
and gas in 48 hours. Some bacteriologists use 
lactose instead of glucose, thus reatrictmg the 
uas production to B, coli and its still closer allies. 
With this liquid medium in Durham fermenta- 
tion-tubes cultivations of the water are made 
in the following quantities : 100, 10, 1, 01, 0*01, 
0*001, 0*0001, 0*00001 c.c. The concentration 
of the medium should in all cases be approxi- 
mated the same as that given above. In order, 
theielore, that the volumes of liquid incubated 
may not be inconveniently large, the 10 and 
100 c.c. of water are introdu^ into corre- 
spondingly stronger McConkey media. 

A positive reaction, t.e. the production of 
add and gas, in any of these culture-tubes 
signifies that at lead one coli-iike microbe must 
have been introduced with the portion of water 
^ded. Thus, if acid and gas had been obtained, 
in a particular c^, with all the tubes from 
100 to 0*1 c.c., this would mean the * preeump- 
tine ’ presence of at least one B, coli in 0*1 c.o., 
and its abaenoe in 0*01 c.c. and smaller volumes 
of water^^ 

Thm is eae element of uncerUInty connected 
Wife teste made In liquid media wbife appears to 
Im tadtljr by all bacteriolo«lite who make use of 

feem, and that Is that the particular microbe sought 
ffis amy lu the process of cultivation In the liquid 
smum become bopeleasly outnumbered or even sup- 
pressM by t^ much more abundant proliferitlon of 
some other mlmbe or microbes present in the mixture, 
^^ns fee M cConkey medium may be taken as apeci- 
iwollfcratloft of bacteria ofthe 
but the wa^-bacteriol^t Is in general 
to those bacb^ia which Ve soA- 
cmtly m B cdi as to produce acid and gas In 

ft bacteria 

pswBy cwAtntttiberea by mkarobes not givuig this 
A. eoU forms may be ao 


(5) Litmus lactose-broth to be examined for 
acid and gas. ^ \ 

(c) Ordinary broth to be examined for 

(d) Litmus-milk to be examined for acid 
and coagulation. 

(e) Gelatin to be examined for »on-/ijite/ac- 
tion. 

The above glucose-tubes from which these 
inoculations have been made are also micro- 
scopically examined to see whether the microbe 
possc^sses the characteristic fonn and motility 
of tlie B. coli. 

A microbe fulfilling these conditions has been 
designated by Houston as ’ Flagtnae ’ B. call, 
from FI— fluorescenco in neutral-red broth, 
agssacid and gas in lactose, m — indol in peptone 
broth, ac=^acid and coagulation in litmus-milk. 

The tyincal B. coli from human fieoee ^ves 
these reactions, but, of course, it is poesibls to 
further differentiato between coU-b^teria by 
additional tests, such as fermentation of sucrose. 
dul(*ite, mannite, Ac., but at present there would 
not ap|>ear to be any advantage in such multi- 
plication of tests in the oniinar>' examination of 
water. 

The following table summarises an inteiestiiig 
investigation m^e by Houston on the propor- 
tion of ’ Flaginac ’ B. colt found amon^t the 
ooli-like microbes obtained from mSerent 


sources : — 


FzjtoxNAC B. Cou. 


SMieliksBgl 

mcSsssa 


he wesM 


Source 

Milk 

Human isKsco 
Sewage 
Oysters 

Estuarial waters 
Water-cress 
Washings of cress 
Water in which 
was grown 

London filtered wafer . 

oMoimfy draw the coaciiufoa, 
tiwi odd sad gai proi* 

HjaanskSM m to elMMuHi of Jl^ 
Si 


Number of spednMiia 
of if eoNorcoll-lIks P.c.of 
microbes on whldi fiogbiM 
perceDtsge Is bsisd M*mmm 
, 343 61 

101 63 

several handciMli 66 ^ 
464 43 

183 66 

81 40 

62 1$ 
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ia the lolloiriiig UUe m leooidad tib 
reeults of eoiae ireiy eoggeetive pioneering 
experim^ts made by^OolAey (1905)» under- 
USxitk with the object of ascertaining whether 
there jb any marked difference in the types of 
caii found in the excreta of man and some 
of the common domestic animals respectiTeiy. 
Should it be possible to establish such a difference, 
an important means of disting^hing between 
human and animal excrementiiious contamina- 
tion of water would be obtained. 


finch in inveitientioia would have to he 
enormonsiy extended before results capa^ ^ 
used to diagnostic purposes could be 
obtamed. 

An attack on the same important problem 
was also made by Dr. Wm. G. Sava^ (1904^ 
in an extremely laborious inre^igation, which 
he has sammarim in the foregoing table. 

The absence of streptococci in the fseces of 
the pig is ext^mely remarkable. 

It is convenient to classify waters tentatively 


B. CoLi VROM Httmar and Animal Excreta (MgConksy). 


Group 

Fermentation of 

Number of iactoBe-fermenting 
Goli-form microbes isolated 
and experimented with 

Results in peroentages 


Saccharose 

Duldte 

Human 

Animal^ 

Total 

Human 

Animal 

Average 

L . . . 

_ 


83 

37 

120 

34 

15 

25 

II. . . . 

— 

4- 

03 

85 

178 

38 

36 

37 

III. . 


4 

38 

74 

no 

15 

31 

23 

IV. . 

+ 


29 

43 

72 

12 

18 

15 




241 

239 

480 

100 

100 

100 


* Tweaty-flve sampler of aninul excreta, of which 5 were from hones, 6 from cows, 3 from rabbits, 1 from 
a monkey, and 14 from a cat. 


Source 

Approximate number per 1 gram of excreta 

B.eoli 

Streptococci 

B mtmtidis iporogmii 
spores 

Home No. 1 . 

Horse No. 2 . 

Hone No. 3 . 

Cow No. 1 . 

Cow No. 2 . 

Cow No. 3 . 

Cow No. 4 . 

Pig No. 1 . 

Pig No. 2 . 

PigNo.S . 

Sheep No. 1 

Sheep No. 2 , 

Over J milhon 

X to 1 milbon 

1000 to 10,000 

X to 1 miihon 

10,000 to 100,000 

1 to 10 millions 

1 to 10 miUions 

Over 100 millions 

10 to 100 millions 

70 millions 

10 to 100 millions 

10 to 100 mUlions 

^ to 1 million 

Over 1 million 

Over 1 million 

10,000 to 100,000 

X to 1 million 

Over 10 millions 
^ to 1 million 
Absent 

Absent 

Absent 

1 to 10 millions 

10 to 100 millions 

10 to 100 

100 to 1000 

100 to 1000 

100 to 1000 

10 to 1000 

10 to 100 

100 to 1000 
^ to million 
10,4X)0 to 100,000 
1000 to 10,000 

10 to 100 

10 to 100 


according to the results ol the examination for 
B. eolh wus 

CLASSXnOATION OV WATER BY B. CoU TeST. 


(1 C.C. of sewage is assumed to contain 100,000 P. cefi.) 



Volums of 
water examined 

P. eofi 
per 1 c.o. 

PoUutlon In 
sewage 

1 

0.0. 

-in 100 

0 

per cent. 

u 

+iiil00 

0>01 

0*00001 

m . 

+ia 10 

01 

0*0001 

w 

+iiil 

1 

o-ooi 

V 

+» 0-1 

10 

o-oi 

n 

-(-iaO'Ol 

100 

0-1 

m .• 

-t-inO'OOl 

1.000 

1 

g* ; 

-fiaO-OWl 

10.000 

10 

j 

MOifiOO 

100 

1 




This classification must not, however, he 
interpreted too rigidly, as it is based on the 
assumption that B. coii is always (toiyed from 
fmces and that this microbe is inoapaWe 
ol multiplication under any ciroumstaneee 
after incorporation in what is known ia 
‘ sewage.^ 

In the two following tables are leeofded the 
results of the ordinary bacteriological examina- 
tion of a number of typical watem. The tabko 
sufficiently explain themselves. 

Bkurogt of tcofer. — In 1886 (Water Pvrifiea- 
tion, its Biological and Chemical Basis* Trans* 
Inst. Civil Engineers, 1886) the writer pointed 
out the^great importance from a theoietiea) 
point of view of storage for the porifica tk m et 
surface waters. In 18§2, again, & investigated 
the influence of stoiage <m the bsmterkdcji^ 
piuity of the river waters abstracted to th# 
supply of lAMdoiw and showed tto thsiu % 
a^irfirig ledttvBott in the 
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Bibmikoham Watbb BvtAy. (B. F. FranklaxuL) 
Averages fdr 1910. 


Number of baoterla 


BacUlus ecii (typical) 


100 o.c. 100C.C. 10 O.C. 1*0 O.C. 
- + + + 


0*001 o.e. 
+ 


Whitacre * — 




Unfiltered 

3300 


167 

Filtered 

12 

87 

0 

Frankley • — 




Inlet 

37 

237 

0*7 

Reservoir 

54 

258 

1*6 

Filtered 

5 

.38 

0 

Oity mains . 

19 

.59 

0*03 


p.o. p,o. 
68*3 16*7 


London Watee Supply. (Houston.) 
Averages for 1908-9 and 1909-10. 


Bacillus eoli (typical) 


lit 

O *3 CO Ji; 
rsJS 


«■ • «» eJ *i‘ “j S •* ** 

0+ ”+ "■+ 5+ g+ 2+ 8 


Raw River Waters — 
Thames at Hampton, 


1908-9 . 

2558 

Thames at Hampton, 


1909-10 . 

5268 

Lea at Ponder’s End, 


1908-9 . 

8794 

Lea at Ponder’s End, 


1909-10 . 

37,071 

New River at Hornsey, 


1908-9 . 

1118 

New River at Hornsey, 


1909-10 . 

2801 

Piltered Waters — 


Tbamee, 1908-9 

89 

„ 1909-10 . 

55 

Xiea^ 1908—9 

163 

„ 1909-10 

237 

New Biver, 1908-9 

7 

ft ft 1909—10 

16 

Deep WcUb — 


Sucnitf 1908—9 

6 

„ 1909-10 

8 

Dm Valley, 1908-9 

19 

„ „ 1909-10 

16 

1 



8-8 2-1 — 


fsqwoded miero-oigMusms during stonge in The great immrtwce of etonge fitoni tbo 
laige rw e tro iw.^ * bygienio point of yieir WM fnttBM nanlfait 


bygienio point of yieir WM farttaM wMwtfwt 
from tbe experiment* made on tliA late of 


genenllljr y«7 Aort. 
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la 1891-4 the wdUx had the op^ttunity 
of ipeeatly eactendizig his obeenratioiis on this 
subject, as he was lequested by a Committee 
of the Royal Society to make, in conjunction 
with the late Professor Marshall Ward, F.R.6., 
a special inquiry into the vitality of pathogenic 
bacteria in potable waters (see Proc. Roy. Soc.). 
The esmiiments were restricted to the study of 
the behaviour of the anthrax bacillus (and its 
spores), the typhoid bacillus, and the B. coli 
eommunidf and the potable waters employed 
were those of the Thames, Loch Katrine, and 
deep-well water from the chalk, these being 
fairly typical of the different kinds of water used 
for drinking purposes in this country. Experi- 
ments were made with these waters in their 
natural, and also in a sterilised, condition. 

The results obtained may be summarised as 
follows : — 

(1) Unsterilised water infected with anthrax 
bacilli containing spores was still virulent after 
being kept for 7 months. 

(2) Anthrax bacilli taken directly from an 
animal dead of anthrax, and, therefore, free from 
spores, died rapidly (mostly in 5 days) when 
i^rodttced into unsterilised water kept at low 
temperatures (5° and 13'' in these experiments), 
but when introduced into the same waters and 
kept at 19% the bacilli formed spores, and the 
latter were still present in enormous numbers 
even 42 days later, and doubtless for a much 
longer period still. This remarkable difference 
in behaviour is accounted for bv the fact, 
previously discovered by Koch, that anthrax 
oacilli do not form sjiorcs below 16% 

The following rt^sults were obtained by 
introducing typhoid bacilli from one and the 
same cultivation and in the same numbers into 


each of the waters at one and the same time : — 

1 

Unstorllised water 

Life of typhoid bacilli 

Thames water (Oot. 19, 1803) 
.... 
Loch Katrina water (Oct, 19, 

Between 0 and 13 days 

1893) OMa® . 

>, 19 ,, 83 ,, 

Beep well water (Oct. 10, 
1898) OMa*’ . 

In two other separate experi- 
ments with unsterilised 

1, 33 „ 39 ,, 

Thames water (May 11, 
1898) .... 

„ 25 „ 34 „ 

and (Ian, 16, 1804} 

20 „ 27 


In all these experiments only I c.c. of water 
was examined for typhoid bacilli, and the 
method of search, the best known at the time, 
was that due to Parietti, in which the water is 
ouUivated in a phenol-broth medium at 37% 
wiudi on becoming turbid is submitted to plate- 
cultivation, the colonies obtained being then 
examined in detail for identification. 

* It is particularly interesting to compare 
with« the above results those obtained by 
Houston in a peifeoUy similar inquiry and 
makiiig use of all the most modem developments 
of baoteriologioal technique. Dr. Houston made 
18 eiqpeHiuekite on raw Thames, Lea, and New 
filter ivatetSi infecting them with typhoid 
lNM|]li(tIie number added being in all but three 
oxiwHuiMni^ Vary large, m table below). The 
uswbeeotlAHib^ 

mmA hi t 0.0. by of a medittm con* 


taining 

and 

which is specially designed to favour the growth 
of this microbe whilst repressing that of most 
others. The results may oe summarised in the 
following statement : — 

In 3 experiments the typhoid bacillus was 
undiscoveraole in 1 c.c. in 1 week. 

In 10 experiments the typhoid bacillus was 
undiscovorable in 1 c.c. in 3 weeks. 

In 16 experiments the typhoid bacillus was 
undiscoverable in 1 c.c. in 4 weeks. 

In 18 experiments the typhoid bacillus was 
undiscoverable in 1 c.c. in 6 weeks. 

Thus, notwithstanding the great advances 
made in the technique of testing lor the typhoid 
bacillus, the results obtained by Houston aio 
essentially similar to those obtained by the 
writer 15 years previously. Houston has, 
however, extended the investigation in an 
interesting manner by ascertaining the length 
of time required before even 100 c.c. of the 
infected water gave a negative result on being 
tested by the most modorn methods for the 
presence of the typhoid bacillus. The whole of 
Houston's investigations (both for 1 c.c. and for 
100 C.C. of water tested) is instruotively sum- 
marised in the table on p. 414. 

This table shows, on the one hand, lhat 
whilst in each case nearly all the typhoid bacilli 
are destroyed by a single week’s residence in 
these raw river waters, a few individuals persist 
for a much longer period of time. This illustrates 
in a very interesting and instructive manner a 
principle emphasised by the writer some 16 
years before, * that one oi the factors determining 
the longevity of pathogenic bacteria plaoed in 
water, or for the matter of that plaoM in any 
unfavourable surroundings, is the absolute 
number m which they are present. Tn other 
words, amongst, for instance, 1000 baotetia 
taken from a given source there may be some 
individuals which will resist a particular reveiae 
influence, whilst amongst 10 bacteria taken tern 
the same source there may be none capable of 
resisting the adverse influence in question ’ (P. P* 
Frankland, Proc. Boy. Soo. 1891, 56, 486). 

Before leaving the subject of the behaviour 
of the typhoid bacillus in water, mention must 
be made of some extremely interesting and 
ingenious experiments by the American bacteri- 
ologists, Jordan, Russel, and Zeit, in 1903* These 
investi^tors endeavoured to imitate natural 
conditions more closely than has been done in 
anv other experiments by placing the typhoid* 
inj^ted waters in permeable sacs made of 
celloidin and parchment, and then by submerging 
these in river, canal, or lake water, Uieir oontmite 
were exposed to the influence of the dialysable 
substances present in the water under natural 
conditions. 

Zeit experimented with Lake Midiigan water 
and Giicajpto river water, the natural bacterial 
content of which varies between 68 and 2000 
microbes per 1 o.c. in the case of tlm Lake, 
and between 80,000 and 1400.000 mkaobes 
per i 0 * 0 . in that of the river water. Baialiei 
experiments were made with infected water 
plaoed in ordinary botUes and in permeable 
sacs respectively. The ty^oid ba<mli intrcH 
duoed varied ^tween 500 and 8,000,000 jm 
1 C.O. The destmetion of the typhoid bacwnii 
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wiM taken Iw oomplete when negative xeenlie 
wm obtained on ouitiyating 5 o*c. of the watear» 
the death of the typhoid ba^us being generally 
ODodmed by the eubeequent oiiltiTation» a few 
days later, of much laiger volumeB, sometimes 
as much as 800 o.o. of the water. Nine experi- 
ments were made with the Michigan Lake water, 
the ty^oid haciUva heii^ never found after the 
eighth day. Five experiments were made with 
the Chicago River water, the typhoid baciUue 

%rdan experin^ted with the water of the 
CSiicago Dndnage Canal, which usually contains 
&om 100,000 to 400,000 bacteria per 1 c.c. 
This water wsi infected with from 180 to 
857,000 typhoid bacilli per i o.c. In these 
experiments, however, the maximum volume 


spfasKitted te cultivation appease to have been 
only 1 e.e., and from negative xesolts witheven 
smaUer volumes the death of the ty^edd baeUlns 
seems to have been concluded, xwmity*o|ght 
experiments were made in permeable sues 
submerged in the canal, the tyvhoidbaeiUua 
never detected after the eeoond daff^ exoepUng in 
one ezferitneni in which it was etui found on the 
tenth aay. 

Russel’s experiments were made with the 
nimois River water, which contains from 
1800 to 4000 bacteria per 1 c.c. This water 
was infected with 540 to 20,000 typhoid bacilli 
per 1 C.O. However, in these experiments, 
again, 1 c.c. appears to have been the maximum 
volume of water oultivated for the detection of 
the typhoid bacUlus. Fourteen experimmts 


Description of 
water 


Initial No. of 
typhoid bacilli 
in 1 c.c. of 
infected waUT 


Number of typhoid bacilli in 1 c.c. of infected Number of weeki 
water after required for dm 

Istructionoftyphci 
, , , bacillus in 100 cl 

2 weekstS weeks 4 weeks'5 woeksl of infected watei 


Thames (I) 

Lea (1) . 

New River (1) . 

Thames (11) 

40 

40 

40 

170,000 

9 

(p.c. re- 
ductioii) 

1 100 
100 
100 

99-9 

2 

0 


5 

5 

6 

0 

Lea (11) . 

170,000 

53 

99*9 

2 

0 


5 

New River (11). 

170,000 

40 

99-9 

o 

0 


0 

Thames (Ul) . 

470,000 

480 

99*9 i 

31 

5 

0 

8 

Lea (111) . 

470,000 

850 

99*8 1 

11 

7 

<> 

7 

New River (III) 

470,000 

1430 

99*7 i 

14 

7 


7 

Thames (IV) . 

8,000,000 

3000 

99*9 

30 

4 

0 

8 

Lea (IV). 

8,000,000 

2900 

99*9 

29 

5 

0 

8 

New Wver (IV) 

8,000,000 

400 

99*9 

22 

2 

0 

0 

Thames (V) . 

526,000 

12 

99*9 

1 

0 


8 

Lea(V) . 

526,000 

32 

99il 

2 

0 


7 

New River (V) . 

525,000 

29 

99*0 

3 

0 


5 

Thame, (VI) . 

475,000 

210 

99*9 

12 


1 

9 

Lea (VI). 

475,000 

80 

99*9 

11 

2 

0 

8 

New River (VI) 

476,000 

30 

9«»-9 1 

3 

0 


7 


were made in permeable sacs submerged in the 
XUinois River, the typhoid haciUus being never 
found after the third day^ excepting in one caee in 
which it was detected on the ninth d4iy. 

More recently, again, Houston has taken 
tvphoid baoiUi not from cultivations but from 
the human subject and introduced them into 
raw Thames water. He found that such bacilli 
perished vei^ rapidly— much more quickly in 
iact than haa been his experience with cultivated 
•liuans of the microbe. 

uncultivated typhoid bacteria wore 
obtained hrom the urine of a * typhoid carrier,’ 
and on Aim. 9, 1910, the centnfugalised deposit 
(3*6 e,c,) uom 389 c.c. of unne was added to 
6000 e.e, of raw Thames waivt ; the number 
af typhoid baeOli was determined as follows : — 
At time of mixture, 770,000 typhoid bacilli 
per 1 0 , 0 . of river water. 

After 1 week; 4 typhoid badlli per 1 c.c, of 

river water. 


After 2 weeks, 0 tvphoid bacilli in 100 c.c. 

On the 24th day !it>m the commencement of 
the experiment haJf-a-pint (about 284 c.o,) of 
the iniected water was drunk, tliis quantity 
of water havm|( originaOy contained 218,680,000 
V^hoid bacilli. Similar amounts were drunk 
with impunity on the 25tb, 20th, 27th, and 28lh 
days after the beginning of the experiment. 

On Aug. 19, 1910, the experiment waa 
repeated with a fresh sample of urine, the number 
of typhoid bacilli per 1 c.c. of river-water being 
1050. A week later no typhoid bacilli oould ba 
found, and on the 23rd, 24tb, 85ih, SOlh, and 
27th day from the beginning half*a*pint of Iha 
infecud water waa drunk each day wttliout any 
ill-eflect (Sixth Research Remit, Mrivcqp* 
Water Board, Nov, 1910, p, 7), 

If this drinking part of the experiment la 
to prove anything li would be neeeasaty for Or« 
Houston to follow it up by drinking a aindiilr 
number of fresh typhoid beoUtt from the same 
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InMeMK and tiie diieMi, for tritlioviL 

thi« iMt aoi m hato no oertaluty that Dr* 
HoUfttcm ia nuicep^Ue to this makdy, andt 
tharefoxot a fit eor jwa lale on whicli to make this 
orttcialtest. 

VtialUy of the Spirdhm of Aoktik eMora 
in poUtbk ii«ifer.--Experiments were made 
by aouston with the cholera spirilliim on 
exactly the same lines as those which he had 
pievionsly adopted in the case of the typhoid 
bacillus in raw Thames, Lea, and New River 
water. The principal conclusions arrived at 
may be summarised as follows (4th Report on 
Research Work, Metrop. Water Board, June, 
1909) 

* (1) Cholera vibrios die very rapidly in raw 
Thames, Lea, and New River water as the 
result of storage in the laboratory. At least 
99*9 p.o. perished within one week, and in none 
of the experiments could any cholera vibrios 
(recognisable as such) be found oven in 100 c.c. 
of water 3 weeks after its infection. In more 
than half the experiments the results were 
negative by the second week. 

*(2) The isolation of cholera vibrios from 
ariificvUly infected raw river water presents no 
insuperable difficulties even when the number 
artincially added is very small, both actuaUy 
and relatively to the bacteria nominally present 
in the river water 

*(3) On the other hand, microbes liable 
(after careful study) to Ao mistaken for true 
cholera vibrios were not found in comparable, 
but non-infected, river water samples examined 
under precisely similar conditions.’ 

Thus the cholera vibrios are much more 
perishable in these raw river waters than are the 
typhoid bacilh under similar conditions. 

The oomparativolv short duration of life of 
pathogenic bacteria when introduced into natural 
waters and more especially into surface waters, 
which these numerous and independent investi- 
gations establish, clearly show that the process 
of storage in large reservoirs must form a very 
important safeguard against the water-carriage 
of zymotic diseases. This safeguard, which is 
supplementary to and quite independent of that 
of nitration, has the great advantage of being 
under perfect control and much loss liable to 
accidental disturbances than are most other 
methods of water-purification. It is, however, 
unfortunate that many reservoirs attached to 
water works have not been designed so as to 
seoaxe the maximum advantages of storage, and 
their rearrangement with this object in view is 
generally a matter of great emomo and some- 
times impracticable. It is to be hoped that in 
future engineers will be more careful to arrange 
tor sudi a circulation of the water that each 
particle of water entering shall remain as long 
as possible in the reservoir before passing out. 

l!b» influenoe of storage on the bacterioloffy 
of surfhoe waters has reoently been made the 
•ubfeet of very extended and interesting in* 
vestigattons by Houston in connection with the 
London water supply. There can be no doubt 
that adequate stor^ brings about the following 
IkmAcw shaiigas 

(}} Beduesi the number of bacteria of all 
sort*. 

^ (9) Bodnoss the nnmhev of bacteria capable 
ofliMklgon^gsr 


(5) Reduces the number of bacteria capable 
of glowing in a faUaealt medium at mood 
beat. 

(4) Reduces the number of ooU-like microbes. 

(6) Reduces the number of typical B» c6U» 

(6) Alters oertaia baoteriologlcal ratios lor 
river-waters, e.g. it reduces ^ number of 
typical B, cofi to a proportionately greater extent 
than it reduces the number ef l^teiia of all 
sorts. 

(7) If sufficiently prolonged, it devitalises 
the microbes of water-borne disease (e.^. the 
typhoid bacillus and the cholera vibrio). 

(8) Reduces the amount of sumnded matter. 

(9) Reduces the amount of o^our. 

(10) Reduces the amount of ammoniacal 
nitrogen. 

(11) Reduces the amount of oxygen absorbed 
from permanganate. 

(12) Usurily reduces the hardness and may 
reduce (or alter the quality of) the albuminoid 
nitrogen. 

(13) Alters certain chemical ratios for river- 
waters; e.g. the colour results improve more 
than the results yielded by the permanganate 
test. 

(14) Has a marked ‘ levelling * effect on the 
totality of water delivered to the filter-beds. 

(15) Tends generally to lengthen the life of 
the filters (only under exceptional conditions is 
the contrary true). 

(16) An adequately stored water is to be 
regarded as a * safe * water, and the * safety 
change ’ which has occurred in a stored water 
can be recognised by appropriate tests. 

(17) The use ot adequately stored walm 
renders any accidental breakdown in the filtering 
arrangements much less serious than might 
otherwise be the case. 

The experimental basis for many of the 
above statements with i^ard to the hmefits of 
storage uill be found in the table on p. 416 
(Houston, Annual Report, March 31, 1910, 
p. 52) 

Faacal strepiococci in water. — ^Attempts have 
been made to supplement the indications of 
fecal contamination yielded by the presence 
of B. coll. The most recent and noteworthy of 
these is the examination of water for the nresenee 
of certain streptococci which are usually vei^ 
abundant, sometimes even more abundant, in 
human feces than is the B. cdi. This matter 
has been engaging the attention of Dr. Houston 
since 1898, and he has (June, 1910) given a 
special account of the results which he has 
ootained. 

At the outset it should be pointed out ttiat 
these streptococci are not peculiar to human 
excreta, but are also abundantly present in those 
of the higher animals, many of Houston's orna- 
ments having been made with streptococci ob- 
tained from cow-dung. The study of these micco- 
organisms does not, therefore, at present put ns 
in possession of that all important diqjfidriiriuxn 
--a means of distinguishing oetween contamina- 
tion due to the excrement of man and that wbicli 
Is doe to thejower animals. 

According to Houston, human fwoes eoniaitt* 
roaghl^, 100,000 streptococci per 1 grm. On 
the oth^ hand, in some stools streptoeocei am 
either absent or present in such smaU nambem 
relativdiy to those of other bacteria that mmk 
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for them is useless. Their presence in water pbtained by Houston from sewage wwksltooee : 
has hitherto been ascertained W spreading 1 o.c. (a) 100 produced acid in lactose and In raffinose 
of the water on a iOrigalski-tionradi plate» on media* and all of them clotted milk« (5) None 
which medium* after moubation at 37^ the reduced nitrates to nitrites, (p) Only four 
streptococci give rise to very minute colonies* produced acid in a mannite medium. (iQ 
which can then be sub-cultivated for determine* 97 produced acid in a salioin me^um* (e) 40 
tion of their biochemical characters. produced acid in a saccharose medium* 

Of 100 different culturos of streptococci The grouping of these pT 0 j>ertie 8 is best 

London Watsb Supply. 

Influence of sloragc shown by samples collected during 12 months ending Marth 31, 1910 

(Ho^ision). 

No o£ ba( tena per 1 c c B. coh (typlc ai) 

Gelatin * Af?ar *Tauro ic c I c c Jc c. c o. ic e c c. . c.c. , e c 1 c e. , Ko. 
20®- 87 V Agar < lOo’lOO 0, 10 0 1 0 0 3 0 OllO'OOllO 0001 0 OOOOllO'OPOOOl 

22V. , 37V }-++-! f+ + 4lf 4- 

3 da>8 1 2 days 2 days 


Bsw Tliames water 3)cfore 
storage 

5,208 i 

1 495 

hi 

p C j p.c p.c P P p c p c pc. pc 

0 5 0 5 0 3 20 0 52 0 12 8 

pc. 

P^. 

Tliames water after storage 
at btaines Bcbervoirb 

240 

1 88 

3 

214 17 1 ;25 7 4.5 1 4 

i 

i 

Thames water after storagt 
at Chelsea lieservoirs . 

442 

bl 

8 

31 3 2H0 !21 *5 9 3 



Thames water after storage* 
at Lambeth Keservolrs { 

354 

54 

H 

20 8 43 0 i31 9 4 2 



Saw Lea water before 
storage 

1 

37,071 

857 

80 

0 0 0 5 0.5 51 3 59 7 1 5 2^ 7 8 0 5 

0 5 

0*5 

Lea water after storage at 
Wanhamstow Hi >crvoirs 

121 

21 

4 

60 0 50 0 8 0 1 3 




indicated by means of a convention similar to 
that employed in the case of B, colif in which 
syllables are made to represent dehnite bio- 
chemical reactions, thus : — 

la ~ acid in a lactose medium, 

ma Bs ,, mannite 

mi ~ clot milk 

ra « acid ra£Qnoso 

sac ss „ saccharose 

sal » salicm 

The 100 streptococci examined may then be 
thus classified ; — 

la-mi-ra-sal . 49 la ma-mi-ra-sac-sal 4 

la-mi-ra-sao-sal • 44 la-mi-ra-sac « . 1 

la-mi-ra . . 2 

Thus 97 p.c. clotted milk* and produc <xl 
acid in lactose* rafiinose, and sahcin media* and 
of these 48 produced acid and 49 no appreciable 
acidity in a sacoharose medium. 

Daring the year 1909 Houston examined the 
raw (ui^itered and unstored) Tbamos, Lea* and 
New River waters for streptococci, employing 
1 C.C. of each sample on Diigalski plates as above* 
with the following resnlts ; — 

No of times 
streptococci were 

M , , , , found In 1 c c. 

Itt weddy samples of Thames water 13 
M weekly samples of water . 43 
8i weekly samples of New River wat€»r 2 

As mgkids the types of streptococci found tn 
the abote 28 samples of the 71 sub-eultures of 


streptocoed examined the following combuia* 


tious wore found : — 

Thames 

Li*a 

New Rh«s 

La ma-iui-ra-8ac->>al. 

1 

2 

0 

La ma-iui-sac sal 

1 

a 

0 

La mi-ra-sac-sal 

9 

17 

0 

ma-bac-sai 

9 

1 

0 

La ma-mi-sac 

0 

3 

0 

mi-sac-sal . 

4 

9 

0 

La-mi-ra-sac . 

2 

10 

0 

La sac-sal 

0 

1 

2 

La-mi-sal 

0 

1 

0 

La-mi-sac 

2 

0 

0 

La-ra-sac 

0 

3 

0 


..... 



Total 

19 

50 

2 


The above rcHults are especially intetesUiig 
as show ing that the two impurer wateiB (Thames 
and Lea) contained streptococci much more 
frequent ly than the far purer water (New Biverb 
anci further, that the streptococci aotuilly 
dtscovcTtsd in the latter were of a type mniw 
remote from that of those which are tisnatly 
discovered iii finces. 

Ik^anng in mind that, on an average* upwanis 
of 90 p.c. of the raw Thames and aam]dei* 
and about 50 p.c. of the raw New Klver 
contain typical B. eoii in 1 c.c. or under^ wSUst 
in only 25 p.r. of the raw Thames iwmI Lsa 
samples* and in only 3*8 p.c* cd the caw Msw 
River samples were stmptoooorifimiHl* 
that the sUeptocooci are a for less tlettsits 
indsxof contsminaiioii than Is the AssN* The 
absence of stmptoecMBsi in I sue* el a mler 


Jt 
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OMUtiott iktmtmt bo negMcdod Mi 4117 oriterioa 
of it« pwA^, 1 !ho Mfetive mrcity of stxepto - 
ooodiii Mtm whkk bavo iiiidoabte< 3 Jly reoe&^ed 
a oOiMicbaabfe amount of oewam matten is 
aoooiinted fof by tbe fact, cotabtimed by Hous- 
ton, that stroptoooooi very rapidly die off when 
|da^ in water^ This oircumstance points, oi 
course, to the presence of streptococci serving 
as an indication of very recent contamination. 

Meeesut baoteriohgieal methods apjdied to other 
processesof water pwrification. — Fromtheevidenoe 
already brought forward it appears that con- 
fidence in the purification which can be effected 
by storage ana sand-filtration, under favourable 
conditions, has been distinctly strengthened by 
the application of the more recent developments 
of bacteriological water examination — search for 
B* coll and other microbes more or less connected 
with sewage contamination. 


Certain other processes of water^purifieaidon 
whidi are employe on the large scale may now 
be briefiy consideted. 

MeMonicai fUers . — ^The use of mechaiiical 
filters origmated in America, and their employ- 
meat in our own country is becoming more and 
more common. Such filters are in use at Bolton, 
Burnley, Heywood, Edinburgh, Crewe, Glouces- 
ter, Shrewsbury, and other places in Great 
Britain, whilst they bare also been installed in 
India, Japan, and some of the colonies. Space 
does not permit the discussion of the remive 
merits of the two different processes of filtra- 
tion. They each possess their advantages and 
disadvantages; they can each be made to yield 
good and bad results according to the manner 
in which they are employed. The folknring 
results may serve as an Ulustration of the veiy 
high degree of purification which can be semued 


Purification of River Water by Mechanicai. Filters. 



Number of bacteria in 1 c,c. 

F. eUi (typical) In 

— 

Gelatin at 20*> C. 

CarboUc 

BUe-salt 








gelatin 
at 20* V, 


100 c.c 

10 c.c. 

1*0 C.C. 

0*1 c.c. 


2 days 

7 days 

7 days 

4 days 





Raw river water 

3700 


35 


+ 

+ 

+ 

+ 

Ditto after passing sancftilters 

130 

405 


1 2 


+ 

0 

0 

Ditto after further i»as«iing 



I 1 

1 





mechanical filters 

8 

33 

1 

^ 1 

0 

1 

0 

0 

0 

0 


by moans of mechanical filters, winch, in this 
instance, wore employed to further punfy a 
river water, which was being very imperfectly 
purified by some defective sand-filters. 

Clark's process of softening , — ^Already in 1886 
the writer showed that in softening water with 
lime, a very large proportion of the bacteria are 
carried down with the precipitated chalk, but 
that if the latter is allowed to stand in contact 
with the softened water bacteria again pass 
from ^e precipitate into the water. In the 
softening process this removal of bacteria may, 
under favourable conditions, amount to upwards 
of 90 p.c. 

Recently the writer had occasion to deal 
with a chalk well water, which was causing 
mdety in consequence of its frequently con- 
taining B. eoli in rather small volumes. The 
most obvious and unobjeotiouable method of 
purification which suggested itself was softening 
with lime, inasmuch as the water contained 
plenty of calcium bicarbonate in solution. The 
loUowing table shows the results obtained in a 
number of small-soalo experiments in which this 
water was treated with lime, and somerimes with 
almrinDferrio, and in which the softened water 
iemetimes decanted, sometimes filtered 


thiough paper without disturbing the preoipl- 
tate filtration’ in the table), and 

fitteied after deUbexately disturbing 
^ weeinltafee (^turbid filtration’ hi the 
tahta). 

A areat macQr ei^aiinients were made in 
aAtttim to those reookded below, but ahrayi 
edMi Hm) aatoift veinil^ that nA- 


Withstanding a large percentage reduction in 
the total number of bacteria taking plape, it 
was only in rare cases that the B. edli was 
banbhea from 100 c.c. of the water by the pre- 
cipitation process. It must he remembmd 
that the demands now commonly made on a 
purification process with regard to the removal 
of B. coll are much more stringent than wiGi 
regard to the removal of bacteria in flenmal. 
Thus, should an untreated water contsm 1000 
bacteria per 1 c.c., if by treatment the number 
were reduced to 60 per 1 c.c., this would represent 
a purification of 96 p.c., and the water wonU 
be regarded as quite satisfactory from the point 
of view of the total number of bacteria pcesent. 
But, if an untreated water contained the B. ooil 
in 0*1 O.C., and after treatment this mknobe 
were not present in less than 10 c.e., this would 
signify a removal oi 99 p.c. of the B. eoli praMSit 
in the original water. Butsohighisthesteiidhwl 
of purity at present often demanded in respeijit 
to freedom from B. colt, that the water wnkh 
had thus been purified to the extent of 90 p.e« 
might still he regarded as of a quostioiidrie 
degree of purity. 

Osone treaimeiU,^Tbe haokeiloidal nreMttei 
of osone have long been demimstratsSU* wt II 

on a^lar^ scab for toim 

water-si^plbs. In France the drinkiag naleiie 
trbetten a. iL EsItsrI. 

4lfr%S3Kw^4 ** 
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PmonoAXioN o* Waissb bt |iaiB axd IsmmtomBato, 


— 

Griathi 


No. of 
baotcffla 
per 1 c.e. 

Days 
Incubated 
at 20* C. 

lOOc.0. 

60 C.C. 

10 O.C. 

1*0 

UQIII 

Raw well water 

10 

2 

+ 

+ 

+ 

0 

0 


259 

7 






Ditto after filtration through sterile 

7 

2 

+ 

+ 

+ 

0 

0 

paper . 

236 

7 






Ditto+lime water, filtered through sterile 

0 

2 

+ 

+ 

0 

0 

0 

paper after 1 hour’s subsidence 

90 

7 






Ditto +liiuc water and aluminoferric. 

0 

2 

+ 

0 

0 

0 

0 

filtered after 1 hour .... 

39 

7 




i 

Ditto +lime water ; clear filtration after 

1 

2 

+ 

0 

0 

0 

b 

3 hours 

74 

7 




\ 

Ditto+Hmo water and aluminoferric ; 

1 

2 

+ 

*4“ 

0 ' 

0 

k 

"dear filtration after 3 hours 

44 

7 






Ditto+lime water ; turbid filtration 

0 

2 

1 + 

+ 

0 

0 

A 

after 3 hours 

41 

7 





\ 

Ditto + lime water and aluminoferric; 

0 

2 

1 0 

0 

0 

0 


turbid filtration after 3 hours . 

41 

7 





\ 

Ditto + lime water ; clear filtration after 

3 

2 

+ 

+ 

+ 

0 

0 

25 hours 

96 

6 





Ditto + lime water and aluminoferric ; 

0 

2 






clear filtration after 25 hours 

14 

1 

+ 

0 

1 

0 

0 

0 


of the to’wns of Nice, Cliartros, and Gosne an^ 
being subjected to ozone treatment, whilst a 
plant for the treatment of 10 million gallons of 
water was projected in connection with the 
Paris waterworks Tn Germany there are 
installations at Paderbom, Schierstein, and 
Hermannstadt 


The wnter has wuvdo experiments with 
ozone in connection >»ith the praoticabilitv 
of punfying the chalk welhwater to whioh 
reference has just been made above. Th^ 
extraordinary efficacy of this agent will be 
apparent from the foregoing results obtained in 
experiments in which the impurities of the chalk 


OzoKE Treatment of Water. 



Gelatin 



B. eUi In 





€ 

I 





t 




H 

o 

h 

«> 

cJ 

s 

d 

s 

d 

d 

o 

o 

O 

d 

d 

o 

d 

d 

s 

6 

i 


S, 

P 








Chalk well-water . 

7,000 

2 

+ 

+ 

+ 

+ 

-f 

+ 

+ 

+4 p.o. polluted canal-water 
IKtto aftw treatment with 5 

10,000 

7 








thnes its volume of ozonised 







I 1 

! 


air during 2 hours ; cultiva- 
tions maoe 2 hours later . 

0 

2 

0 

0 

0 

0 

0 1 



0 

7 





1 



Chalk wdl-water . 

4,000 

2 



•4 

+ 

+ 

+ 

+ 

+4 p.c. poUuted canal-water 
IMtfco alter treatment with its 

7,000 

7 

•f 1 

1 + 



1 



own volume of ozonised air 
during 24 minutes ; cultiva* 
ttons made 1 hour later. 



i 

! 

1 






(The ozonised air contained 

0 

2 

0 

0 

0 




0 

0*23 p. 0 . ozone) 

3 

7 









r 


itall^water were enormously exaggerateH the 
irfdttSon of 4 p.o« of polluted oanu- water. 

JUmekhig-pmoisrtreaifM^ hacteridda) 
aetiott ol again, has been long 

knowiii «M oidMbiii^ powder is one of the 


oldest and commonest of dhdnleotaaiti. 
use of hyrodhlodtes for the eteriliifMd^ ol 
waier^iappijss was first bioni^t into ptomiiiiiiei 
in this country by Bomtoib who used ^OhloMi ^ 
vdsioh is an deotaoiyaed eolation of mmm 













4 ]» 


vr^sm. 

StndnoAtxDir ow 'WjAm vt 'Iv^maan mm AmArnaa Pownm. 




tJatresfad chalk 
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First series of experiments 
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^ B, coli fouad absent eveii in 500 c.o. 


Mklt» for the treatment of the Linooln water- 

anj ‘ ‘ “ - 


„ Jooouned in that city in 1004-6.^ 

The writer had occasion some years ago to 
iHTSstigate the efficiency of the bleaching^powder 
ifeetnient on a chalk well-water, the experiment 
Mim mate with a large experimental pUmt* 
liotii the results given above it will be seen 
vteit a degree of purification is obtained 
far tUa simple and inexpensive method of treat- 
ment ifven lAen extremely small quantities of 
are added to the water. 


Thus the only oooasioiu on whidi S. eeii 
found even in 100 o.o. of the treated trater irw 
on the first day of each o! the two mxim of 
oxpetiments and thns when the aj^uataa had 
presumably not yet been oom|MMly wtuAod 
out with treated water. On seroml ooossions 
even fiOO ao. of treated water was axandiMd for 
B. eeiU, and this mierobe was on eabh saoh 
oooarion fonnd to be absent eren ht that large 
Tolnme. 

Similar results have been obtained by Sma 
Woodhead, Thresh, Hehner, Rideal, and othen, 

Ror the more recent ezpetienoe la tihe 
ohloxtaatloa (d drinking watw, end for a nia* 
maiy of many other impoitant pointe, tlw nadgl 
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should consult Boiiston, Prmmss in W«t«r 
PnrifiiMddoi^ Trans* Inst, of Water SnginecrB* 

jPmimeHi wUh uitm-vkkt ligU.—l^t known 
baoteriddal action of the nltra-Tioiet rajm has 
been apj^Qed by Victor Henri to the steiilbation 
of water on a largo scale. The rays are snptdied 
by a CoopcosHewitt merouiy lamp. The lamp 
is worked with 3 amperes at 230 volts, and is 


is worked with 3 amperes at 220 volts» and fs 
placed in the bend of a semicircular trough 
through which the water is passed. AtMaraciUM 
the process has been tried with a plant yielding 
130^000 gallons per 24 hours, and using 120 watts 
per 1000 gallons. The crude water sJways con- 
tained soma B, edi, and the total number of 
bacteria varied between 30 and 300 per 1 c.o., 
wlulst, in the treated water, B, coli was absent 
and the total number of bacteria was reduced 
to an avmTO of 1 per 1 c.c. (Modern Methods 
ol Water l^irificationt Don and Chisholm, 
London, 1911). ^ee also W. Clemence, Engineer- 
ing, Jan. 27 and Feb. 3, 1911. 

CancliuioM , — During the nearly 40 years that 
tlie systematic bacteriological examination of 
watmr has been practised an enormous amount of 
work has been carried out by a large number of 
invcBUffators, but notwithstanding the immense 
multipucation of results it must be admitted 
that no very surprising novelties have been 
bfosu^t to light since the year 1895. By then 
aU the salient features in the bacteriology of 
water had been mapped out, and the past 
30 years have more especially boon occupied in 
filling in countless details and in confirming over 
and over again what had already been broadly 
established. 

Thus, already in tbe earlier period, the 
methods ol bacteriology had been suooessfuUy 
applied to a determination of the value of the 
most varied processes of water purification 
natural and artificial, filtration, storage, pre- 
cipitation, sedimentation, Ac. It hM been 
shown how such processes should, iu the interests 
ol publie health, be continuously watched over 
ana controlled by bacteriological examinations 
made at frequent intervals, i^in, the vitalitv 
in water of the prmci|>al bacteria associated with 
water-borne eymotic disease had been investi- 
gated, and the results then obtained were sub 
atantiany the same as those which have been 
arrived at by the most recent developments iu 
bactmioh^oal technique. In a word, these 
most recent developments in the methods of 
bacteriology have served to confirm and 
emjfiiasisc the conclusions which had been 
generally arrived at by the less perfect methods 
of the earlier period. 

The all-important questions which tbe 
water-examiner has to answer are the same to- 
day as they have been all along : (a) has the 
ws^ been contaminated with the excreta of 
man t : and (6) if such contamination has taken 
nlaoe, has the water in its subsequent history 
bean snhieet to oouditbns which would ensuie 
the dariarnction or removal of the pathogenic 
tiactaria iriUeh may at any time be present in 
sooh h*yf**^ safnse T 

lb the fitst of these questions bacteriology 
camlet give a ca^sorioal answer even to-day, 
because we cm not acquainted with any mkrtobes 
which aie ahcohttcl^ ehaiaoteristio of buman 
emwila. Ihegmattyineraseediaol^^ 


deteeUon and quantitative detcnainatlon of the 
9. eoh, however, huee undoabtedEhr ptaoed us In ' 
a posiiioin to ascertain xeadi]y whevher and to 
what extent a water has bmn oontaminated 
with exoremental matter Inmpeotitre^ of 
whether thelatter is of human or ardmat origin, 
but it is obvious that this will not* In genmal, 
carry us very far, inasmuch as practically all 
surface water mtiri be more or less so oontami- 
nated. 

To the second question a similarly qualified 
answer, again, can be readily given. If the 
water is free from B. coli in a large volume, it 
may safely be concluded that a fortiori it is free 
from the typhoid bacillus in a similar volume. 
But should the B. coli be found in a small volume, 
it does not follow that the water mav at any 
time be liable to contain typhoid bacilli, becMise 
the discovery of the B. edi does not prove tut 
the water has been contaminated by man at all. 

Thus with regard to both questions, it w 
obvious that we are in a much stronger positimi 
in the matter of exculpating than in that 
incriminating a water. However, the inference 
that a water free from B. edi in a lagre volut 
is, therefore, necessarily a safe one, requires a 
slight qualification in view of the remarkable 
and interesting revelations which have in recent 
years been made with reurd to what are known 
as ^typhoid carrierSs^ Some of these persons 
sufferi^ from ‘ambulatory typhoid* du^harge 
typhoid bacilli in the urine, and it is thus 
possible that water may actually become oon- 
taminaied with typhoid bacilli without at the 
same time receiving anv /?• edi* Although this 
is not likely to be of frequent oocurrmioe, stUl 
its possibility, especially in the case of men 
in wells, filter-beds, and service reset- 


Certainly one of the most important advances 
made in bacteriology during recent years is tto 
careful characterisation of bacteria by means 
of bioobemical tests, and tbe isolation of par- 
ticular types of bacteria from such mixtufes m 
are present in water bv means of special coltnre- 
media, liquid and solicl. However, until bacterio- 
logists have agreed upon uniform testa toft eacA 
particular microbe it is unavoidable that there 
should bo much eoninsion and that the teeulte 
obtained by different observers should be 
difficult to compare. Under these diciiiiiitaiicea 
the iot6n>retaQon of reptiltfi by the iodivideal 
observer is a matter of the greateei importance, 
and it is needlesB to say that unfeas the Irnffividnid 
observer has a wide personal experfenee and a 
thoiough knowledge of the faotoie aflaotlim the 
purity of water-supplies of different kinili Us 
interpretation of toe results obtained wlO not 
onlv have little piacticel value but magr mtUy 
lead to very serious mistakes 

Thus, whilst the ootitandiofeeUssritt^ 
in bacteriologioai water examinalhm durlsf the 


spoivs of B. ewtoriUdii owagmmt tls iffihreM 
MWriUe S(Hom o/ fUss teeis^ 
fienk e^)tames aecenKM le ioMMi» ssndsr 
aav hard and fast aoBlkafien of Uimdilds 
oMeJ on th, rniMwiM « aw, mmmB 
•iU, 

mant being eoassiltML 
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km jfm/MitA mbmnm la dmmU : 
to saoves 44 M, mkHkm 
iadaa cl tmml ooatwaiaatiDa. The figuM oa 
p* 411 Khow how much km abaadoat ia f» 06 S 
are thoce qpom tium k the A coli communis 
They do aot, Ut&rolot% form each a delicate 
teat for iwwa^ ooatamiaatioa as does the JB. 
coUf mi their final ideatifioatloa is much less 
e4ntidn. The water-baoteriologist should, how- 
ever* not neglect a search for these spores, bat 
thotdd regard the evidence which their presence 
or absence affords as supplementary to that 
which is furnished by the If. coli results. 

In conclusion a word may be said with 
regard to the relative value of the chemical and 
bacteiiolo^cal examination of water. At the 
present time it is often supposed that the 
chemical has been entirely superseded by the 
baoteriolo^cal examination, ana that the chemi- 
cal anaksiB of drinking water can be dispensed 
with, m reality the two methods of examina- 
tion supplement each other. In those cases in 
which the source and general characters of a 
water supply are well Imown, the variations in 
purity from day to day or from week to week can 
undoubtedly be more satisfactorily watched by 
means of bacteriological examination. On the 
other hand, it is often desired by means of a 
single examination to ascertam the fitness or 
otherwise of a water for domestio use, and in 
such cases the omission of a chemical analysis 
may lead to an entirely erroneous opinion bmng 
formed. The ingredients detected oy chemical 
analysis— organic matter, ammonia, nitrates, 
chlorides, £c.— on which an opinion as to 
hyipenio quality is based, are all much more 
permanent and uniform features in the com- 
position of the water than are the amount and 
the nature of the bacterial life which it may 
contain. The chemical analysis will, therefore, 
if skilfully interpreted* enable a much better 
idea of the potability of the water to be 
obtained than would be possible from a single 
baoteriologioal examination. 

There are so many factors and considerations 
which have to be taken into account if an oninion 
of any real value as to the hygienic quality of 
water k to be formed, that no knowledge or 
infonnatlou which can be gamed either by 
ckemicaU or by bacteriologioM examination, or 
by inspeotkii of souroe, or by any other available 
tneans whatsoever should be neglected. 

P. F. F. 

WATER-GAS e. Gas* Watxe. 

WATBR OLASS* iSoftihk gkss v. Glass. 

WATBB"OF-AYR STONE v. Wkststoux. 

WATER-SOFTENING. Some natural waters 
ceqnfae the use of a relatively large amount of 
,eoap to form a lather* and are characterised as 
* hm * waters. They oontain impurities which 
vsaet wkb and destroy soap forming a curdy nre- 
iil^tale*atkd the generic term * water sof^yng * 
ommPfk» all jprocesses whteh remove these im- 
psnfkks* wi hofly or is put. OwtainpiooMMBoi 
linte puffiomoa or tmimoot not 
VISA tiUi Midtioii, w» nevMthe l ew u>r«l.tod 
I* Mo iiwiMr-wftwiiDg proMWM that tbey we 
nsBsS osnvankiktlv consigned hsinB* 

■eat Bond : IbdfeMlOftMt'i 


sjfkwimss^Bsaimm rendm water 
ufuemibk for many domestic aud industrial 
uses. Xn wadUng and soourinfe hm^l water 
wastes soap and dSooknis fabrics by the depoil- 
tioA of insblubk salts; in the manufacture of 
worsteds and woollens it decreases the plfanoy 
of the fabric ; in tanning it deposits lime in the 
hides ; when heated or evaporated in hettlee* 
oaloriffers, boilers* Ac.* it deposHs seek which 
impairs heat transmission ana inxsmses dharge* 
for maintenance and depreciation. Rkarbcmate 
hardness hinders the uniform dyeing of fabrics. 
Even ice prepared by freezing hard water k 
unsatisfactory, being opaque, or cokuxed if 
iron is present, and leaving a dirty sedimMit on 
melting (Behrman, J. Ind. Eng. Chem.*!^!# 
13, 235). 

Nature of hardness , — Hardness may be caused 
by the presence id water of soluble salts of 
most metals other than the alkali metak ; for 
example, banum chloride is occasionally found 
as a major impurity causmg hardness. But In 
the great majority of cases hardness k due 
mainly to salts of calcium and magnesium, and 
to a lesser degree to salts of iron and manganese. 

It is usual to recognise two types of hardness* 
temTOrary and permanent. 

Temporary hardness due to bases, usually 
calcium but occasionally iron, present as bioar* 
bonates, is so called because it is removed hy 
boiling the water, whereby excess carbon 
dioxide is gradually expelled and the less solubk 
normal carbonate is precipitated. With re^ud 
to certain softening processes which depend 
entirely on this reaction, it is important to 
observe that at temperatures below 100^. but 
little carbon dioxide is removed unless the water 
be violently agitated, and that even at 100*^ 
some 10 mmutes* boiling is neoessiOT lor its 
complete expulsion (Paul, Boikr dheiiustiy* 
Longmans, p. 94). 

Hardness due to magnesium bicarbonate* 
often regarded as temporary, is less affected 
boding than that due to ^cium bicarbonate* 
normal magnesium carbonate being more 
soluble than calcium carbonate. On t£e other 
hand, at the temperatures attained in boQefS* 
magnesium carbonate k hydrolyBed to magne- 
aium hydroxide, which is precipitated and may 
even be dehydrated to the oxide. 

FemanesU hardness is that which msskm 
after boiling ,* it is due to the oombinea offset 
of a small quantity of residual normal carbonatee 
and of other salts, chiefly sulphates, nikatee* 
and chlorides* of calcium and magnesium. 

QuantitaHve ssHmaie of AordiMM.— <)rigkM^I^ 
hardness was measured and stated In tenns oi 
the number of grains of calojum emboneile per 
gallon of a eomtion eauivekmi to the wider 
under test in respect of the quanti^ cl mkf 
requited to produoe a lather. Hardness eoneu- 
mnding to 1 grain OaCO, per galim (1 pect 
(kCOs in 70,000 parte of wat^demOied M 1 
degree (CSark) of hardness. HardsMt k now 
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per 100,00Q» 
^ hart- 
eaoh 

ittipirt ty at the ozdinaiy tempeiatuxe. 

Tabls 1 

Bquivaletit 
Solobility. liardnem. 

Impuxl^ Parteper Parteper Begtees 

100,000 100.000 (Owk) 

CaCOt jBiseohred 118 118 82*6 

aabi- 3100 3675 2570 

joarbonates abt. 400 345 240 

OaOO* ' 6*8 6*8 4*8 

abt. 70^ 83 58 

GaSO^ 198*3 145*5 101*8 

Oa(OH):e 170 230 161 

Mg(OH), 0*9 1*54 1*08 

^ The solubility ol magnesium carbonate varies 
greatly with the pressure of carbon dioxide; the figure 
given Is for a solution in equilibrium with carbon 
dioxide at about the partial pressure normally existing 
In the atmosphere. 

Some of the solubility data are uncertain, 
but the table will serve to nve a useful indica- 
tion of the softening effect of the reactions under 
oonaideration. Thus, hardness due to calcium 
bi^bonate alone, which may in equilibrium 
with carbon dioxide at atmospheric pressure 
attain a maximum of 82*6 degrees, can be reduced 
hv boili^ to that due to calcium carbonate 
alone, viz. 4*8 degrees; whilst that due to 
magnesium bicarbonate which may reach a 
maximum of 2500 degrees under the above con 
ditions, is, by boiling, reduced only to 58 degrees, 
equivalent to the solubibty of magnesium car- 
bonate. 

Water eqfiemng reactions, — Temporal^ hard- 
ness is usumly removed by the addition of 
lime, as originally advocated by Clark in 1841, 
and applied oyJ. H. Porter in the* Porter-dark’ 
process (J. Boo. Ohem. IndL 1884, 3, 51). The 
chief reactions Involved axe : 

CWHOO,)|+Ca(OH),-4^20aC08+2H,0 
llg(HOO;).+Ca(OH)8-^ CaC 03 +MgC 0 ,+ 2 H ,0 
M^8+Ga(OH), Mg(Ofi}8+CaCOa 

IVom Table I it appears that the residual 
hartness in a solution saturated at 15^ with 
eahaum carbonate and magnesium hydroxide 
would be 5*9 degrees. In practioe the reactions 
are not complete and it is difficult to avoid a 
silic^t excess or deficit of lime, but the minimum 
Imroness actually attained at 15^ is about 3-5 

'lime predqntates as hydroxide any magne* 
obm present as sulphate, chloride, &c«, but an 
eqomlsiit amount of caldom remains in 
tomthm ; lime does not, of course, reset with 
cslduia Silts: hence permanent hardness is 
imafbetrt by the lime treatment. 

Bnmaiieiit bartness due to oalchim salts may 
be teeafed by addition of sodium carbonate 
^(sodaadi)» which predpitates caldum as carbon* 
« ale^ leafug in solution sodium salts of the 
/edtfie rsdisleo with which it was oomUnod; 

<)b80s^Hay(X),-^ 

She Ofdghi of this use of soda ash i|i obscure, 
bshlt is 4isie that P« Jl Ha|gn^ was one of the 
«i e wmdat with Ume and 
8o#W 


carbonate also removes tempoiexy 
due to eaiciiim bioarbemate : 

C^H<X),)g+Na,00,*-i*OhOOt*f2^aH<}08 
but method has the diaedtaniage of leaving 
sodium bicarbonate in solution and Is relativdy 
costly. 

Kefetenoe to Table I shows that additjkm 
of sodium carbonate cannot reduce permanent 
hardness due to magnesium bebw the 58 degrees, 
due to the solubility of magnesium carbonate* ' 
Such hardness is best remo^m by the addition 
of caustic alkali, or, what is equivalent and 
cheaper, lime and soda ash in equivalent pro* 
portions. The reaction involved is of the typo i 

MgSOg+Na^COg+CaCOH). 

Mg(0H)g+CaC0g+Nag604 

Should a water have only permanent hardness 
due to magnesium salts the use of caustic i 
has the advantage of leaving no residual ha 
ness due to calcium carbonate. In the equa 
unusual case whore the bicarbonate bartness^l 
exactly two-fifths of the total hardness, cav 
soda alone will soften the water according to the 
following reactions : 

Ca{HCOg)8+2NaOH -► CaCOg+Na,COg+2HgO 
Mg(HOOg)*+4NaOH 

Mg(0H)8+2NagC0,+2H80 

3CaS04+3Na8C08-^3CaC0,+3NagS0g 

Certain other reagents merit brief mention. 
Borax, sodium silicate, and sodium phosphate 
can precipitate calcium and magnesium as thf 
relatively insoluble borates, silicates, and pbos* 
phates; the two former are common ingredieiitB 
in washing powders, but none of the three is 
used in industrial water-softening. Barium 
hydroxide is an effective softening reagent, 
especially if the impurity in water is duefly 
sulphate, but its nigh cost and poisonous 
character hinder its general use. 

A suspensioD of barium carbonate in milk 
of lime has been mtonted as a softening re- 
agent (H. Beisert, V. B. P. 333994, 1918) and 
is used in certain plants by Boyles ; it has the 
advantage of yielding a water of minimum hard- 
ness even where precise adjustment of ^ the 
quantity of reagent is not attained, but is liable 
to acquire a coating of barium sulphate, rendea^ 
ing it inactive* 

Permutits^ or artificial zeotites, form a distinct 
class of water-softening reagents. Th^ are 
hydrated alumino-silicaies of soda, similar in 
composition to naturally occurring zeolite^ 
e.y. anakitif NagO*AlgOg*46iOg'2HgO. Itadil 
compounds, in contact with aqueous solutiotui of 
metidlio salte, enter into reversible reaotioni oi 
the type : 

NagO*(AlgOg*4SiOg*2HgO)4*GaClg*iq. 

(Solid) (Sotutloii) 

Witli dilnto aolntioiut of aolts tlw hmikt 
motaki, mull m hard vator, tiM naotlett H 
aloMwt oomplato tomnd the '•ith «M* 

cwtiated adationa cS aodhim aalla, a,. hrtM, 
tbawraiaenaotio&laigel^pn^eiidn^ Cha 
utility of MHih veaetJow ia vataMelMi* ' 

ts dlictinrt I 

Tboua wma aM Mttttaar Ml 

by pfTfolatiffii ftiirtiii ^ ^ 



WAXSB^KMnSNZSrO. 


m 


seolttM, jttMps adoaiab tu4mm bWe-MEdiaom 
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la oonfttitntion of tbe Und iadioftted by the 
l(dio«i^ fomiilm 
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Artllloial xeolito 


J^atiiral zeolite 


Pemutit was first prepared bv Gans (D. B. P. 
174097, 1905) by allowing alkali aluminate 
free from oncombmed alkali to act on hydrated 
silicic acid, employing heat to complete the 
reaction. Oalcium permutit is formed by treat- 
ing the product with calcium chloride solution to 
replace soda by lime. 

Numerous methods for preparing similar 
reagents have smoe been described, for details of 
which the intent literature must be consulted. 
The more important methods consist (a) m 
fushm together convement ingredients to yield 
the deeired composition, c.g. 3 kaolm, 6 quartz, 
and 12 soda-ash (J. D Reidel, D. R. P. 186630, 
1906 ; sec also D. B. P. 200931, 1907) ; or (6) in 
h;i^drating by high pressure steam, with or 
without the edition of alkah, natural minerals 
of appropriate composition such as trass, 
phonofite, loucite, sodaiite, &c. (Permutit 
filter Oo., Eng. Pat. 26094, 1910; see also, 
re similar hydration of Portland cement, Snelling, 
U.S. Pat. 1325213, 1919); or (c) in efiectmg 
base-exchange by the action of metallic salt 
solutions upon primary products obtamed as 
above. 

Some other base-exchange reactions deserve 
mention. Sodium permutit removes ammonia 
from water; if so^uni permitut be treated 
with dilute acid it becomes an acid permutit, 
which will remove soda and produce an acid 
water; oalcium permutit removes manganese 
from water. If calcium permutit be treated 
with a solution of a manganese salt and the 
lesulting manganese permutit be acted upon by 
a solutkm of calcium permanganate, reactions of 
the following typo occur : 

OaOAlgO,*28iO«+MnOl, 

->MnO AlgO,-2SiO*«f CaCI- 
N(hO-AigO*-2SiOg+CaMn.Og 

CaOAlgOg’2SiOgBfnOMngO, 

a dark-coloured mass containing 
lime and a highly oxidised manganese 
gvottpft This is, in effect, an insoluble per- 
manganate and can serve either to stenUso 
water or to eliminate any iron it may contain 
by precipitation as ferric hydroxide which is 
retimed upon the surface of the filter-bed 
{J, Dft Bcidd, A.r-Q., Fr. Pat. 405900, 1909; 
B. Oi^ Bbk Pat. 21184, 1909). A seoUte in 
whidb. soda has been substitutM by stannous 
aatUk will xednee gold from solutions of its 
mile and iwtein It as purple of Oassius. Thus 
lllisnddsiit tl^ reactions ate 

impltel mott iBtmse cimracter and apj^o- 

nave oesn ocscriocu 
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iiunhifdi im is lemved AK>m 
effected by aUowfng tbe wateor to flo# down 
towers pMhed with eokCy or by sprajdng it 
throng noffides. Jn this way tim mm is 
oxidised to the hydroxide, vmeh zemsxns in 
colloidal solution until it is coagulated and 
removed by the action of the materisl forming 
the filter bed. Too much aerstkm is to be 
avoided if the water containa a idbktively large 
proportion of lime and carbon dioxide, or 
latter may bo driven out of the Water leaving 
insufficient to hold the lime in solution as bi- 
carbonate, with the result that caldum car- 
bonate IS precipitated and blocks the pipes 
(Kisskalt. Gas- u. Wasserfaoh, 1924, 67, 3; J. 
Soc. Chem. Ind. 1924, 43 B. 230). 

TreaimeyU of alkaline and acid ufalere may 
bo briefiy considered. There is no piaoticablc 
method for the removal of alkali, but various 
reactions, e.g. addition of calcium ddoride or 
sulphate m the form of a strong solution or as 
water containing permanent hardness, will 
serve to convert alkali carbonate or bicarbonate 
to a neutral salt, but the resultant water will 
evidently be undesirable as a boiler feed water. 

Acid waters derived from moorland cateh- 
monts may dissolve lead; this tendency may 
be correct^ either hj hardening the water with 
lime or, better, by Thresh’s method of adding 
sodium silicate, which removes plumbo-solvem^ 
without increasmg hardness. 

Artificial hardening, by addition of oalcium 
sulphate, is practised in some cases to render 
a soft water supply more suitable for use in 
brewmg. 

Bouer compontiona contain either or both 
(a) ordmary softemng reagents such as lime, 
soda-ash, and caustic soua, and (5) dganlc 
matter, e,g, tan bark, whnffi serves, by mere 
mechanical action, to prevent the formation of 
hard scale. Reagents of class (a) may be dis- 
missed with the comment that thi^ are usnaDy 
dearly bought in the form of boiler oomposiiiotis 
and that, in any case, it is unsound to perform 
water-softening reactions within a bcdler. 
Materials of dass (b) axe evidently the linesl 
descendants of the dead pigs our foiefathem 
are reputed to have put in iKiileis to prevent 
scale formation (P. G. Jackson, Bmlcr Feed 
Water, Griffin, 1919, p. 26). 

If a mechanical preventive of scale is desired, 
undoubtedly the Imt is pure graphite applied 
as a cream with water to the clean internal 
surface of the boiler and subsequently introduced 
with the feed water at the rate of about 
per day (Hinchley, Notes on the Ecoaomicgl 
Management of Siwl Boiler Plante, PXoo* OheliB. 
Eng. Group, (Soc. Chem. Iud«), 1919 ; but 
for a Boientifio investigation of the mediainknl 
effect of linseed, Brun, J. Soc. Ind. 11110, 
29, 76 ; B. Heuas, Zeitsoh. ges. Bvauw, IMS, 
41, 200). 

PtopofHtma of rwigeiils.— In the great major- 
ity of oases water is treated witiai a mixture of 
lime and sOda-ash in such proportion that hard- 
ness due to bicarbonates ana to magnaeliim ia 
oomplgtely removed by lime, and the hardneaa 
then remaining by aoda-adu The ainotmt Of 
reagent required for 1000 gaUoba ^ water leg 
ea<m grain per gidkm of tlm vaxfoue ImpurMei 
ia In Table It (Paul, Boiler CImmliiliy, 
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WATEE^SOITSMINa 


11 imtjnHAum Mdte am to be mmorodkaa 
1|||4 b<^xMo tbe amfopriaid quantities of 
Ikob and soda-ash should be used. Quantities 
dtieatpentoalottlatedfrom the table are evident^ 
<itnima> and in nraotice a slight ezoes8» about 
1^19 p.o.| should be used* and the tmated 
isater should be faintly aklaline to phenol- 
ph^lein. 

Tablb n. 


Calcdum hydroxide Soda-aah 

tin aeon* leonired; lbs, (Na 2 COg)re- 

oentiatioii of 1 per 1000 qulred; lbs. per 
smi. per gaOcnii) gallons 1000 gallons 


Kree carbon dioxide. 0*260 



. 0 09.5 
. 0*077 
. 0*120 



GUI 

0*092 

0*130 

0*126 

0*102 

0*159 


Emphasis should be laid on the conclusion* 
following necessarily from the preceding dis- 
cussion, that the nature and proportions of 
water-softening reagents cannot be determined 
aim^y upon &ta of temporary and permanent 
Imraness; for the best results it is necessary 
to bare a complete analysis of the water. 

Punf jf of nagenla is desirable in all water- 
softening processes and essential where the 
proportion of reagents is adjusted directly or 
ind&eotly by weig^g. 

Oommeieial eausttc lime may be of almost 
any degree of purity, riome samples contain 
magnem* some silica and alumina* and in all the 
ocntent of real lime may vaiy from 100 p.c. to 
70 p.c. or leas by absorption of moisture. A 
mam more reliable reagent is calcdum * hydrate** 
ilahad lime* which* when obtained from trust- 
worthy sources* always contains about 70 p.c. 
of OaO* wUl not easily absorb more water* and 
Is a fine powder, convenient for storage and use. 
B raw quiddime is used* each batch should be 


BoHarn eaufHmaU is obtainable commercially 
m the anhydrous salt* soda-ash, and as various 
hydiuteq* and may contaia impurities such as 
aodiuiii sulphate or chloride* detrimental to its 
use in water softening. It should be bought 
under guarantee or be subject to test before use. 

Bhmliriy* oaasfte eoda is easily procured in a 
Slate of sraedent purity for water-softening; 
Imt it diould preferably lie in the form of * flake ’ 
or powder for oonvenience in handling, storage* 
pitff measumment. 

(In the succeeding paragraphs names given 
in Italics in braekets* thus {Faiereonft are those 
of dants or p r o c es ses which embody the feature 
uaosrdiacmaiion.] 

Jfanfe^piil and domesUc water eofkning and 
JflMfea is directed to the production of water 
ms fmii bacterial contamination and suspended 
matter* free from oobor and from ezoessive 
imdiiisa Owing to its cost* water softening 
ef manic^suiiplies is practised in excep- 
Monel eases, eg. with Kratish waters of extreme 
pt n iusse, dechred from the chalk It is nsually 
i lee teA by an intmnittent process In wbion 
emMif Vtti^mts are added to and mixed with 
h Issge bnik of water* the ptediutaie bting 
ispesaMi by aettiemeiit and deeairiatioii ; 1^ 
mm Man mmWpel suppUsa are aoltaissd in 


l|iM eontlnuotts automatic plants bt the usual 
iiumstdal type described below. 

Oonrersw* some large industrial suppUas 
are trsated by the intermittent process* uring 
steam to assist solution of reagents and oom^ 
pressed air agitation to ensure their uniforim 
admixture with the water under traptment 
(Amibiin and Deeky), After settlenmt* the 
treated water is drawn of! by a floating k^hon 
and carbonated by a coonter-ourrent m carbon 
dioxide passed through the outflow pipe 
(Proc. Inst. Civ. Eng 1898* Part 3* p. 404). Such 
intermittent systems when properly controlled 
are probably the most accurate moans available 
for water softening (E. V. Chambers* J. Soc. 
Dyers and Colourists* 1918* 34* 240). Tfhay 
necessitate considerable attention in worldngland 
require large tank space* and thus are co^ly* 
unless* as in municipal processes, largo quantf ‘ 
of water are treated and existing reservoirs < 
be used. 

Domestic water softening is quite oommoii 
practised* and* unless on an unusually lar 
scale appropriate to automatic continv 
plant* is also best effected intermittently. 
Measured bulks of reagent powder are mixed by 
hand with 5-10 gallon lots of water, the nreoipi- 
tate is allowed to settle and the softened water 
is withdrawn through a filter {Maionena) or 
by slow decantation {W ikon-Perrett * Pnkka *). 

One small plant, which may be mentioned 
here, softens water by boating to about OO^-OO", 
partly by heat -exchange with treated watery 
partly by direct heat, the scab being deposited 
in a tower uwn ptatos nmu^vable for deaning 
{Lawrence). This treatment effectively steriJisee 
water (Hatch, Pn»c. Inst. Civ. Eng, 1906). 

Bacteria and suspended impurities aie 
usually removed by filtration. For amall 
domestic supplies this is sometimes effected 
through porous earthenware filters under 

E ressure* and it is cledr that the * stream-line ' 
iter, which is capable of removing bacteria 
and even colour from water, oould be applied 
to the purpose (Hole-8haw, Itec. Eoy. Soc. 1023* 
103A, 5^}. Wood wool, preparw asbestos 
wool, cloth and sponges are sometimes empbyed 
as filtering media, but practically all larig^-scsle 
water filtration is effecb»l by beds of sand* pie« 
ferably quarts sand* carefully mded and 
supported by a layer of gravel. Filtered water 
is drawn off either by supporting the gravel 
layer upon a perforated metal plate or by pro- 
vulmg in that layer effluent pipe sysiemi 
provided with numerous screened orifices. 
Wood wool filters are cheaper to install* but the 
difficulty of cleaning them satisfactorily necesri^ 
tates pmodical renewal* the cost of wbieh mittd 
be taken into acoouni. 

Large slow sand filters are usoally cbiiiod 
by laying off units of the filter parMiiMv 
and removing by hand the top layer of Siiia, 
This is continued until tbe Sana bed Is so diinl*^ 
nished as to require renewal. Bapid tsffd 
filters of the gravity or presstire type coo cesi^ 
be deaned by rsversbig the flow of water tm 
agitating the sand vioteilify* Agitalieil ll 
effeeted in eome small pliiitf by band, iff An 
laiyMrplaiitiby oomme^ 
of wadi-watir ftsalC A lyptoal m e m ti rn M 
the Estinsou wmUf filler litmm A 1% It 
te wWeli Mii s^piiaa-|it alrddlaMrr a ImnA'A 
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ihd filter bod. whilst the dirty water is drawn off 
by the annular trough t to the water outlet w. 



or pm a m fi(lti»tiott on any eeala. 
fig. 2 SlfaiiMtaa a ringjia wit nEesaim^fllter. 
In nomiai operatkm saw mteradniitted by the 
▼alTO ▲ enten the filter at b and tMUMm first 
throuffh the loose mass of dimly drifting sand o« 
and thMi through die stationary sand-bed j>» 
to the manifold b, and the filteiM water outlet 
r. Sand is oontinnonsly eztiaoted by the 
pipe system o> and conyeyed by the hh 
to the sand-washer J, where it is washedl^ the 
incoming raw water and a small quantity of 
dirty water passes away by the outlet K, whilst 
the main flow of raw water carries the cleaned 
sand back to the filter at b. Valyes are nioyided 
to permit agitation and washing of the whole 
filter bed when necessary, the advantage of this 

a of filter being that, under any ^ven con- 
ns, the mterval between such washings is 
much greater than with ordinary filters. 

Efibcient working of sand-filters depends 
upon the formation of a superficial film, com- 
posed of the suspended matter derived from the 
water, which is the effective filtering medium. 
Where the impurities in water are so small in 
amount, or of such a nature, that tiiis film is not 
easily formed, filtration is frequentfy assisted 
by the previous addition of ‘ coagnlaats,* such 
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as aluminium sulphate. This salt, usua% used 
in the crude form, known commeroislfy as 
* aiumino-ferric/ is hydrolysed in dilute solution, 
especially in the presence of bicarbonaies, 
forming aluminium hydroxide, which impid^ 
coagulates and carries down suspmided matte 
otherwise unfiltarable, and also, by adsorption, 
removes colouring matter present in the wate* 
Fcecipitation is best effected in a neutral 
solution (hydrogen ion ooncentmtion p^T), but 
is not complete even with the addition of un 
amount of lime equivalent to the aluminium 
sulphate (Hannan, Chem. Met. Bug. AL 
728; 25,602). Simiteresidtsiimy beatta^^ 
by the use of the clear * aluminium hydroiMa 
solution * produced by mixing aqueoua aohitiiqaii 
of aluminium sulphate (40 grm. in 80 0*0*) 
sodium carbonate (10 oul m 40 e.o.)» witiditOn 
dilution, precipitate the hydroxide in a mm 
I whioh Betties readily ( J. W. Ooxe» Met. Ii CBiash. 
i Eng. 1028,29,270). 

Adiustment of the aup]^ ot coagulant it 
eiSaolect in presBure filtratSon hy oontiol of tim 
amall aoid-amtiiqj pump wkm deUvnm itialo 
the j^t| and in gravity filtetion by floats 


trolled valvot Atyptedooagotetanmlygte 
ot the later tfp& ia titemtad inlKi||u % 
I ( JR ate a a n) , the fioit 9 ocml r bUaJ hy the hmmm 
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mterat theweirsw actuating taper valTte rf 
(aboim enlarged at (a)) so contoured as to 
permit, for any flow of water, a ooEresponding 
flow of ooagulimt by the 88 pipes to the txoi:^ 
where bafSes b cause intimate admixture with 
the water. 

Auiofnatic wakr-aofUning ^nta . — ^Many 
tvpes of these plants are in use, diflenng in 
the means employed to effect the fundamental 
operations into which water sof tenins processes 
are divisible, vis. (1) preparation ox reagents, 
(2) apportionment of reagents to water, (3) 
mixing, and (4) settlement and filtration to 
remove precipitated impunties. For the better 
consideration of the methods to be descnbed, it is 
desirable to bear in mind the following essential 
features of an ideal lime-soda softenmg plant. 
Preparation of reagents must bo conveniently 
efitected, preferably by automatic means, 
and should be so made and used that they 
xemidn of precisely the same concentration 
until wholly consumed. Measurement of re- 
agents m relation to water must be accurate 
over long periods and at all rates of flow, and 
must yet permit of ready and precise adjustment. 
Mixing must be speedy and thorough. The 
reaction tanks must be of such capacity that 
ample time (preferably at least 2 hours) is 
allowed for completion of the softenmg reactions 
before the water leaves the settlmg tank, and 
of sufficiently large cross-section to permit proper 
settling of the precipitate. The filter should 
be efficient and rea^y cleansed, but should 
only be supplementary to efficient sedimentation* 

(1) Prejaration of reagents . — OccasionaUy 
reagents are used in the form of a dry powder, 
usually purchased ready mixed from the manu* 
faoturers of the plant or from a firm sjiecialiBing 
in the supply of such prepared reagents. In 
the (peat majority of cases they are applied as 
solutions or suspensions in water, which are 
commonly made by direct weighing and measure 
ment, mixing or solution being effected, in the 
smaller nlants by hand, and in the larger plants 
by mechanical stirrers or injector agitatorh, 
in a tank at cioxmd level (see Figs. 14 and 
15), from whicE they are pumped to a supply 
tank above the plant. 

Sometimes Imie is used m the form of clear 
Btiwwater prepared in an automatic solutioner, 
consisting essentially of a vertical tank, having 
to the iwle (Eoyh) or part (Harris-Anderson) 
of its height tne form of an inverted cone (Figs. 
15 and 17). By means of a pipe leading 
neai^ to the bottom, the tank is charged from 
time to tiflaie with a sufficient excess of a oieam of 
iiekied lime and water, and a stream of water 
admitted at the apex of the cone flows upwai^ 
fimt and dissolving the lime, ana later, 

as the moss section of the tank increases, 
excess lime and all impurities, so that 


md nhsoitsd to the nrooesi* bejcosnes ^coated 
with cfuebonate and faibto maintain saturation. 
Last^, In oases where the tempesattm of the 
ratr water varies, care must be taken to adjust 
the piroportion flowing to the lime eolutiemer, 
so as to compensate for the oonMderaUe Taria** 
tion of solubility of lime shown in Table 111 
{Paul, Lc, p. 96). 


Table III 

Temperature, Calcium hydrate Ca(OB)f » 
Fahrenheit grains per galloa 

32‘‘ 1321 

40° 128-0 

50° 121-7 

60° 115-6 

70° 110-9 

80° J07-7 

90° 103-6 

100 ° 1000 

(These figures do not agree with me 
absolute solubility given in Tables I and II, 
but probably correctly represent the vanatiou 
of solubility with temperature.) 



One type of plant has a rmj ingeuteOi 
solutioner to prepare automatically faom iolid 



ItaUMiUtwr is attended by certain difficulties 
wldsli mmit be recognised in order to attain 

S BtsoIti^ Owing to the small solubility of 
m eomiUmaM» piroportloD of the raw water, 
itese 15^25 p.e., must be bye-passed 
to Iho Usm idntlDiier, which is, therefore, of 
csiMKdt^* Sometimes the Bma^ 
mnlMiiiw hesMse it is of 4 lumnv 

-KK/ " 


(Fig. 4), oootained in » ogrUndnont tnak 4. 
formiBg . ceatnd eJuuaber a, ut4 tiuM MOndtat 
■MMM B. a, mi D, All interc<mnwiini«mtfnf a| 
boitoia. BoUd ooDfAiiMd lb tM India Jb 
hATbig A gAiiM Intton. lUndm Ifi 

tin mtat in a, oviiig to nbbilbdnMl «n* 
Twtioa. Ftmk notw, tetMObabl At w» 
d the ipiOS It dlMi 


WixmmriimmQ. 


wMb'AMag iNAilicM a , and flcrm np tte 
•pWB Pt ta Ilia ontU) a. Hm zdauvriy 
hmrjf wlntiMi li p faaltaoM • flMtw b^t 
of watovfoStHidduiiabeSiaa^liyiiieaiuof 
aonw and irat H, »t a«A> a hidj^ that 

m denaify of the aofaitKnt in p temcbM tiie 
dtamd TMnet water beghis to oreiflow the 
lip ^ on tube 2, and, panButg down the spaoe o, 
nMxn witii the effluent solution and nuraitains 
the daaiied oonoenttaiion in d. 

(?) JfcMtirement ofreagenia. — ^The numerous 
eMthodB employed fall into two broad olasaes. 

Of the plants usmg cfear solutiona of lime 
and soda, some prefart either or both of these 
as described above, whilst some roly on the 
diiglaeement of the proper amount of a previously 
ptqMued soda solution Iro the quiet inflow of a 
oomepondmg amount of water at the top of a 


water nqnfiad to male saturated liauKwatei^ 
Whilst a small oup le of fixed aiae, withdraws a 
MuaTtfir psopoxtioit of tile Water to the soda 
sohttioiier, w» pxoporthm of soda added to the 
water bdng oontmled by adjustment of the 
(feiwtfy of the sohithm as desexibed above. 

In {flants using lime suspensioBs, with or 
without the additron of soda, the oommonest 
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* dhplaoement tank,’ from the hottom of which 
a pipe eoadnets the soda solution to mix with 
^ water under treatment 16 and 18). 
ip etther ease the raw water is uvided into one 
htfya stofNun and two smaller streams, of the 
pamper fflae to make or displace the required 
nimttiai of lime and soda solutions. This 
aaldon is effsoted by miotometer valves in the 
hoae of a oommon supply tank Fig. 16) 

or to a turho^tttbntor {Bam»-Ani«ntm). 
In lina dWrlbulor (Fig. fi) a tinsdar tank a, 
IkMainf on wa^ in a, and tree to rotate under 
ItnUMwa to ^ roller bearings o on the shaft 
Sk lOHjtos the whole aomfy of raw water 

hllllW iownooi tangentiatoto orifioean, >, 
oanifalfatoiotate: the watw is thua distributed 
fvmtooutr tiaa annular trourii oat all rates of 
nm. Mafflii jacjffliBna, one of whtoh ia adjuat- 
«Ui»4nMh <i« a iinleriKot ti^ 
to 11 laMrinii pmM 


measuring device is some form of tip^ng bndmt, 
aotnated by the main flow of water, and aotu* 


simpl^ form ooenr in the Boby arri Beooo* 
Legg plants, the latter being lUnstxated in 
Fig. 6, where a is the tipping bnohet wUali, 
after emptying, returns to the normal porition 
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shown, and in ao doing aotnateatiw ann oaojfittg 
the chemical scoop s, whioh dteohargm into a 
by a channel o, and agitatea iha mapenaiott la 
the ohemioal teok o by means tha stittur ik 
In the Boby plant the oontents of tha toe uihwl 
cap (BUf. 7) a» variable to rortloal mhw 
adjustment oi tiie overflow tube a. Soffla 

tWto unatonato^ ma||ryafg|P oranmmps wrp ^ 


WAim^9!PfeK!N4 


BMcsoft In the 

SQort i^t the tipping bmtot ectnatee a 
pieton valve suppljing leamt* 

Speeial devices are emj^yed in most oases 
to inomse aocmxaoy and deoreMe wear and teiu^ 


IP float in tito bmJbet, which frito s i e s the latter 
wluaati it hai a definite cmteat <rf water; and 
is Intfoed fay a 

Bei^lte mcfa devioee, aU tippfa^ 
nielsyt and in large sines ace ^pcaefeMtb 
oadng to heavy wear and tear. Tfaetefoie it » 
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thus in Fig. 8, it is seen that the tank has some 
freedom of movement before it touches the arm 
A operating the chemical supply gear* whilst an 
extension Bp b on the bucket enabl^ a small 
addition of water finally to overturn it; and 
the reaulting shock is dimmished by the brake 
C, and absorbed by the rubber buffer n. 
> Lassen-Hjort tipper has a lock^ actuated by 


customary in the larger plants to subdivide the 
main How of water so tnat the measuring gear 
passes but a fraction of the water* whilst the 
remamder operates stinmg g^r in the reagent 
tank. 9 shows the Paterson bye-|)ass 

Osilameter ; a dividing plate a at the wmr B 
takes a small fraction of the water to the tipping 
bucket c* and sends the remainder over the 



ts^dUfiiig the stirms » oanying 
wUdi mafatein » mppiy of vsageot 
w mm Stl6iiBring OOps M, ^ Wl 
Iteiltfte in Fig. 10, passes a large 
Bsth ei lue SBw water dbaeFto the BiiBsr is 


» ouniog by the main r, and difidaa tiha caaiMlt flav 
iW of iMMOt fiom the p^otated A. habrnm * lupir 
^ tipphif bnctot s, dfi^ <h« pnAito d 

naawa a hwa amaOv Imdtet b aotMMg Iff ihiS w 
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p«t .iiB. 

MiW ib^ * # If Imx a ften^ » ]Mi<dnt 
wiwid A. (jbMnf m Mute ifafAtor 9, oMiTbig 
oMBiiau 90QOM A, %pbig into 1b» fMg^ 

A. Aflotim by tiM aua» maknr (1% 12) naea 
tbs ^riteel > to dxiTo obain and beTd geaxiits, 
0 ^ o, a seiew a vorlang in an oil-bath -wfaiw 
knran ^ diadiaxge pipe o in the diemicd 
tank, and ao deliveia nagent in propMtiou to 
bheimtnpaaaing. TheEennioottpiop(Hrtioning 
gear (Fig. 13) naea a amall definite proportbn 
of the latf water to lift the fioat f in the regu- 
lating tank V, whereby the cord o lowem a 



wetfenl egdbider, having a acciner to atifka off 
dw piradw tub with the tcm (r«ba oad BeB). 

( 3 ) Mixing md 

water naiia% fiow togeffuHr into the pree^ 
tation tank, aomaiiniea ak»tt a ohaond provUml 
with baffles («es a#. Fig. 8), and axe thereby 
mixed. liquid reagent iafi^uentlydiaohaiged 
into a tipiing bnoKn as it hegina to fill, and is 
thus agitated by and with die infiowing water, 
mixing being completed by the very turbidant 


dotted diaahampi]M f in the ohemieal tank 
the ecntaata oTwbidi are agitated by means of 
ate water whed. 

dw foregoing {dents the proportion of 
, j ia adjnated by altering the proportion 
of waiter pairing to the neasoring gear, by 


rtaadbt ^ wdnme of xeMent a^l^ or by 
«ery% tiM eoaeantiatkm of the reagent sus- 


CMiafai fkate tan a tipping bno^ 
afhntMwff dfra riea f e Bt tntheft^ ofd^powder, 

wrnnm jh (MmMhLtBUm JuTlIilTIMrUi- 

lAAin ay nhttlattuitti iin ol a In a 



out^w when the bnoket tips. Some farther 
mixing ooouia in most plaota by the relatively 
rapid flow of the water through the ehannd or 
pipe leading it down into the settling tank 
(4) Obr^teotioa and j!ib«rijo»»--4qpaialto 
of tile preomtate is alwaye driefly effeeted by 
settlement, during the dow paMage of tbe watar 
up or doiw the a^tiingjuia rsaettm tank, end 
completed ogr filtem. inieae tanka and ffttoM 
determine the general form end df^adtitn 
of the plant in one of two oommonly oeoatthi| 
typea, oheraeteiiied as ‘horiaontaf* aid 
* vertieel *, teepeetively. 



A typktl exampto o( tha horismtel l^pet I tv t)w f W t port teri ng gmt A. 4MMflba4» 

tha Tiumn Hjr^ teotamgaUr aoftoner. is shoini nuNM doiMk th« mMtkn obmbev ib «p ttw 

in Ko. 14. Wntar. eairvinn nstwnts diSDhMmd ] Ont Mttling tank a« and timtagb tlM ftnt 

* 
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wood'wool ^ter d, overflows down channels the_ storage tank h, in which a bidl-oodt A 
■I, and passes upward through the second tank maintains a constant level by controlling tlM 
and filter, v and o. and finally overflows into raw water supply. Sludge is removed by cooks 





Ail opsmiion being assisted in mM 
niaiiita iMAt, JPatenm) by hand agitators. 

svMoal type Is iUnsSltod by tf 
Meniifs alttsl dMsn in Pier. Ifi. tiie mode i 


operation of wbudi kobvioastnmibepraoedk 
desorip^ Hero also a pnod'vool fittwi 
QAed* 

Band filton bar* tin adnnfif* thugj 
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m turn MiimA md 

flltenn. tt» Bo 


^ loii^ eleaiied ttiMi ] inator iTf^^ 

The Bosrle ahovn m * of the 'iviM to the xoaiomcm tebe b» a 

povtioii tottoUmedliMDlvero^aiidtliefl^^ 
portion to diqpleoe ioda aofattion m the tank x>. 
Theae leageati mix in ■$, wii^ the water which 
then riaeci slowly* and is clarified by aettleiiieiit 
in s* and then owetfiows down t to the filter 
chamber o* passes through the sand filter B* 
rises to the tank x* ana OTexfiows at I*. As 
sediment accumulates on H* the head of water 
in F, necessary to maintain the xeqliiKri^rat6 ot 
filtration* increases* and the oortespondingriBe of 
water m the outer tube M finally sets the syphon 
o in action and causes a heavy back-sweam 
from x to flow through the filter* thorou^y 
agitating and cleansing the filter b^. 

External independent filters have the great 
advantage of ready aooessibility ; their use is 
lUuBtratM by the Harris- Anderson plant* shown 
m Fig. 17* where A is the turbo-distributor* 






Fm. id* 

\ an ayhIOMMic washing devioe whid 
aplls Bair water entw ibi 

ingh#il^ irtMSW iha thtea micro 


Fro. 17. 

B the lime solutioner* and o the soda solutioner* 
already desonbed* d is the reaction tube* x the 
settling tank* and f the external filter. 

All the foro^uig types of plant are open* and 
thus cannot dmiver water at a pressure greater 
I than that due to the height of ^ outlet above 
the point of application. Where it is deehed 
to utihse a natural or forced head of imter 
without material loss, a water-softening rilaiit 
may be enclosed in the manner iUu 
the Boyle’s plant m Fig. 18, vhioh diSen irou 
that of Fig. 16, in that the Motion of tl» head 
tank and micrometer ^Ives in tlie latter b 
now performed by the dial oohks 1, 8, and 8, 
that the tope of o, n, and ■ an enoloee d . that 
pomp* are fitted to ehaine the reagente into 
c and D, and that tiie antomatie waihfaig 
arrangement is eliminated. 

By ft>» introduotton of waste steam or hot 
oondmaates into the miiing ohamher (not tla 
the measuing gear), most u the above plenti. 
thosi^ MnMmm desedhed as *oold*pco*MM* 
plan^ am be need for the hoi adnidli < 
water, nde b faegeentily adnir 






hiB « vmMM of ooiiserving heat and because _ 
softener worked hot will ;pield water of lowei 
hardness than one worked cold. 

There are, however, a number of plants 
nmedfioally desigpsed to combine the functions 
cd exhaust steam feed«water heating, water 
softening and oil elimination, of wmch tha 
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shown in Fig. 19 (Rayle*$) is an example. Some 
plants rdy solely upon heating to soften the 
water (Lawrence, ErUh's Beecrdtng Heater), but 
usually the water is treated also with soda or 
lime wad soda, and if necessary with aluminium 
sulphate (Ertik'e, Wrtghi's ^ Neptune,* Royle^e 
Type E, KenmcoU, Laeeen-Hjart, Harris- 
AniermnC). 

In Fig. 19 the crude water supply, controlled 
by the bw-cock a, is distributed m b, and part 
taken to displace soda and aluminium sulphate 
eolations in o and n respectively in the usual 
manner. Water and soda dows down through 
and over a series of dished plates be, in parallel 
ourrent with exhaust steam iniroduoea at E, 
via an ofl-separator o, any excess steam passing 
to aknoiridiere by the pipe h. Most of the 
hardening impnrity is deposited on the plates 
n, whiA are easily removable for cleaning. 
Alnininhim sulphate is added in the mixing tube 
at 3C, and the water finally passes through a 
aetHhog tank n and filter m as usual. 

Brm reference may here be made to much 
work that has been done upon the * degassinu * 
of boiler feed-water, as a consequence of the 
geoesal leoognition of the fact tnat dissolved 
oa gjFgB ii is me essmtial active agent in the 
sOKXOdon of boilers and other steam |dant. Two 
metiiods have been proposed, in various forms, 
fer te removal; depending respectively upon 
b^lBsigit out at atmospheric or reduced pressure, 
endi oansing it to combine with iron in the 
lojrm of iOBSp-mm, iron-manganese als^, or 
eanplii of inm with sIdo or copper (see as. 
Wete Sng. Pot 7272, 1915: Wilson and 


and a SteinmfiUer, & R. F. 290898, 1917; 
B^tnng^ D. R. P., 368665, 1916 ; Bsllojr* 
Morgan and Met-Vickers* SSeot. Oo«, Reg* Pat. 
194342, 1921. For a full disousrionrses BSstner, 
Proo. Inst. Mech. Eng. 1921 ; J. Soo. Chem. 
Xnd. 1921, 40, T. 67). 

ZecltiU vfaUr-aoftemng nZiinfo.--Thc8e plants 
make provision for the filtration, or, rather, 
percolation, of water thxo^h a bed of granular 
zeolite, and for the periodic regeneration of the 
zeolite by means of brine ; th^ are, therefore^ 
essential^ very simple and conform to the type * 
( Umted Water Softmere, Ltd.) illustrated in 
20. Water enters by a meter a, and, valves 1 
and 4 only being open, passes in at the top of 
the closed reagent tank b» down throughithe 



1^ 1 .I', ■! I 
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bed o of uoUte. eu]^ported 1^,011 • l»|inr «l 
atwrls Hnd p, muI thauw to tibe atabi. When 
the meter iadioatee thftt tbe ejgw wi t m Im 
tieated tim ntexironm ooaiiti^ Of mMr (wk 
ciliated wtOk ngudi bi^ to tbo fMiifMr of 


IMlj mi mOe, T>. B. B 



1918; tiw floeho 010 mtai/omtA oo oo to (I) 
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water wtiolty Cram tba tank, (2) lntko« owing to tbo anbstitaUon of aodiam ealts for 
duoe, by inoaiis of the steam injector b, the oalokmi 8alts» 

proper oham of brine previously prapar^ ki Treatnimit of water containing iron or sedu 
the wooden tank 0, and ( 9 ) to drain and wasn the meat presents no difficulty in the lime-soda 
salt from the seolite bed. This done, cocks 1 process, as these impurities ate removed with 
and 4 are again opened, all other cocks bemg the precipitate in the normid course of working, 
shut, and the plant again functions as a water- Such waters, however, must be freed from iron 
softener. and 8ediment1>efore entering seolite softeners, to 

Campariion of aoda-lme and zeoiite processes* avoid the formation of a deleterious coating on 
---Sach process has its peculiar advantages and the active matenal. 

limitations, which broadly determine its field of Cost of plant for lime-soda treatment depends 
use and be summarised as follows : — only on the maximum hourly flow of water, 

With emciont plant, properly operated, the whilst for the zeolite process it depends also 
residml hardness of treated water should be on the hardness of the water. It is also affected 
^ degrees for the cold soda-lime treatment, by the fact that stoppages for regeneration of 
1-3 degrees for the same process worked hot, a zeolite plant are more frequent and of greater 
and 0-1 degree for the zeolite process. duration than those for cleaning of a lime-soda 

Dissolved solids are diminisned by lime-soda plant, 
treatment, but increased by zeolite softening, Cosio/freoime/tf is about the same for removal 



of permanent hardness by either method, but 
temporary hardness is removed by lime at 
about ono quarter the ooat of its removal by 
zeolite. 

From the foregoing characteristics it appears 
that in the textile, dyeing, and laundry industries, 
where minimum hardness is the first oonsidera- 
tioiii zeolite softoning is the more suitable. In 
many such oasca, where the water contains iron 
or sediment, and has any considerable temporary 
hardness, it is advantageous to treat it first 
with lime in a precipitation softener and then 
leiaave residual haroness with zeolite. If this 
it diCMM ample xeaotion space must be provided 
hi tine lime softener, as any excess lime may 
the operation of the zeolite softener and 
ntodiues a turbid effluent, 

*^^lliae-mda proce^ is the better for boiler- 
ieed emtzr, for municipal softening, and for 
wWNw fo be used in lee manufacture, Itssuit- 
ahil% for mirideipal softening is determined 
' hyffoWeootand^thepoi^^^ 

Iter boiler*foed 


ioe manufacture reduction of dissolved solids 
is of primary importance, and this requirement 
is best met by the precipitation process. Where 
a raw water contains much bicarbonate hardness, 
the quantity of alkali bicarbonate produced by 
zeolite softening may cause serious alkalinity and 
priming m boners. (For a fuller disoussbn of 
these matters, see Blumonthal, Zeitsch. angew« 
Chem. 1921, 34, 189; and Behrman, J. Amer* 
Waterworks A^on* 1923, 10, 623; Memois 
anda by the Chief Engineer to the Mandhestet 
Steam Users^ Association, 1903, and 1917-18; 
for a discussion with spedal xeferenoe to the 
textile industries, see King and OhambeiB, J. 
Soc. Dyers, 1918, 34, 240-247.) 

H.V.A.B. 

WATER STONB8 v. Aoaitb. 

WATERS, AERATED u. Abextbp Wavtas. 

WAVELUTB. A mineral consietfog of h|^^ 
ouB aluminium phosphate 8Al|0|*2P|0t*lSH|0« 
forming globuhi^ or stalacritio masses with zn 
intemal radiating structure. The cofotur iz 
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whiie^ yellowish, or green; Bp.gr. 2*fi2. The 
minend usually occurs on the joint laoes of 
slaty rook, and was first ohsenred in the eight* 
eenth century by Dr. W. Wavell in the slates at 
Filleigh near Barnstaple in Devonshire. Good 
raeoimenB have also been found in Oo. Cork. 
In larger amounts it occurs in Arkansas and 
Pennsylvania. At South Mountain in Fennsyl* 
vania it has been mined for use as a fertiliser and 
as a source of phosphorus, used locally for 
making matches. L. J. S. 

V^*OPALt;. Opal. 

WAXES, ANIMAL AND VEGETABLE. 

These waxes are a group of substances re- 
sembling beeswax in their physical properties ; 
they are mixtures of compounds composed of the 
elements carbon, hydrogen, and oxygen. Waxes 
of mineral origin, such as paraffin wax, ozo- 
kerite, ceresin, and montan wax, are described 
elsewhere. Physically the waxes come in the 
series (1) fixed oils, (2) soft fats, (3) tallow-like 
substances and solid fats, (4) waxes, and (5) 
resins. The waxes all melt below 100^. The 
waxes differ from the fats in having little or no 
^easiness at ordinary temperatures. The greas- 
iness of most of the fats is probably due to their 
containing some olein (glyceryl oleate) or some 
glyceryl esters of unsaturated fatty acids. There 
was an impression in the last century, doubtless 
produced by Chevrours work on the fats, that 
whilst the fats contained glyceiprl esters, the 
true waxes did not, but contained esters of 
higher members of the GfiHj,nO^ scries of acids 
with alcohol radicles other than glyceryl. As a 
result of this an unfortunate system was intro- 
duced of denying the name of * wax * to those 
waxes that are largely composed of glycerides, 
and of calling them ^tallows.’ It serves no 
useful purpose and has the effect of upsetting 
the ordina^ meaning both of * wax ’ and of 
* tallow.’ By it, on the one hand, Japan wax 
was to be called Japan tallow and m^le wax 
was to be called mynua tallow, because they are 
both largely composed of glyceryl palmitate; 
and on the other hand, sperm oil was to be 
described as a liquid wax, because it was thought 
to contain vei^ little glyceiwl esters. Defined 
wool fat, a soft unctuous substance, was called 
wool wax. The inadvisability of attempting to 
alter the meanh^ of a word in common use to 
suit some special scientific classification was 

Dted out by Gregory in Nature, 1911, 87, 

Beeswax and most of the vegetable waxes 
seem to be produced by the integuments of the 
organisms and not internally, and their value to 
the plant is to repel water or resist its action 
and prevent its mgrera or egress. Beeswax, 
ikQiiiMdiy, is a very suitable material of which 
to lom tile odtsfor storing honey, as it does not 


|j[K>Qltion that the exaot losHnula dumot be 
settled by a carbon and hydrogen determination, 
and consequently authors dim somewhet in the 
fonfiulis they assign to the components of the 
waxes; such fonnuln must therefore be re- 
garded as scarcely fixed yet. Another point to 
be remembered is that authors have sometimes 
been careless, in that they have stated that sub- 
stances found in the products of saponification 
of a wax were present in the wax ; thus it has 
been stated that beeswax contains myiicyl 
(melissyl) alcohol and ceryl alcohol, when the 
experiments only showed that these were found 
after saponification. There was no evidence to 
show that the free alcohols were present, and no 
doubt those found came from esters in tho bees • 
wax. 

The waxes, like most natural products, are 
mixtures of several components, and the flatten 
of these is a difficult and lengthy task, wjuch has 
been attempted by comparatively few investi- 
gators. In consequence of this and in cjpdor to 
meet the requirements of commerce, it is c^tom- 
aiy when examining samples of the waVes to 
determine wliat may be called their andyHwl 
mines, and from the results to infer their quality 
and freedom from adulterations. These values 
are also called the characferuitics of the waxes ; 
they have been much studied and indude the 
physical determinations of specific gravity, melt- 
ing point and sometimes refractive index, and 
also certain chemical dotenninations, which are 
explained below under the heading ‘ Beeswax.’ 

It has been observed that Japan wax hjss the 
peculiarity of showing a lower specific gravity 
and a lower melting-point when it has recently 
solidified after having been melted, than whm 
some time has elapsed since solidifying.^ Other 
waxes probably possess similar peculiarities. 

Text- Books, — Benedikt-Uher, Analyse der 
Fette und Wachsarten, Funfte Auflage, 1908. 
Lewkowitsch and Warburton, Chemical Techno* 
logy and Analysis of Oils. Fats and Waxes, 
6th ed. 3 vols. 1921-23. Wolff, Die Ldsunfls- 
mittel der Fette, Ode, Wachse und Harze, 1^2. 

Arjun wax ( White insert wax of India). About 
the year 1786 a wax produced by an insect was 
noticed in Madras by Dr. James Anderson 
(Gorrespondence, 1788-1791) and was called by 
him White Lac. It was thought that it might 
resemble the Insect wax of China, but it is 
distinctly different. Attention has been drawn 
to it from time to time, but it seems never to 
have been utilised. The insect producing it was 
first named Cocewt cmferus, and later (7sro- 
pkuieB eeiriferas ; it has been found on the aijun 
or kowa tree, on pepul, mango, tea bushes, and 
on other trees. The crude wax ooeors on the 
twigs in small mounds of a dull buff oolour ; it 
contains some moisture and black matter mm 


beoome soft or soppy by the action of the water 

fathehonj^. 

The chief proximate components of the waxes 
afe ; (1) esters of the fatty acids with alcohols 
'ismtaining a high number of carbon atoms; 
4Xi esters of fatty acids with glycerol ; (3) free 
aeidi ; (4} free alcohols containing a hig^ 
mmm of carbon atoms ; (5) hydxobarbons. 
tnth le i mrt i to the formuln of compounds con- 
oi carbon atoms, it should 
hi mind that a OH^ more or less mk^ 

co: 


which it can be freed by melting and straiaittiL 
When thus purified it is yellow like beeswax, aM 
hardand bnttlolike resin. It k partially icteb^ 
in cold alcohol, and nearly all ox it dlssolvsi m 
boiling alcohol; when the solution coots it 
becomes white and opaque. In warm ether it 
dissolves readily, but not completely. In hot 
oil of turpentine it dissolves readily, but 
liquid becomes white and opaque on ooaSSffBmr 
In benaine it is eeeily soluble ^ e^g^ 
of a little bfowaiili matter. Gerboi 
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iPeanoii (fbil. touw. 17M« p. 8S8) examined Ut ia not ooUeoted from tiie floveni tw the bee, 
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tto mx fiom Xiulifas Mid tomd tbat it melted 
in wnter nt 08^ Ke made candles of it^ but 
found that they smoked and gave a resinous 
odour. 

Moore (J. Agrio. Hort. Soo. of India, 1874- 
78» 5, 78) reportiMi on some from Ghota Nagpur, 
tliat one SMimen contained 11 p.Ce of moisture, 
another Is p.o. ; that it melted at 55® ; that 
<probaUy after drying and melting) the specific 
gravity was 1*04, and the composition corre- 
sponded to the formula 

Holland (Indian Museum Notes, 1891-93, 
2, 93) reports on some from the Centml Pro- 
yinces, that it (the crude material apparently) 
melted at 60®, and had a specific gravity of 1*04 
at 29®. r- o 

Balanophore wax occurs in the parenchy- 
matous cells of various species of Balanophora. 
These are small parasitic plants growing on the 
roots of various other plants and are mund in 
abundance in Java. They arc so rich in wax 
that they bum with a bright light, and the 
natives prepare candles by pounding the plants 
to a pMte and coating thin Htrips of bamboo 
with tins. The wax was named halanoplujrin by 
GOppert in Nova Acta Acad. Cacs Leopoldino 
0arolin» Nat. Guriosorum, 1841, 18 Suppl. 229, 
where a botanical account of the plants is given. 
The wax was examined by Polook (ibid. 1847, 
22, 117), who found that it was very soluble in 
ether and also that it dissolved when gently 
warmed with concentrated sulphuric acid and 
was precipitated again by dilution. It was 
exammed more recently by Simon (Sitz. Ber. 
Kaiserl. Akad. Wissenschaften, Wien, 1910, 119 
II. b, 1161). Air-dried slices of the plants (the 
latter had been preserved in alcohol) were 
reduced to a coarse powder and extracted with 
hot ether ; they yielded about 65 p.c. of crude 
wax which, when melted and filtered (this took 
4 months to accomplish), gave a honey-yellow 
wax, brittle when cold, but becoming soft when 
warmed in the hands and capable of being drawn 
out in fine threads. One part required about 
140 parts of 95 p.o. alcohol for its solution, and 
of the product of this purification one part 
required about 50 parts of acetone for its solu- 
tion. Balanophorin was thus obtained as a 
white amorphous powder. After further purifi- 
cation it was found to melt at 56®-57'^to a 
colourless liquid resembling glycerin, which 
elowlv solidified to a white wax. By analysis it 
was found to have a con^sition corresponding 
to {0|tH,oO)ii, just as Polcck had found It 
pye no acid value nor saponification value. 
When strongly heated no acrolein was given ofif. 
Bimoa eucemed in decomposing it by distilla- 
thm in a partial vacuum containing carbon 
dioxide, and also by fusion with potassium hy- 
droxide, end in both oases obtamed palmitic 
addes 0 product. An account of other products 
was to be published later. 

XaiiitMofffia hyfogmt another of the Bala- 
oMbhoven, which is found near Bogota, in 
wiesnhia, yields large quantities of wax, and the 
ftwAMOioldiii the markets and used as candles 

a seiilts* Am (Hooker, Trans. linn. Soo. 1859 
41)* Tmh imx doM not seem to hairs 




^ psonbod by the common bee 


but is the secretion of certain organs situated 
on the underside of the abdomen of the neuter 
or working bees, and is used by them in formiOg 
the ceils of the honeycomb. They are said to 
consume about 10 lbs. of honey in order to 
secrete 1 lb. of wax. To obtain the wax the 
honey is allowed to run out from the oomb, 
whicn is then pressed to separate as much honey 
as possible. The adhering honey and other im- 

E urities are next removed oy melting the mass in 
ot water ; the melted wax floats on the surface, 
and is strained to remove dead bees and brooA 
The residue is put in layers with straw, and is 

E ressed to obtain more wax, the straw acting as a 
Iter; this product is known as ‘press wax,’ 
The mass then remaining is sometimes extracted 
with benzine to obtain still more wax, the pm- 
duct being ‘ extraction wax.’ The ‘ extraction 
wax ’ is apt to be impure from the use of artificial 
comb, and also from sulMstances being extracted 
from the dead bees and straw; further, wax 
compositions and adulterated beeswax are also 
sold under the name of ‘ extraction wax * 
(Hirschol, Chem. Zeit. 1904, 28, 212). A 
common practice is to pare off the capping of 
the honey cells and then place the comb in a 
centrifugal machine, which removes the honey 
and leaves the comb undamaged, so that it can 
be replaced in the hive to bo refilled by the 
bees, and thus save the honey that they would 
use to produce fresh wax. In this system the 
capping only is molted down for wax. Im- 
purities may be introduced into beeswax by the 
use of artificial combs and foundations for combs 
made of materials other than beeswax. These 
are employed to save the honey which the bees 
would consume in makmg the wax. 

Beeswax is yellow in colour and varies in 
tint, according to the materials employed fay 
the hoes and me care taken in its preparation ; 
sometimes it is brownish, reddish, or greenish. 
It has a pleasant honey-liko smell, which is 
made more apparent by warmth. When oold 
it is brittle; at ordim^ temperatures it is 
tenacious ; its fracture is dry and granular. 

Solubility . — ^It is insoluble in water. Carbon 
tetrachloride is said to be the best solvent. 
Other solvents are: chloroform, carbon disul- 
phide, tetralin (tetrahydronaphthalene), hexanil 
(hexahydrophenol), benzene, benzine, oil of 
turpentine, ether (not a very good solvent). The 
solvent is to be used hqt, and in the ease of 
some or all of these, a portion of the beeswax 
separates on cooling. 

As regards ether, Buchner (Chem. Zeit. 1907, 
31, 570) wowed beeswax to soak in ether at the 
ordinary temperature for some tuue^ then 
filtered the resulting homogeneous |Mte, and 
washed it with ether ; after getting «id ot tAe 
ether he obtained from the filtrate eO p.<|fr ot a 
fairly soft, deep ydiiow mass, and from the ln« 
soluble residue 70 p.e. of a bright htowaUh nrax 
considerably harder than the oridnal wax. Tfae 
soluble porrion had an acid value of 40 and a 
saponification value of 83*8, whilst the inaolaUa 
portion hdd an add value of 11*6 and a saponlAk 
cation value of 99*1 ; thus the part that dla* 
solvqs is richer in acid and colouring matter 
and^oorer ia ester than the undissolvM nert 
Buchner (Chem. Zeit. 1918, 42, 873) alin 
ctaiortbts the dtflecenee in analytical takiei ql 
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Wu obta&idd from pieBs^reaidues Iqr Qfiittl MaUowiKMe . — U tlm osier vidoo U ditided 

di0Elbltat solvents, namdy, benzine, cUoroform, the noid vilue, the quotient is tailed the tarn 
and carbon tetrachloride. The esters appeared mtea It is useful m deciding on ^the purity 
to be less easily dissolved than the other com* of a sample. 

ponents, so that light benzine removed less Iodine In most oases the dls, fats, 

of them than the other solvents, and the ex» and vraxes contain unsaturated oompounds; 
traction wax, when light benzine was used, these when treated with solution of iodine and 
appeared abnormal. mercuric chloride imdor prescribed conditions 

Gold alcohol dissolves scarcely any ; boiling combine with a certain amount of iodine. The 
alcohol dissolves a good deal (about 15 p.c. percentage of iodine thus taken up is called the 
reckoning from the acid value), leaving an un- iodine rcSue ; it is a measure of the amount of 
dissolved residue from which something is dis- unsaturated oompounds in the sample. It 
solved every time the treatment with boiling differs from the oitier values in being a percent* 
alcohol is repeated. All except about 2 p.c. is age and not a number of milligrams, 
deposited when the alcohol cools. Toted acid number . — Benedikt and Mangold 

Anedytical txduea . — The creation of a syste- (Chem. Zeit. 1891, 15, 474) proposen a deter* 
matic plan for examining samples of beeswax is mination of what they called thel Udal acid 
due to Becker, Hehner, and HiioL Becker (Dingl. number^ but it has not como inm general 
poly. J. 1879, 234, 79), followi^ Kottstorfer’s \ 

plan for butter (Zeitsch. anal. Onem. 1879, 18, Instead of ‘value’ the term ‘nimiber’ is 
199), determine the sapomfication value, often used for the abovo results. \ 

Hehner (Analyst, 1883, 8, 16) determined the Although these values are a useful^gnicie in 
amount of potassium hydroxide required to judging the purity of a sample, they >Are not 
neutralise the free acid and that required to infallible, since it has been found possible, by a 
saponify the whole wax ; but he expressed his judicious mixture of ingrediento, to prepare 
results in terms of cerotic acid and m 3 rricin. composition waxes a Inch will give the correct 
Hubl (Dingl. poly. J. 1883, 249, 338) prescribed analytical values for a pure beeswax, 
the determination of the acid value, the e&ter Buchner t^tte.-*-To examine samples of bees* 
value, the ratio value, and later for fats and oils wax containing such composition waxes, Buchner 
(t5u2. 1884, 253, 281) of the iodine value. The (Chem. Zeit. 1895, 19, 1422, corrected by 
meaning of these terms may be brieffy explained Kissling, ibid. p. 1682, and improved by Beig, 
as follows : — ** f6id. 1903, 27, 753 and 754. and in Benedikt* 

Acid indue . — ^This is the number of milU- Ulzer’sAnal. Fetteu. Wachsaricn, 1908, p. 1095) 
grams of potassium hydroxide required to devised a determination giving what is known as 
oeatraltse the free acids In one gram of the the Buchner value. The sample is boiled with 
sample. alcohol, and then after 12 hours the acidity of the 

aaftonidcaiion value . — When an oil, fat, or liquid is determined, 
wax is boiled with alcoholic solution of ])otassium Weinwumi'e test . — ^This is a test described by 

hydroxide, not only is the free acid neutralised, Weinwurm in Chem. Zeit. 1897, 21, 519, to 
but the esters of the various acids are dccom* detect paraffin or ceresin in beeswax. It uses 
posed, potassium taking the place of the alcoholic glycerol and is useful, but not always reliable ; 
ladicl^ and forming salts (soaps) with the acids see various papers in the bibliomphy and 
and the alcoholic radicles forming the corre* Benedikt- Ulzer, Anal. Fette u. W^achsarten, 5tb 
sending alcohols. The number of milligrams ed. 1968, p. 1109. 

of potassium hydroxide used in effecting these Long tables giving the recorded analytical 
two actions for one gram of sample is called the values of ordmary yellow beeswax are to be 
sapcmficalhn value. found in the text-books of Benediki*Ulzer and 

Xsler vedue . — If the acid value is deducted of Lewkowitsch and Warburton ; and Buchner 
from the saponification value the remainder in Zeitsch offentl. C3ieni. 1912, 18, 90, gave the 
repneseotsthenumberof milligrams of potassium values of some abnonnal waxiui. fie/g (CShem, 
hydroxide that has been us^ in decomposing Zeit. 1963, 27, 752) gives a long tam of the 
the esters, and is called the ester value. Jihters values of various waxes. They may be sum - 
were formerly known as com|iound ethers, so marised as follows. Home errors nave been 
the temetkeruo/tce is sometimes found instead of corrected by the original sources, and ^{veas 
eater value. wax ’ and < extraction wax ' are exdudedi 


Extreme values are 



Commonly ocrurrln, 
valuM lie betwera 

IfinimBm 


fliMeific gisvHy at 16**. 
lidtiiig^pdat . 
i«idvutie 

SilntTalw 

HayiflftiMfta yalue . 

Inrilbe wfam 

0*958 to 0M1 
62-6* „ flO-6* 

17 „ 22 
• 70 „ 82 

90 „103 

8 *2 „ 4 -3 

1*6 „ 6 *1 

6 4. IS 

0-949 F. (0<«41 L) 
61*81.(60-6"^ 
16-6 U. 

60-8 Bdk 

80-8 Bi4t. 

2*88 Bob. 

cm. 

0-972 Bt. 
66-6* Bf. 
16-7 Mb 
84^ Bf. 

]06«ii. 
6-0 IX 
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Bok*— BiMAiier* 2Seit«oh. ftfienil. Chexn. 1912 
16,90< 

Bg. — Beesmx from mmj p1aom» diem. 
&it 1908, 27, 755. 

Bt«-^B«i*<tittt^nc2 and MarcQU, * Note sur la 
Giro d’Abeilles en Tuoiaie, 1808$ Extrait 
da Bulletin de la Direcdon de rA^culture, 
Tunis.* (A pamphlet.) 

F. — JFendUr, Beeswax from Gorman East 

Africa, Arbeiten Pharm. Inst. Univ. Berlin, 
190i, 1, 203. 

LI. — ^Beeswax from Northern Nigeria, Bull. 

Imperial Institute, 1911, 9, 238. 

L* — JUdew. Russian commercial samples, but it 
is not clear whether adulterated samples 
were excluded and in the sp.gr. the tem- 
perature is not stated, Chem. Zeit. Report. 
1905, 29, 278, from Westnik shirow. wcsch- 
tsch, 1905, 6, 89. 

hL^Maaibaufn* Portuguese beeswax, Zedtseb. 
angew. Chem. 1903, 16, 647. 

Detailed directions for ascortaining the ana- 
lytical yalues, for performing tests, and for 
interpreting the results will be found in the text- 
books and in the original papers; they have 
been subjects of much controversy especially 
those for the saponification value, since many of 
the waxes are not so readily HaiK>nified as the fats. 

In deciding on the purity or otherwise of a 
sample, all the analytical values and the results 
of testsforlmpuri ties must bo considered together. 
The text-booKS and various original papers and 
experienoe ^ve guidance in forming an opinion. 

Comfowion, — The composition of beeswax 
has received theatteniionof several investigators, 
and some account of the leading researches is 
given below. 

Dr, J. P. John (Chem. Tabollen dor Pfianzen- 
analysen, 1814, p. 42) separated beeswax by 
means of alcohol into a soluble and an insoluble 
portion. These he named cerin and myrkin 
respectively, believing them to be the same sub- 
stances that he had previi>usly obtained from 
the wax of Myrka comijolia from Cape Colony 
and had so named ; thus making the common 
mistake of early investigators of identifying com- 
pounds from oifferent sources on quite inade- 
quate grounds. The corin and myricin from 
beeswax and from If. cordifoUa, however, must 
not now be regarded as identical. The latter 
wax seems not to have been examined recently 
and probably would be found to resemble 
myitle wax in its composition. In Dr. John’s 
time it was imaoined that the number of com 
{Kiunds present m plants and animals was far 
fewer than are now known, and consequently 
compounds were believed to be identical if t^y 
i^greed in a few simple propertios. This boliei 
has dven rise to some misleading names. 


mdUain, no doubt from ^icoa, a bee. This 
alcohol is now called myricyl ah(M» or bcttet, 
mdkayl aMkdt sinoe xnyxioyl is a misleading 
name, arising from Dr. Jolm’s mistake, and very 
probably there is no myricyl present in the waxes 
of the Myrka group. Brodie also found in 
beeswax indicalions ox other substances. 

Very thorough investigations to find the 
components of l^swax were made by Nafzger 
(Annalen, 1884, 224, 225) and Schwalb {ibid. 
1886, 235, 106); they used Wurttemberu 
country yellow wax and employed long series of 
fractionations. In the part soluble ^ in hot 
alcohol, the cerin, Nafzger found principally 
oerotic acid with m.p. 78®, for which he favoured 
the formula perhap C 2 SH 90 OS ; 

he found also some melissic acid CgoHfQOs with 
m.p. 89®-90®, and another acid of m.p. 75®-76® 
in small quantity. The ester portion left un- 
dissolvcd by the hot alcohol, the myricin, was 
saponified, and the product was extracted 
with hot petroleum ether to dissolve out wax 
alcohols, Ac., thus leaving sodium salts of the 
fatty acids. From these latter he obtained 
palmitic acid CicH 3202 with m.p. 61*6®, and 
satisfied himself that they included no silts of 
oth<‘r higher fatty acids such as ccrotic acid or 
mchssic acid. Consequently no esters of such 
acids are present in the myncin, although oerotic 
and melisHic acad art^ present in the wax in the 
free state and are round in the cerin. As 
regards acids of the oleic series : from the mother 
liquor of the cerin and from a certain mother 
liquor obtained in the examination of the 
myricin, he obtained similar yellow acid sympa 
having the characteristic odour of beeswax 
These ho believed to contain mixtures of acids 
of the oleic series, the odour being due either to 
these acids or to some special suostance mixed 
with them. Thus these acids are present both 
free and as esters. 

Schwalb completed Nafzger’s work by ex- 
amining the substances extracted by petroleum 
ether from the saponified myricin atul so con- 
taining the wax alcohols which hi^ existed as 
esters in the original wax. In this extract he 
found not only wax alcohob, but hydrocarbons ; 
the presence of which in beeswax he w^ the 
first to discover. He isolated two which he 
believed to be normal heptaoosane CsiHm with 
m.p. 60*5® and normal hentiiaooDtane vaiB«« 
with m.p. 68 ® ; he also obtained a soft vaseline- 
like mass and thinks that other lower paraflliTts 
were present. He estimated the amount of the 
above two in beeswax (not the total hydro* 
carbons) to he about 5 to 6 p.o. As xegaias the 
alcohols produced by the saponification of the 
myricin, he found mdiasyl alcohol with MtJh 
85®-85‘5® and from it prept^ the oorrem^duk 
molissio acid with m.p. 88*5®-B9®. He faviniade 
the formula C„H„0 for the alcohol end 
ofSi. He also foand evUhilMMi 


Brodie(Phil.Trans. 1848, Pt, 1,147; 1849, 

Pt« If 9i)« using Surrey and ot^ beeswa^ for the 

touxid two acids in the cerin or portion soluble in of the preeenoe ol . 

hoih^ etool^L *od named the most inworiant oatkm produots, so to identify themheeemtertedi 
dhSSm m.p. about 78® cmdk acid, giving the mixture oontaixiing them inlo^ the com* 

he thought that apondiiig aol^^dwtheooool^^^ 
dMweiicid WMpnwnt ia the wk in veiy .mail ves elnohoj G„HmO w 0 ^ 0 ^ 
MMKtttet he the wax to contain TWtiUe Ihto ouotie aoid bj heeiing 

liMuSMatieMM. lBth8nmioln,orportioo Ume and tl^moOwuM 




in boiling afeohol. he found 
“ n»x*hKdu>T 

he auned 


(Thew ahx>lK>le, doabtleae, uwM 
in the wax. hut urete wedneed bf« 
oatioa of thek aetm iRth 
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Mule (Amu C&dm. 1806 [7], 7» 145) madej 
a close examination of the jxrodnct regarded | 
by Brodie as oerotic acid. He fonna that 
motional solution in methyl alcohol was a much 
better method of separation than fractional 
oipitation or fractional crystallisation, and that 
it effected separation into pure cerotic acid 
and a much larger proportion of melissic acid 
than had previously ooen believed to be present. 
He regarded oerotic acid as being OisHsoOg or 
Cb«H5jOj with m.p. 77*5% the evidence pointing 
to the first of these formulae ; and melissic acid 
as being CaoHeoOi with m.p. 90^. He obtained 
from beeswax about 15 p.c. of the pure mixed 
acids, and in this he found 30-40 p.c. of melissic 
acid. As regards these percentages, it should 
be noted that in extracting the beeswax with 
boiling alcohol to obtain the free cerotic and 
melissic acids a certain amount of in^cin 
(melissyl palmitate, &c.) dissolves too. In the 
treatment adopted by Marie, namely, heating the 
crude mixed acids with potash-lime and potash, 
the alcohol radicles of the myricin are converted 
into melissic and cerotic acids, and these are 
included in his percentages, although they were 
not present free in the beesw'ax. What proper 
tion thejf amounted to is not clearly stated; 
perhajMS it was not large. His object was rather 
to get cerotic acid than to estimate its amount in 
beeswax. 

Schalfcef (Bor. 1876, 0, 278, and 1688 ; 1879, 
12, 696, from Russian Phys. Chem. Soc.) thinks 
that cerotic acid, melissic acid, and melissin are 
mixtures of several substances and that in 
oerotic acid he found an acid with m.p. 91** and 
formula Lipp and Casimir (J. pr. 

Chem. 1919, 263) found in Ghcdda wax an 

acid with this formula, but with m.p. 94*5°-95% 

Heiduschka and Gareis (J. pr. Chem. 1919, 
99, 293) have studied the question of the formulae 
for meliBsyl alcohol and melissic acid obtained 
from beeswax, and of the formulae for the similar 
alcohol and acid obtained from camauba wax. 
They find that the products obtained from 
oamafiba wax have the formulae CsoH^iOH and 
CiftHioO,, whilst those from beeswax contain 
CBs more and are C,iHesOn and 
They succeeded in preparing from the camauba 
wax alcohol the acid with an added carbon atom, 
and found that its lead salt was identical with 
that of beeswax^melissic acid. Analyses of a 
number of compounds that they prepared also 
supported these views. 

Ilie question of the* total amount of hydro- 
carbons in beeswax can hanHy be consideiM as 
settled yet. In order to determine it A. and P. 
Buisine (Bull. Soc. chim. 1890, [3] 3, 872 and 
1891, 5, 656), using Dumas and Stas’s reaction 
(Annalen, 1840, 35, 129), heated beeswax with 
paUA and potash lime to 250% In this way 
yotassium salts of the acids are formed and the 
sAcoholic radicles in the esters are converted 
"Into salts of the corresponding acids with evolu* 
of hydrogen; these sidts remain undls- 
aoived when the product is extracted with ether 
or petroleum ether, whilst the hydrocarbons 
j|0 mio ooiatioii. They found 12*5-14*5 p.c. 
lOpfl that ioiike were unsaturated as the hyoro 
oaitoi Jttixture absorbed 22 p.c. of iodine. 
.Afawo and Bott (J. Spc. CShem. Ind. 1899, 18, 
Ml, Ifom Zritedh. fiffentL Chem. 5, 91), using 
Buisiiisi*is lUeiliod^ found from 12*7 to 17*5 p*o’. 


in different kinds of wax. Byan and DUkm 
(Sd. Pmo. Boy. PoUin Soc. 1916, 15, 107) 
found, however, that the product, supposed to be 
nothi^ but hydrocarbons, obtained from bees- 
wax a series of treatments, inolndiiig Dumas 
and Stas’s reaction, really contained a little 
oxygen ; this amounted on an average to 0*8 p«o* 
It therefore seems that Buisine’s method ipves 
results which are too high. Byan and Inllon 
suggest that some primary alcohol may be 
present in the product and mso some secondary 
or tertiary alcohols ; for they found that 
secondary and tertiary alcohols when heated 
with potash-lime evolve no hydrogen, and that 
primary alcohols do not evolve the full theoretioal 
amount. The method thus requires further 
study. J 

The hydrocarbon, melene, found by i^ictet and 
Bouvier (J. 1915, 604) in coal, in vi lum-tar, 
in Galician parafiin, and in the /illatioin 
products of b^swax, was assumed to a solid 
naphthene, CgoH,!). J. Marcusson id F. 
Bottger (Ber. 1924, 57, 633) have no* found 
that Indian parafiin wax, w*hieh melts at *-60% 
consists very largely of mclene. The hydro- 
carbon can TO readily isolated by crystallisation 
from benzene and then from benzine. It melts, 
when pure, at 62®-63% has d*® 0*791 3 ; d** 0*9037; 
fi»0s=r4228. Its composition corresponds to 
^so^ts* oxidation with strong hot nihrio 

acid, it gives a mixture of aliphatic acids, 
whereas naphthenes, under similar conditions, 
give nitro-compounds. Further, by catalytic 
oxidation with air in presence of manganese 
dioxide, melene yields sohd fatty acids, whilst 
naphthenes yield polynaphthemc acids; emd 
meiene is slowly assimilatro at 30® by Batlcrium 
aliphoiicum^ which is incapable of attacking 
naphthenes. Melene is therefore a pamfiBln 
and not a naphthene (J. Soc, Chem. Ind. 1924, 
43, B 457 ; cf, Funcke, Arch. Pharm. 1921, 
259, 93). 

In order to dibcover the cause of the difiiculty 
experienced in saponifying beeswax completely 
Berg (Chem. Zeit. 1908, 32, 777) investigated the 
substances, amounting to about 2 p.c., that 
remain in solution after boiling b^wax in 
alcohol and allowmg the liquid to cool, thus 
eliminating the crude oerotic acid and myrioin. 
By evajiorating the solution and extracting the 
residue thus (mtained with ice-cold petroleum 
other, he first separated as insoluble 0*44 p.0. of a 
brown semi-fiuid mass having an intense bees* 
wax odour. In the part that dissolved he 
found indications of various acids and then 
cholesterol esters, discovered by the colour test ; 
he believes that 0*6 p.o. of these are present in 
beeswax, and probably considerably more. Such 
osiers are diwult to saponify and have high 
saponification values. He saponified them am 
found cholesterols and several acids which seemed 
to be acetic, butyric, valeric, and others which 
were not volatile on Ihe water bath, and ind u d e d 
one that possessed the beeswax odour end was 
unsaturat^ as its lead salt was soluble in ether« 
He did not succeed in making any uHimate 
analyses; but his work shows what e luge 
numW of compounds are contained in beetwam 
in minute proportions. He also exaighied i|i« 
the same way a white wan bleached by penaiWN 
ganate* v 

Smnniag vf i)m mtim af 4 m iNttiowi 
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it Moewp ti»t (ndbuoT beetwwc 

«£i^]r of neliMQrl palm^to { 


IWHOhM, 


w*. ^ - jg , 

*BiiHds*OifHiiOs. with soma oerrl palmitate 
O||Ht»*0^iHsxOa and some palimtate of the 
these are contained in the part 
known as mjttcin, which is very nearly insoluble 
in boiling alcohol. In the part known as cerin, 
which is soluble in boiling alcohol, there are 
present free acids amounting when purified to 
about 15 p.o. of the beeswax, chiefly ceroiio acid. 
According to Mario, crude cerotic acid contains 
about 60 to 70 p.c. of cerotic acid CtcHssOs, and 
about 30 to 40 p.c. of melissic acid ; but owing 
to the method he used, some of these acids may 
have come from decomposition of some of the 
myricin. There are also indications of the pre- 
sence of another acid. Hydrocarbons are also 
present, namely, normal heptacosane C,, H 5^, and 
normal hentiiacontane C9]£[e4, together amount- 
ing to 5 to 6 p.c., and in addition a soft vaseline- 
like mass has been separated. 

Gascard and Damoy (Compt. rend. 1923, 177, 
1222, 1442) state that after saponification they 
have obtained from beeswax the following com- 
pounds: (1) Neocerotic acid C25H5oOa (m.p. 
77'S^), the Jiame acid that Mane descnbed as 
having m.p. 77*8^ and called cerotic acid. It 
has the same formula as Carius’s hyaenio acid, 
but they consider that that was not a pure com- 
pound. (2) Cerotic acid C27H54O2 (m.p. 82*5®), 
identical with that obtained from Chinese insect 
wax, and apparently identical with the acid that 
Tropsoh and Kreutzer (Breimstoff-Chemie, 1922, 
3, 49, 177) obtained from montan wax and 
named oarbocerinio acid. (3) Montanic acid 
Cs 2H520| (m.p. 86*8®), apparently identical with 
the acid that Tropsch and Kreutzer (l.c.) 
obtained from montan wax and called montanio 
acid. (4) Melissic acid C'aiH^jOj (m.p. 90°). 
They sumest that perhaps the acid that Brodie 
obtainedfrom myricin is really not palmitic acid 
C^aHaaOj, but one \iith an uneven number of 
carbon atoms. (5) Neoceryl alcohol 
(m.p. 76*6°). (6) Coryl alcohol Ca7HaaO (m.p. 
80^), identical with that from Chinese insect wax. 

(7) Montonyl alcohol CaiHaoO (m.p. 84°). 

(8) Myricyl [melissyl] alcohol CaiHa^O (m.p. 
87°). The oeryl and melissyl alcohols were the 
mo^ abundant of the aJcohols. (9) Penta- 
cosane C*aHa, (m.p. 54°-.54-5°). (10) Hepta- 
oosane Ca^Hga (m,p. 59’2°-59‘5°). (11) Nona- 
cosaoe CaaHao (m.p. 63*6°). (12) Hentriaoontane 
CaaHg. (m.p. 68-4°-^9°). 

Inoications have been found of many minor 
constituents which have not yet been fuUy 
identic : (1) The yellow colourins matter 
which is veiy soluble in alcohol. (2) The sub- 
stances to which the oharactoristio odour of 
ba es wnx is due. (3) Unsaturated acids (their 
kad salts being soluble in ether), both free and as 
estM ; the ^our seems to be associated with 
these. (4) Various other acids. (5) Cholesterols 
(Boinbliied as esters, perhaps with acetic, butyric, 
and non-voiatile acids. These oholes- 
esters aiuount to at least 0*6 p.c. of the bees- 
wax and veiy probably more, and perhaps some 
oheleeteiM)b«m (6)lthasbeen 

Wggsirtedthat the dimoult saponifioation of bees- 
Asm» to the pfesenoe of Jaotones as well as 
to the choliatesol esters* since camahba wax is 
' ^ ^ n) Buchner (2Wtich. 

, 181 } says that traces of 


iSMiMt 0im^ IM(^ 19, 


glyoMidM ue aeail^ almys tai 

It miuft be nmembeied th*t * mbetenw ^ 
beeswax is not of oonstant composition and that 
ttere are many oircumstanoes likely to 
variations such as the breed of the 
weather of the yeorit was produced in. Burtw, 
Keid (J. Soc. Chem. Ind. 1916, 34, 462) pomte 
out that usually in melting the comb some of tne 
propolis is absorbed by the wax, and that toe 
wax from old pollen-clogged combs is different 
from that from now combs. 

Foreign varieties of heestvax.’^in Mmwnw 
wax resembling European beeswax fairly closely, 
varieties giving very different analytical values 
are imported into Europe ; they am pi^ducte of 
various species of bees other than Apis fnwfjica* 
About 1896, samples of Indian 
appearing in Germany under the name of Qhswta 

toax and were examined by Buchner ; it turnett 

out later that they were produc^ * “j 
dorsata, A. indka, and A. fiorea. He forod that 
they gave values differing oonsidetaDly from 
those of ordinary beeswax, although they re- 
sembled it in appearance. They were, however, 
brighter in colour, more plastic, and had a 
pleasant odour, which was e‘?pecially noticeaole 
on saponification. This Indian beeswax con- 
tinued to oomo on the German 
!l^mbay. Buchner (Chem. Zeit. 1996, 29, 7^ 
found that it was characterised by a low aoia 
value, a high ester value, and a high mtio value ; 
thus in 36 samples he found the acid value to 
range from 6*3 to 12*2, but only in four aamples 
was it over 10. The ester value rang^ from 
76*2 to 111*6, the saponification value from 81 J 
to 120'2, and the ratio value from 7*4 to 17*9. 
Wax of this description appears sometimes to 
have been called China wax, and may have come 
from Annam or French Cochin-China ^ 

from India. Buchner maintains that 
wax is a true beeswax (Chem. Zeit. 1905, 29, 70 
and 1906, 30, 629), so that the diffeienm m its 
analytical values must be remembered when 
ludirinis the purity of a beeswax. 

°feopor (Agricultural Lodger of Indio* 1904* 
11, 73) describes the species of boos foundm 
India, and the wax and honey trade tliere.^ 1m 
wax is derived from Apis dorsata^ A. tndic^ 
and A. fiorea^ but chiefly from A. dofsadu: A. 
mdUifica does not occur there except as an im- 
portation. The wax from the combs of thm 
three species seems to be substantiatty of the 
same oomx>oBition. It* differs from Sutopen 
beeswax in having a much lower add value ; to 
the case of 33 specimens from these three sneeisa 
the acid value ranged from 4*4 to 10*2, witji M 
average of about 7, the ester value from 69*6 to 
123*8, the saponifioation value from 76*6 to 
130*6, and the Hiibl iodine value from 4*$ to 
11*4. The m.p. ranged from 60° to 66^ Som 
Indian waxes of unknown origin 
values and other values outsids toese n3Qm 
In the comb the upper part gives a eban wbtte 
wax and the lower part a dirty and ooknaed sab- 
stance; but as a rule these parts are not 
separated before melting. Tunnme is uniyeis- 

dfy added to give the wax a golden yell^ eol^, 

as white wax is not appxedated to nmve 
markets. In one distriot it is said that oil of 
dfsisfniim indiciifa is added* ^ * 

Hooper (lx. p, 79 } also describes a^ 
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of beeswax produced in India and Burma by 
minute stingless bees of the Mdipona or Trigcm 
Bpedea, sometimes called mosquito bees or 
dammar bees* It is of a blackish colour and 
sticky consistency. In 8 imedmons the ecid 
value ranged from 16-1 to 22*9, the ester value 
from 55*2 to 128*3, the saponification value from 
73*7 to 150, the iodine value from 30*2 to 49*6, 
and the m.p* from GO*’ to 76^ 

Most probably the natives do not keep the 
Melipona wax separate, but mix it indiscrimi- 
nately with the wax of the three Apis species. 

Hooper describes {ibid. lOOS* 9, [3] 31, 
Abstract in J. Soc. diem. Ind. 1909. 28, 664) 
PwA-nyet (black wax of Burma) obtained from 
the nests of Trigofna laevicepa and possibly from 
those of other dammar be^ ; it is not always 
black and seems to be more of a resin than a wax. 

In the old records a wax called AndaquUta wax 
is described as being collected by the Indians in 
New Grenada (now Colombia), especially by the 
Tamas tribe, which lives near the Rio Caquota. 
It was probably tho product of small Mehpam 
bees. A sample was examined by Levy (Arm. 
Ohim. 1845, [3] 13, 453) ; after purifying it 
by treatment with boiling water he found that 
Its m.p. was 77^ its sp.gr. at 0° was 0*917, and 
that it contained 81*66 p.c. of carbon and 13.«% 
p.c. of hydrogen. It was used locally for making 
candles for religious worshi]). 

A black beeswax found in the Dutch Indies 
is described by Blits (Nederl. Tijdschr. Pharm. 
10, *35, abstr. in J. ^c. Chem. lud. 1898, 17, 
468), and the wax of a South Brarilian bee, 
jmbably of the Melipona or Trigona species, is 
desorib^ hy Gadamer and Hindercr (Arch. 
Pharm. 1917, 255, 425), who mves its com]K)si- 
tion as well as its analj^ical values. 

Returning to the Ghedda wax, then* is a 
long paper by Buchner and Fischer (Zcitsch. 
offentl. Uhem. 1913, 19, pp. 147, 170, and 188} on 
East Indian or Ghedda wax, and on so-calknl 
China wax, which gives 160 analyses by Biichnei 
and 108 analyses by Schultcn, of (Calcutta. 
Farther information about the beeswaxes of 
India and Eastern Asia is given by several papers 
of Fischer {ibid, for 1913 and 1914). Recently 
28 samples of comb and beeswax from Bengal 
and Aiuam, collected under the supenision of 
Disteiet Officers, were examined at the Imperial 
IttSiltiiie by Roberts and Islip (Analyst, 1922, 
46, 246) ; they found that neither Weinwurm’s 
test nor that of Salamon and Soaber could be 
relied on, * 

The composition of Ghedda wax or East 
Indian beeswax has been investigated by lipp, 
U 3 $]| Kuhn, Kovdes, and Casimir (J. pr. 
Chem, 1912, 86, 184 ; 1919, 99, 243, and 256). 
^Tbiey found that the principal components are : 
one of the ceiyl hydroxymargarates 


4Bmli»ai!giarate CMH 9 ,*C| 7 H 3 j|Os, and coryl pal- 
iriMe qMH 3 .*C, 3 H 3 , 03 ; together with rougVly 
T 1^ of hydrombons, namely: heptaoosane 
(reti^y 5 p.c,), hentriaoontane CtiHgi 
(iMiiPiSr 2 p*o.), and indications of another hydro* 
CiiMii mUiek they could not isolate. As in 
beeswax, they found some free acids, 
bntomlyteameUim namely,ceroticaoid 

and an add which they 

mkm fSbaMa aeUU Jts m,p. was 94*6^-95^ 


An acid with this formula and m.p. 91** was 
^aesoribed by gohalfeel (Ber, 1876, 9, 278, and 
1688). These two acids axe present chiefly in 
the free state and the other acids aa ceryl esters* 
In the products of hydrolysis they found alaOa 
but only in small proportion, a diffexent hydr<- 
oxymargaric acid and traces of formic, aoeiic, 
and butyric acids and of a resinous substance. 

White or bleached heestoax , — ^Most beeswax U 
bleached before use ; bleached beeswax is 
harder, and candles made from it bum better 
than those made of yellow beeswax. The 
bleaching is effected by exposure to light and 
air or by chemical agents, or by both methods. 
Chemical agents do not bleach it so thoroughly 
as does light, so that when they are used a ; 
bleaching by light is required to get the 
results; they serve, however, to shorten t the 
time taken m bleaching. \ 

The wax is first puriBed by repeated meltii^ 
in hot water until it is no longer grey, and s' — 
remaining honey is removed. In doing this ‘ 
grey underlayer is cut or scra|M3d off firom 
cooled cake of wax, and is remelted with tho nea 
lot treated. If the water used is hard, it is 
stated (Cheshire, Bees and Bee-K(*cpiDg, p. 589) 
that tho eerotie acid of tho wax forms an in- 
soluble calcium soap, appearing as a grey spongy 
material and that thus a wa^te of wax is ocoa- 
siune<l. Rain-water or distilled water should 
therefore be used, or else tho water should be 
acidified uith sulphuric acid. The use of acidi- 
fiod water also checks the formation of emulsions 
and is recommended for the various remehinM,| 
Old and dirty combs should be soaked in c(dd 
water for some time before melting, as the dirt 
and cocoon skins when wet do not absorb and 
waste wax as they would if dry. 

In order to expose as much surface as possible 
to tho sun’s rays, the wax is reduced to thin 
bands. The melted wax is poured into a box of 
metal plate, in the bottom of which are several 
narrow slits or holes. These are directly over 
a horizontal wooden roller revolving’^in a vessel 
containing cold water, wliii*h covers half tho 
roller. The wax esoaiH^s from tht« slits in bands, 
which pass on to the revolving roller and scdidlfy 
in the water in tho form of tlun ribbons. These 
ribbons are removed from the water, spread on 
canvas stretched over wooden frames, and 
exposed to the sun ; they are spriokled from 
time to time with water to keep them moist, 
and turned over to expose fresh surfaces to the 
sun. If the sunshine is very powerful, the heat 
may cause the ribbotUS to stick together; this 
can be avoided by watering, but not more than 
is necessary should be employed, as Heinx 
(Seifensieder ^itung, 1913, 4^, 1140) thinks 
that evaporating water vapow checks the oxidis* 
ing action of the air. The inner portion of the 
ribbon bleaches more slowly than tlie outer 
surface, so to accelerate w bleaofiiiig the 
partiaUy bleached wax is remelted and agein 
made into ribbons, so that new surfaces are 
exposed; this Tempting, however, causes soate 
loss. Wax from different sources Ueadtes uftit 
varying fadlity, and some vsxieties cannct In 
bleach^ so samples should fttit be tiled on n 
small scale. 

The addition of a cU of tnxpent^ 

yellow wax Woxe inaUitt ft intp cIMm 
rednoM the thae taken in bieaelilnsL hwh Is aan 
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b jff Hdte to imj^ •& tuQfiomnt odour to tbe 
mau Kootifiedfoilof turpentm 
should bo used. The bleaohiiig efioot oi oil of 
tuipoutiiie woi ootioed hy Ootermaier (Repert* 
i L Phona. 1834» 48, 87). Sometdiuos o few 
p. 0 . of tallow are added to the wax to haat^ the 
bleaobing audio dixaimsh brittleneBe, and this is 
oonaideied allowable and is not counted as an 
adulteration. 

After a longer or shorter period, depending on 
tbe intensity of the sunshine and the tem^ra* 
ture, the bmohing is complete ; it takes from 
10 to 60 days, llie wax is then once more 
melted in hot water, strained, and allowed to 
sohdil^ in suitable shapes. 

When ohemical agents are used a mixture of 
potassium dichromate and sulphurio acid is said 
to be the best (Heinz, Seifensi^er Zeitung, 1913, 
40, 1140, 1169,and 1192). The wax is boiled with 
a solution containing 12 parts of xiotassium 
diohromatc and 35 parts oi sulphuric acid to 
100 parts of water and wax. The green chro- 
mium compound produced by the reduction of 
the dichromate is removed by washing the wax 
with water containing 0-8 p.o. of lactic acid, or 
containing sulphuric acid. This process has 
been found effective even with some waxes that 
were considered unbleachablc. 

Potassium permanganate solution, followed 
by sulphurous acid has been tried, but the results 
were not very satisfactory. Other chemical 

r ts that have been tried or recommended are 
use of artificially made ozone, of hydrogen 
peroxide acidified with sulphuric acid, of barium 
pmxide of i^tassium chlorate with sulphuric 
acid, of a li^d prepared from bleaching powder 
wd soda. The formation of chlorine compounds 
in the wax is objectionable, however, as hydro- 
chloric acid is liberated when the wax is burnt. 
Whenever chemicals are used they should be 
thoroughly washed out of the wax when the 
bleaohmg is accomplished. 

Anotl^r proposed way of decolorizing bees- 
wax is by ine use of agents that absorb the 
colouring matters, such as animal charcoal, 
fuller's earth, and the like. 

The theory of bleaching and the effect of 
various methods and also the effect of the ad^- 
tkm of a little tallow to the yellow wax have been 
studied by A. and P. Buisine (Gompt. rend. 
1891, 112, 738, and Bull. Soc. chim, 1890, [3] 4, 
465) ; they found that li^t is necessary, sinoei 
in Uie dark, yellow wax is not bleached when 
kept in a current of air or of oxygen or of ozonised 
oxygen, whilst in sun^ht it is bleached even 
when k^t in carbon dioxide or uitroffeti or in a 
vaouum, though much more slowly than in air. 
In oxygen it bleaches more rapidly than in air, 
end weiy rapidlp in ozonized oxygen. They 
noitoed that m air-bleachiim the colour does not 
Asweeie uniformly, but that white spots are 
seen vrhioh increase in size. They think that 
eolonting matter undergoes totid combustion 
end that the oxidation of the unsaturated hydro- 
mAmM and unsaturated acids induce this com- 
twaii Am » and that is wl^ the addition of taUow, 
nAMk oantaias oUon, kdps the bleaching. Oil 
m tefcnttae acts in the same way because it 
oxidaitton. They think it probaUe 
tiM flMMi ealMitiiioci when undeigo ing oxida- 
Minin fAeikM tknttbto 
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ing matter; it being known that oil of tufpen* 
tine exposed to air andli^t produces ozone, and 
that tsQow, whilst tuniing rancid, gives an 
odour like ozone. They found in most caets 
that the nup., the add value, and the saponifica- 
tion value are increased, and that the iodine 
value and the percentage of h 3 rdrocarbons are 
lowered; deooloriziiid'" l>y animal charcoal, 
however, caused little change in the values. 

Berg (Chem. Zeit. 1902, 26, 605) also records 
many ex^riments on the subject; he finds that 
the acid value is raised and the ratio value con- 
sequently lowered, which should be borne in 
mind when examining a white wax for admix- 
tures. It is not easy, however, to draw gener^ 
conclusions from his results. In Chem. Zdt. 
1903, 27, 754, and 1908, 32, 778, he again treats 
of white wax. 

Mediciis and Wellenstein (Zeitsch. Nahr. 
Genussm. 1902, 5, 1092) examined the bleaching 
action of jKitassium chromate and sulphurio 
acid ; they found : (1) that the acid value and 
the saponification value were considerably in- 
creasea, but that the eater value was unaltered ; 
(2) that the m.p. was raised ; (3) that the 
characteristic odour of yellow wax was destroyed 
or volatilised ; (4) that no stearic acid could be 
found by the Fchlmg-Hottger test either before 
or after bleaching ; (5) that the ester value of 
some myricin prepared from yellow wax was 
only slightly increased by bleaching. 

BiUiography. — A very full bibuognuil^ for 
the years 1848 to 1891 is given in the U.D. Bept. 
Agrio. Div. Chem. Bull. 13, Ft. 6, 1892, with an 
account of the contents of many of the papers. 
An abstract of this is given in J. Soc. Chem. Ind. . 
1892, 11, 750. Tbe foUoiiing are papers of 1892 
and after, with a few earlier ones. A. and P. 
Buisine (Bull. Soc. chim. 1890, [3] 3, 867), 
methods of examination, including deter- 
mination of the hydrocarbons and of the by* 
drogen evolved by Dumas and Stasis reaotion. 
Kos8el,Oberm(iiler, and Kruger (Zeitsch. niyibl. 
Chem. 1890, 14, 599 ; 1891, 15, 321 ; 1892, 16, 
152), use of sodium alooholate or of metallic 
sodium for saponifying. Antoushevich (J. Soc. 
Chem. Ind. 1891, 10, 1014, from J. Buss. Gbem. 
Soc. 1891, 23, 223), analyses of Eusriao waxes 
and method of analysis. Foide (Oonsidar 
Report No. 1304 for Morocco lor 1892, 17), 

adulteration with low-class paraffin from candles. 
Rottger (Chem. Zeit. 1892, 16, 1837), methods of 
analysis, criticism of Benedikt and Mangold^S 
method. Buchner (46«d, p. 1922), methods ol 
analysis. Benedikt (t&id. p. 1922), d/deom of 
Ben^ikt and li^ngoid*s method, Harih 
Soo. chim. 1892 [3J 7, 111), bromooerotic mm. 
Gosoard (J. Pharm. Chim. 1893, C^) AS, 49)» 
myricyl (melissyl) alcohol from faessaaX, 
camaiiba wax and gum-lao, and its derivalivss. 
Buchner (Chem. Zmt. 1893, 17, 918), critieiim 
of HubFs method, and some ei^ tests tfriOZt* 
mended. Kebler (J. Franklin lact. 189f, 187, 
58), detection of adultersnta. Bmst ami 
Bstoourt (Year Book of PhaiZBu and 

Chem. and Dmffiist, 1894, 45, 64^ and 692), 
adulterauteandtEwdeteotis^ 

Zeit* Report. 1896, 19, 269, fromHiam* Xsitidku 
BuasL 1895, 84, 529), conipositiiNS ef die Aft 
obtained by the miUMm of beeifaniM' 
used al a xenudT* Boffikner (OhMu IWEI 
19, 1422), artifi^ noiwfrnmm 



m 


WAXES, ANIMAL AND VEGETABLE. 


analytical Talnei as beeswax and used as adulte- 
rants; metbod for roughly estimating the 
amount of adnlteiant by determining a value 
afterwards known as the Buchner num^. 

some additional directions, see Benedikt- 
UhBer's book, 5th ed. 1908, p. 1005.) Buchner’s 
method of calculation was wrong, eee the next 
paper. Kissling p. 1682), correction of 

Bnohner’s method of calculation in the previous 
paper, Henriques (Zeitsch. angew. Chem. 1895, 
721 and 1896, 221), method of finding the saponi- 
fication value, using petrol-ether or for waxes 
petrol-benzin as the solvent, and saponifymg 
m the cold with alcoholic sodium hydroxide 
solution. Marie (Bull. Soc. chim. 1894 [3] 11, 
908 and Ann. Chim. 1896, [7] 7, 145-250), 
the latter is a long paper on corotic and melissic 
acids from beeswax, on their separation from 
one another by fractional solution in methyl 
alcohol and on their derivatives. Ramboe 
(Cbem. Zeit. 1896, 20, 1004), circumstances and 
processes favouring bleachmg. Lugowsky (J. 
Pharm. Chim. 1897, [6] 5, 295, from Pharm. 
2ieitsch. f. Riissland, 1896, 35, 839), detection of 
Japan wax and tallow in beeswax. Blarez 
(Rievue intemat. des falsifications, 1 897, 10, 161 ), 
oeresinometer. Weinwurm (Chem. Zeit. 1897, 
21, 519), Weinwurm’s test for ceresin and 
parafiin, also his way of carrying out saponi- 
fication; [but see the next paper]. [Note: 
Several authors say that Weinwurm’s test is 
not trustworthy]. Henriques (Chem. Rev. 
Pett. u. Harz-lnd. 1897, 4, 195), a variation in 
Weinwurm’s test [but see the next reference] 
and an objection to Weinwurm’s way of saponi- 
ihring, and also to the test being ajralicable for 
the detection of resin. Henriques (Chem. Cent. 

1897, ii. 647, from Zeitsch. ofientLChcm. 1897, 3, 
274), a modification of Weinwurm’s test. 
Henriques later stated that this modification 
was unreliable and warned against its use, see 
Lvnge, Chem. tech. Untcrsuchungsmothoden, 
1900, 4th. ed. vol. 3, p. 151. Dieterich (Chem. 
Rev. Fett. u. Hars-Ind. 1897, 4, 259), finds that 
Henriques’ cold saponification gives lower values 
than Hubrs hot saponification. Henriques, in 
a note, says that he has not found this lowness. 
Dietendi (Helfenberger Annalen, 1897, 218), 
numerous analyses comparing cold with hot 
saponification. Buchner (J. ^o. Chem. Ind. 

1898, 17, 383, from Zeitsch. offentL Chem. 1897, 
3, 570), analyses of Indian waxes and of waxes 
caltod CSiiiiM [probably incorrectly] giving 
values diilefent nom ordinbry beeswax, and on 
the cold saponification method. Gotot (Pharm. 
J. 1897, 58, 308), iodine values of English bees- 
wat. Woy (Cnem. Cent. 1897, i. 565, from 
Zeitsch. dffentli Chem* 1897, 3, 15), difficulty of 
sapQfiifyiiu| overcome by using Muller’s ex- 
tractor. Beythimi (Chem. Rev. Fett-u. Harz- 
lnd. 1898, 5, 16, from Pharm. Centralhalle, 1897, 
38, 850), use of sodium ethylate for saponifying ; 
also a oomment by Henriques. Blits JJ. Soc. 
Ohattu Dad. 1898, 17, 468, from Nedeii lljdschr. 
Sliansu lib 88)* black beeswax from the Dutch 
WOm* Welder (Chem. Zeit. 1898, 22, 38 and 59), 
eaaof teliadiometerfor beeswax and other waxes 
with taUaef reenlts. Dieterich (jbid. p. 729), a 
number «xf Mhne valnee, and efiect of various 
adtdteceiits on the various amJytical values, 
aho on eolabOilor In ehlorolonn as a criterion. 
Bsnriqaei (fiWtmt aaaL Obem. 1898, 37, 699, 


from Zeitsch. fiffientL (%em. 1898, 4 , 416 ), 
diuatiotr^ for cold saponification. Kayuer (J. 
Soc. Chem. Ind. 1899, 18, 152, from Zeitsch, 
dfieutl. Chem. 1898, 4, 833), analytical valm 
of Morocco beeswax. Funaro (Chem. Cent. 1899, 
ii. 404, from L’Oiosi, 22, 109), analytical vidues 
of Italian beeswax and methods of finding 
adultmnts. Ahrens and Hett (Chem. Cent, 
1899, 1 . 952, from Zeitsch. dfientl. Chem. 1899, 
5, 91), determination of hydrocarbons in beeswas 
and their amount. Lewkowitsch (Analyst, 
1899, 24, 319), on the acetyl value. Cher- 
chefisky (Chem. Zeit. 1899, 23, 597), eleotrioU 
melting-point apparatus. Dlusski (Chem. Zeit. 
Report, 1900, 24, 30, from Farmazeft, 1899, 7, 
1307), finding ceresin and parafiin by HuH’s 
sapordfication, and on the wax got from i' 
bees. Werder (Chem. Zeit. 1900, 24, 967), ' 
necessary for saponification and method 
detecting adulterants. Dieterich (t&uf. p. 91 . 
time necessary for saponifioation. Eiohhor 
(Zeitsch. anal. Chem. 1900, 39, 640), use c 
amyl alcohol to surmount the difficulty ir 
saponifying and to determine the acid valae.\ 
Hett and Ahrens (Zeitsch. angew. Chem. 1900,’ 
152), directions for analysis and results from 
beeswax from various countries. Buchner (Oil 
World, 1900, 1, 36), particulars and uses. 

In this Century , — ^Buchner (Chem. Zeit. 1901 
25, 21 and 37), methods for determining ana- 
lytical values and for detecting i^ulterants; 
rostdts for ordinary beeswax, Indian Ghedda 
wax, African beeswax and bleached wax. 
Oreshofi and Sack (Rec. trav. chim. 1901, 20, 
75), products of the dry distillation of beeswax. 
Jean (Ann. Chim. anal. 1901, 6, 447), examina- 
tion for resin and other adulterants. Maipmann 
(Chem. Rev. Fett-u. Harz-lnd. 1901, o, 65), 
refractive indexes as a means of examining 
waxes. Davis (J. Amor. Chem. Soo. 1901, 23, 
487), method to avoid spirting when estimating 
water. Berg (Chem. Zeit. 1902, 26, 310), rye- 
meal found m a sam|)le. Dieterich {ibid, p, 56i), 
adulterated Turkish samples. B^ {tbid, p. 
605), effect of bleaching on the analytical values. 
Medicus and Wellenstein (Zoitsoh. Nahr. 
Genussm. 1902, 5, 1092), effect of bleaching by 
chromate on the analytical values and on 
components of beeswax. Mastbaum (Zeitsch. 
angew. Chem. 1902, 15, 920), a sjiocific cavity 
bottle for use in boiling water. Roid (J. Soc. 
Arts, 1903, 51, 522), separating the honey from 
the comb. Berg (Chem. Zeit* 1 903, 27, 752), ana- 
lytical values of numerous samples and methods 
employed, l^terioh {ibid, p. 808), controveny 
on Berg’s paper, on time neoessa^ lor iodina 
value detemunation, and on Store’s test for 
colophony. Borg (ibid, p. 986), a to 

Dietorioh. Mast^um (Zdtsch. angew. (meiiiu 
1003, 16, 647), beeswax of Portugal ahd its 
colonies, statistics, analytical methods and 
results. Hirschei (Chem. Zeit. 1904, 28, 218), 
preparation and analytical values of * extraction 
oeeswax.’ L5wy (i6td. p. 348), criticism of the 
proceding paper. Hirschei (tMd. p. 480), reply. 
Lemaire (J. Soc, Chem. Ind. 1904, 23, OMbfrimi 
Bull Soc. Pharm. de £k>rdeanx, 1904, 4 ^ 182 ), 
detection of artificial colouring matter* Booper 
(A^. Le<^r of India, 1904, Entom. 

11, 73), wax from various npsdles of Indian faeni» 
sources, preparatian and atudjiiioil TftaiA 
Coim (Zeitse&WlintI, Chenu liSa* 404 nnd^ 
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6f luM^hnea, J. Soo. Ohem. Inii 1914, 83, 651, 
fam I3ii» Times, bleaching by oaone in Eussia. 
Elabk (diBiii* and DrogglslC 1915, 87, 673b 
me of benayl alcohol when saponifying. Fabric 
(Boll Agnn, Intell. 1916, 7, 881, from Stas, 
ap. agr. ital. 1915, 48, 595), visoosity of 
beeswax and its adulterants. Salamon and 
Seaber (J. Soo. Chem. Ind. 1915, 34, 461), 
Welnwoim’B test not reliable ; new method of 
detecting paraffin. [Note: Roberts and Islip 
(^alyst, 1922, 46, 246) say that Salamon ana 
Seaber's test is not reliable.] Ueno (Analyst, 
1915, 40, 343), analytical values of Oorean and 
Japanese beeswax. Bather (J. Ind. Eng. Ohem. 
1915, 7, 34), new method of determining un- 
saponifiable matter. Byan and Dillon (l^o. 
Eoy, Dublin Soo. 1916, 15, 107), examination of 
Buldne’s method, hydrogen evolved by higher 
aloohcfis, presence of oxygen in the 'hydro- 
carbons.’ Salamon (J. Soc. Ohem. Ind. 1916, 
85, 8), directions for sampling; results from 
numerous foreign samides ; caution about 
Welnwurm’s test. Golodetz (Ohem. Zeit. 1916, 
40, 223), a melting-point apparatus. Kichardson 
and Bracewell ( J. Soc. Chem. Ind. 1916, 35, 160), 
examination of the saponifiable and of the un- 
saponifiable matter; detection of adulterants. 
Bu (J. Soo. Chem. Ind. 1917, 36, 948), failure of 
oobidt oleate as a catalyst for bleaching beeswax. 
Gadamer and Hinderer (Arch. Pharm. 1917, 255, 
425), wax of a South Brazilian bee, probably of 
the M4ipona or Trigona specif. Wilkie 
(Analyst, 1917, 42, 200), a method of determining 
the nnsaponifiable matter. Ueno ( J. Soc. Chem. 
Ind, 1918, 37,476A,fiom J. Chem. Ind. Tokyo), 
analytical values of beeswax from Bonin Islands. 
Buchner (Chem. Zeit. 1918, 42, 373), results from 
an African sample ; effect of different solvents 
in making extraction beeswax ; remarks on the 
work of lapp* Kuhn, Kovacs, and Casimir, on 
the composition of Indian (Ghcdda) beeswax, 
lipp and Kov4cs ( J. pr. Cbem. 1919, [2] 99, 243), 
comporition of Indian (Ghedda) wax : the acids 
obUoned from it. Lipp and Casimir {ibid, p. 
2561 same subject: the alcohol, acids, and 
hyafooarbons obtained from it. Heidoschka 
and Gareis (ibid, p. 293), nielissyl alcohol from 
beeswax not the same as the alcohol from 
camauba wax. Bohrisch (J. Soo. Chem. Ind. 
1920, 39, 71A, from Pharm. Zentralh. 1919, 60, 
473), infiuenoe of cholesterol esters on saponifica* 
tion. Qascard (Gompt. rend. 1920, 170, 8H6), 
on the fonnula of myricyl (melissyl) alcohol from 
beeswax. Cheshire, Bom and B^keeping, 1921, 
2 vols. Eoberts and Islip (Analyst, 192^ 47, 
246), the constants of Indian beeswax. Kauf- 
rnann and Friedebach (Ber. 1922, 55 fn], 1508), 
wax from jmie needles. Matlhe (Compt. rend. 
IA24 179, 184), distillation of beeswax with 
MgCIs. 

Cauieiiiia wax is obtainc^d from plants 
gKOWhiff wild in great quantities in the dry and 
aesertJIlie districts of northern Mexico and the 
IMtlietii patti of the United States ; they are 
hsiM *eandaiilla’ by the Mexicans. It is a 
msipt addition to the waxes in commercial use, 
albeitlion bariug been called to the wax on 
tibm by Banders in 1905. EujM*bin 

auliayMtIiiwa (Zucc.), 
awdi ytt i M l u i ARioai«(Boiss.)have been giren 
iwi Ilia pbps4a bpsM wl^ 

ItsNmm aa an asMwtion ooveri^ 


the plant, eaccent tha roots. It can be obtained 
by boiling the plants with water and skimini ng 
off the layer of melted wax; tiiej^eoes of plant 
must be jcept firom rising by enc&Mdng thm In 
wire doth or by tying th^ in bundles and 
weighting these down. In praotke a little 
sulj^ario acid is added to the water when fiMt 
obtaining the wax, and also when remelting ; its 
action is probably to prevent the formation of an 
emulsion. Another plan is to subject the plant 
in suitable containers to live steam, which melts 
off the wax, and this can be easily separated 
from the condensed water. It is said that this 
plan gives a better yield, but that the wax 
api)ears softer and contains more water than 
that obtained by simply boiling out the wax 
from the plant. The wax can be purffied by 
remelting and straining off plant debris. Tl 
yield of wax is from 1 to 5 p.o. In 1918 thq 
were about twenty-five factories prod 
the wax in the Monterey district. 

The wax is hard and brittle, and can be broke 
down to a powder at low temperatures ; whe 
full of air bubbles and water it is opaque and 
greyish-yellow in colour, but if these are got rid\ 
of oy melting it is dark brown and translucent. 
When heated it gives off an aromatic odour. 
it is only slightly soluble in alcohol, ether, 
acetone, chloroform, carbon disulphide, gasoline, 
and oil of turpentine when cold, but is readily 
soluble in all these when hot ; a boiling mixture 
of three parts absolute alcohol and two parts of 
90 p.c. benzene was found to be an excellent 
solvent. On cooling these solutions become 
pomade-like masses. 

The anal 3 rtical values that have boon recorded 
vaiy widely ; this may be due to the age of the 
plant, the time of year at which it was gathered, 
the mode of preparation, the presence of water 
in the sample examined, the method of analysis, 
or even to adulteration, llie following are the 
lowest and highest values found in the literature 
of the wax ; m.p. 65® to 92® ; 8p.gr. 0*936 to 
0*998; acid value 0*03 to 24; sajionificatioii 
value 36 to 104 ; iodine value 5*2 to 57*6 ; 
unsaponifiable matter 65 to 91 *2 p.c. There are 
also variable amounts ef dirt, water, and ash. 
These analytical values vary so much that it may 
bo well to add those of the following authors, 

Sanders (Chem. Soc. Proc. 1911, 27, 250) 
states that a sample of wax preiiarcd in Januaty 
from planto ooiloctod in Goahuila was greenish- 
white, and contained a considerable proportion 
of water. When (reed from this it was dark 
brown and gave the , following values : tn jk 
67*5®; sp.gr, 0*9850; acid value 14*30; 
saponification value 46*76 ; iodine value (Hfiblj 
16*60 ; unsaponifiable matter 77*00 p.o, ; and 
hydrocMurbons 48*60 p.o. ; he found h^triaoon* 
taneand melis8ylal(x>hol (whether free oras ester 
is not stated). 

Lfideoke (Seifensleder Zeit. 1912, 39, 829} 
gives as normal values : m,p. 08-70'^ 
0*950-0*990; add value 13>*18; mpon 
value 50^; iodine value 15-20; unsa^ 
able matter 65-75 p,a ; molstttre 2 to 
and dirt 0 to 3 p.o, 

Beig (Chem. Zeit 1914, 38, 1162} iwjk 
grey orude wax : m,p. 80*^^ ; add 94$ 
eeter value 44*0; aapoottoatioa tnlna Mill 
aiid as tim ineaa o( two (MMlea ol 
imp. 68*5^; sp4|e. 
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41*6; ester velee 51*5; saponifieatioii iMriae 
65*1 ; iodine telise (^s) 57*6 after 19 horn 
standings 14*5 after 5 bottra; unsaponidable 
matter 67*5 p.o. Both Berg and LUdeoke used 
rjrlene when saponifyiiig/ 

Compo6ih'oa.--43andeii]la wax is remarkable 
among the waxes for the nigh proportion of 
hjdrooarbons that It oontainB, ont as in the case 
ox Its analytical values the results of investiga- 
tions as to its composition are discordant. 
Sanders, in Anal. Inst. Med. Nacional, Mexico, 
for Oct. 1907, recorded the presence of hentri- 
acontane (J. Ind. Eng. Chem. 1911, 3, 115). 
Fraps and Rather (ibid, 1910, 2, 454) found 
hentriaoontano with m.p. 68^ and indications 
of another hydrocarbon with m.p. 85*^, and of 
other substances. 

Meyer and Soyka (Monatsh. 1913, 34, 1159) 
found that it contained resin amounting to 18 
to 20 p.c., to this they attribute the acid value 
and the iodine value. They removed most of 
the resin by repeatedly boiling out the wax with 
alcohol, allowing to cool and then separating 
the alcoholic resin-Holutions ; they then removed 
from the residue all that ether would dissolve. 
In the soluble part, after removing the last 
traces of resin by the charring action of thionyl 
chloride, they found a hydrocarbon which they 
believe to bo normal dotriacontanc ^ito 

m.p. 71% and in the insoluble part they found 
M oxylacton4 CaoHsgO., with m.p. 88^ to 88*5% 
identical or isomeric with the lactone of lanooeric 
acid. They sum up the comiiosition as 18 to 
20 p.c. of resin, 74 to 76 p.c. of dotriacontane, and 
5 to 6 p.o. of the oxylactone. 

Berg (Chem. Zeit. 1914, 38, 1162) found: 
(a and h) about 50 p.c. of two hydrocarbons, 
one with m.p, 68® and the other with m.p. 84®- 
85® ; fc and d) about 10 p.c. of a semi-fluid mix- 
ture of two cholostcrols, these were free in the 
wax, when acetylised they yielded acetates, one 
a white powder, nearly insoluble in alcohol, 
the other readily soluble in alcohol on wanning ; 
(s) a small quantity of a substance containing 
oxygen, with m.p, 88®-89®, it was fairly soluble 
fa alcohol, could be acetylised, did not give any 
cholesterol reaction, and must have been present 
in the wax as an ester ; (/) a very small quantity 
of a substance containing oxygen, melting with 
decomposition at 243®, it was readily soluble 
in alooBol, from which it crystallised in leaflets, 
it could not bo acetylised, it gave a colour react- 
ion with acetic anhydride and sulphuac arid, 
and may be an ester of a lupeol-like cholesterol. 

Buchner (Chem. Zeit. 1918, 42, 374) gives 
the eomposition as determined by Staempfli as : 
50^ p»o. of a hydrocarbon CgiHgg, with m.p. 
68^ ; 25 p.c. of melissio acid present 

partly and partly as a melissyl ester with 
mup* 88*'-90®: 10-14 p.o. of melissyl alcohol 
Ci(&|.gO, with m.p. 85® (whether free or as 
eiter IS not stated) ; 1 p.o. of another hydro- 
Ciirbaiit with m.p. 85® ; traces of a phyiosterol, 
With floup. over 130® ; and 10 p.o. of resinouB 
matter $ but none of the experimental evidence 
higlTeo* 

Cf4is.-*<lwing to its hardness it resembles 
eemiAba wax« It is especially valuable in 
mnkthm choe^oreMim ond polishm, as it imparts 
to $xm the power of looduoing a 

hmm thM ahy other wax. On the 
mhM ndxea with pmeAn wax it 


has laot nearly as great a hardening effect as 
oamaflba wax, and it has little hardming action 
when mixed ^th soft wax compositions. For 
candle making it is considexed inferior to 
oamauba wax, owing to its lower melting-point 
(given as 65®), and for phonogra^ records 
im suitability is considered small, llie insula* 
tion of telej^ne cables is another suggested 
use. 

Bihliograjik !/, — Sanders (Anales Inst. Med. 
Nac. Mexico, 1905, 7, 498). Olsson-Seffer (Imp. 
Inst. Bull. 1909, 7, 411), origin mid analytical 
values. La CandeliUa (published by Inst, kled. 
Nac. Mexico, 1910). Hare and Bjerregaard 
(J. Ind. Eng. Chem. 1910, 2 203), origin, 
behaviour with solvents and analytical values. 
Fraps and Rather and Deiler {ibid. p. 454), 
analytical values and composition. Lfubovslid 
(Seuensiedor Zeit. 1910, 37, 709), oommercial 
varieties and utilisation. Mexican Inst. Med. 
Nac. (J. Ind. Eng. Chem. 1911, 3, 115), letter 
calling attention to Alcocer’s and mnders’ 
work. Sanders (Chem. Soc. Proc. 191 1 , 27, 250), 
analytical values and composition. Niederstadt 
(Chem. Zeit. 1911, 35, 1190, and Verb. Qes. 
Deutsch. Natf. 1912, 84, Pt. IL, Sect. 1, 170), 
origin and analytical values. Liideeke (Seifen- 
sieder Zeit. 1912, 39, 793, 829), commercial 
varieties, analytical values, and utilhsation. 
Ljubowski (ibid. pp. 578, 617), oommercial 
varieties, recipes, and utilisation. Meyer and 
Soyka (Monatsh. 1913, 34, 1159), composition. 
Berg (Chem. Zeit. 1914, 38, 1162), commexoial 
varieties, analytical values, and oompositioii. 
Buohnor and Staempfli [ibid, 1918, 42, 374), 
analytical values and composition. {See also 
this Dictionary, vol. ii. p. 11.) 

Cape berry wax. Samples of this wax have 
been shown at exhibitions in London, and it Is 
cabbie of being collected in quantitias in Gape 
Colony, but it has not yet come into any exten- 
sive use. It is probably derived from one of 
the species of Myrica growing in South Africa, 
which include if. quercifolia (Linn.), if. cofdu 
folia (Linn.), and if. sermfo (Lam.); it is 
similar to myrtle berry wax m its general 
characters and in its physical and obemioal 
properties, which were found to be: 8p.gr. 
0*874 at 90®; m.p, 40*6®; m.p. of the fii^ 
acids 47*5®; mean molecular weight of the 
fatty acids 236*1 ; acid value 4*1 ; sapoi^** 
cation value 211*1; iodine value 1*1. It 
yields a hard white soap, but does not seem to 
be suitable for candle making (Imp. Inst. BuIL' 
1906, 4, 300). The results of another ex- 
amination are: sp.gr. 0*9893; uoup. 49^; 
refractive index at 80® 1*4364 ; aoUL VMne 2*6 ; 
saponifioation value 212*3 ; iodine value 8HB ; 
unsaponifiable matter 2*51 p.o.; Catty adds 
89*7 p.c. ; m.p. of mixed &tty acids 48*5®; 
solidifyinfl-point of these 46*5®; mean xnoledular 
weight of these 241*4; it was deiBiftied ia 
South African berry wax, and was pak igemiSA* 
grey with a granular fraotoxe ; when meited H 
formed a greenish-browii muddy liquid, and it 
was fllteiw before examination (CbcUam 
Chem. and Drug. 1908, 73, 74). 

Beny wax from if. eoM/hKe ym» ittiO 
imcmiinenoe during the war. !m]|^tlij 
as a sand-Under m the nekhlmaiMod ae 
7oim, Bort SBidMlt, wad' otlwr ' 

linM ira, pwvioa^if 
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lor gMiiopliones and for floor poHali 
(J. 900^ GfaBm. IndL 191B. 87, 74 R). 

teiulQia or eanimhuta mx is derivod from 
ttie oamiAba palm, Oojtemieia emifera (Mart.) 
(Oorypha cwifera^ Linn.), which grows in Bradl, 
eopecialij in the provinces of Geaia, Bio Grande 
do Norj^ and Piauhy. The trunk is 2&-85 ft, 
high with a crown of leaves at the top. The 
young leaves of about 3 ft, long have a coating 
of wax on both the upper and under sides, which 
appears homogeneous to the naked eye. The 
wax layer is thicker on the upper side, and 
oomes ofl in scales ; on the lower side it is thinner 
and more adherent. The harvesting extends 
over the six dry months of the year, and the 
leaves are out twice a month, about eight leaves 
bemg cut from a palm at a time, those leaves 
that have reached a certain stage of develop- 
ment being taken, leavipg the very young 
leaves to develop later. If the leaves are 
allowed to become too old the wax is easily 
detached, and is lost before the leaves are 
bflought to the ground. The leaves are spread 
out to dry, and are then slit up with a knife and 
teaten over a cloth to detach the wax which 
ftmes off in scales or as a greyish-white powder. 
A little water is added to the powder, and it 
is melted and poured into moulds, in which it 
solidifles in cakes of about 2 kilos. About 850 
leaves give 16 kilos, of wax; about 1*8 kilos, 
of wax, valued at Is. 6d., are obtained from one 
palm. On poor land 1200 leaves, and on good 
land only 500 leaves are required to give the 
16 kilos. In some estimates, however, the 
yields are not so good as these. 

The followmg table, based on Hambloch’s 
Emrts on Bram, Dept. Overseas Trade, 1919, 
1921, and 1922, shows the exportation of 
oamaiiba wax : 


Value in £ 
439,500 
324^200 
505,100 
398,900 
443,300 
1,135,200 


Value per metric 
ton in £ 


114 

98 

86 

96 

121 

269 


Year Metric tons 

1913 3867 

1914 3315 

1915 5897 

1916 4166 

1917 3669 

1918 4215 

1919 6200 

1920 3500 

1921 1540 January to June (inclusive) 

1922 2200 

In 1913 Germany took 1710 metric tons; 
the United States 941 ; ifxe United Kingdom 
687; and France 509. In 1920 the United 
Kin^m took 1000 metric tons and the United 
States 2200. 

Baw oamaflba wax is of a dirty yellowish or 
grsmiiak oedour, amo^hous, hard, brittle, and 
aaq^ to powder. In its outward appearance it 
ii eompiMBt^ but penetrated with very manv air 
Qtaoes ; it is tasteless, and smells, when nesh, 
ffomewM like fresh hay — ».e. of ooumarin; 
later it becomes inodorous. It is purified by 
mraeltism and has then a greenish-yellow or 
l6mw*ydlow colour. 

Amli/ikal eukies.-— The melring-point is 
varioaety idwen as from 80*5^ to over 86^ it 
iacmaesi mUh the age of the sample, and an old 
qMHtoaaiiMd^ about 84^ seems a 

ohmaon ysgftsi^mo^; Ifght-coloured specimens 
lAws A rnmmuib Imm melting-point than 
Mtm oaei*. ip.fr. at 15^ is (^8-0*699. 


Thy add values recorded ate bda O«8*-10» 
about 4 being common; the sapouifioation 
values from 69-88, and even 96; the iodine 
values bom 5-14. In preparing bleached 
oamaflba wax additions, such as paraffin aax, 
are made so that the above values do not hold 
good for it. The wax is not easily saponified. 
Berg (Ghem. Zeit. 1909, 33, 885) recommends 
the use of xylene as a solveot in order to hasten 
the saponification and to diminish the risk of 
oxidation occurring during long boiling with 
potassium hydroxide. 

Composition . — Camauba wax is composed 
mainly of an ester of triaoontyl, CsoH^i, with 
the acid Cs 7 H> 402 , which is either oerotio add 
or an isomer of it. The triacontyl was fonz^ly 
supposed to be the same as the melissm of 
beeswax, but it now appears that melissvl is 
most probably Camauba wax 

contains a considerable proportion of 
triacontyl alcohol CuoH^iOH. In addiiiufi 
there arc a number of compounds present \in 
small proportions. 

Story Maskelyne (J. Chem. Soc. 1869, 

87 ) found: {a) melissin (melissyl alcohol) both 
free and coming from an ester ; (5) a compound 
with m.p. 105^, corresponding to 
(c) an alcohol with m.p. 78^ correspondii^ to 
other compoimds. 

Von Pieverlmg (Annalen, 1876, 183, 344) 
prepared from this wax melissyl alcohol and 
examined its products, he also obtained a small 
quantity of ceryl alcohol 

A long investigation of tne composition was 
made by Sturcke (Annalen, 1884, 223. 283), 
employing camauba wax with m.p. 83^-83*5^ 
He found that the principal component was the 
ester and that there was a 

considerable quantity of free wax alcohol 
present. When the wax is extracted with boil- 
ing alcohol a considerable proportion dissolves 
but separates again when the aloohol cools. 
He found when 1200 grms. of wax were boiled 
out with 5^ litres of alcohol and the hot clear 
solution was poured off that on cooling 350 
grms. (equivalent to 29 p.o.) were deposited. 
By repeated extraction small quantities of the 
ester seem to be removed each time ; thus wh^ 
10 grms. of the wax were boiled with half-liUe 
lots of aloohol, 350 c.c. of the ninth lot contained 
0*295 grm. and of the tenth lot 0*286 grm. By 
saponifying the wax and separating the prodocts 
with petiolenm ether, Ac., and by many bao- 
tionations he found : (1) A hydrocarbon with 
m.p. 59^-59*5^ present in small proportion. 
(2) An aloohol *CH|OH with m.p. 70* 

in small proportion. (3) Aa aloohol 

C„H„CH,OH 

with m.p. 86'6‘’-85’7° in Urge proportion. 
Item this he prepared the aoid 0tmM*C00H 
with nup. 83*e-W2*. Hiia aloohol ha eaQsd 
myiioyl (melissyy aloohol, bnt aooording to 
Hddnaohka and Gaieis ( J. pr. Cham. 191S^ Ml 
209) It ootttaina CH, less tium tha maUnTl 
aloohol G«HmO ohtainad from batoWMb 
(4) A difapSw^ aloohol 0, wMi 

imp. 103*5*-im* in sm^ KMortiim. 
this ha pnepared tha add CmI^( 000]^ wtih 
imp. (0) An add CM.'OOOB «ia 

imp. 72'6* in MnaU proportion iKnudo 
ligioeario ooid. This mMi sniMNBttuwi^ 
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MvnanMo mM by DtigMiteedter imd | aloohol m aobeot. Bn|^ Zait. IflW, 

UfiditttK (B«f. 189^ 29» M0> ill » paper on ! 80, 7H), Cie lotatoiy power. Ben (Okm. 
wool h*. m An aoU 0„H„*C0OTr with ' Zeit 1900, 88, 888), sykne aasolyen^r fia^ 
Bi.p. 78‘8‘-79, either ideattoal or iaomerio with < aaaJyMeal varaea. hey» (J. Phatin. Ohim. 1912, 
the oeiotio mU of beeswax, in luge proportion, f?] 8, 877), desoribes a new method of e xamining 
It wotdd sot oiyetai^ when it solidified from this wax and beeswax ; he uses a migtnie of 
the melted state, and for (his reason he doubted ; amyl alcohol and ft hnin g hydrochlorio add to 
its identity witii the oerotio add of beeswax dismlve the wax alcohols and separate them 

(7) Al»t™.O„H.<^O«km.p.l0!l-5- MaSkf (ife 

in Bmalljpioportion. From this he prepared the sieder Zeit. 1913, 40, 1237, 1274j^ 1302, 1327), 
aoid CuHggfOOOHjs with m.p. 89*5®-^®. descriptions of the comment varieties, 

It should be noted that these products were adulterants (fragments of candelil^ wax ^ 
obtained after saponification. Hie hydro- j sometimes mixed in), detailed methop of finding 
carbon, no doubt, was free in the wax, and the ! melting-point, sp.p., and valn^* 

0|gHs9*CHgOH alcohol probably was partly Buchner (Chem. Zeit. 1918, 42, 373) quotes 
Iwe and partly came from the ester, but the Popp on the formula of melissic aoid prepare 
others were not proved to be free before saponifi- from camaiiba tox (Hciduschim and Gareis 


cation. Besides these Sturoke abo noticed, as 
had von Pieverling, a greenish balsam-like sub- 
stance with an odour like coumarin, but in too 
small quantity for examination. Stiirckeb 
results, it should be remaiked, do not fully 
ei^ilain the analytical values given above, so 
farther work on the composition is needed. 

liebermann (Ber. 1885, 18, 1979) obtained 
a substance from the wax by a great many 
fractional orystallisations with m.p. 92®, which 
could not ho materially raised by further 
crystallisations ; it formed a matted paper-like 
layer without any lustre ; he did not, however, 
make an analysis of it. 

Heidusohka and Gareis’s work (J. pr. Chem. 
1919, 99, 293) is described above under the 
oomposition of beeswax. 

Bibliography . — ^Brande (Phil. Trans. 1811, 
261), action of various solvents and reagents. 
Lev^ (Ann. Chim. 1845, [3] 13, 449), peroentage 
of carbon and hydrogen. B6rard (Bull. Soc. 
ohim. 1868, 9, 41) found cerotic acid (a mistake 
probably) and an ester saponifiable by fusion 
with potassium hydroxide. SStoiy Maskelyne 
(J. Chem. Soc, 1869, 22, 87), see above. Von 
tteveriing (Annalen, 1876, 183, 344), see above. 
Stilr^o (ibid. 1884, 223, 283), see above. 
Valenta (Zeitsch. anal, Qiem. 1884, 23, 257), 
melting-j^int of mixtures of this wax with 
commercial stearic acid, with mineral wax and 
with paraffin. Liebermann (Ber. 1885, 18, 
1979), see above. A. and P. Buisine (Bull. Soo. 
chim. 1891, 13] 5, 654), effect of this wax as an 
adulterant of bees wax. Schaodler, Technologic 
der Fette und Oele, 2nd ed. 1892, 881. Gascard 
(J. Pharm. Chim. 1893, [5] 28, 49) prepared 
wax alcohols from beeswax, camaiiba wax, and 
lac, and believed them to be molissyl alcohol in 
caali case. The melting-pouit of those from 
camaftba wax and lac was 88®, and he purified 
that from beeswax and got its meltin|s-point up 
to 68** by making its ester with melissic add and 
than decomposing this. Villon (Bull. Soo. ohim. 
1898, [81 9, 1046), collecting, bleaohfhg, and uses. 
BnuEiAt, Fats and Oils, 2nd ed. 1896, ii. 144. 
Semibr. TiopiBohe Agrikultur, 2nd ed. 1897, L 
in. XiewlS^tsoh (Analyst, 1899, 24, 319), 
aoetvl vabmai ISehhom (Zdtsch. anal. Chem. 
190% 89, 940), directions for finding the add and 
fMonlScatkm values, using am^ alcohol as 
ihns factUtMiing s«^ninoatio]i. Bers 
Mk 1908, 87, 7»), det^on and 

mk Mp I88b TcliMi, uatng amyl 


do not agree with Popp’s formula). Hddusoblca 
and Gareis (J. pr. Chem. 1919, 99, 293) compare 
melissyl alcohol from beeswax ai^ its deriva- 
tives with the alcohol from camauba wax and 
its denvatives and find them to differ by CHg. * 
Cochin China wax (Cay Cay /ol, Irvingw 
huUer). This is obtained from the fruit of the 
Cay Cay tree, Irvingia Oliveri (Pierre), a foiesiO 
tree reaching the height of 1(X) ft., and growi]]^ 
widely in the cast of Cochin China. The frmt 
is the size of a lemon, the endooarp has the suse 
and shape of an almond with its outer covering, 
and the kernel, too, resembles in size and sh^cr 
that of the almond. The fruits are ripe in Jufy, 
and fall to the ground ; they are gatnered into 
heaps by the natives, and left for two months to 
allow the soft outer parts to decompose ; they 
are then carried to the houses and oried in the 
sun. They are opened with a strong knife, and 
the kernels are removed, dried in me sun, and 
pounded in a mortar. The pulp is placed in a 
vessel having a bottom of plaited material ; thiB 
is fixed above water in another vessel, and the 
water is heated, but not to boilm^. When 
pulp has become a sticky paste it is wrapped in 
a mat of nee straw, and submitted to piessuie 
in a crude press, the operations bmng reputed 
several times, and the melted wax is either 
allowed to solidify in moulds or dUie is cast into 
cimdles in bamboo tubes. In the laboratory 
the dry kernels extracted with carbon disulphide 
gave 52 p.c. of wax. The wax is of a gieyidi- 
yellow colour, and is tmetuous to the touch. 
The purified wax softens at 37®, melts at 88®, 
and solidifies at 34® (VignoU, Le Cay &y, 
Th^se pr4sent4e 4 rSoole Suporieure de Fhatw 
macie de Montpellier, 1886). 

Bontoux (Lea Mati4res Grasses, 1908, 
1276 ; J. Soc. Chem. Ind. 1909, 28, 429) foond 
that 100 dry seeds weighed 360 gyms, and gm 
78 p.c. of shellB and 22 p.c. of kmiels. TQie 
latter, on extraction with light petmkiim, 
gave 60*45 p.c. of wax. The wax had the con- 
sistency and texture of beeswax, and was mens 
brittle, with the same contffioidal traotoiw ; its 
sp.gr. at 40® compared with water at 40® 
vm 0*913; it melted at 89*7® In 8 oapQhxy 
tube, and solidified at 31®; its acid value 
0*86; saponifioation value 285*8; unaamniflabla 
matt^ 0*42 p.c. ; iodine value 8*7 s Beit)hei|^ 
value 0*62. The insoluble fatty acUa, 
together with the unsaponifiaUe matte weie 
94*0 P.O., their iii.p. was m® i . 

(tlte test) SB-O®; neutmlisatlon valim 
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IMI mem mxihmht weAgth 2SSii. two umj^ 
m lh« WBX td noUrt origin had nearly Uie mum 
wuhm^ but the add vamos were 23*5 aad 34*9» 
which* howciret* are not excessiire* md they 
oontahMd 0*16 p.e. and 0*19 p.c. of unsaponiflablc 
Wsattei^ Bontoiix preparecf methyl esters^ and 
oonduded that the wax was mainly composed 
df MytMin 60-65 p.o.* laurin 30-35 p.c.* and 
about 5 p.o. of olem. The wax gives a hard 
white soap. The production in Indo-Ohina 
baa declined* owing to the introduction of 
petroleum. A Cay Cay wax is also obtained 
bom the fruit of the tree Irvingia walayana 
(Oliver)* which grows in Cambria. OUier 
references are: Heokel* Annales de ITnstitut 
colonial de Marseille* 1893 ; A^th. Zeit. 1898, 
169 ; Grevost* Les arbres h suif de rindochine* 
Hanoi* 1902; Bulletin 6 conomique de Undo- 
chine* Hanoi* 1902 ; Chem. Zeit. 1903, 27, 43. 

OOW tree wax {Milk tree wax)* In the north 
of Venezuela* in the neighbourhood of Caracas 
and of Lake Maracaibo, and in the valley of 
Canoagoa, there grows a tree {Brosunum Galac- 
todendrm) called Palo de tma or Arbol de leche, 
A.whidi yields a thick milk when incisions are 
^f^ttiade in its trunk ; this is drunk like milk by 
the inhabitants. This milk, when heated, forms 
a skin* and if this is removed and evaporation 
continued* an oily liquid is obtained, together 
with a fibrous mass. The oily liquid when it 
has solidified, is a yellowish-white, hard trans- 
lucent wax ; it begins to melt at 40^, and is 
completely melted at 60^. It is insoluble in 
wat^, but is easily dissolved by essential oils. 
It disimlves in boiung alcohol and separates on 
cooling; it is saponifiable by caustic potash 
It can be used like beeswax for making candles. 
Humboldt, Ann. Chim. 1817, 7, 182 ; Bous:>in- 
gault and Mariano de Rivero, ibid. 1823, 23, 
219; Marchand, J. pr. Chem. 1840, fi.J 21 * 43. 

Hij;nrt0 gnss wax. In preparing the fibre 
of thui grass for paper makmg the material 
teaches we mills in tightly compressed bales. 
It is there loosened bv a special machine and at 
the same time ireea from dust by a strong 
enneat of air from a powerful fan. This dust 
contains from 25-50 p.o. of wax, and in most 
mills is deposited in special dust collectors. The 
wax when obtained from the dust is hard, rather 
brittle* and of a light brown colour* and has the 
followbg characteristics : m.p. about 74^ 
loss of weight at 100'' overnight about 1*5 p.c., 
ash 0*02 P.O.* acid value 34*42, saponifioatioo 
value 71*41* iodine value 6*48, unsaponifiable 
matter (soluble in hot GCI4) 50*34 p.c., fatty 
adds 45*99 p.c. The wax is in demand by 
some manoueturers and commands a good 
price; but unfortunately the quantity of dost 
cbiainaUc St am one pap^ mill is not ve^ 
io the ou^t of wax is not equal to the demand 
(Bttddc* X 800 . Cbem. Ind. 1916* 35* 401). 

Ik Am wax {Ooniang or Kewdawg or Gmh 
W* /oso or Samaim wax). This wax is oh* 
in Java from the milky juice {gdah Io 
wldcb nans from incisions made in the 
brnric of the gondang* a wild fig tree (Ficue 
fSMpsts* Sbmo.^F. cerifim, Jung^^mF. 
mmmwmf Blnme.). The juice is boiled witii 
water uatH the wax senamtas. It fonns a 
|(dj|i|r bald cidte muam oolcuied withiii* turning 
warn in the sir; it has a conbhoidal fiaetute 
I ha pouwsNiy but not tsadl^* The 



igwiio wtet msib at about MPUtd wmf ydmmm 
mass* which* on cooling* remains viscous ter a 
long thas* and teom wbUk an aqueoui Bqiiid 
separates. The sp.gr. of the wix after meltiim 
is 1*015 at 15^ It softens at 65^ 1 ^ Is only 
completely melted at 73^ It Is scMbie m 
benzene* ohloroform, carbon dbrulphUs* oil of 
turpmitine, light petroleum* and boUing ether. * 
Boning aloohol dissolves it slowly* and tlm 
greater part separates on cooling. Cold aloobol 
keeps in solution a little over 5 p.c. of the waW. 
Bv means of boiling alcohol over 70 p.o. of 
white crystalline purified wax can be obUined* 
melting at 61^, insoluble in cold alcohol* Imt 
soluble m boilmg alcohol. Qreshoff and Sack 
(Rec. trav. ohim. 1901* 20, 68 ), bjr analy 
saponification of the wax thus purified* ofc 
results suggesting that it is an ester Cm 
of an alcohol C^fH^gO (fiooccryl alcohol)* 
m.p. 198^ and of an acid CigHggO, (fic 
acid), with a m.p. 57^ this ester is proli 
associated with some accessory substance ; 
also think the original wax contains some 
fieoceryl aloohol. 

Yogi (Lotos, published at Frag, 1872* 22* 54) 
describes Sumatra wax or Qetah Lahoe coming 
from the same tree. Kessel (Ber. 1878* 11. 

21 12) assigns formulie to components of the wax 
which differ from the above. Ultte (Chem. 
Zeit. 1915, ii. 794, from Pharm. Weekblad. 1915* 
52, 1097) examined the milky sap of Fieu$ 
mriegata ; it contained 35 p.o. of solids* and 
when coagulated by heating, or by aloohol* ot 
by dilute acetic acid it yielded gondang wax'. 
From this by suitable trt»atment, including a 
saponification, he obtainod a wax alcohol* the 
ficooeryl alcohol of Greshoff and Sack. This 
alcohol he identified as b<dng the same as fi* 
amvrin with m.p. lOT’fi''. {fi-amytm is CggHggO 
and comes fn>m olemi rc<<m.) In the wax itmf 
he found lujieol acetate with m.p. 190''-197'** but 
no free j 3 -amyrin. 

Insect wax. This is ais(» called Vhinue mtx, 
Chinese tree wax. Vegetable spermaceti, and somc^ 
times, but incorrectly, Japanese tMix ; itmustnot 
be confused with Japan wax. It is the seoinUoii 
of an insect Coccus peta (Westwood)* Ooeeas eeri- 
ferus (Fabr). The industry of its productioa is 
peculiar* in that the insciits are bred for the 
purpose of producing eggs in one district, and 
these eggs are then transported to anotbar 
district where the insects are reared to prodneo 
wax. The Chien-Chang valley in the prefecture 
of Ning Yuan Fu (Long. 102^26'* Lat. 5*0 
m the Szo Chuan province of Ohi^ is tbe great 
breeding-ground of the wax insect ; it is atMWl 
5000 ft. above sea-level. Here the insects ale 
roared on the Ligudrum Imidim (Ait.) or iaige« 
leaved privet, in March* when tbe trees were 
seen by Mr. Uosie* he found numeroits btoim 
pea-shaped excrescences attariied to the balk 
of the bouj^ and twigs. The lamnr of thiie 
re readily detachable* and when ^ 
pieeented either a whitv-bfown pulpy a 
a crowd of ndnote animaii Uke nour* 
movements were just peroqptiblo to the naked 
eye. ITrom 2 to 8 montbs later theia Imd 
developed in each ease into a simm af hvoMk < 
oieatuies* each provided irith il« tags mi * 
pirir ef antensm; eaoh cd them VM a lte|^ / 
htny fifid injlii tffl jlllt ttftfrtfc iiil itr * 
the GUen-Chaeg vnfeiQri Imd teMpk 
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inlbd; 0h&4iiig4a» qonti^ilKiiig the district o! 
Qmj and tlie rmay of the ITa river, the head- 
auerters'of the wax«prodaoing industry. The 


then lull of eggs ; they are made up into paper 
packets, each weighing about 16 oz. Sixty of 
these pf^kets make a load, and are convoyed by 
oooliee from the Chien-Chang valley to the 
town of Hung Ya in the Kia>tmg-fu prefecture 
for to the farmers. In May thousands of 
coolies are engaged m the traflic. They travel 
only at night, in order to avoid the high tempera- 
ture of the day, which would tend to the rapid 
development of the insects and their escape 
from the scales. At the stoppmg places the 
packets are opened out in cool places ; but in 
spite of this, each packet is found to have lost 
on an average an ounce in transit. A pound of 
scales laid down in Kia-tmg-fu, m years of 
plenty, costs about half a crown ; in bad years 
the pnoe is doubled. In favourable years a 
pound of scales will produce 4~5 lbs. of wax. 
In the plain around Kia-ting-fu the plots of 
mond are thickly edged with stumps of 
Ffazmus chinensts (Roxb.), a species of ash 
varying from 3 or 4 to 12 ft. high, with numerous 
sprouts rising from their gnarled heads, and 
resembling at a distance pollard willows. On 
the arrive of the scales they are made up 
into small packets enclosed in a leaf of the 
wood-oil tree. The edges of the leaf are tied 
together with a nee straw, by which the packet 
is suspended close under the branches of this 
ash. A few rough holes are drilled in the leaf 
with a blunt needle, so that the insects may 
find tibieir way through to the branches. On 
emerging from the scales the insects creep rapidly 
up to the leaves, among which they remam for 
a period of 13 days. They then descend to the 
branches, on the uudorside of which they take 
up their j^sition, and commence to deposit 
the wax. This first appears as an under-coatinu 
on the sides of the Doughs and twigs, ana 
resembles quinine sulphate or a covering of 
snow* It gradually spreads over the rmoie 
braadb» and attains, after 3 months, a thickness 
of about a quarter of an inch. After the lapse 
of 100 dajrs Che deposit is complete, the branches 
are loppra off, and as much of the wax as 


are lo 


off, and as much 


possibb is removed by hand. This is placed 
In an Iron pot of boiling water, and the wax on 
rising to the surface is skimm^ off and placed 
la a round mould, whence it emerges as the 
Ineeot wax of commerce. Where it is found 
impoiMible to remove the wax by hand, the 
tmgs mid branches are thrown into the pot, 
•0 mt ibis wax is darker and inferior. The 
ibseots wUioh have sunk to the bottom of the 
ere |daeed in a bag and squeezed of the last 
fbojp of wax, and are then thrown to the pigs. 
3M bMd|yr the Fraxinus ckiaensis, but also tne 
ibcMum is used in the final wax- 
mmift M IS. ot the industry. The wax is j 
Ipr fiOimg tke exterior of animal and ' 
fbiM mkw eandles^ ns it servet to bold 
< mlm ialk^ when the cendle is 

mS jpptlfeitidiibBdxedw^ 


(KatOre, 43, 201 ; Wilson, Chemist and 
bmggbt, 1006, 68, 143| Bull Imp, Ibstit. 1024, 
22,117 Pham. J. 1024, 27, 278), 

Inseot wax is white and crystalline, re* 
sembling spermaceti in appeiwanoe, but it is 
liarder and more fibrous ; it is brittle, and at 
15^ can be powdered. Its 8p.gr. is 0*970 at 16^ 
(0*926 at 16^, Gehe and Co., Beitsch. anat Chem. 
1895, 34, 766) and 0-809-0-811 at 98®-W ; m.p. 
80®-83®; sa^nification value 80-03; iodise 
value 1*4. It is only very slightly soluble in 
alcohol and ether, but is readily soluble In 
naphtha, from which it can be crystsllised. 
Bi^e (Phil. Trans. 1848, 159) saponified the 
wax by melting it with potash, and obtained an 
alcohol and an acid; the alcohol he named 
cerotin, and to it he assigned the fomula 
it is now called cetyl alcohol ; the add 
he considered to be the same as the cerotio add 
he had obtamed from beeswax, to which he had 
assigned the formula 027H,40s; the wax Im 
regarded as ceiyl cerotate, the ester of this 
alcohol and acid. Brodie’s formulae have been 
supported by Gascard (see below). Marie ^J. 
Chem. Soc. 1897, 72, i. 318) proposes 
or C„HwO. for the cerotio acid of beeswax ; and 
Hennques {ibtd. 460) regards ceryl alcohol and 
cerotic acid from insect wax as and 

and it is stated that the identity of the 
cerotio acids from insect wax and from beeswax 
is not quite oertam. Other substances besides 
eery! cerotate are probably present. 

Cktscard (Compt. rend. 1920, 170, 13261 
investigated the formulas for the cetyl alcohol 
and for the cerotic acid obtamed from insect 
wax, and confirmed those of Brodie, namdy, 
with in.p. 80° for the alcohol and 
C„H.40, With m.p. 82^-82*5^ for the acid ; but 
thought that the acid must be different from the 
cerotic acid of beeswax that Mane prepared 
with m.p. 77*5^. The followms was his m^od. 
Ho started with insect wax with m.p. 80*5**-8l% 
and first punfied the ester, oeryl cerotate, by 
extraction with boilmg acetone ; theundissomd 
ester after recrystallisations from benzene 
melted at 84°. He saponified thiC by boiling 
with alcoholic potassium hydroxide. He then 
added oaldum chlonde and obtained a preeini* 
tate of calcium cerotate ; from the fiHSate m 
obtamed the oeryl alcohol which, after pudfica** 
tion, melted at 79°-<80°. Prom this he prepared 
the iodide and found that the peroentam d 
iodine in it corresponded to Cj^HsiI. Aam 
the iodide he obtained the hydrocarbon wldnh 
melted at 59*5°; thus agreeing with 
Cs^Hfc. As regards the acid, ne obtiinsd H 
from the calcium cerotate and found thil il 
melted at 82°-02*5°. He alao prepared cteia 
from the cetyl alcohol by oxidaUoa Ufiih 
potassium bichromate in aceUc add aiotelitoil ( 
after purification it melted at 81*5°-03% and ^ 
titration he found that its molecular immb 
corresponded to 0||H|40 b. By farther paimib» 
tion it melted at 82°-Sl*6°, like the iMdiget Igr 


saponification. 
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of Jmpeaii This ittuat nnl m 
confused with insect wax which hae norndfi 
been called Jaftmm wm. ^^JapacL WM » 

Of the moat important of the 
laroa uinuatlliaa nnmrteil te ni i dm 
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imixt to tlie Dotoli, it oaino thvoog^ 
Giiioo and l^gapoio^ and iras imported in small 
eon^ in small thin oakes^ bat after 
tab opening of certain Japanese ports to BritiBb 
ttUNKmants, it arrived in large quantities and in 
squaire blocks or cases of about a picul each 
(im lbs.). 

It is derived from the berries of three species 
of* if Aim that grow in Japan, namely, if. succe- 
domea, L, if. vemiciferat Be C., and R. sylvestrist 
S. and Z. if. stucedanea grows in the southern 

r s of Japan and yields wax only, but 
vemicifera, which has a more northerly 
I’soge, yields a more important product, namely, 
^ well-known Japanese lacouer, which is 
prepared from its sap, but its berries are also 
used as a source of wax. if. sylvestris is a less 
important source, if. succedanea and if. vernicu 
fwa also grow in China. The berries of all three 
are composed of an outer skin, a mesocarp in 
which is the wax, and a kernel. 

In Japan to obtain the wax the berries arc 
reduced to a meal — some authors say that they 
are previously slightly roasted; the meal is 
heatM by s^m in hempen sacks and then 
^ckly squeezed in a wedge press to force out 
the wax. The residue is again treated in the 
same way. In the case of if* vemicifera the 
kernel is easily separated and is removed in 
the course of crushmg, but in the case of if. 
wccedanea the wax adheres to the kernel in 
i^ts, and it is not clear from the accounts of 
the proceiM whether the kernel is separated or 
crushed with the mesocarp. The methods, no 
doubt, vary in different localities. It has ^en 
stated that perUia oil is added to obtain the 
last portions of the wax, but this is denied by 
Tsttjimoto (Lewkowitsch and Warburton, Oils, 
Fats, and Waxes, 6th ed. vol. ii. 1922, p. 45), 
who stales that a proportion of the kernel oil of 
if. SKccedciTiea is added. With respect to this 
oil, A, Mover (Arch. Pharm. 1879, P] 16, 119, 
120) found in the cotyledons contained m the 
kernels of if. awceedanea, after carefully removing 
the shells, 36 p.c. (30 p.c. ?) of fat, or 2*65 p.c. 
on the whole fruit. It was yellowish-green, 
melted at SO**, was not a drying oil, and dissolved 
In about 30 parts of alcohol at 30^. Crowe 
(Consular Bep. for Japan for 1912, p. 43) says 
that by the use of benzine an additional 10 p.c. 
isf wax can be obtained, and that several works 
were adopting the system. 

The yield is from 15 to 25 p.c. Impurities 
ate lemoved by melting and skimming off the 
dear wax. It is bleadied by melting it and 
allowing it to drop through woollen Mgs into 
cold water, so as to subdivide it into small pieces. 
Them are exposed to the sun and are sprinkled 
israter and frequently turned over; the 
j^MMMS occupies about 30 days. 

wax is nale yellow and hard with an 
m or conchoioal fracture ; it becomes yellow I 
btown on keeping, and acquires a white | 
jwfory surface. The m.p. vanes from 48® tc 
mi usually found being 63® ; the wax 
. >i0)Mttes ogun at about 41®, and when recenth 
mlts at 42®; it slowly r^ains the 
, Itissaidthaton warmins 

'ft transparent 10®-12® below iU 

trtrtfniipfiiut fSchaedler). 

gmvity is dose to that of water. 

' 4js4 M it and expands at a gieatei 



#ato tl»n water, it exidbHs ^ 
of dnkftg, hovering or ioating in water 
different temperatures, sinking in cold water and 
ffoating in water somewhat wanner. After 
melting and resolidifying its spedffc |ftvity is 
lowered, it rises agaon m the course of some 
months. Thus a sample which hovered at 
16*2® was melted and resolidified, it then 
hovered at 8*0®. Bemembering that its ex* 
pension is greater than that of water, its specific 
gravity at 16*2° would be materially less than ii 
was before melting, and it would float in water 
of that teomratuxe. There is some variation 
in the speoinc gravity of different samples. 

It is readily soluble in benzene and petroleum- 
ether and spanngly soluble in cold ether; it is 
insoluble in cold alcohol, but dissol^to un 
warming and separates again on cooling. 

In and after 1900 tlm following ana 
values have been recorded : Acid value, 

32*6 ; it is very variable, but values bei 
14 and 20 seem most common. SaponifiiAtion 
value, 206*6-237*5; values between 215 land 
224 bemg common. Iodine value, 8*3-15*1. 
Hub], m 1884, records the iodine value as 4*2, 
so it is thought that the method of obtaining the 
wax has been changed. Part of the iodine 
value has been ascribed to the use of perilla oil 
mentioned above, as this oil has a very high 
iodine value. Ahrens and Hott in some wax 
prepared from berries obtained from Japan 
found iodine values of 11*9-12*8, and after 
bleaching in the sun, of 7*6. 

Comp)8it%on. — Japan wax is chiefly com- 
posed of glyceryl palmitate together with sotoe 
free palmitic acid. Besides these a good many 
other substances have been obtained from it in 
small proportions; they may have been free 
in the wax or may have come from esters. 
These substances are: (1) About 1 p.o. of 
japanic acid CjiHiqOi with m.p. 117®-U7*9''; 
It 13 normal non^ecamethylene dicarboxylio 
acid CO,H'(CH,)i, CO*H. There is some 
evidence that the japanic acid comes from a 
mixed ester of glycerol with japanic acid and 
palmitic acid existing in the wax. (2) and (3) 
Smaller proportions of the two next lower aci^, 
namely, 

CO,H*(CHj),,*COgH and CO|H*(CH,)„*CO,H 

(4) Five to six per cent, of acids soluble in water, 
perhaps including suberic acid and isobutyrie 
acid. (5) An odour of osnanthyl aldehy^ is 
riven off during saponification. Thk may 
06 due to the oxidising action of bleaching 
agents, products being formed from wUim 
ptassium hydroxide liberateB osnanthyl alde- 
hyde. (6) Pclaigonio acid. (7) An amd with 
m.p. 87® and formula C||H|.0| or CJSLJO^ 
(8) and (9) Very small quantities of liqm aoid% 
one insoluble in water and one solnUe. (lC)ana 

(11) Very small quantities of oleio and steaift 
adds, perhaps due to some addition made the 
course of the manufacture of the wax. 

The unsaponiflable matter xesemblei 
ment in appearance, and Is recorded as km 
0*54 p.c. to 1*63 P.C. ; in it have been kmA { 

(12) Melissyl alcobol with m.p. 88®. (13) Osm 
alcohol with m.p. 79®. 
with m.p. 65® tm wHh . 
phytostorol with a douUbl 
as air-dried 
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Ahfmi do M. of tto niMyonifiable mttet » » 
inuEtQiy of Uquid«i» onaattmted and cnataini&g 
oaiygea^ 

is only the bleached wax that is 
exported. It is said to be used for floor, 
furniture, and boot polishes and in laundry work ; 
but there appears to be some secrecy about 
its exact use. Added to beeswax it imparts 
more solidity to the candles and causes them to 
leave the mould more easily ; it is used instead 
of beeswax for a similar purpose in some rubber 
' factories. Before 1859 the wax or the free 
acids obtainod from it was used for candles and 
nighUiffhts (Wilson, J. Soc. Arts. 1858-59, 7, 
43A). Lewkowitsch and Warburton (Chem. 
Tech, of Oils, Fats and Waxes, 6th ed. voL ii. 
1922, p. 667), however, says that the difficulties 
of employing Japan wax fatty acids for candles 
have not yet been overcome. It emulsifles well 
with water and has been used for currying 
leather (J. Soc. Chem. Ind. 1898, 17, 167). In 
Japan it is used for [K)lishing tamed wood and 
cabinot work ; unbleached it is used fur the 
candles of the jinriksha men and (unbleached ?) 
in a comirasition for keeping the women's hair 
glos^ and straight. 

Bihliografhy.-^Vk^M wax, like other sub- 
stances which are ot pharmaceutical interest, 
has a long bibliography. Kaempfer (Amesni- 
tates Exoticffi, 1712, pp. 791, 794) ; Thunberg 
(Flora Japonica, 1784, p. 121) ; Siebold (Voyage 
au Japon, 182^0, publish^ 1838, i. p. 276). 
These three authors were surgeons in Dutch 
empby, and thus were enabled to visit Japan 
when it was closed to other Europeans ; they 
mention the wax and the trees from which it 
was obtained. Oppermann (Ann Chim* 1832, 
49, 240), percentage composition. Landcrer, 
H. MiilW and Buchner (Report, f. d. Pharm. 
1^3, 44, 1-34), discussion and experiments as 
to whether Japan wax is identical with adipocere 
from dead animals, and whether it is a North 
American product. Nees von Esonbeck (»5id. 
1833, 40, 283), commenting on Landerer's work, 
says that he has seen wax from R, auccedanea 
from Japan, and that it is quite the same as 
that found in commerce. Trommsdorfl ( J. pr. 
Chem. 1834, 1, 151), properties and trial as a 
oandlo. Brandes (Arch. Pharm. 1841, [2] 27, 288), 
oomposition. He thought that Japan wax was 
eomposed of tbe supposed compound ceraic acid 
that Hess (Pogg. Ann. Phys. Chem. 1838, 43, 382) 
obtained by the treatment of rye-starch with 
nitiio acid. Sthamer and Meyer (Annalen, 1842, 
43f 335), composition, distillation, and oxidation 
by nitno acid. They found that Japan wax is 


2, l42atid2M)»dlsciiflflon of 
work; tbe indtlag*poiiitB were ineorse^ 
reported on 142« Bbekiode {s5td. 383h 
partiottlaiB some kioomot, also questioning the 
identity of the wax examined by previous 
authors. Simon (Bull. Soc. Imp. 2oo. D'Acciima- 
tation, 1862, 9, 596). He was an agent of the 
Ministre de 1’ Agriculture and wrote from 
Nagasaki, giving particnlars of the exploitaticn 
per 10,000 trees of R, suecedanm oooupyiiig 


2 hectares and of the 
Koucher (J. Pharm. 


gfyoeiyl palmitate. Hanbuiy (Pharm. J. 1852- 
Mt [Ij 1% 476, and Hanbury's Science Papers, 
187 o 9 60), description and melting-point. 
Bertiielot (Ann. Chim. 1854, 13] 41, 242) sug- 
gested that Japan wax perhaps contains a 
dipilBiithu Simmonde (J. Soc. Arts, 1858-^9, 

“ - , p ^2^)^ 
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The Pharm. J. 
Pharm. Chim 
I, 1^ the Neues Report. !. 
0| 74) give summaries from 
httlbob. Jaeteson and Rogers (Proo. 
8e«h Mai Hist U, W), 


of the wax. 
him. 1872, [4] 16, 20), 
peculiarities of the melting-point and use ill 
pharmacy for making cerates with otiye OiL 
Ludwig (Arch. Pharm. 1872,. [.3] 1, 213), pqr* 
ticulars. Robertson (Consular Report on 
Trade of Kanagawa in Japan, 1874, 64 ; also in 
J. Soc. Arts, 1873-74, 22, 787 ; also in Pham. J. 
1874-75, [3] 5, 684), source and preparatim«> 
Further particulars about source, preparation 
and use ( J. Soc. Arts, 1873-74, 22, 1000 ; also 
in Pharm. J. 1874-75, [3] 5, 426). Naiurdisitif 
R. sueeedanea in France (Pharm. J. i6ML p. 448). 
Gribblo (Arch. Pharm. 1876, [3] 8, 374. from 
Handols-Baricht of Gehe and Co., Dresden,^ 
1875), preparation written in NagasakL Cooke 
(Oilseeds and Oils in the India Museum, 1876, 
p. 5), particulars. Simmonds ( J. Applied j^isnee, 
1877, 8, 55), particulars. Buri (^h. Pham. 
1879, [3] 14, 403), composition. He saponified 
and examined the mixed acids and found 
palmitic acid chiefly, but that others were 
present, including at least one with melting* 
pomt above that of stearic acid, and also an 
oleic-like acid in small proportion. A. Meyer 
(Arch. Pharm. 1879, [3] 15, 97), a long paper 
discussing the work of previous authors and 
describing the Rhus trees with figures of leavieSi 
flowers and fruit of R. sueeedanea, and giving 
results of a few expenments. Hubl (Dingt 
poly J. 1884, 253, 289), iodine value. Ebmarat 
(Inaug. Diss. Strassburg, 1888), compositioiL 
He found the acid afterwards named iapanie 
acid by Geitel and van der Want. Rein (Japan : 
Travels and Researches, 2nd ed. 1888). iMn 
(The Industries of Japan, 1889, 158-164), an 
account of the three Rhus trees and of tLt 
preparation of the wax. Kleinstuck (Chemu 
Zeit. MI O, 14, 1303), peculiarities in the spmflo 
gravity. Watt (Diet. Econ. Prods, of Indn^ voL 
vi pt. [. 1892,499, 500, and Commeroiel ftodlb 
of India, 1908, 914). Schaedler (TeeWoL AMn , 
und Oele, 2nd ed. 14192, 80, 870), parljonRM ^ 
of the wax and also of its m.p. peenUasMos* 
Hehner and Mitchell ( J. Amer. C^em. Soc^ lM7f ^ 
19, 49, and Analyst, 1896, 21, 330), abnoM,^ / 
behaviour of palmitic acid from Japsn IVMi 
when mixed with stearic acid. La Wall (Ama^ i 
J. Pharm. 1897, 69, 18), starch as an adnltniniitt ^ , 
Lewkowitsch (Analyst, 1899, 24, 319), \ 

values and effect of aoetyiising. BliB. Bdt ' 
Dept. Jamaica, 1900 [2] 7, 37, souioe ao4 
nrenaration of the wax. Cbitei and tean disK 
(J. pr. Chem. 1000, [2] 61. Ul). 
tioD, ^chhom (Z.iUdi. ooiu. Chetn. 1606i » , 
640), ^reotapiui for flading acid Valtt» |Wi.' 
saponinoation valae, wing amsl idoftidt 
ia (Am Cea(iiry.— Bonheumr aad. 

(Caum. m 1001, 26. 1006). ana^ytioal i 
Aluaw wad (Zidtaob. aAgwr. CbMA> 

684), dbaag. in aaaljrtiaat irama btftiMWi 

$t nemt nad oi fooaar tmwi. Swa’i^ 
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Hjalb. Bi4i« IMSf h 209}» methods o" 
Mid UM. SofaAal (Ber. 1907» 4C 
4SiH}$ aompodtion, the acids examined b; 
dkiUtathm m vacnnm. Benedikt-Ilker (Anal 
Bbtte nnd Wachsarten, 5th ed. 1908» 683] 

partioalMS. Matthes and Heintz (Arch. Pham 
1909; 217» 650), oon^sition of the nnsaponifiabl 
matter. TaseUj (Bull. Soc. chim. 1911, [4] C 
d08), composition by Haller’s alcoholysis metho< 
(Oompt. rend. 1906, 143, 657), namely, b: 
oonvMsion into methyl esters. Crowe (Oonsula 
Bep. for Japan for 1912, p. 42), export and uses 
Lewkowitsch and Warburton (Chem. Techno! 
and Anal, of Oils, Fats and Waxes, 6th ed 
voi. ii. 1922, 45, 661), particulars, analytics 
▼alues and uses. {See also this Dictionary 
voL iii, 692). 

» Meileaii myrtea wax (ifezican myHle vsax) 
This wax is obtained by the Indians in Mexic< 
&om the fruit of ilfynca jalapeneis, and is sok 
in Mexico dty, where it is used for making 
candles. The tree is known locally as *arbo 
de la oera,’ and occurs in Vera Cruz, somotimej 
in dense thickets covering considerable areas 
The wax forms a greenish-white layer on th< 
enter surface of the fruit, and is obtained bj 
boiling the fruit in water and skimming off the 
floating melted wax ; it is refined by melting 
and straining. On examination it gave the 
following values, which resemble those of Cape 
berry wax : sp.gr. 0*8763 at 99® ; m.p. 43*2^ j 
add value 4*07; saponification value 214*5; 
iodine value 2*38. It is considered that 
it would be suitable for makmg candles and 
soap (Olsson-Sefier, Bull. Imp. Inst. 1909, 7, 
410). 

MyrQe berry wax {Myrtle wax, Lawd wax, 
Baiifierry tallow) is obtamed from the wax 
myrtle, Myrka eerifera (linn.), a shrub growing 
on peaty soil in North America, and common 
along the North Atlantic sea coast. The fruit 
is brown or blackish and the size of a pea ; it 
iMseretes the wax and becomes covered with a 
snow-white crust, penetrated by brown or 
Uadk points of the skin, so that the wax can 
mify be got off as a powder and not in coherent 
fieoee. 

Wax is also got from other Myxicaoee, 
namely. If. earaeasana (Humb. and Bonpl.) in 
South America, especidly in Columbia and 
Venezuela, and if. aethiopica (Idnn.) in Abys- 
sinia. See also Cape beery wax and Mexican 
myrica wtx above. 

To obtain the wax the berries are boiled with 
water, and the fatty mass that floats on the 
•uxboe is ridmmed off and poured into flat 
ffkbee ; the yield of wax is from 20 to 25 p.c., 
and A bnib yields from 10 to 15 kilos, of berries. 
pm wax wmeh comes from the United States 
pis a deep green colour, probably due to chloro- 
IjpLyB; thxsoolourisbleachedtoa^y-yellowish 
put eq^osure to light and air for several 
ypMA but the change extends only a few 
below the surface. 

; tBm stt^ements as to its composition are not 
Shnith and Wade (X Arne/. Chem. 
tkto, SB, 1129), however, examined the wax, 
mmXWhy extraotha the berries with 
M&iofaiixiit and oonmuded that it was 

tripalmitate) with 

a small amount of 




bpe add; they fiote by 

crystdiising four times ieom liAt netrolsom. 
The benies they used were picked is Sspt^ 
and the extraction and examination weie 
made in November. The values tlpy xeooid 
are: Bp.gr. 0*9806 at 22®/16*5®, 0*979 

at 99®/l5*5®; rei^iive index at 80® 1*4368; 
acid value 30*7; saponification value 217; 
iodine value (Hiibl) 3*9 ; Beichert-Mdssl number 
0*5. From these they inferred the absence of 
oleic and volatile acids. They also condiuded 
that no stearin was present. The m.p. in this 
sample was 48®, as determined by Alienas method 
(Coml. Organ. Anal. 3rd. ed. vol. ii. pt. i. 34), 
and the solidifying jpoint was 45® ; but it Was 
found that the melting-point rises considerab 
on keeping the wax. A redetermination 
March of the m.p. gave it as 52*5®, a rise 
4*5® in 4 months. A specimen of wax aboi| 

4 years old melted at 57® and solidified 
58*3®. Wax from berries obtained in Augus^ 
and extracted in March melted at 55*4®. 

Some other observers have found the aoid^ 
value to be only about 4. It is inferior to 
beeswax in ductility and j^asticity: mixed 
with beeswax it can be employed for making 
candles ; these are said to give a pleasant smeO 
when extinguished. It could nrobably bo used 
for soap making. Chittonaen and Smith 
(Amer. Chem. J. 1^, 6, 217) employed this wax 
as a source for preparing pure palmitic acid. 

Some wax prepared in Colombia from the 
berries of M, argtUa was examined at the Imperial 
Institute (Bull. Imp. Inst. 1918, 16, 2871 with 
the followmg results: m.p. 45®; sohdifying 
point of the fatty acids 46*4^ ; acid value 21*2 ; 
saponification value 216*7 ; iodine value 1*03 ; 
unsaponifiable matter 0*4 p.c.; the wax was 
yellowish-buff in colour and had a peculiar odour, 
similar to that of myrtle wax from South Africa 
(Cape berry wax). It was stated that the wax 
is employed in Colombia for the manufacture of 
soap and candles, that the plant is abundant, 
that the fruit can be gathered cheaply and 
easily, and that the extraction of the wax is not 
difficult. 

Oenba wax is obtained ftpm the fruit of a 
shrub growing in the Par4 province of Brasil. 
It grows well in marshy places, and is found 
in abundance along the banks of the Amazon 
river. The fruit encloses a nut covered with a 
thick skin. The skin extracted by water gives 
fine red colour (Ocuba red) ; after waging 
with water the nuts joe thrown in heaps, 
crashed to a paste, and boiled, when the wax 
separates and floats on the surface. The crude 
wax resembles beeswax, and by purifioatioii can 
be obtained white and suitable for catuBe* 
making. 100 kilos, of the seeds give'2(MS 
IdloB (Swax. The product is said to 06 a mixt^ 
of wax, fat, and resin, to melt at 40®, and to 
have a 8p,gr. of 0*9^ at 15®; it is 
slfyhtly soluble in cold alcohol, but is eotth 
pletely soluble in boiling alcohol and Attar 
(Chem. Bevue fiber die Fett- undHam-lndilsMA 
1901,8,218). Bee also Ucitttt6o imnu 

Palm tree imx is the prodAct of a velm im 
Ceraxybm andieolum (Humb. and Botu^)^ irkMi 
grows on the Andes in OclomUa at mlMs*dt 
7900-9700 ft; it attslas a el |90 
and tibe troak is ewM u^j£e mat amih 
gives it a white and taiwIdHQlie intMiiiM 
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^ irm ft 9 kf dotting down tbe ^ 

Ma dotOf^ off tior cooling, odiicb is wo 
bofbd orm irsicr; ftlic mo is thus softened 
«ind floAts cm the soifsce, snd impurities ate 
femcKVed. One tioe is Md to yiM 25 lbs. 
S'lie irax is made into bdls and dried in the 
sun. Candles axe made from it by the addition 
of aiittle tallow, and are sold in Carthago. That 
which is obtained from the Indians is yellowish- 
white, TOroUB, and friable. When melted it is 
dark yrilow, slightly translucent and fragile like 
xesin. It is partly wax and partly resin, and melts 
at a temperature a little above that of boiling 
water ; it becomes strongly electric by friction. 
It is readily soluble in hot alcohol ; on cooling 
the solution becomes a white congealed mass. 
By using large quantities of alcohol and allow- 
ing the solution tCLCOol the waxy part separates 
and the more soluole resm remains in solution ; 
by repeating this operation several times the wax 
can be separated from the resin and from a small 
amount of a bitter substance. Ether also dis- 
solves it, and by evaporation feathery crystals 
can be obtained. The purified wax melts below 
the temperature of boning water, and then re- 
sembles beeswax, wliiist the resinous matter 
melts above this temperature (Boussingault, 
Ann. Ghim. 1825, 29, 330; 1835, 59, 19; 
Seemann, Pop. Hist, of the Palms, 1856, 222). 

Bonastre (J. Pharm. Clum. 1828, 14, 349} 
obtained purified wax by repeated extractions 
with cold alcohol, and then dissolving the residue 
in boiling alcohol and filtering. When cold the 
solution became thick and opaque, like an 
aqueous starch solution ; on standing for some 
months ci^stals appeared. On removing the 
alcohol white silky crystals were obtained ; when 
dried and ground in a mortar it gave luminous 
sparks. Ho named this punfied wax ceroxylim^ 
or, according to Boussmgault (/.c. 1835, 59, 
21), tiro$il%n€. Lewy (Ann. Chim. 1845, 
[iii] 13, 447) found that the wax punfied from 
4he resm melted at 72^, and contained carbon 
80*78 p.c., and hydrogen 13*30 p.c. Tesche- 
macher (Mem. and Proc. Chem. ^c. 1845, 25) 
also describes this wax. 

A wax obtained from the leaves of Ceroxyhn 
aniiecium was examined at the Imperial Insti- 
tute. It was a pale straw-coloured powder. 
After purification it gave the following analytical 
values : m.p. 93^ by the open tube method, as 
compared with 84® for camafiba wax, and 70®- 
72^ for oandelilla wax by the same method ; 
•p.gr. at 16®/15® 1*018; acid value 19*8; 
iaponifioatbn value 73*7-104*4, varying with the 
Oonditidns of the experiment; iodine value 32*8. 
It was thought that when |>urifiod it might be 
used as a substitute for oamauba wax (Imp. Inst. 
BulL 1917, 15, 182, and 1919, 17, 249). 

Pisi wax. Waxy substanoes are obtained 
uduMi peat is extracted with suitaUo solvents. 

of beawDs or tolmne from 1 to 8 
‘ sirtt of orado -wax have been obtained from 
* 108 {Mtfti of the material of samplee from 
< eenroH. Wa omde wax was foond to 

- nnaUy amotmting to leas than 

/ 1 of tbe wax» bat in one oaae reaching 
•iSw ^ wtde wax oonaiated of aome 
jUdiMla fwttar, bat gdiwlpilly of a mixture of 
^ add or adda obtidned 
'Jmf »»iWrtlea«iliwi of the owde wax oorrea- 
Ao a foatw acid 


abo^t Is oiutoi s4oi^ theiMkob th 
bAitd appeastd to cototaixi about the earns 
number. IfTo trace ol dyoeridm was found 
(Eiaemcr and Spiiksr, %r. 19^2, 85, 12t2Je 
A process was ;|^tented in 1908 by Boueh 8 iud*> 
Praceiq (Er. Fiat. S88730) for exteacting pcatir 
lignite, Ac., with alcohol or etibyl esters, Ac., 
and reoovering the wax from the solvent. The 
wax is said to be hard and to membjb bees* 
wax, and to have a higher meltmg-point and 
a sp.gr. above 1*000 (J. Soc. Chem. Ind. 1904, 
23, 710). 

Zaloziecki and Hausmann (Zeitsoh. angew. 
CJhem. 1907, 20, 1141), by extracting peat with 
aloohol, obtained a daik yellow or brown 
waxy substance, but the yield was only 10 mnns. 
from some kilograms. It had no sharp mcltii^ 
point, melting between 80® and 96® ; it dissolirM 
very easily in amyl aloohol, and lem readily in 
ethyl and methyl alcohols. In ethyl ether or 
benzene it tosolved only partially, giving a 
dark green liquid and leaving a brown insoluble 
residue. By saponifying the substance solulde 
in ethyl ether an alcohol was obtained, melting 
between 124® and 130®, and having a oomposC 
tion and molecular weight ooiresponding to 
C 2 OH 40 O 4 , and also an acid which began to soften 
at 145® and melted at 184®, having a composition 
and molecular weight corresponding to Ci«H|gOs. 
The part insoluble in ether gave on sapcmifica- 
tion an alcohol having the same melting-point, 
composition and molecular weight as the other 
alcohol, but diffenng a little in its behaviour, 
and also an acid which had not melted wIm 
260® was reached, and which had a composition 
and molecular weight corresponding to ChHhOm 
S mall quantities of other substanoes appeared 
also to be present in the wax, and the aboTO 
substances are very possibly mixtures. 

Plsang wax. This wax occurs as aa ex- 
cretion on the leaves of a species of Jfwia, 
which grows wild in Java, especially in tiie 
uncultivated regions of TjUatjap arm Koeiif* 
ingan. Pisang is the Malay name for the 
banana. The natives obtam the wax ^ by 
scraping the leaves, throwing the scrapings foto 
boiling water, and then ooUecting the mdted 
wax. It is said that one stem bears oa the 
average seven leaves (a leaf may be aa mm as 
6 ft. in lo^h), and that 100 leaves yidd f kilo* 
of wax, ^e cakes of wax are white, cream, of 
slightly greenish in colour, and slightly 
parent; the wax is hard with a coarmy 
or crystalline f ractufb and Js vmy induk St 
has iJeen examined by GreshoS and Saok (Bee* 
trav. ohim. 1901, 20, 65), who reo^ the 
following: sp.gr. 0*963-0*970 at 15*^1 
79®-8l®; acid value 2-3; it is veqr h«wi te 
sapon%, and the saponification vatue fom^ WSi 
109. Boiling sdoohm dissolves very little (eheut 
I p. 0 .), and on cooling only retains 0*8 p.e. 11 
is easily soluble in boiling dil of tmipsiutieet 
amyl aloohol, or carbon disulphide. At lA* 
petroleum, ether, acetone, and oil of tivjieiitlai 
retain 1 p.c. or less; oUorofom and cweheil 
disulphide retain less than 8 p.e. On ttw beds 
of ultimate analyses of the wax(iiforidB^fi^^ 
from the soluble in boiling idcom^dlslot 
the acid and alcohol obtains by 
tion, the anthois pimsejmvlsfom the mm 
fc^wtng fortntdfes tor 

fogaidfog it as an ester mimed bmn 





\ jWiiilS0 i9^U «t 7l*« am the arlooW et 
. ^IMilplli WU» The rephta palm, Maphi$ 
MriiMiilato (BeanVt) or MuMth which grows in 
' jledageeoer» Iniiiiishee the ^xous materiel used 
* wf Ifmeom and known as ^ bass ’ ; this is the 
MmbltaiB of the upper side of the palm leaf. 
The dull under surface is coated with a whitish 
layw or bloom, which can be easily mbbed off. 
After the bass is removed large quantities of the 
Midlies are available as a source of the wax. 
ISAiey are spread out to dry on cloths in the open 
air, but must bo sheltered from the wind as the 
light waxy matter is easily blown away. After 
d^ng for 2-4 days a white coating is apparent 
on the under sunaces of the leaves ; this is 
detached as a powder by shaking or rubbing the 
leares between the hands, l^e powder is 
oolleeted, freed from foreign matter oy sifting, 
and then put into boiling water when the wax 
melts and floats on the surface, and earthy 
impurities settle to the bottom. The melted 
wax is separated and allowed to solidify. It is 
yellow to dark broun in colour, and rather 
harder and more brittle than beeswax. In an 
experimental trial it \va8 found that ten leaves 
of medium size (3f -4^ metres in length) weighed 
kilos, and yielded 0*75 p.e. of wax ; the 
yield in practice, however, would be less than 

Baphia wax in its physical properties re- 
sambM eamauba wax but differs chemically; 
it seems likely to be applicable to the manu- 
faotuze of candles, polishes, Ac., if it can be 
produoed at a sufficiently low cost. 

Two specimens were found to have the 
following properties: m.p. 82®, 83®; sp.gr. 
0-836, 0*832 at 99®/15*5®; acid value 4*9, 
6*6; saponification value Til *3, 50*3; iodine 
value 7*7, 10*7 (Bull. Imp. Inst. 1908, 0, 380). 

^ It is only slightly soluble in alcohol, ether, 
acetone, chloroform, light petroleum, and 
carbon disnlnbide. It dissolves, but not com- 
pletely, in Doiling alcohol, and separates on 
cooling* ^ It appears to be mostly composed of 
M alcohol or mixture of alcohols having a com- 
position corresponding to CgoH 4 tO, but differing 
bom araohio alcohol (Com^. rend. 1905, 141, 
1251; 1907, 144,594). 

In 1018 the raphia wax industry was stated 
lo be sttti undeveloped, but it was believed that 

10 tons would be available annually (J. Soc. 
atmm, Ind, 1918, 37, 240 R,from U.S. Com. Rep. 
Apr. 1918). 

Wteba muu In the Chamber of Commerce 
, Jbumol, 1901, p. 192, au account taken from the 
Mbnltefir OfficM du Commerre is given of a 
utuduct furnished by the Rhimlm tree of 
a t ada g aacar. From the description it appears to 
Ini composed of both wax and resin, liie wax 

11 eaU to amount to 14 p.c. The pariicutars 
» AboM it am not clearly stated. The wax is sakl 
^ lo luiiat attempts to bleach it. 

SiiWbmll wax. The slow brush (C^anMm 
Dofn|^) is a shrub from two to six feet 
m Mght^ winch grows in Californian forests ; 
II 1| CoauMst^^ a nuisance and to invobre fire 
ScaHone and Blakemore made an in. 
i tuaeeif it oonld bo utilized. Beridm 
4 — jtamAa tiiqy found that the dried 
mn lea 7-3 of wax when extracted 
wWl an Tbawnwasgroenish in coiour# 
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owittf te mwiuten of a ttUifo 

vfhen fraedfiSm imlveid w^ 
ohoidal fitotiite. The crude ^wax Ito 
following analjf^cal results: free 
mponificidtoti number 93-4 ; 

Reichert^Heissl number 7*6 ; sp.gr« at 16*0*988 ; 
melring paint 78*-*79®. From experiments made 
to ascertain the components of the wax, they 
inferred that it was probably composed In great 
part of ceryl and meiissyl esters of palmitic and 
stearic acids together with hydrocarbons, free 
cerotic acid and a small quantity of glycerides 
(J. Ind. Eng. Chem. 1916. 8, 41 1, 573). 

Spermaceti occurs in special cavities in the 
head of the sperm whale or cachalot, Plyssfsr 
maeroeeviuilus (Linn.), and also in the blubber; 
it is held in solution by the sperm oil at 
temperature of the whale’s b^y. It also occ 
in tne bottle-nose whale Balaena fvstraia, ai 
in some other cetaceans, but not in the oil i 
the whalebone whales. The spermaceti froq 
Balaena ro«tmta has a slightly higher mellii 
point than that from the sperm whale, 7 
great bulk of the head of the sj^rm whale con4 
sists of dense cellular tissue infiltrated with' 
spermaceti, this is surmounted by the 'case* 
which holds nearly a ton of very fine oil and 
spermaceti known as ‘head matter.’ When 
removed this head matter is full of Bpermaoeti 
crystals. The blubber surrounds the whole 
body in a layer about 18 ins. thick; it is 
‘tried down,' that is heated to sepaiate the oil 
from the tissue ; on cooling the oil deposits 
tluck scales of spermaceti and becomes semi, 
solid. The ‘ trying down ’ is sometimro done 
on the ship and sometimes at the factories. At 
the latter the £,emi-so!id mass undergoes several 
filtrations and pressings to separate the oU 
from the aperniaecti, which is melted and east 
into mou}<& once or twice during the aeries of 
pressings. Finally, the wax is wormed and 
agitated with a little caustic potash sobitioii to 
remove the last traces of colour and to neutralise 
traces of acid, and is oast into blocks forming 
an almost blue-white glistening semi-ctystalline 
solid (Field, Soc. Arts. Cantor Lceiurea, 1883). 
It is said that for some purposes it is best not 
to free it entirely from the S]^nn oil. 

The sp.gr. at ordinary temperatUM is 
about 0 945, but values as divergent as 0*9(Mi 
and 0*960 have been given, otring probably 
to irregularities causea by ibe ciyataUine 
structure. The sp.gr. of melted speraiaoeti 
at 98**-99^ is from 0*808 to 0*816 as eonpated 
with water at 16® (Keliler, Amer. J* Fbaniu 
1897, 69, 104). Tto onup. is from to 
49®, but by repeated purlficatiofis it teacAea 
53*6^. Meldnim (Chem, Mews, 1916, 111, »), 
in order to invest^te the pbenoiiiena of melmg 
and eblidifying pomts and t lie rise in iemMsaftaro 
on setting, semeied qpermaoeil as flie msliimib 
and records numeioiis experimente on tt im 
also on the effect of imparities «ndh aasMluonf 
water, glycerin, and deic aeid. Hie and 
iafrom0tol*8; aap 
to 134*6; the iodu 
spermaceti is 0, but * 
melliod) have been fit 
the piesenee of aperm a 
Ind. 1008, 87. 63^ III 
alrolml diarolM little 
ia adaUe ia MBhif 
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Qmu IndL IMl, 40, MAtfroiidi 
l9aO,61,7M, n»,7S3). 

Spemiboeti it vmx^ oompoted ol cetyl 
pahniUte (Ci«Hg,)Ct«HtiOa. It was examined 
oy Ohemm m 1814, and the pnnfied substance 
ytm named by him ^tne ; in 1818 he descnbed 
the aloohol obtained by its saponification (now 
Imown as cetyl iUcohof) under the name eihaU 
formed from the first syllables of ether and 
ideohol (Reoherches, Chim. sur les Ck>rps Gras 
1889, 148). The acid with which the radicle of 
the oetyl alcohol C„H •,OH is combined was 
found later to be palmitic acid Although 
spermaceti has a crystalline appearance, it con- 
tafos compounds other than cetyl palmitate. 
HeIntsfPogg. Ann. 1 854, 92, 609, 93, 536) believes 
that it yields on saponification stearic, palmitic, 
myristie, and lauric acids, and the alcohols 
C^HasO, CuHaaO, CuHsoO, and 
he named the iimt, third, and fourth of these 
stethalt methal, and lethal m analogy to Chevreurs 
ethal. These very probably exist in the sper- 
maceti as esters of tne corresponding acids. He 
also found another liquid substance in the 
products of saponification. 

Spermaceti is used for makmg candles which 
bum bn^tly and in pharmacy for making oint- 
ments. For candle-making the addition of a few 
per cent, of beeswax or parafiin is advantageous 
to remove the bnttlcness of the spermaceti. 
Sperm candles of presenbed composition and 
properties were formerly used as the standard for 
measuring the illuminating power of different 
Ikhta (Young, J. Soc. Chem Ind. 1891, 10, 185 ; 
Ifot. Gas Referees, %btd, 1894, 13, 65). 

Sugar eane wax, A waxy substance is pro- 
duced by the sugar cane, and is noticeable on 
the rind of some vanetics, especially near the 
nodes ; it is most abundant on the violet cane. 
It was first described by Avcquin (Ann. Chim. 
1840, rU.1 75, 218), who named it ciroe%e. 
Gold mconol removes some colouring matteri 
11 probably, but does not dissolve the 
punfied wax can be obtained by 
lemonng tne portion soluble m cold alcohol, then 
diasolTing in Iboiling alcohol, cooling, 
dliting off the alcohol, and melting. It is dull 
yidlow, hard, and can be powder^ ; it is in- 
iotuUe in water, oojd alcohol and cold ether; 
ifot ether dissolves it to some filight extent, 
end deposits it on cooling in small crystalline 
gnJns ; boUing alcohol dissolves it completely, 
end the solution on cooling becomes semi-solid, 
Juht as does an alcoholic soap solution. It 
meHs at 82^ and solidifies at 80^ and its sp.gr. 
is (hfiftl at 10^ When made into a taper it 
tmMi with a fine white flame like wax or 
AssimecetL 
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to extract the wax from this by the use of 
benzine or other solvents and utiRm it (Fr* Pat, 
397843, 1908). He finds that the extrmit horn 
fresh mud contains a large proportion of fotty 
matters besides the wax, but that in mud wfaich 
has been kept for some time the fatty mattom 
undergo a kind of fermentation, and are decoiu* 
posed and a product is obtained approximating 
more closely to the wax got by scrapiug the 
cane. It is stated that extraction of the wax 
has been undertaken m Java. The sub]eoi is 
treated of very fully in Wijnbeim's book men- 
tioned above. J. Soc. Chem. Hid. 1910, AO, 
33, deals with a U.S. Patent and gives anal;^cal 
values. 

W. E. Cross (J. Soc. Chem. Ind. 1915, M, 
845, from Intern Sugar J. 1915, 17, 311) found 
from experiments that by submitting ihe taw 
mill juice to centnfugal action a prrauot oon- 
tainmg over 50 p.o. of wax was ohiained, and 
this by one crystallisation from alcohol gava a 
pure hard proauct, melting at 82^ 

UenhuM wax. An investigation of the wax 
from the fruit of Mynsttca wnnamenrie^ Roland, 
was made by Reimer and Will (Ber. 1885i 
2011), who found that the chief componeui wsa 
trimynstin, glyceryl tnmjrristate. The wax 
obtamed by an ether extraction melted at iBK 
An account of the seeds of this plant, obtahxad 
from an exhibit of the Par4 Province of Bxwdl, 
is given by Tschirch (Arch. Pharm. 1887, 

25, 619), who says that the seeds am fomwn hi 
commerce as ucuhvba Other referencea Sawt 
Valenta (Zieitsch. angew. Chem. 1889, p. S); 
Bolton aim Hewer (Analyst, 1917, 42, 35). 

About 4 tons of ucuhuba wax wem exported 
m 1920 (Dept. Overseas Trade, Report for 
Brazil, 1921, p. 19). See also Oniba imx. 

Oils, Pots, Waxes, and Resins, by B, & 
Bolton and R. O. Pelly. Fats: KatufafaiBMd 
Synthetic, by W. W. Myddleton and T. SMby 
Bai^ E.Benn, Ltd., London. H. HL it 
KILLERS. The best weed Idlbe 
for the purpose of the ; _ 
the hoe in some form or other, 
sun and wind. To permit of the ready t 
nation, by mechanical means, between ( . 
and the accompanying weeds is one ii tfo^ 
important advanUges of tegular dtlUMl 48, 
mg. It is only in n few otse, jSgT 
It can denye much ndwitiiM 
spphontion of chemical methods Si i 
weeds, s^oe, as a rule, toy Vm 
will deatioy weeds, will lender tlin nA fM( if 
time at least, unfitted for thsi glMliilt of 
fdanb ^ 



1 any foluhla aah, applied fa 
tfam, will kill phate kr pcedwlag 
In praetke^ stnsf aolttaima «t 






I t»i t^omoMdUL oatbolio $M t6 
n j^hm tvfttar) i; of flOdium araei&lte (oboot 
1^0 M* «6lutioii ) } or of ealoium sulphide (made 
hf MUiig 1 pa^ of sulphor udth 50 ps^ of 
upater and 10 parts of quicklime) are often used, 
^ liquid being simply applied to the surface 
Of the walks from a wateiui^ pot, which should 
be well painted on the inside. Sulphides, 
thfoeyanates, and sulphites act as elfeotiye 
plant poisons, and to their presence the poisonous 
action of fresh * gas lime ’ is largely due. Many 
metallic salts aot as plant poisons, even in 
exeessiyely dilute solution. According to Ooupin 
(Compt. rend. 1901, 654) the weakest solutions 
of the various salts which had an injurious effect 
UTOn the growth of the roots of the seedlings of 
wneat, contained 1 part of the anhydrous salt 
and the following parts of distilled water : — 

Copper sulphate . . 700,000,000 

Mercuiio chloride . 30,000,000 

Cadmium chloride . . 10,000,000 

Silver nitrate . . 1,000,000 

Zinc sulphate . . 40,000 

. ^ lithium chloride . 12,000 

Caloium iodide . . 10,000 

Barium nitrate . . 4,200 

Borax .... 1,000 

Manganese chloride . 1,000 

Caldum bromide . . 400 

Calcium chloride . . 260 

The extreme dilution of the copper sulphate, 
whioh can produce a poisonous effect, tcieu 
applied %n ectuHon to the roots, is remarkable. In 
the presence of soil, however, many of these 
substances, including ccmper er^phate, are con- 
verted into insoluble and harmless compounds. 

But the use of these plant poisons in agri- 
oultnral practice is limited, owing to the difficulty 
of restricting their action to the weeds. In 
acme oountnes, where a particular weed has 
become a scourge, recourse to these drastic 
measures is sometimes made, e,g, prickly pear 
in Cape Colony has been destroyed in many 
districts by the use of sodium arsenite, or of 
solutions of arsenical sheep dips, 1 or 2 p.c. 
sdnrion of the former being sprayed over the 
Uprooted plants, which then die, dry, and can 
amrwaards be burnt. 

Of more importance to the farmer is the dtf- 
ferenUal or eeUdive poisoning of weeds, by the 
use of solutjons whi^, while destroying certain 
weiads» mpduoe no injurious effect upon the crop 
itself, xhe best known of such methods is in the 
destruoiion of charlock or wild mustard {Sinapie 
or Braaeiea Sinapietrum [Boise.]). 
Tho meuiod, due to an accidental observation 
by Gimxd in IVranoe, in 1897, is to spray the 
bsdi^ or oat field infested with the charlock 

tiia spring, when the charlock plants are 
jibout 2 or 3 ms. high, with from 40 to 70 gallons 
per aeie of a 3 p.c. solution of ciystaUised 
iidphate, best on a still, dry, dull day. 
ruin soon follows the spiayiug, in which 
oese result is spoiled, it wl be found that 
Ibe disriook plants quickly blacken apd die, 
•xiriifie the or oats and clover (if tbat be 

fiptmt) are nninjund. In addition to 
wacwdk^nBoim In Tarions districts SO ‘ ketlock,* 
* vUd MDHtaad,' ‘ TsUow fiovear,’ and in Irelaod 

i J 


taportant, esn be kiOedV keat^^ 

Sbxroussiuphatein lOor I2p.e.sifiatkmiiiiayjbe 
substituted for the eom^ sulidutte, but accord*' 
ing to experience in Irdana (Leaflet Ko. 6, 
Dept, of A^c. and Tech. Instruction for Zvelan*^ 
1901) is not so efficient. Cereals, clovers (ana 
most other leguminoatxi) are uninjured by the 
treatment, but docks and thistles, althou^ not 
usually kiUod, are seriously cheok^ in growth. 

Various explanations of this duferential 
action of oopper and iron sulphate solutions have 
been offered. Girard ascribed it to the solution 
being retained by the rough and more or less 
horizontal leaves of the charlock, while tbe 
smooth erect leaves of the cereals would permit 
of the solution running off. Against this is the 
fact that other plants with horizontal leaves, 
e.g. clovers, suffer little damage. Anouer 
possible explanation is that interaction betu^n 
the metal of the copper or iron sulphate end 
the sulphur oompounds which are characterise 
of the cruciferce, may take place and lead to tne 
destruction of the plant. T 

A third and probable theory is that the cell 
walls of the leaves of cliarlock are thinner or 
weaker than those of cereals, and more readily 
permit of plasmolysis being set up, when they 
are brought into contact with saline solutions 
applied to the exterior of the leaves. This view 
receives some support from the fact, observed 
by Hcmnch (Jahrosb. fur Agricultur-Chemie, 
1901, 351), that 15 or 20 p.c. solutions of sodium 
nitrate, ammonium sulphate, or potassium 
chloride — substances which cannot exert anyj 
chemical toxic effect — ^aro also effective iu 
destroying charlock. Moreover, the importance 
of a dull, still, day for the spraying, which is 
always shown in field trials, is in accordance 
with this explanation, for under such conditions, 
the droplets of the solution, deposited on the 
loaves of the plant, would retain their original 
concentration for a longer period than on 
wmdy or sunny days when evaporation would 
bo hastened. 

The experience of the Irish Department of 
Agnculturo is that from 50 to 70 gallons ^per 
acre of a 3 p.c. solution of copper suldbato, 
under favourable conditions of weather, is the 
most effecUvo spray for destroying charlock in 
cereal crops, ana that even when the weed has 
come into flower, it can be suooessfuDy destroyed 
by this treatment, whilst the ocieals and olover 
are uninjured. 

Another example of differential plant-killing 
is afforded in the use -of the so-ewed *lawn.*> 
sand’ for the destruction of plantains and 
daisies in lawns. The active ingredient in 
lawn-sand is usually sulphate of ammonia, and 
to be effective the preparation must be qppiied 
in relatively large dressings— usually about 4 0& ^ 
per square yard (» 1210 lb. per acre) is reodns*^ « 
mended. The result is that the flat«k)aviid 
plants, e.y. daisies and plantains, wither, turn • 
brown and die, while the grasses, though# 
haps, temporarily injured and browned# reoovuf ' 
and afterwards mw vigorously. lAWiMSttd U % 
generally applied in March and, after Its 
action on weeds# acts as an efficknt 
manure. i ^ 

A oertein amoimt of fadimt * 
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8e Mwted hgint^ l)gr MeMd 

i4t«»|Een<Mtt aiAiiiim* wUbt the 
k liDducedi hy epplicatioii of 
»i phpigiheui^andpotm manures wUh 
aToioaooe of nitrogenous ones. But this 
xnethod is of limited application, and is rardy 
ox service to the farmer. It may, however, be 
i»ed in the adjustment of the relative propor- 
ttons of grasses and clovers in a lawn. But for 
the deslmction of the more important and 
troublesome weeds of the farm and garden 
reliance^ has chiefly to be placed upon the 
mechanical methods of cultivating the soil at 
the most suitable seaso n. H. 1. 

WBWSOHraKITE, A rare mineral found 
in the Bavarian Oberpfalz in white matted 
globular deposits and m radiating needles on 
brown haematite. Is mainly a hydrated phos> 
phate of 3 rttrium and erbium P 04 (Er,Y), 2 H, 0 , 
containing small quantities of other rare earths 
(Henrich and HiUer, Ber. 1922, 65 [B], 3013). 

WUBSBNFBLS UONITE RESINS o.Bksiks. 
WEISSGILTIGERZ or WEISSGULTIGERZ 
«• Kuxbxboitb. 

WEHRLITE V. Tbtsadtuitib. 

WEU) is the dried herbaceous plant known 
as ReBeda luteola formerly cultivated to a con* 
eiderable extent in France, Germany, and 
Austria. Its cultivation in this country has 
neariv ceaeed, because not only is the quantity 
of ooloumg matter it contains veiy small, but 
the carriage of the plant, owing to its bulky 
nature, is expensive. A special interest, how- 
ever, attaches to weld, for it is said to be the 
west European dyestuff known, and was used 
by the Gams and other nations dwelling north 
of the Alps in the time of Julius Caesar. 

The plant attains a height of about 3 feet, 
is pale brown in colour, and is sold in sheaves 
like straw. The ooloming matter is disseminated 
throu||hout the entire plant, but the greater 
quantity occurs in the upper extremity and the 
seeds. 

jAUeolin, the main colouring matter of weld, 
was examined by Chevreul (J. Ohim. Med, 6 , 
167; Annakn, 82, 53), who obtained it in a 
crude condition; its isolation in a state of 
chemical purity was first achieved by Molden- 
hauer (Annalen, 100 , 180), who assigned it to 
the formula C 10 H 14 O 1 . It was subsequently in- 
vestigated by Schiitzenberger and Faraf (Bull, 
fioa Ohim, 1861, [i.] 18), who proposed the 
lonnula CxiHgOf and puxmed it in a somewhat 
novel manner udiioh is worthy of mention. 
Weld was exhausted with alcohol, the extract 
evaporated^ and treated with water, which 
thsew down a dirty greenish precipitate. This 
Vras ooUeoted, introduced with a little water into 
a sealed tube and heated to 250^ On cooling 
Dm sides of the tube were found to be coated 
vnUl golden-yellow needles of luteolin, and the 
Impurities bad coUeoted at the bottom of the 
SuSe to form a resinous cake, 

BQMweta suggested that luteolin had the 
O^gSioOg and was komerio with the 
which he obtained during thei 
qneve^tin with alkali (Annalen, 112, | 


pmaxation of luteolin in quantit; 
uMi^ Trims. 1896» 69» ^ 7r 



106 of tbeasli!^ 
of water k tmteft irilli 160 e.o^ id 
add (33 and the mixtiuia k digeated at the 
boilintftexQpek^ AqnimtiW 

of a blade iMiiiious aufastance sepamtes^ wbldi w 
ooUeoted while hot, and the filtrate, whkb con- 
tains the colouzing matter, is allowed to stand 
for twelve hours, A brown precipitate of impure 
luteolin k slowly deposited, and k coUected, 
washed, and dissolved in a little hot aloohoL On 
pouring this solution into ether, the main bulk of 
the impurity is precipitated, and the ethereal 
liquid on evaporation yields a yellow zesadue, 
which is crystallised from dilute alcohol. The 
product in Edition to luteolin contains aplgeHin 
(Chom. Soc. Trans. 1900, 77, 1316), aw the 
latter can only be removed with certainty by the 
following method : — 

The mixture dissolved in boiling glacial acetic 
acid is treated with a few drops of strong hydzo- 
chlorio acid ; this causes the almost immediate 
separation of luteolin as hydrochloride, whereas 
the apigenin remains in solution. The hydro- 
chbride is collected, decomposed by water, and 
the luteolin crystallised from dilute alcohol, 
LiUeolin CisHxoOg crystallises in yellow 
needles or leaflets, m.p. 327^-329^ (Perkin), 327® 
(v. Kostauecki, Bozyeki, and Tambor, Ber. 
1900, 33, 3410), soluble in alkaline solutions 
with a yellow coloration. With alcoholic lead 
acetate it gives a bright yellow precipitate and 
with alcoholic ferric chloride a green solution, 
LtUedin Mlphaie CigHioOg'HgSO^ oiawe- 
red needles; Ivtedin hydrwdide G|gHxoOt*Kl* 
orange prisms ; luieolin hydrobromiae 

Cx5B[xoOg*HBr,H|0 

ochre needles ; and luteolin hydrochbridt 
CigHjoOg-HaHgO 

(Perkin, Ic.), are readily prepared by the aotioli 
of the acids on luteolin in the presence of boiliStg 
acetio acid. By treatment with water thsae 
compounds are quantitatively decomposed into 
luteolin and acid. 

Monopotaeeiim lukdin CnHgOgK, flue 
yellow needles, from luteolm by means of alco- 
holic potassium acetate, is decomposed by bolhkg 
water with separation of luteolixL The sodium 
compound, CgoHigOtgNa, behaves similarly, 
Tetra-acetyl ItUeoitn 

kin (also Herzig, Ber. 1896, 29, 1013), cewurfess 
needles, melts at 22l®~223® (Perkin), 226*-W*» 
(Herzig). Tetrabens^lduteoiin 

C„HgO,(CxHgO)4 

colourless needles, melts at 200 ®- 201 ® (Petitki^ 
DibrandideoKn CxgHgBr|Og, yellow tieemPi 
melts at 305®, 

By the action of nitrio acid on IttUnlKh 
Bochteder (^trah. fSr Chest. ISM, 001} qIk 
tained oxalic acid, and vith fnaed aaaU fMA** 
oate^ie acid wad fMcroglmitiioL ]>hpMeaydl)l 
boiling 60 p.o. potaaBinm hjrdioxide mimaA, 
nhloioglaeinol and aut^’CaietM Me pndtu^ 
(Perkin and Hoisftdl, Chem. 6 oeu Shm 1900 l 
77, 1322)— 


OH 

OH 


0 


'OO-CH, 


When metiisriated «it3iilB«thyliodid.l«l0(S^ 
sdbld.. in addnioa to ktoolin tihnetlnd «nlfc> 
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ftlwltBeiik^ itad 

* \ ImMin htmMyl O^JEL^O^OOH:^^, 
mh#mry9l^ nMdles, iii.p. 161M63% forma m 

0„H«0,(C,H,0)(0CHJ, 

^ oiriotttleaB piisma, m.p. 156*^-158% and with 
al^hoUo TOtash gives a bright yellow ciyatalline 
8aJt» Whidi is decomposed by water. 

On hydrolysis with alcoholic potash at 170** 
the trlmethyl ether gives veratnc actd, and f^loro- 
giwinol tMtnomHhyl ether, which was isolated in 
the form of disazobenzene-phloroglucinol mono- 
methyl ether, orange needles, m.p. 261®-262®. 

Metkyl-lvieoUn fnmetkyi ether 

ChH.O,(OCH3)3 

molts at 191M92^ and the momaceiyl deriva- 
tive C|,H.O.(OCHa),(C,HaO) at nS**-! 76®. By 
means of Mcoholic ][>otash veratnc acid and 
metkyl-fhloroQlucinol methyl ether (identified 
as disazobenzene mothyl-phloroglucinol mono- 
methyl ether, orangc-red needle*^, m.p, 198®- 
901^ are produced. 

By digestion with boiling hydriodic acid 
$ndkyi4iUeoUn yellow loaficls, is 

formed, m.p. about J{07®-300®, which gives on 
aoeM compound melting at 2.35®-236®. 

Perkin (l.c.) assigned to luteolin the con- 
stitation of a tetrahydroxyflavone 

0E/\^ ^ SoH 

U Ih^h 
Yh^'^ 

and the more recent synthesis of this colouring 
> matter bv v. Kostanecki, Rozyeki, and Tambor 
(te,)ha8 Indicated that this formula is correct. 

when fhloracetojhenone tnmethyl ether is 
condensed with ethyl veratrate it gives 
2; 4 : 6 : 3' : A'-pentamMoxyhenzoyl’acHopfienone 


OCH,; 


/N-OCH, co-<^^och, 

1 j — CO— OCH, 

OOBfa 

and this by long digestion with boiling hydriodic 
aoidi(6p,gr. 1*96) is converted into luteolin. 

^Enough luteolin when digested with alcoholic 
potadi and ethyl iodide in the ordinary manner 
ghnwonly a triethyl ether, owing to the presence 
an Imrozyl in the dHho position to the 
cartoiwlgfoap, when an excess of the reagonts 
to empfeyod, luteolin tetraethyl ether 

OuH0Oj(OEt)4 

UStondsis needles, m.p, 153®-155®, can readily 
tot obtefaied (Furkin, Ghem. Soo. Proc. 1912, 28, 
Though quercetin pentamethyl ether on 
mmSm leadily gives the 6^monomtro deriva- 
M (Watoon, Chem. Soc. Trans. 1914, 105, 
» l ytow i in tetraethyl ether 3rields in similar 
^ the ietran^iro compound 

oolourlwis prisms, m.p. 
wie^ other hand, the introdjaction 
nitro group can be effected by 
j|i04)fomo-lnteoljn tetraethyl ether 
JfifMcSn and Watson, ibid. 1915, 107, 
rnm^ ii moleeolsa) in acetio add 
m/rnthyl ether peibrmide 


Ott«i 

mp. i 
wiaer 


/MV 

. mImi, 

(d^ioomp*}» aiiini on sHWh ' 

glusa troaisMsQtfn totoasllpl eHm 
jn tofmsIM ditor* 

With bromine (1 mc^ule) In acetio addi 
solution, hramoiutedin UtraetM^ sftor 
brmifto Ci8H4Ot(OEt)4Br,BBr,0tH4Ot, pdq 
vuUow hair-like ne^es, is obtain^, wnioli when 
coiled with water gives hromoluteclin ietraethffi 
ether 0]4H40tBr(0£t)4, colourless hexagonal 
plates, m.p. 183®, whereas by brominating 
luteolin tetraethyl other with 2 molecules cd 
the halogen in acetic acid solution in presenoe 
of sodium acetate, iefra^romofiiiroftn ietraesth^l 
ether, colourless crystals, m.p. 111®-! 14®, is 
formed. 

Bromo-(S' -nifrehUeohn tetraethyl ether 
N08C,5H404Br(0Et)4 
pale yellow rhombs, m.p. 170®-! 71®, on 
duetion m alcoholic solution with stanno 
chlonde and hydrochloric acid, gives &roiifO-6^^ 
amxnoduteoUn tetraethyl ether 

CiBH408Br(0Et)4NHj 
yellow prisms, m.p, 165®-169®. This forms the 
hydroemonde 

C,4H40,Br(0Et)4NH2,HCl.H40 

bright yellow needles, which when dried over 
soda lime become scarlet and melt at 187® 
(decomp.) ; with etanmc rhiaride it forms the 
salt ( C„H„0 4NBr)4H4SnCl4, crimson prisms. 
By means of sodium nitnto the amino hydro- 
chloride yields in the usual way, crystalline 
bromolnteolin tetraethyl ether diazonium hydro^ 
chloride, and from this by boilmg with water 
broino 6-hydroxy4uteolin tetraethyl ether 
CuH40,Br(0Et)40H 

yellow needcs, m.p. 255®, the acetyl derivaiwe 
of which ciy'stallisos in white needles, m.p, 
270®-272®, 18 produced. 

This latter, probably owing to its insolobilitVi 
is not readily attacked by h^rdnodio acid (D 1*7), 
the first product of the reaction being apparent^ 
bromoS-hydroxy-liUeolia diethyl ether 

C„H404Br(0H),(0Et)4 

the acetyl compound of which melts at 213^ 
The more drastic action of the hydriodic add, 
emplo^g also acetio anhydride, |;ave a tmall 
quantity of a compound crcstaUiring in yeOow 
needles, soluble in alkaline solutions iHUi a 
yellowish brown colour, and which was ptolisbiy 
an impure fi-^ydrory-futooftn^ 

The Mety) oomMnnd meltea S50*«466* 

When sir m sapirsted thronj^ 


■oiatknu of Inteolin (aiKl sbo thaw of dIttVMI* 
and sjrfgenin), oxidstion does not o«owe> IMl, 
property, aooording to Pefidaif.e.)« diittlf BMl wi i . 
the oolonring mstten of thn wtm iKMti 
of the flsvonol okae, which iwnr iiWdHtr 0 ) d i^ 
by this tnstnont. ' ^ ^ 

It has afawady been staM SMI 
tidas a second oolMi^ 

4 tf iC. 


(0. Pumtjnt). 




^ ^ ^ ^ tmW * / m 

. (kimliAk ^ 

sneiibods (w htkfw) m ww % 

•Mji^ mmi^mm iit ^ Ite bw mgii^ ^ 

I^tasing iiecmt 

Akviiit wA old fnsitio. l%iii in one teepeet is oil indxiel^ liibe sprang up in tibM> ^>ribalinii( 
nidbrtttiuitei becftiiBe» of all the natural vellow grounds ad}aeent to the South African ooasC 
w<mrii]^iiiat4}6ra,it;fde^ especially to that of Natid. The whale^ klUed 

sbadeC. In conjunction udth aluminium and by a gun-shot, is blown up with air so as to Boat 


tin mordants it gives very bright pure lemon 
ydUbw colours, and these do not change to an 
olive or redduh tint as m the case of other 
vegetable yellows. With chromium and iron 
mordants weld gives yellowish and greenish olives 
respectively. For yellow, wool and silk are 
mordanted with alum and tartar in the usual 
manner and dyed subsequently in a decoction of 
weld with the addition of chalk to the dye b%th 
Weld alumina yellow is to some extent still 
employed in this country for certam army cloths 
and braid. For silk dyeing, wold extract is 
manufactured in small quantity, and is used for 
the production of yellow and olive colours. 

A O. F. 

WfiLDlHG (Soude^ Fr. ; Schwetssen^ Ger ) is 
the joining of two pieces of metal under the 
hammer at a sufficiently high temperature. 

WELSIUM* The name given by Eder ( Akad 
WiBs. Wien. Ber. 1920, 129, 421) to an element 
supposed to exist between terbium and dyspro- 
sium, of which he has tabulated more than 300 
lines between A6546 and 3038. 

WESELSKT’S DYES v. Oxaziks ooloubiko 

MATTXBS. 

WE8TFAUTES. Explosives oonsistmg of 
mixtures of ammonium mtrato and ream, with 
or without potassium nitrate, v Exflosives. 

WETIEB DYMAHITB, WETTEREN POW- 
DKR, s. ExFuisivns, 

WHALE OIL IS obtained from the blubber 
of vanous species of the genus Balaena, mz 
Bakana mpsttceius, Greenland or ' right ’ whale 
(northern whale oil) ; Balaem australis (southern 
whale oil) ; Baiafnoptsra longtmanar Balasnop 
tsm musrulus (common rorqual, the largest of 
alt known animals), Jkilasmplfra boreahs 
^ortlfem or Rudolph's rorqual) finback oil, 
Aimer^wliale oil, humpback oil); Nedbalaena 
margina$a (Australian whale), JlMchtanecUs 
ufcraco, Co^ (Japan). Other cetaceans, the 
aoblofl^l species of which have not been deter- 
minea yet, or which arc identical with the fore- 
mituj; snecies, are known as bowhead whale, 
CMifivmaii gray whale, orca or killer whale, 
beiUoa or white whale ; these are chiefly caught 
^ jmeritauk whalers m the Northern Paciflo. 
•flllus northern whale oil is the Hraui oil* of 
isirntiame proper ; but this name has become a 


the carcase, which is brought hninediately into 
the trying stations, when the whale is hoisted 
on to a working platform where the blubber is 
stnpped clean &om flesh, and care is taken to 
leave as little flesh as possible on the blubber. 
The latter is then cut into strips, which are 
thrown mto chopping machines, whence the 
comminuted mass is immediately dehvered into 
melting pans, and ‘ boiled * with steam. Five 
different qualities of whale oil are produced. 
The best quality is the oil which first runs off 
the blubber at the lowest temperature, known 
m commerc e as ‘ Whale Oil No O’; it is of a 
pale yellow colour, and has but a family fiihy 
smell This oil contains a very small quantity 
of free fatty acids The best brands are * water- 
white,' and are free from volatile fatty acids. 
On further boiling, the second quality — ‘ Whale 
Oil No 1 ’ — runs off , it is a little darker in 
colour, although still pale yellow Its fldiy smell 
18 more pronounced than the oil of the first 
running. 

These two qualities of oil are stored in large 
vessels, whereby they become clarified whQe 
depositmg ' steanne,^ which is filtered off, 
pressed in hydraulic presses, and sold as * whale 
tallow,* or * whale steanne,' for soap making. 

The residual mass m the boUieg pane, 
together with the flesh of the whale, is cut up 
mto strips or fairly large lumps, and is * ttieoi 
down ’ in a digester under a pressure of iO-flO 
lbs. The oil classed as * No. 2 oil * is thus ob- 
tained. This 0)1 has a brown colour and a 
strongly developed fishy smell ; its proporUoin of 
free mtty acids is considerably higlm than fn 

* oil No. i ’ In some stations ^whme oU No. % * 
16 made from the blubber residues only, anff 
does not contam any oil from the flesh, Heura 
It rraresents a supenor article t6 the * No. t oiL* 

The bones are worked up in tke same 
manner, and yield a still mfenolr moudlly of oiL 
Such oil (‘ wlmle oil No. 3 '} is darker stIB, has 
a more strongly developed odour, and a hglik 
percentage of free fatty acids. 'Whale hosMi^ 
oil’ of commerce is, however, not ekoluHvall^ 
made from the bonia, except in thois «|ASa 
whore the product is sold under guaiantai ai ^ 

* bone oil* ^ ^ 

, . ^ All these operaUons are carried ont uttti 

generic name, and has been extended to all other the greatest rapidity and predskm lueiAkM Ihg 
^htebbar oils * included in this group and even routine of the Chicago packing houasa limit 
to flik oils (see Oils, Faun, ato Fats). have served as a prototype for &s 


TimUnoberof whales caught m the northern tff a modem whalmg station 
mri of Europe was, in the early days of the In the old whaltogstatmns whmllmeip^ 
mnim cannot be handled so expeditfoud^Fi m 

Ml m eoneegnooce of the low yield, and also of remains for a longer mr idiorter tsnm " 
Im lailr ffuality of oil thus obtained, the whales witk the flesh, which xaj 


Itoir faronght into the 'trying* stations 
" ''\Fittinarken, on the iLomtes, Faro, 
t and in Icriand. 

It iim Amaricm vrbalem still 
UiMir M beaid Mp smd deliver 
ttotolhariftnarim^ 

(|M|i jMid ^ fftoi MMssitoo 

* A i . 



I pdbm 


faotiTe ehiuigea. TheoiTmfMtBMiWbMMMl' 
uid bewmiM d«rk, aitd i« now 
wgud* rnnoU and fwe fotto at^ tliii 
pnoodiog ftwlitwo. Wda a4l io kw»ii% % 

The iffridue tmaining altor tito 
a, <d| I, imiM df fw niMi^ 



fit SiftiiiVBicifio iOMit» iod Soutk Ablcii 
yAm^ tki Ooinimment lutf istibDdied umm 
new plants* Tbe oereaaees of tbe whalee m 
tbm oom^leielT used up in tbe manufeotoe of 
oil> "fteanne/ none meal or bonesy and other 
arlidies of commerce. 

If the whale is landed in a peifeotly fresh 
statCy cattle meat can be prepared from the 
fresh meat, as is being done m Iceland and in 
the fm Islands, and in South Africa. Some 
fresh meat is also consumed by the inhabitants 
looallv (Iceland and Faro Islands). 

The ‘right whale* oil is of better qualiti 
than the ‘southern whale* oil. The ‘finne*^ 
whale * oil is of still lower quality. Hence th 
finner whale was formerly neglected by th< 
whalers, but at present even this kind of whal 
U eagerly pursued by them along the coasts o 
Norway and Newfoundland, as also to a smalle 
extmit on the Asiatic coast of Russia, and th 
coast of Japan. For the chemical charactex 
istics of whale oil, see Oils, Fixed, and Fais. 

Doherty (J. Roy. Soc, N.S. Wales, 1922, 4fi 
209) obtained the following values for oils froG 
Fic^c whales: sp gr. at 15 5®, 0 9182-0 9232 
a J®*®, 1’471~1*476; acid value, 0 76-6*8 , sapon 
value, 192-199; io^ne value, 96-119. 

The chemical composition of the whale oi 
'^tty acids has not yet been established satis 
factoxily. The deposited ‘ steanne * consists 1 ^ 
a large extent of palmitin. The lodme vali > 
of a sample of pressed cake exammed m tl i 
author’s laboratory was 37*9. Volatile fatt ' 
acids are absent. About 10 p.c. of clupanodon; 
add can be isolated from whale oil in the form ( 
its ootobromide. 

According to Milligan, Knuth and Richait 
s^u, who separated the fatty acids by fractiom 
disMUatiQn of their methyl esters, a «tpccimon ( 
udbale oil fatty acids had the folloumg con 
poai^on: mynstio acid, 4*6; palmitic, 11 C 
pabnitoieio, 17*0; stearic, 2*6; unsaturatc 
acids (maudy oleic), 36 6; unsaturated acid 
0|^, 16; unsaturated acids, C||, 10; unsaturatc 
aems, 0 * 4 , 1*5; and unsaponmble matter, 0 
^c. (J. Amor. Chem. 8oc. 1924, 46, 167). £. ^ 
Amstrong and T. P. Hilditch (J. Soc. Che i. 
Ind. 1925, 44, 180) found in a 8. Georgia whi e 
jdl that the unsaturated adds comprised myri !:• 
0 ^ add, 1 ta 1 *6 p.o ; palmitoleic acid, 16 p.< ; 
oldo acid, 36 p.c« ; and nighly unsaturased aci is 
with 20 and IS carbon atpms. 

Whale oil is not infirequentiv adulterat d 
wtth rssin ml, the detection of which is sim^ s. 

the recognition of seal oil reliance is mair y 
placed upon the taste. 

The * water-white ’ and 'pale* brands )f 
Whale oil are used as burning oil, and v« y 
OffeWlrivd^ in soap-making. The lower quahl » 

employed for leather dressmg. For i xe 
dmdieristiM of glycetol from whale oil, ss 
£|^ imd Salway (J. Soc. Chem. Ind. 1918, 7, 

oi] is also used as a batching oil ot 
IdlOi for tempering steel, and as a lubneant or 
i0elW«CUtll»g machineB. In the hydio|ena1 id 
foi!m(imBaDXEXD Oils) it is sometimes ui id 
ut of mamnne on the Contine it. 
i whale oiTyields about 0*9 p.c. of 
twiiteranaO^Oi p.c. of cboleetei cl | 
* '“i matter. after nmoval of 1 be 


mm etjMftItoi bm mxilmit, tMk oQi 
swi k moK ooutti^ tewdttUA 
^Ihltfl do ttiA 

soluUe in this solvent have a high iodto tehie 
(Buttenbexg and Angerhauser, Zsitsoh. Nahr* 
Genussm. 1919, 38, 199)4 J* b 

WHEAT. Friima^tono/EpsFfour in Wheal 
Fk>ur.— J. Konig and F. Bartsohat (ZeRseilu 
Unters. Nahr. Genussm. 1923, 40, 321) have 
thoroughly investigated chemical methods for 
the estimation of wheat and rye flours when 
present m admixture, and diow that the diastase 
method proposed by several workers Am- 
berger, Anmyst, 1922, 47, 73), methods de^ 
pendent on the ^uten content, on the sohibili^ 
of the non-glutenous protein, or on the prob ' 
soluble in ^ to 70 p o. alcohol are not tn 
worthy for the analysis of the mixed flours. 

IS shown, however, that the percentage of thk 
total protein soluble m saturated solution ol 
calcium sulphate is constant for each flour, and] 
independent of the actual amount of protein in 
any particular sample of the flours. Ten gtms. 
of the flour are moistened m a 600 o.o. flask 
with the saturated calcium sulphate solution at 
the room temperature (022 ^m. in 100 o.a), 
made up to the mark and shal^n in a machine 
for one hour, after which the nitrogen ts esti- 
mated in 100 c.c. of the clear filtrate and ex- 
pressed as percentage of the total nitrogen in 
the flour. Treated in this way, wheat flour 
shows 29*1 p.c., and rye flour 61*6 p.c., so that 
the proportion of the two flours may be inter- 
polated from the following tabL . 


Wheat. 

100 

90 

80 

70 

60 

60 

40 

30 

20 

10 



Eye. 

10 


40 

60 

60 

70 

80 

90 

100 


P. 

29 

31* 

83*; 

35i 

38*1 

40* 

42*. 

44* 

47. 

49*: 

51*4A/ 


The average experimental error with the 
method is about 6 p.o., but may be exceeded 
in the case of flour of unusually high acidity 
(Analyst, 1924, 49, 187 . Bee also Cebeau, 
vol. ii. p. 130). 

A modification of Fleorent*8 method for the 
detenmnatioii of the baking value of flouts bas 
been proposed by Braun (Ann. Falsif. 1924^ 87, 
269; J. &c. Chem. Ind. 1924, 43, B 762), lliet 
ratio of gliadm nitrogen to gluten nitrqgen is 
used to indicate the quality of the flour. 

WHEEL QBE e. Bopekokits. 

WHETSLATES e. WaETsroim. 

WHETSTONE (Coritetde, Fr.; FeWefoia, 
Ger.), OILSTONE, and HONBITONI, Haii 
fine-grained rocks, usually highly sOfoeoui in 
character, used for sharpening or whetring edged 
tools and also for grinding metak Bocki «{ ^ 
several different kmds are ii^table lor thh^ 
purpose, such as homstone^ WnlMs, lyitfon 
irtone, quartsite, sanditone, dafo^ 
schist, Ac.(Mf.e.)« TheymnstnoMiemattS^ * 
ness of gram and foxtnia comifosd wHI i 
ootaio £«». of m 

toolwd ud 



ijUdmi %D jli iitaggodif 4 i i 4 tiot 

1^ Mutt)# tb^ 4tOli#*' 
1 ^ (ovotaboi dmvod tf fiivittfeMi 
9 iiiiit «mv 01^7* 13u» outtfatf power itoioe^ 
tlo^oi depends on tim presence of i^nte umsm 
of geitkei, rutile, or magnetite distributed 
throuj^ tne stone. The ehemioal oomppsition 
of materials ansveiing to such a descnp- 
tion nattunJhr ranes Mtweon wide limitSi but, 
as a rule, sinoa predominates* The following 
analyses axe of I, Moraoulite, * Arkansas stone,’ 
bom Arkansas (8p.gr. 2*648). 11, Novaouhte, 

* Ouachita stone,’ from Arkansas. Ill, Novacu* 
lite, containing quartz and senoite, from Mar* 
qytte, Michigan ^Iso PtO«, Li^O traces) 
nr, Qdstone (turKey-stone) from Asia Mmor. 

V, Bekian razor-hone from Recht (also 
0*16, 0 0*18, organic matter 0 02 ; 8p.gr. 3 22). 

VI, Whetstone bom Gambnan slates at Lausen- 
•tcin, Bavaria (also organic matter 1*56). 



I. 

11 

III 

IV. 

V. 

VI 

MiOt 

99 50 

99 49 

76 99 

72 00 

46 52 

40 81 

TiOl 

.I.. 


— 

— 

1*17 

— 

AliOt 

0 20 

0*18 

13 92 

3 33 

23 54 

35 57 


010 

0 06 

0 45 

0 77 

— 

100 

0 71 

188 

MnO 



trace 


17 54 

trace 

OaO 

010 

004 

0 32 

13 33 

0 80 

0 27 

MgO 

0 05 

008 

112 


113 

020 

xTo 

010 

010 

8 65 


2 69 

10 03 

KiLo 

015 

010 

0 50 


0 30 

172 


010 

014 

2 35 


3 28 

103 

OOt 

— 

— 

— 

10 33 

0 04 

028 


100 20 

100 20 

100 13 

9^99 

oFIi 

100 00 


of <kiS$aim (Bevenlaei) age, and saw qwndei 
at semal ]^Cfa in uekhbcuiriiood d 
Vielsafan ana 8alm*Chftteati in the Ardmmes. 
They are mksaceous slates containing in* 
numerable minute aamets Benard, Mem. 
Acad. Belgique, 1878, 41). The Qmman raaov* 
hones from the neighbourhood of Ober* 
Ammeigau m Upper Bavaria consist of a very 
compact, pale-coloured quartzose clayey Ume* 
stone, and occur as beds in Jurassic limestones. 
They are very bnttle with a splintety fracture, 
and are composed of CaCOs 83*57, FeGQs 
clayey matter 7*63, quartz 5 96s:99*85 (0* W. 
Gumbel, Geogn. Beschreib. Bayern, 1861, 1). 
The celebrate Turkey oilstone (anal. IV) is 
also calcareous, containme SiO^ 70^75, CaCOf 
20-25 p c., witii often a Tittle alumina. It is 
obtamed m the interior of Asia Min or and 
exported from Smyrna Two varieties arc 
distmguished, the white and the black, the latter 
bemg slightly the harder. 

£a England several stones of a more or less 
similar character are obtamed at various plaoes; 
eg. the Charley Forest stone or Mettle 
homstone, which is a fine-gramed. sihoeous, 
slaty rock worked m Leicestershire. The 
Welsh oilstone is a somewhat sumlar material 
from near Dyn Idwal in North Wales. Devon- 
shire oilstones are obtamed from the meta- 



The noiacidite* of Arkansas is one of the 
most important whetstones. It is found o\er a 
wide area m the vicinity of Hot Springs, 
oocumng as bands a few inches to 15 ft. m 
thickness, mterbedded with sandstones and 
shales of Lower Silurian age It has a homo- 
geneous, finely granular structure, and is white 
with a famt muish tinge. It is bnttle and 
breaks with a conchoidal fracture ; sp gr 2 648 
(Arkansas stone). Under the microscope it is 
seen to consist of an aggiegate of quartz grains 
with an average diameter of less than 0*01 mm. 
The stone is rendered more or loss porous by 
mmute rhombohedral cavities, representmg 
ctystab of calcite or dolomite which have been 
dissolved out ; and it is on the presence of these 
cavities that the cutting action partly depends. 
In tiho trade two vaneties of Arkansas novacuhte 
afe distinguiahod : namely, the more compact 
^Arktmsas’ stone in which the cavities form 
0*17-4) 25 p.c. of the bulk of the stone ; and the 
more porous ‘Ouachita’ (or Washita) stone, 
ih which the spaces amount to 5 p.o. The latter 
has the duU appearance of unglazed porcelain ; 
It is the more abundant and obtamable in 
lai^ masses, and is also more in demand. The 
aveesge of several analyses shows 99*60 p.c. 
$iOp of which 2*2-7*2 p.c. is soluble in a caustic 
poiwdi solution, ahd 0*44-1*14 p.c. in a solution 
oi iMdmwium carbonate (L. S. Grnwold, 
WhelitoM and the novaculitos of Arkansas, 


Uieoi. ourvey atjiwibus, lor xosv, 
. ili; W. C. Phalen, Oilstones of 
Mbi. W U,S. Geol. Survey, for 1911, 

a 

nMor>itonM (mwIi V) ocmir m 


of-A 3 rr stone, snake stone, and Tam o’ Shanter 
hones* 

The coarser gramed ac^he akmea are made of 
certam kinds of sandstone. Those from Pike 
m New Hampshire are the most celebrated, 
being exported to all parts of the world. This 
material is a fine grained, thinly laminated, 
micaceous sandstone (W. C. Phalen, Tbo 
scythe-stone industry m New Hampshire, Min^ 
Res. U S. Geol. Survey, for 1909, 1911, 2, 616). 
Scythe-stones have b^n long worked near 
Bl^kdown m Devonshire, and are known as 
‘ Devonshire baits.’ They are made from 
siliceous ooncreUons embedded m sand, probably 
of Upper Greensand age. Similar scyihe^tonee 
are also made at Penzlewood, near Stourton xn 
Wiltshire. 

In preparing whetstone for use, the biooks 
as quarry oressed are sawn into smaUrectangulMr 
slabs with a lapidary’s disc charged wiHi 
diamond powder, and then smoothed down 
an iron ^te charge(f with emery. Toeds fbr 
special purposes, as used by dentists, enmvilN% 
watchmakers, jewellers, Ac., are grouna to the 
required shape. 

Wheels made of Arkansas stone ace used for 
fine metal grmdmg ; and powdered lAetfitmm 
18 used as an abrasive material by mstrement 
makers. See also Abbasivus. 

Be/erenceff On whetstones generally s. L. S. 
Gnswold, {.c. ; G P. Merrill, The 
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y— «sto0‘1597» for Bodiam-lightt *re 
*my nearly tlie same as those of oaloite (rie, 
f«»1^4862, oi-c:»a*i713). Th< 

OKyBtais could therefore bo used for the eon 
struction of nicol prisms for polarising apparatus 
if only they were found of suificient size or ii 
such ooula be produced artificially. The 
mineral is found in coal mines, but at only a 
few localities, namely, Burgk and Zwickau ir 
Saxony, and Briix and Schlan in Bohemia. It 
occurs, together with calcite, dolomite, barytes, 
in small fissures in the shales and sometimes 
in the coal itself. Crystals have also been found 
in a metalliferous vein with tetrahedrite and 
ankerite at Urbeis in Alsace, and under similar 
conditions at Freiberg in Saxony. L. J. S. 

WHISKEY. The term 'whiskey,* applied 
to the national beverage of Scotland and Ireland, 
only came into common use m the latter part of 
the eighteenth century, and is derived from the 
Celtic ‘ uisque-beatha ’ or ‘ usquebaugh,* mean 
ing ‘ water of life,* no doubt in reference to its 
stimulating properties. A similar signification 
is seen in the terms applied to strong alcoholic 
liquors in other countries, as ' aqua vitae,* and 
'eau de vie,* Bums employs the three tcrm« 

‘ aqua vitae,’ ‘ usequbae,’ and ‘ whiskey ’ syiiony 
mously. 

The introduction of the manufacture of 
alcohol into Europe is, as the word suggests, 
due to the Arabs, but in the grapc-grouing 
countries of the south, the spirit is naturally 
produced chiefiy from wine, and m the north, 
from different kinds of grain, the different 
materials used giving rise to the distinctive 
flavours characteristic of the spirits of difierent 
countries. 

In Scotland the manufacture of whiskey 
was a subject for legislation as early as the 
sixteenth century, and extracts from the 
statutes show that *aqua vitse* was not the 
exclusive product of malted barley, but that 
unmalted ^in was also used in the early days 
of spirit mstillation in Scotland, and this lias 
been the practice in Ireland up to the present day. 

In 1^5, during the Napoleonic wars, and 
owing no doubt to the possibility of a shortage 
in the supply of grain for food, the use of gram 
for the manufacture of spirits was prohibited 
throughout the United Kingdom. 

In both Scotland and Ireland the pot-still 
was used prior to the invention of the patent 
conitnuoiis still by Aenegs Coffey in 1831, since 
when the patent still has been incn*asing]y 
employed for the manufacture of spirit from a 
mixture of malt and unmaited grain, and 
known locally as * whiskey.’ About two-thirds 
of the potable spirit made in Scotland and 
belaird at the present time is of this description. 
The spirit prmuced from other materials as 
mol at s a s , rice, starch, |)otatoes, dates, currants, 
Ae^, it almost invariably distilled from a ' })atcnt 
ilill,' and is used chiefly for indostrisl purposes. 
Wheii viM OfUff is used the whiskey is produced 
in Scotland chiefly, and in Ireland exclusively, 
iiom poMtills. At the present time ( 1 920) there 
am 9 dfotUleries in England ; all of wfiich are 
only* In Scotland, out of 124 
9 use pafont-stills and 1 15 pot-stills 
& Kortbem Ireland, only 4 distilleries 
m at mesent working, and of these 2 use 

In the Irish 


JBVee Stste, out of 14 distilleries, 2 ues ftAmU 
stUls, one both patent and pot^stiUs, and the 
remainder pot-stills only. Of the latter, 10 arc 
at present * silent,* t.e. not workiw. 

In 3 of the distillexies in Jl&giand, 0 in 
Scotland, and 2 in Northern Ireland, yeoH is 
manufactured on a large scale as a oommeroiol 
product. In some instances, yCast is the 
principal product of manufaetuie — the spirit 
produced at these distilleries being really a 
* by-product.* 

The different characters of the various 
kinds of whiskey are due to the presence of 
small amounts of secondary products, some- 
times referred to as 'impi!l|itie8* or 'by-pro- 
ducts * (as esters, higher alcohols, Ac.), rarely 
exceodmg in the aggregate one-half p.c* of thcj 
ethylio alcohol present, but sufficient to imparij 
a distinctive flavour and aroma to the spirit. ^ v 

These differences in character depend mainl^\\ 
upon (a) the kind and relative proportions 
the materials used in the wash ; (6) the methods 
of mashing and termentation employed; and 
(c) the ty^ of still used and the manner in 
which it is worked. 

For the processes of mashing, fermentation, 
and distillation employed in the manufacture 
of ordinary alcohol, and for a description and 
diagram of CX>ffoy’B patent still, see article 
Alcohol. 

This is known as ' silent * or neutral spirit, 
but grain spirit, distilled from patent stills, 
when mtended for potable purposes, is not so 
highly rectified as to be deprived of its ‘ whiskey * 
character. 

In the manufacture of pot-still whiskey in 
Scotland, barley-malt is practically the only 
material employed in the mash, whilst in the 
Irish pot-stili distilleries the luash consists of 
a mixture of barley-malt with unmaited barley 
or other grain. The prujxirtions vary with a 
view to securing particular flavours in the 
whiskey, but a typical mash consists of about 
four-filths barley (malted and unmaited), and 
one-fifth of wheat, oats, and xy'c, the propor- 
tions decreasing in the older of enumeration* 
Maize is generally excluded from the pol-siill 
whiskies. 

Besides the formation of sugar by the action 
of diastase during the mashing process, other 
substances, the exact nature of which is not 
thoroughly understood, are obtained in solution, 
from which the sccondaiy constituents of the 
finished whiskey are both directly and indizeetly 
derived. According to Bell (Hcloct Committee of 
>^he House of Commons on British and Foreijm 
Spirits, 1800-1) some of the essontial ous 
naturally existing in the malt and grain, and the 
$mpyreumatic and creosotic bodies with wliicll 
«he malt becomes impregnated during the 
process of drying over peat, anthracite, or coke 
fires, pass through the operations in a more or 
»8s chemically unchanged oondition, thiie 
imparting distinctive characters to the whiskey^ 
particularly when the ordinary potHriiU 
mployed for the distillation. 

Similarly during the ptomm of fcmenMIaiW 
#he convo^on of we suj^ into etk3dsdool iriii| 

in the^fomiation of sulMiU^imi^^^ ^ 

influence the flavour of the flnbM H 

Of tbaee the prindpal are ^ 





wMc% him abotm by SSbilioh amd otbm 
(0 W 4m ba tba ayliMtig up of oertafii nitio- 

r u« mtbstaiicos <amlJK> acids) piodaced by 
peptoniAing action of the malt in the 
mashing process. !I!he ultimate zesoli is affected 
by the special natuxe of the yeasty the tempera- 
ture at which it works, and the time occupied 
in fermentation. 

The simplest form of pot-stills employed in 
Scotland are heated by direct lire, and have no 
special means of rectification. The long neck of 
the still, however, although originally designed 
simply to prevent particles of the boiling mash 
being mechanically carried over by frothing or 
spray^, mcidentally has the further important 
practical useof effecting considerable reciihcation. 

The pot-stills sometimes have their rectifying 
power increased by means of perforated plates 
plaoed transversely in the nock of the still, or 
by the use of ' purifiers,' pipes or circular vessels 
cooled by water and fitted between the neck of 
the still and the condenser. 

Some stills are heated by means of steam- 
jackets or coils instead of uirect fire, and this 
difference in the method of heatuig is said to 
have an imjiortant influence on the flavour of 
the whiskey. Certain empyrcumatic bodies arc 
thought to be generated by the open fixe 
method, but according to Boll, Schidrouiiz, and 
Thorpe, these are more probably derived from 
the peat or coke used for heating the malt kilns. 

In the manufacture of Scotch whiskery, two 
distillations only are usually made, first from 
the * wash still ^ from which the whole of the 
volatile constituents are collected as ^ low 
wines ' ; and second, from the " low- wines still,' 
the distillate from which is collected m three 
fractions, viz. (1) ^foreshots,' (2) clean spirit 
or * whiskey,' and (3) 'femts.' The first and 
third fractions are added to the low wines of 
the next distiilmg pi'nod, and so on throughout 
the distilling season, the residue left m the 
wash still C aIo ')f Ibat m the low-wmes 
still (* spent Ices ’) being run to waste. 

The whiskey is generally run off at a strength 
of 11-25 oveiprooi, but in the Low^lands, where 
a third distillation or * rectification ' is generally 
made, the strength of the whiskey distillate is 
from 40 to 54 overproof. 

In Ireland the pot-stiils are generally much 
larger than in Scotland, liaving sometunes a 
capacity of 20,000 gallons. The head of the still 
is shorter, and the still for low wines and feints 
k provided with a Myne arm,' or long xnpc* 
which p asses through a tub of water, the liquid 
thus eondensed between the head of the still 
and the worm being conveyed by a * return pipe * 
to the body of the still. By this means a con- 
siderable deepree of rectification is effected. 

Three wtUlations are the rule for Irish 
pot-still whiskey, and the fractions are more 
nuniennis than in the manufacture of Scotch 
whlsbsgr* oonsisting of strong low wines, weak 
tow strong feints, and weak feints. The 
tnUdto or * whiskey ' fraction is also run off at a 
htlfher stm^ than in the Scotch process, viz. 
24 to 80 ovemxoof . 

SImi mint atm^ the eoUection of fore- 
shUto it stopped and that of whiskey com- 
stoneed# m veB as that at sriUch the mtming 
m MNtotor leases and the ooUetotoii of feints 
to hy the Judgitteat and 


experience of the distiUer, but Tarkms simple 
devices are employed for testing the distillate 
at different stagto, as glass floats or hydrometers, 
specifio gravity beads, and samplers for testing 
the distillate by dilation with water and ob- 
serving whether the mixture k opalescent or 
clear. 

Scotch whiaheya may be divided into the 
following five principal classes : (1) Highland 
malts ; (2) Lowland malts ; (3) Campbeltowns ; 
(4) Islays ; all made from malt in pot stUk ; 
and (5) grains, a name given to patent-stili 
whiskeys. Irieh vfhiakeya have no correspond- 
ing classification, all tlie ‘ self ' or non-blended 
whiskeys being sold under distinctive names. 

The secondary products, and therefore the 
character of the spirit, are considerably affected 
by the strength at which the whiskey Is run off« 
Some of these products (especially esters) suffer 
partial decomposition m both the wash and low 
wmes stills, whilst others, of higher boiling-point, 
remain in the stills and are run to waste with the 
pot ale and spirit lees. More than two-thirds 
of the socondary products are lost in this 
manner, only from 10 to 30 p.c. passing into the 
finished whiskey. (For the recovery and 
utilisation of the e&lers left in still residues, aea 
art. Rum.) 

It has not yet been found possible to trace 
any definite relationship between the com- 
mercial characteristics of various pot-still 
whiskeys and their composition as ascertained 
by analysis, for the reason that the secondary 
constituents are not indiiridually identified by 
chemical analysis, but are assessed in groups 
consistmg of members of the same mmuy 
though in varying proportions, e,g. ocuk, ojde- 
hydea^ eaters^ and higher alcohda. 

There is some reason to believe, from the 
researches of Guarcschi and Mosso (on behalf of 
the Italian Government), Vaughan of Michigan 
University, and Husz of Sweden, that o&er 
bodies may be present duo to deoompositioii of 
albuminous matter in the grain and having 
alkaloid properties. They are alleged to be 
largely accountable for the deleterious effects 
of spirit drinking, but, if present, they occur in 
such minute quantities os to elude identification 
hitherto. 

Husz attributed the unusually deleterious 
character of the spints drunk in Sweden in a 
certain year to the use of unsound grain, and 
Lombroso has shown^that an alkaloid having an 
action like strychnine k generated in decaying 
maize. Lauder Brunton, whilst attributing 
much of the harmful effects of new spirk to 
furfural, also supports the theory that these 
effects may be partly due to the preesnee in 
minute quantities of alkaloidal bodies, espeekUy 
in potato spirit. 

Sohidrowitz has determined the peteentiige 
! of nitrogen in new pot-stUl whiskies wtoh the 
I results shown betow, but faded to detect the leitot 
trace of substances giving sJkaloidal leaetima 
The nitrogen k calculated as MHg, and exmesned 
as gra^ per 100 litres of absolute sloofaof^ , 

Highland malts . . O-OMHII 

Lowland malts' . . 

^piwhom8(iiiiat) 5 ^ 

OniiM . . . r . li-'OMHii 







WHISKBY. 


; Ifo vm, liowever, obtibliiQd 

hv the Bosral Ooimnission on Whiskey, iso., 
t&it deletedonB effects attributed to the 
00iisttmptik>n of spirits are directly due to the 
jvesenoe of poisonous secondary products, and 
the bulk of the medical evidence was to the 
^ effect that the actual amount of the secondary 
products is so small compared with that of the 
.ei^yl alcohol, that the physiological effects 
' produced by them must also be extremely small 
ra comparison with those due to the ethyl 
akiohol itself. It would appear to follow, 
therefore, that whiskey derived either from pot 
or patent still has much the same toxic effect if 
tB&n in the same quantity and at the 'same 
alcoholic strength. 

At the same time, since many substances are 
known to produce marked effects on the digestive 
s^tem merely as a resillt of the sensation pro* 
duced by their fiavaur^ this plays an important 
part from a dietetic point of view, and the more 
. agreeidxle flavour of a mature whiskey may exert 
a favourable mental effect which promotes the 


bt the digestive processes, wMlst Hie. 
impabtable flavour of new * silent ' or neutral 
spirits may tend to interfere with d^^tioh 
apart bom the direct effect due to the vdoohol 
itself. ; , ' \ 

The methods usually employed fer^ the 
estimation of the different groups of seconcbury 
constituents are given in detail in the kOnutes 
of Evidence taken by the Royal Commission on 
Whiskey and other Potable Spirits, IQOSrfl, 
voL ii. App. Q. xii. Thorpe; see eiao vol. i. 
App. F. Schidrowitz. 

The following tables give the results of 
analyses of various kinds of whiskey by Sohidxo- 
witz, Tatlock, and Thorpe, .expres^ in all 
cases as parts bv weight in 100,000 parts by 
volume of absolute alcohol (e.^. grams per 
100 litres). 

Schidrowitz and Kaye’s results of analyses 
of 100 samples of the principal classes of Scotch 
pot‘8till whiskey are summarised in the following 
table, showing the minima, maxima, and 
averages — 


Ko.of 

samples 

Description 

Total acid 

Esters 

Higher 

alcohols 

(A-M) 

Aldehydes 

Furfural 

Average 
total * im- 
purities* 

39 

Highland malts . 

10-83 

33-185 

112-235 

4-66 

1-6-6-3 

292 

16 

Lowland malts . 

6-00 

27-87 

82-228 

8-54 

0-5-2 

255 

16 

Campbeltowns 

12-100 

53-140 

160-269 

! 11-85 

: 2-4-8 0 

336 

5 

Islays 

15-36 

40-86 

155-200 

17-40 

3 ‘8-5-2 

294 

24 

Grains 

1 3-69 

1 20-55 

33-80 

trace-17 

0-06 

m 

100 

Average. 

t 

30? 

60-6 

143 

1 

186 

3-2 

252 

1 i 


Analyses of Irish Potsstill Whiskey (Schidrowitz). 


Description 

Total 

acid 

Esters 

Higher 

alcohols 

(A-M) 

Aldehydes 

Furfural 

Total 

A. New .... 


7 

34 

145 

12 

6-5 

203 

H 13 years’ plain wood • 

• * 

29 

I’t 

185 

68 

3-3 

323 

KVew . . . . 

• • 

6 

28 

233 

8 

4*1 

279 

18 years’ plain wood • 

• • 

32 

47 

264 

21 

4-4 

368 

G. 14 years’ sherry . 

. . 

87 

87 


32 

. 4-5 

436 

P: Mature 

• • 

67 

59 

147 

16 

2-6 

291 

ATonge . . * . 

• • 

38 

1 

49 

200 

26 

4-2 

817 


Scotch Patent Still Whiskeys (Schidrowitz). 


Description 

Total . 
acid 

Esters 

Higher 

alcohols 

(A-M) 

Aldehyde. 

Furfural 


"iMtfWbUksy .... 

4 montlm’ sneriy wood . 

1 tyeaa’ tflain wood 
ffyeaa^diflBy wood 

4 

24 

14 
• 58 

25 

26 

26 

40 

05 

31 

100 

44 

H 

0-07 

«t«ee 

O'W 

" "iw; , 

14 «: : 

■Aimuigt, .... 

25 

29 

60 

H 

0 <<» 
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Isqs TAxmre Snu. Whibeby 8 (Sohidbcowite). 


'* ^ »rt 


DeaflM^tloin 

Total 

acid 

Esters 

Higher 

tJeohob 

(A-M) 

Aldehydes 

— 

Fnrfnral 


DiatiDeiy A->new .... 

17 

25 

38 



m 

PP »>•••• 

21 

41 

50 

— 

trace 

112 > 

„ 2 years 

10 

24 

48 

3 

trace 

85 

Distillery B — new .... 

3 

19 

52 


— 

■» 

^ 1} years . 

9 

25 

46 

1 

trace 

, n 

Distillery C — ^new .... 

— 

33 

50 

11 

— 

94 

Average .... 

10 

28 

47 

2-6 

trace 

8Tl8 


Tho following analyses by Tatlock show the 
maxima, minima, and averages obtained from 
75 samples of Scotch and Insh mali-pot-stiU 


whiskeys, gram patent 
blended whiskeys — 


still, Americaik^ and 



High- 
lands, 31 
samples 

Low- 

lands, 

9 samples 

Isla^s, 

4 samples 

Campbel- 

towns, 

2 samples 

Irish, 

2 samples 

Ameri- 

can, 

4 samples 

Grams, 

7 samples 

BlN|da,jU) 

Esters — 

Maximum 

154 16 

85 80 

78 05 

85 02 

44 22 

119 52 

60*90 

92-08 

Minimum 

45 01 

34 52 

48 31 

01 42 

38 42 

11106 

22*04 

33*59 

True average 

8106 

66 19 

6151 

73 62 

,41 32 

115 99 

33 26 

88-90 

Higher alcohols 
Maximum 

1!X)40 

240 00 

161 70 

200 70 

169 10 

177 34 

6847 

111-28 

Minimum 

73 51 

103 49 

130 20 

130 58 

154 93 

102 55 

32-47 

48-71 

True average 

144 61 

140 40 

144 55 

173 14 

162-01 

156 99 

45 32 

80-70 

Volatile acids 









Maximum 

89 06 

39 80 

32 41 

56 35 

49 23 

132 11 

32-93 

100-18 

Mimmum 

21 7() 

4 70 

17 11 

31 16 

4 55 

65 24 

2 86 

18-12 

True average 

41 78 

17 35 

25 80 

43 75 

26 89 

99 43 

16*67 

40-01 

Aldehydes — 

Maximum 

35 06 

33 59 

3174 

33 54 

21 12 

32 85 

12 95 

20-00 

Mimmum 

• 3 21 

4 70 

19 82 

32-46 

434 

17 01 

1 59 

1120 

True average 

• 19 48 

20 42 

28 40 

32 99 

12 73 

26 53 

7 66 

9199 

Furfural — 









Maximum 

7 31 

5 85 

6-29 

3 77 

3 02 

386 

0-60 

217 ' 

Minimum 

1 58 

2-65 

3 25 

3 23 

2 73 

1-95 

0-10 

0-48 

True average 

4 18 

4 39 

5-02 

350 

2 87 

3.00 

0-26 

14» 

Total secondary pro- 
ducts — 

Maximum 

382 35 

314-81 

294 99 

385 98 

269*62 

452 9^ 

130-38 

y 

Minimum 

218 94 

218 52 

225 94 

267 84 

222 04 

328 76 

68-04 

lOO^tt. 

True average 

294 41 

282-03 

266,37 

326 91 

245 83 

396 89 

102-08 

lOt-M 


The results of analysLs of 7 samples of high- 
elaes whiskeys as supplied by Government con- 
tractors for hospital use are given in tho following 
table (Thorpe) : — 


Age 


7ywtB 


tOywn\ 

• 

•> • 
»» • 


Iff 

28-2 

28-2 

28-2 

24-3 

31-6 

32*0 

41-0 


Avonige jSOf 


dehydes 
(as acetic 
aldehyde) 

(ters 

(as acetic 
ester) 

^er alco- 
hols 

73 

1 

5 


« : 

i 

& 

9-0 

90-0 

175-5 

2-7 

306 0 

9-6 

87-9 

176-6 

2-7 

303-9 

9-6 

900 

175-5 

2-7 

306-0 

12-1 

921 

877-1 

3-6 

1009-1 

98 

930 

3000 

3-3 

437-6 

08 

114-0 

456-1 

3-3 

616*1 

12-1 

124-81 

578*9 

3*1 

759*8 

1 

W-8 

891-2 

SO 

l3?0 


jEtesults of aaal 3 rBes of 5 samples of s ttfaa W a 
made in Germany and sold as cheap whimf^ill 
Hong Kong are given om p, 466. 

Samples A and B consisted of 
spirit, with an admixture of pot-still w^bdBSjr^ 
■;ho pii] 


tho purpose of impartmg the genuine fiavoiw^ 
whiskey. They are very similar to 
usually sold as ‘ whiskey * in public 

England. Samples C, D, and B coi 

highly rectified * silent* spirit coloured 
flavoured to imitate whiSKOy. The 
impurities were much less than is 
found m genume Scotch and Irish ^ 
whiskeys of high commercial quality, 
furfural and other aldehydes were prac 
absent, and there was no evidence that 
spints Contained anything of a T ‘ 
nature apart from the alcohol itself. 

* Poi-sti/f * and *paieni^9titt * spMfs (1 
Soyal Oomm. on whiskey and other 1 
Spints, App, Q. vi., vli., vliL). *An ejeae 

t ur 



WHSSKXY. 


SMonOaty products 


Volaidla acidity (as acetic add) 
Furfural .... 
Aldehydes (as acetic aldehyde) . 
Esters (as acetic ester) 

Higher alcohols 


Total secondary constituentB . 


n 

m 

c 

■n 

mm 


50*7 


10*6 

14*0 

7-0 

29-2 

1-6 


MU 

MU 

Trace 

0-6 

1*8 


Trace 

Trace 

Trace 

08 

87*5 

109*6 

15*0 

7*8 

3*6 

44*7 

225*7 

205*4 

20*4 

22*6 

33-2 

101*4 

367*2 

381-9 

45*9 



176*6 


of the following tables, giving the results of 
the analyses ot a number of representative 
samples of both kinds of spirits, shows very 


clearly the broad distinction between the * pot* 
still’ and ‘patent-still’ spirit. 

There is always a much larger amount of the 


Spirits from Pot Still Distilleries (Thorpe). 


No. 

^ge 


1 Volatile 
, and (as 
acetic 

Alde- 
hydes (as 
acetic 

alcohols 

'Furfural 

Total 

District 



1 acid) 

aldehyde) 






1 

Now , 


16*9 

92 

77 4 

407 2 

29 

613 6 

Speydde. 

2 

6 years 


52*2 

19 6 

93 9 

472 1 

1*9 

639 7 

9t 

3 

New . 


132 

54 

63 2 

471*4 

2*9 

5551 

Banffshire. 

4 

7 years 


53*6 

32 2 

910 

3714 

1*9 

550*1 

» 

5 

New . 


9*8 

98 

631 

490*0 

2-8 

676 5 


6 

$$ • 


15*0 

218 

63 8 

451*6 

42 

566 4 



7 

7 years 


30*1 

41 6 

92*0 

460*6 

3 6 

627 8 

Iblay. 

8 

tf • 


46*0 

43*2 

99 0 

663*2 

36 

765*0 

— 

9 

New . 

. 

17*0 

33*6 

72 9 

410*9 

35 

537 9 

— 

10 

4 years 

• 

37 5 

34*8 

81*4 

453 0 

33 

610 0 

Campbeltown 

Higlmnd. 

11 

10 years 

• I 

1 47*3 

10 0 1 

98 8 

322*8 

57 

484*6 

12 

New . 

1 

3*3 

60*2 

102 8 

522*6 

3*1 

682 0 

Insh. 

13 

6 years 


32 0 

659 

86 4 

771*2 

29 

949*0 


14 

New 

• 

1*7 

263 , 

73 7 

861*4 

22 

965 3 


15 

99 * 


1*7 

87 1 

73*0 

729 8 

01 

813*3 

9t 

16 

Oyears 


17 5 

10 5 

30*0 

894*7 

31 

955 8 

99 

17 

New . 


4*2 

7*0 

13 6 

7017 

1 1 

727 6 

— 

18 

6 years 


21*0 1 

12*2 

35 0 

789 0 

1*4 

858 6 

Irish. 

19 

New . 


1*4 * 

46 

76 9 

336*9 

Nil 

418 8 

ft 

20 

1 year 


5*2 

70 

106 6 

671*9 

»» 

690 7 

99 

21 

New . 


1*4 

115 

1 

461 

867 9 1 

1 

85 

925 4 

99 

Average 

• 

20*4 j 

21*7 ! 

1 

73 3 

667*3 

2*8 

085 3 

I 



Patent Still Grain Spirits (Thorpe). 


No. 

Age 

Volatile 
add (as 
acetic 
aScid) 

Aide- 

hydes(as 

acetic 

aldehyde) 

Esters (as 
acetic 
ester) 

Higher 

alcohols 

Furfural 

Total 

Dtotriot 

1 

New . 

1*9 

9*6 

30*8 , 

39*0 

Mil 

81*3 


Sootch Distilleiy 

2 

7 years 

19-0 

10-8 

35*0 

21*8 

0-1 

86-7 


ft 

8 

ft * • 

36*9 

12*0 

47-9 1 

21-1 

0*3 

117*2 


ft 

4 

New . 

1-9 

4*7 

41*1 

97*8 

MU 

146-6) 


ft 

6 

4J years 

16-6 1 

1 14*1 

46*4 

81*3 1 

I 99 

167*4^ 


ft 

6 

Hew . 

3-8 

, trace 

22 8 

14*0 

99 

40*6 

ft 

7 

3 months 

6-2 

1 

99 

46*6 1 

42*0 1 

99 

92*8 

ft 

8 

New a 

3 -5 j 

1 

1 

12*2 , 

28*0 ' 

99 

48-71 

ft 

9 

?years 

40-0 1 

,J 

3-3 

22 8 

67*8 

1 

0-3 

1242/ 

MAIHriOSmy. 

Amagt . « . 

14-2 

6-1 

33*8 ^ 

44-6 

0-1 

98-8 
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'nMnrInf.Inn 


British spirit from molasses 
British spirit from grain, highly 

reotifiod 

British spirit from molasses, highly 

rectified 

British spirit crude, from molasses • 
Foreign spirit imported from Ham- 
burg ..... 
Foreign spirit imported from Ham- 
burg 

Foreign spirit imported from Stettin 


Aimrfl.om 


Volatile 
add (a 
aoeuo 

Alde- 
hydes <aa 
aoetlo 
aldfihvdfil 

\a 

aoetlo 

eater) 

1*2 

35*1 

62*6 

1-2 

trace 

111 

1-2 

2*5 

3*5 

97*3 

7*3 

187*7 

1*2 

Nil 

6*6 

1*2 

Nil 

9*1 

7*2 

1-A 

IQ-7 

41 6 


llarfund I8U1 

84-0 Nil 182-8 

21-2 33-S 

63-0 76-0 

20-0 308-4 

10-4 17-1 

20-9 31-2 

83-7 94-3 

43-4 106-0 


secondary constituents in the * pot-still ’ spiril 
Speaking generally, the peroentage of every om 
ot the secondary constituents usually doterminee 
is greater in the ‘ x^t ’ than in the ‘ patent 
spirit, but the most marked difiorences are ir 
the * higher alcohols * and * furfural.’ ‘ Patent 
spirit contains no furfural tv hen new, althougl 
siter storage in wooden casks it is sometimei 
found to contain traces of this substance, bu 
idways in much smaller amount than in ^ pot 
still * spirit, in which it is never absent. The Iot 
percentage of the * higher alcohols,’ and thi 
absence of all but more traces of furfural rendc 
it a comparatively easy matter to distinguis] 
'patent* from ^xiot-still’ spirit. But th 
variations in the amounts of the secondar 
constituents in both clasbcs of spirits renders i 
less easy to estimate the exact proj>ortion o 
each kind of spirit present in mixtures. Com 
parins the ' pot-stiU ’ spirits among themselves 
it wm be observed that there are considerabl 
variations in both the total amount and in eac] 
constituent of the secondary bodies. Th 
Scotch whiskeys generally show a somewhat les 
total amount than the Irish, and the Spoyridc 
Banffshire, and Highland samples liavc a rathe 
smaller amount than the Islay and Carapbcliow 
samples. The latter, as well as most of th 
Irish samples, are mainly * blending ’ ae die 
tingmriied from ' sell ’ whiskeys, 

TThe differences between now and old ‘ pol 
still ’ whiskeys, so far as shown by analysis, ar 
mainly in the inexoased amounts of the volatil 
acids wad aldehydes, and to a less extent of th 
esters found in the old spirit when stored i; 
wooden oa^. The higher alcohols and furfun 
appear to remain very much the same. An; 
ensnges that occur in * patent * spirit are of 
siiniiar kind. 

' Pot-still ’ whiskey is almost always store . 
in sherry casks, or in other well-seasoned woode: . 
easks Aat have formerly contained simila 
SUlrit* A large proportion of the increases i . 
the seocmdi^ constituents which occur iu 
enlrit stored m such casks takes place in th i 
ftst leer monl^ and is due to a process c I 
of Utese products absorlaM in th » 
Mail IK# the amImi finm lormer sniiiti. Thii 


absorption is to some extent selective. The 
ethyl alcohol slowly diffuses through the wood 
of the cask and passes into the air, ^ving some 
of the esters and higher alcohols behind in the 
wood, which thus becomes more or less charged 
with the secondary constituents, according to 
the length of time and other circumstances 
attending the storage of spirit in the warehouse. 

Probably also, especially when the casks are 
empty, there is some production of acids, aldo- 
hydes, and esters by the slow oxidation of 
alcohols in the wood of the casks. 

A comparison of the ordinary ‘ patent * 
spirits with British and foreign spirits of high 
strength which arc not usually stored in wooden 
casks, but in metal drums or vats, shows that 


constituents, and that the slight ebanges whioS 
occur in ordmary patent spirits do not take 
place in these hign stren^ spirits. These 
spirits are used mainly for technical and indus- 
trial purposes, and are often of very great 
purity, although made from molasses, potatoes, 
and beetroot sugar residues, or other mateiiids 
not employed for making spirits intended for 
consumption in this countiy. 

Maturation or ageinff, — In addition to the 
changes above referred to in the secondary eon- 
stituents due to siorlng^n casks, there are other 
changes due to the presonoe of substanoes not 
included in tho ordinary analysis of imirits, but 
which have much to da with the dinerence in 
fiavour of new and old whiskeys. Thorpe, i<w 
example, found indications of pyridine basee, 
aUyl alcohol, and allyl aldehyde derived from 
the peat used as fuel in malting, and acrokiii, 
due either to the fat in the wash extracted frcun 
the grain or TOssibly from the soap which is 
occasionally added to the contents of the still 
to prevent frothing. Schidrowits found in new 
pot-still whiskey distinct evidence of the presenoe 
of pyrrole, phenolic bodies, an alkaline srmtanao 
(probabljr an ammonium salt), sulphuretted 
hydrogen, sulphurous acid, and a trace ol 
nitriles. All of these are readify changed oti 
ex^uie to air and moisture, as in storage In 
casks. The pyrrole probably ^reeinifiest tfcn 
phenols interact with aldehydes^ addSi and 
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ftloolioki forming oondensatioii products; the 
iulphuretted h^rogen and sulphurous acid 
WQuld readilv oxidise, and the nitriles (if present) 
rapidly condense or be transformed into acids* 
'None of these substances was found in mature 
spirit. 

Numerous processes have been suggested for 
the artificial ageing or maturing of whiskey. 
These are, for the most i>art, oxidation processes, 
as by treatment with cl^rcoal, or (as in Carroll's 
process) by passing the spirit vax)our mixed with 
air, and superheated to 300^F. through a pipe 
enclosed in a steam jacket also heated to 300^F. 
Hewitt’s method, which is a de>aldehyding 
process, consists of the addition of phenyl- 
hydrazine-sulphonate of sodium or calcium to 
the low wines still, by which means the aldehydes, 
including furfural, are held back, and the amount 
of these passing into the distillate considerably 
reduced. The effect of all these processes is to 
remove the harsh flavour of new spirits and 
impart the softer character of mature whiskey* 
thus accelerating the time when the spirit 
becomes ready for consumption as a beverage, 
but without neeessarily imparting to it the true 
characteristic flavour of wluskey which has been 
matured by long storage. 

The changes in the secondary products due 
to storage of whiskey in wooden casks and 
bottles are shown by Thorpe in Apjamdix Q. ix., 
X., xi. The results show that there is a well- 
marked increase in each of the secondary con- 
stituents during the first six months’ storage. 
After fl~12 months the higher alcohols and 
furfural remain practically constant, and the 
increases in the other constituents weic voty 
slow. After about 1 8 months the difference.s w ere 
within the limits of experimental error. Practi- 
cally no change occurs in spirits stored in glass 
bottles. 

Crampton and Tolman (J. Amer. Chem. Soc. 
11M)8, 30, 98) examined the spirit stored in casks 
by sampling annually for a period of 8 years. 


And found an increase in the hij^er alcohols 
due to the fact that the wood was less pervious 
to these than to ethyl alcohol and wai^, Ke 
other secondary constituents increased rapidly 
for 3 or 4 years, and then only very slowly. 
An increase of furfural was probably due to the 
charred wood of the interior of the casks. It 
was found also that water passed through the 
wood of the cask more rapidly than the ethyl 
alcohol, thus giving rise to an increase in strength. 
This is unusual and was no doubt due to the 
exceptionally warm and strongly ventilated" 
place of storage. 

Amer i( an whiskey . — ^Tho United States 
Pharmacopceia prescribes the following require- 
ments for whiskey. It should bo at least 2 
yearn old ; its sp.gr. should lie between 0*930 
and 0 970 ; its alcoholic content should be not 
lens than 44 p.c., nor more than 55 p.c. by 
weight ; its residue not more than 0*25 p.c, ; 
the residue from 100 c.e., which should be neither 
sweet nor spicy, should dissolve in 10 c.c. of 
cold water, and this solution should be coloured 
only a pale green when treated with a drop of 
very dilute ferric chloride solution (a deeper 
colour Mould indicate more than traces of 
tannin). In evaporating the liquor on the 
water-bath for the residue, the last traces volati- 
lised should have an apeeable odour free from 
harshness, indicative of the aWnco of fusel oil. 
Its reaction should be slightly acid, but not 
more than 1*2 c.c. of deei-normal alkali should 
be required to neutralist' 100 c.c. of the liquor 
using phenol phthalein as indicator, 

Jiye trhtsiey is made in the United States 
and Canada from rye and malt only. Ifourbcfi 
whiskey (so-called from Bouibon C’ounty, Ken*- 
tueky, where it was originally made) is preimrcd 
fn>m a mixture consisting of 50-G0 p.c. maize, 
10 p c. malt, and the remainder rye. 

The following table gives the results of 
analysis of Bourbon and rye whiskeys by 
Soludrowitz. : — 



Description 

« 

’ 

1 



11 

1 1 

Esters 

Higher 

aieohols 

(A-M) 

f- .. 

Aldvliydi ' 

Furfural 

Total 

Bourbon whiskey — 5 years • 

j 

. i 126 

09 

197 

11 

2*2 

— ...ruu-ur,™ 

436 

.. 

„ mature 

. , 122 

78 

129 

14 

3*0 

346 

Bye whiskey— -7 years . 

, I 140 

134 

277 

20 

3*9 

575 

♦» 19 

mature^ 

. 1 160 

141 

268 

18 i 

3*4 

600 

9f 

• « 

99 • 

. , 136 

125 

187 

21 1 

3*9 

472 

9f 9* 

99 • 

. 82 

71 

150 

13 , 

3*6 

320 


10 yearn 

. j 70 

79 

98 


2*7 

261 

Average 

* • • 

. j 119 

104 j 

172 

16 ' 

3*2 

1 

428 

1 


Besults of analyses of 188 samples of new 
and old Bourbon and rye whiskey examined in 
the laboratory of the United States Department 
of Amcieultnre (Wiley) are shown on next page. 

imiMim whiskey is sometimes prepared 
from aliiong neutral or * silent ’ spirit diluted to 
the pinmr strosgth and flavoured with certain 
essmlphib or artificial fruit essences, as oil of 
OKiMithw and pelai{p>nic Mtera, 
onowrf Vith ofttomeL Prone jvioe ia 
a d d e d to giro ‘Iwdy* to tto 


Fleiachmon qnotos the following w a rodipe 
for a low grade 'blended whiskey*: rotiite, 
32 gallons ; water, 16 gallons ; oanmel, I ot, | 
beading oil, 1 ox. * Beading oil * (so-oolled ftma 
its use in producing on ori^iol need on eheop 
liquors) is prepared by mixing 48 ox. of MNwt ou 
of almonds with 8 os. of oomneroial sclMni* 
ooid, neutralising with ammonia, nddbw SmUd 
the volume of proof s^t, ondi dhrtifimg dw 
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m 


BsBcripUon 

Total sdSi 

New rye whiskeys (19 samples) — 

11-4 

Average 

Maximum ..... 

28*2 

Minimum 

2*6 

Old rye whiskeys (76 samples) — 

147-6 

Average 

Maximum .... * 

312*4 

Minimum 

72*8 

New Bourbon whiskeys ( 1 8 samples) — 

16-4 

Average 

Maximum 

39-2 

Minimum .... 

3-6 

Old Bourbon whiskeys (76 samples) — 


Average 

137-6 

Maximum 

203 8 

i Minimum 

[ 

69-4 


Elton 

Aide* 

hydes 

Forfursl 

alcohols 

(A-M) 

Total 

60*6 

17*8 

2*4 

266*4 

348*6 

132-8 

86*0 

6*2 

378*4 


8-8 

0*0 

0*0 

187*0 


137-0 

27*6 

4*6 

362*0 

661-8 

287-4 

47*2 

14*0 

585*8 


60-0 

4-4 

0*8 

146*6 


45-0 

i 

7-8 

1*7 

229*4 

300*3 

112-8 

‘ 36-2 

12*8 

343*4 


1 8 

0*0 

trace 

j 

70*6 


103-6 

19*4 

i 3*8 

287*2 

561*6 

209-0 

46-4 

1 16-2 

617*0 

fi 

39*0 

7*2 

1 1-4 

1 

50*4 



AdtuUeration of whiskey , — Under Sect. 10 of 
the Licensing Act, 192L whiskey (like brandy and 
rum) may not be sold ikdow a strength of 35 p.c. 
under proof unless the fact of dilution is notified, 
and the great majority of prosecutions under 
the Act for the adulteration of whiskey arc on 
account of dilution with water Ik*1ow the legal 
limit of strength. For the method of calculating 
the degree of dilution, see art. Brandy. 

Sometimes a neutral or ‘ silent ^ spirit made 
from substances other than grain (as potatoes, 
bect«8Ugar residues, &c.) is mixed with sufficient 
genuine whiskey to give it a more or less whiskey 
character, and such adulteration is bi^st detected 
by expert tasting (' dcguatatioii ') combined with 
a determination of the secondary constituents 
and a compariHon of the relations which they 
b^r to each other. 

Amongst the various substances alleged to 
have been used for the grosser forms of adultera- 
tion may be mentioned creosote, fusel oil, 


methylated spirit, sulphuric acid, and salt 
Traces of copper, tin, and lead have been founc 
as accidental impurities derived from the still 
and other apparatus employed. 

In consequence of representations made ai 
to the deleterious character of the whiskey toIc 
in public-houses in the pc>orer class districtf 
of the larger towns in England, Scotland, and 
Ireland, and at fairs and markets, particularij; 
in the west of Ireland, an investigation into the 
matter was made some years ago by the Excise 
Authorities. Nearly 100 samples were taken 
from all parts of the United Kingdom and 
analys(*d in tlie Government Laboratory, but, 
apart from the fact that most of these consisted 
mainly of plain patent-still spmt, no evidence 
of the presence of the deleterious adulteiantc 
above referred to could be found* 

The results of analyses (showing the 
maxima, minima, and averages) are summarised 
in the following table (Thorpe) : — 


1 

Volatile 

acid 

Aide- { 
hydes j 

Esters j 

Higher 

alcobols 

Furfural 

Total 

England (38 sampler) — 

Maximum 

Minimum 

Average 

25-1 

1*4 

73 

! 

22*6 ! 
2*2 
9*0 

127-9 

30*1 

52*2 

310*5 

11*2 

95*8 

• 

1*9 

Nil 

0*7 

370*7 

67*0 

165*0 

ScoUand (23 samples)— 

Maximum 

Minimum 

Average 

18-0 

1*2 

6*1 

23*8 

1*7 

10*6 

85-7 

30*8 

47*2 

uo-e 

48*7 

88*2 

1*6 

Nil 

0*6 

260*6 

77*8 

162*5 

Ireland (30 samples)— 

Maximum 

Minimum 

Ayeroffi 

54*0 

1*4 

8*2 

37*2 

2*4 

11*1 

71*6 

29*5 

47*8 

640*2 

32*2 

232*0 

4*2 

Nil 

1*2 

767*8 

78*8 

80071 

lu 


There is no legal definitioo of ‘ whiskey ’ in 
the United Kingdom. but numerous suggestions 
^ wem by witnesses before the Select Com* 
;^tlei m KitUi and Foreign Spi^ in 1890-1, 
Md the Bmt Cbinmiesion on Whistoy «d 
FfttoW SpWte in 1W8-8, daering 


eesentiidly in principle and depending ohied]^ 

upon tS point of view of the witneae. " 

The strictest definition suggest^ wee 
* iriiiskey * should be mantthkotuted in a pet 
exoluaivelyand from oertsin preeerihed 'luaVWiSil'' 
onxm in ^ eoimtrv. iwatA bul^ 
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tna oftieoi * Sipau»)i ' vlildEey» and malted barley 
iiMuitted grain (barley, wheat, oats, or 
lye) in the case of *lxm ’ whiskey. 

Othim would admit patent-still spirit, 
restrioting, however, the materials to cereal 
grama (indading maize), and the saccharifying 
agent to the diastase of malt, whilst m a few 
oases the extreme view was held that no restno- 
tion should be imposed either on the materials 
used or the process of distillation. 

Since much of the barley used m both 
Scotland and Ireland is of foreign growth, the 
defimtion of Scotch and Insh whiskey cannot 
well exclude the use of foreign grain, and there 
lore maize (which came into use in 1^6 immedi 
ately after the repeal of the Com Laws) is not 
excluded in the manufacture of ' whiskey.’ 

With respect to the blendmg of patent-still 
iqpW made from gram with pot -still spirit, it 
wi^held that since whiskey (consistmg as it 
does of alcohol and water, with certain by- 
products denved from malt and grain) docs not 
cease to be whiskey when diluted with water, 
so the addition of patent still spirit, also made 
from gram, does not remove the mixture out of 
the category of * whiskey.’ 

After full consideration of all the evidence 
the Royal Commission of 190S-9 arrived at the 
following conclusions and definitions — 

(1) fliat the term ‘whiskey ’ ha\ing been 
recognised in the past as applicable to a potable 
spirit manufactured from (a) malt, or (2)) maltid 
and unmalted barky or other ccreaU, the 
application of the term ‘ whiskey ’ should not 
be demed to the product manufactured from 
such matenids. 

(2) That no restnctions should be placed 
upon the processes of, or apparatus d in, the 
distiUation of any spint to which the term 

* whiskey ’ may be applied as a trade dc script ion 

(3) Definttum — ‘Whiskey’ is a spirit obtained 
by distillation from a mafih of cereal grains 
saoehanfied by the diastase of malt, that 

* Scotch whiskey ’ is whiskey, as above defined. 


wcuwa m ocotiana: ana ^irtan wmaicay'^ is 
whiskey, as above dafibed, disfcUled in IxmA 

WHITE ANTEKOinr. VaknHnUe 9. 

MOKY; 

WHITE ASSBHIO. Anenkma oxide v» Am* 


8BNIC. 

WHITE COPPERAS, Native ferric eniphaie 
or coquimfnte Fe,(S 04 )a, 9 Hs 0 . 

WHITE IRON PYRITES. Feme eul^Ue 
or marc aeUe FeS. e. ImoK. 

WHITE LEAD u. Lxad ; also Paints and 

PlQHBNTS. 

WHITE LEAD ORE v. Certtssitb 

WHITE METAL v. Tin. 

WHITE MUNDIO, MtsfncLel u. Abssnio. 

WHITE PRECIPITATE, Mercwie 
mofiium chhnde v. Mxbcuby. 

WHITE SAPPHIRE v. Cobundum. 

WHITE VITRIOL, Zitie eulpkate 
ZnS04,7flj0v Zinc. 

WHITDIGr Chalk. 


WIIKITE A rare mmeral consisting of 
tantalic and titanic acids, zirconia, silica, cenum, 
and yttrium earths, thoria, uranic oxide, ferrous 
oxide, Ac , and of interest in contammg scandium 
(SfjO,, 1*17 pc) in relativeU large amount. 
It IS a black, brown, or yellow, amorphous 
mmeral rcsimbling euxeiutc or yHtiot ant ante in 
appearance, and has betn found, together with 
monazite, in a fels^xir quarry at Impilaks, Lake 
Lagoda, Finland. It bupplifxl the material for 
Crookes s work on scandium (Proc Roy. Soc. 
1908, A, 80, 510 , Phil Trans. 1908, A, 209, 15). 
Orthitc from the same locahty has also been 
found to contain 0 8->l 0 p c c>f scandia (R. J. 
Heyon.Sitz Bi*r Akad ]^rlin, 1911,379). More 
recently, a mmeral (ontainmg scandium as 
an oAsential constituent has been described (r. 
Thorivlititk) L J. S. 

WILD RICE. A comparison between wild 
nee (Ztzanta aguahea) and cul<i\ated nco gave 
the following analyses for wild rice — 


Ka 

Moisture. 

P.C. 

Ash. 

po 

Proteio. 

p.c 

Ether 

Extract. 

pc. 

Fibre. 

pc 

Starch 

P.C. 

Soluble 
carbohydrates 
os dextrose. 
p.c. 

1 

7 74 

1*09 

13 36 

0 4f) 

1 .39 

66 26 

1 2*08 

2 

7*86 

138 

1 13*07 

0 89 

1-41 . 

61*60 

< 360 

3 

8*03 

s 1*17 

14 62 , 

0 72 


6(K7 

2*33 

4 

783 

1*26 

14 40 ' 

006 j 

1 29 

62*03 

208 




Althooij^ tlwM nsolta diow a hi^ proportion 
of piotems m wild nee, both these and the 
ttmeral salt, present are of a variety unsuitable 
for dietotio purposes. There is luvt sufficient 
vitamin A to prevent zerophthalnua, but not 
enou,^ to promote growth. Wild nee is some- 
what mpmor to the cultivated variety as r^ards 
its eoltteBt of vitainiii B, but stiU is not an 
•dea i wi t , lEood (0. Kennedy, J. Agnc. Kes 
1034. 8 7.310} Analyst, 1034. 40. 343), 

WU MMlfBv . TBjLvmam. 

WIUdHU TB, A mineral consisting of zme 
ortihsMriUdate 2b,SiO„ oiystaUuung in the 
thombdiednl qnitein (with parallel-uord heim- 
h odrl sm ) . It Is ahnnmat at Franldin Vutnaoe, 


and Sterling Hill in New Jemey, where it is 
muted, together with smeite and franUmite. m 
an ore of zmo (Zn 56*0 p.c ). Hen it is mnaliy 
massive, but a few clear fnisinatio crystab of • 
pale amber-yellow oolonr, and up to 6{) em. hi 
length, have been found. Some of tiieM havo 
been cut as gem stones. Portions of the beMit 
ookturod or deanr massive materiid is also swt* 
able for eutting as gems. The mineint has ako 
been found at a few other localities, hut onJy In 
sparing amounts. It varies coosWetaUr w 
colour, being yeUowlsh, apple^neo. Mmm, 
Ae. ; the lustre is vltiaottt ta Mahiowt l|m^ 
4'0~4*1 i H. 61. IVopfMis la a nmljf 
iaining npto 10 p.e.u< MnO 
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o:dde« and found m Uma voug^ eijatols at the inaro tor aome time, and the etalke w 
Whaoetriiekwithafaamiiid^ xetnoted. The eommonest mo^ ox wparatiim 
flU when expoeed to the emanations ef a xadinm is th cause the grapes to pass tiixon|;h a awnwm 
salt, the xnmeral displays a brilliant gMn phos- of sieres, by which the stalb am retame^ TOe 
phoresoenoe* Giystw of willemitenave been grapes axe now crushed, eithw by beii^ woacM 
obtained artificially, and have also been observed underfoot in vats or by bemg 
in slags and in the muffles of zinc iumaoes. 

L. X S. 

WILLESDEN FABRICS AND PAPER u. 

CaLLTJLOSB. 

WILLOW BARKS v. Tannins. 

WILLYAMITE v. Ullmannits. 

WINE. Wine, strictly speaking, is the fer 


wftiihinftfl furnish^ with grooved rollers, the 
one thing to be avoided in either case being 
the bruising of the seeds and stalks if them 
have not been removed. The next process is 
pressing. The machines employed for tto 
purpose were formerly boxes, so made that the 
must was expelled tl^ugh apertures by suwr- 


VWAXVJU. fTlUC, BlyriUViJ »UCa*JUUK, -lO vim mi’ inwu Wjtma ^ „ 4. 

mented juice of the fruit of vitis vtnifera. The incumbent pressure exert^ by a screw ; ouii 
term RWitsA tcines is applied to beverages made ’ 
after the manner of wine from substances other 
than the juice of fresh grapc<«. 

The vine is cultivated for the manufacture 
of wine in the middle and south of Europe, the 
northern and southern extremities of Africa, 
some of the western parts of Asia, the islands of 
the Atlantic, portions of America — from the 
Potomac in the north to the centre of Mexico 
in the south — ^in Califomia, and in Australia. 

The number of vaneties is very large; but 
experience shows that the vines employed in 
particular districts should either be indigenous 
to those districts or bo improved varieties of the 
indigenous strain. Thus, European vines when 
tried in America were but partially successful ; 
whilst, on the other hand, American vines trans- 
planted to the <»irondo degenerated and yielded 
no potable wine. The vino grows on chalky, 
silicioos, aluminous, and magnesian soil, ^st 
along the borders of rivers, and on ground which, 
though not itself soaked with water, can con- 
stanuy attract it from the subsoil. 

Ftalo^e and vint/ica/ion.— The methods of 
procedure vary with the character of the wine 
wiiethcr white or red wine is to be pro- 


lattcrly centrifugal machines have been em- 
ployed, with a saving of labour and time. In 
white wines the must is separated m much aa 
possible from the mare before pressing ; whilst 
m the preparation of champagne the 
not crushed at all previous to being pls^P'In 
the press. La pressing grapes for the manu- 
facture of champagne the pressure is so regu- 
lated that the juice is separated into four 
fractions ; generally, 4000 kg. of grapes yield 
a first fraction (cuve'e) of 20 hectolitres of juice, 
second and third fractions of 3 hi. each, and a 
fourth fraction of 2 hi. The fiM fraction is 
the most valuable and yields a wine contaming 
a relatively higher quantity of total acids and 
free acids (tartaric and malic acids) ; the 
presenc'e of these acids increases the resistance 
of the wine to ‘ sickness * and to the action of 
bacteria. The keeping qualities of the wine are 
also due to the fact that only very small quanti- 
ties of nitrogenous substances, phosphates, and 
potassium salts are present. The other fraotionB 
of the juice are less valuable, and the wines pre- 
pared from them are more readily attacked, to 
micro-organbms (E. Moneeau, Ann. Fakw. 
1923, 10, 617 ; J. Soc. Chem. Ind. 1924, 43, ^ 


— !.€. Whether white or rea wine is to oe pro- iv.so, 10, un u. ‘It."**'** 

duoed. The practiee as regard the period of B. 227). Acoordmg to L. Mathieu (Cmmie w 
ripeness at which the grape is gathered varies Industrie, 1923, 10, 847). 
ooDsiderablv ; thus, in the case of champagne, to the same causes of turbidity as rw wmes, 
where the greatest attainable paleness is desired, but the effect is more morkM, bb a slight 
the grapes are gathered before the point of imperceptible in a coloured wine, comptefc^ 
fullest maturity, whereas the wines of Burgundy destroys the limpi^ty of toe colou^ 
are vintaged when the grapes produce the deepest The author classifies j«rbidity^undcff 
colour. Wines from iraperfeotly-ripened grapes hc^im he includes all degrere of haze, tom ten 
require longer time to mature after manufac- pale bluish fluorescence due to the mm mmTO 
ture, and, theoretically speaking, the ^pes particles, fo . 
ahottld hang until excessive drynofis or danger particles— under two headings : (1) 
of ftost threatens ; but other and conventional arising in the ^tual coMUtution of tne 
considerations, such as colour, have to bo taken such as bacterial mfection, qloudm^ causeo 


as in 


Into account. In exceptional instances^ 
the Sautorne district, those berries only are cut 
out of the bunch which have at tamed the 
desired point of ripeness ; but the common 


by chillmg or heatfhg, or by oxidaiiozi of 
resinous substances or toe mutual interactom of 
too constituents of thq wine, and (2) BotAdmiA 
i.c. caused by some irregularity or ovex«i(|^t xn 



tto lAoIe Imlk to a kind of .peciiilist, who per- iiiM^cant faww. Thia amy tfw 

lon» this part of the Idbour. Whichever oourse the use of wproteoted iron ^ V g? 

nav be the selected fruit is carried to the exclusion of non vesaeb, unlM 

niMB hoasa. and the question then arises whether protected in eoiM way from tha 
ttertalks aw to be removed or proeaed with the ^ds of tte ^t, is eeamtwl (J» 
natpee. In the ease of white winee the almost Abetr. 1924, 80, i 

wk&Mial Maetioe is to leave the crapee upon oolaur is ob^ned ^ ^ 

tterteltoriw the reason tiiat lie resulting tlm orohing to f^rat, s^ ^jJSSSi.V 
alxuoat at onco separated from the with the husks, wh^roby to4 reaulrtwl i 

HMis, and befMte the aatriiii^ piinctole of amount of o^uniig 

een he omaaiadeiiM to it, inmeu much of the maat as ean te^wn ot < 

^ TSmv wMl In httewed to cemtia vpon isnmofffaythatmeaDa,aadth»aiia|i] 



m 


mm 


the two portione of the must are then added 
together. The proportion of must depends upon 
whether the stalks are removed or not ; in the 
former case it is about d5-97 p.o. of the wholes 
in the latter it may only be 70 p.o. 

^ The following is a summary of anal^^os by 
Kdnig of a large number of musts of different 

Other 

Nitro- non-nitro- 

Speoiflc Water genous genous 

gravity p c. matter Sugar Acid matter Ash 

Minimum . 10690 51*53 0*11 12 89 0*20 1*08 0 20 

Maximum . 1*2075 82 10 0*57 35 45 1*18 11*62 0 03 

Average . 1*1024 74*49 0*28 19*71 0*64 4 48 0*40 

FermentatiarL — The natural fermentation of 


turbid* Bad grapes and mildewed skiaSy as well 
A bad casks and puncheons, precipitate the red 
colouring matter, so that the winsr Deooxnes pale. 
The following are some of the oases in which the 
treatment of wine with * marc * has been suooess- 
ful : Wine which is muddy and cannot be 
clarified by the ordinary fining agents ; wine in 
which a fining agent has been used which failed 
to sink to the bottom ; wine which has become 
weak and flat ; wine which is assuming or has 
assumed a black colour ; wine having a barrel 
taste or a by>taste ; wine which is ^ corked * ; 
wine remaining after casking off; and wine 
which is obtained by pressing the lees. In cases 
where the fermentation of new wine has been 


grape juice is due to the action of vario^ yeasts checked suddenly, the addition of marc prevents 
{Saccnaromyces Elhpsoideus, 8, Pastoriams^ 8, the separation of yea'll (J. Nessler, Chem, Zentr«| 
JfamanttS,&;o.)existingonthe8kinofthegi*ape, 1882, 265; Chem. Soc. Abstr. 1882, 1014)i 
and to * Zymase ’ and other enzymes present in Wines from pressed marc have a greater contents 
the^uice. Sergent and Rougebief (Compt. rend, of extract, tannin, ash, total and ammoniacali 
1924, 178, 732 ; J. Soc. Chem. Ind. 1924, 43, nitrogen, phosphoric acid, sulphate, and chloride \ 
B. 207) have drawn attention to the dissemina- than wines from the vat (Hugues, Ann. Falsif. \ 
tion of grape yeasts by insects. They conclude<l 1926, 18, 347; J. Soc. Chem. Ind. 1926, 44, I 
from their experiments that certain insects, B. 936). \ 

particularly Droaophyla, play an important Compisition, — Wine contains alcohols, gly* ^ 

part in spreading the yeast. White wines are eerol, acids, salts, extractive matter, and those 
generally fermented at a temperature of 10° principles which give to it its particular colour, 
or 12° in barrels with only the bunghole open special flavour, smt^I, or bloom {bouquet^ Blume), 
for the escape of carbon dioxide. Red wines Wliilstsomcof the constituents can be accurately 
are generally fermented in vats open at the isolated and described, others can only be 
top, on ac*count of the bulk caused by the detected by llio smell. 

retention of the hu&ks and the necessity of The princijial alcohol is ethyl alcohol. In 
stirring, an operation variously performed rare instances some butyl alcohol, and m others 
daring or at the completed jicriod of fermenia> amyl alcohol, together ^ith ethylene glycol and 
tion, according to the district. The higher / 9 obutyl glycol (Heiniigci) are present. The 
the temperature the sooner the fermentation quantity of alcohol in natural wines from grapes 
is finish^; at low temperatures a moderate vanes from 6 to 12 p.c. by weight, or from 
fermentation takes place, which becomes more 13 to 26 p.c, proof spirit, but these limits are 
violent as the liquid becomes warmer, and extended m exoeptional cases. The quantity 
leaches a maximum at 27°. By the employment of glycerol is usually from 7 to 14 p.c. of the 
of high temperatures a mu^t rich in sugar can alcoHol present. 

be convertea into a wine feebly alcoholic, sweet. The principal acids present are tartaric, 
and yet having tasting properties. Medium malic, and tannic acids, due to the original 
musts are best fermented at from 20° to 24°, gra]>e juice, and carbonic, formic, acetic, and 
and thu temperature is reached when the fer- succinic acids os products of fermentation, 
mentation begi^ at 16^ When fermentation These greatly aid in the ])rcscrvation of the wine 
is completed — i.e. after 10 to 14 days — the by preventing the formation of fungi. Traces 
liquor nas become clear, the yeast cells and other of propionic, butyric*, and mnanthio acids also 
sumnded matters are deposited at the bottom occur m wine, together with acetaldehyde and 
of ttie vessel, and the ‘ young ’ wine is racked off pissibly some of its homologues. Salicylic and 
and allowed to rest for some troeks. bone acids have also been found as natural 


The young wine slowly loses its sugar by 
after-fermentation, and albuminous substances, 
colouring matters, to^ethdr with the acid potas- 
Siam tartrate, and calcium tartrate, separate out, 
forming a crust known as argot or argal {q.v * ; 
also Taetabic acid). It is then racked again 
into clean casks (which are often ‘ sulphured * 
before use), fined, if necessarv, with isinglass or 
white of egg, and occasionally with dried blorid 
Of with potassium ferrocyanide. When clear it 
is racked ac^tn and sometimes pasteurised before 
being boUM or stored In casks to mature. 

Infiiunce of the * marc * on wine . — By allow- 
ing the akins and stones of ripe grapes to remain 
in contact with the must, the resulting wine is 
said to improve in bouquet, Ac., and is loss liable 
to become stale and ropy. In order to redden 
wine with the skins of blank grapes the tempera 
iure df^ihe wine should be between 15^ and 17°. 
Bad mpas imfsurt to white and red wines 
a Imwi cobur. Such wines soon become 


constituents of wine. As regards the origin of 
the fixed vegetable a^ids of wine, H. Brunner 
points out (Chem. Zcuitr. 1877, 4) that malic, 
succinic, glycollio, and oxalic acids — which are 
found in unripe gra|> 0 H, together with tar« 
taric acid — may either lie formed by direct 
building up of the molecules in the plant, or 
their formation may be partly direct and parity 
indirect. 

Tartaric acid occurs mainly as the dextro*' 
variety; Issvo-tartaric acid is only of com* 
paratively infrequent occurrence. If tartsfis 
acid is not founa-^-as, for example* in certain 
samples of sherry — its absence is probably due 
to its removal by * plastering,* to which mfer* 
once is made later on. The amount of free acid 
in sound wine, reckoned as tartaric add* vartal 
between 0*3 and 0*7 p.o, (inolttitve of volatile 
acid, which should not exceed 0*16 pA); a 
greater amount than this tmparteeoiumeii tollei 
wino. 
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It eati be demomtiiated in ibe UhottAxm 
that tto fint vedttotion ptoducte of oarbonio acm 
are iormio and oacalio acids, and that, from the 
latter, we can (by the action of hydrogen) pass 
snocessiyely through glyoxyllc, tartaric, and 
malic, to succinic acid, and all these acids have 
been found in the grape in its various stages of 
growth. The principal reactions may be 
represented as follows ; — 

2 CH, 0 a+H 2 =C,H, 04 + 2 H, 0 ; 

Carbonic acid. Oxalic acid. 

CaHjOa+H.^CaHaOa+HaO ; 

Glyoxylic acid. 

2C,H/)8+H,==C4He(3e; 

Tartaric acid. 

C«H,0,+H,=C4H.0J H,0; 

Malic acid. 




Succinic acid. 


The characteristic smell of wine is said to 
be due to oenanthio and other esters. Those 
esters probably confer the bouquets which dis- 
tinguish one vintage irom another. Among 
them art* acetopropyl, butyl, amyl, oapryl, 
butyro-otliyl, cajirylo-othyl, capro-eihyl, and 
peiargo-ethyl, and the tartarie esters. 

According to Jacquennn ((’onipt. rend. 110, 
1140), the oharaetciistic bouquets of wines are 
due to the sjKH'ial (*haraeteiH of the yeast used 
in each district. One and the same must 
fermented with the yeast obtained from several 
ditferent districts gave wines having the bouquet 
characteristic of the district from which the 
particular yeast had come. 

Balx) states that the bouquet of the wine 
from Hiesling grapes is produced bv the action 
of frost ; wines from other grapes also }>ossess a 
like bouquet if the grapt*B are mizeii. Kommer 
(Bull* Sot*, chim. [iii.J 2, 207) fermented the juice 
of an inferior grape and of hot-houst- grapes 
respectively with yeast cultures c»btained from 
the Ohamiiagne, C6te d'Or, and Baxy districts, 
and found that in each case the wines had the 
bouquet of those from which the yeast has been 
derived. Certain of the odoriferous principles 
are no doubt in the nature of essential oils, 
which have not hitherto been isolated owing to 
their small amount and extremely unstable 
ctoracter under the inihionce of heat and 
air. In order to retain th<* bouquet, wines 
should be bottled as soon as they have attained 
their maximum bouquet. 

According to Bortlieiot, the amount of the 
esters in wine is, after a ccriaiu time, a constant 
quantity inde]H*ndent of the nature of the 
idcohols and acids, but a function only of their 
relative amount ; If A be the percentage weight 
of oloohol in the mixture, a the amount of alcohol 
equivalent to the total free acid contained in 
one litre of wine, on the assumption that it is 
acetic acid (46 alcohol 00 acetic acid), y the 
proportion p.c. of a present as ester in one 
litre of wine when the alcoholic strength of 
the wine is A, and sp bo the amount of alcohol 
fresent in the compound others of one litre of 
wines then 

g«l-nA+2‘8 

ISmi ilMtaoli otlier tliaii ethyl alcohol present 


are feft out of the account, but as th^ are insig* 
nificant in amount the error is trifling. This 
formula affords a mode of judging of the age 
and genuineness of wines, except in the case 
of very young wines, or wines which have been 
recently fortified, the esters in these cases being 
less than that required by the formula. The 
maximum esterification is reached in from 4 to 6 
years. The alcohol obtained by the decom- 
position of all the esters rarely exceeds 0*06 p.c. 
of the wine, (For Thudichum and Dupr6^B 
method, v, their Treatise on Wine, 203.) 

Sugar in wine . — The sugars occurring in 
must and in wine are dextrose and IsBvuTose. 
Cano sugar is never naturally present in must, 
but it is sometimes added, as in the case of 
champaipe, but even then it is rapidly trans- 
formed into invert sugar. Glycerol is formed 
as a by-product of the growth of yeast during 
the process of fermentation, and is acoompaiued 
(amongst other changes) by the decomposition 
of sugar. For every 100 parts of sugar which 
di-iappear, fn>m 3 to 4 parts of glycerol are 
produced* After complete fermentation the 
sugar seldom reaches 0*5 p.c., but when fer- 
mentation is arrested by the addition of alcohol, 
as in the liqueur wines of France and Spain 
made from dried grapes, and the sweet wines 
of Hungary, the sugar may be as much as 20 p.c. 
or more. In some wines — as e.g. Sautemes and 
sweet Uhine w'ines — sugar occurs in the form of 
inositol. 

The coltmring jttaUers in trine are due to 
two sources. In w'lutc wines — which range from 
an almost colourless liquid, as champagne, to 
the deep yellow sherry — ^the colour is derived 
from the oxidation of the so-called extractives 
contained in the juice, which, as was before 
explained, is sejiarated from the husks as quickly 
as possible. The grapes of some of tho best 
red wines yield an almost colourless juice if 
press<*d before fermentation, and it is only by 
the joint action of alcohol and acid upon the 
husks, stalks, and seeds during fermentation^ 
that the red colour is extracted from the mare. 
Mulder separated tho colouring matter con- 
tained in red wines by means lead acetate, 
and found it to consist of a substance which was 
bluish-black in colour and amorphous in struc- 
ture. It is only sparingly soluble in alcohol, 
insoluble in water, ether, chloroform, carbon 
disulphide, oil of timientine, oil of olives ; but 
soluble in solution of tartaric acid or cream of 
tartar, ami in alcollol containing a trace of 
acetic acid, *the saturated solution showing a 
blue colour ; more acetic acid turns the sohithm 
red. It is soluble also in alcohol oontainhig 
tartaric acid, exhibiting a red oolour, but 
neither of these acids renders it soluble in eitli^r 
or chloroform. The colour of wine, conse- 
quently, depends both upon the amount of 
colounng matter and the amount of free acid 
contained in it, as the violet colour becomes 
redder in proportion to the quantity of free ac4e|[ 
acting upon tho blue colouring matter. 

The colouring matter precipitated by hydto- 
chloric»aoid---in which it is deposited slov^ at 
the ordinary tompeiatuxe, but more xapidW m 
boilmg---has been examined by Terra! 

Soo. ^im. [il] 44, 2). The precipitate Mtrajps . 
contains a substance xesembiiiig uhnic add, f ran 
which the oolouring pri^ple may be dwoltni^ 
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out by aloohob Thus obtained it forma brittle 
▼anuah*like scales^ insoluble in water and ether, 
but readily soluble in alcohol, f orminfl a brownish* 
red solution with a slightly yellow mge. Adds 
change this colour to an intense red, while alkalis 
give a green coloration, which changes rapidly 
to a brownish-yellow on exposure to the air (c/. 
0. Griessmayer, Dingl. poly. J. 123, 531 ; Chem. 
Soc. Trans. 1887, 368). 

The generally held view that the browning 
of wines is due to unsound grapes is not correct. 
The presence of stalks in the fermenting mash 
contributes appreciably to browning. Very 
acid wmes are particularly prone to browning. 
The browning is most prc^bly due to the 
oxidation of tannin-like substances of phenolic 
character by the action of oxidases or by auto- 
oxidation, or probably by both processes. It 
can be prevented, at least to a considerable 
extent, by immediately pressing the grape mash, 
but this course is not always possible in practice 
(H. Miiller-Thurgau, A. Ostenvalder, and 
H. Haller, Landw. Jahrb. Schweiz, 1923, 37, 
215 ; Chem. Zentr. 1923, 74, [iv.] 1010 ; J. Soc. 
Chem. Ind. 1924, 43, 109). 

The browning of wines, which is not only 
accompanied by a discoloration, but also with a 
strong turbidity and an unpleasant flavour, can 
be arrested by the use of sulphur dioxide in the 
form of potassium metabisulphito, which is 
added to the juice in the cask before fermenta- 
tion. The yeasts can withstand without nsk 
^antities of sulphur dioxide towards which 
Bacterium gracile, which effects the decom- 
position of malic acid at the close of the fermen- 
tation, is sensitive. The inhibition of the 
decomposition of the acid, whether it be tem- 
porary or complete, is mainly dependent on the 
Quantity of fr^ sulphur dioxide. Further, the 
duration of time during which the sulphur 
dioxide remains in the free condition must be 
borne in mind, as combination proceeds at 
different rates with different juices, and there- 
fore the action of the same quantity of sulphur 
dioxide is not always identical. The commenco- 
ment of the decomposition of the acid is, more- 
over, influenced not only by the number of acid- 
decomposing bacteria present, but also by the 
nature of tlm juice and its chemical composition, 
€.p. the content of tartaric acid. From very 
extensive experiments it was found that the 
addition of grms. of KiS^O. to a hectolitre 
did not in any case hinder the decomposition of 
the acuL With 5~6 grmi. inhibition was pro- 
duced witih juices rich in tartaric acid, and by 
the addition of 7*5-8 grms, of to different 

juices a slight retardation was ODserved. Quanti- 
ties of 10^14 grms. of per hectolitre, 

ooneqponding with an imtial content of free 
sulphur dioxide of 28 mg. and more per litre, 
produced complete inhibition of the deoom- 
positioii of the acid (H. MiiUer-Thurgau, A. 
Osterwalder, and H. Haller, Landw. Jahrb. 
Schweia, 1923, 37, 241 ; J. Soc. Chem. Ind. 
1924, 48, B. 109). 

19i0 colouring matter of red wines may be 
esrimated with suflSioient accuraev for technical 
purposes by the method of Gari Mantrand (Bull. 
Soo. ehfoi. 1906, [iii.1 35, 1017), by precipitating 
with laid acetat^ mmmposing the precipitate 
with sulphuric a(M, filtering, and wmghixm the 
residue from an evaporate portion of the 


ffltrate, The extracted colouring matter may 
ot concentrated and preserved m glycerol for 
use in confectionery, Ac. The maximum 
amount found was 17*2 grms. per litre in 
Algerian wine. 

According to Willst&tter and Zollinger 
(Annalen, 1915,408, 83; 1916, 412, 195) tiie 
oolourii^ matters of wine, viz. oenidin and oenin, 
arc derivatives of delphinidin. CEnidin, which 
has been isolated from the black Italian grape, 
is the dimethyl ether of delphinidin, and 
oenin is the monoglucoside of oenidin. 

The pigments present in two varieties of 
American grapes, namely, Norton {VitU 
ceattvulis, V. labrueca) and Concord (F. labruaca)^ 
have been examined by the methods of Will* 
statter and Zollinger (Annalen, 1915, i, 295 ; 
1917, i, 47). The same anthocyanin chloride, 
CsgH250i2Cl,3Hg0, has been isolated from both 
varieties. On hy(Lrolysis, it yields dextrose 
an anthocyonidm chloride, C| 7 Hj|. 07 C 1 , 1 }H 10 . 
The substances are identical in composition \mh 
tho oenin and amidin chlorides obtained by 
Willstatter and Zollinger from European grapes 
(F. mnifera), but they differ from those sub- 
stances in that tho anthocyamdin contains only 
one methoxyl group, whereas oenidin contains 
two. The colour reactions are, moreover, 
different. Tho anthocyanm gives with ferric 
chloride in aqueoui solution a purple colour 
which quickly fades to light brown, and in 
alcoholic solution an mtense blue which changes 
to purple and finally to winc-rod ; the antho- 
cyanidm gives with the same reagent both in 
aqueous and alcoholic solution a momentary 
purple colour fading to an almost colourless or 
famtly yellow solution. Evidence of the 
presence of a diglucosido has also been obtained 
(E. J. Anderson, Bio-Cbem. J. 1923, 57, 795 ; 
J. Chem. Soc. 1924, 126, i, 25] ). 

Some additional colour is imparted to white 
wine by the tannin extracted from tho oak 
casks during maturing. On the other hand, 
the natural colouring matter of red wine is 
reduced by the ojieration of fining as well as on 
ageing. 

Caramel is frequently used to colour white 
wines (e.| 7 . brown sherry), and occasionally boiled 
must is added either to the juice before feormenta- 
tion or to the finished wine. (For foreign colour* 
ing matters, see below.) 

Tannin is derived from the grape skins and 
stalks, the juice itself being 
It is sometimes added, however, to champagne 
and other white wines-4o prevent * scuddmess * 
or turbidity. The natural tannin of grapes is 
docompoBed by acids or by fermentation into 
glucose and an acid which is not gallio 
acid. 

The dUbumincma substances in the grape, 
which set up the ferment, ought by that action 
to be removed in tho yeast vmen the fermenta* 
tion is properly carried out, and should not 
exceed 4 parts per 1000 of wine, unless the latter 
has been 'fined.* The albuminous matter is 
also reduced by * plastering,* and in M vdnes 
it is thrown out together with tannin and 
colouring matter. In imperfectly ferflientefi 
wines a certain amount remains, and, in tho case 
of white wines, may again render them liable t6 
fresh fermentatton. In red wines this daii|Mr 
is obviated by the presmiee of the tannin of tno 
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hmHu, Hbkih pmurm tha atbamiooiu matter 
tawi ohMgo* 

The email quantity of ammonia which ie 
pmeent in grape juice, or ie formed during 
lennentation out of albuminous sultetanoes, is, 
for the most part, precipitated during fermen- 
tation as magnesium-ammonium phorahate ; a 
small amount, however, remains, and in some 
wines is accompanied by minute traces of 
trimethylamine. 

Under the term ‘ extractiveSf some chemists 
include all matters other than water, alcohol, 
and volatile acids ; others only those substances 
which are not volatile up to 100® or 110®. The 
latter would, however, exclude glycerol, which is 
properly included amongst the extractives. The 
composition of certain constituents of the 
extract which contribute to the smell and taste 
of the wine is still very obscure. The extractives 
are, of course, abnormally increased by plastering 
and addition of sugar (v. tn/ra). 

The mineral constituents of wine, as found in 
the ash, are potash, soda, and hme as phosphates, 
chlorides, carbonates, and sulphates, traces of 
iron, magnesia, and silica, and occasionally 
alumina, iithia, and manganese. In pure 
natural wines the ash rarely exceeds 0*3 p.c., 
but may be much higher in wines which nave 
been plastered, or to which alkalis have been 
added to reduce their acidity. 

As regards the amount of alcohoh a very 
comprehensive sot of tables, embracing the 
resun» of the examination of 133 wines, is given 
by Thudichum and Dupr6 (Treatise on the 
Origin, Nature, and Varieties of Wine, 12&-304), 
from which the following riiunU is compiled ; — 


German wines, 35 samples 
French wines, 22 samples 
Spanish wines, 22 samples 
Sicilian wines, 6 samples 
Portuguese wines, 14 samples 
Hunffarian wines, 10 samples 
Greek wines, 8 samples . 
Gape wines, 7 samples . 
Atlantic Islands, 3 samples 
Elba wines, 1 sample 
Australian wines, 5 samples 


Strength of wines 
in degree of 
proof spirit 
. 16*2-26*3 
. 180-36-2 
. 26*7-47*7 
, 35*5-31‘3 
, 21*0-46*5 
. 19*2-22*4 
. 17*8-361 
. 36*1-52*7 
. 38*2-31*1 
34*99 

. 23*5-401 


Sugar solution wines . — ^Musts which are too 
t-hin, and deficient in sugar, are sometimes con- 
oentrated by evaporation (as in Portugal) or, 
more frequently, a solution of sugar is added. 
The lattef process was first sanctioned by 
the French minister, Chaptal, and is known 
as * Ohaphalising.’ A similar process (applied 
chiefly to acid musts), and known as * Gallising,* 
from its inventor Gall, is also practised in 
Germany. The must of bad years, which con- 
tains a deficiency of sugar and an excess of acid, 
is mixed with sugar, preferably cane sugar, so 
as to bring the amount of sugar in the liquid to 
about 20 p.c., and to reduce the amount of acid 
to about 2 p.c. Freauently, however, oom- 
meroial glucose is used, and its addition can 
Irequeut^ be detected in the finished product 
by »s dextrorotatory polarisation (c/. Fresenius 
and Gr&i^ut, ZeitAsh. anal. Chem. 1921, 60, 

acidity of natural wine can also be 


reduced, as suggeisted by XA»big, by the ad^on 
of neutral potassium tartrate, which throws dom 
the free acid, ft present as tartaric acid, as acid 
potassium tartrate. Wine deficient in alcohol 
and containing much acid may often be im- 
proved by ad&ig to it the pres^ nMdue of a 
succeeding vintage (c/. J. Nessler, Bied. Zentr* 
1884). 

A considerable quantity of wine is now mi^ 
by covering the marc with an aqueous solution 
of sugar, and allowing the mixture to ferment. 
The sugar solution contains 18 gnns.^ per litre 
for every degree of alcohol which it is desued 
to obtain, and 250 grms. of marc are used for 
each litre of solution. Analyses of wines ]^- 
pared in this way by Girard, and of other 
samples found in commerce, prove that thew 
wines have an approximately definite composi- 
tion. When they contain from 9 to 10 d^rees 
of alcohol, the proportion of soluble matter, 
cream of tartar, tannin, and colouimg matto is 
much less than in the ordinary vintage wines. 
The amount of solid matter varies from 14 to 
18 grms. per litre; the amount of cream of 
tartar is amout 2 grms., but not less than 1*6 
grm. per litre ; whilst the proportion of tani^ 
and colouring matter varies considerably with 
the nature of the marc. Girard concludes that 
those wines constitute a highly useful beverage, 
and can be produced at a very low cost (A. 
Girard, Compt. rend. 95, 227 ; Chem. Soc. 
Ab<itr. 1882, 1335). . ^ 

Plastering of wine , — ^The practice of adding 
gypsum or plaster of Paris to must, either 
before or after fermentation, which mrevaile m 
Spain, Portugal, and the South of Eran<», is 
said to have for its object the reduction of the 
amount of the water in the juice, and the pro- 
duction, consequently, of a must relatively richer 
m sugar. The fermentation is much more rapid 
and complete, and it is alleged that the 
keeps longer when it has been plastered, and 
that the colour is richer and more lasting. J^s 
explanation leaves something to be desired, 
because the sacrifice of other constituents of 
juice than water due to absorption by piasw 
is entirely out of proportion to any gam by the 
absorption of the water, and the result desired 
could bo attained either by the ^dition of 
sugar or the evaporation or freezing 
water. It is probable that the reason for the 
practice, although unknown to those who 
employ it, is that gypsum precipitates rome 
albuminous matters Vhich injuriously effect ^ 
wine* An obvious advantage to the wine-nmlsex 
is that it clarifies Jhe wine rapidly and so 
enables it to be brought sooner to market. 

The plaster of Paris, in the fonn of powder, 
is eitW thrown upon the grapes before they 
orushod, or added to the must after fenn*^ 
tion has oommenced, or even to the finiwiod 
wine, and the chemic^ changes that toke plooe 
vary accordingly. The quantity 
rally from 1 to 2 kOos. to eveary 100 kiloft* 0* 
fruit, although sometimes it readies as much s* 
10 kilos. 

According to Oriessmayer, when gypsum is 
added to the must, it forms, with the taster 
present, neutral calcium sulphate and fcea tsk- 
tario acid, which latter reacts on the snlpliiite, 
forming bitartrate and aoid^cslcium snrob^u. 

to jtomtraiger (Annali. (Ainu Apglio. 
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t9lQ» 12» l)t tiie leaotioii between celcium 
inApkate and potassium bitartmte is as fallows : 

2C4H»K0t-fCaS04*2Ha0 

«0*H4CaO4+KaSO4+C4H4O4+2HaO 

It was sbomi by Bussy and Buignot that the 
system (K^04+G4H404) is converted into 
KBB044'C^«K04. The ash of such wine is 
neutral^ and does not give off carbon dioxide 
when treated with hydrochloric acid. When 
g3rpsam is added to the finished wine, the alcohol 
prevents its solution, but it carries down many 
impurities. Kayser (Bicd. Zentr. 1881, 632) 
made e^qieriments which confirmed these con> 
elusions, and states that from the proportions 
of the ash to the extractive matter, it is possible 
to declare with certainty whether the wine has 
^n plastered as must or as finished wine; 
in the first case the ash is disproportionately 
high, in the other it remains normal. Kayser 
also states that by the interaction of KHS()4 
and KH2PO4, free phosphoric acid is formed 
together with neutral potassium sulphate, the 
former producing the bright colour of plastered 
red wines. The main change, however, appears 
to be a decrease in the tartrates and an increase 
in the proportion of potash and sulphate**. 

The injurious effects attributed to plastered 
wines have been the subject of investigation by 
several commissions appointed by various 
foreign governments. The most exhaustive 
inqmry yet made on the hygienic aspect of the 
subject was by a commission appointed bv the 
French War llepartment owing to comxdaints 
made by the french army in Algena, when* 
many cases of illness were said to be due to the 
use of plastered wines. The symptoms are said 
to be oohe, and slight vomiting. The acid iKitas- 
sium tartrate acts towards many reagents in 
the same manner as free sulphuric acid, and 
when introduced into the system may have the 
effect of reducing the alkalinity of the blood. 

In view of the inconclusive nature of the 
evidence, the Commission recommended the 
maintenance of the regulation forbidding the 
sale of wines containing more ^sulphate than 
that corresponding with 2 grms. 01 ]Kitassium 
sulphate in the litre, and this limit has been also 
adopted in Germany, Switzerland, and other 
oountries. 

The attempts to ‘ de-plaater ’ wine are, from 
a hygienic pomt of view, more injurious than 
the plastering, owing to the use of poisonous 
barium and strontium saltst 
^ Wine is liable to be affected by a number of 
injurious ferments, and is especially subject to 
ao^OB fermentation, due* to Mycodenm areti, 
which principally attacks the alcohol with pro- 
duction of acetic acid, whilst Mycoderma vini 
attacks principally the cream of tartar and 
extractive matters. The action of foreign 
ferments may frequently be prevented by the 
process devised by Pasteur, w'hi<*h consists in 
Imting the wine fat some time to about TO*" in 
absence of air. The bouquet, and in some cases 
tihe ooiourt is thus found to be improved. The 
heating must be quickly performed, and^as far 
M posiibie, out ol contact with air. 

Kumeiotti substances are employed for the 
presewatiioii of wine by chemical means as 
abttuM calcium salt of fi-naphthol 
inlphonie add), iemaie, boriCf ana cinnamic 


adds, aseritoWn, solfepUc 

ocM, suMufOtts ocM, ana sulpbifes. It should 
be noted that of these, boric acid, fluorine* and 
salicylic acid may be present in minute quantities 
as natural constituents of the wine (o. tf^ra). 

Sulphuring is carried out eiriier by burning 
sulphur, sometimes placed on strips of paper, 
linen, jute, asbestos, ftc., in the casks, or by 
addition to the wine of sulphurous acid or one 
of its salts. For small worksi the use of aaueoua 
sulphurous acid or potassium metabisuiphite, 
K4I82O4, is most convenient, and in large works 
that ot liquid sulphur dioxide. The colouring 
matter of red wine is at first bleached by sulphur 
dioxide, but wnth proper sulphuring the wrine 
later assumes a more vivid red colour than the 
non-sulphured wine. In the wine the sulphur 
dioxide is converted partly into sulphuric iwid 
and into comimunds with acetaldehyde gnd 
dextrose, the rest remaining in the free staUj^ 
sulphites are blood- and stomach-poisons, but 
tliey are readily and rapidly changed in the 
human body. Most German wines contain leta 
than 200 mg. of total or 50 mg. of free sulphur 
dioxide per litre, but with choice wines, wmich 
require repeated sulphuring to bring their slow 
fermentation to a close, as much as 546 ing. per 
litre has boon found ; similar results are obtaim d 
with sweet sautemes (Joum. 80c. Cheiii. Ind. 
1923. 285 A.). According to Dubnqui^, ♦he 
clouding of white wines after keeping in glass 
bottles mc}'' bo due to the action of siilpbnr 
dioxide in the wine n[>on iron silidites of the 
gla‘^s (Ann. FaU»f. 1925, 18, 418; J. Soc. Chem. 
Ind. 1926, 44. R 821). 

The essential oil of black mustard seed (b.p. 
150*7^0.) IS soluble in alcohol and ether, but in 
water only to the extent of 1*16 grms. iier litre 
at 16®C. Its antiseptic power, when used in 
wines, is 6>uch that 1 c.c. of a 1 ]> c. solution 
added to 1 hire of wine is efiicient, but the 
amount required varies with certain factors, 
such as the amounts of sugar and sulphurous 
acid in the wine, the quantity and vitality of 
any yeasts present, and the tcmi>erature. The 
souring of red wines, which generaJIv contain 
no sugar, tan be stopiicd by the aildition of 
0*8 c.c. of the 1 ji.c solution ahtjve mentioned. 
Essential oil of mustard is aliout 200 times as 
active as sulphurous a(*td and does not affect 
the odour or flavour of the treated wines. It 
does not volatilise from the wine, and therefore 
does not require to be nmew'ed. it has no 
action on the colouring matters of red wines, 
fruit juic*cs, caramel, etc. it is estimated by 
heating 5 c.c. of the preservative on a water 
bath for 1 hour, with 10 c.c. of ammonia solu- 
tion and 55 c.c. 0*1 N silver nitrate solution in 
a graduated lOJ c.c. flask connected with a 
reflux condenser. The solution is cooled, 
diluted to the mark, filtered from the precipi- 
tate, and the silver estimated volumetrically in 
50 C.C. of the filtrate (P. Malvesin and G« 
Bidari, Ann. Falsif. 1923, 181. 534; Analyri, 
1924, 49, 140 ; c/. Moreau and Vinet, Ann. FaJsif, 
1924, 17,477; J.Boc.Chom. Ind. 1925,44,8.49). 

ManuJaUwe of * sparkling* tcinss.^-^Uie 
effervescence of a sparkling wine is due to tlie 
presence of carbonic acid, ptoduoed by the 
lennentation of added sugar. The chief iriiiee 
I of this class (champagnel aie produced in 
I departments of Mame and Hauto«IIaine, end to 



the ticiiiity of the Moselle md the Bhine. Bqjbii eixioe ^ben it has oot been found necessary to 
White and i!ed gnu^ ate used, and the wine is make any alteration. (Fufe * Bordeaux et ses 
amber in oolour, the depth of tint depending on Vins/ by Beret, Bordeaux, and Encydopssdia 
the vintage and the proi^rlion of dark grapes Britannioa; art. ' WiKX.*) 
employed. The vintage is in the early part oJ The chief whUe tctne p^ucing district is to 
October, and in the pressing the must is sepa- the south of Bordeaux. The principal vines are 
rated into two portions, that first produced being the Semilion, Sauvignon, ana Muscatelle. The 
of the higher quality. The young wine is allowed vintage is much later than in the M4doc— viz. 
to ferment until the winter, when it is racked in the last weeks of October or early part of 
and after the expiration of a month the operatioi November, when the grapes have entirely 
is repeated, when the wine is fined. It is ther ripened. Three qualities of must are produced : 
mixed with a certain proportion of old wine, anc the first and ripest juice yields a sweet luscious 
the amount of sugar present determined. T wine {vin de tite), mainly consumed in Bussia ; 
necessary, a quantity of cane sugar is added, anc the second forms.tna de milieu^ the wine usually 
the wine is bottled, the bottles being placcc known as Savierryei the third quality, or 
horizontally in piles and left at rest throughoui queues yields a dry white wine* The principal 
the summer. Carbonic acid is formed, togethci varieties are Barsoc, Savierne^ Qravea^ and 
• with a quantity of sediment. The pressure o Bommea^ Chdteau Latour^bkmche^ and ChdUau 
the gas in the bottles can readily be ascertained Y'quem^ which is generally considered to he the 
when desired, by means of a manometer (sucl premier white wine of France, if not of the world, 
as Sallcron's modification of Maumen6'& " Aphro and m the classification of ^utemes it takes 
metre *), and ranges from 5 atmospheres m grary precedence of the * First Growths,* b^g placed 
tnaueaeiLc to less than 4| in erdmant wine ; i: in a class by itself. 

ordinary mousseux wine the pressure varie The department of the Pyr^n6es Orientales 
between 4 and 4^ atmospheres. When requirc< produces a considerable quantity of wine, mostly 
for the market, the bottles are first careful! from the Grcnacho noir and Carignane grapes, 
brought into an inclim^d position, so as to caus The genenc name of the wine of the district is 
the sedimentary matter to fall gradually on t Rouaatllon, of which the most esteemed varieties 
the cork ; on removing the clip which holds th are muscat of Riveadltea, Maccabeo, Malvoiaie^ 
cork within the neck the pressure of the dissolve and Orenache^ which are liqueur wines (the last« 
gas forces out the cork, together with th mentioned being simply unfermented must 
sediment. A certain amount (from I to 4 p.c preserved by means of added spirit and sul* 
dep mding upon the sweetness desired) of liqueui phurous acid, with frequent racking from 
ma<to of fine wine, sugar, and cognac or a sti deposits) ; and Rancioa^ dry Medvoiaie, and 
spirit, 18 quickly added, and the bottles ai Ptcfoule. Languedoc also produces a large 
again filled up, corked, and wired. quantity of wine {vina du Midi), much of which 

Dry champagnes — i.e. containing relativel is mixed with the wines of the Gironde and oi 
little sugar -—arc mainly exported to this country Burgundy ; whilst a considerable amount of the 

the sweeter varieties being usually consumed i rest is distilled to make ^ trois-six ’ and ea« di 

America and on the Continiuit. vie. Cognac is produced from the wines of the 

Wines of France. The pre-eminence c = Charente district {v. Brandy). 

France as a wine-producing country is di: » The Rhdne and Sadne valleys produce the 
mainly to its favourable conditions in regard t » chief wines of the cast of France, wliich, will 
both climate and soil, and, no doubt, also to tl ) the exception of Hermitage and the wines of th< 
system of small holdings worked by the thnft ^ BeavjoUiM, seldom occur in trade under theii 
and industrious Fn>nch j^asantry. The chii f owm names. 

wine-growing district in Franco is the Girond , The best qualities of champagne (t^, aupra 
which is practically divided into five portion , Bpar^fiitjjrteiaes)areproducedinthedepurtmenti 
viz., the M6doc, the (vravos, the Cdtes, tl > ot Marne and Haute-Mame, the chief centres o 
Palus, and the Kntre-deux-Mers. To thoi ^ the trade being at Rheims, Bpemay, Ay, Avize 
must now be addi^d tlie wines from the Aisac - Chalons, and The most famous brand) 

Lorraine territory restored to France by tl a are Ayaia, BolUnger, Cliquot, Heidaieck, Irrey 
Treaty of Versailles, Athough formerly retainc I Moil, Mwnm, Perxier JowU, Pimmary4hmo 
almost exclusively for home consumption, thf f and Roederer. Large quantities of sparktinj 
are now (1926) obtainable on the Bntif i wine are produced in the Saumur, in the depart 
market. In the M4doo some six or sevf i ment of Maine-et-Leire. Sparkling Samaar i 
different varieties of vine are cultivated, made from both black and white grapea-^< 

Host of the red wine is obtained from tl 9 black being the product of the Breton vine, th 
Garbenot Sauvignon, Franc Carbenet, Malbc white that of the Pineau blanc. The wine i 
and Merlot gra|>es. The rintage usually begii is made much in tho same way as champa^ 
towards the end of September, and lasts awi it except that, as a rule, the finished product Is i 
a fortnight. The wines (usually known ) s mixture of two successive vintM^ 

^darota') are divided into payaan, artiaat, The wines of Burgundy (both red and white 
hamryeoia, and fine growtha, the last groi p are produced in the departments of C6te«d*0] 
being further sub-divided into what are knov n Yonne, and Sadne-et^Loire. The principal fs 
as * oms ’ or * classed growths,* named after tl e wines are Afdcon, Baavne, Lt Oarkmf Momami 
plaoe (Ch&teau or Oommunej where they an ContitChambertin and Cloa Veayaoi, HarmUm 
modtttM ; s.g, ChdUau Lahur, PavMla ; when it can be obtained genuine, 1$ a rioh^Wai 

ChdtmuMargaui : with purple colour, produced in the diimaxtiM 
OkiimuCaiiiemep Ac. The official classificati) n of Drome. The whtie wine of Yonne is knew 
hrtn ^evos * or * mwths * was made so long ai to as Chabl%a,md is frequently,thoii|^ inoonne^ 
^ the wambin Syndic^ descidbed as * White Buisim 
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llpiB. Sh«rrff, t]>« boat knoim of (^nlsh 
idiite wiitM, ia inaiiify ptoduoed in Andsludn, 
and dMiviH it* nuae nom Jete* or Xeres de In 
SteoBtem, the oliief oentre of the trade, and where 
most of tilie witke is produced from must or fruit 
purchased from the growers. Sherries are 
esBentiaUy ' Uended ’ wines, and are divided as appli^ to wine the produce of Portugal imported 
reiiards type or ^u^ty into _three classes : into the Umted Kingdom after the pass^ of 


udpe the ptoduoe of Portugal and of 

Madeira teapeotiive|y,ahall be deemed to beafslse 
trade description within tiw meaning of the 
H. M. Act, 188?.’ StUl later, in the inglo- 
Portugese Commercial Treaty Act, 1916 (Sect. 1) 
it is provided that, ‘The description “Fort” 


Ftnoa^ aad Cartados* Tho Finos are 

* clean* and ‘dry* in character, tho Rayas 
being fuller in *body/ whilst the Cortados 
partake of the characteristios of the other two 
types. These wines are exported, however, 
under various other names, as Amontillado^ 
MamiUaf MofUiUa Soltro^ &c. Sherries are 
almost invariably fortified and plastered, and 
the commoner kinds sulphured in addition, lor 
the British market. 

The sweet red wine known as ‘ tent,* which 
is used for ecclesiastical purposes, is mainly 
obtained from the Rota district. This and the 
somewhat similar wines from tho Tarragona, 
Valencia, and Alicante districts were formerly 
sold under the name of ‘Tarragona Port,’ or 
‘ Spanish Port.’ As the result of recent legisla* 
tion, such descriptions arc now illegal, the use 
of the term ‘port’ being applicable only to 
wines the produce of Portugal (vide infra). 

Portogal* Port is mainly the produce of the 
ragged and mountainous district of the Alto 
Douro in the north*east of Portugal. The vin- 
tage usually begins at the end of September. 
Tho grapes, from which the stalks are removed, 
are emptied into stone tanks holding from seven 
to thirty pipes, and are pressed, first by treading 
and then by means of a beam or screw press. 
After from 48 to 60 hours’ treading the must is 
left to ferment, drawn off into vats, and mixed 
with a sufficient quantity of alcohol to prevent 
acetous fermentation. After the lees are de- 
posited the wine is again racked and mixed with 
more alcohol, which is usually obtained by dis- 
tilling wine. If necessary, the wine is sweetenr^d 
with * jerimica,’ or sweet must preserved aith 
brandy. In the spring it is sent down to 
Oporto, where it is stored previous to ship- 
ment. ‘ Vintage wines ’ are those of the same 
origin, year, and quality, and are kept separately. 
The other principal tyjies of port are * Ruby ’ 
and ‘Tawny.’ These are usually blends, the 
the former being intermediate in character 
between ‘Vintage’ and ‘Tawny’ ports. The 
latteris matured in wood, thus losing much of its 
deep red colour. Nearly half the wine exported 
from Oporto is sent to the United Kingdom. 

Port first appeared in England at about the 
end of the seventeenth century, and its con- 
sumption in this country gradually increased up 


this Act shall be deemed a false trade desoiiption 
within the meaning of the M. M. Act, 1887^ 
if the wine on importation into the United 
Kingdom was not accompanied by a certificate 
issued by the competent Portugese authorities 
to the effect that it was a wine to which by 
the law of Portugal the term “Port” may 
be applied.’ These enactments apply also to 
British ‘ made ’ wines. I 

The South of Portugal (Torres Vedras and 
CoUare*^) produces a considerable quantity « a 
rough kind of clarot, and albO a white wme 
known in England as Bucellos Hook, whichp 
obtained fnim the Riesling grape. \ 

Italy. It is only within recent years thait 
Italian wines have found much favour in thl| 
country, as they wore formerly too sweet for 
the British market and deficient in keeping 
qualities. These defects have been largely 
removed by tho adoption of more scientific 
methods of manufacture resulting in an in* 
creased popularity. Northern Italy produces 
Barolo, a red, and Asti, a white uine, together 
with a certain amount of sjiarkling wine* 
Montepulnano and Ckiatdi ate made in Ccntrajl 
Italy; whilst the Neapolitan district yields 
Lacryma ( 'hrtsti and a variety of Malvoisio and 
good class Muscat aines. Ino island of Capri 
produces a good aine of chnhlis character. 

Sicily. Tho chief Sicilian a hie is Marsala 
(a white wine of light amber or brown colour, 
someahat resembling sherry), obtained from a 
mixture of selected and thoroughly ripe grapes 
of the Madeira variety. It is can^fully roanui^- 
tari*d and is very uniform in quality, although, 
as a rule, bomcahat heavily fortified, but not 
plastered. 

Au8tro*Hungary. Both white and red wines 
are made, but those of German Austria are 
consumed for the most part localiy. The best 
knoa*n are from Vo.^lau and Gum|x>}d8-Kirclien, 
and the Tyrol. 1'he most famous of Hungarian 
wines is the Kaeet Tokay or Essentia, which Is 
made from the first runnings of the ripe grapes 
obtained without pressure. Only a smi^ 
portion is so obtained, and it rarely, if ever, 
appears in the market. Other varieties of Tokay 
are known as Ausbmch and JUastas. Carlowilx 
resembles |Kirt in eharacter, and is produced on 
the banks of the Danube, about 40 miles to the 


to tne middle of the e^ntoenth eentuiy, since north-west of Belgrade, 
iriien it has gradually declined. The disfavour Tho git*ater portion of tho wine produced in 
into which port has fallen may be partlv due to Bohemia (now incorporated in Czcoko-BlovaUa) 
the manufacture of numerous brands of inferior is obtained from the province of Melnik, chiefly 
wines of port character, which may or may from the blue Bui^dy grape, originally pro* 


not be distingoished by qualifying names, as 
‘ Hamburg Port,’ Ac. 

As itw result of ropreaentations by the 
Portumie Qoveniment, definitions of ^ort’ 
and ‘Madeira* have embodied in recent 
ActsotPatliament. Thus, in Sect. 1 of the Ai^- 


cured from France* 

Excellent red wines, resembling Bmgundy, 
are now made in Dalmatia. The most esteeniMi 
varieties are Moscato ifSolo, Maroichimg aad 
Malvasia* 

Germiay. The chief winH^iodu^ dii* 


l^ugeieGcnra tncts oT^nnany am Baden# 

dOMi ‘TlmdeicnpUon‘‘Port”or the Rheingau, and 1 ^ 


ai^Uei to any aiim ee other l^uc^^ faiated Bkinbt^f^ 


WdrlNimbeiit Xha eiin^ 
/oflaaajiflsryf JlldMjMli'# 
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ift tm iMii^boiixl)^^ tho Ehine» iiorkt from 
wUba, wmli is the oeatm of the hook trede. 
The vitiejranis of Hesse yield XdebfmmiM^ 
NUmUin, aod Scharlachberg ; Hochheimer is 
obtained from the Maingan. The chief Rhine 
▼ine is the Rieslings which is said to beindigenous, 
and which has been transplanted and successfully 
cultivated in many other parts of the world as 
South Africa, Australia, and the United States 


of America. The AfoseBs district also produces 
escellent wines of charaoteristio but rather week 
fiavour, whidh is often artihoiallv enhanced by 
the addilion of tincture of elder flowers. 

The chief product is a white wine. A certain 
amount of red wine is obtained, notably Ass- 
mannshausen, from Riesling and mixed grapes. 
The results of analyses by Kdnig of wines from 
the principal European countries axe shown in 
the loUowmg table. 


Analyses of Eiteofban Wines (Konig). 


I Grammes per 100 c.c. 


Germofiv* 

MoseUe 

Ehlns .... 

Pa dfl i t 

Wflrtemburg, aliite wine 
„ red wine . 
iProfiei; 

Alsace 

jLorraino, red wine 

Red wine . 

White wine . 

ALustna ; 

Tyrol, red wine 
„ white wine 
Rutsia: 

Eed wine 

White wine , 

JUUy 
Spain : 

Ordinary red wine 

Sweet wine . 


'9064 7'99 2 24 

0005 8 00 2'60 

— 6*65 2-16 

9995 6*10 2 27 

— 4-73 2 64 


0 9967 , 
0 9982 ' 
> 0*9963 


6 59 2*07 
8 08 2 27 

7 80 2 56 


The AUanUc Isles. Grand Canary and 
Tenenffe produce a small quantity of wine, but 
since the production of cocluneal has fallen ofl 
on account of the prefeixmce for coal-tar colour- 
ing matters, vine culture is incieasuig, and wines 
of the Madeira tyjie are being made in larger 
quantity. 

Madeira. The best-known varieties of 
Madeira wine are ifa/msey, and Sercial^ the 
former being a sweet, and the latter a dry wine. 
It is a white wine, and its characteristic flavour 
is probably due to the practioo of exposing the 
young grapes to a prolonged process of p^ial 
drying by arUfloial heat, and of heating the 
wine shortly after its manufacture to a tom* 
pexature varying from 25^ to 45^ Formerly 
the same condition was obtained by sending the 
wine a voyage to the East pr West Indies and 
back. Very little rod wine is made in Madeira 
{wde aupra, under * Port *). 

A small quantity of wine is made in the 
Aaoxes, particularly on Pico, but it is of very 
indiSorent quality, and is mainly exported as 
low-olass'sheny. 

ftoe of Good Hope* Comparatively little 
wiiie m now sent to this country from South 
Africa, although a century ago the importation 
of OajM wine into the United Kingdom exceeded 



0 70 0 018 
0 56 0 032 
0 57 — 

066 - 


60 . 0*9940 1 0 08 2*34 
17 > 0 9927 8*84 1 87 

10 0*9939 10*76 2*76 

12 0*9931 11*96 2 57 

20 , — 10*61 3 44 

7 ' -«■ 12 30 I 3 53 

4 1 0233 12*78 9 69 


0 03 0*72 
— 0*85 

0*09 0 49 — 

0*57 — 

0*46 — 

0 052 — 0*55 0*028 

0*155 0 09 0*50 0*019 

— 0 30 0*78 0*043 

— — 0*97 — 


0 65 0*021 
0*65 0*020 

0*64 0*036 
0*59 0*026 
0*45 — 
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dtoe>ii<w Mid iBM«t pesta, to fwilty nuurafMtnn, 
|Mb 4 to fitokl «luu)gM. The beat-known wines 
«!• Veldt Batgnndy end Olent, Wj/nbvgtr 
ClAsAditi dkAcwupeiicill JBTefiiiilfltgs, To/cIIns'P 
timd w» twart pakhmd OomeantiM produced 


near Ca£)e Town. A great increase in the 
importation of South Afncan wines has occurred 
smee the war, the quantity imported during the 
last five years immediately preceding the war 
bemg only 15,000 gallons, as comiiared with 
over 200,000 gallons immrted auiing the 
corresponding period since tne war (1919-23). 

Aimralia. Of late years the amount of wine 
from Victoria, New ^uth Wales, and South 
Australia imported into this country has in* 
creased enormously. The industry may be said 
to be still in its io^cy, but the most scientifio 
methods and appliimces are adopted, and the 
produce of such vineyards as Albuxy, Great 
Western, Highercombe, and TIntara bids fair 
to rival the Imt European wines of aimilar type* 

In Australia (as m the case also of Sra& 
Africa aud Califomia) the praotioe obtains of 
naming the wines af teathe w^-kuown Europtau 
types they more or less resemble in bbaiaeter, 
as 'Burgundy,' 'ChabUs,' ^Hc^k,^ fto., or 

Europe, as 

Uniled States. Themaaumotuxeofwxuelmt 
been flrmly established in CMifomla. The mh 
duce was originally derived from the ^ Mlssibn * 
nape, supped to have been imported froin 
Mexico by Franciscan monks, mt Gmemmy 
rench, and Spanish varieties matB iatkodueed. 
and wMes in some degree resemUiiMt iboio m 
these countries (and named after their Oriiteil 
types) were made on a eonsidemble oeahh !W 
vine has been also cutttvatad a lam echl^ 

nitfA &nft und AtM.iimAflnMkii 
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S^teis were New fork, 
I Whilst 


llii^ Astfl^ ooiuiimied in the United States 
WRttea dSvtaioed from Vmnoe and Germany, the 


It is iindmfa^ tliM rt 
(m») the nathmal law, 

the mandlaottm and sale of wines th , 

States. 

The foUowing ate analyses, W Bigelow f US. 


Imnoirtalidii of foreign wines steadily decreased Dept, of Agiio. Bur. of Chhm. Bull. 59), ot 
In Imnr of the home product. samples of wines manufactured in CSalifomia 




Alcohol by 
volume p.c. 




Grams per 100 c.c. 



Description 


Alcohoj 


Total 

acids 

Extract 

1^1 

€ 

.1 

1 

r 

Med wines (204 samples) : 

Bordeaux, Bhine, Burgundy (Min. 
and South French types $ Max. 
White winee (321 samides) : 

0*0900 

8*00 

6'35 

0*330 

0*201 

1*01 

0*030 

0*1864 

0*0455 

0*188 

1*0050 

10*28 

15*30 

0*852 

0*888 

6*88 

0*628 

0*5544 

0*2515 

0*430 

Bhtne, Sautezne, South 
French, Sherry, and Ma- 
delta types 

0*0866 

5-00 

.3*98 

0163 

0*181 

1*09 1 

0*060 

0*0859 

0*0453 


1*0560 

22*19 

17*61 

0*971 

0*798 

10*60 1 

17*210 

q'0379 

0*1861 

o-iil 


Analysis of Winb. 

The chemical examination of wine is usually 
restricted to the determination of those consti 
tuents which enable an opinion to be formed 
oonceming its purity or freedom from adultera 
tion, but expert tasting is of great importance 
and microscopical examination of the deposits 
obtained from wine may afford useful informa- 
tion. For methods bas^ on the latest ohemico- 
physical principles, the work of Baragiola may 
be consnlted {Zeitsch. anal. Ohem. 1914, 53, 
100; Analyst, 1914, 127). 

For the estimation of the specific gravity a 
determination should be mode by the bottle or 
other form of pyknometer and given accurately 
to four decimal places. Carbonic acid should 
first be removed by vigorous agitation. 

The resvMs are usually given in grms. per 
100 c.c. or per litre. Koenig (Zeitsch. anal. 
Chem. 28, 202), however, deprecates tliis practice, 
on the ground that for sweet wines, which are 
liable to difier widely in sp.gr., the results are 
ho longer directly comparable. 

The alcohol is best determined by the dis* 
^Qatioh method, the sp.gr. of the weighed 
distifiate being taken and the proportion of 
alcohol found from tables. For more exact 
j^btcBnunations, the volatile acids should be 
, nautrsllsed before distillation. 

Xhsfeetion of cider in wine, — F. Schaffer (Mitt. 
Debonsm. Unters. Hyg. 1^23, 15: Ann Chim. 
anal 1924, fi, 88) has devis^ a method for 
donating cider in wine, based on the diminished 
raduebig power of the ^ine. The following 
modified procedure is recommended : Forty 
c.e. 43i tilie wine are decolorised by boiling with 
3 ^nns. ot pure animal charcoal and filtered, 
mm the fiiWate is heated to boiling with excess 
hi jpieeiuiilated calcium carbonate. After 
lurther fikration the cooled liquid is treated, 
fdow^ and with shaking, with 8 c.c. of 10 p.c. 
btttimn acetate solution, and again filtered. 
;fflvec.c. of the neutral filtrate are mixed with 
2 dfups of 0*2N silver nitrate solution, and, 
after being made alkaline by addition <tlr 1 c-c. 

0*1N swum hydroxide solution, are placed 
in the daric, and toe time elapsing before dis- 
mdnetm k apparent is noted; the test 
. wtoepA W mde m duplicate or even tripUeate. j 


With cider the reduction becomes evident in a 
few minutes, and with wines containing a marked 
proportion of cider in 10 to 20 minutes ; in some 
cases comparison of the 8us|)ected wine with , 
the natural wine of known purity is advisable 
(Analyst, 1924, 49, 235). If I c.c. of conoen* 
trated sulphuric acid be mixed (keeping cool) 
with 5 c.c. of wine and set aside till next day, 
genuine wine should remain clear (von Fellen- 
berg, Mitt, Lebensra. Hvg. 1925, 10, 55; J. Soc 
Chem. Ind. 1925, 44. B.’'936). 

Deierminaiion of exiraci, — The various 
methods in use for determining oxtnictive matter 
in wine differ considerably both in principle and 
in the details of manipulation. The direct 
method (by evaporation) does not give compar<^ 
able results unless the sugar of sweet wines and 
the potassium sulphate in plastered wines arc 
deducted, and not then unless the ostimaiion is 
conducted under exactly similar conditions. 

The French official method of prolonged ^ 
heating on a water-bath gives low resmts, 
owing chiefly to loss of glycerol. The sugar 
and potassium sulphate are deducted, an 
allowance of 1 grm. of each per litre being made 
to cover the amount of these substances assumed 
to be naturally present in fully fermented wine. 
The result is known as4>he * reduced extract/ , 

The most exact determination of extract is 
made by evaporation (at the ordinary tempera- 
ture) over sulphuric acid in vacu6, but as this 
r.;quires frr^m 3 to 6 days (according to ibo 
temperature) it is unsuitable tor ordinary 
commercial use. 

By Njegovius' modification of this method, ' 
however, the time may bo reduced to withitk 
the limits of a working day. The wine (5 o.St) ; 
is absorbed by anhydrous sodium sitlphato ^ 
(5 grams) in a tared bottle and dried in a dosie* > 
cator under diminished pemure, not eaoeddiiil ! 
15m.m. > ; 

The Gorman ofiioial method is as follows r 

{a) For wines with an extract amountiim to ; : 
not more than 3 grms. per 100 c.c. (asoertifiied % 
by the indirect method (c) given below) t f 

measured at I5^ are evaporated to a t 

consistency on the water-bath in a pkltlnispiiTf 
basin of 85 mm. diameter, 80 mtnu hglSi^ $iBA0 
75 6.C. capacity, and the leMneii dtM te 8| > 
hottfs in the water oven, . . v 
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; , Pi Bimillkoa (Com^, rend. 103, 498). 

’ mmM ?”■ <w tlKwe contftininB 

v' P«' «•«*•* the indirect 

; . datenmning the extract from the 

of the wine after removal of the alcohol 
(«’• Tables in Windisch, Dio 
. , Beurtheilung des 

> ®i alcohol 

' ■' Rieglcr’s rcfractometer 

(Zeitech. anal. Chem. 1896, 27), One 

Sfennd^^® •“* *1?* ®-®- n* wine 
. »jse the refraction by 0 00068 and 

^146 respwtively above that of water. Then 
*¥k ***7®**®“ P“® distilled water; 

®* *‘'® which 

the alcohol has been removed made up <o the 

Oi^al volume taken ; and N=the ref^ctfen of 
the original wine ; then the formula 

0-00068 

, , gives the weight of alcohol, and that of 

the extract M grems per 100 C.C. of the trine. 

in completely fermented wines the amount 
^extract is reldom less than 14 grms. per hto ' 

^ ***“ amot^ after I 

- Kl ^ 1 

After separation of the non-volatile acids ‘ 

' £!^„"f,“8***”‘®*/"“»‘“''*iwineisseldS f 
WJ than 1 1 ^s. per htre, and after soparetion ; 

. ; The Are acid is determined by titration with n 
■tMdard potoh or soda-solution, using litmus- tl 
gwr as indicator, and calculating the mult as 4 

,g^® «^«nh!,uid t 

i«Mt below d 

eo^-^mt (but rapidly so as to avoid loss of A 

SmSni®l^^’*i.” by agitation and subsequent di 

acids ^T^iotct. S 
by disWUtion iif steam, or, since this al 
bictio acid (Windisch, sh 
fS?*™' Nahr. Gcnussm. 1905, 9. 70) hv tjJ or 
; in the acidity of the'w?ie M an^d 

■ After enporation to a small bulk, and are i 

»eW (CtHA). The;?^ 

A” ■ ^y difference between the 

m obtamed by evaporation tn eocwd, th< 

Sr “ tartaric acid. In B^ce «#■ i • 

AqldCHjBOi}. ««pauric « tto wine contauu not less than 0*5 


H have an acid reaction, in conse- 
presence of a certain amount of 
potasBum hydrogen tartrate. A 
iting this acid reaction tastes flat 
ne itjm be^vi^ that the fre^ 
• tMtario aoid alone. Neasler'a 
*» “wwver, ehown that this is 
' malic adds often 

t^iaore fteqnen^y the free 
auwj^Mttim^. wimiQoa 

m. 
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Init i« MOietimtA added to eoiduetioated 
wiaeii* 

The beet metbods for estimating taeUc add 
are those of Konz (Zeitsch. Nahr« Oenussm. 
190J,4»673)and Mdslinger (»&^. 1901,4, 1123). 
OUfie add may be estimated by Mdslinger^s 
method, mi^ng as lead citrate, as ofiGimally 
adopted by the if.S. Dept, of Agriculture (Bur« 
of Oieiiu BuU. 107, 81). 

The determination of glycerol in wine has 

E Ven rise to numerous processes, the best 
lown of which are based upon either extraction 
by means of alcohol and ether or ethyl acetate 
or acetone and weighing, or oxidation to and 
estimation as oxalic acid. 

Various methods have been proposed, as 
steam-distillation under reduced pressure (Bordas 
and Baczkowski, Compt. rend. 1897, 124, 240) ; 
or by conversion into triacetin (Bottinger, Chem. 
Zeit. 1897, 659) ; or into M^ropyl iodide and 
weighing as silver iodide (Zeisel and Fanto, 
Zdtsch* anal. Chem. 1903, 649). 

The Zeisel-Fgnto method tdways gives low 
results. Correct values, however, can be ob- 
tained when organic acids, such as acetic, pro- 
tonic, succinic, or tartaric acid, which have a 
cbcomposing action on the polyglycerol formed, 
are aided to the reaction mixture. Lowering 
the concentration of hydriodio acid has no 
influence on the result: 200 c.c. of wine after 
treatment with tannin and barium acetate in 
the usual way are concentrated to about 30 c.c., 
and diluted with water to 40 c.o. 10 c.c. of the 
filtrate are then diluted to 60 c.o. with acetic 
acid, and 5 o.o. of this solution employed for 
the determination (C. Marohi, Stas, sperim. ' 
agrer. itaL 1923, 56, 231 ; Chem. 2k)ntr. 1923, 
94, [iv.l 1011; J. Soc. Chem. Ind. 1924, 43, 
B. 110). 

A** method by Rothenfusser, claimed to be 
more rapid and 1^ laborious and expensive than 
the official method described below, is given in 
Zmtsch. Nahr. Genussm. 1913, 26, 636. 

The older methods, especially extraction with 
alcohol and ether, are generally preferred, since, 
although somewhat empirical, they yield 
results which are comparable with the enormous 
amount of similar data acquired by previous 
observers. It is essential, however, that the 
exact details of the given methods should be 
x%i^ followed. 

The method officially adopted in Germany 
Is M follows, (a) being adopts in the case of 
d9 nines or those containing less than 2 grms. 
ox pugar per 100 c.c. ; and (6) for sweet wines 
containing more than tlm proportion of 




(a) 100 C.O. of wine axe evaporated down to 
10 e*o. in a porcelain capsule on a water-bath. 
I grm. of quarts sand is added and milk oi4ime 
(40 p.e.) equivalent to lf-2 grms. GaH,Ot for 
each gram of extract present, and evaporation 
eontimkad almost to dryness. The residue is 
then repeatedly boiled with small quantities of 
86 p.e. alcohol, the various extracts being 
decanted into a 100 c.c. flask, made up to bulk 
at 15% flhered, and 90 c.c. of the filtrate evapo- 
rated in a porcelain capsule on the wat8r-bath 
(without bcSSiiig). The residue is washed into a 
atempered sweated cylinder with small quan- 
mm ot absolute alcohol until 15 c.o. are ool- 
• hafon up with three successive 


' portioim of ether (7*6 o.e. each tfane), and, wi^ 
c^bar, the whole (induding the risudngs of the 
eviinder with alcohol-ether, 2 1 3) evaporated on 
the water-bath to a syrup, but without boiling 
Tim residue is dried £>r 1 hour at 100% ooefled, 
and webbed. The weight in grams, multiplied 
by l*llf, ^ves the number of grams of gtycerol 
in 100 c.o. of the wine. 

(6) 60 c.o. of wine are heated on the water- 
bath in a laim flask, Igrm. of quarts sand 
added, also milk of lime until the duk colour at 
first produced disappears, and an alkaline odour 
becomes evident. After cooling, 100 c.c. of 
96 p.o. alcohol are added, the precipitate filtered 
off and washed with alcohol. The filtrate is 
evaporated and treated as in (a). The factor 
2*222 is necessary in this case to obtain the 
number of grams of glycerol in 100 c c. of ths 
wine. 1 

A method of estimating glycerol in wine 
based uj^n its conversion into acraldehyde by\ 
means of boric acid, the distilled aldehyde be^\ 
determined by standard silver nitrate solution^ 
(Helduschka and Englert, Zeitsch. anal. Ghem. 
1921, 60, 161). 

For a process involving the use of acetone as 
solvent, see Beis, Bull. Soc. Chem. 1912, 11, 
[iv.] 618 ; Analyst, 1912, 37, 361 ; Bertain* 
ohand, ibtd. 1913, 38, 368. 

The sugar in wine b a variable mixture 
of dextrose and Imvulose, and occasionally 
sucrose. The usual method of examination con- 
sists in estunatmg the total quantity of sugar by 
titration with copper solution, then ascertaining 
by the optical method the proportions of the 
two glucoses and estimating the sucrose after 
inversion with hydrochloric acid. 

Valuable information as to the nature and . 
proportions of the sugars (both natural and 
added), as well as of other optically active 
substances introduced for the purpose of 
sophistication, may be obtained by the use of 
the polarimeter. Pure wine which still contains 
unfermented sugars turns the plane of polarisa- 
tion to the left, whilst perfectly fermented wine 
either does not polaxim at all, or only very 
slightly to the right. Wines sweetened witn 
commercial glucose may contain considerable 
proportions of dextrorotatory non-fermentable 
substances. 

It is essential to remove alcohol and colouring 
matters, and Nessler and Barth show that it » 
a matter of considerable importance also to 
remove the tartaric acid present in the wine, 
and they add, before precipitating with alcohol, 
a few drops of a strong solution of potassium 
acetate, thus separating the tartaric add as 
potassium hydrogen tartrate. p. 

The wine is carefully neutralised, and the 
alcohol eliminated by evaporation, the residiie 
filtered, if necessary, and made up to origi^ 
bulk, decolorised with lead acetate, the ek68M 
of lead removed with sodium carbonate or 
sulphate, and the polarimeter reading eoneote4 
for the inoi^ased volume due to these addltknsi, ^ 
The use of bone black should be avolM if 
possible, and complete deeoloiisation ia Mb 
necessaiy if the liquid is dear^ TutUdjtty eau 
be removed by the addition of almaiika mmm* 

A comnlete bticd nnon Geeiffiyi 

official methoda (Fev&iaoil. d, iwwi OaMal/' 
beitaaiiKa. IBM, UT) Om U 
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OmmmUi Qfgltfkto AikaltBi^ 1M4» voL i. £Ml. 
^ zBttvdte «ro ofMiemtfoi^ h» a 

•00 mm# tu1»6y mid aatpcMed in terms of the 
sugar seals of the Scibmdt and Haensch half • 
idiadov saocharimeter. 

For the estimation of sugar by* Barreswil’s 
{Fehling’s) solutiony the tannin must first be 
temoTed by lead acetate, the excess of lead being 
pu^pitated by sodium carbonate or sulphate. 
Orainaiy fully fermented wine usually contains 
under 0*1 p.c. sugar, and may be decolorised by a 
small quantity of animal charcoal. Either the 
gravimetric method (weighing the precipitated 
copper as CuO) or the volumetric (using as 
indicator either potassium fenocyanide or 
ferrous thiocyanate as recommended by Ling 
(Analyst, 1905, 182 ; 1908, 160)) may be used. 

Sucrose may be determined by difference 
between the directly reduemg sugars formed as 
just described, and the total reducing sugar after 
inversion with hydrochloric acid on the water- 
bath, deducting one-twenticth of the difference 
(invert sugar) thus found to obtain its equivalent 
as sucrose ; or the Clerget polariscopic method 
may be employed, using Herzfeld’s modification 
of the Clerget formula {v. art. Sugab). 

The shoots and leaves of the vino, as well 
as unripe mpos, contain both sucrose and 
dextrose. The quantity of sucrose in the 
grapes gradually diminishes to zero as the 
grapes ripen, whilst the quantity of dextrose 
reaches a maximum at the period of ripeness. 
Sucrose, when added to wine,, is gradually con- 
verted into dextrose, an addition of 5 p.c. being 
no longer traceable after five months, and 8*5 p.c. 
being completely transformed in six months. 
Boiled grape juice contains a substance which, 
after hyewiysis with acids, reduces Fohling's 
solution, and might thus bo taken for sucrose. 
No rotation of polarised hght can, however, be 
detected, and the substance is probably glucosan. 
In the case of wines, therefore, which have 
been sweetened with boiled mpe juice oi 
coloured with caramel, it is unsaie to conclude, 
from the reduction of Fehling's solution,** thai 
sucrose is present unless its presence is alsc 
indicated by examination in the polarimetei 
(O. Klein, Zleitsch. angew. Chem. 1924, 37, 111 ; 
J. Soe. Chem. Ind. 1924, 43, B. 486). 

Gum arabic and dextrin, which are sometimei 
used for sophisticating wines, may be detectec 
by adding to a little of the wine about twici 
its bulk of the strongest alcohol, df a decidec 
flooottlent and viscous precipitate bo formed 
the gum is obtained by evaporating 100 c.c. o: 
the wine to about 5 c.c., and precipitatmg bj 
the gi^aal addition of 90 p.c. alcohol. Th< 
precipitate is filtered off, dissolved in abom 
90 c.c* of water, 1 c.c. of strong hydrochloric ack 
adUled, and the liquid heated in a flask providec 
with a long glass tube as a reflux condenser fo: 
3 hours on a bath of boiling water. The suga; 
thus produced is then estimated in the usua 
maimer by Fehling's solution. 

f am«itk~There is no veiy exact method fo * 
the estoation of tannin m wine. That o: 
JKeubaiiier^LSwenthal is recommended, and it 
4iMlbed» udth modifications, by Fresc^us ami 
, in * Analyse des Weines,* 1928, p. 74 

MkUtmf maUer Is found by cautious inmnera 
tkn the neiidtte from the eyaporation of 
Irf lilei til^ 


separatbn of carbon from the alkaline ssltA 
Bapid weii^hitig is essential owing to the bygro- 
soopio nature oi potassium carbonate# 

The determination oi the ash (and of several 
other constituents) of wine containing much 
sugar is often facilitated and made more exact 
by eliminating the alcohol and removing the 
sugar by fermentation. 

Wine containing less than 1*3 mineral matter 
per litre may be Suspected unless it can be 
shown that natural wine from the same district 
and of the same vintage actually contains so 
small an amount of inorganic matter. The ratio 
of mineral matter to extract is, as a rule, about 
1 to 10. 

Estimation of chlorine in wine . — ^It is weU 
known to wine falsifiers that chemists lay mudi 
stress on the proportion of mineral matters oon« 
tained in wine, and therefore they frequently 
add sodium chloride to artificial or adulterated 
wmes in order to increase the extract and to 
bring the total amount of ash up to the normal 
quantity. It is also said to hasten clarification 
and to have a preservative effect. Owing to the 
volatility of sodium and calcium chlorides on 
incineration, chlorme is best determined in the 
wine itself and not m the ash, but the ordinary 
method of titration is inapplicable owing to tlm 
solubility of silver chromate in the free acid of 
the wine. The chlorine is either precipitated 
and weighed as silver chloride, or the method of 
Nessler and Barth may be employed as follows 
50 c.c. of the decolorised uine are acidified 
with nitric acid, an excess of standard silver 
solution is added, and then standard thiocyanate 
solution IS run in until a drop of the liquid when 
mixed on a plate with feme sulphate solution 
just shows a pink coloration. 

Wmes contaming more than 0*05 ^c. sodium 
chloride may as a lule be suspected. Exceptions 
may occur in the case of wmes which have been 
produced m the neighbourhood of the sea-shore# 

Alkaline earths in wine , — ^The ash of wine 
always contains calcium and magnesium salts# 
The amount of calcium (3-11*4 mg. in 100 e.c. 
of wine) is greatest in young wines and gradually 
diminishes with age, probably in consequence 
of the separation of neutral calcium tattrate. 
The amount of magnesium, on the othmr hand, 
remains almost constant and is always in 
excess of the calcium. The largest amount of 
magnesium found by Kayser was 24 mg. In 
100 c.c. of Malaga wine. The phosphoric add 
and magnesia show •a constant proportion of 
10 : 6, corresponding with the formula MgHFO« 
(Kayser, Chem. Zentr. 188i; 394 ; Chem# 
Abstr. 1882, 121). 

Barium and strontium salts are sometimni 
added, to remove sulphuric add, in the parooeis 
of ' deplastering ’ wines, and are best detected 
in the ash, whi^ should be taken up with dUnte 
hydrochloric add, filtered, and the filtrale 
evaporated to dryness. The dry lesidiie is then 
examined by the spectroscope. If harium oi 
strontium is present they are deienajbndl 
quantitatively in the usual manner 

Sulphuric acid is predpitated directly with 
barium ehioride in wmo acidified with nydto* 
chloric add, and determined in the oe&Myq/ 
manner, 

A normal wine contains ftot teore than |*| 
grm# per litre, and when the aweaM 
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exoaedfi S gms.^ tbe wine may ht r^gavdad m 
jplafllarad or aalpbored* 

*Skt deteimmation of fhoephoric act'd is to 
bo dbetod in the ash by the molybdio method. 
(Ktr details, see J. Soo. Ghem. Ind. 1898, 280.) 

The total phosphoric acid may be deterniinea 
direetly (without incinerating the residue) by 
Orete^s volumetric method (Ber. 1909, 42, 3106) 

The addition of dicaleium phosphate is 
sometimes made instead of ^plaster, and is 
said to have certain advantages over the use of 
gypsum. 

Nitric acid is sought for by carefully adding 
a few c.c* of the wine to a solution of diphenyl- 
amine in (pure) concentrated sul])huric acid, 
without mixing, and avoidmg rise in tem])era 
* ture. An intense blue colour at the junction of 
the liquids indicates the presence of nitric acid. 

Fresenius (Zeitseh. anal. Chem. 28, 67) iinds 
that in wines containing much sugar a loss of 
phosphoric acid takes j^lace during the incinera- 
tion of the residue. A higher result is obtained 
when the residue is deflagrated with alkaline 
oarbonate and nitrate. Destruction of the sugar 
by fermentation by addition of a very small 
quantity of yeast l^s to the same result. 

The assumption that the better kinds of wine 
always oontain more phosphoric acid than the 
poorer ones is unfounded. At the same time 
the amount of the phosphoric acid can, in maiij 
cases, serve as a valuable means of ascertaining 
^ the character of a wine, esfieeially of wmes used 
* for medical puiposes, or of those' of a particular 
district in which the amount of phosphoric acul 
varies between definite limits. 

jSxaminatian for colouring mnJtUra , — The 
principal substances used in red wines arc 
.vegetable colouring matters, coal-tar colours 
(especially fuchsines), and cochmcul. White 
wines are frequently coloured with (‘aramcl or 
ooal-tar colours used as substitutes. 

According to Jean and Frabot (Ann. (Iiim. 
anal. 1907, 12, 52), wines artificially coloured 
may be distinguished from natural wines by the 
following test. The wine (50 c.c.) is heat^ on 
a water-bath with a little formalin (1 c.(*.) and 
hydrochloric acid (4 c.c.), and when a precipitate 
is fomed the liquid is made alkaline with 
ammonia and the excess expelled by further 
heating. The liquid, on cooling and filtration, 
yields a colourless filtrate in the case of genuine 
wines, whilst artificially coloured wines yield a 
odoored filtrate. 

(a) VegekMe coibtfrs.--rThese are derived 
chiefly from bilberries, black cherries, elder- 
berries, hollyhock or rose-mallow, poke-berries 
(FA^Ielacea), indigo and^lichens (archil, S^c.), 
atkaoet root, Campeachy, Pernambuco, and 
other dye-woods. 

The wine is mixed with, an excess of lead 
acetate and filtered. The colour of the pre- 
|te in a genuine red wine may be greyisb- 
^ Unish-grey, ash colour, or gmmish. If a 
dj^Nate is obtained not greatly differing from 
eatours, the search for other vegetable 
esn give no certain result. The I 
matter of bilberries gives a bliy? pre- 
maOses and eldirbemes a green. The 
fdb|ur of Phiiikihfica bmries differs from that of 
aid wh|4 far iMm a red-vioiet lead precipitate 
(Ml sMi Um, ZMMb. anal. Chem. 1895, 635). 

, Whiidi, with Dnpri's tost (v. 



fV^), bahaves very like the aatutal etdottrinff 
matter of wine, is very easily taken up firom Its 
sQlutiona by amyl aiochcd. On adding to the 
amyl aloohol a solution of a few dlropt of olive 
oU ot oil of almonds and evaporating ofl! the 
alcohol, the oily residue (after wasl^ with 
water) has a fine red colour, which, on saponifioa* 
tion becomes a rich blue, or if the alkauna used 
was old, a green (Herz, Zeitseh* anal. Chem. 23, 
637 ; Chem. Soc. Abstr. 1890, 311). 

Beetroot juice is used in colouring wines 
for the pu^se of concealing the presence of 
magenta. The absoiption-bands of magenta 
are hidden by those of beetroot, but if a few 
drops of copper sulphate solution are added to 
the wine, the beetroot bands gradually vanish 
and the magenta spectrum becomes visible. 

The fresh colouring matters of bilbemee i 
wines are similar but not identical, and, accok 
ing to H. W. Vogel (Ber. 21. 1740), they^i 
readily distinguished by their absorprion spec 
after careful neutralisation with ammonia, or, 
better still, when they are treated with a traos 
of alum before addition of ammonia, (^are must 
be taken that the wine is not too concentrated 
or the ammonia in too great excess. 

Detection oj logwood in mne . — ^When a solu- 
tion of logwood is treated with manganese 
dioxide it becomes brown, and this brown liquid, 
by the action of zinc and h}^drochlonc acid, 
gives a colourless solution of hiematoxylin. This 
may be detect ed by t lu* ordinary reagents for t hat 
substance, alkalis and their mrbonates giving 
a blue- violet coloration, calcium hydroxide 
a rcd-Molet, btaniif>us chlondc or ammonium < 
molvbdatc, in a solution slightly acid with nitric 
ai*Kl, a violet coloration. Advantage has been 
taken of this reaction for the detection of log- 
wood ill wines. 20 c.c. of tlu* wine is agitatecl 
with 2 gnns. finely }K>wd4*rc»d manganesf^ dioxide, 
filtered, and the brown liuiiid treaUni with zinc 
und hydrochloric acid, which reduces the oxi- 
dised logwood colouring matter to hcematoxylin. 
The solution is then divided into several por- 
tions, and tested with the reagents given above. 
Pizzi has examined wines to which other red 
colouring matters have been added, and although 
these yield brown solutions with manganese 
dioxide, the reduced solution does not give the 
hsematoxylin reactions. Brazilwood is the only 
one which has any analogy to logwood, but 
here also there are diffurences (Chem. Soc.Ab$tr. 
1881, 701). 

Spaeth (Zeitseh. Nahr. Gemmm, 1899, ii. 
635 ; Analyst, 1900, 1 l) 4 (ives a tabic of reactioiiS 
which may be found u^ul for the detecUon of 
the most commonly used vegetable colours* 

(5) Coal-tar cbWs.— Inr most cases the 
presence of a coal-tar colour in wine may be 
recognised by the following methods 

a. By shaking the filtrate, after . . 

with basic lead acetate, with amyi alcohol, or 
[i.) the wine itself, also (ii.) a portion of the iriiMi 
acidified with sulphuric acid, and (ili.) a porijem 
made alkaline with ammonia. In theiai^MNI^ 
excess of ammonia should be avoided, Mi M 
more than 3 p.c.,ihc amyl alcohol moy 
colourless, although the wine eontalns 0 cMUm 
colour. The amyl alcohol euttaefe in (i^) Md, 
(ii.) may contain natural oolovring mAtar Ig 
iJie wine, but if the colour leenudn 
ammonia, the tmmm of a 
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Hie tkleotiol; ei±f»c1^ fiem, 
r^jlL) be «l«keii vt^ vifli water and Aej 

aqueotke eolotloii toeted mth ammoiria or by the 
wool tent. 

6. By the wool teet, using alum and sodium 
acetate as a mordant, and adding about 1 p*c. of 
potassium sulphate in solution. 

c. By Cazoneuve’s oxide test (Vierteljahr- 
sohrift fOr Chcmie der Nahnmgsmittel, 18^6, 
SO ; Compt. rend. 102, 52). 

The oxides employed arc yellow mercuric 
oxide in the proportion of 0 2 grm. per 10 c.c. 
of wine ; lead hydroxide, containing 60 p.c. of 
water, in the proportion of 2 grms. per 10 c.c. ; 
and gelatinous ferric hydroxide, containing 90 
p.c. of water, in the proportion of 10 grms. pei 
10 c.c. 

^ Mercuric oxide completely absorbs the 
natural colouring matter, cochineal and foreign 
ircgetable colours, eryth rosin, cosin J, methylene 
blue, (>>upier*8 blue, and diphenylamine blue. 
It partially absorbs orange I., saf ranine, chryso- 
idine, chrysome, methyleosin, yellow II., red ^IN, 
red I., and Ponceau RR. It does not absorb thf» 
sulpho-conjugated dcnvafive of rosaniline, Bor- 
deaux red B, Ponocau R, Ponceau B, orange R, 
orange RRR, orange IL, orange RH, tropieolme 
M, tropfiBolinc II., yellow L, solid yclh^w, dinitro- 
naphtnol yellow, U. 8. yellow. 

lJ:^ad hydroxide completely absorbs the 
natural colouring matter, eochimal and foreign 
vegetable colours, methylene blue. Coupler’s 
blue, diphenylamine blue, and erythrosin. It 
differs from mercuric oxide in not absorbing the 
rosanilim^, and also in absorbing the sulpbo- 
oonjugated diTivative of rosaniline, Bordeaux 
rod B, the imr|ile red, and soluble red of rocelline. 
Ferric hydroxide does not absorb erythrosin, 
the sulpho-coiijugatcd derivative of losaniline, 
Bordeaux red B, pui)>lc red, soluble red, and 
solid yellow. It absorbs the natural colouring 
matter and foreign v<*getable colours, cochim nl, 
and all the deriva(i\Crt of rosonilinc, except the 
sulpho-eonjugated derivati\ e. 

Zinc hydro xidcH and stannous hydroxide 
behave similarly. The latter retains the natural 
eolottring matter, but does not alisorb eoohiucal 
or orehiL After the wine has Ijeen treated with 
the hydroxides, the colouring matters must be 
diatinraiMhed by special tests. If the aino is 
tieatM with magnesia and hut amyl aleobol, a 
number of blues which are precipitated by the 
above-mentioned hydroxides can be isolated and 
dfoiinguiBhed. 

, i, Shaking the wine with ether lieforo and 
after Buperaaturation with ammonia. 

Five to 6 0 . 0 . of the wine to be tested are 
pemved into a glass tcst-tubc> of about 20 c.c. 
oapaeityf and then threo-auarters of its bulk of 
^ edher is added* After a tew minutes the ether 
, rfsea to the surface of the wine, If the ether be 
coloured 3 rel 1 ow, and assumes, on addition of 
drops of ammonia, a deep-red tint, Cam 
has been used to colour the wine, 
the ether becomes red and violet, and remains 
om on addition of a large quantity ol 
the wine contains colouring matUi 
I from some of the Uehens. 

rsd-colourwl ether loses iU tint on 
wMi ammottbi, without passing into 
'f Ipplk opdy the uttural colouring mattei 

m to IwWHtti |f the red^ooloured 


ether loses its red tint with ammonia^ wHh* 
out imparthm any colour to the latter, then 
fudisitiehasDiDeii added to the wine. When the 
ether rises tinooloured, a fresh sample ol the 
wine to be tested is tahen, twice its volume ol 
water is poured into it, and hail its volume of 
ammonia added. If the wine now assumes a 
brownish-red colour, it contains cochineal; if, 
however, it turns green, then it can be assumed 
that none of the substances mentioned is present. 

e. The formation of tsonitriles when aniline 
derivatives are warmed with potash and chloro- 
form serves for the direct determination in wine 
of even minute traces of many of the aniline 
colours. The evolution of the tsonitrik is acce- 
lerated by adding excess of strong sulphuric 
acid. 

According to A. Dupr6, fraudulent colouring 
matters added to red wines may be detected 
by dialyhis, which is best accomplished by 
placing in the wine a cube of jelly about {-inch 
side. These cubes are made by dissolving 10 
grms. of gelatin in 100 c.c. of warm water, and 
pouring the solution into a fiat dish or mould ; 
from the plate thus obtained the cubes are out. 
After 24-48 hours the cube, on examination by 
transmitted light, will be found to be coloured 
more or loiw deeply by any colouring matter 
present, excepting the natural colouring matter, 
whi<‘h penetrates only to a depth of {-inch at 
the most. The colourmg matter of alkanet root 
also penetrates but slowly, whereas rosaniline, 
cochineal, logwood, brazilwood, indigo, litmus, 
red cabbage, beet -root. Malm BylwirU, and 
Althea officinalis penetrate rapidly into jelly 
(Chem. Soc. Trans. 1880, 572). 

The nature of the colouring matter may be 
determined either by the colour of the jelly ' 
or spectroscopically, or by the action of dilute 
ammonia, which turns cochineal purple, log- 
wood brown, red cabbage dark green, and 
decolorises rosaniline (r. Spectbum akaltSIS). 

Bordeaux verdissant or * colorant inirou* 
vable’ IS a mixture of acid fuchsine with 
methylene blue and diphenylamine drange, the 
two latter colours being used to produce a green 
which bc'comcs visime on decolorising the 
Bordeaux red with ammonia, thus simiuating 
the effect of ammonia on natural red wine. The 
diphenylamine orange can be extracted with 
amyl alcohol, the acid fuchsine detected by 
Glrard^s mercuric acetate test, and the methylwae 
blue by dyeing cotton fibre. 

A substance knov^a as Titdurapor lo» vhm 
is said to have been largely used mr eolourfng 
certain Bpanish wines* It is alleged to contain 
Biebrich red, sodium sulphate, and arseuioui - 
oxide. The presence of arsenic, if a fact» to 
of si^cial imjiorlance. 

The methods employed in the ParisJIunid^ 
Laboratory for the investigation of the oolounug 
matters in wine will be found in Qiraid am 
Dupre's * Analyse des matures alimentairea,* 

Bemomlofadded cohuring tmftorjfhm 
So much artificially-coloured wine » coafiseakea 
in certain districts in Italy that the authotfttoi 
are considering the advisability, in the intaMts 
of economy, ol merely removing the adiAed ^ 
colouring matter from the wine instead 
denaturing the latter before returning it to 
owners. Ibr effecting ibis rdboval toe toUniM 
tog metoods may be employed; (I) ; 
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to ^ %iiie o! most, thus causing a fxwali alco- 
iMlio toni^niaUoii ; (3) addition o{ young wbic, 
tnc of which may form insoluble com- 

poitnds with the colouring matter ; (3) olarid- 
edition by means of egg albumin, &h glue 
gdatin>^ &o. ; (4) keeping the wine for some 
fime, with repeated transference. The oolour- 
Ing matter most commonly used is * vinolin/ 
a mixture of Bordeaux B, Bordeaux R, and 
Ponceau RRR, which may be eliminated by 
re-fermentation of the wine in presence of 
vinasse (F. Scurti, Annali Chim. Appl. 1923, 
13, 194-200; J. Soc. Chem. Ind. 1923, 42, 
993 A). 

Detection and estimation of preservatit^ 
most commonly used in wine. Ahraatol or 
Maprol(oalcium a-monosulphonate of )}-naphthol) 
is a^ white or^ slightly reddish scaly powder 
realty soluble in water and alcohol, and decom- 
posing at 60®, It is extracted from alkaline 
solution by amyl alcohol, the extract evaporated 
to dryness, and the residue tested by Sinibaldi’s 
method (Mon. Sci. 1893, [iv.] 7, 842 : U.S. Dept, 
of Agric. Bur. of Chem. Bui. 59, 91). 

acid (according to Baumert, Ber. 21, 
32M) is naturally present in many wines as well 
as in the leaves and tendrils of the grape-vine. 
It is detected in the ash by extracting with a 
large exc^ of strong hydrochloric acid, and 
testing udth turmeric paper. For its quantita- 
tive estimation, see Wmdisch, Die Chemische 
Untersuchung und Beurtheihing dcs Weines, 235. 

Fluorides are strongly antiseptic and are 
usually employed in very small quantity in the 
form of the ammonium or sodium salts which 
are soluble in water. The fluorine is prer ipitated 
as calcium fluoride from alkaline solution by 
means of calcium chloride, and the precipitate, 
after filtering, washing, drying, and heating in 
a platinum crucible, is tested by means of the 
* ^hing ^ test, A blank experiment should be 
made with the regents employed. For Jfuo- 
hcrafes and fluosilieates the ash containing the 
calcium salts is extracted with dilute acetic acid 
and filtered. The filtrate contains the bone 
acid which, if present, is detected as above. 
The calcium fluoride and silicate remain in the 
insoluble portion, and can be detected by the 
usuid methods (r. Bull. 59, 63, U.S. Dept, of 
Agrie. Bur. of Chem.). 

For d etecting saccharin (which is used as a 
preservative as weD as a sweetening agent), the 
wine (about 100 o.c. ) is shaken up with a mixture 
in equal parts of ether and light petroleum, and 
the extract, after evaporating off the solvent, 
is fused with sodium hydroxide and tested by 
means of ferric chloride for salicylic acid. It is 
assumed, of couiee, that the absence of salicylic 
nm in the original wine has been proved and 
the pmmom of saoobarin indicated by the sweet 
tikoortdae from the ether extraction. 

jm ostfanation of the saccharin may be 
U|>4 »lyyoeidifying (if necessary) with phosphoric 
iffy Ottraeting with ether as above, and 
the evaporated residue with a mixture 
mtenate and nitre, precipitating the 
wilpbate with barium ohlonde and cal* 
Owttihig Uie saccharin from the weight of barium 
•idiM obMne^ (BaS 04 x0*7«6«8iiccbarin). 

estimated by hydro* 
^ vesidutrfrom the ether extract with 
Smoddoric add^ and tbe ammonia 


thus fcMRUod by distillation into standard add 
(FfodtOTt CSiem. Soc. tCrana. 1906» 242). 

utid is best soualit for by agitating 
the wine with carbon dlsulj^de or a mixture dl 
equal volumes of ether and light petroleum 
(inking care to avoid an emulsion], evaporating 
down and testing the residue with ferric chloride. 
If much more than 100 o.c. are used, a faint 
colour may be occasioned by other substances 
giving a similar reaction and present as nomal 
constituents of the wine. 

An approximate estimation of the quantity 
of salicylic acid may bo made oolorometricall^, 
by comparing the colour given by an alobhoUc 
solution of the residue after ether extraction 
with that yielded by standard alooholic solutic 
of salicylic acid of known strength, using, (if 
possible, a liquid similar to that under inve 
tion. 

fiidphurons acid and sidphites. — ^Wine wfll 
absorb as much as 0*36 grm. of sulphurous 
|)er litre when it is shaken in a barrel in whict 
sulphur has been burnt, and if the treatment ii 
rc]x»ated the sulphurous acid may reach 0*5^ 
grm. per litre. Sulphur is burnt in the bat^s 
to prevent the formation of mildew', and sulphites 
are sometimes used as a preser^*ative. Much of 
the sulphurous acid is combined with aldehyde 
when it is considered to be much less objection* 
able than in the free state. 

Svlpkurous acid is determined by distilling 
a portion of the wine, to which phosphoric acid 
has been added, in a stream of carbon dioxide, 
receiving ilie distillate in solution of iodine, and 
determining the sulphuric acid thus formed. 
The details of the method arc as follows (B. 
Haas, Ber. 15, 154) : the wine, to which 5 grms. 
of syrupy phosphoric acid iiave been added, ie 
distill<*d in a current of carlxin dioxide, and the 
distillate is eollcctcd in a suitable apparatus (a 
bulbed U-tube) containing 50 c.r. of iodine 
solution (containing 5 grms. pure iodine and 7*5 
grms. potassium iodide per litre), thus oxidising 
the sulphurous ac*id. As soon as the distillate 
amounts to about half the original volume of 
the wine used, the eontenta of the U*iube are 
washed out, acidified with hydrochloric acid, 
precipitated with barium chloride, and the 
barium sulphate washed, dried, heated to red* 
ness, and weighed. This method gives very 
good results. The sulphurous acid may also be 
oxidised by means of itydroj^n {leroxide, using 
barium pjnoxido, and wmghing as barium 
sulphate (Levi, Ann. Faisif. 1913, 6, 5 ; Aiutiyst, 
1914, 87). 

Opinions vaiy as to how' much sidphttious 
arid a wine may contain. Aooordiiig to tke 
medical faculty of the University of Vimu*, not 
more than 8 mg. per litre should be allownd^ 
whereas other authorities rmuri 80 tng. as not 
Ml excessive amount. In mnee and Switaer* 
land the maximum limit is fixed at 200 mg* of 
SOs per litre, of which, in France, ncri move ubM 
30 mff., and in Switaerland, not more than |0 
mg. should be ^ free * or unoomUned. 

Pmsancmsmdattksnb^anminudms^^ 
of arsenic may be present owing to llie nff ol 
impure ooabtar oomurs (arid fodurinoi foe.)# ami 
commerrial glucose. Oopfur and inemrif Sgmr 
bedueto theoompoinidaueedaiiiiieol^^ 
fungicUm, Imt are# no dottl 
in an insohiUo mm durteg 
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■ WB tot tia. JSmmI luw baen^ taaood to tii« wm morimo m 8 miiiiaui ue adopted tot the cob* 
lid MtiuHge to ittMk addUy aad to lead tbit etaiita trf gemdne erineB ; botltdoeBiiotiieoee* 
meed lor eleanjiig bottite. Bnc la often pree ea t eaxil^ follow that theoe can be accepted aa etaa* 
io agppredable qnantttiea when the wine baa daida ap^kable to tiie wiaea siMto in other 
been atored in rmaela of unalloyed dnc. Theae conntiiea and by different methoda oi mtam- 


metab may be deteetod and eetimated by the 
oenal methods. 

Htfdrocifanic acid may be present in wine to 
which potaeahim fexrooyanide has been added to 
removetheiron. Foritsdetectionandestimation, 
see Maoh and Fieohler (2bit8ch. Unters. Nahr. 
Oennssm. 1924, 47, 329; Beiohard, ibid. 1924, 
47, 839; Zeitseh. angew. Chem. 1924, 37, 967). 

Alum is oecasionally present in the coal-tar 
oolonrs employed, and is sometimes added to 
wine as a clarifying agent, and to Impart 
astrinmcy, particularly to wines which have 
been diluted. The alumina may be estimated 
as follows (Louvet, Chem. Zentr. 1881, 252) : 
200 o.c. of wine are evamrated to dryness, the 
residue incinerated, and the ash fused in a 
platinum crucible with 3 grms. sodium carbonate, 
whereby the lime, magnesia, and ferric oxide are 
converted into insoluble carbonates. The mass 
is dissolved in water, and the solution filtered. 
As the solution may contain sodium aluminate, 
it is acidified with hydrochloric acid, treated with 
a hixe excess of sodium carbonate, and the 
ahimma collected on a tared filter. The insoluble 
portion of the fused mass, containing the chief 
portion of the alumina, is fused with a few grams 
of pure soda, and the fused product digested 
witn water and the solution treated for alumina 
above desonbed. The preciptates are col- 


lected, thoroughly washed, drieu, ignited, and 
weighed* If any considerable proportion of 
phosphate is present, the phosphoric acid should 
M estimatea and deducted from the total 
weight, the difference being AliO^. 

AdaUrnUum of mne. — Of the various pni- 
cesses already described which, strictly speakiiig, 
might be considered as * adulteration,' some, as 
fortifying with spirit, sweetening with sugar, 
glueose, or glycerol and * plastering,* are 
defend^ as Ic^timate trade practices of long 
standing or are officially tolerated within certain 
limits* Others, as dilution with water, the 
addition of antiseptics, astringents, colouring 
matieis, and mineral acids, and of potassium 
li^diogen tartrate and esnanthio ether to give 
tne fictitious chataoier of age, have, as a role, 
ISO other object than that of fraud. 

In addition, wine is mixed with the juice of 
fruit other than the grape, and spurious wines 
oontaining no mpe-juioe whatever are made to 
•bMls^ well-lmown types, as port, sherry, 
and burgundy, Ine fruit basis of th^ 
usua&r api^e juice (s. p. 480), the other prin- 
cipnl ingteotenis employed being crushed raisins, 
ilcotiol» sugar, tartar, flavouring essences, and 
Ciribitring matters derived generally from the 
lute m such fruits as bUberry, elderberry, 
txiiek cunant, etc* 

the teteotion of dilution with wate 
with spirit, the addition of acids, 
ol, sugar, and other forms oi 

of wmes, feliaace is placed in 

i auri Oenmy upon the fufte which the 

j^cipal constituents of the 
jiilttiai ute# ol tncMu countries bear to each 


faotute. Whenever possible the suspected wine 
should be compared with a similar wine from 
the same district and vintage and known to be 
genuine. A concise and clear risum4 of theae 
constants and ratios will be found in Allen’s 
Commercial Organic Analysis, 1924, vol. i. 242-7 ; 
see also Thudichum and Dupre’s Treatise on 
the Origin, Nature, and Varieties of Wine; 
Windisen’s Die chcmische Untersuchung und 
Beurtheilung des Weines; Villiers et Collin, 
Trait4 des alterations et falsifications des sub* 
stances alimentaires ; Leach’s Food Inspection 
and Analysis ; and Post and Neumann’s Tiait4 
complet d’analyse chimique appliqu4e aux essais 
industriels. J. C. 

WINE GUM o. Gums. 

WINTER GREEN , OIL OF, e. Oils , xssxxrruL, 
and Salicylic acid 

WITGATBOOM. The dried root of Boscia 
TrafievncdensiSf Pest., B. rehmanni; Mmrua 
peduncfUaiat Sim. ; and Capjnrie ofbttefica, 
Burch. Used as a substitute for obieory in 
certain parts of South Africa. For the micro- 
scopic and analytical characters of the roots 
and their aqueous extracts, see MoCrae and 
Kiooh* Analvst, 1918, 373. 

WITHANIA SOMNIFERA. a plant found in 
South Africa, on the west* coast of India, and 
along the shores of the Mediterranean. The 
root contains an essential oil, a quantity of sugar 
yielding rf phcnyl-glucosazone (m.p. 210®); a 
black resin from which the following suhetances 
have been isolated : hentriacontane ; a 

phytostcrol (m.p 135;-136®) ; palmitic, 

stearic, ccrotic, oleic, ana linolic acids ; ipumnol 
C,,H 5 jO,(OH), ; a monohydric alcohol, teitewtof, 
C.sHajOi’OH, decomposing at 306®, and having 



[a]p-f 91'2®, and an amorphous alkaloidal prin- 
ciple, which, on treatment with alkalis, yielded 
a crvstalline 6osc, (m.p. 116®). 

The leaves and stems contain, in addition, 
a monohydric alcohol, somvirdf 
decomposing at 205®, and having Wd+ 34^8®; 
a dihydne alcohol, somnitol^ CgsHtfOiCOHL, 
decomposing at aliout 250®, ana having [aj|^ 
+21*2®; and an acidic hy^lytio product, 
teithank acid^ CagHgjOg'COjjH (m.p. 226®), tte 
methyl ester of which decomposed at 286® 
(Power and Salway, Chem. Soc. Trans. 1911* 93^ 
490). These authors were unable to oonfinu 
the sedative and hypnbtic properties attributed 
to this plant. 

WITHERITE. Native barium carbonte 
(BaCOg) crystallising in tbe ortborhomte 
system and isomorphoas with arsgontte aM 
oenissite. The crystals are, however, invaxiSrbly 
twinned, giving rise to peeudo-hexagDUil 
forms ; these may be either tetiente of 
midal in haUt, and in the latter case tte vix« 
sided pyramids present a certain 
resemblance to crystals of quarts, ttebute 
aggregates and compact fibrous mas s es , 
occur. The obloux is white or grey ; 4*|| ^ 

H. 3|. TheminerelcHDeuisinsomeabs^^ 

•k^aarml ffooaa m ih* wifli ^ 
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od tile bordeii <A ShrojNslure and Monl^pomery- 
It has been fomed, in some inatanoei 
At leasti by the action of carbonated waters 
. on barytes (L. J. Spencer, Min. Mag. 1910, 15, 
310); and it is itself sometimes altered to 
baiytes, as shown by the pseodomoiphs of 
baiytes after witherite. The best ^own 
locality, which has yielded many finely crystal- 
lised speoimenB, is the Fallowfield mine near 
Hexham; whilst the largest quantity (about 
8000 tons iper annum) is produced by the Settling- 
stones mine also in Northumberland. Tlie 
mineral is also known from a few foreign locali- 
ties, bnt only in small amounts. 

Witherite is used in the manufacture of 
plate gjlasB and porcelain, and for the preparation 
of barium dioxide (used m the manufacture of 
hydrogen peroxide), barium hydroxide (for re- 
fining beet-sugar), and barium salts (used, e.g. 
for giving the green light of fireworks). The 
mineral is also used for the preparation of the 
fi^er quality of barium sulphate (' blanc-fix6 ’) 
used for facing glazed papers. The addition of 
a small proportion of witherite to clay (I oz. 
per owt.) in brick making prevents any efflores- 
oenee and discoloration due to soluble sulphates. 
Although insoluble in water, it is poisonous, 
since it is readily acted upon by the gastric 
juice ; and the powdered mineral, mixed with 
meal, is used as rat poison. 

B^erences. — Special Repoits on the Mineral 
Besources of Great Britain, Mem Geol Survey, 
2nd ed. 1916, vol. ii; Barium Minerals (1913- 
1919), Bnperial Mineral Resources Bureau, 
London, 1921. L. J. 8. 

wnrs RULE r. COLOUK AND CllDMICAL 


drain, till saffidentiy da^ to cohofe and ho 
sabndttod to the ^balBiig* process. TSiii 
oonsists in working the pasty mass by hand into 
balls, 4r^ Ins. in diameter. These are at once 
spread out on wicker-work trays or * fleaks,* 
and thorou^y dried in well-ventilated sheds. 
The balls are stored in a dry airy place till the 
whole crop has been gathered, and are then 
submitted to the so-called ‘ couching 
a fermentation — ^process. For this purpose the 
balls are ground to a coarse powder, which is 
spread on the floor of the couehing-house to a 
depth of 2 or 3 feet, and there reduced again 
to the consistency of a paste by frequent 
spiinkling with water and turning over Witf 
shovels. Durmg this process, which lasts fro: 
twenty to forty days, the mass becomes hea 
and abundant offensive odours are given o: 
The operation needs to bo conducted with som* 
care and skill, so that the fermentation is neithe 
so slow that a ‘ heavy ’ product is obtained, nor 
so rapid as to give one which is ‘ foxy.* When 
the fermentation has subsided, and the stiff, 
pasty mass is sufficiently cooled, jt is packed in 
casks ready for the market. 

It has been calculated that 9 parts by weight 
of woad leaves yield one part of the prepared 
product. ' 

Although woad was formerly used for the 
indigo contained in it, it is at present only 
employed for the purpose of exciting fermenta- 
tion in the mdigo-vat ordmanly used by the 
woollen dyer, which is therefore termed the 
‘ woad- vat.’ 

According to Wendelstadt and Binz (Ber. 
1906, 39, 1627) woad contains two distinct 


CK)WSTITimON. 

WOAD {Vouide, Pastel f Fr. ; Waid, Gcr.). 
This commercial product is a dark clay-like 
preparation made from the leaves of the woad- 
plant, liolis iiTuAona (Lmn.), an erect, her- 
naoeouB, biennial plant, belonging to the 
OmeifereSf bearing yellow flowers, small flat 
elliptical puds, and large smooth lanceolate oi 
epathulate leaves. 

The term ‘ woad * is derived from the Saxon 

* wad,* which it has been suggested is denved 
Irom Woden, the Saxon God of War. It is 
synonraous with the Gallic glastum, with which, 
aoooraing to Pliny, the ancient Britons dyed 
fh/eiat skin blue, in time of war and in connection 
with certain religious observances. 

The plant is a native of Southern Europe, 
and from very early timds has been employed 
in dyeing bine, for which purpose, previous to 
the mtrodaction of indigo from India, it was 
laxgriy ouHivated in various parts of Europe- 
an. Thuringia, Languedoc, Piedmont, Ac. 

enltivation has now declined almost to the 
taniahiog-pomt. 

In this country woad is now only fl|own» to 

# rmtf amall extent, in the len lands dTlsttooln- 
ihiie and Huntingdon. The seed m s<nm in 


Mm MVea.are ready for the first plucking in 
WUcJi, at intervals of five or six wf'eks, is 
lepeated lonee or twice, or as often as fresh leaves 

aMj'giliwNd le»Te8 u. tet once 
(MaMjM (ffo^ in ec^nuiner milb to o 
mSKmSA Urn yhoed in sbmU Iwapo.to 


micrr) -organisms, one of which under suitable 
conditions appeals to be able to reduce indigo. 

Spurious woad was sometimes prepared from 
the leaves of the rhubarb, cabbage, Ac., but 
thes<» products were very inferior to the true 
woad. 

The colouring principle of woad leaves, 
consKlercd by Schunck to be identical with that 
present in the Indiyofem, is now known to be 
a distinct substance. This has not beem 
isolated in a pure condition, but in its general 
reactions rei!>embleh indoxylic acid (see Indigo, 
Natural). 

Other Literature. — Chevreul, J. Pharm. Chim. 
1808, 66, 369; 1817, 350; Ann. Chim. 68, 
284; Gilbert, Annalen, 41, 245 ; 42, 815; 
Trommsdorff, J. Pharm. Chim. 19, 93 ; Paris, 
Mus. Hist. Nat. Ann. 18, 351. A. G. P. 

WOHLERITE. Silicate, zirconate, colnm* 
bate, and fluoride of calcium and sodium with the 
approximate formula Ca|oNa|SiioZij^,F«0«|t* 
and containing ZrO, 15-23 p.c. The mono- 
clinic cmtals have the form of rectangular 
plates of a honey-yellow colour ; 6p.gr. 3*4 1 
H. 6; decomposed by hot strong hydrochlofie 
acid with separation of silica and oolumbie oxide. 
The minerid is usually regarded as a member 
of the pyroxene group. It oocun in n6|dielbM»«* 
syenites in the Langesund-tiord in the setith 6f 
Norway, in the Los Xslands ofi the coast 6f 
French Guinea, and at Red Hill in Kew Wmp* 
shire; and in nepheline-phonoUte in Havulik* 
Loire, Auvergne. 

WOLFRAM e. Tvmafrw. 

WOLFRAM»B Tesm^ 

WOUmiMITB 02 



WOOD. Dusmooma imaxAmm of. 


m 

ti. mkI h, 


01 1100 Had mimgaMH» tungstate 
(FB3fn)W0«» arystsiUWng in the monoelinie 
system. The naifte /eiimte is applied to the 
memben at the iron end of the senes (FeWO^)* 
hUtbnmU to those richest in manganese 
(BlhW 04 ). With this wide difference in com- 

S tion the percentage of tungsten varies only 
itly (WOg, 76'3-76*6 p.o. ; analyses of the 
ttoie mineral show 74-77 p.c.). The mineral 
fuses readily before the blowpipe to a black, 
ma^etic bead ; and it is decomposed by aiqtui 
regm^ with the separation of yellow tungstic 
oxide. Distinctly formed crystals ate rare, but 
cleavage masses are of common occurrence. 

There is a perfect cleavage in one direction, 
parallel to the plane of symmetry. The mineral 
IS opaque with a bright, sub-metallic lustre and 
a dark brown to black colour; the streak is 
dark reddish-brown to black ; H. 5^. The high 
sp.gr. (7*2-7'6) and the lath-shaped cleavages are 
onaraotoTS which assist m the identification of 
the mineral ; while the latter eharaoter helps to 
distinguish it from other heavy black minerals. 

The name wolfram originated with the old 
German miners, and means, apparently, * wolf 
froth,’ since Agricola (ir)46) refers to the miiicial 
as Hpi 8jpuma. 

Wolframite usually occurs in veins traversing 
granitic rocks, and is often associated with tin 
ore. It is, in fact, obtained commercial!}^ mainly 
from tm mining districts ; and formerly, before 
the mineral was of value, it was a source of 
trouble to the tin miner, since having about the 
same density as cassitente it could not be sepa- 
rated from the ore by the ordinary mechanical 
methods. At one time it was eliminated in a 
soluble form by fusing the ore witli soda (Oxland's 
process) ; but now it Is extracted by the electro- 
magnet (wolframite being weakly magnetic), 
and it forms a product as valuable as the tm 
ore itself. The principal wolfiam-producing 
oountnes, arranged approximately in the onler 
of their outputs, are : Ixiwer Burma (at Tavoy), 

United States (Black Hills in South Dakota, 

Boulder and Gilpm counties in Colorado, An- 
aona, Nevada, &c.), Portugal, North Que^ens- 
land (at Wolfram Camx>, Sc.), Bolivia, Peru, 

Argentina, Spam, England (Kcnlruth, Bodmin 
Moor, and Gunnislake in Cornwall; Carrock 
Fell in Cumberland), France, Rhodesia, Siam, 
and New Zealand. 

The mineral is used mainly for the manu- 
facture of ferro-tungston ana the hard and 
tough tungston-steel for tools and magnets of 
magnetos, and of some other alloys (f.g. * parti- 

mtm,* an alloy of tungsten and alumimum). ^ ^ , ^ 

ICetalUo tungsten is used as the filament of the^ gluooside of Crocetin^ which is also present in 
so«oalled ‘ osram * electric lam|is ; as contacts for* rT.5«« i\ 

magnetos in plaoeof platinum; and asacatalyser 
in the synthesis of ammonia. Wolframite is 
abo used for the preparation of sodium tung- 
state and other salts. 

D. George, let Rep. Colorado 
(Shoi nurvey (1908), 1909 (with bibliography) ; 

Menw, The Non-MetalUo Minerals, 2nd ed. 


IfOFYnrk, 1910 ; H.Mennicke, Die Motalluigie 
teWeim Berlin, 1011 ; S^ial Reports on 
WmM Vmpwm of Great Biltaiii, Hem. Qeol. 
9nd edL 1916, vol. i ; F. L. Hess, Tung- 
and Deposits, Bull. U.ti. 
fmaoiv, Ito. ewfT. L, Waiher, ^port 
m He Om iaft CbutMwnpXbpi Minse^ 


Ottawa, 1909, No. 26; 

Waterhouse, Tasmania Geol. Survey, Min. Res* 
1916, No. I ; L. 0. Ball, GeoL Survey, Queens^ 
land, 1915, Nos. 248, 261 ; R. H. Ra^, The 
Genesis of Tungsten Ores, Geol. Mag. 1918, 194, 
367 ; Occurrence and Utilisation of Tungsten 
Ores, Bull. Imp. Inst. London, 1909, 7, 170, 285; 
J. J. Runner and M. L. Hartmann, The Occur- 
rence, Chemistiy, Metallurgy, and Uses of 
Tungsten, with special reference to the l^aok 
Hills of South Dakota, Bull. South Dakota 
School of Minos, 1918, No. 12, 264 pp. ; R. H. 
RastalL and W. H. Wilcockson, Tungst^ Ores, 
Imp. Inst. Monographs, London, 1920 ; Tungsten 
(1913-1019), Imp. Mineral Resources Bureau, 
London, 1921. L. J. S. 

WOLLASTONITE. Calcium mctasilicate 
CaSiOs, crystallised in the monoclinic system, and 
belongmg to the pyroxene group (g.v.) of rook- 
forming minerals. It differs, however, from the 
other members of this group in the directions 
of its cleavages, which aie heie along two planes 

S ndicular to the plane of symmetry aifd 
ed to one another at 84° 37^ The mineral 
IS white and opaque, sometimes with a pearly or 
silky lustre ; sp.gr. 2*88-2*92 ; H. 6 ; decom- 
posed by hydrochloric and with separation of 
silica, ti IS a mineral of metamorphic origin, 
occurring m siliceous limestones that have 
baked by intruded masses of igneous rooks, 
Bladed crystals are found in the limestone blocks 
ejected by Vesuvius, and large crystals, up to 
10 inches in length and partly or w*holly altered 
to quartz and opal, at the Santa F4 mine, in 
Chiapas, Mexico. Here, as is often the cm 
elsewhere, the mineral is associated with bodies 
of metalliferous ores (H. F. Collins, Min. Mag.* 
1903, 13, 356). The name wollastonito is aftesr 
William Hyde Wollaston (1766-1828). 

When heated, wollastomte chang^ at 1190^ 
into the ]3-modification called pseudo-woUastonita 
(m.p. 1540°), which has been long known in 
slags and dcvitrified glasses under the name 
hexagonal calcium metasilicate. The latter 
has not been observed in nature, and the pre- 
sumption is that woliastonite has been formed 
in oontact-metamoqihic limestones at a tem- 
perature below 1190° (E. T. Allen and W. P. 
WbiU', Amor. J. Sci. 1906, 21, 89 ; 1909, 27, 1 ; 
A. L. Day and R. B. Sosman, 191 1, 31, 341). 

L. J. B. 

WONGSKY, WOMGSHT, WONGB0By» 
HOANG TCHY. A Chinese yellow dyestu& Xt 
oonsists of the fruit o4 the Gardenia graniiilhmk 
According to Rochledcr ( J. 1 858, 475), it oontabia 
rvbichlofio acid (see J^ddeb) and croctn, tfa^ 
gluooside of Crocelin^ which is also present in 
saffron (Crocus sativus [Linn.]). Wongsky dyes 
aluminium and tin mordanted fabrics a yellow, 
whereas with iron mordant an olive ooiOlir iS 
produced. 

WOOD APPLE GUM o. Gums. 
WOODBURYTYPE o. PBOToananv. 
WOOD, DESTRUCTIVE DISTILLA11DX 0F> 

Wood completely freed from water has the 
foUowi^ compoution 
wrbon, 50 p.c. 

Hydrogen, 6 p.c. 

Oxygen, 42*75 p.c. 

Ash, 1*25 p.o, 

1 If Wtmv IWhfiAlAtflA WiAmrlenihliiiitt. tOtn 


} I i 


vooD^ immxjmE vrnmtam < 0 . 


Vim Wtmvtt of wood moT bo oaid to 

OOOiiiit «tin<%Al]y of odlii]oBe» ligslo, voter* 
Olid otm-formiag moteriole. 

ISko in wood mav be oxidised and 
(OBMiyod by treatment vitn chlorine dioxide 
(Scduttidt and Granmamu J. Chem. Soo. Abatr. 
1921^ nUl 912; A. 0. von Euler, Celluloseohem, 
1929* 4 109; Chem. Soo. Abstr. 1924, 126, [ii.] 
129). 

it wood is heated in a closed vessel with the 
air partly or entirely excluded and the vapours 
and flases are allowed to escape, the cellulose 
and Ugnin molecules are broken up by pro* 
oeeaes, the nature of which is little understood, 
but which are characterised by the formation 
of charcoal, which is left as a residue, and by the 
for^tion of gases and vapours, the latter of 
which, when condensed, is known as pyro 
Imeous acid. P. Klason, Heidenstam and 
Eorlin ^ concluded that the destructive distilla* 
tion of wood may be represented by the follow 
ing equation : — 

9Cl4|)B[§fO§g ■*3C|§lI}i|0f + 2 O + SCOj + 2 CO ‘4*t'48ll3|0 


Wood 


Charcoal 


Total amount 
of products, con* 
tained In the pyro- 
ligneous acid, in 
the tar, and in the 
wood gases. 

proved further that the destructive dis- 
tillation of cellulose forms the most important 
products, viz. charcoal, acetic acid and tar; 
whilst lignin forms principaliy charcoal, acetic 
acid, wood alcohol and tar. 

The destructive distillation of wood is 
occasionally carried out for the purpose* of pro* 
dnoing charcoal only, but at present it is more 
frraaeniiy the case that the by-products, acetic 
add and the wood alcohol, are the most im- 
portant substances yielded. 

As regards the value of vanous kinds of wood 
for the process of destructive distillation, it has 
been shown that hard woods give the best yields 
of charcoal, acetic acid, and wood alcohol, 
whilst soft woods give smaller amounts of 
these products. Soft woods, however, show 
a larger pdeld than pine wood, which yicl^, 
besides toe above-named jiioducts, a certain 
amount of tuxpeotine, pine oils and pine tar oils. 
Local market conditions must dedde in each case 
what is the most desirable wood for the purpose. 

All wood for destructive distillation is split 
into cord-wood avera^g 6 ins. in diameter and 
4 ft* long. This initial preparation is usually 
earried out in the forest,* but at manufactories 
recently erected in the United States huge logs 
are brought to the saw mill where aU the 
timber is utilised, and only those logs unfit for 
Other purpoeee are used for cord wood. The 
cord wood is etimk^ in an exposed situation If 
meel^, where it is allowed to dry and season 
lor about 16 months, after which the moisture 
coht^t be found to be quite constant* 
The length of time required for this seasoning 
varies with the climate, and although it is 
thcu|£ht that the moisture content ox20 p.c. 

! U the most desirable, it is frequently found 
Bicsssisy to use wood containing 30 ^.c. or 
^ JewenUge of mobiote in th. 
yya b imdawinMe owing to the fact thnt it 
^ nwiw tile dfai^^fing pnoeM, deciMM. tile 

* Aik. Kmri Mbi. n. IMt, Bd. t, «, 

’ T ♦ 


yields of aoetic mddg alooh^ 
whUst at the same time it inoseates tim amoniiA 
of noncondensaUe gases andldso the amount of 
fuel used for the purpose of supplying heat lor 
the distillation. 

The process of destructive distillatjott is 
carried out in closed vessels built of brick or 
iron, and heated either by allowing the products 
of combustion to come directly in contact with 
the wood, excluding any excess of air ; or by 
transmitting the heat through the walls of the 
vessel. In either case the distilling apparatus 
is connected with a oondonser, the purpose of 
which is to condense the vapours formed during 
the reaction. 

The apparatus for the destructive distillaticp 
of wood may be said to consist of three principal 
parts: — 

Ist. The container for the wood. 

2nd. The arrangement for generating an^ 
8 uppl 3 dng the heat to the container. 

3rd. A condenser connected with the oon^ 
tainer by an intermediate vapour pipe. 

After the wood has been placed in the dis- \ 
tilling apparatus and the heating started, the ^ 
water contained in the wood is first driven off ; 
when tins is accomplished the destructive dis- 
tillation of the cellulose and lignin begins and 
will be indicated by the formation of non- 
condensable gases and by the appearance of the 
so-called p 3 TOligneou 8 acid, a crown liouor of 
oharactenhtic odour, in which considerable tar 
is found. When the temperature reaches 270* 
an exothermic reaction sets in which supplies 
most of the heat nocessary^or the distillation 

E rocess. The end of the process will be indicated 
y the cooling of the pipe which connects the 
distilling apparatus witli the condenser. 

In carrying out this distilling process 00 a 
commercial scale, the three phases of the dis- 
tillation, namely : the expulsion of the water* 
the heating of the wood to the point at which 
the exothermic reaction sets in, and the 00 m* 
pletion of the process by means of the above- 
named reaction, will not necessarily take place 
consecutively, owing to the fact that the laige- 
sizod apparatus used will not allow the heat to 
be transmitted uniformly to all the wood in the 
vessel. Hence part of the wood situated near 
the heating surface may be in ike third phase of 
the process, whilst that not so near the source of 
heat may be still in the first phase. 

In general, yields of various pioduets bom 
air dried hatd wood in perceoiMEe by wekht 
will be as follows : — * 

Charcoal, 25 to 27 p.o. 

Crude p^ligneons acid, 45 to 50 p.c« 
Oases, 25 to 28 p.c. 

The composition of the charcoal will be variaUci 
depending upon the piooess used and pariioii* 
tariy upon the tempemtiire at which the dla* 
tillation has been finished. The following iaM 
gives the composition of charcoal produced Of 
several processes : — 


Process 

F.O. 

0 

P.C. 

B 



mem 

Old ^Meiler* 

iSS.: 

2:5 

In 

i 

a 

|IN>* 



wooa DimtMnoir ot. m 


^ ^ ac4i ivfil be fomid to 

be oMMOied dmy ei Ibllom 4 

Water» 81 

Wood eleobolt 8 to 4 p.o. 

Aoetio acid> 6 to 8 px. 

Dissolved and suspended tar* 7 p.c. 

Other oompounds contained* such as aldehydes* 
ketones* allyl alcohol* amines* phenols* and 
hydrocarbons are not of commercial importance 
and are of interest only in the refining of wood 
aloohoL The wood tar obtained from hard 
wood has little commercial value and is generally 
used as fuel. Small amounts* however* are used 
lor the manufacture of creosote and wood tar 
pitch. 

The non-condenaahle gas obtained by the 
destructive distillation of wood* amountmg to 
25-28 p c, of the weight of the wood, vanes in 
composition during the different phases of the 
process* and is composed on an average of 
carbon dioxide, 60 pc.; carbon monoxide* 
80 p«c. : hydrogen and hydrocarbons* 10 p.c 
This gas is generally used for heating the 
retorts or boilers* and its heating value is equiva- 
lent to about 4-5 p 0 . of the heating value of 
the wood decomposed in the process of dis- 
tillation. 

Dbstbuctivr Distillation op Pike Wood 
The destructive distillation of pine wood 
containing rosin and turpentine* Insides the 
cellulose and lignin* will produce products 


dlAsieub iKOtn those obtained from hard wood. 
The tnipantine behm volatile with vfiater vapeur 
is almost completed distiOed over during the 
first phase of the aistlllatkm. In this pliase, 
also* the rosin melting and fiowing from the 
wood cells* covers the sur&use of the wood and 
the bottom of the distillation retort* During 
the second phase* this rosin will he decomposed 
yielding such products as pinoline* rosin oils* 
and a residue of rosin ooke. The pinoline will 
be mixed* more or less* with the turpptine 
ori^aliy contained in the wood* the rosin (dls 
will combine with the tar form^ in the usnal 
course of wood distillation* and the rosin eoke 
will be mixed with the charcoal. The mixture of 
turpentine and pinolme is known as crude wood 
turpentine. The presence of the rosin oils in 
the pine wood tar gives it a peculiar orange 
colour when pamted on wood* which proper^ 
makes it of considerable value. The amounts m 
acetic acid* wood alcohol and charcoal obtained 
from pine wood are considerably less than in 
the case of hard wood distillation. 

An active demand for wood turpentine* for 
pine wood tar and pme wood tar oils* with good 
prices for these products and cheap prices for 
the wood* may cause* under certain oirenm- 
stances* pme wood to be preferred to hard wood* 
But those conditions will not be frequent* and 
smee the yields of acetic acid and wc^ akohol 
, and also of charcoal are considerably less* as 
the container can be filled with a larger weight 



Fio. 1. 

Brick wood-cUstilliug apparatus for an 80 -cord charge heated by bumiiig a portion of the charge. 


of hard wood than of pine wood (on account of 
the lower speoifie gravity of the latter), the 
of a distilling plant using liard uood is 
higher than one of the same size employing pme 
vrood* 


VjkMtovB PoRm OF Distilling ArFARArrs 
FOR CoBo Woon* 

The number of fortm of apparatus actually 
used lor this purpose is large, and still larger is 
tlm number of designs which have been desenbed 
in the ilUnature or by patents taken out In 
diisrentoountries. 

Only the most imixirtant in practical 
use are given in what follows. 


t IIWiBing Apparatui made of Briek. 

a# CAnrrinp q/ ths mod in brick kilns by fin 
yrm$ nmdk sms dirtcUy in eoniaci with 
ith$ ff ff f d- 

.t. fMH ptntrakd imtd* M* iutWinif 


huming « forl 9/ thargtt.~-To 
wtimjilt InSb^ tlw ai><.(»lhd * AaMrigui kUn,* 


xm eonsm of a 
oub«ftee.paeity» 


holding 80 cords of wood filled in by a top iron 
door a. There is a bottom iron door provided 
for disehaiging the charcoal. 4 ins.x* ins* air 
inlet holes d* dare provided in the lower pacts of 
the wall* and a couple of these kilns ace conneeted 
by a brick goose neck e with the main smoke 
pipe* mostly bnilt of wood. This main a mo k s 
pipe connects the kilns with the oondeoser 
plant f g h, and a fan is used for transpoctmg 
the vapours and the gases from the kilns to tbs 
condensers and also for supplying the kifaui with 
a certain amount of air* sufficient to genoieta 
the heat required for the destructive dia tilla tto u 
if the wood by bunung a osrtaisi amount of the 
wood* but avoiding any excess of air* 

In the large plants at work in IfidbigMl* 
often as many as 80 kilns aie connected with 
condensers* using as mudi as 250 cofdi cf wood 
per day* and condensing up to 60/KM> gaUons of 
crude pyroligneous acid* Unfortunately ttMie 
kilns ddrnot afford the proper amount of vowjlo 
hy>pcoducts (acetic acid and wood alcohol) ioA 
about 50 p.€k of the possible yidd it lom If 
being burnt fomclKmaioxfde and wat^^ IlMMt 
kibi eboiOd only be used wood hi 


m 


WOOD. DfiBTBUOTIVB B18OTLATIOS Of. 


thm iff not nraoh demftaa for ealeitun acetate 
Mud trood aloohol. As the$o oonditioiis seldom 
eneaifft, tlie kiln svvtem must be oonsidered 
Mitefol and should oe no longer used, 

£• Fire gases are generated outatde of the die^ 
iOHm appB^ahte hyfnd (mostty wood) %n a special 
fye^phee and cond%tded from there to the tpood — 
2 represents such a type, originally known 



firlck wood-distilUiiff appiratu*^ according to Schvvait/ 
heated by a spiciai open IBire 


ah the ‘Schwartz kiln ’ The buedish kiltis cf 
Ljungberg and of Otteliu«»ka arc of a similar 
type. 

b. Heeding the wood tn hncl kilns by fire gat 
whtch^ passed through radtafort, transmits 
the heat by radiation to the u ood 
Inuside a brick chamber, cant non oi steel 
radiators are proiided, through uhuh fire ga^fs 
aie passed, which transmit the h^at by radiation 
to the wood surrounding thf radiators 

The oldest type of this kind of a uciod dis 
tfflm yjpj mratus is r< presented b> the * Kcic hen 

Su^en develoiied a new form of this tjtK 
calM the * Tube Oven,’ sf?en in Fig 3 

These brick kilns do not permit tiic charcoal 
to b6 discharged tmnu<iiatcly after the distilla 
iion iff finished. In fac t, e^ cry hok of the oy c n 



Fio. 3 

JBifok wood-dlstllliiig apparatus heat^ d hy steel coll 
radiatorH 


to to be closed by bncks so as to allow the 
ffnffffOoal to cool with absolute exclusion of air 


Bdff «0ol^ process requires^ in tho^ease ol 
lim ited kiina (50 cords or more), as much a^ 
efficiency is decreased oorrs* 



be loaded on hm oars capable cl beinii jolBed 
q>r pushed into the brick conttoct. the 
diff&latkm is fin^hod the cam. baded uitii hot 
charcoal, exe pulfed out quickly and transtemd 
to a Bted chamber of the shape of the brick 
container, when ooolmg will not require nwyc 
than 24 to 48 hours. After the cats are udtii* 
drawn, other cars, already loaded with new 
wood and ready for charging, will be put into 
the brick chamber, still hot by the prevbus 
operation 

These bnck kilns, heated by radiators, 
charged and discharged by iron cars, are 
the neuest form of bnck distulmg apparatus. 

A distilling apparatus built of bnck Iff 
( heaper to build and possibly cheaper to mffin- 
tarn, but gives lower yields than steel at 
rat us as regards acetic acid and wood ffJco]|[ol 



Fro. 4 

>(rti(il steel wvxnI lilMtillhig apparatus fnr taiffe 
flMirges, hiaUU by fire gases lirculatlug aiuii&it 
tiu stcil container, (alktl * ( arltoien * , used in 
Sweden 

on account of the diflauU^ of preventing tho 
bnck a alls fn>m leaking 


II. Steel DletUling AJipsntus. 

A IniermUtently operated apparatus* 

Tho most imiKirtant representative of tide 
t\pe ts the Swedish ‘Carboven,* shown In 
Fig. 4. This apparatus offn be loaded with 
100 cords of wood, and will require about 
three weeks for filling, distiDing, cooling sUd 
disc liarging. 

A cottjple of inner vertical heating tubee^ 
instead of one large one, is the ohavacteflfftie 
fcatun of the fxisnic steel distilling appffamlust 


J1 Apparatus for discharging ike fftoeeaf 
mm^HMiely after the close of Me UsHtsh 
turn wUhmd eooltng the emtrtot^ Mfto 
discharging. 



1. Horimsdsi 
charges * — ^To thefMT 
iua, generally called 
the past and if ill empbyed to 
Huffffia, Funnsylvanla, and otto 
states. These retorts alu 
diameter by 10 ft. la hwigtto 
and eoataiii | cord wootL 
todlt for one cold ualNHlF* 


la# jfbr ilililt 






WOOD, vmimxmM pismuzzos ov. 


t tlup* jMMted {O' tllA tetne (BieMaoe, 

lo ploAaoti of omtaitioit befog cooduotedi 
avoemd the ]ioH«oot«% pieced eteel oyliodetB. 
poe ttide of the idtort is provided with a cast- 
iioo door, the other tight ^id with a oossde 
which server to cotmeot the retort with a con* 
denser (see Fig. d). 

The wood is loaded by hand into these 
i^rts. Inside the retort there is a semi- 
otreular scraper, which is pushed to the rear 
before the retort is loaded and is provided with 
a rod with a handle ending near the door. After 


the distiUsMoti is dniiihed, a sted cohtaiaer is 
placed undmieath the front of the door. The 
door is opened, and by means of the scraper the 
hot and burning ohaveoal is quichly emptied 
into the steel container, the cover of whi^ is 
then closed air tight. A new charge Is loaded 
immediately after discharging. While the new 
charge is disiilhng, the charcoal cools inside the 
container, which is built of thin sheet steel. 

As one of these 39 ins. x 10 ft. retorts can 
handle only 2 cord of wood in 24 hours, this tyw 
of distillmg apparatus is not well adapted for 



Fig. 5 

Horizontal btccl retort for small charges ; t^pc, F. H. Mc>er, Hanovcr-Hainhols. 


the destructive dintillation of iiood on a large be avoided b} employing retorts of large 
scale. c»a|>a( ity, provided with mechanical contrivances 

These small, lionzoutal retorts ha\o the for hlimg them with wood and also for dischatg* 
further disadvantage that tlu H(rai)er used in mg the charcoal. The distilhng apparatus whi^ 
discharging them causes much of the charioal meets these conditions best is the so called ^car 
to be broken into small pieces. The charging retort.’ A distilling apparatus of this kind 
of the retort bv hand also requires many work> consists of a horizontal steel retort, capable of 
men, causmg loss of time and decreasing the working off a charge of 6 to 10 cords of wood 
efficiency of the plant. {ate Fig G). The wood is loaded on cars which 

fi, Wod diatuhnq apparatus for large chargia are puUeci or pushed into the retort; 
arranged for mechamcally charging and dtscharg has rails on the bottom and, according to its 
.....The diMadvantages above mentioned may capacit^^, one or ts»o doors for fUling and 
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Bodsoetel ateel retort, tilled and dtoc^harged by cars; for chargoa up to 10 cards’; type, F. H. Heyer, 

Aauover-Hainholi 


UwAiaiging. F<ach car, made of steel, contains 
muttlly two eords of wood. The retort is eon* 
heolM necks with one or two condensers of 
ilie nml tube type. The heating of these 
ntelti ii meiiily etfeoted by an open wood or 
Obil tndf to eome extent, also by burning 
geees obtained in the d^ructive 
The combustion gases 
him n fhm found the retort and escape m 
» mae tl» bMAlag by M opm fins 

Mil MImM ^ iwUaed by i^codhiou^ 
tlw muA way. Uni k gi««> 
INliiiW n u lMm m , or •• • in 


the destructive distiUetioii of the vrood. A gu< 
heated retort will last ioiinr, will OM lew rael. 
and will 3neld higher nsulta. The qu^ettnii of 
the best kuid of gas producer fur this papow ii 
dealt with later. After the dktmtmn k 
finished the doors of the retort en OMned sod 
the oars, oontaining the hut duucoel, withdrawn 
and transferred m aoon as possible to a hoii* 
Bontal sAel o^inder, eiaotly oortwpemding in 
shape with the retort and also provided wkb 
doors for filling and disdietgnig. The With* 
drawal of the «an k mostly doi^ by meeui «I a 
loooinottve or by means of ttansportobk e ktdiM 
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0 r Md Im to be dotue quickly in 

mdet to ovoid ibo oombustlou of the choroooL 
Aitee the eon oontaining the hot charcoal are 
tmoBlemd to the horizontal steel cylinder, 
pUoed opposite the retort, the doon of the 
oviUider axe closed air tight and the charcoal 
allowed to cool with exclusion of air. The 
cooling requires, according to the weather and 
eharaoter of the wood, from 24 to 40 hours. 

This kind of wood-distilling apparatus further 
allows of the prelimmaiy heating of the wood 
before filling it into the retort, by means of the 
waste combustion gases, which escape from the 
last retort flue into the smoke 8tac£ In order 
to utilise this waste heat, the cars loaded with 
the wood are placed in a brick channel located 
opposite the onarging door of the retort. The 
waste combustion gases are driven over the 
wood by means of a fan. 
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VerUcal tnuiportable retort: type, F, H. Meyer, 
Hanover-Haiunols. 

6 shows a modem distilling apparatus, 
having a higher efficiency than any other wood- 
dkttilhng apparatus in practical operation. 

A chaa^ of 10 oorcU of wood is worked off 
in 24 hours, including; filling, distilling and dis- 
j^aiTging, and it iequir& also very few workmen 
I a^nd to the firing, charging and discharging. 
if discharging the charcoal in a cold state and 
wuhout the use of scrapers, a better class 
ohareoal is obtained with the production of only 
a vevy small amount of powder or small pieces. 

A revolving retort of a Cipseity cone- 
ipmidbg to a charge of 6 to 10 cords of wood 
Mi bem tried but discarded on account of 
thf^dfiBenlty of contriving ^proper outiets and 
of keeping these outlets tight* Jloreover, 
ntolvf^ retorts gave, of course, large amounts 
d ehstood powder and small oharcoiu. 

2, FsrtiesI sfeel retofis.— -Vertical steel re- 
^ oltber bnilt stationary or transportable, 
In use in Gernuuiv. Bekium. France. Italv. 


and also in Dttssia. Franeei in partieular, is 
|«the country of vertioai retorts, which are almost 
always constructed as tranmoitebto ones. These 
retorto contain a charge of 1 to cords of wood 
and are heated by an raen fixe or by a gas fire 
from underneath (see Rg. 7). They are filled 
outside of the settings, uter being placed in a 
horizontal position. After the retort k loaded 
and closed it is lifted, by means of a travelling 
crane, above the open space in the settings to 
which the retort belongs. Then the retort is 
lowered mto its place and its cover connected, 
by means of a copper goose-neck, with the 
condenser. After the distulalion is finished, this 
copper goose-neck is taken off, the goose-neck 
hole in the cover closed, and then the whole 
retort is lifted out of the settings by meanri of 
the crane and transported outside of the bOud- 
ing, placed in a horizontal position and tjben 
allowed to cool down, which will require fibm 
12 to 24 hours, according to the charge and me 
weather. These retorts give good yields a^d 
afford good charcoal, but their efficiency is 
so good as that of the car retorts alreaa|v 
described. v 

Sometimes these vertical letorts are con- 
structed stationary and provided with a charcoal 
discharging door on the bottom. They are not 
as oonvemont as the transportable ones and do 
not give the same quality of charcoal, because 
the dischargmg is done by dumping, which causes 
breakages of the charcoal. 

0. VofUtnuously-worktntf uood-diH%Uing , 
appaiatiis. 

The distillmg apparatus above described Is 
cither operated intermittently or only partly 
contmuously. 

But there arc some types of distilling appa 
ratus which are designed for contuiuous working 
as, for instance, the Swedish Groendal retort, 
wffich belongs to the type of the car retorts 
described on p. 493. 

The Qroendal retort consists of three main 
parts, namely : 

1st. The drying chamber, built either of 
brick or of steel. 

2nd. The distilling apparatus consisting of 
a horizontal steel retort. 

3rd. The cooling apparatus for the charcoal, 
consisting of a steel cylmder of the shape of the 
retort. 

These three parts are connected together but 
can be separated one from the other by means 
of vertical sliding doors of iron. Tho wood, 
loaded on cars, is filled in the drying chamber 
throup;h which the exhaust combustion gesew, 
escapiim from the retort flues, are parsed* 
After the drying is complete, the sliding doom 
between this drying chamber and the retort me 
lifted and the load transferred into the distOUng 
zone of the system. This distilling Wjparatiis 
is heated by any kind of heat generatedTfiy open 
fixe or gas producers. The oombustkm (Am 
travel arouna the steel shells, thus tmnsittiitlng 
the heat to the wood inside the sheU« 

After the wood oars have passed iba dkh 
rilling part of the system, another «dide door k 
opened and the cam with tbe flniibed chamw 

riifcmtfh whiali tlm ^Id nrm 



wooxi^ tnsBmjam% oDunLUsnOH ov.> 


bm ilie ooiideiiittfi d tha wood-dis* 
iall^ a«a paaaed iti ovder to do> 

tho tiocmiig yrotk and prebaat tbe gases. A 
double sliding door at the other end of the 
svstem allows the oooled oars with the cooled 
eharooal to be oontinuously passed out. 

Another oontinuously working wood-dis- 
tilling apparatus which may be mentioned here 
is the wood-gas producer, which, however, does 
not yield any chc^oal. This wood-gas producer 
is used for the generating of heating gas from 
second-class com wood or wood refuse in 
order to heat boilers and retorts, but also to 
recover, at the same time, the by-products of 
the destruotive distillation of wood, viz. acetic 
add and wood alcohol. These gas producers 
(Fig. B) consist of a vertical brick or brick-lined 
st^ furnace provided on the top with a funnel 
with double doors for filling the gas producer 
with wood while in work. The bottom of tins 
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the bottom, above this there will be wood in 
the distilling state, and above ibis ^ne there 
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Wood-gas j^uoei^ type, F H Meyer, 
Hanover-Halnholz. 

gas producer is provided with an iron grate 
through which a certain amount of air is allowed 
to en&r. Hie upper part is connected with a 
condenser. In oraer to start the gas producers, 
charcoal has to be nut upon the grate and 
loomereahof 


allowed to become red hot. ' Then the fiUinff in 
the wood is started by means of the double- 
door funnel above-mentioned. The condenser, 
connected with this gas producer, commumcates 

S f means of a gas flue with the smoko stack of 
e bothsB or the retorts, and by the natural 
drau^t of this smoke stac^ a certain amount of 
air enters through the grate into the gas pro- 
ducer, generating producer gas when coming in 
contact with the not charcoal. This hot pro- 
ducer gas carbonises the wood on the top of the 
pbarooal sone on its way up to the outlet, and 
formiy at the same time, the products of the 
diibrflftly^ distillation. These escape, together 
with m pioducer gas obtained by passing air 
tbroiq^ tne hot charcoal layer, into the con- 
" end while the non-condensable gases 
by the main gas floe, the vapoum of 
* IS add snd of tar are condensed «id 
by means of a siphon. In such a gas 
will be 0 hot charcoal acne on 


and on the toj 
the zone of ' 
funnel. 

These gas producers are not very efficient ; 
they yield no charcoal and only 60 p.o. of the 
amount of acetic acid and wood alcohol obtain- 
able from the same amount of when 

distilled in retorts. But considering Quit they 
produce heating gas and at the same time allow 
50 p.c. of the aceuc acid and the wood alcohol to 
be recovered, they are important and economical 
in working under favourable conditions. 

Apparatus for the destructive dis^natkn of 
pine u)ood, rich in turpentine and ros^n.—- As 
already mentioned, some varieties of pine wood 
contain, besides cellulose and lignin, large quanti- 
ties of rosin and turpentine. 

As it is the purpose of the pine wood distilla- 
tion to separate the turpentme in its original 
state as much as possible before the destructive 
[listillation of the cellulose, lignin and rosin sets 
m, the apparatus for the destructive distilla- 
tion of pine wood of this kmd must be provided 
by a heating system which allows a uniform 
transmission of heat to any and every part of 
the wood contamed in the retort, or wnich at 
least allows the temperature to be under control. 

It has been proposed to heat the retorts for 
this purpose by electricity instead of by an open 
fire or by superheated air or gases circulating 
around the retort ; by oil or metal bath con- 
tained in a double ja^et ; or by superheated 
steam brought directly in contact with the wood. 

These proposals are still in the experimental 
stage, but it would seem that these methods of 
heating are too expensive, inasmuch as a care- 
fully designed gas-heatmg system, usmg gas, 
producer gas, or natural gas, will do the same 
work more economically. 

Any one of the apparatus already described 
may m general be employed for pine wood 
distillation. But for recovering the turpentiiie 
in its original state, or at least not veiy much 
contaminated with the products of the de- 
structive distillation of the wood and rorin, the 
smaller units (6 cords capacity) of cat retorts, 
heated by means of uniformly distributed gas 
burners, are most to be recommended. 

Dsstbuctivb Distillatiok of Wastb Wood 
OB Srsm Wood. 


The splitting of the logs and cutting 

into cord wood fumisBes a large amount ei 
small-Bized wood waste. Also cutting the kg 
into timber and working up the timber furoMm 
another class of waste mod known as sli^ 
edgings, shavings, sawdust, and so on. 

As long as this wood waste consisti of pieces 
large enough to furnish chardbal of the 
siae, it can be handled just as cord wood in the 
standard retorts, and it will yield ahnoBl the 
same amount nharcoal, alcdbol and 
calcium geetate as cord wood obtained ism the 
same log, when these flguree are relsned to the 
weight and not to the volume of the m 
a cord of slabe or edgings will weij^ veiy much 
less than a cord of real cord wood 

With ngexd to the destructive diaviBitiem til 
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or shavings* this raw material is not premise* and under inilavombb idreittiiMMtipts^ 
Otpanle of being distilled in any one of the Uvsen an explosion* will be the eonse^itenoe ol 
standard apparatus previously desonbed* on ‘ tiying to distil sawdust or other wood of this 
aeootmtof its voluminous character or by reaeon form In the standard wood distilling apparatus, 
of the fact that there is not enough air space There have been numerous propMals to distil 
l^ween the small* smgle wood pieces whereby sawdust or other fine wood* and aknost eve^ 
the escape of the vapours and gases* formed one of these proposals is bas^ either on the use 
on distillation* is rendered impossible. Back of thm layers of saudust or the uSS of stimng 
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Retort for dibtUling vtnail Mood iiasic 


contrivances* or of a combined system of thin 
sawdust layers and 8*imnc contn\anct*s or 
scrajpers* or finally on the hnquctting of the 
sawdust before it is distilled 

None of those ap})aratus has take n a prac tical 
form* at least on a Uige scale I p to the 



Fta. 10. 


Terttcsl tetert for the continuous distillation of small 
woodv^ste* tjpe, y H Wcy«r 

pnwnt time, neither emaA nur large plants 
which himdle sawdust or a similar class of wood* 
are opemted economically on ac<ount of the 
large initisl outlav* which is out of proportion 
to the value of the output and on account of 
Uie faot that ttere is no market* at a sufficient 


price « for the large quantities of ( karcoal powder 
produced 

Figs and 10 shou t j |)c« of i^maratus which 
au used foi this purjioHe The apparatus 
(Fig 0) transfers the sawdust contuiuously by 
imans of scraptrs over lire heated sU^l plates* 
while in the apparatus in Fig. 10 the sawdust 
continu(»ugl\ cfrops down in tlun layers by its 
own gra\it> lx tw(H,m the h]Nice of the fire^heatisi 
shell of the \crtual retort and the cast iron 
rings* whuh sene as outlets for the vaixiuis and 
gases 

Treating the ( pt dr P\ kolign rods Acin. 

Fiuch pyroligmous acid lonsists of a watery 
solution containing ACt*U< acid* wood alcohol and 
Its companions (aldehydes, ethem* ketones* allyl 
ahohol* phenols) and tarr> matters in solution. 
This brown iiquifl is further mixed with tar in 
suspcmsion. 

Cnide fivroiigneous acid cannot be sold in 
large quantities, but acetate of lime and cuudb 
wood alcohol are in laige demand. 

The objci t of treating the crude pyroitgneous 
acid iH to H«)»araU the accdic acid and the 
wood alcohol fnim (be water and the tariy 
materials. 

First the tar, suspendid in the Imuid* is 
m jiarated by allowing the liquor to siano. Tba 
tar will settle either on the top or on the bottom 
of the pyroligneous acid and is then drawn 

But the it^niaining liquid still holds tar Itt 
solution and this dissohed tar must bo mgpoialisd 
in order to make marketable acetate of iima» 
which must contain at least 80 to tt P4b 

(CHXOO)A- ^ ^ 

There are several methods empicyodto 
to separate the tarry matters m mMkaiJtlf 
suspension from the emdo Mmi , 

The oldest process* still in lUNi fa mm 
consiste in a simple tedistllialfafl Of tfal mm . 
pyroligneous acid to oopINsr 

f .. 
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Mmiiu M » MridiiA. Ttw «£id&at0 to » moH 
or ton intMMdiite li^aJd, lAtoii to now vnotl 
niqr free from t«r end wattalae jninoinidl] 
. mtttr, aoetio Mid« wood tJiKAol t/M iti 
MMoated ptodnoto above meoticdied. 

metbod of removing the diunlved tai 
by dimple distillation requires about SO p.o. 
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Apparatus tat dlaUlllng omds pvToUgneom add ; 
type. V. H. Ueyer. 

the total amount of fuel or steam generated i i 
a vrood'distilling plant. 

The author of this article introduced ne « 
mrthods of distillation of the crude pyioligneoi s 
aoid. and up to date the crude pyroligneoi s 
acid of about 1000 cords of \rood is so treated. 

process to based on the principle of tl e 
amltiple effect evaporators, originally used : n 
tile manufacture of sugar (Fig. 12). Two < r 



more distilling stills are used, one conneota d 
, toiOt the other and provided with oontrivano s 
, i to m ai ntain a different but gtaduaUy lowen 1 
\ hoiltoii^padnt or a diffmmit but gradually lowen d 
WtoUng pressure in each one of the stille. Fr 
laato B W W, still l will be bested 1^ steam i 
Id IM. pressure, using a steam ooil or sny oth r 
ftonting oentiivaaoe. 

p , ftoe liquor, surrounding this steam>heata d 
' / ittulltivaiwe^ to kept under atmospheiio ptessui 1 . 
^ wmritiMQua acid veponis, generated n 
I b{p m aai Mi of tin Mting effeoi of ti e 
toAw tiba heating eontatvanoe of tl e 
toept nttitor a tower vtmm 1 y 



of ttm liquid iiliaA in uUU I* 
ttie jpyxDlimeoiu uoid irupouiWg UBCup* 
lug from tbe mm «au» heftt uod distil tke orude 
pymligneoui mdd in the second still. Hus 
system can be oontuuied indefinitely theoxeti- 
iMjf but a system of four combined stills is all 
that can be reached praotioally. 

A distilling apparatus of this type lequiceB 
only one-third of the amount of steam or fuel 
hitherto used for distilling the orude p 3 nK>ligneon; 
aoid in simple distilling apparatus ; or the saTlni 
may amount to 100 p.o. when suffident exhaust 
steam is available. Fig. 12 shows such an 
installation, based on the multiple efieot dis- 
tilling system. 

Brides these two processes, used for re- 
distilling the crude pyroligneous acid, there is 
another, employed more particularly in German 
pUnis. 

This process combines the distillation of the 
crude pyroligneous acid with the neutiaHsatioii 
of the tar-f^ distillate by means of milk of 
lime or soda ash and the separation of the wood 
alcohol from the acetate solution. 

The pyroligneous acid is distilled in a oop^ 
still, heatra by a steam coil. Instead of pasamg 
the vapours of pyroligneous acid into a oon- 
denser, they are forced through milk of lime or 
soda ash solution, contained m closed copper or 
iron tanks, which are connected with a oon- 
denser (Fig. 13). The acetic acid thus combines 
with the lime or the soda, forming acetate 
solutions, whilst the wood alcohol and water 
vapours escape to the condenser from which an 
aqueous solution of the alcohol ii discharged 
containing 5 to 12 p.c. wood spirit. 

All the processes described above for 
removing tarry matters before treating tbe 
pyroligneous aoid with milk of lime or soda aab 
solution, are based on the dutiUaiion prtne^le 
and handle the gross distillate dischai^ fmm 
the oondensers connected with the mod dk- 
tilli^ apparatus. 

Tne writer has mtroduced another patented 
process which is not based on the rediidillation 
of crude pyroligneous acid, but depends on 
separating the total amount of tarry matten 
from the vapours escaping from the wood-dk- 
tilling apparatus before these vapours am 
oondensea. This is effected by wmliing tho 
vapours and gases by means of crude wood tsr 
or a mixture of crude wood tar and p 3 ^ 1 igneoiis 
acid in two or more gas washing apparatus^ 
which are eombined together, and maintaining 
in each one a gradually decreasing tempeoratoiOa 

For instance, in the tar washer 1, a tempom^ 
ture of about 300**F. giay be mmutained and 
in the last tar washer, or the washer nmet ttw 
condenser, a temperature ot 212^F. may ba 
maintained. 

By the combined effect of tHe fiaetional 
condensation of the tar and of the almodMfIff 
affinity of the large amounts of tar used eii 
washing l^uid, lor the small amounts of tasr 
contained in the form of vapouxa in tlmpredgeta* 
the pyroligneous add discharged txm the oqUh 
denser wBl be praetloaDy free from ter end 
ready to be neutralised by milk (A lima Off « 
eodaaeh. 

Hds Mooess is eueeeosfally 
wood^dMIilng plants and saws 
eai^yepeesoitilmi^ ^ 
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ICorOTACTCTS! OV AoSTAn OF Limi VBOM 
GbOBB PYBOLtOKBOOB 

As already mentionedt grey acetate of li]ne» 
80 to 82 p.o., is the piomCt into which the 
acetic aoid> contained in the p 3 rToligneous acid, 
hfw to be tiansformed for the purposes of 
shipment. 

The manufacture of grey acetate of lime 
starts with the tar-freo distillate, obtained from 
the crude tar containing pyroligneous acid by 
one of the processes already described. This 
distillate is neutralised either by mixing it with 
mOk of lime in a wooden tank, provided with a 
stirrer and cover, or by passing the vapours 
through layers of milk ox lime. 


The milk of lime combines with the acetic 
fudd; it partly saponifies any methyl acetate ; 
it transforms some of the eMehyim into in- 
soluble resins; and it oombineB with^enols, 
forming insolunle lime compounds, Amr add- 

a I the milk of lime, the neutralised liquor is 
owed to stand in order that the predpitateB, 
formed by the neutralising processes^ shall 
settle. 

The next operation on the settled liquid, 
containing principally wood alcohol ana its 
associates, acetate of lime and water, consists 
in separating the wood alcohol from the aqueous 
solution of the acetate of lime, either in foras of 
a weak alcohol solution by means of a simple 
intermittently operated still, or in fomi of 



Fig. 13. 


Apparatus for crude pyroH yjwm ^d vapours through layers of mUk of 


oonoentrated wood alcohol by means of an 
intermittently or oontmuously operated rectifier. 

The simple distilling still furnishes a weak 
wood alcohol solution, centaining from 8 to 10 
,c. of wood alcohol, whilst the rectifier turns out 
a single operation crade wood alcohol from 
8b to 95 p.o., depending upon the design of the 
toctifier. 

The simple stUl consists of a steel or copper 
iliU, provided with a copper heating coil and 
connected with a condenser. 

The intermittontly operated rectifier, shown 
in Fig. 14, is built of a steel or copper still with 
a copper heating coil, a copper column with 
footi^ing eieve or bell plates, a separator and 
.^doiideiiser. The working piinciple of these 
is based on fractional distillatjon, and 
tim *oolumns ^ used for this purpose are 
rfarflav to tlmse emj^yed in manuiaoturing 
gtateafaeAbol and known as the ^SavaUeappa- 
num * twn th# name of the inventor. Tkt 


continuously working rectifiers, for sepsiating 
the crude wood alcohol in a conoontratM state 
from the neutralised liquor, are the most 
modem and most ecdnomtcally working appa- 
ratus for this purpose {Fig. 15). They have 
been introduced in the wood-distUUng indus^ 
by the author of this article, and they funiiih 
by a aingle operation the so-called * erode wood 
alcohol ’ of 95 p«e. and separate at the same 
time the oils, originally contained in the neotta* 
lined liquor and luso the acetone, if deshred* 

The continuously working apparatus ate 
principally built of two columns ; at the top tn 
one column the neatralised liquor enleti and 
the second column takes the wood«aloow 
vapours escaping from the first cohamtu The 
neutralised liquor travels in the first oeliiiM 
daunwwrii from plate to plate and xaeela on tie 
way down the iteisn» enteriog Into the hohtam 
section. The wood aleo^ eontaining asNsal 
80 p.e. of wood ilebhol aud 99 |M»# of ivililb 




^D. sxsniooKivis Di»nLiA*noN oic. 


^hli^he aoeUte of liioe BolutSon freed fitui 
wood aleoholf ie oontixiQotidy dtool&aiiged ftoxx 
the bottom seotion of this oofusdn. 17he 30 p.e. 
wood akohol vapooxs enter the bottom part d 
second column, and on their way wpieanb fron 
plate to plate they are oonoentrated by meani 
of fmcticnai distulaticn and dhichasged from 
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latermltteat-working reotifler for wood alcohol ; 
type, F. H. Meyer. 


the top section to a separator and from there to 
a condenser, leaving the latter as a prod' lot 
containing up to 93 p.o« wood alcohol. 

This prodttot corresponds in chemical o< m- 
position and physical characters with the lo- 
n>.llad * American Omde Wood Alcohol,’ ship ed 
in immense quantities from the United Statei to 
Bttfope. It still contams the total amouni of 
acetone, aldehydes, ketones, esters, ammo la, 
and allyl idcohol, originally contai ed 
in the neatndised liquor, and also some of he 
* wood oils,’ which always accompany the w od 


aleohoL 


may 


average composition of this pixK ict 
given as follows 


16 p.o. acetone and other Jgetones. 

6 p.o. aldehydes, meth^ acetate, ami 
silyi alcohol and oils, 

70 p. 0 . methyl alcohol. 

6 P.C* water. 

The following substances have also t )en 
fomad in * wood spirit oil,* the residue left i Iter 
Itelsohtioncd methyl aloohd from wood sp dt: 
metihyl e^l ketone, methyl isompyl ket ne, 
twAtji omde, trixnet lyl 
aeetio aldehyde isovaleric aldehyde, A«^lm m- 
%jmk wdosmtenciie rPHiusmeim and M- 

>OC. 


In order to manufacture ‘pure’ methyl 
aioohnl from the crude wood alcohol, all thaw 
ootttamifiating prodncts have to be separated. 

This is done by fractional distillation, carried 
out systematioally by means of intermittently 
or continuously operated rectifieni, similar to 
those above described. The separaHon is 
usually assisted by adding chemicals— for in- 
stance, caustic soda and sulphuric acid— which 
destroy, polymerise, or saponify the products 
to be separated — ^for instance, aldehydes, esters, 
ketones, phenols, amines, and so on. 

The separation of the acetone and the allyl 
alcohol, wnich are always associated with the 
methyl alcohol, is entimy done by a carefully 
repeated fractional distillation, which yields the 
concentrated acetone in form of ‘ hcMMl ends ’ 
and the allyl alcohol in form of ' tail ends.’ 

A mixture containing in specified proportion 
these head ends and tail ends represents the 
* denaturing wood alcohol,’ used practically 
everywhere for denaturing alcohol, 
material must conform to certain specificationi 
and tests prescribed by the different Govern' 
ments. 

The final product of such a repeated fraotiona] 



distillation, carried out either 

working or oon^uously w^ ^ 

represents the 'pure* methyl aloo^ whftoh h 
free fro A acetone or contains o^ txacee of it, 
and contains up to 90 p.o. real 

final product, free tiom 
and tlM ‘dMMkteiIng wood alq^* 

Motom. •l] 3 rl atodM. a«d odiat jl 
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number of other wood alcohol grades are on the 
market ; for instance, ‘ pure ’ methyl alcohol of 
99} p,c. with 0*1 to 1 n,o. of acetone and many 
other grades demanded by customers. 

The pure grades are used for the manufiM)- 
turing of aniline colours, of formaldehyde, of 
perfumes; the other grades for varnishes, as 
solvents, and the poorest grades for denaturing 
or burning. 

The mstillation of the neutralised liquor 
yields, as above shown, two products : 

Wood alcohol, as a volatile product ; 

Acetate of lime solution as a non-volatile 
residue. 



Fig. 16 . 

Open pan <or evaporating acetate of lime solution. 


This latter solution holds in suspension 
insoluble polymerised products, formed by a 
reaction between phenols and aldehydes with 
acetate of lime or traces of hme in excess, which 
must be settled by allowing the liquor to stand. 

The settled solution contains varying quanti- 
ties of acetate of lime, according io the nature 
of the original Hquor and to the process used 
for distilling off the crude wood alcohol. 

These quantities differ from 7 to 25 
this means, 100 lbs. acetate of lime solution may 
contain from 7 to 25 lbs. dry acetate of lime, 
80-82 p.c. As it is impossible to recover the 
acetate of lime by a ci^tallising process on 
acooont of its equal solubility in cold and hot 
water, the solution must be boiled down until 
the salt is left in the solid state. 

Up to the present this boilmg was done in 
two steps. By the first step, the acetate of lime 
solution is evaporated in open, steam-heated, 
double-jacket pans (Fig! 16) just to the point 
at which the concentrated solutioo becomes 
solidified by cr 3 ^ta]li 8 ing. This point is reached 
when the acetate of lime solution contains about 
35 to 40 p.c. of the dry salt. The crystallised 
magma is then spread out in thin layers upon an 
opm drying floor, built of cast-iron plates or 
stsel plates, heated by an open fire or by waste 
firemms. 

operation of boilmg down the acetate 
of lime solution to a magma of ciystal requires 
vavy large amounts of steam on account of the 
coating of the beating surface by crystals and 
aaalea and by the immense xeduction oAthe heat 
tnuMiilittifig capacity 

Airthennore, tne drying ujMin an open 
drying floor neoessiUtes much hand work, as 
the material ^musi be turned over and 


luallv transferred from one end of the 
g floor to the opposite one, whereby it 
travels with the current of the fire aases. This 
ensures that the wet acetate of lune, wUoh 
can stand a Idgjx temperature, comes in contact 
with the hot fire gases, while the dried salt or 
part^ dried salt comes only in contact with 
the nre gases of a lower temperature, in order 
to protect it against decomposition into acetone. 

The author has introduced a drying prooess, 
in which the solution of acetate of lime will be 
continuously and mechanically evaporated and 
dried, doing away entirely with the steam- 
heated open pans and the high wages required 
by opening drying floors. 

By this new process, already in sue 
Operation in plants of all sizes from 30 [cords 
up to 250 cords, the acetate of lime solu 
continuously evaporated in specially d 
multiple effect evaporating apparatus, o; 
on the same principle as above descri' 
the multiple green liquor distillers. 

The weak solution enters the first ovapora^ ir, 
travels from there to the second, and from 
second to the tliird, leaving the same or the last 
one as a concentrated liquor, wluoh contains up 
to 30 to 35 p.c. dry salt. This liquor will not 
crystallise when kept hot. 

The liquor flows to a x)an into which a rotary 
drum is dipping, heated inside by steam. This 
drum becomes coated with a thin layer of the 
concentrated solution. 

While rotating, the thin layer dries quickfy, 
and before the drum dips again into the concen- 
trated solution the magma of crystals, w'liich now 
coat the surface of the dium, is scraped off by 
means of knives, working on the surface of the 
drum (Fig. 17). 



Fig. 17. 


ConUoiioiis-worklng rotary evaporator for evaporating 
aod drying acetate of lime ; type, F H. Meyer. 


The magma crystals then travels by 
means of a conveyor to a belt dryer, built of 
endless canvas belts or wire cloth bolts, upon 
which the wet salt is transferred against a 
current of hot air or over pipe coils, heated 
exhaust steam. This new type of anpaiatiii lor 
evaporating and diying acetate of lime does 
away with any kind of hand work ; it obviates 
the disagreeable and unhealthy work of drying 
upon an open floor ; and it saves almost all the 
wages hitherto spent for drying, and it savee, too# 
laige amounts Of fuel. Mbieoiw, tlm fUNvUto w 
lime obtained this process, is ot an oteo 
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fom like pe^ ; it does not contain much duet 4 modem multiple efiect evaporating apparatus, 
it is of a priuhter colour and is soft and volu- until the crystallising point is reached. By 
mmous, yielding on this account more acetic the next step the condensed solution is com« 
acid and acetone, when worked up into these pletely dxiea in cast-iron, fire-heated pans, 
products. inovided with scrapers, and the heating is con- 

_ ,0 tinned until the whole of the water is <myen off 

MAKTJVx.CTT7nn OX Aobtatb ox Soda. &ud. the anhydrous sodium acetate is completely 
Next to acetate of lime, acetate of soda is melted, when the liquid mass will hare a tem- 
the most important salt of acetic acid manufac- perature of about 320*^. At this temperature, 
tured in wood-distilling factories. sodium acetate is not decomposed, but sodium 

In order to produce sodium acetate in a propionate and butyrate, as well as tarry or 
crystallised state, the distillate of pyroligneous resinous matters present in the original product, 
acid, obtained by one of the proccbses already will be destroyed and converted into insoluble 
described, is neutralised by soda ash. The matters. 

acetate of soda solution is then freed from wood After melting, the mass is dissolved in water 
alcohol by the methods before mentioned, and to form a concentrated solution and the charred 
boiled down by open double-jacket pans, or by matter separated by filtering the solution. 
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Cast-iron stiU for dooompoBlng acetate of lime by sulphuric acid ; type, F. H. Meyer, Hanover-Hainhols. 


usually by a filter press. The filtrate is trans- 
ferred to crystallising vessels and the crystals 
BAd mother liquor separated by a centinugal 
machine. The crystals are recrystallisod and 
the mother lees returned to the evaporating 
pans. 

TaXATZKO ox THX Pbihabt Mabkxtablb Pbo- 

PUOTS RBSULTIKQ XEOM THB DBSTaUOTZVX 

Dzstilutiok ox Wood. 

The first produota resulting from the de- 
atniotive distillation of wood are: oharcoal, 
emde pyroUgneous acid, tar, when hard wood is 
diitilM; or charcoal, crude pyroligneous acid. 
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are obtained, and from the latter the *pure^ 
methyl alcohol, the refined wood alcohol, and 
the denaturing alcohol as above described. 

Many of toe woo<k distilling factories work 
up the acetate of lime Into acetic acid or acetone 
and toe methyl alooho^into formaldehyde. 

Manttfaehure of acetic acid . — ^In or^ to 
manufacture aoetio acid, only acetate of UmSt 
80-82 p.o., is used nowadays as raw material. 
This is mixed with sulphurio acid of 9 S to 98 p*c« 
in a closed cast-iron still, provided with sthexer 
and scrapers and heated by high-pressttie steam 
(Fig. 18). After the mixing prooess Is finUied 
toe aoetio acid is distilled a vaounm 
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utMt wood, oontainiBg tuipentine 
AOd ioii», ia employed. Of these, the ohuooel 
wily is leedy for sale. The oAer piodeots 
mwt he forwer tteated in order to oonvert 
tlmm into mailEetalde oomBUMfities. - 
' Stem ike «ni<b oyrolkiwoBs aefai aostate of 
iwMtee «t< aoA Midonidhi wood ele^t 




tilling. The omie aoetio aoid, nsmlteig ton 
the proeesa, oemtains about 80 p.e. aoems atei 
(pio^nio and hotyrio aoid indnded), tnoie oi 
sulphur dioxide, and is of a ydlow eteowr. 
This aeid oan he need for many paneuee h toi 
arts, ah, for instanoe, maaufoelunng white hwl* 
*a|^ueeit«th»to. . 
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In order to produce ' pure * gkoial aoetic add 
of 96 to 99jr p*c.. the crude 80 p.c. acetic acid, 
obuuned by the action of eolphurio acid on 
acetate of lime* must be rectified in a copper 
rectifier (Fig. 19). 

First a weak acetic acid is obtained con- 
taining propionic and butyric acid; then the 
distillate becomes gradually stronger and after 
distilling over 40 to 50 p.c. of the original 
charge, glacial acetic acid distils over : this has 
a melting-point of and contains 99 to 99i 

p.c. OHg'CDOH .At the end of the process the 
melting-point again falls, and with it the content 
of aoetic acid owing to the presence of propionic 
and butyric acids. 

In order to manufacture * pure ’ acetic acid, 
99|^ p.o., corresponding to the requirements of 
the pharmacopoeas of different countries, the 
glacial acetic acid, obtained from the first 
rectification of the cnidc 80 p.c. acetic acid, will 
be oxidised and then redistilled by use of a 
simple still connected with a silver condenser. 

Manufacture of acetone. — Acetone is manu- 
factured oy the dry or destructive distillation of 



Appsratus for rectifying crude aoetic add in order to 
avurafactore glacial aoetic add ; type, F. H. Meyer. 

oaleliiin acetate. The process corresponds theo- 
iiil)calfy with the equation : 

otJoOoI C»=OftCO.+CH,-CO-CH, 

Acoozdlng to the author's patented process, 
used to most of the existing acetone factories, 
aaetote of lime to spread out in thin layers on 
steel platen, to placed one above the other 
upon plitfoms on steel cani, allowing suificimit 


clearance from platform to platform (Fig. 20). 
These oars are pushed into hortoontaf steel 
retorts, heated by fire gases. The retorts are 
capable of treatinjg from 3000 to 15,000 lbs. of 



Fio. 20. 

Eetort for decomposing calcium acetate ; 
type, F. H. Meyer. 


calcium acetate in 24 hours and are conned 
with a condenser. The destructive distillation 
sets in at about 300^. After the charge to 
charred, the cars are withdrawn and other cars, 
already loaded, charged into the retort. 

By the older acetone process, calcium acetate 
was distilled in charges not exceeding 1000 lbs. 
by means of fire-heated, closed, cast-iron pans, 
provided with a stirrer and scrapers. But 
these forms of apparatus yielded only 17 lbs. 
* pure * acetone from 100 lbs. of calcium acetate 
instead of from 20 to 21 lbs. as obtained by the 
process above described. 

There is a third process used, based on the 
distillation of calcium acetate by means of a 
stream of superheated steam whjeh is brought 
directly in contact with the acetate. 

The crude acetone obtained by one or other 
prooesses contains, besides the acetone, tarry 
matters, formic and aoetic acids, aldehydes, 
ketones formed by the propionic acid and 
butyric acid originally contained in the crude 
material, hydrocarbons, and other products. 

By means of repeated fractional distilla- 
tion, assisted by the use of small amounts of 
caustic soda and sulphuric acid, acetone of 
99| p.c. is obtained, whilst the tarry matters 
remain in the residue. The acids are fixed by 
the alkalis, which destroy the aldehydes, and 
the foreign ketones and hydrocarbons aie 
obtained as * tail ends ’ from the rectifier, from 
the fact that their boiling-point to considerably 
higher than that of acetone. 

Fobmaldbhydx. 

This important disinfectant is obtained from 
the ‘ pure * methyl alcohol by oxidtoing it by the 
oxygen of the air under the infiuenoe of cataly^ 
agents : 2CHs*0H-f20»2CH.0+2H|0. The 
manufacturing process differs In some respeoto 
from the theoretical equation, as side leaotiona 
set in whereby a part of this formaldehyde to 
broken up into caroon monoxide and hydrogen, 
according to the equation CHtOc»CO+2H. 

The excess of oxygen imder the influence of 
the red hot catalytic material oomlxtoos with 
the carbon monoxide as well as the hydiugan : 

00 + 0 « 00 | 

Hg+O»H|0 
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Garbon dioxide and water are piodiiote formed 
by another side reaction. 

Theory indioates that 03*75 Iba. of formalde- 
hyde of 100 0 , 0 . should be obtained from 100 lbs. 
methyl alcohol of 100 p.o., but by the best 
prckotloal process only 80 lbs. formaldehyde, as 
a maximum, can bo obtained, which means only 
about 85 p.c. of the theoretical yield. 

The product on the market is an aqueous 
solution of formaldehyde, containing from 35 
to 40 p.c. CH^O by weight. This solution is 
liable to polymerise, forming paraformaldehyde 
by the condensation of 3 mols. of CHjO, a pro- 
duct which is not soluble in water and therefore 
causes the solution to become more or less turbid. 

In order to avoid this polymerisation and 
to meet commercial demands, various substances 
are added to the formaldehyde solution. As 
methyl alcohol has the peculiar property of 
preventing polymerisation, a certain amount is 
added to the formaldehyde solution of the 
market, which averages 

35-40 p.c. (b}’’ weight) CHjO 
12-16 p.c. OHa-OH 

53-45 p.c. HjO 

This solution is manufactured by mixing 
vapours of methyl alcohol with a corresponding 
amount of air. 

The processes adopted for manufacturing 
formaldehyde differ in regard to the apparatus 
or contrivances used for furnishing this vapour 
mixture of a constafU composition. 

About half the factories existing at present 
are using the author's process, which is a con- 
tinuous one, whereby liquid methyl alcohol is 
introduced in the form of a spray into the top 
section of a so-called ‘ carburetor * (constructed 
on the same principle as that used for carburet- 
ting coal gas with benzene) and at the same 
time blowing a stream of hot air which enters the 
bottom of the * carburator ’ against the methyl 
alcohol spray, whereby the methyl alcohol will 
be evaporated and mixed with the air in 
the right proportion. The mixture of methyl 
alcohol vapour and air is passed over the 
catalytic material, consisting of rolls of copper 
wire-net heated to about 400®, before allowing 
the mixture of methyl alcohol and air to enter. 

To avoid explosions and to prevent the 
methyl alcohol burning into carbon dioxide and 
water, an excess of methyl alcohol must be 
used. 

The products of the reaction, that is the 
vapours escaping from the apparatus, contain 
this excess of methyl alcohol, whicli is recovered 
by a fractional condensation of the escaping 
vapours, whereby the formaldehyde solution 
wiU be condensed first and the methyl alcohol 
last. 

As already mentioned, the whole process is 
a continuous one, as methyl alcohol and air 
enter at one end of the apparatus, and the 
formaldehyde solution, the excess of the methyl 
alcolu)] oaM, and the nitrogen with the gases 
formed by the reactions will be discharged, of 
•oiitse each one s^rately, on the other end of 
the a|q[>aratu8 (o. Fobmaldsbydb). 

Gamps BUsn-Woon Tab. 

The hard-wood distilling nrooess yields two 
kiiidi of tar« ^ tor, deposited 


from the crude pyrolimeous add ; the^ residue 
iaVt obtained as a residue by distilling the crude 
pyroligneous add. 

The composition of these two varieties of 
tar is quite different, as the * residue tar ’ con- 
tains principally pitch and pyroligneous acid, 
whilst the ‘ settled tar ’ contains, besides pitch 
and pyrolimeouB acid, the total amount of 
phenols and hydrocarbons, usually called ‘tar 
oUs.’ 

There are no two samples, taken from 
different plants, which are alike, and therefore 
exact figures concerning the composition of tar, 
obtained by the destructive distillation of wood, 
cannot be given. 

Wood-tar is a burden on the hands of the 
wood distillers, on account of the difficulties it 
causes in the treatment of the pyroligneous acid, 
and on account of its small value as a com- 
mercial article. 

The coal tar industry furnishes pitch and tar 
oils much cheaper and in much greater quantities 
than can be obtained from wood tar. The 
treatment of tar has therefore no great impor- 
tance for the wood distiller, and usually it is 
limited to the recovery of the wood alcohol and 
acetic acid, the remaining tar compounds being, 
for the most part, uped as fuel. 

In order to recover methyl alcohol and 
pyroligneous acid, contained in both varieties 
oi tar, the tar is subjected to distillation in 
copper stills, provided with a heating coil and 
also a perforated coil for adding live steam. 

The water with the acetic acid, as well as 
with the wood alcohol, and light wood oils 
floating on water, is distilled, and when by in- 
creased steam supply the amount of distillate 
diminishes, live steam is added by the perforated 
coil and the distillation continued until the dis- 
tillate contains only a small amount of acids. 
The distillate is allowed to stand, whereby the 
light oils rise to the top. The clear liquid is 
drawn off and treated together with the dis- 
tillate obtained from the bulk of the crude 
pyroligneous acid. 

The residue of this tar distillation, or that 
obtained by distilling off the pryolimeous acid 
from the tar, is a liquid similar to thi& molasses, 
and is generally used as fuel which is burned by 
spra^dng it by means of steam into the fire;|^aces 
of boilers or retorts. Sometimes the settled tar 
is subjected to distillation in order to zecover 
the heavy tar oils, containing the phenols and 
creosote and to manufacture pitch. Such dis- 
tillation must be carried out in cast-iron stills, 
heated by an open fire. First the light oils, 
floating on water, and the pyroligneous add distil 
over, as in the process described above, Thiv 
phase of the disiillation must be done veiy 
carcfuUy on account of the frothing to which 
the tar is liable. After this period is over 
and when only small amounts of water flow^ 
from the condenser, the fire can be increased, ' 
when heavy tar oils, sinking in water, distil 
over. The distillation will be oontmned until 
the pitch, left as% residue in the still, proves to 
have thb melting-point desired. 

Sometimes hsra pitch with a high melting- 
point, sometimes soft pitch with a low melting- 
point is the pmrpose of this disUllation. 

The h^vy tar oils or the oil which sinks in 
wi^r ate usually sold to ohemioal woiki. 
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which manufactuie creosote, and only excep- 
tionally are they sold for the xoanuf^ture of 
dyes. Only a very few factories deal with the 
recovery of creosote, which contained up to 
1 p.c. in the hard wood tar, particularly in 
beech tar. 

The raw material is the * heavy tar oil ’ ob- 
tained by the distillation of the settled tar in 
fire-heated stills. These oils still contain con- 
siderable amounts of tar and must bo redistUlcd 
before being subjected to any other treatment. 
The redistuled oils are then subjected to a 
systematic extraction by means of caustic 
soda solution, which separates the total amount 
of phenols from the bulk of hydrocarbons con- 
tained in the tar oils. 

The alkaline solution of phenols is then 
mixed with acid, usually a mineral acid, liberat- 
ing the phenols, which arc drawn off from the 
salt solution, after allowing the mixture to 
stand. Repeated fractional distillation is the 
next operation to which these mixtures of phenols 
are subjected in order to concentrate the frac- 
tions which contain the real creosote. These 
fractions arc again subjected to repeated treat- 
ment with caustic soda and mineral acid, and 
from the last fractions of the distilled creosote, 
‘ pure ’ creosote is obtained. 

Crude turpentine and crude pine tar » — ^As 
described above, the destructive distillation of 
pine wood, rich in turpentine and rosin, yields 
the tui^entine, partly in the state as originally 
contained in the wood, partly contaminated or 
mixed with the products of the destructive dis- 
tillation of cellulose, lignin and rosin, t.e. with 
tar, tar oils, rosin oils, &c. The more nearly 
the distilling apparatus allows of a uniform 
distribution of heat to each piece of wood con- 
tained in the retort, the better will be the separa- 
tion of the real turpentine, uncontaminated 
with the products above mentioned. 

The destructive distillation of pine wood 
containing turpentine and rosin, yields three 
fractions, which are usually taken separately : 

Fraction 1, containing only small amounts of 
tar, tar oils and rosin oils. 

Fraction 2, containing less than 50 p.c of 
the contaminating products. 

Fraction 3, containing more than 50 p c. of 
the contaminating products. 

Fraction 1 represents the material, called 
* crude wood turpentine,’ which is exported 
from Sweden and Russia, and which is also 
manufactured in many factories situated in 
the Bonthem States of America, as Georgia, 
Alabama, Virginia, Ac. ** 

The * crude wood turpentine’ obtained by 
destructive distillation consists principally of 
texpenea. In addition it contains tar, acids, 
pb^l, aldehydes, furfural, * silvan,’ dimethyl- 
furfural, benzene, toluene, xylene, diaceiyl, 
aoeM-propionyl, Ac. 

The first treatment consists in fractionally 
distUling the crude wood turpentine by means 
of steam-heated stills, which allows aim of the 
additiofi of live steam (Fig. 21), wheroby the 
turpentine is separated from the products of 
lower and higher boiling-point. After the 
products of lower boiiing-pomt have been got 
rid of, Uve stea^ is tamed on and the mixture 
of vapfiirB of turpentine md water is passed 
oguidle «oda solution or milk Ume 


in a container connected with the still and the 
condenser. 

Phenols, rosin oil, aldhydes, acids, Ac., are 
kept back or destroyed by the alkail^e bath, 
wmUt the turpentine and water vapours escape 
to the condenser and arc separated after their 
condensation by their varying specific gravity. 

The refined turpentine obtainea by this 
process is of a water- white colour, but its smell 
is not ‘ sweet ’ enough to meet the requirements 
of the market. 

It is therefore subjected to a second alkaline 
treatment and then to a treatment with sul- 
phuric acid, whereby other contaminating 
products will be separated or destroyed. j 

FinaUy a fractional vacuum distillation \by 
means of steam-heated rectifiers yields a 
duct, which is now of a water-white colour, 
of a ‘sweet* smell, and has the same boilir 
point, specific gravity, and optical cha 
istics as ordinary turpentine. \ 

‘ Pine wood tar ’ is obtained as the residue 
of the first distillation of the crude wood 
turpentine. 
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Distilling apparatus for separating turpentine from 

pine-wood tar-oUs and pine-wood tar ; typd,F. H. 

Meyer, 

The second fraction of the 'ISlestructive dis- 
tillation of pine wood, containing up to 50 p.c. 
tar and rosin oils, is also subjected to distillation 
as above describe. The distillate is a mixture 
of turpentine, other terpenes and hydrocarbons 
of a h^hoy boiling-point, called ‘ pme oU,’ and 
the residue consists of pine tar. 

The mixture of turpentine and pine oil is 
then subjected to fractional distillation by 
means of a vacuum rectifier and the turpentine 
obtained by this treatment mixed and treated 
together with the refined turpentine obtained 
from the first fraction. 

The third crude fraction, mainly consisting 
of tar, is subjected to similar treatment and 
furnishes pine oils and, as a residue, the bulk of 
pine tar. IL K. 

WOOD OUMc. Gums. 

WOOD OIL or 6UR6UN v. Olso-bxsots* 

WOOD-OPAL V. Opal. 

WOOD-PROH, WOOD-SPIRIT, WOOD-TAIL 

e. Wood, dxstbuotivx DxsmLATiorr op. 

WOOD’S ALLOY c. Tm. 

WOOD^TAR. According to Maxctisson end 
Picard (Ohem. Vmsohau, IMI, 28, 267), the 
composition of beeoh-wo^ tar and pina-wood 
tar is xespeotively as follows : xauumniMh 
matter, 10-18 >0., 58-5 p«e. ; hydroxy^bdd 
anhydrides, 0-5 nil; bydiokT mUl 
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52*3 p.o., 14 p.o. ; restn adds, 7*7 p.c., 17 p.o#; 
fatty addbi* 3*2 p.o.» 6 p.o. ; phenols, 9*3 p.c., 
9*5 n.o. The residiies (pitches) obtained after 
distilling these tars are oomposed respectively of : 
neutral tar resins, 14 p.c., 1*5 p.o. ; unsaponi- 
fiable matter, 6 p.c., 19*7 p.c. ; phenols, 1*5 p.c., 

8 p.c. ; hydroxy-acids and anhydrides, 77 p.c., 
31*8 p.c. ; resin acids, nil, 35*2 p.c. ; fatty acids, 
1*5 p.c., 2*8 p.c. ; mineral matter, nil, 1 p.c. 

Wood-tar pitches can be distinguished from 
other artificial asphalts by the hi^ content of 
hydroxy-acids and the presence of phenols 
(J. Soc. Chem. Ind. 1921, 840 A.). 

WOOD-TIN V . Cassitxbite. 

WOODY NIGHTSHADE v. OuLCAiiABA. 

WOOL. The woolly covering of the sheep is 
composed of modified hairs which grow in the 
same manner as the hairs of other animals, 
but differ from them considerably in physical 
structure and characteristics, including fineness, 
softness, wavincss, and highly serrated surface. 
The wool fibre arises in the dermis or middle 
layer of the skin. Its root or follicle is a gland 
which produces a lymph-like secretion which 
nourishes the hair during its development and 
growth. This gland also secretes an oily 
substance, the wool-oil, which becomes a con- 
stituent part of the fibre and improves its 
elasticity and flexibility. Contiguou.s to the 
follicle are the sebaceous glands which secrete 
a fatty substance, the wool-grease, which coats 
the surface of the fibres, thereby protecting 
them from mechanical injury during growth 
and preventing them from becoming matted or 
felted together. 

The dried persjiiration of the animal ako 
adheres to the fibres and can be removed by 
means of cold water in which it is soluble. It 
consists largely of a mixture of potassium salts, 
and is usuadly recovered as a by-product of the 
industry. The residue obtained after treating 
the wool with cold w'atcr and evaporating the 
solution to dryness is known as ^sudorate of 
potash.’ Raw wool yields about 8 p.c. of this 
product. 

Before the wool can be used for the manu- 
facture of textiles, not only must the dried per 
apiration be removed, but also the wool-grease ; 
the extraction of the latter is generally effected 
by the process of scouring with soap and water. 
In order to avoid the removal of the wool-oil 
from the interior of the fibre, the temperature at 
which the scouring is carried out does not usually 
exceed 50^. 

When examined with the microscope, the 
typical wool fibre presents the appearance of a 
more or less cylindrical rod covered with 
IhiN^gnlarly-shaped scales wliioh overlap one 
anOtW by their free margins and cause the fibre 
to esMbit numerous serrations. The free edges 
id the soales idways point in the direction of 
growth of the fibre. It is to this peculiar 
Sobvioaied nature of the surface that the Idtiuj 
preq^y of wool is due. The shrinking whio]_ 
worn fiabrics undergo on washing is also attribut- 
lONe to the serrations; the rubbing of the 

doaely i^rlooke§» an^thus reduces 

OUaount of moo occupied by the fibree, and 
thil hehatioQr b facilitated by the lubricating 
aotloo of the soap. The cortical layer beneath 
Iho loalii doiuilftfites tho bulk of tbs fibre and is 


oomposed of long, narrow cells with pointed 
ends. Within this is the medulla which condsts 
of larger and rounded cells and often contains 
pigment to which certain wools oweT their 
oharacteristio colour. In the finer wools, the 
medulla is often so much reduced as to be almost 
indistinguishable. The wool of carelessly-br^ 
sheep frequently contains defective fibres in 
which the scales and cellular structure are but 
slightly developed ; these appj^r as stiff, 
straight, coarse, opaque hairs which cannot be 
dyed, and are termed ‘ kemps.’ 

The value of wools and thoir suitability for 
different purposes depend very largely on their 
ph 3 rsical properties, such as length, strengtl^ 
elasticity, fineness, softness, curliness or wavi- 
ness, lustre, felting property, colour, and freedom 
from impurities and kemps. The extent to which 
a wool possesses these characters varies matly 
with the particular breed of sheep, the cumatio 
conditions, the nature of the pasturage, and the 
care exercised in selection and rearing. The 
quality of the fibre also varies considerably in 
different parts of the same fleece. The wools 
of commerce may be roughly divided into three 
classes : (1) long-stapled, (2) medium-stapled, 
and (3) short-stapled. 

(1) The long-stapled class includes the 
typical English varieties, such as the Lincoln, 
Leicester, and Ckitswold wools. The fibre is 
from 6 to 10 ins., or even up to 15 ins. in len^h, 
has an average diameter of about 0*001 in., 
and bears from fiOO to 1400 serrations wt inch. 
It is nearly white, lustrous, of good elasticity, 
and has a smoother surface and less wavy 
character than the fibres of the other classes. 
The scales are homy and closely attached to 
the cortical layer and, in consequence, the 
felting power is poor. These wools are specially 
adap^ for the mannfacture of worsted yams. 

(2) The medium-stapled class is represented 

by the wools produced by the Southdown 
sheep and those of the Cheviot Hills, Shro]^ 
shire, Hampshire, Oxfordshire, and Dorset; it 
also includes certain cross-bred wools, such as 
those of Australia, New Zealand, and South 
America, which are produced in very large 
quantities. The characters of the fibre are 
intermediate between those of the long- and 
short-stapled kinds. The length is from 3 to 8 
ins., the average diameter about 0*0098 in., 
and the average number of serrations is about 
2000 per inch. • 

(3) The short-stapled class comprises the 
finest grades of wool, including those of the 
merino type of Austrwa, South America, and 
the Capo evince of South Africa. The fibre 
is from 2 to 5 ins. long, has an average diameter 
of about 0*0005 in., and bears about 2800 
serrations per inch. It is either sriiite or of a 
greyish tint, has little or no lustre, and is very 
elastic, very soft, and curly. The soaks are 
small and Mhere to the oorUcal Jkynr by only 
a small portion of their len^, so that t& 
upper part is free and protrumng, and lor this 
reason 4he wool has good felting piopertks. 
Wools of this class are particularly smtiude for 
the manufacture of wooUen fabrics. 

Wool fibre is oomposed of a protein substance 
of the group known as the kesatins, which also 
includes those dmived from hair, hotiu, whale-> 
bohe, ieathem, and egg^memlmne. All the 
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members of this class differ from other proteins 
in yieldiiig a large proportion of cystine on 
hyorolysis. The average elementary composi- 
tion of wool keratin is approximately as follows : 
0,51; H.7; 0,21; 1^17; S,4p.c. 

Sulphur is the most variable constituent and 
ranges from 2*5 to 4*5 p.c. Raikow (Chem. 
Zeit. 1905, 29, 900) found that when wool is 
kept for some time in contact with syrupy 
phosphoric acid, sulphur dioxide is evolved. 
Muoisoh {ibid, 1908, 32, 020) confirmed this 
result and also showed that the sulphur of wool 
is partly oxidised to sulphur trioxide by the 
^tion of hydrogen peroxide. The experiments 
indicate that some of the sulphur is in direct 
combination with oxygen and is probably 
pment in the form of a sulphite-liko complex. 
This conclusion, however, has been chaHenged 
by Strunk and Priess (Zeitsoh. phvsiol. Chetn, 
1912, 76, 136). 

Schiitzenberger (Compt. rend. 1878, 86, 7(*»7) 
investigated the decomposition of wool keratin 
by solution of barium hydroxide at 170% and 
found that 100 grms. of punhed wool yielded 
nitrogen (evolved as ammonia), 5*25 grins. ; 
carbon dioxide, 4*27 grms. ; oxalic acid, 5*72 
grms. ; acetic acid, 3*2 grms. ; pyrrole and 
vobtile products, 1-1*5 grm. ; whilst the 
residue consisted of leucine, tyrosine, and other 
nitro^nous substances. 

The hydrolysis of wool keratin by hydro- 
chloric acid was studied by Abdcrhalden and 
Voitinovici (Zeitsch. physiol. Chem. 1907, 52, 
348), and it was founcl that various amino 
acids were produced in the following quantities 
p.c. ; glycine, 0*6 ; alanine, 4*4 ; valine, 2*8 ; 
leucine, 11*5 ; tyrosine, 2*9 ,* serine, 0*1 ; cystine, 
7*3 ; proline, 4*4 ; aspartic acid, 2*3 : and 
glutamic acid, 12*9. A comparison of these 
results with those obtained by the hydrolysis 
of the keratins of hair, horn, and feathers 
showed that all these substancc'i) arc different, 
and led to the conclusion that keratin is a 
mixture of proteins. 

Purified wool contains 1-2 p.c. of mineral 
constituents. The following analyses of the 
ash of a sample of Lincoln wool arc due to 
Bowman. The wool, after being scoun^, 
washed, and dried, }delded 1 p.c. of ash, of which 
75 p.c. was soluble in water. 

Whole Soluble Insoluble 

^ ^ ash ash ash 

Potassium oxide K,0 , 31*1 42*3 traev 

Sodium oxide NajO • . 8*2 17*3 trace 
Oalciom oxide CaO . . 10*9 4*5 51*2 

Alumina Al,Og • • lio. 

Ferric oxide FegOg . 

Silica MOj , . 5 8 4*1 11*1 

Sulphur trioxide SOg . 20 5 24*8 trace , 
Garhon dioxide COg . . 4*2 3*4 — 

Bosphorus pentoxide PgOg trace trace trace , 
Chlorine . . trace tra<*e — 


p.c* of water. The fibre is hy^scopic and the 
anunuit of moisture present therefore faries a 
good deal with the state of the atmosphere. 
On this account, it is the custom for the moisture 
tea eonsigiinient of wool to bo estimated before 
mhft and the truf selling weight calculated on a 
aerlaia etandaid percentage of moisture, (he 


f hcalled *reffcun.’ The standard adopted at 
radford and Manchester for scoured wools is 
16 p. 0 , of the weight of the dried fibre. 

determinations of the moisture-absorbing 
capacity of different kindi of wool in the various 
forms met with in industry have been made by 
Shorter and Hall (J. Text. Inst. 1924, 15, 306 ; 
J. Soc. Chem. Ind. 1924, 43. B. 628). 

Wool is very suscej^tibie to attack by dilute 
alkali hydroxide and is easily dissolved by a 
boiling 5 x>.c. solution of sodium hydroxide. 
This reaction is employed for estimating the 
amount of wool in a material comj^sed of a 
mixture of this fibre and cotton. When, how- 
ever, wool is treated at the ordinary temperature 
with a strong solution of sodium hydroplide 
(sp.gr. I *4-1 *5), the fibre is not destroyed, but 
becomes white and lustrous, acquires a * scroup * 
(the grating .sound caused by rubbing the filM'e) 
rc.sembling that of silk, shows a gn^ater affinity 
for dyestuffs, and increases in strength to an 
extent of about 30 p.c. Wool treated in this 
manner is said to be ‘ morceri.sed.’ The process 
results in the removal of a large proportion of 
the sulphur ; Mattheus found that a sample of 
wool, originally containing 3*42 p.c. of sulphur, 
retained only 6*53 p.c, afti*r being mercerised. 

Strong solutions of potassium and sodium 
carbonate at high teniporatures cause the 
disintegration of tlu^ fibre* ; but weak solutions at 
moderate tcmpcral!in*s are not injurious, and 
are extensively used in t he scouring pniccss. 

By boiling purdi(*d vool with solution of 
barium hydroxide, removing tin* excesh of the 
reagent with r*arlK»n dioxiik*, and adding solution 
of lead nitrate, a precipitate is pioduccd whi(*h 
on treatimuit with hydrogen huljihhie yields a 
product terim*d Manuginu* and’ (Champion, 
(>mipt. rt*ml. 1871, 72, 339). This substance 
has bct‘n re-exanuned by Knechl {.I. Soc. Dyers, 
|8h9, 71), who dcM nls^h it as a bro\i*nish-ycllow 
solid whidi dissolves slowly in cold water and 
easily in hot wat< r. Its aqueous solution j>ro* 
cipitates acid and hiwic colouring matters with 
formation rd coloun*d lakes. Knc<*ht found the 
substance to have the following composition ; 
C -41-61; H 7*31; N -10-26; &^-3*36 ; 

0 -- 31*44, 

Wool is completely dc8tro}c*d by strong 
mineral acids, but is little affected by dilute 
acids When heated with dilute nitric acid, the 
fibre assumes a })crinancnt yellow colour. If it 
is warmc*d with dilute sulphuric or hydrochloric 
acid, it Ix^conicH harsher to the touch and 
acquires an incn*asefl affinity for dyes. The 
resistance of wool to the action of sulphuric acid 
enables it to bo auaniitatively ostimateil in a 
fabric composed of a mixture of wool and cotton 
or other vegetable fibre. The fabric is st€e|ied 
for some hours in a mixture of equal volumes of 
concentrated sulphuric acid and water# wiib 
the result that the vegetable fibre is destroyed, 
whilst the wool is not attacked and can be 
collected, washed, dried, and weighed. 

Nitrous acid seems to diasotme the amino 
groups of wool keratin. Wool which has been 
treated with this reagent is harsh to the toucte 
non-hygroscopic, and assumes various colottis 
when brought into contact with alkaline solittioiis 
of certain phenols. 

Kann (F&rber-Zoii. 1914, 25, 78) has foite^ 
that small quantIUsi of furmaidshyde mOin 
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wool Im BOQfitiTe to alkaJi although this does 
not affect its behaviour towards nitrous aoia. 
He therefore oonoludos that the wool molecule 
doM not contain amino- and keto-groups but 
imino- and carboxy-groups. 

Wool is very little affected by dry chlorine, 
but is decomposed by the gas in presence of 
moisture. The fibre is capable of absorbing 
chlorine from weak solutions and becomes 
harsh, acquires a ‘scroop,’ loses its felting 
properties, thus becoming ‘unshrinkable,* and 
also acquires an increased afSlnity for colouring 
matters. 

For further information, reference should be 
made to Bowman’s Structure of the Wool 
Fibre, or to Matthews’ Textile Fibres. E. G. 

WOOL BLACK, v. Azo-COLOCBmO uattebs. 

WOOL FAT consists of a mixture of the 
esters of cholesterol and of alcohols of the fattv 
series, including ceryl alcohol and alcohols witli 
a smaller number of carbon atoms, isocholes- 
terol and camaubyl •alcohol would appear to be 
absent. The fatty acids are cerotic, palmitic, 
stearic acids, and hydroxystearic acid (?), 
together with resin acids, and lanoccric an- 
hydride (Robmann, Biochem. Zcitsch. 191(5, 
77, 298), It melts at about 30® to 40®, and is 
charact^sed by the readiness with which it 
absorbs water. 

According to Lifsehutz, the fat from the 
Burfime wool of the sheep contains a larger pro- 
portion of fatty acids and soaps than that near 
the roots. The latter contains isocbolesterol, 
while the surface fat contains oxycholesterol 
(Zeitsch. physiol. Chem. 1924, 241, 146). 

WOOL OILS. The trade U'rin ‘ wool oils ’ 
or * cloth oils ’ comprises all those oils used by 
woollen manufacturers for lubricating the wool 
before spinning, or for oiling the rags before 

* grinding ' and ‘ pulling.’ 

The best wool oils consist of pure fatty oils, 
such as olive oil, lard oil, neat’s foot oil. Besides 
these, oleic acid ( ‘ saj)onifieation oleine ’ or 

* saponified oleine,’ ‘ distillation oleine ’ or 
‘ distUle<l oleine ’ (see SAroMincATiON)) is used 
largely as a cheaper kind of wool oil. 

Cheap wool oils, for use with the lowest 
textile goods, include ‘ distilled grease oleine,’ 
and even ‘ waste oils,’ such as ‘ bmek recovered 
oil,* ‘seek oil,* and ‘ brown grease oil’; which 
contain considerable amounts of unsaponifiable 
matter. Besides thew^ oils there arc found in 
commerce large quantities of ‘ manufactured oils,* 
representing iilends of the aliove-named wool 
oils, as alM blends containing •mineral oils. 
For the detection of hexaline in textile oils, 
see Harousson (Cliem. Zeit. 1924, 49, 660), 
•nd for general methods of examination, see 
Lewkowitsoh, Chem. Teohn. J. L. 

WOOL SCARLET e. Azo - OOLOUniNQ 

MATTUS. 

WOOTZ. An Indian name for sU«el. 


WOBMBBBP V. Sahtovxca. ^ 

WORMSBED, OIL OF, v. Oils, xssxktial. 

WORMWOOD. The leaves and tops of 
Artemisia Ahsifdhium (Linn.) contain a volatile 
oil, dbsinthol (g*e.), and a bitter principle, 
absiiUhin (q.r.). Wormwood is a bitter stomaebio 
tonic, and is used in me^cine as a remedy for 
atonic dyspepsia, and as an anthelmintic. 

WORT V . Brewino. 

WOURALl, WOURARA, WOURARI v. 

CUBABA. 

WRIGHTINE v. CoKESsmE. 

WULFENITE {Oeibbleierz, Mdybd&nbleia^, 
Ger.). A mineral consisting of lead molybdate 
PbMoO* crystallising in the tetragonal system 
(hemimorphio-tetratohedral class) and isomor- 
phous with scheolite (g.e. ). Next to molyl^nite 
(g.t\) it is the most abundant of the few miners^ 
containing molybdenum. It hes been found in 
some quantity at Bleiberg in (Darintbia, and at 
several places in Arizona, Nevada, Utah, Mexico, 
Spain, and Morocco, often as beautifully crystal- 
lised specimens of rich yellow or red colours. 

L. J. S. 

WURTZILITE. A mineral hydroewbon, 
found in Utah and elsewhere, and used in the 
manufacture of varnishes, roofing compositions, 
Ac. 

WURTZITE. A native form of zinc sulphide 
(ZiiS) crystallising in the hexagonal system, and 
thus dimorphous with the more common cubic 
mineral zinc-blende (g.t%). It was described 
from Orun> in Bolivia by 0. Fnedel, and named 
after the French chemist C. A. Wurts (1817- 
1884). Crystals are henuniorphic and very like 
those of zincite (ZnO, q.v.) ; but, as a rule, the 
mineral forms fibrous masses. Much fibrous and 
shelly blende which is optically birefringent, and 
known by the names ‘ spiauterito ’ and ‘ Schiden- 
blendo,’ really belongs to this species ; and it 
sometimes, no doubt, forms an important part 
of ma.ssive zinc sulphide ore. The colour is 
brownish-black with resinous lustre, and the 
streak is broum ; sp.gr. 3'98 (for artificial 
crystals 4 087) ; H. 3J^. The phosphorescence 
show*n by the mineral when struck has often 
been observed by miners. 

The hexagonal zinc sulphide used for coating 
phosphorescing screens in Ront gen -ray work is 
the artificially prepared material. This was 
first obtained by J. Duroclier in 1861, by E. H. 
Sainte-Claire Deville and L. Troost in Iwl, and 
more successfully by T. Sidot in 1866 (Oompt* 
rend. 62, 999; 63, 188). Sidot obtained long, 
colourless and transparent, hexagonal prisms by 
subliming blende in a current of sulphut dioxide. 
On the artificial production and stability relation 
of the two modifications of zinc sulphide, v. E. T. 
Allen and others (Amer. J. Soi. 1912, 341 ; 

1914, 38, 412). L. J. SL 
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XAXBTBlIf. Sjm. tor henmethFlenetetra- XAXTBEOi. The oMoe applied by FMay 
ittbui. and Caoea to the eolnUe yeUonaBoIooriiig matter 

XAHHAUMB «. Omw. of flower*. 
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XAMTBBNB COLOURINO MATTERS, a 

name aometimeB applied to the dyestafEs con- 

V®V 

taining the group | | and including the pyro- 

AqA 

ntne colouring matters and triphenylmeihane 
oolquring matters (q^v.), 

XANTHIC ACIDS {Alkyl oxydiih iocarhonic 
iicids) RO’CS'SH, may be prepared by dissolving 
sodium in the required pure dry alcohol and 
adding the calculated quantity of dry carbon 
disulphide, the mixture being stirred and cooled. 
In this way a sodium xanthate is formed, which, 
on treatment with dilute sulphuric or hydro- 
chloric acid, yields the free xanthic acid (Kagg. 
Chem. Zeit. 1908, 32, 030, 654, 677 ; ibid. 1910, 
34, 82). 

Xanthic acid {Eihylhydrogen dithiocarhonate) 
is a colourless, transparent, heavy oil, msoluble 
in water and quickly decomposing into alcohol 
and carbon disulphide, due to autocatalysis, the 
alcohol, formed as a product of the decom- 
position, being the catalyst. If the xanthic acid 
18 mixed with phosphoric acid it becomes more 
stable and can be kept for weeks (see von 
Halban and Kersch, Zeitsch. physikal. Chem. 
1913, 82, 325; 2ieitsch. Elcktrr)chem. 1918, 24, 
65, who have studied the kinetics of its decom- 
position). It forms a large number of metallic 
salts. The sodium or xiotassium salts when 
treated with a copper salt j leld cujirous xanthate 
and ethyMioxifthiocarhonate (dixanthogen) thus : 
4NaS-CS-0Et+2CuS04 

==Cu,(S-CS- 0 Et), 4 B 4 (CS- 0 Et) 2 + 2 Na,S 04 

The cuprous salt is yellow, and it is this reaction 
which led to the adoption of the name for these 
salts. When the metallic xanthates arc heated 
to 350° they decompose with evolution of hydro- 
gen sulphide, carbon dioxide, and small quan- 
tities of combustible ga.ses containing carbon 
monoxide. Amongst the liquid products are 
carbon di- and oxy-sulphide, ethyl hydrogen 
sulphide, ethyl mono- and disulphide, and ethyl 
alcohol, but m the case of the silver and nickel 
salts, the liquid product consists of almost pure 
e\;hyl xanthate and the dry distillation of the 
nickel salt is recommended for,the preparation 
of the ethyl salt (H6bert, Compt. rcncl. 1911, 152, 
869). 

Potassimi pro'jnjlxantlmte has been pro- 
posed as a reagent for cobalt and nickel salts ; 
with the latter it 3de]ds a yellow precipitate, 
whilst with the former a green jirecipitate is 
formed. In dilute solutions the nickel is pre- 
cipitated before the cobalt. Potassium methyl 
aanlftafe is also a good reagent giving with nickel 
a soluble, with cobalt an insoluble, salt in 
awnonia (Ferrer Hemdndez and Campo y 
Oedan, Anal. Fis. Quim. 1911, 9, 173). Of. 
Whitby and Beardwood (J. Chem. Met. Soc. 
S. Africa, 1921, 21, 199), who employ potassium 
or sodium xanthate for the separation of nickel 
cobalt. f 

Arsenic xanthate As(S*CS‘0£t)t* xn^p. 94*8 
(eoxr.)j prepared by the action of potassium 
xanth^ (3 mols.) on a solution of any com- 
pound of arsenic (1 atom), is absolutely insoluble 
w hot or cold water, or cold acetic add, readily 
aolttUe in benzene, carbon disulphide, carbon 
tetrachloride or cli^iioform. The formation of 


this compound may be employed as a quantita- 
tive method for the determination of small 
quantities of carbon disulphide (Tamgi and 
Sorbini, Chem. Zentr. 1912, ii, 1398). 

Molybdenum xanthate Mo(S*CS*OEt)2, m.p. 
108° (deoomp.), is ^pared when OS^ is treats 
with alcoholic KOH and then with ammonium 
molybdate and dilute sulphuric acid. Cadmium 
xanthate can be prepared in like manner 
(Oecchotti. Gazz. Cnim. Ital. 1925, 55, 104; 
Chem. Hoc. Abstr. 1925, i. 503). Alkyl- and aryl- 
mercuric hydroxides react with and an alcohol 
forming alkyl- and aryl-mercuric xanthates such 
as MeHg-SCS OEt and C,H,HgS*CS-OMe 
(Koten and Adams, J. Amcr. Chem. Soc. 1924, 
46, 2764; Chem. Soc. Abstr. 1926, i, 236). 

When sodium or potassium alkyl xanthate 
is 1 related with chloracetyl carbamides, tb© 
following products arc obtained: cldoracet^l 
carbamates, arylamines, xanthylaceiyl carba- 
inidcs, ethyl carbamates, and arylamides (Fre- 
ricbs and kentschler, Arch. Pharrii. 1906, 244, 
77). 

The esters of xanthic acid and its homologues 
may bo obtained by treating the alkali salts 
with alkyl halide. They are volatile liquids 
which react with alkali alkoxldcs thus : 

RO*CS/R+R'OK+H.,0 

-R'OCO*SK+R‘OH+RSH 

(Salomon, Ber. 1875, 8, 1507; Wallach, ibid. 
1880, 13, 530). 

When treated with ammonia they yield 
mercaptan and xantlmmides (alkylthiocarba- ‘ 
mates) KO CS'NH^. The ethyl salt 

C,HjOCSNH, 

which is known as rantha7nide, has m.p. 40°— 41° 
(Debus, Aiinah'n, 1850, 75, 128; ibid. 1862, 82, 
262; Salomon, J. pr. Chem, 1874, lii.] 8, 116; 
Rosenlicini and Htadler, Zeitsch. anorg. Chem. 
1906, 49, 1). Mixed xanthic* anhydrides have 
been prepared (Richter, Bor. 1916, 49, 1026) 

Xanthic deri vat iv(*s of certain carbohydrates, 
such as starch, have been prepared by first 
saturating the dry powdered carbohydrate ^th 
carbon disulphide and then addmg the required 
quantity of caustic soda solution (Fr. Pat. 
370505, 1906; J. Soc. Chem. Ind. 1907, 267). 
For other literature, see Tschugaeff, Ber. 1900, 
33, 736; Bull. Soc. chim. ItKll, fUi.] 26, 184, 
298, 502 ; Lcuckart, J. pr. Chem. 1890, 41, 

179; Holmberg, ibid. 1905, fii.] 71, 264; Biil* 
inann, Annalen, 1906^ 348, 133; FriedJ&nder 
and I^nk, Ber. 1912, 45, 2083; Biilmann and 
Madson, 8th Inter. Cong. App. Chem. 1912, 25, 
339; Bamberg, Ber. 1913, 46, 1696; Dubsky, 
J. pr. Chem. 1914, [ii.] 90, 61 ; Holmberg, 
Zeitsch. physikal. Chem. 1914, 88, 386 ; Dubsky, 
J. pr. Chem. 1916, fu.] 92, 142 ; Ferrer, Anal. Fk. 
Quim. 1918, 16, 724; Del4pine and Compia, 
Bull. Soc. Chim. 1920, [iv.] 27, 469 

XANTHINE. 2 : 6-dioxypurine 


NH— CO 



was discovered in 1817 hy Maroet in a urinaiiy 
oalculoB and called * xanthic oxide,’ because of 
the yellow residue it left when evaporated to 
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dxynesA with nitrio a»oid. Wohler and Liebig 
analysed the componnd» which they isolated 
from another oalcnlns, and found that it difiercCL 
from uric acid in containing one atom of oxygen 
less in the molecule (Annalen, 1838, 26, 340). 
It occurs in guano (Streoker, ibid, 1861, 118, 
157), to a small extent in urin4, 10,000 litres 
contain 10*11 grms. (Kriiger and Salomon, 
kitsch, physiol. Cliem. 1898, 24, 371 ; 26, 367) ; 
in the muscles, liver, spleen, pancreas, thymus 
and brain (Micko, Zeitsch. Nahr. Gronussm. 1003, 
6, 781 ; 1904, 7, 257). It is also found in the 
actively Rowing tissues of plants, in yeast, tea, 
and seedlings of lupins and malt ; and has been 
isolated, togelhcr with other purine bases, from 
the soil (Schreiner and Shorey, J. Biol. Chem. 
1910, 8, 385). According to *dc Waelc (Chem. 
Zontr. 1913, 11, 619, from Zeitsch. 1mm. expt. 
Therapic, 1913, 18, 11, 410) xanthine is an 
intermediary product in poisoning by nucleo- 
proteins. 

Synthesis , — Xanthine can be prepared by 
heating 2:6: 8-trichloropurinc with sodium 
ethoxido, and reducing the 2 : 6'(liethoxy-8> 
chloropurine either directly by hydrogen iodide, 


or after preliminary hydrolysis, to 2 : 6-d|oxy-8* 
chloropurine (Fischer, Ber. 1897, 30, 2232). 

N«C01 N«0*OEt 

di: <!v-NHv ij— NHv 

II II \cci II II >cca 
NH— CO NH— CO 

-»[’0 C— NH. -xiiO (jl — ^NH. 

I II >0C1 I II >CH 
NH— U N/ NH— C 

Xanthine is also obtained by heating 2 : O'* 
di-iodopurino with hydrochloric acid under 
pressure (Fischer, ibid, 1898, 31, 2550). Traube 
{ibid, 1900, 33, 1371, 3043) has effected the 
synthesis of xanthine from cyanacetyburea ; 
this is converted by the action of alkalis into 
4>amino-2 : 6-dioxypyrimidine which, by the 
action of nitrous acid and subsequent reduc* 
tion, yields 4 : 5-diamino-2 : 6-dioxypyrimidine : 
on heating the sodium salt of the formyl 
derivative of this compound, xanthine is 
obtained. 






NH- CO— C— NH., 
CO— NH— — N^^ 


When uric acid is reduced by nascent formic 
acid, it yields xantliine. This may be effected 
by heating a mixture of uric acid, formic acid, 
chloroform, and alkali on the water bath : or by 
heating a mixture of equal weights of unc acid, 
calcium formate and calcium hvdroxide in a 
combustion furnace until evolution of gas 
begins ; or, more simply and with a yield of 
30^3 .p.c., by heating at 200® uric acid mixed 
with oxalic acid and excess of glvcerol (Sundvik, 
Zeitsch. physiol. Chem. 1897, 23, 476 ; 1898, 26, 
131 ; 1912, 76, 486 ; Skan. Arch. Phyriol. 1911, 
25, 256). Johns and Hogan (J. Biol. Chem. 
1913, 14, 299) obtained xanthine by boiling 
hyTOxanthine-2-thiolacetic acid with 20 p.c. 
hycLrochloric acid. 

The following technical preparation of 
xanthine from thioxanthino is described by 
C. F. Boehringer and Sochne, D.R.PP. 141974, 
142468, 143725. An alkaline solution of isouric 
acid absorbs sulphuretted hydrogen, forming a 
salt of y-thio-0-uric acid, which is converted by 
boUing with mineral acids into thioxanthine 
(2 : 03ioxy-8-thiopurine) ; or the thioxanthino 
may be prepared by warming 4 : 5-diamino- 
2 : 6-dihyaroxypyrimidino with carbon ^ disul- 
phide and potassium hydroxide. On oxidising 
thioxanthine by means of nitrous acid, hydrogen 
dioxide in alkaline solution or manganese 
dioxide in neutral solution, it is converted into 
xanthine. 

s Xanthine is conveniently proiMwed from 
guanine by the action of nitrous acid, or, 
mom readily and with a yield of 60-70 p.c. bv 
heating it in a mflux apparatus for 32 hours with 


25 p.c. hydrochloric acid (Fischer, Ber. 1910. 43, 
805) 

NH !OC— NHv NHCOC— NHv 

II ^CH^l II \CE 
C(NH2) : NC ^N CONH* C ^N^ 

Properties , — Xanthine crystallises with one 
molecule of water which it loses at 125®-130®, 
forming a colourless micro-crystalline powder 
that acquires a waxy lustre by friction ( WSbler 
and Liebig. l,c ,) ; it dissolves in 14,151 parts of 
water at 16® or 1300-1500 parts at 100®. and is 
insoluble in alcohol or ether. It dissolves 
readily in solutions of sodium or potassium 
hydroxides or in ammonia, but is precipitated 
from tho solution by acids, even carbon dioxide. 
Xanthine sublimes slightly when heated, but 
decomposes without melting, yielding carbon di- 
oxide, ammonia, hydrocyanic acid and cyanogen. 

Xanthine is oxidisecl by chlorine oxides or 
chlorine water, yielding alloxan and urea 
(Fischer, Annalen, 1882, 215. 253), 

Milk and certain animal tissues contain a 
xanthine oxy^e^ which is probably identical 
with Schafdinqtr*8 enzyme and with Haas and 
Hill’s (Morgan, Stewart and Hopkins, 

Proc. Boy. Boo. 1922, [B], 94, 109; Haas and 
Hill, Bio-Chem. J. 1923, 17, 671 ; Dixon and 
Thurlow, tm 1924. 18.071,976,989; 1926, 19, 
607,672; 1926,20,703). 

Detection ana estimation , — Xanthine ^ves 
tho mtlroxide reaction when evaporated to 
dryness with chlorine water or hydrochloric add 
and potassium chlorate and the residue moist- 
ened with ammonia solution ; ^his is common]^ 
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called^ WeideFs test* for xanthine^ although 
this author described it as a test for hypo^ 
waiUhine (Annalen, 1871, 158, 865), and Kossel 
shoved that the reaction was due to the presence 
of xanthine, pure kypoxanthine not responding tc 
the test (Zeitsch. phjrsiol. Chem. 1882, 6, 431). 

Xanthine dissolves in hot nitric acid without 
evolution of gas, and the yellow residue obtained 
on cautious evaporation of the acid solution 
turns reddish-yellow on addition of sodium o] 
potassium hydroxide and changes to reddish 
violet on heating. If ammonia be used instead 
of the alkali hydroxides, no violet colour is 
produced, and this test distinguishes xanthine 
from uric acid which gives the murexido reaction 
when similarly treated. 

If dry xanthine be sprinkled on an alkaline 
solution of bleaching powder, each particle 
becomes surrounded with a dark green ring or 
scum which quickly changes to brown and 
finally disappears. Xanthine develops a red 
colour when added to an alkaline solution of 
diazobenzenesulphonic acid. 

Xanthine can be estimated by precipitating 
the insoluble silver compound by means of 
silver nitrate from an ammoniacal solution, and 
estimating the nitrogen present in the carefully 
washed precipitate by the Kjeldahl method; 
or the silver may be estimated gravimetrically 
or volumotricaUy. 

For the separation of xanthine from the 
purine bases in urine or extract of tisbuc«<, see 
Abderhalden's Handbuch der Biochcmischen 
Arbeitsmethoden, vol. iii. part 2, p. 894. Also 
llii^ry (J. Phann. Chim. 1921, 23, 494). 

8^ and derivatives . — Xanthine forms com- 
pounds with certain metallic oxides and salts, 
the compound with silver oxide 
C5H40,N4Ag,0 


I pose at 265% soluble in water or alkalis, insoluble 
m ether, sparingly soluble in alcohol (Burian, 
Ber. 1904, 37, 703). 

S-Chhroxanthine obtained bv 

hydrolysing 2 : 6-diethoxy-8-chloropuriiie with 
hydrochloric {icid, forms a sparingly soluble 
ciystalline powder which blackens without melt- 
ing when heated (Fischer, Ber. 1887, 30, 2236). 

S-Brofnoxanthine CeH3Br02N4 obtained by 
direct bromination at 100®, or by the action of 
nitrous acid on bromoguanine ; is a crystalline 
powder, insoluble in cold, sparingly soluble in 
hot water, insoluble in alcohol or ether, and 
decomposes without melting (Fischer and Reese, 
Annalen, 1883, 221, 343). 

S-Thioxantktne C4H2(SH)02N4, obtained by 
heating 8-bromoxanthiue with potassium hydto* 
gen sulphide solution in a sealed tube at 120® 
(Fincher, Ber. 1898, 31, 433), or by methms 
already referred to in the description of the 
synthesis of xanthine: is a colourless heavy 
crystalline povder which blackens without 
melting on oeiug heated, sparingly soluble in 
concentrated hydrochloric acid and readily 
soluble in alkalis. 

NH-CHj-C-NHv 

Deoxyxanihinc | || 

CO-NH-C3 

obtained by the electrolytic rcduc t ion of xanthine 
dissolved in sulphuric a(‘i(l, using lead electrodes ; 
forms colourless crystals that decompose with- 
out melting after becoming brown at 250® 
(Tafel and Ach, Ber. 1 90 1 , 34 , 1 166). It is very 
readily hydrolysed vhen gently heated with 
acids, 3nelding carbon dioxide, ammonia and 
5-aminomet hyl-4 -iminazolone 

CH*(NH,)CH-NH. 

I Vh 

CO— 


is a floooulent precipitate obtained by precipi- 
tating an ammoniacal solution of xanthine with 
ammoniacal silver nitrate; with silver nitrate 
G0H4O2N4*AgNO3 a flocculent precipitate pre- 
pared by mixing a nitric acid solution of xan- 
thine with silver nitrate solution ; the comjiound 
with lead C0H2O,N4Pb is white and crystal- 
line ; and the compound with barium hydroxide 
OgH4CuN4*Ba(OH)2 is sparingly soluble. Xan- 
thine rorms crystalline salts with the mineral 
adds which are generally readily hydrrdyscd by 
solution in water ; the sulphate 

C0H4O2N4H,SO2,H2O 

crystallises in pearly rhombic plates from hot 
strong sulphuric acid, or in microscopic needles 
from dilute acid ; the hydrochloride 

C4H4O2N4HCI 

orysialltses in warty masses ; the nilrate 
C0H4O2N4'HNO, is precipitated as a heavy 
ctystailine x>owder, when a warm solution of 
xanthme in sodium hydroxide is added to a cold 
solution of nitric acid (2 : 3) ; the periodide 
forms characteristic gr^n 
crystals from alcohol (Linarix, J. Pharm. Chim. 
1^, fvi.1 30, 241). The phospho-tungstate 
omiamses in straw colourol cubical plates 
(XhnkiniiioiBd, Bio-chem. J. 1918, 12, 6): * 

acid 

{C|H.O|N0)NN ; N-C.H4SO0H 
darik fed myjrtolfiiie needles that do not decom- 


Tafcl and Mayer, Ber. 1908, 41, 2546). 

For acyl derivatives of xanthine series, coni- 
x»undB of the general formula 

X'CO'R, X'CO'R CO X, X OO X, 

»vhere X is xanthine or a mono- or dialkyl sub- 
stituted xanthine and li is the radicle of an 
alcohol, phono) or amine, v. Merck (D. R. P. 
290910; J. Soc. Chem. Ind. 1916, 35, 654) ; they 
combine the diuretic action of xanthine witn 
he theraix^utic prop<^rties of the phenol, eto. 

For forniaidi’^hytle derivatives which are of 
herapeutio value, v. Bayer A Co., D. R. P, 
154488 ; and for soluble denvatives, v. Bayer A 
Co.. D. R. P. 264389. M. A. W. 

XANTHIKE (CHRYSANIUKE) ArawiKiB 

VXSTXTFFS 

XANTHOCHROITE v. Grebnoorits. 
XANTHOCREATININE, CHRYSOCBBATI. 
NINE and AMPHICREATININE are the chief 
nc^mbers of the creatinine leuoomaines isolated 
y Gautier from the muscles of large animals ; 
hey are alkaloidal in properties, and when 
administered to animak act more or less power- 
ully on the nerve centres inducing sleep, and 
n some oases vomiting and purging in a manner 
imiJar to the alkaloids of snake poison. These 
>aaes are formed daring life and occur in the 
urine, saliva, and various glandular secretions 
J. Pharm. Chim. [v.] 13, 354, 401 ; Bull Soe, 
him. 48, 16). 

JCanihoereatinine i« tbo most 
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ftb undent of the oreatimne leucomaine group of 
baeee. It waa extracted from muscle bv 
Gfautier and also by Monari (Oazz. ohim* itaf. 
1887, 16, 538) and m»m the urine of the lion by 
Colosanti {ibid. 21, iJ. 188). In chemical proper- 
ties it closely resembles creatinine from \?hich it 
differs in empirical constitution by CH^N. It 
crystallises in light sulphur-yellow spangles 
which have a slightly bitter taste and an odour, 
similar to that of crude acetamide. The base is 
soluble in cold water and can be crystallised 
from boiling alcohol. It is amphoteric in charac- 
ter, turning blue litmus red and red litmus blue. 
It forms a salt with hydrochloric acid which 
yields soluble crystalline double salts, with the 
chlorides of gold, platinum, mercury and zinc. 
The latter comjiound has the formula 
(OsHioN.OaZnClj 

ChryaocreathuTie CBHgON 4 crystallises in 
orange-yellow crystals, is feebly alkaline towards 
litmus paper and has a slightly bitter tastc^ It 
forms a crystalline non -deliquescent hydro- 
chloride, which yields crystalline double salts 
with platinic, auric and zinc chlorides respec- 
tively. 

Ami^icreatinine CgH,g 04 N 7 crystallises from 
boiling water in bright, jiale yellow prisms and 
is less readily soluble than either of the two 
preceding bases. When heated at 110® the 
crystals become colourless and opaque without, 
however, changing their form. It forms a 
crystalline hydrocMoride. The pUUinochlaride is 
soluble in water, and insoluble in alcohol and 
crystallises in lozengc-shaiied plates, and the 
aurichloride is very readily bolunle and crystal- 
lises in microscopic hexahedral and tetrahedral 
crystals, 

XANTHONE. Xanthone or dipheno-y- 
pyrone — 



known also as diphenyhw ketom oxide, &e9izo- 
phenone oxide^ carbodiphenykne oxide OisHeO,, 
was first prepared by Kolbo and Lautermann 
(Annalen, I860, 115, 197), by the action of phos- 
phorus oxychloride on sodium salicylate and has 
been 8ubse<iuei\tly obtained from salicylic acid 
and its derivatives by th<* employment of various 
dehydrating agents. The most convenient 
method consists in distilling a mixture of acetic 
anhydride and salicylic acid (W. H. Perkin, 
Chom. Soo. Trans. 1883, 43, 35 ; c.L also Graebo, 
Annalen, 254, 205), when the higher boiling 
fraction on cooling deposilH crystals t)f xanthone. 
During the reaction sonu' phenol is i)roduced and 
is indeed found to some extent in the distillate, 
and the reaction though probably more complex, 
may be considered to consist of the oondensation 
of phenol and salicylic acid with formation of the 
xanthone. See also Dhar (Chero. Soo. Trans. 
1920, U7, 1055). 



Phenyl salicylate (Biefert, J. f. prakt» Chem. 
lii] 31, 472) by long digestion at the boiling 
temperature yields xanthone, and it is also pro* 
ducM when salicylic acid phenyl ether 

000 H-CeH 40 C 4 H. 

is warmed with salj^uric add (Graebe, Ber. 21, 
503). Other methods of this type have been 
described by Richter (J. f. prakt. Chem. [iL] 28, 
275), Jeitoles (Monatsh. 1 7, 66), Staedel (Annalen, 
283, 179), Goldschmiedt (Monatsh. 4, 123), and 
Klepl (J. f. prakt. Chem. [ii.] 28, 217). Fosse 
(Compt.rend. 1903, 136, 1006) has also obtained 
xanthones by wanning the phosphoric esteiz of 
phenols with potassium carbonate. For the 
theory of xanthone formation the paper of 
Strohbaeh (Ber. 1902, 34, 4136) shomd be 
consulted. Ulbnann and Zlokasoff {ibid, 1905, 
2111), by the interaction of sodium phenoxide 
and sodium o-ehlorobenzoate in the presence of 
copper powder, obtained o-phenoxyfaenzoio acid 
(1) which by elimination of water passes into 
xanthone (2). 



Xanthones of the anthraquinone series can 
be prepared by the action of condensing agents 
on phenyl, naphthyl, or anthraquinonyl esters 
of l-hydboxyanthraquinoue 2-carboxylic acids 
(D. R. P. 251696). 

Xanthone crystallises in long colourless 
needles, m.p. 173®-174® and dissolves in sul- 
phuric acid to form a blue fluorescent liquid. 
The oxonium salts xanthone kydrbbfvmide 
CjisHgOjBr and xanthone atannichloride 
(^i»^«^*)*SnCl4 

have been obtained by Gomberg and Cone 
(Annalen, 1910, 376, 183). By distillation with 
zinc-dust or by the action of fuming hydriodio 
acid at 160®, it is converted into xantiusne 
(methylene diphenylene oxide) or dipheno- 



w'hich may also be regarded as the anhydride of 
2*2^-dihydroxydiphcnylmethane. By oxidation 
with chromic acia, xanthone can be reproduced 
(Morz and Weith, Ber. 14, 192). With boiling 
alcoholic soda and zgic-dust xanthone gives 
xanthydrol (Meyer and Paul, Ber. 1893, 26, 
1276)— 



and with zinc-dust and acetic acid dioxy- 
xanthyUne (Gurgenganz and v. Kosianecki, Bw. 
1895, 28, 2310) is produced — 


.C4H4 
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Fn^n witb alkali gireB MfUkonie aM, di- aod diAiawHiAMM— 
l^drosybenzophenone 


o 


and from this by means of dehydrating agents 
ximthone can again be reproduced, ^e dis- 
ruption of the y-pyrone ring in this manner by 
the action of hydrolytic agents is characteristic 
of compounds containing tliis and the y-pyran 
nucleus. In the flavone group this hydrolysis 
takes place even more readily, and to this to 
some extent may no doubt be ascribed the lack 
of permanence of these colouring matters when 
applied to fabrics as compared witb those of the 
anthxaquinone ^up. 

Interesting is the fact that when ketone 
colouring matters, and indeed all hydroxy- 
ketones, are alkylated in the usual manner with 
alkyl iodide and alcoholic potash, the hvdroxyi 
in the ortho position to the carbonyl group 
remains unaffected, a fact which may be con- 
sidered as an example of steric hindrance. This, 
at first pointed out by Herzig (Monatsh. 12, 161) 
in connection with the ethylation of euxanthone 
(dihydroxyxanthone) and quercetin, was observed 
by V. Ko^necki and Dreher (Bcr. 1893, 26, 71) 
to be the property of all xanthones containing 
hydroxyls in the position 1 or 8 

/^/^\/^ 

I? I I SI 

and the non-reactivity of the hydroxyl in this 
position has served in many cases as an indication 
of the presence of a carbonyl group. Such 
partiallv methylated compounds are as a rule, 
soluble in aqueous al^li, but give with 
alcoholic potash insoluble salts, which are 
readily hydrolysed with water. It has, however, 
been shown by Perkin in special instances that 
the alkylation of this hydroxyl group can be 
readily effected if a considerable excess of the 
reagents be employed, and it is probable that 
method is of a general applii*aiion (Chem. 
Soc. Trans. 1913, 103, 1632). 

9k-Diruirtmniiume, m.p. 190^ (Richter, lx,; 
&raebe, /.e.), b-dinitroxanihanef m.p. 262' 
(Perkin, Chem. Soc. Trans. 43, 189), a-dtamtno- 
mnthone, m.p. 209^ (Graebe), h-diaminoxanthtme 
(Perkin), aearUhone dt^ndphonic acid (Perkin,) 
ffi0fi<^09iUttafi<Aon€, m.p. 125^-127'’ (Graebe), 
dibrofiioaxiiKAoae, m.p. ^2*’ tPerkin), xanthenf. 
phenyUmine^ m.p. 134^-1 35^ and xanihene 
oximt (Graebe and Roder, Ber. 32, 1689) have 
been directly prepared ftom xanibone. 

Z-Nitro-xantheme^ m.p. 176% Z-chloromntiume^ 
soup. 171^ (Ullmann and Wagner, Annalen, 1907, 
355, 359), Z-aminoxanthonCt ro.p. 232% Zmtlhory- 
wanthone^ m.p. 129*^, Z hydrcoryxafUhonef m.p. 
243% l-hyd/roxyxarUkontt ni.p. 147^ (Ullmann 
and Panohaud, ibid, 350, 108), ZA^dinUm* 
iWUheme^ m.p. 206^ (Ullmann, ibtd, 1909, 36t», 
79)» 4t^'Ch[oroxa7Uhone, m.p. 130% 4-2^omo- 
smAcme, m.p. 126^ (Goml^ and Cone, Aid, 
1909» 370, 142), xarUhume, m.p. 156® (Giaebe 
andRfider)- 


have been obtained indirectly. 

The following derivatives have also been 
prepared : — Ootochloroxanthone, m.p. 324^ 

(Eckert and Steiner, Monatsh. 1915, 36, 175); 
1-chloroxanthone, m.p. 100® ; 2-chlQrozantlione, 
m.p. 165®: dichloroxanthone, m.p. 225®; 2- 
bromoxanthone, m.p. 150^ ; tetrabromoxan* 
thone, m.p. 298®; nexabromoxanthone, m.p. 
308® ; l-nitrobromoxanthone. m.p. 210® ; 2*iutro- 
xanthone, m.p. 200®; 4-nitroxanthone, m.p, 
127®; 2 : 3 : 7-trinitroxanthone, m.p. 206®; 
isomeric tetranitroxanthones, ]9-nitroaininoxte- 
thone, m.p 266®, ^ving an acetyl derivative, sa p. 
above 300% a-nitroaminoxanthone, m.p. 30#- 
206®, giving an acetyl derivative, m.p. above 30(0^; 
dinitroaminoxanthone, m.p. with decomposition 
205®-210®; a-dinitroxanthhydrol, m.p. 185®^ 
/5-dinitroxanthhydrol, m.p. 196®; nitroxantho^ 
qninolme, m.p. 206®-210® ; dibromodinitroA 
xanthone, m.p. 236®-237®; tetrabromodinitro* 
xanthone, m.p. 300% 2-chlorotetranitroxan* 
Uione, m.p. 205'"; 4-chlorot(^tranitrozanthone, 
m.p. 235®, 4-chlorodinitroxanthone, m.p. 195®- 
200®; dichlorodinitroxanthonc, m.p. 240®; 2- 
bromo-o-tetranitroxanthono, m.p. 210®; 2-bro« 
mo-jS-tetranitroxanthone, m.p. 212®; 1-anillno- 
xanthone, m.p. 120®-125''; dibromodiinilino- 
xan thone Cl 140®-145®; 
hexaanilino xanthone, m.p. 180®-183®, phenyl* 
iminodinitroxanthone(\ 3 H 80 (NO^)i ; NPh, m.n. 
170®-175®: /5-nitroxanthone-azo-j3-naphthol, /}• 
nitroxanthone-azo : 1 : 5 : dihydroxjpaphthalene, 
a-nitroxanihone-azo-phenol, dinitroxanthone* 
azo-fi-naphthol, m.p. 270® (Dhar, Chem. Soo 
Trans. 1916, 109, 744; ibid, 1920, 117, 998, and 
1063); 8-h3*drozy-2:3-quinoxanthone audits 
derivatives (Dean and Nierenstein, Chem. Soo. 
Trans. 1920, 117, 802). Xanthone 4-carboxylio 
acid, m.p. 289®, its derivatives and salts 
(Anschutz and Cloasen, Ber. 1922, 65, [BJ 680); 
5:6: 7.trichloro-2-mothylxanthono 8-cartK>xyiio 
acid (Ullmann and Schmidt, Ber. 1919, 52, [B] 
2098); 2;3;4trichloro-C-hydroxyxanthons 1- 
carboxylic a<»id, m.p. 270'" -280®, aod its silts 
(Omdorff and Adamson, J. Amer. Chem. Soo. 
1918, 40, 1235) ; 3-bromo 2-methylxanthoiie, 
m.p. 146®; 3-bromo-xanthone 2-carboxylio aoid, 
m.p 338'"-340^, its methyl ester, m.p. 154®- 
155 . Dixanthono 

m.p. 353 ‘. by beating 4 : b-diphenoxyiwpIitlMlie 
add witb cone. HiSO,; S-anilinoxan thone 
2-carboxyIio acid, m.p. 3t0”-318'% the acid 
chloride of which giToa with AlCI, th» aeri. 
done xanthone 
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2 : S^diphenoxyterephthalio aoid givaa the di- 
zanthone 



(Eckert and Seidel, J. pr. Chem. 1921, [ii] 102, 
338); 1 :4-dichloroxanthone, m.p 159^-16r ; 
4-cmoro-l-methoxyxanthone, m.p. 156-158°; 4- 
chloro- 1 -hydroxyxanthone, m.p. 156° ; 4:4 '-di- 
chloro-1 : 1^-dixanthonoyl, m.p. 290°, which on 
reduction gives the pinacone, m.p. 276°-278° 



from this meso-benzdixanthyleno, m.p. 236°- 
237°, dixanthonoyl and mosonaphthidianthy' 
lene, m.p. 140°-150" 



were obtained (Eckert and Eiidlor, J. pr. (*hcm. 
1922, [ii] 104, 91). 7-Chloro-2-methylxanthone 
8*carboxylic acid, m.p, 286° (corr. decomp.); 
7-chloro-2-mothylxautlione, m.p, 169° (coir.) ; 
7-phcnoxy-2-me*thyl-\anthono 8-carboxylio 
aoid, m.p. 270''-280 (corr ) ; 2-methyl-dixan- 
thone, m.p. 249°-252° (decomp.); 7-aniliiiO'2- 
methyl-xanthono, m.j) 255-259° (corr,); 7- 
chloro-N-phenyl-2-metliyl-p>Tidazonexanthone, 
m.p. 264°-268° (corr.) 

N— Ph 

/ '"N 


Cl, 


CO 




Me 




and the 5-chloro compound, m.p. 206°>271° 
(corr.) (V. dem Kneseteok and Ulimann, Ber. 
1922, 5% [Bl 306) hayaalso been obtained. 

A general method for the preparation of the 
hvdroxyxanthones consists of distilling a mixture 
of a phenol and an o-hydroxy-oorboxylio acid 
with acetic anhydride, and inis has been em< 
ployed in numerous ^nthesos. In this manner 
hApdrwpimnlAoM (Michael, Amer. Chem. Soc. 
5, 91 ; Graebe, Annalen, 54, 590), m.p. 146°- 

147^ 2»hyd/roxymnthom (v. Kostaneoki and 

Rtttishatter, Bor. 25, 1648), m.]^231°, ^-hyd;roxy- 
Mtittaiie (V. Kostaneoki and Butishauer), m.p. 

224^ (v« Kostaneoki and 

Kessler, Ber. 34, 3981), m.p. 243°, 

Von Vtt-r. 


hydroxyxatiOuim (isoeuxanihone) (v. Kostaneoki, 
ibid. 18, 1986), m.p. 243°, Nishikawa and 
Robinson (Chem. Soc. Trans. 1922, 121, 841) 
gave m.p. 259^ 2 : 5-dihydroxyxanUume (v. Kos- 
tanecki, ibid. 27, 1991), m.p. 280°, and gentUin 
and ettxanihone, the two natural representatives 
of this group, have been prepared. 

These latter are both feeble dyestufb, and 
this is explained by the fact that they do not 
possess two hydroxyls in the ortho position 
lelatively to one another. Graebe and Eichen- 
grun (Ber. 1891, 24, 969) obtained such a com- 
pound (1), 3.4-dihydroxy-xanthone by heating 
2.3.4.2^-tetrahydroxy>benzophenone (2) with 
water at 180°-220°— 



OH 

This melts at 240°, is a strong dyestuff giving 
an aluminium mordant yellow, and on iron 
mordant greyish- black shades. The position 
of the ortho-hydroxyl grouping is, hoaever, of 
importance in that the 2.3-dihydroxy-xanthone 
of Liobcnnann and Lindenbaum (Ber. 1904, 37, 
2728)— 



and which is produced by the interaction of 
hydroxy-quiuol and salicylic anhydride in the 
presence of sulphuric acid, is practically devoid 
of dyeing property. As is well known, a similar 
distinction is to be observed between alizarine 
(1) and hystazarine (2) — 



“CCO: 


and it is of interest thai similar rules (cf. lieber* 
mann and v. Kostaneoki) to those which aie 
applicable to the hyckoxy-anthraquinone dve- 
stuffs, also hold good wiUi the xanthone colonmw 
matters. On the other hand, it will be observed, 
notably in the liavonol group of colouring 
matters, that ortho hydroxyls are not entirely 
essential for dyeing property. The statement 
by Tschirch and Polacco (Arch. Phatm. 1900, 
238, 459) that a trihydroxy-xanthone rhamno- 
citrin occurs in the berries of the JRhammi» 
cfUhartkua has been shown by Oesch and Perkin 
(Chem. Soc. Trans. 1914, 105, 2350) to be 
incorrect A. Q. P. 

XANTHORHAMNIN v. Glucosxdbs; Px»* 

SIAN BSBRUBS. 

XANTHORRHOBA RBSINS or BAUAMB 

V . Balsam. # 

• " * 
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ZANTH05TER0L OgaH^oO is obtained hj 
eixtraoting the bark of XanUuixylum Budrunffa 
with light petroleum. Slender white needles, 
in.p. 213^-214° For colour reactions and 
derivatives, see Dieterle, Arch. Fharm. 1019, 
267, 260; Chem. Soo. Abstr. 1020, i. 42; c/. 
Dieterle, Arch. Pharm. 1922, 250, 244). Accord- 
ing to Ult4e, xanthosterol is identical with 
lupeol, as is also the phytostcrol of Oestling from 
Fagara oxitUhoxyloideSf Lam. 

XANTHOXYLUM ESSENTIAL OILS (Simon- 
sen and Bau, Indian Forest Kec. 1022, 9, 111) 
The seeds of Z. alaluvi, Hoxb., yield an oil con- 
taining over 8o p.c. of La-phellandrene, together 
with small amounts of linalool and a sosquitor 
pene. The oil obtained from the seeds of 
Z. acanthopodium, DC., has sp.gr. 0*8837 at 
30®; la]p»®=+6*64®; sapon. 

value, 60*79; sapon. value after acetylation. 
242*5. The chief constituents are dipi'ntene. 
methyl cinnamate, and over 50 p.c. of linalool 
in addition to l-a-phcllandrcne and a small 
quantity of an aldehyde or ketone and a mixture 
of fatty acids. 

Z. Budmnga, Wall., seeds yield an oil ap 
patently identical vith that found by Scmmle 
to occur in Z. alatum The terpene present is 
l-sabinene, in addition to small quantities 
(Lautermann) of terpinene (J. 8oc. Chem. Ind 
Jan. 12, 1923, 30 A). 

XANTHYDROL C„HioO, or 0<" * >^H*OH. 

I’repared by slowly adding zinc dust to a boiling 
mixture of xanthone ( lOgrois.), NaOH (40 grms.), 
and alcohol (400 c.c ). Precipitated in minute 
needles on adding water (R. Meyer and Saul, 
Bar. 1893, 26, 1276). Decomposes on molting. 
Reproduces xanthone on heating in the air. If 
a methyl -alcoholic solution of xanthydnil is 
mixed with an aqueous solution of urea to which 
a large excess of acetic acid has been added and 
the mixture allowed to stand for tvo hours 
dixanthydryl-urea (0[C4H4],CH*NH)/’0 wdl 
be deposited. The weight of this substance, 
after washing with alcohol and drying, may be 
used for estimating the amount of urea in a 
eolation (Fosse, Hag^ne and Dubois, Compt. 
•rend. 1924, 79, 214 ; J. Soc. Chem. Ind. 1924, 
43, B. 731). Dulcin and saccharin also form 
oryetaUine condensation products nith xan- 
thydrol (c/ Vol. vi. p. 4). 

XARA. Trade name for aoctyl-salic vlic acid. 

XAXAQUIN. Trade name for quinine acetyl- 
ealicylate. * 

XENON. Sym. X. At.wt. 130*2. 

An inert gas, discovered along with krypton 
in the final residues obtained after evaporating 
oonsiderablc quantities of liquid air (Ramsay 
and Travers, Proc. Roy. Soc. 1898, 63, 405). 
For t he se paration of xenon from these residues, 
V* KaTFTOK. Xenon may also be separated by 
naasing a current of air through a spiral tube 
filled with glass wool and immersed in liquid 
air (Dewar, ibid. 1901, 08, 300). Xenon occurs 
in the gases evolved from many thermal springs 
l-epaiio, Compt rend. 1909, 149, 

Xenon is the least volatile and least abundant 
of the inert gases which exist in the atmosphere, 
Wng l^nt qnly to the extent of 1 part in 
WO miBion pans of air by volume (Ramsay, 


Pros. Rov. Soo. 1903, 71, 421 ; 1908, 80, A, 
599). It boils at —109*1®, at which temperature 
Its density is 3*063 and its atomic volume 42*7. 
The critical temperature is +16*6®, the critical 
iiessure 58*2 atmospheres, and the critical 
tensity 1*115 gnus, per c.c. The * rectilinear 
diameter ’ is given by the equation 

Di=l*205-0*003065« 

where Di=mean density of liquid and saturated 
vapour at I®C. (Patterson, Cripps and Whytlaw- 
Gray, Proc. Roy. Soc. 1012, A, 579). At the 
temperature of liquid air xenon readily solidifies 
(Ramsay and Travers, Proc. Roy. Soc. 1901, 
67, 329). 

At N.T.P. 1 litre of xenon weighs 5*851 
grms.; its density is thoiefore 65*35 (0»16) 
(Moore, Chem. Soc. Trans. 1908, 93, BlSl ; 
Watson, ibid. 1910, 97, 833). The r^^tive 
index at N.T.P. for the green mercur3\ line 
(A=5461) is 1*0007055 (CHithbertson and <mth- 
bertson, Proc. Roy. Soc. 1908, 81, A, 440; 
1910, 84, A, 13). At 20® the absorption edefli- 
ciciii is 0*1109 (Antropofi, ibid. 1910, 83, A, 
474; Zeitsch. Eiektrochem. 1919, 25, 269). 
For the spectrum of xenon v. Boly (Phil. Trans. 
1903, A, 202, 183) ; Liveing and Dewar (Proc. 
Roy. Soc. 1901, 68, 389 ; Merril, Bur. Standards, 
Bull. 1919, 15, 251 ; Collie, l*roc. Roy. Soc. 
1920, f A] 97, 349). 

Xenon is monatomic since the ratio of its 
specific heats is 1*66 (liamsay). Xenon would 
appear to be a mixture of LsoOqies, with definite 
evidence of five isotopes of masses 129, 131, 132, 
134 and 136, and with distinct indications of 
a sixth component, 128, present in smaller 
quantity. It is possible also that there is a 
seventh isotojie of mass 130 (Aston). For 
regularities in the xenon spectrum, see Sommer, 
Zeitsch. Physik. 1923, 13, 85. 

XENOTIME, Yttrium orthophosphate 
YPO4 crystallised in the teti agonal system. 
The crystals resemble in habit and also closely 
in intenacial angles those of cassiU^rite, rutile, 
zircon, thorite, tapiolite, Ac. Crystals of xeno- 
time and zircon intergrown in parallel lotion 
have been obser\*ed. There is a good cleavage 
parallel to the faces of the square prism. 8p.p. 
4 *4-4 *6; H. 4-5; colour usually brownish with 
resinous lustre ; insoluble in acids. The 
yttrium eartlis arc rich in erbia, xenotime being 
one <d the principal sources of this rare-earth. 
C(»rium earths are also presc^nt in small amount, 
but only occasionally thoria (c/. Mokaxitx). 
Curiously, however, a eupposed new earth 
(afterwards proved to be basic yttrium phos- 
phate) in xenotime was called thoria by Berzelius 
in 1815— « name lat<*r transferred to the earth 
that he dis(*ovcred in 1 8^9 in thoriUs Sulphuric 
anhydride in small amount is sometimes present 
in xenotime. The mineral occurs as single 
crystals scattered in pegmatite and granitic 
rocks, and is of wide attribution, though Isas 
common than monazite. It is found in sands 
derived from ihtm rocks, iiiclodinx monasita 
sands. Rough opaque crystals with the form 
of low tetragonal bipyramids, up to an inch 
across, are found in the felspar quarries at 
several places in the south of Norway. Small 
transparent etysUds of prismatio habft am mel 
with in the diamondSterous sands of IBtiaa 
Geraes and Bahia in Bradl. Ii, J. B* 
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XyLAK a sutetanca oontdbed in 

wteat attaw and com cobs. To obtain it» air 
dried wheat straw la treated in the cold with if 
dilute solution of ammonia for 24 hours, and 

ammoniaoal solution removed by decanta- 
tion. The residue, after washing with water, 
is immersed in a 7 p.c. solution of sodium 
hydroxide for 48 hours, and the extract filtered 
through a silk cloth. To the clear brown- 
coloured solution an equal volume of 98 p.c. 
alcohol is added with constant stirring, when 
the xylan is precipitated, collected and washed 
with dilute alcohol, again dissolved in 7 p.c. 
sodium hydroxide solution and reprecipitated 
with alcohol. The separated xylan is treated 
with dilute hydrochloric acid, washed with 
dilute alcohol, and subsequently with ether and 
dried over sulphuric acid in xvicud. The yield is 
about 16-17 p.c. (Allen and Tollcns, Ann. 
1890, 260, 290 ; Komatsu and Kasliima, Menu 
Coll, of Science, Kyoto Imp. Univ. 1022, 6, 
15] 307 ; Heuser and Braden, J. pr. Chem. 1922, 
[ii.l 104, 260. 

Xylan is a light yellow amorphous sub- 
stance, easily .soluble in alkaline solutions -with 
a specific rotation faljj-- —78*" in 2*6 p.c. sodium 
hydroxide solution. Insoluble in water and 
alcohol. Aeadily hydrolysed to liBvo-xylose 
when heated with 1*5 p.c. hydrochloric acid 
(c/. Heuser and Brunner, J. pr. Chem. 1922, fii.l 
104, 264). Gives a monoaeetyl (C5H,04,CH8C0) 
and diacetyl derivative (C5H804.(CH 300)2 
when treated with acetyl chloride, or with glacial 
acetic acid, and acetic anhydride in presence of 
a catalyst. They are light yellow amorphous 
powders, soluble in chloroform but insoluble 
in alcohol or other. Soluble in sodium hydroxide 
solution (Komatsu and Kashima, Lc. ; B6<^seken, 
van der Beig, and Kerstjens, liec. trav. chim. 
1916, 36, 320; Bader, J. Chem. Soc. 1896, 70, 
1336). 

For methyl others of xylan, see Heuser and 
Rappel, Bor. 1022, 55, 2084 ; acetyl derivatives, 
Heuser and Schlosser, Ber. 1923, 66, [B] 302. 

For the coastitut ion of xylan, see S. Komatsu, 
T. Inoue and R. Nakai, The Memoirs of the 
College of Science, Kyoto Imperial University, 
Series A. vol. vii. No, *1923. 

For the products of its dry distillation, see 
Heuser and Scherer, Bremnstoff Chem, 1023, 
4, 97; J. Soc. Chem. Ind. May 11, 1923, 
393 A. 

For the hydrolysis of xylan by means of 
dilute nitric acid, see K. Heuser ana Q. Jayme, 
J. prakt. Chem. 1923, [ii.] 105, 232-242, 283-287. 

XYLENES, Dimeihfflbenzenea, • 

CgHjo ov CgH4(CHg)g 

A hydrocarbon CgHio, m reality a mixture, was 
isolated by various uivcstigators from the 
fraction of coal tar, or wood tar, boiling 
between 137*5*’ and 142*’ (Cahours, Compt. rend. 
1850, 30, 319 ; Voelckel, Ann. 1853. 86, 331 ; 
Reissig, Zoitsch. fur anal. Chem. 1864, 3, 9 ; 
Ritthausen, J. pr. Chem. 1854, 61, 74 ; Church, 
Phil. Mag. (4), 9, 463; Warren and Storer, 
JT. jpr. Chem. 1867, 102, 436; Fit tig, Koelbrich 
and Jilke, Ann. 1868, 145, 129; Bull. Boo. 
ohitt. 1869, 11, 78; de la Rue and Miiller, 
J. CSiem. 1867, 70, 300; Bussenius and 
Slseoitii^, Ann. I860, 113, 151 ; MtiUer, Zeitsch. 
tOhem. 1864, 161). 


Fitiig (Ann. 1870, 153, 265; Bull. Soc. 
ohim. 1869, 12, 306) showed that the enuie 
xylene from coal tar contained two isomerio 
hydrocarbons : which he had previously 

obtained by distilling mesitylenic acid with 
lime, and p-ry/ins, which he had prepared by 
the action of sodium on a mixture of cruoe 
bromotoluene and methyl iodide. Later, Jacob- 
sen (Ber. 1877, 10, 1010) isolated the third iso- 
meride from coal tar, viz. o-a;yfene, which had 
previously been prepared by Fittig and Bieber 
(Ann. 1870, 156, 239), by distilling p-xylic acid 
with lime. 

Of the xylenes found in coal tar and wood 
tar, the m-isomoride exists in the greatest 
quantity, although the relative proportions of 
the three isomerides varies both with the material 
distilled and the temperature at which the 
distillation is conducted. 

o-Xyleno with about 5 p.c. of p-xylene is 
formed when methyl chloride is pass^ into 
warm toluene in presence of aluminium chloride. 
Xylenes are formed also, together with other 
hydrocarbons, when the vapour of turpentine 
oil is passed through a red-hot tube or when 
cymene vapour is passed through a red^t 
tube, a large quantity of naphthalene, benzene 
and other hydrocarlwns being formed at the 
same time (Berthelot, Bull. chim. 1867, 
7, 229). Toluene and xylene have been Lsolated 
from petroleum fractions by means of liquid 
sulphur dioxide (Tauz and Stuber, Zeitsch. 
angew. Chem. 1919, 32, 175). 

Wiien cracked at 760**, 100 galls, of oU 
derived from Pennsylvania crude petroleum 
yielded 3*3 galls, of benzene, 3*2 galls, of toluene, 
and 2*5 galls, of xylene, the maximum amount 
of xylene in the recovered oil being 6*8 p.c. at 
815® (Egloff and Twomey, Met. & Chem. 
Eng. 1916, 15, 16 ; J. Phys. Chem. 1916, 20. 
121). Fur the formation of the xylenes in 
pyri^onic acetylene condensations, see Meyer 
and Fricke, Ber. 1914, 47, 2765 ; Meyer and Meyer, 
Ber. 1918, 51, 1571). 

In order to separate the isomerides, a com- 
mercial xylene, boiling at about 140% and freed 
from phenols and l^es by treatment with 
alkali and acid, is used. If only the m-iso* 
merido, which is of chief technical importances 
is required, the mixture is boiled with dilute 
nitric acid (1 part of commercial acid, D 1*4, 
and 2 parts of water) ; the o- andp-xylenes are 
converted into acids, whilst the fn-isomeride is 
scarcely attacked (Fittig and Velguth, Ann. 
1868, 148, 10). The product is distilled with 
steam, the distillate shaken with alkali to renlove 
acids and nitro-xvlenesf then dried and distilkd. 
o-Xylone is slowly attacked in open vessels by 
nitric acid (D 1*075), but more readily by 
nitric acid (D 1*1). 

Under the same conditions p-xylene is at* 
tacked more readily, and tn-xylene with greatei^ 
difficulty. This behaviour leads to a modifica- 
tion of Fittiff and Velguth’s method for pmrifytog 
in-xylene, which is bmt carried out by bouiM 
and constantly alwii^ the crude xylene with 
nitric acid (I) 1*075), the concentration being 
kept cofistant by addition of acid. The nkm 
groups are eliminated subsequently by trealfog 
the product with aqueous potassium 
(Konowaloff, J. Russ, Phys. QbesGh Soe. ItOSn 
37, 530, 537). Jacobsen (Ber. 1877, 10^ IMOp 
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1878» 11» 17) has described a method by which 
the three isomeiides maybe isolated from coal- 
tar aylene. The crude xylene is shaken in the 
cold with concentrated sulphuric acid, when 
p-i^lene is scarcely attacked, whilst the o- and 
m-isomeridcs are converted into their sulphonic 
acids and dissolve in the acid. 

In order to obtain the o- and m-xylenes, 
the acid solution is treated with calcium car- 
bonate, filtered from calcium sulphate, the 
filtrate, containing the calcium sulphonates, is 
precipitated with sodium carbonate, and the 
sodium sulphonates allowed to crystallise. 
Sodium o-xyleno sulphonato separates first, 
whilst the sodium salts of the two isomeric 
fu-iylene sulphonic acids remain in solution. 

In order to purify the p-xylene, it is warmed 
gentlv with fuming sulphuric acid, in which it 
dissolves, leaving behind a paraffin and other 
impurities. The three xjdenes arc then re- 
generated from their sulphonic acids by hydro- 
lysis with concentrated hydiochloric acid at 
195° (c/. Armstrong and Miller, Chem. Soc. Trans. 
1884, 45, 151). 

Wroblewsky (Ber. 1879, 12, 122G; Ann. 
1881> 207, 91) separated o-xjdene from its 
fn-isomeride by converting the mixture into the 
corresponding xylidines, followed by acetylation 
with glacial acetic acid for 3 days. The f ract ion, 
b.p. above 320°, consists of acoto-fn-xylidide, 
and the fraction, distilling up to 310°, consists 
of water, acetic acid, and unchanged o-xylidinc. 
Tins method of separation is stated to yield 
better results than that of Jacobsen. 

Nolting and Palmer (Ber. 1891, 24, 19«>5) 
have shown that commercial xylene contains 
ethylbenzene, and that in Jacobsen's method 
of separation the p-xylenc obtained is mixed 
with this hydrocarbon (aee also Moore and Koaf, 
Proo. Roy. Soc, 1908, B, 77, 80; Ward, Proc. 
Cambridge Phil. Soc. 1905, 13, 81 ; Stohmann, 
J. pr. Chem. 1887, (2) 35, 41). Moreo\cr, 
Oalts (Compt. rend. 1892, 114, 1110) and 
Clarke and Taylor (J. Amer. Chem. Sue. 1923, 
45, 830} have found that p-xylene is sulphouated 
readily, even in the cold, by 95 p.c. sulphuric 
acid. 

Levinstein (J. Soc. Qicm. Ind« 1884, 3, 
77, 354; Ber. 1884, 17, 444) has estimated 
in-xylene in crude xylene by heating 100 c.c. 
of the crude material at 100° with dilute nitric 
acid (40 c.c. acid 80°Tw., and GO c.c, of water) 
for i-14 hours, or until fumes are no longer 
evolved The hydrocarbons are separateri 
from the acid, treated with an excess of sodium 
hydroxide and steam distilled, or thoroughly 
washed with sodium h^oxide to remove the 
toluic acid or nitro-toluic acids formed. The 
m-xyiene and paraffins contained in the dis- 
tillate axe separated from tiie aqueous layer, 
treated with times the volume of concentrated 
sulphuric acid, when the m-xylene is dissolved. 
In order to estimate p-xylcue, 100 c.c. of the 
erode xylene are shaken u ith 120 c.c. of concen- 
trated sulphuric acid to dissolve the o- and 
m-isomerioes. The volume of the residual 
p-xylene and other hydrocarbons having been 
HiOt^ the liquid is then treated with An equal 
bulk of fuming sulphuric arid (20 p.o. to 
dtaolve the p-xylene. The p-xylene may also 
be sepamted fi;giii the paraffins without con- 
vorttfig the former into its sulphonic acid. 


This il effected by steam distillation and 
fractionation, the fiMtion boiling b^ow 138° 
^n keeping in a freezing mixture depots pure 
p-xylene. This method does not give good 
results with a very impure product, as toluene, 
oymene, &o., are all attacked by nitrio acid 
and sulphuric acid; and in such cases it is 
better to convert the o- and i»-xylene sulphonic 
acids into their sodium salts, which can be 
separated by recrysiallisaiion. 

The accuracy of the above methods has been 
questioned by Reuter (Ber. 1884, 17, 2028), 
for it has been shown by Bruckner (Ber. 187G, 
9, 40G), Wroblewsky (Ber. 1879, 12, 1226), 
Ador and Rilliet (Ber. 1879, 12, 2300), that pure 
fii-xylcne cannot be obtained by treatii^ a 
mixture of xylenes with dilute nitric acid, 
whilst stronger acid, as recommended by Levin- 
stein, attacl^ m-xylcne, although more sldwly 
than the isomerides. A full account of Eeu^^s 
method (Chem. Zeit. 1889, 13, 830, 850) ^or 
separating o-, m-, and p-xylone is given rin 
J. Soc. Chem. Ind. 1 889, 8, 874. The method 
employed by Friedel and Crafts (Compt. rend. 
1885, 101, 1218; 1891,114, 1110; see also Eng. 
Pat. 86G5 of 1898) for sepaiating ethylbenzene 
and the three xylenes depends upon the fact that 
dry bromine containing 1 p.c. of iodine converts 
all the xylenes coinpletmy into tetrabromo- 
derivatives, and ethylbenzene into a dibromo- 
derivative, and the same authors give a method 
of separating the xylene by means of sulphuric 
acid, for the details of which the original com- 
munications should be consulted. 

It is thus seen that the above methods for 
the separation of the xylenes arc both contra- 
dictory and unsallsfactoiy'. A more recent 
methem of separation has been worked out by 
Clarke and Taylor (J. Amer. Chem. tioc. 1923, 
45, 830), and consists of four senes of opera- 
tions: (1) fractional distiilatiun ; (2) selective 
sulphonation ; (3) fractional cr}*stallisation of 
sulphonic acids or their salts; (4) selective 
hydrolysis of the sulphonic acids at difforimt 
temperatuh*8. m -Xylene, which forms by far 

the largest proportion of coal-tar xylene, can 
be obtained in a high state of purity by distil- 
lation alone. The isomeric o- and p- xylenes 
may be removed bv boiling the mixture with 
dilute nitric acid. Tlie product is then washed 
with uater and alkali, distilled first in a 
current of steam, and iinoiiy under atmoiroheiio 
pressure with the use of a fractionating eoiumn. 
The hydrocarbon is then sulphonaicd by stirring 
at 95° with iialf its volume of conoentrateu 
sulphuric acid, the resulting acid solution sepa- 
rated from unsulphonated material, diluted 
with an equal volume of concentrated sul^urio 
acid and twice its volume of water, and disiiUed 
in a current of steam with the aid of heat to 
increase the oonoentration and imlse tibe 
temperature. The first runnings oonsist of 
water and susjK'nded unsulphonated hvdxo- 
carbons, the fraction distilling between 
120° is pure m-xylene, b.p. 138°«-139°. Pore 
o-xylene may bo obtained from oommaroiai 
o-xylene (95 p.c. of which distils at 143^-^144^ 
by treating 5 litres (4400 gmj of the tatter with 
2f litres" of concentrated sulphurio acid ai 0$** 
for four hours with stining. Alter oooltlim 
the layer of unsulphonated niateriai Is tmiioveOt 
and the eutphonie acid layer is diluted ivtth 
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3 litres of mter and nentralised with 40 p.c. 
sodium hydride solution. The solution of thw 
sodium siilt is centrifuged, and the solid reory- 
stallised three times from water, when the pure 
sodiiun salt, long flat needles, is obtained. To 
obtain the hydrocarbon, sodium o-xylene sub 
phonate is dissolved in the minimum amount 
of cold water to which an equal volume of 
concentrated sulphuric acid is added subse- 
quently.^ The mixture is heated to 110^ and 
steam distilled with external heating until the 
temperature rises to about 130®. Practically 
the whole of the o-xylene distils between 110® 
and 120®. The hydrocarbon is separated from 
the distillate and distilled, when a 46 p.o. yield 
(1980 grs.) of pure o-xylene, b.p. 144-145®, is 
obtained. To prepare pure p-xylene, 10 kg. of 
commercial p-xylene (91 p.c. of which distils 
between 136® and 137®) are treated with an 
equal volume of concentrated sulphuric acid at 
a temperature of 15®-20® with stirring for 5-6 
hours, the undissolved hydrocarbons (6-6 litres) 
being treated again in a similar manner. The 
portion which remains undissolved after this 
treatment is mixed with an equal volume of 
concentrated sulphuric acid and stirred for 
5 hours at 95®. After cooling, tlie lower acid 
layer is separated and mixed cautiously with 
an equal volume of concentrated hydrochloric 
acid. Heat is evolved, and as the solution cools 
the p-xylene sulphonio acid ciystaUises in fine 
plates, which are recrystallised from a quarter of 
their weight of hot distilled water. The mother 
liquors contain p- and w-xylene sulphonio acids. 
The recrystallised p-acid, which still contains a 
little tn-xylcne sulphonic acid, is dissolved in 
the minimum amount of water and mixed with 
an equal weight of eoncent rated sulphuric acid, 
heat^ to 120® and steam distilled, allowing the 
temperature to rise to 145®, w'hen m- xylene 
distils. The temperature is then raised gradually 
to 170®, the greater part of the p-xylene dis- 
tiUing at 150®-! 55®. The oil in the distillate 
is separated, dried over calcium chloride, and 
cooled to 5®, when the greater part solidities. 
The Buprnatant liquor is removed and the 
crystalline p-xylene, m.p. 10®-12®, distils 
completely at 136*5®-! 37®, The yield from 
20 kg. of the commercial product is *2847 grms. 
(14*2 p.c.). No evidence of the presence of 
ethylbonasene was obtained. The unsulphonated 
material present in ^Icne, usually referred to 
as consisung of jmrafnns, is probably a mixture 
of cyclohoxano derivatives, such as the hexa- 
)i vdroxylenoB. Patterson, McMillqn and Somer- 
ville tChero. Soc. Trans. 1925, 125, ^88) separate 
the three xylenes as follows : Coke-oven xylene- 
b.p. 137-141®, is shaken with concentrated snl- 
phurio acid for about three-quarters of an hour. 
The acid liquid contains m-xylene 4-8nlphonio 
acid and o-xylene 4-snlj^onio acid. p-Xylene 
remains undissolved. Water is added slowly 
to the acid and the pasty orystals formed are 
filtered and heated in a current of steam at 
I80®-200® when m-xylene distils. The mixed 
0* andm-xylene 4-Bulphonio acids are separated 
by fraetional cxptajlisation of their calcium salts 
mm water. solubility of calcium o-xylene 

sulphonio acid increases, whilst that of calcium 
mojtyleiie sulphonio acid decreases with rise of 
lemperatiue. According to P. Dekker (Chem. 
WeekMiid* )938» 20» 675)> of r^lene 


which, after boiling lor 24 hours, left on distil- 
lation 5 grms. of residue per 100 o.o. gave strong 
reactions for aldehydes. 

The three xylenes may also be separated by 
freezing with liquid air and allowing the solid 
to melt slowly under suction (Fischer, Zmtsch. 
Elektrochem. 1910, 16, 161). The commercial 
"raciional separation of benzene, toluene, and 
:he xylenes has been studied by Butler and 
Popbam (J. Soc. Chem. Ind. 1918, 37, 220 T), 
and James {(bid. 1916, 35, 236). 

Commercial xylene should have been 
previously washed with sulphuric acid, and 
should, therefore, give only a pale-brown 
coloration with concentrated sulphuric acid. 
The boiling-point of the product should lie 
within a few degrees; thus not more than 
10 p.c. should distil below 130®, and not more 
than 10 p.c. above 140*5®, the remainder passing 
over between these temperatures. 

The xylene of commerce is a product of 
very variable composition. The relative pro- 
jK)rtion of the three isomerides varies in diflerent 
samples, and as these three compounds have 
almost identical boiling-points, the boiling-pomt 
of such a mixture affords no criterion of its 
composition. The value of a commercial 
xylene depends on the quantity of m-xylene 
which it contains. 

To identify m- and p-xylencs in a mixture 
of the three isomerides, 60 c.c. of the mixture 
may be heated with a mixture of chromic and 
sulphuric acids, whereby o- xylene is completely 
oxidised to carbon dioxide, whereas m-xylene 
yields iso-phthalic acid and p-xylene yields 
terephthalic acid (Worst all and Burwell, Amer. 
Chem. J. 1897, 19, 830). 

Methods for the quantitative estimation of 
the three xylenes in the commercial product 
have been devised by Levinstein (f.e.), Friedel 
and Crafts (f.c.), Reuter (Bor. 1884, 17, 2028 ; 
J, Soc. Chem. Ind. 1884, 3, 626 ; 1889, 8, 874 ; 
Chem. Zeit. 1889, 13, 830) ; in light oils by 
Eglofl (Met. & Chem. Eng. 1917, 16, 259); 
in solvent naphtha by Spielmann and Jones 
( J. Soc. Chem. Ind. 1917, 36, 489) ; in gases by 
Davis, Davis and MacGregor ( J. Ind. Eng. Chem. 
1918. 10, 712). 

The use of x^dene for stripping illuminaUng 
gas to remove naphthalene has been investi- 
gated by Eitncr (J. fur Gasbeleucht. 1899, 42, 
(6) 89; (9) 148; (26) 425); Bxoitk^ (Oidf. 
1899, 42, (40) 671); Leather (J. Gas l^htinff, 
1899, 73, 1734); IrWin (J. Soo. Chem. Ina. 
1809, 18, 109) ; Young (J. Gas Lighting, 1899. 
74, 756). • 

For the degradation of xylene into lower 
homolognos in the presence of catalysts, Ao«, 
see Homehan (U.S. Pats. 1334033, 1337317 of 
1920), Fischer and Niggemann (ifor. 1916, 49, 
1475). When xylene is submitted in the form 
of vapour to a temperature of 600®-860® at a 
pressure capable of being reduced to half an 
atmosphere, a ^Id of 30 p.o. of toluene is 
obtained (Synthetic Hydro-Carbon Oo., Fr« 
Pat. 479786 of l^Dlfi ; see also Eng. Pats, 9103, 
13100, of 1915 ; Fr. Pat. 47921 1 of 1915), 

The xylenes and similar coal-tar hydro* 
carbons may be rendered misoible with water 
without separation by heating them with n 
suitable soap and a minimum of WiMKf 

I T|)us when 40 hg. of oMe ooidt 40 kg, of^otaili 
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lya (20^B.) and 20 kg. of o-z;^lene are heated 
together with agitation until homogeneoue, 
the product forms a clear solutioB containing 
op to 10 p.o. of xylene. The products are also 
soluble in sea water and may be used for washing 
and other purposes, including the drilling, 
turning, or other similar working of metals 
(Simon and Diirkheim, Fr. Pat. 422953 of 1910 ; 
J. Soc. Chem. Ind. 1911, 30, 610). 

The autoxidation of xylene, in admixture 
with an aromatic nitro-hydrocarbon, in the 
presence of sunlight has been studied by Suida 
(Ber. 1914, 47, 467; Monatsh. 1912, 33, 
1268), and the photobromination of xylene by 
Swensson (Zeitsch. wise. Photochem. 1921, 20, 
206). 

When the xylenes are oxidised with chromic 
acid in the presence of acetic acid and sulphuric 
acid, the corresponding tetracetate of plithal- 
aldehyde is formed (Thiele and Winter, Ann. 
1900, 311, 353). Like other homologues of 
benzene, s^lene reacts with cellulose forming 
desoxyns (Nastukoff, Zeitsch. Farb. Ind. 1907, 
6, 70), and the xylenes react with 96 p.c. selenic 
acid to form selcnonic acids (Anschutz, Kallen 
and Eiopenkroger, Ber. 1919, 52, 1860). 

Crude coal-tar xylene, containing paralfins 
and other hydrocarbons, was formerly used only 
under the name of solvent naphtha. At present 
purifted xylene is used for the preparation of 
xylidine for use in the manufacture of Xylidine 
Scarlet and other azo-dyes. 

King substituted chloro -xylenes can be 
further chlorinated in the side-chain at high 
temperatures (100®-130®) in the presence of 
light. The products may be converted by con- 
centrated sulphuric acid into chlormated 
dialdehydes or aldehyde-carboxylic acids, 
which, on condensation with o-cresotinic acid, 
for example, yield leuco-compounds of the 
triphenylmethane series. On oxidation with 
somum nitrite in concentrated sulphuric acid 
solution dyes are obtained which dye wool 
from an acid bath brownish-red, converted by 
after-oluroming into bright violet- blue, very 
fast to washing and milling (Schroidlin and M. 
Fischer, U.S. Fat. 1219166 of 1917; c/. Kans- 
ford, Eng. Pat. 114645 of 1917). 

o-Xylem, from coal-tar and wood-tar; by 
distilling p-xylic acid with lime (Fittig and 
Bieber, Ann. 1870, 156, 231 ; Bull. Soc. chim. 
1870, (2) 13, 268); from o-bromotoluene and 
methyl iodide in presence of sodium, followed 
by £ractionating the product over sodium 
raannasch and Hubner, Ann. 1873, 170, 117; 
Bull. Soc. chim. 1872, (£) 18, 334; E(* 3 anann, 
ibid, 1876, (2) 26, 532) ; by heating canthar- 
idin with excess of phosphorus pentasulphide 
(Piccard, Ber. 1879, 12, 580) ; by passing 
methyl iodide through a mixture of toluene 
abd aluminium chloride at 85*^ (Jacobsen, Ber. 
1881, 14, 2628). 

liquid, b.p. 144*^ (eorr.), m.p. —26® (Fiseber, 
Zeitsch. Elektrochem. 1910, 16, 161), or -28*5® 
(CScdson, Ann. C^im. Phys. 1^85, (6) 6, 128); 

kp. 141*9”; 0*8932 (Pinette, Anp. 1888, 

Stf* 50; Zlirsch, Ann. Phys. Chem. 1899, (2) 
89,456); b.p, 141®/766*2 mm. ; D»«i® 0*7559; 
eaidUaiity constant at b.p. a^»4*437 (Schiff, 
Aaia 1886, 236,^ ; Rob and Feustel, Ann. der 
PIqpi, 1904, (4) 19, 61 ; c/. Nenbecl^ Zeiii|ch. 


nhysikal. Chem. 1887, 1, 660); DJI 0*8903; 
1 )][ 5 * 0*818. For vapour tension, sss Woringer 
(Zeitsch. physikal. Chem. 1900, 34, 263) ; critical 
temperature, Altschul (ibid, 1893, 11, 950), 
Brown (Chom. Soo. Tians. 1906, 89, 311); 
latent heat of vaporisation. Brown (ibid, 1905, 
87, 2657); dielectric constant and refractive 
index, Landolt and Jahn (Zeitsch, physikal. 
Chem. 1892, 10, 300), Drude (ibid, 1897, 23, 
309), Briihl (J. pr. Chem. 1894, (2) 50, 140) ; 
magnetic properties, Schonrock (kitsch, phy- 
sikal. Chem. 1893, 11, 785), Perkin (Chem. Soc. 
Trans. 1896, 69, 1241 ; 1900, 77, 267) ; absozp- 
tion spectrum, Groebe (Zeitsch. wiss. Phote- 
chem. 1905, 3, 376), Mies (ibid. 1910, 8, 287), 
Hartley (Chem. Soc. Trans. 1885, 47, e85), 
Baly and Ewbank (ibid, 1905, 87, 1347) ; mole- 
cular refraction and dispersion, Gladstone (Cliem. 
Soe. Trans. 1891, 59, 290). o-Xylene wnen 
oxidised with dilute nitric acid yields o-tolmio 
acid, and on treatment with a hot solution^ of 
potassium i>crmanganate, phthalic acid is formed 
(Claus and Preszeek, Ber. 1886, 19, 3083), whilst 
chromic acid completely destroys it. For the 
oxidation of o-xylene, set also Thiele (Ann. 1900, 
311, 358), Claussner (Ber. 1905, 38, 2800), Law 
and F. M. Perkin (Chem. Soc. Trans. 1907, 91, 
258). AVhen heated with hydrogen iodide at 
250-280®, o-xylene yields toluene, methyl- and 
dimethylcyclohexan© and methylated penta- 
methylene (Markownikow, Ber. 1897, 30, 1218). 
o-Xylene, when treated with aluminium chloride 
at 100® in the presence of hydrogen chloride, 
yields principally m-xylene, together with 
smaller quantities of benzene, toluene, p-xyleuc, 
pseudocumcne and mcsitylene (Heise and 
Tohl, Ann. 1892, 270, 155; Friedel and Crafts, 
Compt rend. 1885, 100, 100, 692; Jacobsen, 
Ber. 188), 14, 2626; 1885, 18, 338; Anschutz 
and Imraondorff, ibid, 1884, 17, 2816 ; 1885, 18, 
657). Nitrogen peroxide reacts with o-xylene 
to yield nitro-o-xylene, p-toluic acid, phthalio 
acid, and oxalic acid (Leeds, Ber. 1881, 14, 482). 
On mcthylation, o-xyleno yields exclusively 
pseudocumeno (Jaeoli^n). Hot dilute nitric 
acid yields nilro-dcrivatives, substituted in the 
side-chain. When oxidised clcctrolytically in 
presence of acetone, o-xylone yields o-tolu- 
aldehydc (Law and F. M. Perkin, Trans. Faraday 
Soc. 1904, 1), and when heated for several 
hours with hydroxylamine in the presence of 
aluminium chloride or ferric chloride, it yields 
o-4-xylidiDe (Graebe', Ber. 1901, 34, 1778). It 
also condenm with triphenylmethyi yielding a 
complex r (C,H*)gC],+C«H 4 (CH,)a (Qomwrg 
and Cone, Ber. 1905, 38, 1333). 

Phosplionis pentaehloride at 200® reacts 
with O-xylene forming C^H 4 (CCis)CHCl, (Colson 
and Gautier, Bull. Soo. chim. 1886, (2) 45, 607)« 
Bromine in the dark forms 4-bromo-o-xylene, 
whilst in direct sunlight the products are xylyl 
bromide and xylylene bromide (Schramm, 

1885, 18, 1278). 

o-Xylene when monobrominated at 130® 
yields ohie6y monobromo-derivatives, togethsf 
with a small qitantity of unchanged materw aod 
i^-dilmmo-derivatives, whilst, on dihromibatkm 
at 130®, the product consists ohiefiy of dibaromo^^ 
together witn mono* and tribromo-derivativsi. 
The method emptoyed by BadzissmU Md 
Wispek (Ber. 1882, 15, 1743), LSw (Aam im 
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231| 363), and Pellegrin (Eeo. trav. ohim. 1809| 
18, 458), in which the vaTOur of the halogen watb 
allowed to react with the boiling hydrocarbon, i 
is not satisfactory, owing to the diSionlty of 
preventing the hy<kogen bromide evolved &om 
carrying some of the bromine vapour away 
with it. The method adopted by Atkinson and 
Thorpe (Chem. Soc. Trans. 1907, 91, 1687) 
yields more satisfactory results. A litre Geissler 
flask witli a ground-in air condenser is fitted with 
a dropping funnel fused into the neck of the 
dask and reaching below the level of the hydro- 
carbon to be brominatod. o-Xylene when 
brominated with a mixture of nitric and hydro- 
bromic acids, or preferably with a mixture of 
bromine and nitric acid, yields bromo-o-xyleiio 
and totrabromo-o-xylenc, together with o- and 
p-toluic acids (Datta and Ohatterjee, J. Ainer. 
Chem. Soc. 1916, .*18, 2545). o-Xyleno when 
treated with aqua regia yields a monochloro-, 
4 : 5-dicliloro-, and the tetrachloro-dcrivative 
(Datta and Fernandes, ibid, 191G, 38, 1809). 

When o-xylene bromoacetylbromide is 
treated with aluminium chloride in carbon 
disulphide solution, 4-o-xylyl bromomethyl 
ketone is obtained, which is probably identical 
with the substance prepared by Armstrong and 
Kipping (Chem. Soc. Trans. 1893, 63, 8t)) by 
brominating o-xylyl methyl ketone (Jacobs and 
Ileidelberger, J. Biol. Chem. 1915, 21, 819). 

Well-cooled o-xylene, when treated with the 
vapours of sulphuric anhydride at a temperature 
below 30®, yields di-o-xylyl-wi-(?)-siilphone, 
brilliant plates, m.p. 158°-169® (Zorn and 
Brunei, Compt. rend. 1894, 119, 1224) 

4-Cyan-o-xylin [C*Hj(CHa) 2 CNj 8 is formed 
from o-xylone by the action of cyanogen bromide 
in presence of aluminium chloride. It sinters 
at 204®, melts at 210® (decomp,), and on treat- 
ment with hydrochloric acid at 220® yields 
p-xylic acid (Scholl and Ndrr, Ber. 1900, 33, 
1052). 

o-Xylyl boro-chloride melts at 0® and boils at 
212®, and the corresponding acid forms colourless 
needles, m.p. 190-5®, and the oxide melts at 226® 
(Michaelis and Thevenot, Ann. 1901, 315, 19). 

o-Xylylene hydrazine CeH 4 <Q^*>N-NH, is 

prepared by reducing uitroso-^ydro-isoindolo 
witn zinc dust in dilute acetic acid solution 
(Frankel, Ber. 1900, 33, 2808). 

w-CJdoro-a-xykne, o-xylyl chloride; by 
chlorinating boiling o-xylene (Reyman, Bull. 
Soc. ohim. 1876, (2) 26, 534); in an impure 
oondition by heating o-xylyl alcohol with oon- 
oontrated hydrochlorio acid (Colson, Ann. Chim. 
Phys. 1885,^6) 6, 117 ; Coinpt. rend. 1884, 98, 
1543 : 1884, 99, 40) ; by the action of chlorine 
on o-xylene in sunlight (Radziewanowski and 
Schramm, Akod. Wiss. Krakau, 1898, 61). 
OU, b.p. 197®-199® (R.), or 196®~203® (R, and S.). 
When treated with aqueous lead nitrate it 
yields o-tolualdehyde. 

m-w-DicMoro-o-xyhne, o-xylylono chloride ; 
from phthalyi alcohol and concentrated hydro- 
oUorio acid (Hessert, Ber. 1879, 12, 648 ; Colson, 
BuU. Boo. chim. 1885, (2) 43, 7; Ann. Chim. 
Phys, 1887, (6) 11, 25) ; in small yield by cblo* 
I mol. of o-xylene with 1 mol. of 
oUoiine in sunlight, or as chief produot when 
2 mols, of ohlorme are used (B. and S.) ; by 
teitiiig o-xylene with phosphorus pentaohloride 


at 180®-*200® (Colson and Gautier, Bull. Soo. 
ohim. 1886, (2) 45, 6; Compt rend. 1885, 101, 
1064; 1887, 104, 428; Strassmann, Ber. 1888, 
21, 578), 

TricUnio crystals (Wilk, Ber. 1885, 18, 2879), 
or long prisms, m.p. 55®, b.p. 240®-260® (R. and 

S.), or m.p. b.p. 239'’-24l*, Dy 

1*393. 

Tolylidene chloride CHa'C^H^’CHCIj (?) ; by 
chlorinating heated o-xylene (Rayman). Tables, 
m.p. 103®; b.p. 225®, converted into phthal- 
aldchyde(?) by boiling with lead nitrate solu- 
tion. This compound, however, is stated by 
Colson (Compt. rend. 1884, 98, 1^3) to be more 
probably 1-4-dichloro-xylene. 

8ymin,‘(»4etraehhrO'0-xylene i 

by the action of chlorine on o-xylene, initially at 
140® and finally at 160®-170® (Hjelt, Ber. 1886, 
18, 2879) ; from o-xylene and 4 mols. of phos- 
phorus pontachloride at 150® (Colson and 
Gautier, Ann. Chim. Phys. 1 887, (6) 1 1, 25). Tri- 
clinic crystals (Wilk), m.p. 89®, b.p. 273®-274® 

(H.); m.p. 86° (C. and G .) ; 1-601 (Oolaon, 

Bull. Soc. chim. 1886, 46, 2). When heated 
with water at 200®~210® it yields phthalalde- 
hyde. 

Penta-of-chloro-o-xylene, CeH 4 (CCl 3 )(CHCl 2 ) ; 
as the chief product when o-xylene is heated in 
a sealed tube at 100® with a large excess of 
phosphorus pentacliloride (Colson and Gau- 
tier, Lc. ; Compt. rend. 1886, 102, 689). Mono- 
clinic crystals, m.p. 53*6®. When left in contact 
with dilute aqueous potassium hydroxide it 
loses the whole of its cMorine and is converted 
into phthalaldchydic acid. 

0- Xylene hexachloride C 4 H 4 (CH 4 ) 2 Cl 4 ; by 
chlorinating o-xylene in sunlight (R. and S.). 
Rhombic crystals, m.p. 194*5®, b.p. 260®-266®, 

*S-ClUorO' 0 ’Zijlcne ; together with the 4- 
chloro-isomeride by chlorinating ice-cold o- 
xylene in presence of 5 p.c. of iodine (Kruger, 
Bor. 1885, 18, 1755), or iron (Claus and Bayer, 
Ann. 1893, 274, 304). The isomerides may be 
separated by means of their barium sulphouates 
(K.). Colourless refractive oil, b.p. 189*6®. 

1- CMoro-o-xylene ; s(c alK)ve. Oil, b.p. 

191-5°; 1-0692 (K.),- or b.p. 196° (CSaM 

and Gronweg, J. pr. Chem, 1891, (2) 43, 252 ; 
f/. Claus and Kautz, Ber. 1886, 18, 1367). Its 
barium sulphonate is more soluble than that of 
3 -chloro-o-xyleno (K.). 

3 : 5-Dicmoro-o-ryfeffe ; together with 3:5:6- 
trieliloro-o-xylene when 3 : 6-dichloro-l : 1 -dime- 
thyl- A2:4-cyclohexadieno is treated in oold 
cliloroform solution v5th chlorine, followed by 
heating the product to 150®-180® for 1 hour 
(Hinkel, Chem. Soc. Trans. 1920, 117, 1296); 
by the action of excess of phosphorus penta- 
omorido on 3 : 5-dichloro : 1 : l-dimethyl-Ax24.di- 
hydrobenzene in chloroform solution (Crosdey 
and Le Sueur, Chem. Soc. Trans* 1902, 81, 1533) ; 
in small quantities together with the above 
dichlorodimethyldihydrobenzene by the action 
of phosphorus pentaohloride on dimet^ldihydro- 
resorcigol (Crossley and liO Sueur, uiem* Soo. 
Trans. 1903,83,110); together with 3 :5-diohloro- 
6 -bromo-o-xylene by treating 3:5-dichloro-l;l- 
dimethyl-42:4.dihy^benzene with 1 moL of 
bromine in chlorotorm solutitn (Qcossley, iMi, 
1904, 85, 264) ; together with dimethylmalooio 
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acid, isobatyrio aoid, 3 : 5-dichlorophthalio add» 
diohlorotribiomo • dimethyltetrabydrobensene 
and 3 : 5-dichloro-6-bromo-o-xylene by oxidising 
dichloiodibromo - dimethyltetrahydrobenzene 
with potassium pennanganate (C.)< 

Faintly yellow, highly refractive liquid, b.p. 
129723 mm. or 2267atm., which on cooling 
solidifies to flaky needles, m.p. 3^-4^ On oxida- 
tion with dilute nitric acid under pressure it 
yields a dichlorotoluic acid, long glistening 
needles, m.p. 184^-1857 and 3 : 5-dichlorophtha- 
licacid(C.; C. and S.). 

4 ! 5-IHchhr(ho-zylene ; together with higher 
ohlorinated homologues by passing dry chlorine 
through well-coolod o-xylene containing 10 p.c. 
of iodme (daus and Kautz ; Claus and Gronweg). 
Oil, b.p. 227®, solidifying on cooling to crystals, 
m.p. 3 . When heated at 200® with nitric acid 
(D 1*15) in a sealed tube it yields 4 : 5-dichloro- 
phthalic acid. Koch (Ber. 1890, 23, 2318) 
states that a solid dichloro-o-xylene, long ‘hard 
needles, m.p. 73®, is obtained together with the 
liquid isomeride when o-xylene is chlorinated. 

Trichhro-o-xylene (Claus and Kautz), long 
colourless needles which sublime, m.p. 93®, 
b.p. 265® (decomp.). When oxidised with nitric 
acid (D 1'16) at 200® in a sealed tube it yields 
trichlorophthalic acid. 

3 : 4 : 5- TricJdoro-o-xyltne ; by heating penta- 
chlorodimethylcyclohexene ; together with other 
substances when 3 : 5-diehloro-l : 1-dimethyl- 
A2:4.cyclohexadiene is treated in chloroform 
solution with excess of chlorine at low tempera- 
tures. Felt-like needles, m.p. 96® (Hinkel, 
Chem. Son. Trans. 1920, 117, 1296). 

3:6: 6-2V»cW6ro-o-a*;/Zcne ; mc 3 : 5-dichloro- 
^xylene ; together with the 3:4: 6-trichloro- 
isomeride, 3 ; 4:6: G-tetrachloro-o- xylene and 
2 : 3 : 3 : 4 : 5-pontaehloro-l : 1 -dimethyl- A5-cy- 
olohexene, by chlorinating 3 : 5-dichloro- 1 :‘l- 
dimethyl-A2:i.cyclohexadienc in chloroform so- 
lution at low temperatures (Hinkel). Short 
colourless crystals, m.p. 47*5®. 

3:4:5;6-Tc(racA/oro-o-2;y/€ne; sec above; 
by chlorinating well-cooled o-xylene containing 
lu p.o. of iodine (C. and K.) ; by chlorinating 
3:4:5- or 3 : 5 : 6-trichloro-o- xylene in chloro- 
form solution in presence of iron (H.); by 
heating pentachlorodimethylcyclohexene on the 
water-bath with fuming nitric acid (H.). Long 
slender glistening needles, m.p. 223®-224® (H.), 
or 216® (C. and K.). It is not oxidised when 
heated at 2W® with nitric acid in a sealed tube ; 
chromic acid mixture cofnplctcly destroys it. 
It sublimes, and is non-volatile with steam 
(C. and K.). « 

Teimchhroxylylene oxide ; by reducing tetra- 
ohlorophthalic acid with hydriodic acid and red 
phosphorus (Oraebc, Ann. 1887, 238, 318). 
Long needles, m.p 218®. 

m^BronuMy-x^tene, o-xylyl bromide ; by 
farominating boiling o-xylene (Radzi^zewski and 
Wimk, Ber. 1882, 15, 1747; 1885, 18, 1281 ; 
AtUnson and Thorpe, Chem. Soc. ^ans. 1907, 
91t 1687); or by brominating cold o-xyleno 
exposed to direct sunlight (SchiCmm, Ber. 1885, 
18, 1278 ; Ooisen, Ann. Chim. Phys. 1885, (6) 6, 
115 ; BuIL Soo. chim. 1885, (2) 43, 0). Prisms or 
quadiatio dbtes in.p« 21®, b.p. 216®-217®/742 
mm.; D28® 1*881L With potassium thiocya- 
nate it fields o-iyiyl thiocyanate (Strzelecka, 
Acad, Sol. UMOWi 1909, 731). With 


methylaniline it yields c-xylybnethylaniline, 
in.p. 34®, b.p. 200^/36 mm. (von Braun, Ber, 
19l0, 43, 1353), and with potassium phthalimide 
it yields o-xylyl-phthalimide, m.p. 148®-“149® 
(Strassmann, Ber. 1888, 21, 576). The chief 
product obtained when magnesium acts on an 
ethereal solution of a xylyl bromide is the 
corresponding dimethyldibenzyl, and only a 
small amount of organo-magnesium compound 
is formed (Carr6, Compt. rend. 1909, 148, 1108 ; 
Bull. Soo. chim. 1909, (4) 5, 486). 

w-Dibromo-o-xylem, o-xylylcne bromide ; by 
heating o-xyleno with 2 mols. of bromine at 
150°~156®, or better at 126®-! 30° (Baoyer and 
Perkin, Ber. 1884, 17, 123; Perkin, Chem. Soc, 
Trans. 1888, 53, 5 ; c/. Atkinson and Thorpe, 
ibid, 1907, 01, 1687 ; Radziszewski a|id 

Wispek, Ber. 1882, 15, 1743 ; 1885, 18, 1279 
by the action of 2 mols. of bromine on 
o-xylcnc in presence of direct sunlight (Schramr 
Ber. 1885, 18, 1278; Colson, Ann. Chim. Phy 
1885, (6) 6, 105; Compt. rend. 1887, 104, 4281 
1884, 98, 1543). \ 

It melts at 94-r>®-94-9®, or 93® (B.), and^ 
forms large glistening rliombic crystals, aih:c 
=0*8581 : 1 : 0*5014. It reacts with triethyl- 
phosphine forming o-xylyleneditriethylphos- 
phonium bromide, colourless crystals, m.p. 250°- 
2.50*5® (Parthcil and Gronover, Ber. 19()0, 33, 
606) ; with alcoholic potassium hydrosulphide 
to yield o-x>’lylcnc hydrosulphide, m.p. 45®-46°, 
b.p. J60®/2() mm., which is converted by methy- 
lene iodide and sodium ethoxide into o-xylylene- 
methylene mercaptal, m.p. 152®-153® (Kotz and 
Sevin, Ber. 1900, 33, 729) ; with aniline in 
chloroform solution to yield 2'-phenyldihydro- 
isoindole C^IIi : (0112)2 : m.p. 165® ; with 

secondary amines NHR/ or NHr~R" it forms 
substituted ammonium bromides of the type 
C«H, : (CH2)2 : NR'^Br or 0*114 : ((^II,)2:NBr:fe", 
and these react with a molecule of the same or 
another amine at 200° yielding diocid bases of 
the typo NR'2*CH2-C*H**CH2*N : R" ; with 
tertiary amines, it forms substituted diammo- 
nium bromides of the type C*H4(CH2*NR'"Br)2 
(Leser, Ber. 1884, 17, 1824; Scholtz,'Ber. 1898, 
31, 414, 627, 1154, 1700, 1707 ; Partheil and 
Schumacher, ibid. 591). When treated with 
potassium hydroxide, o-xylylene bromide yields 

o-xylylene oxide C*H4 <q]^*> 0, b.p. 192® 

(Willstatter and Veraguth, Ber. 1907, 40, 967), 
and when heated at 120® with ten times its 
weight of concentrated ummonia for 6 hours it 
yields di-xylyjoneammonium bromide 

C.H4<g|>NBr<gg|>C.H, 

whilst at tempeiaturcs above 120'’, prefciably 
at 170° for 8 hours in a Maled tube, a secondary 
bssc, apparently of the composition 

m.p. 79°-80°, b.p. 130°-135°/12 mm,, is formed 
(Sc^oltz, Ber. 1801, 24, 2402). An alooholie 
solution of w-dibromo-o-zi^Iono on tnetment 
with an aqneoua solution of potassium sulphide 

yields o-xylylene sulphide end 

on boiling with a large excess of alooholio 
potaasium hydroxide for 1| hours it jUUm 
o-xylylene diethyl-ether C3«(C^tOCLH,), 
(leser, Ber. 1884, 17, 1824). 
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long time with exoeBS of mtassium iodide, it 
t o*xylylene di*iodide (Loser). • 

When o-xylylene bromide and o-xylylene 
mercaptan are boiled idth alcoholic sodium 
ethoxide oyclo-dithiodi-o-xylylene, colourloss 
slender needles, m.p. 234^-236^, is formed 
(Autenrieth and Briining, Ber. 1903, 36, 183). 
For further condensations of o-xylylone bromide, 
see Scholtz (Bcr. 1 910, 43, 2304 ; 1914, 47, 2162). 
With potassium thiocyanate it yields o-xylylone 
thiocyanate (Strzelecka, Bull. Acad. Sci., (>acow, 

1909, 731) ; with allylamine it yields allyl-dihy- 
droisoindole (von Braun, Ber. 1910, 43, 1353); 
with sodium iodide in acetone solution it yiel^ 
o-xylylenedi-iodide, m.p. 109® (Finkelstein, Ber. 

1910, 43, 1528). 

oi-<a^w*~Trihromo-o-xylene ; by brominating 
heated o-xylene. Ck)lourless glistening plates, 
m.p. 97® (Atkinson and Thorjic). 

8ymm.-<o4etrahromo-0’Xyle7if, C|,H 4 (CITBr 2 ) 2 ; 
by the gradual addition of 4 mols. of broinine to 
o-xylene heated to 140° ((labricl and Muller, 
Ber. 1895, 28, 1830). Crystals m.p, 115°-117®, 
which form an addition product with methyl 
iodide, pointed yellow noodles, m.p. 235°-240° 
(G. and M.). When boikd with potassium 
oxalate and dilute alcohol for 24 hours it forms 
oj;)hthalaldchyde, yellow needles, m.p. 66®~56*6® 
(Thiele and Gunther, Ann. 190G, 317. 106). 

B-Bromo-o-xylene ; by the steam distillation 
of a solution of barium 3- or O-bromo-o-icylene 4- 
sulphonate in excess of sulphuric acid. The 
product is purified by rcsulphonation and 
regeneration from the sodium salt (Stallard, 
Chom. Soc. Trans. 1906, 89, 808). Colourless 
highly refractive liquid, b.p. 213*8® ; 1*382. 

4-Br(mo-o-xi/lene ; formed by the action of 
bromine on cold o-xylenc in the presence of 
iodine in the dark (Jacobsen, Ber. 1884, 17, 2372 ; 
Schramm, ibtd. 1885, 18, 1278). The product 
is purified by conversion into the barium sul- 
phonato. Liquid, solidifying below 0® to a 
brous mass, m.p. —0*2°, b.p. 2l4*5°/760 mm. ; 

1*3693 (J.). When boiled with dilute 
nitric acid it yields bromo-o-toluic acid, and 
with the lead salt of tliiophenol it yields as.- 
phenyl-o-xylyl sulphide [(CH,), : S=1 : 2 : 4]. 

Oil,b.p. 181*5®/11 mm, ; dJ! 1*0962 (Bourgeois, 
Bor. 1895, 28, 2312). 

Biiy^-DiSromo-o-xylene; together with the 
4 . 5-dibromo-isomerlde by the action of bromine 
on 4-bromo-o-xylene in the presence of iodine 
(Jacobsen, Ber. 1884, 17, 2372). Oil, solidifying 
on cooling to a hard crystalline mafiis, m.p, 6*8®, 
b,p, 277® ; 1 *7842. The isomerides may be 

separated by orystallisaiion from alcohol, 

4 : S*Dihr<>mo-(hxy!ine ; as the chief product 
in the above reaction (J.) ; together with 4- 
bromo^o-xylene and 5- or 3-bromo-o-xylene 4* 
•ulphonio acid by treating an aqueous solution 
of o-xylene 4-8ulphonio acid at about 40® with 
a solution of bromine in hydrochloric acid (Kclbe 
and Stein, Ber. 1886, 19, 2137). Large rhombic 
tables or long needles, subliming to large thin 
^ates, m.p. 88®, b.p. 278® (c/. Crossley and Smith, 
uhem. Sob« Trans. 1913, 103, 980). 4:6-Di- 
bromo-o^sylene, when heated with concentrated 
sulphnirio aoid at 2l5^ yields 3 : 4-dibromo-o- 
xyleias (Kooh, Ber. 1890, 28, 2318). 

3 < 4 : from 3:6* 


dibromo-o*4*a^lidme by the Sandmeyer reaction 
(Jaeger and Bianksma, Proc. K. Aoad. Wetensoh. 
Amsterdam, 1905, <8, 153). It melts at 105®. 

3i4i6-Tribromo-o^zylene; from 4:6-di* 
bromo-o-3-xylidine by the Sandmeyer reaction 
(J. and B.). It melts at 86*5.® 

Tetrahremo-o^xyUne ; from o-xylene and 
bromine (Jacobsen, Ber. 1884, 17, 2378), in prw- 
ence of aluminium bromide (Bliimlein, tbid. 
2402). Long glistening needles, m.p. 262® ( J.) 
or 254®-256® (B.), b.p. 374®-375® (B.) ; on oxi- 
dation at 170® with nitric acid(l) 1*15) in the 
presence of bromine it yields ictrabromo- 
phthalic acid. 

4^CMoro-^-hromO‘0-xyUne ; by brominating 
4-chloro-o-xylene in chloroform solution in the 
presence of iron, followed by distillation in a 
current of steam. Long colourless needles, m.t 
75® (Claus and Gronweg, J. pr. Chem. 1891, (2 
43, 252). 

4 : H-LicJihtro-B-hromo-o-xylene ; in a similar 
manner from 4 : 6-dichloro-o-xylene (C. and G.). 
Colourless felted crystals, m.p. 90®. 

3:5- Dichloro - i-hromo- o- xylene ; together 
with dichlorotribromodimethyl-tetrahydroben- 
zene when 3 ; 6-dichloro-l : 1 -dimethyl- A2: 4. 
dihydrobenzene, dissolved in a small amount of 
chloroform, is treated uith about 2 mols. of 
bromine ; by heating 3 : 5-(lichloro-2 : 4 ; 6- 
tribromo-1 : l-dimethyl-AS-tetrahydrobenzene; 
from 3 : 5-dichloro-o-4-xylidme by the Sand- 
meyer reaction ; together with 3 : 6-dichloro- 
4 : 6-dibromo-o- xylene by brominating 3 : 5-di- 
chloro-o-xylene (Crossley, Chem. Soc. Tmns. 
1904, 85, 264). FclteJ needles, m.p. 100®, 
b.p. 170®-176®/30 mm., or 265®-270®/atm. It 
is volatile with steam and when heated 'vrith 
dilute nitric acid (D 1*15) at 180®-200® for 7 
hours it yields 3 : 5-dinitro-phthalic acid (C.). 

3:5- Dichloro^ 6 • hromo - o - xylene ; together 
with 3 ; 5-dichloro-o-xylcne by heating di<mloro- 
dibromodimethyltctrahydrobonzene, or by 
treating 3 : 5-dichloro-l : l-dimethyl-A2:i.diby- 
drobenzene with 1 mol. of bromine and distilHnjg 
the product, when the fraction, b.p. 220®-230 , 
consists of 3 : 5-diehloro-o-xylene, whilst the 
intermediate fractions and that of b.p. 240®-250® 
contain 3 : 5-dichloro-6-bromo-o-xylene ; also 
together with other products (^ee 3 : 5-dichloro- 
o-xylene) by oxidising dichlorodibromodimetfayl- 
tetrahydrobenzene with potassium permanganate 
(C.). It forms long slender glistening needles, 
m.p. 42®. When brominated in presence of iron 
it 3 delds the 4 : 6-dibtbmo-derivative, whilst on 
heating with fuming nitric acid on the waters 
bath for 10 minutes it i^iclds 3 : 5-dichloro-4 ; 6- 
dinitro-o-xylene. When heated with dilute nitrie 
acid (D 1*15) at 180®-190® for 6 hours it yields 
3 : 6-dichloro-6-nitro-o-toluio acid. 

3:5-I)ic^lfofu*4:6- Ji5fQmo-o-a:ffIsiis; hf 
brominating a worm solution of 3 : 5 : G-triohloco* 
o-xylene in ohloroform in presenoe of iron 
(Hinkel, Chem. Soc. Trans. 1920, 117, 1296); 
by heating dichlorotribromodimethyltetrahydro- 
benzene with ooncentrated nitrio acid (D 1*42) 
on the water-batlf for 10 minutes ; by brominat- 
ing 3 : 6»dicbloro-o-xylene, or 3 : 5-dichloro-4- or 
6-bromo-o-xylene in presence of iron (C.). 
Slender glistening needles, m.p. 233®-2S3*5^ 
subliming in stout needles. 

8:4: ; hf bro^ 
minating 3:4: S-triohlozo-o-xylene in yseseim 
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of iron (Hinkel, Ghem. Soo. Trans. 1920. 117» 
1296). Slender glistening needles, m.p. 226^ 
For the iodo*deTivatives of o*xylene, see 
Leeer (Ber. 1884, 17, 1826), Klages and Liecke 
(J. pr. Chem. 1900, (2) 61, 307, 323), Edinger 
and Gk»ldbo]^ (Ber. 19(X), 33, 2880), Datta and 
Cbondhuri (J. Amer. Chem. 1916, 38, 1079), 
Knoll & Co. (B. R. P. 230172 of 1908), 
Finkelstein (Ber. 1910, 43, 1528). 

The nitratian of o-xylene. As the result of 
numerous experiments on the nitration of o- 
xjlene under varied conditions, Crossloy and 
Benouf (Chem. Soc. Trans. 1909, 95, 202), have 
arrived at the folloving conclusions. Wlicn 
fuming nitric acid alone is used and the nitra- 
tion is effected below —4®, unchanged o- xylene 
is always recovered if loss nitric acid is used than 
6 times the weight of o-xylene. In all cases, 
however small an amount of nitric acid is used, 
dinitro-o-xylenes are obtained, and if the 
amount of nitric acid is increased to 15 times 
the weight of o-xylone, the amount of dinitro-o- 
xylene continually increases, but some mono- 
nitro-o-xylenes arc always formed. When, 
homver, o-xylene is nitrated wdth 10 times its 
weight of fuming nitric acid at 22®-25® an 
almost theoretical yield of diTiitro-o-xylenes is 
produced. These results only hold good when 
the p-xylene is added to the nitric acid, for when 
nitric acid is added to o- xylene, a small amount 
of the latter is converted into mononitro-o- 
xylenes, together with a substance C„H„O.N. 

^ When the nitration is effected with nitric 
acid alone, about equal proportions of 3- and 4- 
nitro-o-z^rlene are produced, but with nitric and 
acetic acids, however, the proportion of the 
former to the latter is 1*5 ; 1. Moreover, under 
these conditions no dinitro-o-xylenes are formed. 
If the nitration is carried out with nitric and 
sulphuric acids below 0®, and the nitrating 
mi^ure is added to o-xylene, the proportion of 
3>nitro*o- xylene obtained is about 8 times that 
of the 4'nitro-isomeride. If, on the otlier hand, 
o-zylene is added to the mixed ar-hls, no mono- 
nitro-o-xylenes are produced, but a theoretical 
yidd of dinitro-o-xylenes is obtained. Although 
this method gives rather better yields of dinitro- 
p-3^1enes than when nitric acid is used alone, 
it is not to be recommended for their preparation, 
because a larger proportion of 4 : 5-dinitro-o- 
xyiene, m.p. 1 16®, is formed, and this crystallises 
from sulphuric acid together with 3 : 4-dinitro-o- 
xylene, m.p. 82®, and t^e constituents of this 
mixture can be separated only by prolonged 
fractionation invoking the use of large amounts 
of alcohol. To ensure the results de»<cribcd, it 
is not advisable to nitrate more than 50 grms. 
of o-xylene at one time, 

io-NUro^o^a^lene, o-toLyhmtnmetham ; by 
diseotlviz^ a-nitro-o-xylyl phthalide in aqueous 
•odium hydroxide and precipitating with oxalic 
acid (Qolaberg, Ber. 1900, 33, 2820) ; by boiling 
•odium-o-tolylisonitroacetonit^ with aqueous 
•odium hydroxide (Wislicenas and Wren, Ber. 
1906, 36, 602) ; by heating o-^yiene with nitric 
addCl) 1*076) in asealed tube at ll0®(Konowa* 
loff« 3* Boai. Phya. C%em. Soc. 1905, 97, 530). 
OQ (O.), or yellow oil, b.p. 137®-139®/23 mm. 
(W. »d W.), or needles, m.p. 12®-14®, b.p. 

14»M4r/S3 1-423; n, 1-54387 at 

W (Ka). The corresponding vto^nUro derfogfire 


melts at 61®-65® (K.). When kept, o-tolylnitro* 
methane becomes red and deposits a orystalline 
eubiiance which oontams more nitrogen than the 
original compound and melts at 238®-^2® (K.). 
The potassium derivative of o-tolylnitromethane, 
08 HgK*N 02 , forms shining scales and its 
aqueous solution gives the following reactions : 
with copper sulphate, a dork green precipitate, 
soluble in ether or benzene with a red colour ; 
with silver nitrate, a yellow precipitate, soluble 
in benzene, with a dark red colour; with 
mercuric chloride or stannic chloride, a white 
precipitate. Nitration with nitric acid (T> 1*5) 
results in nuclear substitution. Its 5-Dromo- 
derivativc, obtained together with 5-bromo-o- 
toluio acid, m.p. 175®, and a liquid nitro-o6m- 
pound by the action of dilute nitric acid I on 
bromo-o- xylene, molts at 65® (Konowaloff, le., 
and J. Russ. Phys. Chem. Roe. 1904, 36, 537)1 
A nitro-o4oh/I-nitromethanef yellow leaflet, 
sintering at 170® and melting at 183®-18fe® 
decomp.), has been obtained by Simonson 
Chem. Soc. Trans. 1913, 103, 1144), togctl^jr 
with 3-nitro-o-xylenc 4- and 6-8ulphonio acids, 
and 4-nitro-o-xylene 5-8u]phonic acid by gradu- 
ally adding o-xylene 4-6ulphonic acid to well- 
cooled fuming nitric acid (D 1*5) and then 
keeping the mixture at 30® for 2 days, 
4’Nitro-o-tolyhiitroni ciha 

(NOa : Clio : CH2NO,-=4 : 1 ; 2) 


forms crystals, m.p. 58®-59® (Konowalow and 
Rentschikowski, J, Russ. Phys. Chem. Soc. 
1904, 36, 462). 

Z-Niiro-o-xylene\ in 90 p.c. yield together 
with 4-nitro-o-xylene by treating o-xylene udth 
a mixture of nitric acid (D 1*397) and sulphuric 
acid (D 1*84) below 0® and distilling the washed 
product with steam, or together with 4-nitro-o- 
xylcne in the proportion of 2 : I by using nitric 
acid alone (Nolting and Ford, llcr. 1885, 18, 
2068 ; Crossley and Renouf, C’hcm. Soc. Trans. 
1909, 05, 202) ; from 3-nitro-o-4-xylidino by the 
diazD-reaction (CVossloy and Wrc*n, Chem. Soc. 
Trans, 1911, 99, 2341). Pale yellow refractive 
liquid, b.p. 24<)77tK) mm., solidifying on cooling 
to crystals, m.p. 15® (C. and W.) ; b.p. 250®/739 
mm.; D'*® 1*147 (N. and F.). When heated 
with nitric acid (]> 1*15) in a scaled tube for 
4 hours at 170®-! 80®, it yi(*lds 3-nitrophthalio 
acid, yellow transparent pri.sms, m.p. 217® 
(U. and H. ; r/. Miller, Ann. 1881, 208, 240; 
Graeff, Bc*r. 1882, 15, 1127). When reduced 
with zino dust and a dilute alcoholic solution of 
ammonium chloride it yields o-xylene«3-hydro* 
xylaniine, white leaflets, ro.p. 74® (Bamberger 
and Rising, Ann. 1901, 316, 257). 

4L-NitrO‘(}-xylene; see above; by nitrating 
1 pari of o- xylene with ^'-lO parts of cold nitrio 
acid (Jacobsen, Ber. 1884, 17, 159), or bettor 
with fuming nitric acid in presence of aootic acid 
at a temperature of 20-25®. The yield of 
mononitro-derivatives obtained when o-xylono 
is nitrated with 8 times its weight of nitric aoid 
is only half of that obtained when 6 timiNi its 
weight of fuming nitric aoid is used, and oven 
in the latter case the yield is not as good •• 
when nitric and acetic amds are used (C« and B.) ; 
from 6-nitro*o-4-xylidine by the di^-reaotioil 
(Diepolder, Ber. 1909, 42» 2916), Lpm traits* 
parent gbatening yellow 80®» kp* 

2M^/74§sim. (^ht daoomp,), or IWffl 
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(<X «nd R.}; 1*139 (J.)« On oaddation 

with dilute sdtric acid it yields two nitiotoluic 
adds, and 4-nitxophthalio add. When treated 
with oaustio alkdis in the presence of air, 
it yields 4 : 4^dinitro-2 : 2'-dimethyldibonzyl, 
lemon-yellow needles, m.p. 222®-224® (Green, 
Davies and Horsfall, Chem. Soc. Trans. 1907, 
91, 2076). For electrolytic reduction, see Elba 
and Kopp (Zeit. Elektrochem. 1898, 5, 108). 
When reduced with zinc dust and a dilute 
alcoholic solution of ammonium chloride 4-nitro- 
o- xylene yields o-xylene-4-hydroxylamino, white 
needles, m.p. 98®-101® (Bamberger and Rising, 
Ann. 1901, 316, 257). 

3 : i-Dinitro-o-xylene ; from 3 : 4-dinitro-o- 
4-xylidine by the diazo-reaction (Crossley and 
Morrell, Chem. Soc. Trans. 1911, 99, 2345); 
by the action of fuming nitric acid on o-xylene 
at 22®-25® ; also together with its isomerides by 
nitrating o-xylene or 4-nitro-o-xyIene with 
fuming nitric acid or with mixed acids (C. and 
R.). Small silky needles, m.p. 82°. When 
heated in a sealed tube with nitric acid it yields 
3 : 4-dinitrophthalic acid, m.p. 204°-20r)° (de- 
comp.), and 3 : 4-dinitro-o-toluic acid, m.p. 182° 
(Warner, Chem. Soo. Proc. 1913, 29, 60). 

3 : Q-DinitrO‘ 0 ‘Xi/lene ; by nitrating o-xjdene ; 
together with 4 : 6- and 3 : 4-dinitro-o-i^lene8 by 
nitrating 3-nitro-o-xylene with fuming nitric 
acid; as a by-product in the preparation of 
3 : 4-dinitro-o-xylene (C. and R. ; Crost^ley and 
Wren, Chem. Soc. Trans. 1911, 90, 2341). 
Sheaves of small needles, m.p. 89°~90°. 

4 : ^-Dinitro-o-xylene ; from 4 : 5-dinitro-o- 
3-xylidine by the diazo-reaction (C. and M.); 
together with 4 : 6- and 3 : 4-dinitro-o-xylone 
by nitrating 4-nitro-o-xylene in sulphuric acid 
solution with a mixture of nitric and sulphuric 
acids at the ordinary temperature and com* 
pleting the reaction liy heating for 10 minutes 
on the water-bath; also, but loss conveniently, 
by nitrating 4-nitro-o- xylene vith fuming nitric 
acid alone, the products being separated by 
fractional crystallisation from tJeohol (Nditing 
and Thesmar, Ber. 1902, 35, 628), or by aiternate 
orystaUisation from sulphuric acid and alcohol 
(0. and R.). Long white glistening needles, 
m.p. 115®. It is more sparingly soluble in 
alcohol than 4 : 6-dinitro-o-xylene, and also 
differs from the latter in being readily converted 
into 6-nitro-4-amino-o-xylene by alcoholic am- 
moniaat 150® (N. and T.). 

4 : %-Dinitro-o-xylene ; see above ; from 
3 : 5-diniiro-o-4-xylidine by the diazo-reaction 
(Grossloy and Mom41, Chem. Soo., Trans, 1911, 
99, 2345) ; in largest q^uantity together uith its 
isomerides by the action of fuming nitric acid 
on o-xyleno at 22®-25° (C. and R. ; c/. N. and 
T.); by heating 4 : 6-^initro-o-tolylacetic acid 
(il^rsono and Fiodlor, Ber. 1913, 46, 2117). It 
crystallises from alcohol in faintly yellow, stout 
leafy needles, or long transparent noodles, and 
from chloroform and light petroleum in stellar 
amcreMtes of long glistening needles, m.p. 75®- 
76® (u. and R.). It is reduced by ammonium 
sulphide to C-nitro.o-4.xylidine, m.p. 74®-76®, 
ana by tin and hydrochloric acid to the diamine 
(N. and T.), On oxidation with dilute nitric 
ndd in a sealed tube it ^elds 3 : 5-dinitro-o- 
tolttfo addt imp. 206 ®, and 3 : S-dinitrophthalio 
noid, nup, 225^(W.). 

9f4;5^2Vvtl•llri^o^ together witli 


3:4: S-trinitro-o-xylene by nitratingthe mixture 
of the two isomeric dimethyloyelohexenes, 
obtained by eliminating 2 mols. of hydrogen 
bromide from 3 : 5-dilwomo-l : 1-dimethylpyclo- 
hexane, or by adding o-xylene to a cold mixture 
of nitric acid (D 1*5) and concentrated snlphurio 
acid and completing the nitration hv heating 
the mixture on the water-bath for 15 hours ; or 
the same mixture is obtained by the further 
nitration of 3 : 4- or 4 ; 6-dinitro-o-xylene, 
whereas 4 : 5-dinitro-o-xylene on further nitra- 
tion yields only 3:4; 5-trimtro-o-::ylene. It 
forms long colourless needles, m.p. 115® (Crossley 
and Renouf, Chem. Soc. Trans. 1908, 93, 629 ; 
1909, 95, 202 ; r/. Harries and Antoni, Ann. 
1903, 328, 88; Marqueyrol and Loriette, Bull. 
Soc. chim. 1920, liv.J 27, 424). 

3 : 4 : H-TrinUro-o-xylene ; see above; also 
as the solo product of the further nitration of 
3 : 6-dinitro-o-xylone with fuming nitric acid and 
sulphuric acid (C. and R.). It forms faintly 
yellow glistening flat needles, m.p. 72®. 

No tetranitro-dcrivativoB are formed in the 
above nitrations. The ‘ dinitro-o-xylenc,* m.p. 
71®, obtained by Drosshach (Ber. 1886, 19, 
2518), and erroneously considered by Nolting 
and Thesmar (Lc.) to bo 4 : 6-dinitro-o-xylene, 
m.p. 75°-76®, has been shown by Crossley and 
Renouf (f.c.) to bo actually 3:4: 6-trinitPO-o- 
xylene, m.p. 72®. 

For the manufacture of trinitroxylene for 
use as a substitute for T.N.T. in bursting charges 
for high explosive shells, see Marshall (J. Ind. 
Eng. Chem. 1920, 12, 248). 

When 60 grms. of commercial xylene, con- 
taining only the three isomerides, is nitrat^ 
with 500 grms. of mixed acids (2 pai^ of nitric 
acid, D 1*52 to 3 parts of sulphuric acid, D 1*84), 
62 grms. of a solid trinitroxylene and 17 ipms. 
of a yellow liquid nitroxylene are obtained. 
The presence of a small amount of dinitroxylenes 
renders the product useless as an explosive, but 
by a second nitration a trinitroxylene capable of 
detonation by 0*15-0*2 grm. of silver azide is 
obtained in tne form of white crystals, melting 
between 120° and 177® (Schweizer, Z. ges. 
Schiess- u. Sprengstofi^r. 1919, 14, 24). 

co-(2)-C/*lora-4-nt<ro-o-a*yfctt€ ; by treating A 
mixture of p-nitrotoluenc and s-dicnlorometi^l- 
ether with fuming sulphuric acid (20 p.o. SO*) 
and allowing the whole to stand (Stephet4 
Short and Gladding, Chem. Soc. Trans 1920, 
117, 610). Needles, m.p, 50®. On reduction 
with tin and hydrodhlorio acid^ it yields o-4- 
xylidine, and on oxidation with pota^um 
permanganate it yields 4-nitrophthalic ac^ 

4-CWoro-5-»w*tre-o-aryZe»€ ; by the aorion of 
nitric acid on 4-chloro-o-xylene (Glaus and 
Qroneweg, J. pr. Chem. 1891, (2) 43, 867). 
Needles, m,p. 73®. 

3 : 5-2>»cMofo-4 : 6-d»ni(ro*o-zyZeiie by ^ ni- 
trating 3 : 5-dichloro-o-xylene with fuming nitric 
acid and sulphuric acid for 10 minutes on the 
water-bath ; or by dissolving 3 : 5-difihloco-6- 
bromo-o-i^lone in fuming nitric add and 
heating the solhtion on the water^batfa fat 
20 minutes; by warming dichlorotaibiomodi* 
methyltetrahydrebenzene with conoentrated 
idtric acid (Crossley, Chem. Soc. Trans. lOMb 
85, 264); by adding 3 : 6 : 6-todchloro.o.agJs»0 
to fuming nitrio add, and wanning for a mii 
time'(Huikd| Chem. See. Trans. 192(^ UT« 
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1296), Attempts to obtain 3 : 5-dichloro-4:6- 
dinitro-o-xylene by chlorinating 4 : 6-dinitaro-o- 
xylene failed (Grossley and Kenouf, Ohem. Boo* 
tbans. 1909, 95, 202). Faintly yellow glistening 
four-sided crystals, m.p. 176®-176® (C.). 

4 : 5-DicMoro-3 : Q^ainitrfhO^xylene ; by ni- 
trating 4 : 5-dichloro-o-xylone with fuming nitric 
acid and sulphuric acid (Claus and Berkefeld, 
J. pr. Chem. 1891, (2) 43, 583). Colourless 
transparent needles, m.p, 165®. 

3 : 4 : 5-Trichloro-Q-nUro-o^xf/lene ; by the 
gradual addition of 3 : 4 ; 6-trichloro-o-xylene 
to fuming nitric acid and wanning on the water- 
bath for 20 minutes (Hinkel). Stout transparent 
ciystals with a faint yellow tint, m.p. 149®. 

S^Bromo-H-nitrO'O-xylene ; from 6-nitro-o- 
3-xylidine (Crossley and Bartlett, Chem. Soc. 
Tn^. 1913, 103, 1297). Long colourless 
glistening needles, m.p. 101®. 

N%tro-6‘hroim-4‘Chloro-o-xfjlene ; small colour- 
less prisms, m.p. 223® (Claus and Gronewog, J. 
pr. eixem. 1891, (2) 43, 262). 

3 : 5-DkhlorO'4‘hr<moS-nitto-0‘Xi/lene ; by 
heating 3 : 5-dichloro-4-bromo-o-xylene for 20 
minutes on the water-bath with fuming nitric 
acid (Crossley). Faintly yellow glistening 
needles, m.p. 175®-170'5®. 

3*NitroA ; 5-dibr<mo-o-on/lene ; by nitrating 
4 : 6-dibromo-o-xyleno with fuming niinc acid 
in presence of glacial acetic acid (Crossley and 
Smith, Chem. Soc. Trans. 1913, 103, 989 ; *T6hl, 
Ber. 1886, 18, 2651). Colourless needles, m.p. 
141® (T.), or 143®-144® (C. and S.). 

3 : 3-l)initro-4 : 5-dibromo-o-xylene ; together 
with the above compound by adding 4 : 6-di- 
bromo-o-xylone to cold fuming nitric acid (Tohl). 
Small nee&es, m.p. about 250®. 

o-Xykne 3-8tupkinic acid; melts at 106® 
(Moschner, Ber. 1901, 34, 1257). 

o-Xylem 4-svlphinic acid ; by the action of 
zinc dust on o-xvlenc 4 • sulphonylchloride 
(Jacobson, Ber. 1877, 10, 1011); by treating 
o-xylene in carbon disulphide solution with 
sulphur dioxide in presence of aluminium 
chloride and hydrogen chloride at 0® (Kiioc- 
venagel and Kenner, Ber. 1908, 41, 3316). Large 
thin crystalline plates, m.p. 83° (J.), or 75° 
(K. and K.). 

ihXylene Z-stUphonic acid; by treating G- 
obloro-o-xylene 3-sulphonic acid with sot^um 
anmlgam (Kriiger, Ber. 1886, 18, 1760); by 
oaddislng o-xylene 3-sulphinic acid (Moschner) ; 
bv treating sodium 4 : 5-dibromo-o-xvlene sul- 
phonate inth zinc dust find sodium hydroxide 
(Moody, Chem. Soc. Proc. 1892, 8, 213); by 
prolonged treatment of 3-bromo-o-xylcne 6- 
snlphonio acid with sodium amalgam (Stallard, 
Chem. Soc. Trans. 1906, 89, 808). NaA'-hH^O, 
long flat plates. When heated at 115®~120® for 
2 hours o-xylene 3-sulphonic acid is completely 
Isomerised to o-xylone 4-sulphonic add (Moody). 

Ohkride; prisms, m.p. 47® (Moody; 
Moschner), or 41'5®-43’5° (S.). 

SfMhimrnide; needles, m.p. 167®. 

o^Xylene 4^evIphonic acid ; by wiurming o- 
xylene with sulphuric acid ( Jatobsen, Ber. 1877, 
10, 1011; 1878, 11, 22). Long flat pri.sros or 
re^ngular tables -f21:LO. Melts at 64^ (Pat- 
tarsoii, McMlDan and ^merville, Chem Soc. 
Xruu. 1924, 125, 2489). NaA'-f5H,0, long 
flat prisms, Ba^|+H.O, largo rhombic plates, 
jbarinm salt may be obtained by oxidising 


o-xylene 4-sulphinio add with barium per- 
oxide. 

Ohkride; large prismatic crystals, m.p. 

6r-62®. 

Amide ; prisms, m.p. 144®. 

The oxidation of o-xylone 4-Bulphonio acid 
with permanganate yields two acids, and when 
treated at 40® with a solution of bromine in 
hydrochloric acid a mixture of 4-bromo-o- 
xyleno, 4 : 6-dibromo-o-xylene and two bromo-o- 
xylene sulphonio acids is obtained (Kelbe and 
Stein, Ber. 1886, 19, 2137). o-Xylene 4-sul- 
phonic acid on fusion with lead peroxide and 
potassium hydroxide gives phthalic acid in a 
3 dold of 70*5 p.c. (Graebe and Kraflt, Bor. 1906, 
39. 2507). , 

o- Xylene 4 : Z{^)-dmilphmic acid; heja o- 
xylene 4-sulphonic acid and chlorosulphonio 
acid at 150® (Pfannenstill, J. pr. Chem. 189^ (2) 
46, 165). K^A"+Bfi, needles ; BaA"+3ffiO ; 
PbA"+3H20, large prisms, 1 

Chkride; largo prisms, m.p. 79°. \ 

Amide ; irregular crystals, m.p. 239°. 
Z-CMoro-o-xylene Z-svlpkonic acid; smidl 
prismatic needles 4 - 2 H 2 O (Claus and Bayer, 
Ann. 1893, 274, 304; ICruger, Ber. 1885, 18, 
1755. NaA'+HiO, large plates ; BaA'j-f HjO. 

Amide; long prisms, m.p. 199® (K.). On 
treatment with sodium amalgam the free acid 
yields o-xylone 3-8ulphunic acid (K.). 

4-CJdorO‘0-9cylene d-sttlplumic acid; colour- 
less needles or nacreous plates SHjO (C. and 
B. ; K.). NaA'+5HgO, needles or flat prisms ; 
KA', vitreous needles ; BaA'j4 4 H 2 O, needles. 
The barium salt is more soluble than that of 
3-chloro-o-xylene C-sulphonic acid. 

Amide ; long needles, m.p. 207® (K.). 
4‘Bromo-o-xylene H’Sulphonic acid; by dis- 
solving 4- bromo-o- xylene in slightly fuming 
sulphuric acid (Jacobsen, Ber. 1877, 10, 1011 ; 
1878, 11, 22; 1884, 17,2372; Stallard, Chem. 
Soo. Trans. 1906, 89, 808). Fibrous crystalline 
mass +a?HaO. BaA'j + 311 gO, long hard prisms ; 
NaA'4-1 JllgO, long slender needles ; KA'+HjO, 
thin vitreous prisms. 

Amide ; long hair-iike noodles, m.p. 213® ( J.) 
6- or Z-Bremo-o-xylene 4-sulphonic acid ; 
together with 4 : 5-dibromo-o-xylene and 4- 
bromo-o- xylene by treating an aqueous solution 
of o-xyleno 4-sulphonic acid at 40® with a solu- 
tion of bromine in hydrochloric acid (Kelbe and 
Stein, Bor. 1886, 19, 2137); or better, 1^ 
brominating barium o-xyleno 4-sulphonio acid 
(Stallard). NaA'-j- JHjO, needles ; NaA'4-H«0, 
thin plates; KA^ stout needles (S.); BaA^s, 
needles -f4H,0 (K. and S.). 

Chkride ; largo six-sided plates, m.p. 85*6® 

(S.). 

Amide; m.p. 191 *5^(8.), or 180*6® (K. and 

8 .). 

When the sodium salt 0 ! the free sulphonio 
acid is dissolved in sulphuric acid and dutilled 
with steam, 3-bromo-o-xyleno is obtained (S.)* 
Z-Bromo-o-xykne Z-stUphmic acid ; toj^ether 
with the above compound by sulphonating 3- 
bromo-o-xylene (S.). BaA^i, smtSl plates or 
powder; NaA'+H|0, thin plates; XA^ long 
flat needles. 

Chkride ; six-sided plates, m.p. 6B*5®« 
Amide ; arborescent enrsMs, xn«p. 195®* 
The sodium salt 0 ! 8*bfomo-e*xytaii 
6-suiphonio aeid on prolonged treetment wtUi 

b 
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sodium amalgam yields sodium o-zyleue 3* 
siiiphoimte. 

^ Z^NUro-o-xylene 4-stdp%onic acid; togethet 
with d-nitro-o-xylene S-sulphouio add, 4-mtro- 
o-iq^lene 5-sulphomo add and a dinitro-oaylene 
fay gradually adding o-xylene 4.sulphonic acid 
to well-ooolod fuming nitric acid (I) 1*5) and 
keeping the mixture for 6 hours at 0® and then 
at 30® for 2 days. The 3-nitro-o- xylene 5- 
sulphonic acid is isolated by means of its barium 
wit, and the remaining sulphonic acids are 
isolated as their sulphonamides (Simonsen, 
Chem, Soc. Trans. 1913, 103, 1144). Needles, 
BaA'j, glistening needles +H 2 O. 

Amw ; large prismatic needles, m.p. 214®. 

Z-NUro-o-xylene 6-8ulphonic acid; hygro- 
scopic slender needles (S.). BaA'j+SHjiO, 
glistening prismatic needles. 

Chloride; large irregular glistening plates, 
m.p. 69®-70®. 6 ^ ^ 

Ami^; fine hairlike needles, m.p. 180®. 

4t’Nitro-o-xylene phonic acid; bayonet- 
shaped, somewhat hygroscopic needles (S.) 

Amide; small hard prismatic needles, m.p. 
157®-168®. ^ 

m-Xyhne or iaoxyhne ; in lignite tar (Oehler, 
Zeitsch. angew. Cliem. 1899, 12, 661) and in coal 
tar; together with a lit tie 0 - and p-isomerides by 
the action of methyl chloride on toluene in pre- 
sence of aluminium cliloride ( Ador and Rilliet,Bcr. 
1878, 11, 1627 ; Priedel and Crafts, Ann. Chim. 
Phys. 1884, (6) 1, 461); from m-iodotoluenc (but 
not from m-bromotoluouc) with methyl iodide 
and sodium (Wroblewsky, Ann. 1878, 192, 200) ; 
topther with a little p-xyleno by heating 
toluene with methyl iodide in the presence of 
iodine (Raymann and Preis, Ann. 1884, 223, 
316); by distilling mesitylenic and xylylic 
acids with liino (Fittig, Ann. 1868, 148, 10; 
1870, 166, 236 ; Zeit. fiir Chcra. 1867, 526 ; 
Bull. Soc. chim. 1867, (2) 8, 268, 424); from 
pseudocumene or mesityleno by the action of 
aluminium chloride (Jacobsen, Ber. 1885, 18, 
338). The fact that m-xyleno is more slowly 
attacked by oxidising agents than are its 0 - and 
p-isomerides has been employed to obtain this 
^drocarbon in a pure condition (Tawildarow, 
Zeit. fur Chem. 1870, 418; Gundelach, Bull. 
Soc. chim. 1870, (2) 26, 43 ; Lako, Ann. 1870, 
182, 80; Bruckner, Ber. 1876, 9, 405; Bull. 
Soc. chim. 1876, (2) 26, 463). 

For the separation of m-zylcne from its 0 - 
and p-isomerid^, see under 0 - xylene. According 
to a recent patent m-xylene may be separated 
from the mixture by moans of 76 p.o. siuphuric 
acid in presence of m-xylene euphonic add. 
The m-]^lene sulphonic acid thus produced is 
aeparatea from the unchanged hydrocarbons 
and is subsequently jdesulphonated (Lepers, 
U.& P.1311848 of 191(1). 

Liquid, b.p. 139® (corr.), m.p. --60® (Fischer, 
Zeitsch. Elekirochom. 1910, 16, 161). It is 
stated by Pictet (Compt. lund. 1894, 119, 965) 
that m«xylene does not solidify at — 100®. M.p. 
—64® to —63® (Colson, Ann. Qiun. Phys. 1885, 

(6)6, 128): b.p. 138-9’’ : 0-8812 (Piia-tle, 

Aim. 1888, 243, 60); b.p. 139-2/759-2 mm.; 
DP"** 0-8716, Dj?®’** 0-7572 (Sobiff, Ann. 1883, 
82 ; cJ, Neubeok, Zeilsoh. phjnikal. Chem. 
IW, 1, 6W): imp. —^'(Altsohiu and Schneider, 
ZeUMb. phyirikd. Chem. 1895, 10, 24); b.p. 


142-6“; Dj: 0-8779, DJ®: 0-8691, I^: 0-8626, 
D|.®* 0-87397 (Perkin, Chem. Soc. Trane. 1896, 
1241 ; 1900, 77, 278) ; D|?’ 0-8666 (Briihl. 
Ann. 1886, 236, 12 ; c/. von Hirsch, Ann. Phys. 
Chem. 1899, (2) 69, 466). Critical pressure and 
temperature (.^tschul, Zeitsch. physikal. Chem. 
1893, 11, 690); refractive power (Bruhl; 
Landolt and Jahn, Zeitsch. physikal. Chem. 
1892, 10, 303); capillarity constant (Sebiff, 
Ann. 1884, 223, 104) ; electromagnetic property 
(Schonrock, Zeitsch. physikal. Chem. 1803, 11, 
785); dielectric constant (Drude, ihid. 1897, 
23, 309; Turner, ihid, 1901, 35, 427); other 
physical constants (von Auwers, Ann. 1919, 
419, 92; Gladstone, Chem. fcSoc. Trans. 1891, 
69, 290; Flusin, Compt. rend. 1898, 126, 1497) ; 
absorption spectrum in ultra-violet (Mi^, 
Zeitsch. wiss. Photochem. 1910, 8, 287). It 
is not attacked by dilute nitric acid, and is only 
oxidised very slowly by potassium dichromate, 
forming isophthalic acid (Fittig and Velguth, 
Ann. 1868, 148, 11), but after conversion into 
the diethyl-ether, a colouiless mobile oil, b.p. 
246®-247°/712 mm., an almost theoretical yield 
of isophthalic acid is obtained on oxidation in 
a similar manner (Kipping, Chem. 8oc. Trans* 
1888, 63, 21). For other methods of oxidation 
in presence of catalysts, &c., sec under o-Xykne, 

When heated with phosphonium iodide it 
forms a hydrocarbon C^i* (Baeyer, Zeit, fiir 
Chem. (2) 4, 455). 

The degradation of alkylbcnzcnes by means of 
anhydrous aluminium chloride was fimt noticed 
by Friedcl and C‘rafts (Compt. rend. 1886, 100, 
602). Anschutz (Ber. 1884, 17, 2816; 1886, 
18, 657; Ann. 1886, 235, 182, 323) obtained 
toluene from m-xylene by heating the latter 
with anhydrous aluminium chloride. Jacobsen 
(Ber. 1885, 18, 338) obtained toluene from m- 
xylene in a similar manner, by boiling the 
mixture for 4 hours. On boiling with aluminium 
chloride the products are benzene, toluene, a 
little p-xylene, pseudocumenc, mcsitylene, and 
dureno (Anschutz, Ann. 1886, 235, 182). Heise 
and ToU (Aim. 1802, 270, 166), on pa^g dry 
hydrogen chloride through a mixture of 70 erms. 
of m-xyleno and 20 p.c. of aluminium chbiii^ 
heated for 6 hours at 100®, obtained only 2 grma. 
of hydrocarbon of lower boiling-point thiui 
m-xyleno, together with benzene, mesitylene, 
some p-xyleno and peudocumene. Fischer 
and Niggemann (Be^. 1916, 49, 1476) found 
that for the most productive degradation of 
m-xylone to toluene, the reaction should be 
carried out at the boilfhg point of m-xylene for 
2 hours in the presence of 2-4 p.c. of aluminium 
chloride. Under these conmtiona m-xylene 
yields approximately 12 p.o. of toluene togeUier 
with benzene and polymcthylated benzenes. 

m-Xylone, when treated with hydioxylamine 
hydrochloride in presence of aluminium cnbiide, 
yields 4-amino-m-xylcne (Graebc, Ber. 1901, 34, 
1778), and on heating with methyl iodide and 
iodine at 250® it^elds pseudocumene, meaity* 
lenc, and a hydrocarbon 0^oHi4 (Rayman and 
P^is, A&n. 1884, 223, 320). When treated with 
benzoyl peroxide m*xylono forms dizylylene 
(Lippman, Monatah. 1886, 7, 628). 

In the presence of alondninm chloride, 
xylene reacts with acetyl chloride to form 
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m-i^fr^l^^nethylkeione (Verley, Boll. Soo, 
ohitti. 1897, (3) 17, 006); Claus and Q&rtner, 
Bsr. 1886, 19, 230; lahzaka, Ber. 1914, 47, 
2460), which, on oxidation with TOtasaium 
permanganate, yields dimethylphen^^glyoxylio 
add, and on reduction with sodium amalgam 
ymlds m-xylyl-4-methylcarbinol (Claus, J. pr. 
CSiem. 1890, (2) 41, 483). r/t^Xylyl.4-methyl- 
Icetone, on nitration with nitric acid (D 1*52) at 
temperatures below 30^ yields two mononitro- 
derivatives, but when the ketone is added slowly 
to a mixture of nitric acid (D 1 *52) and sulphuric 
acid, a dinitro- and a dinitronitroso-ketone are 
obtained, the latter being formed in greater 
quantity at higher temperatures (Claus), m- 
XyIyi-4-methylketone when treated with sodium 
etnoxide and amyl nitrite yields xyloylformoxime 
(Soderbaum, Ber. 1892, 25, 34b9). m-Xylene 
condenses with bromoacetyl bromide in jirosence 
of aluminium chloride, forming fn-xylyl-4- 
bromomethylketone (Jacobs and Heidelberger, 
J. Biol. Chem. 1915, 21, 455), whilst 5-mcthox3'> 
in-xylene with acetyl chloride yields 5-methoxy > 
m-xylyl-2-methylketone, and the xylenyl acetate 
in a similar manner jdelds 5-hydroxy- m-xjd} 1-2- 
methylketone (Auwers, Ber. 1915, 48, 90). 
m-Xylyl propel ketone on oxidation with per- 
manganate 3*ielda o-p-dimethylbcnzoylformic 
acid {i»-xylylgiyoxylic acid), and on reduction 
in alkaline solution yields m-xyly Ipropylcar binol ; 
m-xylyl isopropyl ketone on oxidation with 
potassium permanganate also yields m-xylyl- 
glyoxylic acid. The ketones on heating Vith 
yellow ammonium sulphide, containing sulphur, 
yield the corresponding butvramides (Claus, 
J. pr, Chem- 1892, (2) 46, 474). m-Xylyba- 
ohlbromothylketone forms large white platen, 
nup. 62®-63® (Kunckell, Ber. 1897, 30, 577; 
Ber- Deut. Pharm- Ges. 1912, 22, 242), whilst 
iit-i7lyl-4-bromocthylketonc, prepared by gradu- 
ally adding aluminium chloride to a mixture of 
a-bromopropionic chloride and m-xylene, is 
an oil, b.p. 160^-163^20-25 mm. (Collet, Compt- 
lend. 1897, 125, 305). m-Xylyl-6-butylketonc 
is obtained by the action of vaicryl chloride on 
m-^iene in presence of aluminium chloride. It 
Ixnls at 149^/10 mm., and forms an oxime, 
kp- 184®-187721 ram., and a scmi-carbazonc, 
ih.p- 188® (Layraud, Bull. 8oc. chim. 1906, (3) 
3k 223). 5-Btttyl-m-xylyl-4-methyiketone, ob- 
iiuned by slowly adding acetyl chloride to 
butylxylene and aluminium chloride, forms 
large plates, m.p. 48®, b.p. 265®, and drjps not 
lea^ hjrdroxy lam i op or pheoylhydraxinc. 

On oxidation with permanganate below 65® it 
yields butylzylylglyoxylic acid; when heaU^d 
with aniline and p-toldidino % Boui^eault's 
butylxylyJaldehyde is formed ; on 
nitmtion the ketone yields a dinitro-derivative, 
which does not form an oxime or a phenyl- 
hydrsxone, but yiel^ a benzylidene-derivative, 
m-p- 140®, and a trichloroethylidene-derivativc, 
Sri (Baur-Thurgau, Ber. 1898, 31, 1344 ; 
m 32, 3^7; 1900, 33, 2562). w-Xylene 
opndeases with phthalic anhydride in presence of 
a lmninli i m chloride forming na'Xylene-phthaloio 

with>ii«)yl 

cUoclde forming dimethylbeozophenone, and 
phenylaoetyl chloride forming dimethyl* 
dpMQrbeiiadin (SdUscher, Ber. 1882, 15, 1080). 

^73® and 

lias 0*996; the hydrate melts at 62®. The 


derived o-p-dimethyleoiimatoiie is an oil, b.p. 

S l®-222®, 1*036, rrfraotive index 1*5412 

16®; with concentrated lulphuTio acid it 
produces a violet coloration. It zonns a piciate, 
m-p. 78®-79® (Stoermer and Schroeder, Ber. 
1897, 30, 1700). Di-wi-3^1yl ethylene diketone 
CeHj;CO*C.H,(CH,)*WCO : CH,: CH.«1 : 2 : 4) 
colourless needles, m.p. 129®, is obtained by the 
action of succinyl chloride on m-xylene in 
presence of aluminium chloride (Claus and 
Werner, Ber. 1887, 20, 1375). 

When 4 molb. r/t-xylene, 1 mol. nickel 
carbonyl, and 4 inols. aluminium chloride are 
allowed to react for several days at the ordinary 
temperature, or wlicn the mixture is heated for 
several hours in a sealed tube at 100®, a 20 x>.e. 
yield of 2 : 4-dimethylbenzaidchyde is obtained. 
Under the latter conditions, 2:4:6*. 8-tStra- 
methylanthracene, identical with the product 
obtained b^* Anschutz (Ann. 1886, 235, 174ji by 
the a(*lion of acetylene tetrabromide 4iul 
aluminium clilondc on m-xylcne, is also fonded 
(Dewar and Jones, Cliem. Soc. Trans. 1904, 85, 
217). 2 : 4-l)iinetii3*lbenzaidchyde has also beCn 
prejiared by treating m -xylene in presence of 
aluminium chloride and cuprous chloride with 
carbon monoxide and hydrogen chloride (Gatter- 
mann and Koch, Ber. 1897, 30, 1622 ; 1898, 31, 
1149; Gattermann, Ann. 1906, 347, 347), and 
from the phenyhmido denvt‘d from m-xylyl- 
glyoxylic acid by Ixjilmg with dilute buljihuric 
acid (Bouveault, Compt. rend. 1896, 122, 1543). 
The tetramctl\vlanthracenc obtained by Friedel 
and Crafts (Ann. ( him. Phys. 1887, (6) 1 1 , 268) by 
the action of mcthvienc (*hloride and aluminium 
chloride on m-xylene dilTcrs from the tetra- 
mcthylanthracene described above, and must be 
1:3:6: 8-totramethylantliracene. 

n^Xylene is converted into m-tolualdehyde 
by fitard*s n‘action (Bomemann, Ber. 1884, 
17, 1462). m-Xylvlamide, lustrous needles, 
m.p. 180®, is formal whvn m -xylene and chloro- 
cartKmylamide are heated gently; w-xylyl* 
anilide is prejiared by hi atmg a mixture of 
phenyl cyanato and m- xylene in presence of 
aluminium chloride (Leueliarl, J. pr. Chem. 
1890 (2), 41, 301). 

When m xylene is tn*ated with mercury 
fulminate, sublimed aluminium chloride, alu- 
minium hydroxide and hydrated alununiuin 
chloride, a mixture of AS.-iA-xylylaldoxiin6, in- 
xylo-2-nitriic, m.p. OO'^-Ol®, and m-xylo-4* 
nitrile, m.p. ^®, is formed ; m-xylyl-4-aldoxiiiie 
is separated from the nitriles by meanii of 
sodium hydroxide. The syn-forra, m.p. 126®, 
is purified by precipitation from its ethereal 
solution with nydrochloric acid, and is converted 
into the anti-mrrn, m.p. 85°-86®, by warming 
under water (Scholl and Ka5er, Ber. 1003, 86, 
322). 

By the action of pbosphonis chloride on 
et-xyleno in jiresence of aluminium chloride, o 
mixture of m-xylyl-4- and 5(7)-chlorophospliiiies 
is obtained, the former being idiio formed by the 
action of phosphorus emorido on mereofy 
dixylyl (Hg : CH, ; CH,«4 : 1 : 3) at 230®-.24(A 
The mixture on treatment with chlorine yieUs 
a mixture of the tetrachlorides, which with 
sulphur dioxide yields a mixiuie of oxy^^blorUee 
(Weller, Ber. 1887, 20, 1718), whilst the chiotn^ 
phosphines react with aine^methyl to fo«m 
kyhgrlylphcHifdt^ 
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bjop. 233% and a little diineth^hofildiiiie oxide 
(Cbnea, Bw. 1808, 31, 2919). !tbe oxy-ddorides 
on prolonged boiling idth mter are converted 
into the corresponding m-xylylphosphinic acids 
(W.). m-Xylophosphonic acid, 

COOHO.H»(CHa)*PO(OH)j 

(1:2:4: 5) is obtained by oxidising pseudo- 
oumyl-phosphonio acid with potassium per- 
manganate. It melts at 268'', and when heated 
above this temperature yields metaphosphoric 
acid and xylene carboxylic acid (MicWlis, 
Bothe, Ulster and Meeker, Ann. 1896, 293, 261). 
9»*Xylene reacts with diphenylcarbamido in 
presence of aluminium chloride, forming t//> 
xyloyldiphenylamide, yelloTvish monoclinic 
prisms, m.p. 141''~142'' (Lellmann and BonhoiTer). 

When w-xylene is treated with ethyl bromide 
and aluminium chloride, both uiLsymin. and 
symm. ethyl m-xylenes are obtained and are 
separated by means of their sulphonamides. 
After these have been separated there remains 
an uncrystallisable sulphonamido from wliich^ 
by heating with concentrated hydrochloric acid 
at 180% 4-ethyl-o-xylene is obtained, molecular 
transformation having occurred (Told and 
Qeyger, Ber. 1892, 25, 1533). m-Xylenc, on 
treatment with aluminium chloride at 100% 
3delds a small amount of benzene, p-xylene and 
trimethyl-benzene, but for the greater pari 
remains unchanged (Heise and Told, Ann. 1892, 
270, 155). m-Xylene reacts with potassium 
thiocyanate, forming w-xylencthiocyanate, m.p. 
160®-161® (Wheeler and Mcrriara, J. Amcr. 
Cham. Soc. 1902, 24, 439). Aqua regia conveils 
m-xylene into monochloro-, dichloro-, trichloro-, 
and tetrachloro-derivatives (Datta and Fer- 
nandes, J. Amer. Chem. Soc. 1916, 38, 1809). 
When treated with 1 mol. of chlorosulphonic acid 
f»-xylene yields chiefly m-xyleno 4-sulphonio 
acid (amide, m.p. 137"), identical with that 
described by Jacobsen (Ber, 1877, 10, 1014) as 
*'er8to metaxylol-sidfonsauro ’ (Beckurts and 
Otto, Ber, 1878, 11, 2061). When w-mcrcury 
dixylyl is heated with boron chloride at 200" 
for 24 hours, m-xylylborochloridc, colourless 
fuming liquid, b.p. 218% is obtained, which is 
converted by jwuring into water into w-xylyl- 
borooxide, white nobles, m.p. 202% and tfiis 
yields nt-xylylborio acid when lK)iled with water. 
m-Xylylborobromido is a colourless refractive 
liquid, b.p. 125°/15 mm. ; 1*57 (Michaelis, 

Ihevenot, and Richteoi Ann. 1901, 315, 19). 
Sulphuiyl chloride reacts with r/i-xylcne in 
presence of sunlight, forming a chloro-derivativo, 
substituted in the side-chain, whilst in the 
absence of sunlight a good yield of 4-chloro-m- 
xylene is obtained. Similar results are obtained 
vdth Bulphuryl cbloridq at 160", but in the 
presence of aluminium chloride a sulphonyl 
oUoride is obtained together with the above 
ohloro^m-xylcne (Tohl and Ebcrhard, Ber. 1893, 
26, 2940). For arsenic derivatives of tn-xyleno, 
see llUol^l and Seemann (Ann. 1902, 320, 271), 
and for the hydrogenated derivatives of m-xyloiie, 
see Wallach (Ann. 1890, 258, 326) ; Tiemann and 
Bemmler 1895, 28, 2130 ) ; Vorley (Bull. 
Gto. chim. 1897, (3) 17, 180); Wreden (Bor. 
1872, 5, 606; 1873, 6, 1379; Ann. 1872, 163, 
836 ; 1877, 187, 157) ; Putoohin ( J. Russ. Phys. 
Okam. Soe. 1884, 16, (2) 295) ; Losaen (Ann. 
1884, 228, 110) ; Wallaob (Ber. 1892, 25, 923) ; 


Beilstdn and Kurbatow (Ber. 1880, 13, 1820); 
Markownikoff and Spacty (Ber. 1887, 20, 1850) ; 
Renard (Ann. Chim. Phys. 1884, (6) 1, 229) ; 
Aschan (Ber. 1891, 24,2718) ; Sobiff (Ber. 1880, 
13, 1417 ; Gazz. ohim.ital. 1880, 10, 320) ; Baeyer 
(Ann. 1870, 155, 272) ; Klages and Knoevenagel 
(Ber. 1894, 27, 3023); BaSUo (Ann. 1879, 197, 
322); Jakowkin (J. Russ. Phys. Chem. Boo. 
1884, 16, (2) 294). 

When sulphur chloride acts upon m^xylene 
m presence of the aluminium-mercuiy couple 
it is probable that dixylylene disulphiae is first 
formed, and this yields m-xylyl hydrosulphide, 
or thioxylenol when distilled (Cohen and 
Skirrow, Chem. Soc. Trans. 1899, 76, 890). 
The thioxylenol obtained by Yssel (Zeit. fur 
Chem. 1865, (2) 1, 360) by the action of zinc and 
sulphuric acid on xylene sulphonyl chloride is 
defecribed as a liquid boiling at 213% When 
treated with sulphur, m-xyleiie yields dimethyl- 
dibenzyl and m-dimethylstilbene (Aronheim 
and van Mcrojp, Rec. trav. chim. 1903, 21, 448), 
and with triphenvlmcthyl, rn -xylene forms the 
complex CeH4(CHg)j-f2[(CeH5)gC] (Gomberg 
and Kone, Ber. 1905, 38, 1333). 

5-Cbloro-2 : 3-dihydro-m-xylene, oil, b.p. 
78®-80715 mm., or 176"-178"/atm., is obtain^ 
by the action of phosphorus pentachloride 
on 3 : S-dimethyl-Aj-ketotetrahydro-benzene 
(Klages and Knoevenagel, Ber. 18M, 27, 3019). 

m-Xylyleno cyanide on reduction with 
sodium and alcohol produces only about one- 
seventh of the normal reduction pr^uct, n»-di-j3- 
aminocthylbenzene C0H4(CHj‘CH4*NH,),, b.p. 
lC5®-170°/20 mm., the chief product being a 
saturated secondary amine 




NH or 



b.p. 97"~98°/16 ram. The quaternary am- 
monium hydroxide, obtained from this base on 
treatment with methyl iodide, loses water and 
dimcthylamino when distilled, forming an un- 
saturated hydrocarbon 


l^_CH=CII 


or 


0 


-CH;CH 


b.p. 620-63‘’/18 mm., D^t* 0*900. Both tibaw 
compounds yield isophthalio acid on oxidation. 
These reactions indicafb the important fact that 
two meta-carbon atoms in a benzene ring may 
be connected not only by a nitrogen-containing 
chain, but also by a simple carl^n cham (vmi 
Braun, Karpf and von Gam, Ber. 1920, 53, 98). 
ut-ChkJTo-m'Xylene, m-xylyl chloride, 

C4H4(CHa)CH4Cl. 


by the action of chlorine on boiling m-anrlene 
(VoUrath, Zeit. fiir Chem. 1866, 2, 488; Laa(^ 
and Grimaux, Bull. Soc. chim. 1867, (2) 7, 233 ; 
Ann. 1868, 145, 115; Oundelach, BuU. Boo. 
chim. 1876, (2) 20{ 43 ; Compt. rend. 1876, 82; 
1444) ; by the action of chlorine on 
in sunlight (Radziewanowski and Sdirimm, 
Akad.\^. Krakau, 1898, 61); by the action of 
hydrogen chloride on m-xylyl 

CgH4(CH»)OH*OH 
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(Oolun. Ana. Chim. Pliya. 1885. <0) 6. 118). 
boi]sa«196^ 1-079. 

U’DkMoro-Vi-xj/leM, m-s^rlylene ohloiide. 
C,H«{CH,a)j, 


It 


from the glycol C,H«(OH:,OH)„ and hydrogen 
chloride (Colson, Bull. Soc. cldm. 1885, (2) 43, 
7 ; Compt. rend. 1884, 99, 42) ; by heating 
m-xylene 'with an equivalent amount of phos- 
phorus pentaohloride at 180°, The yield is not 
good, and to obtain a pure product it la necessary 
to hydrolyse it to the glycol, which is then 
treated as above (Colson and Gautier, Bull. Soc. 
chim. 1886, (2) 45, 6 ; Ann. Chim. Phys. 1885, (6) 
6, 114; 1887, (6) 11, 23). o>-Dichloro-o-xylcne 
is also obtained by the action of chlorine on 
m-xylene in sunlight (Radziewanowaki and 
Schramm). It forms crystals, m.p. 34*2°, b.p. 
253°, D«>° 1*302. 

tetrachhro-m-xylene CgH4(CHCl2)2 ; 
by the action of chlorine on boiling m-xylcnc in 
presence of aluminium chloride (Bielecki, Bull. 
Acad. Sci. Cracow, 1908, 29). 

It forms slender silky needles, m.p. 223°— 
223*5° (B.), whereas, according to Colson and 
Gautier (Bull. Soc. chun. 1886, (2) 45, 509; 
Compt. rend. 1880, 102, 689), it boils at 273° ,* 
D 1*536. 

HexacJdoro-m^xylcne ; by heating w -xylene 
with excess of })hosphorus pentaohloride in a 
sealed tube at 100° (CoLon and Gautier, Comx)t* 
rend. 1886, 102, 689). 

It boils at 286°, and is converted by dilute 
alkalis into complex acids containing chlorine. 
In this case, phosphorus 
attacked the nucleus, and, in this respect, 
m-xylene differs from its isomendes. 

4 - Chlcro - m - xylene ; from t» - 4 - xylidinc 
(Klages, Ber, 1896, 29, 310); by chlorinating 
m-xylene at O'" in prest*nce of 5 p.c. of lodiiu 
(Jacobsen, Bcr. 1885, 18, 1760; Vollrath, Z<-it. 
fur Ghem. 1866, 488), or in chloroform solution 
in presence of iron (Claus and Burstert, J. pr. 
Chem. 1890, (2) 41, 552). The crude product 
may be purified by sulphonation (J.) or by 
fractional distillation (C. and B.). 

Oil, which does not solidify at —20% b.p, 
186-5*/767 mm., 1-0598 (J.); b.p. 180°- 


181° (oncorr., C. and B.), or 187 188 /755 mni. 
(K.). On oxidation with chromic ac id mixture 
it yields 6-chloro- m-toluic acid ( J.). 

4-Ciiloro-m -xylene is also obtained in good 
yield by the action ofjiulpburyl chloride on 
m-xyiene in the absence of sunlight (TohJ and 
Eberhard, Ber. 1893, 26, 2940). 

6'-Chloro-2-m-xyloyPbenzoic acid, m.p. 162", 
obtained by the interaction of phthalic anhydride 
and o-chforo-m-xylene, on treatment with 
ammonium hydroxide in the presence of copjier 
powder is converted into an amino-acid, m.p. 
140° fdeoomp.), and subsequently into 1 -amino- ; 
2 : 4«auneihyianthraquinone, m.p. 293° (B. A. ' 
a F., D. R. P. 234917 of 1910). 

ShChloro-m-xyUne ; from fri-5-xylifUDe by 
the Sandmeyer reaction (Kh^eK, Ber. 1896, 29, 
310) ; from the bromide of 5-chioro-dihydro- 
m-s^lone by the elimination of liydrogen 
bromide; by oxidising 5-chlorodihydro-fa- 
agrlssie with cold x>otassium permanganate, 
pO t ar tittm dicheomate, or chromic acid in glacial 
aeetio acid (Klages and Knoevenagel, Bor. 1894, 


27, 3024; 1895, 28, 2044), Oil, b.p. 190°-- 
191°/766 mm. 

* 2:4fDiMoro^m-xylene; by heating 
xylene-2 : 4-disulphonylohlonde withphomhorus 
pentaohloride for 10 hours at 180^ ("msohin, 
Ber^ 1890, 23, 3113); together with the 4:6* 
isomeride by chlorinating cold m-xylene in 
presence of iodine (Koch, Ber. 1890, 23, 2318; 
c/. HoUemann, Zeit. fur Ghem. 1865, 554 ; Ann. 
1867, 144, 268). Liquid, solidifying at —20°, 
b.p. 221*5°. When treated with methyl iodide 
and sodium it yields y-tetramethylbenzene. 

4 : 3-DicIildro-m-xylene ; from 4-chloro-m- 
5>xyli(line by the ISandmoyer reaction (Klages), 
Oil, b.p. 231°-*232°, readily volatile with steam. 

4 : 6-2)icAk>ro-m-xy/ene ; see above ; together 
with the mono- and trichloro-derivativea by 
clilorinating m -xylene in chloroform solutiOfi in 
the presence of iron (Claus and Burstert, J. pr. 
Chem. 1890, (2) 41, 552); together with the 
mono- and the tetracUoro-derivatives by treating 
9?i-xylene with aqua regia (l)atta and Fernandes, 
J. Amer. (’hem. Soc. 1916, 38, 1809). 

Large pearly plates, i^hieh sublime, m.p. 
68°, b.p. 222’^~224°. Gn heating in a sealed 
tube uith nitric acid (T> 1*15) for 5-6 hours at 
150° it yields 4 : 6-di<‘hloro-3-mcthylben«oio 
acid, whereas on heating with nitric acid (D 1*18) 
in a scaled tube at 220’ for several hours, or 
with cliromic acid, 4 : (i-di<‘hloro-isophthaUo 
acid is formed ((’. and B.). Treatment with 
methyl iodide and sodium yields durene, and 
when heated with concentrated sulxihunc acid 
at 220° a 12 p.c. >ield of 2 ; 4-dichloro-m-xylene 
IS obtained (Koch). 

Tncfdoro-m-xyltne {^) ; by chlorinating w- 
.xylcno in presence of iodine (HoHemann, Ann. 
1867, 14f, 270). Silky needles, ni.p. 150°, 
b p. 255°. 

Tru:filoro-m-xylen€ ; together with the mono- 
chloro-, 4 : 6 dicliloro-, and the telrachloro- 
derivatives by the action of aaua regia on i»- 
xylene (Dalta and Fernandes, J. Amer. Chem.^ 
Soc. 1916, 38, 1809) ; by chlorinating w-xylene 
in chloroform soluuon in pn^sence of iron 
(C. and B.) Colourless, lustrous nec^dles, m.p. 
117 It HublimcH and on oxidation with nitno 


acid or chromic acMd yields only trichloro-iso- 
phthalic acid. This tnchloro-denvatiro is also 
formcHi by the method of Datta and Fernandes 
(/.c.). 

Telrachlaro^m-xylene ; see above. White 
brittle nei^k*s, m.p. 210° (('. and B.}, or 212° 
(K.). Very resistant to oxidising agents. 

wBramo-m-xylene, w-xylyl bromide; by 
brominating boiling m- xylene (lladzisaewski and 
Wisnek, Ber. 1882, 15, 1743; 1885, 18, 1279; 
Atkinson and Th<*rpe, Chem. 8oo. Trans. 1907, 
91, 1687; Colson, Omipt. rend. 1884, 99, 42; 
Bull. Soc. chim. 1885, (2) 43, 6) ; by the aorion of 
1 mol. of bromine on cold m-xylefie in the 
presence of indirect sunlight (Senramm, Bear. 


1885, 18, 1277). 

(k>lourle4w liquid, b.p. 2157735 mm* (R. mA 
W.); 212°-2ir (C.); L)*«° 1-3711; b.p* 

1857340 mm. (Ptoppe, Bcr. 1890, 28, 109); 
b.p, 212°-214° (A. and T.). When treated with 
potassium thiocyanate in dilute aloohol it 
yieUb m-xylyl thiocyanate, b.p. 170°/30 mm* 
(Birzelecka, Bull. Aoad.Boi. Chaeow, 19^ 731), 


[ may 

ZlOMn-fi’/TM mo. ; DW* 


^tolyMurUadJ^p* 
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viib tlie Bodiiim derivative of ethyl- 
aeetoaoetate it yields ethyl m-xylylaoetoaoetatei* 
a yellowish oil« b.p. 195^/36 mm», whioh» when 
treated with nitrous acid under varied con- 
dltionsi yields isonitroso^m-xylylacetio acid. 
0|H4{0H,}0Ht*C( : NOH)COOH, and isonitroso. 
in«xylyl^tone (Ryan, Ber. 1898, 31, 2129). 

ta^DibromO'-m^xyleMf m-xylylene bromide 
CgH 4 (OH 4 Br), ; by brominating heated m- 
^lene (R. and W. ; A. and T. ; C. ; Kipping, 
Chem. Soo. Trans. 1888, 53, 21 ; Pellogrin, 
Reo. trav. chim. 1899, 18, 458) ; by the action 
of bromine on m>xylene in direct sunlight (S.) ; 
from the glycol and hydrogen bromide. 

Long prismatic, monoclinio needles, m.p. 

Dg* 1-734; 1-61 (C.); b.p. 135®- 

l40®/20 mm. (P.). 

On hydrolysis with aqueous potassium 
carbonate, w-xylylene glycol, m.p. 45*5®-46-2®, 
is formed (C.), and with alkaline permanganate 
it yields isophthalic acid. With ethyl chloro- 
maionate in presence of sodium ethylate it 
yields ethyl m-xylylonedichlorodimalonate (K.). 
With alcoholic potassium hydrosulphide it yields 
in-xylylene hydrosulphide, b.p. 1 57®/ 15 mm. 
(Kdtz and Sevin, Bcr. 1900, 33, 729) ; with 
potassium thiocyanate it yields m-xylylenc 
thiocyanate, m.p. 60® (Strzclocka, Bull. Acad. 
Sci. Cracow, 1909, 731); by the action of 
bromobenzeno in presence of sodium it yields 
diphenyl, m-dixylylone (?), OjeHig, m.p. 131-5®, 
and di-m-phcnylcnediethene ( ?) 

v/en4‘^pj£ . 

m.p. 191®, b.p. 260®/12 mm. (Pellegrin), w- 
X^ylene dibromide is converted into nt* 
xylylene diiodido, m.p. 106®, when treated m 
acetone solution with sodium iodide (Finkelstein, 
Ber. 1910, 43, 1528; Knoll & Go., D. R, P. 
230172 of 1908). For the action on primary, 
secondary, and tertiary amines, Ac., see Half* 
paap (Ber. 1903, 36, 1672). It reacts with 
ethyl aoetoaoetato in presence of sodium ethoxide 
to form ethyl ni - xylylonediacetoacetate, a 
colourless viscous oil, which on treatment with 
SO n.o. sulphuric acid is converted into ethyl 
hycuogen dimothylindacene dicarboxylato, m.p. 
165®-.f66® (Ephraim, Ber. 1901, 34, 2779). 

- Trihromo - m - xylene^ forms largo 
prisms, m.p. 118® (A. and T.). 

Nmm.«tt>-fefra5fomo*m-xykiieC4H4(CHBr4)4 ; 
by the action of 200 o.o. of bromine on 100 grms. 
of «a*>xylene in direct sunlight at 90®-150® 
(Thiele, Gunther and Leopold, Ann. 1906, 347, 
106). Colourless needles, or monoclinic plates, 
]ILP« 107®. On treatment with concentrated 
iuiphuric acid, or better, with potassium oxalate, 
#»o^thalaldehyde is formed. 

; by treating a hot solu* 
Ifam of sodium m^xylene 2*suluhonate with a 
solution of bromine iu hydrochloric acid 
fJaooboen and Deike, Ber. 1887, 20, 904). 
jUquid at --*10®, b.jp. ^®. On treatment wi^ 
smM, iodide and sodium, 1:2: 3-trimethyb 
beniene Is formed. 

; by the action of bromine 

S cold in the dark ( Vittig, Ann. 1868, 

^ SI ; Behramm, Ber. 1886, 18, 1277), or in 
Has pi ees n ee the aluminium-merouiy couple 
fOpluixt and BsUil Chcxib Soo. Trans. 1899, 78, 
Igr th* aeUon of snlpharjj^^ aod 


nitrie acid (D 1-4) on m-xylene in benzene 
solution (Edinger and Goldbm, Ber. 1900, 33, 
2883). Oa,b.p.203®-204®(P.),or206®(B.and 
G.). When treated with the lead salt of thio* 
phenol, it yields as.-phenyl-in-xylyl sulphide 
04 H. 8 * 04 Ht(CH 4 )i (Bourgeois, Bot. 1895, 28, 
2312). 

5-Bromo-in-xylene; from m-4-xylidine by 
acetylation, bromination, hydrolysis, and elimin- 
ation of the amino-group (Wroblewsky, Ann. 
1878, 192, 215; Bcr. 1876, 9, 497); from 5- 
bromo-m-4-xylidine (E. Fischer and Windaus, 
Ber. 1900, 33, 1973). Liquid at -20®, b.p. 
204®, DW® 1-362 (W.). When boiled for threS- 
quarters of an hour with aluminium chloride and 
acetyl chloride in carbon disulphide solution, 
it is converted into 4-acctyl-5-bromo-m-xylene, 
b.p. 272®-276®, which, on oxidation with warm 
aikalmo permanganate, yields 5-bromo-m-xylyl- 
4-glyoxyho acid (Noyes, Amer. Chem. J. 1898, 
20, 789). 

2 : 4i- Dibrotruhm-s^lene ; together with the 
4 : 6-dibromo-isomeride by treating m-xylene 
with bromine (Jacobsen, Ber. 1888, 21, 2821); 
by heating 4 : 6-dibromo-m-xylcne with sul- 
phuric arid for a quarter of an hour at 240® (J.). 
Oily liquid, soliemying on cooling to a hard 
crystallmo mass, m.p. —8®, b.p.*269®/760 mm. 
It forms a 5 : 0-dioitro-derivative, almost 
colourless microscopic crystals, m.p. 191®, and 
on treatmeut with cblorosulphonic acid, 2 : 4- 
dibromo-m-xyleno 6-8ulphonic acid is obtained. 

2: 5-Dtbromo-m-xylene; from 5-bromo-m-2- 
xylidme (Blanksma, Rec. trav. chim. 1906, 25, 
165). Colourless crystals, m.p. 28®. 

4 : B-Dibromo~m-xylene ; from brominated 
m-xylidine by the diazo-reaction (Wroblewsky, 
Ann. 1878, 192, 216); from 5 : 6-dibromo-m* 

4- xyhdinc and 5-bromo-m-4-xylidine (Jaeger 
and Blanksma, Rec. trav. chim. 1906, 25, 352 ; 
Proo. K. Akad. Wetensch. Amsterdam, 1905, 8, 
153). Crystals, m.p. 11®, b.p. 256® (J. A G.); 
b.p. 252® (W.). 

4 : Q-Dibromo-m-xylene ; see above ; from 
6-bromo-t/i-4-xyiidine (Jae^r and Blanksma, 
Proc. K. Akad. Wetensch. Amsterdam, 1905, 8, 
153; Rec. trav. chim. 1906, 25, 3^); by 
brominating m-xylenc (Fittig, Ann. 1867, 147, • 
25; 1870, 156, 236); by treating m-s^Iene 
with an excess of bromine in presence of iodine 
(Auwers and Traun, Ber. 1899, 32, 3312) ; by 
warming 6-bromo-fn -xylene 4-Bulphonio acm 
with bromine (Kelbe and Stein, 1886, 19, 
2139). C^tals, m.p. *72®, b.p. 265®-256®, or 
m.p. 69® (J. and B.) ; b.p. 132®/12 mm. (Auwen 
and Traun). On heating with sulphuric acid 
at 240® it is converted into the 2 : 6-dibiomo-> 
isomeride. By the action of magnesium ou an 
ethereal solution of 4 : 6-dibromo-ifi-xykine an 
organo-magnesium compound is obtain^ wldoli 
reacts readily with oarbon dioxide, fbnniiw 

5- bromo-2:4-dimethyibenzoio acid, and wiu 
chloral forming an alcohol, bjx 197®-199®/I8 
mm. (locitsoh, J. Russ. Phys. (mem. See. 1904, 
36, 8). 

2:4:5-Tfi5f0fA>-m-xyfrae; from 4:5*dl« 
bvomo-m-i-xylidine by the Bandmeyer xeaotlott 
(J. and B.). CSoloorkaa otystals, m.p. 87®. 

2 ; 4 : 6-3!Vtbmiio-m-a^^ bom 8:4ttf 
tribromo-m-5-xylidine by the riimination o» 
the amino-ffEOttp; from 4:94ibfpm<Ha4«* 
and ii$ 

I ‘ 
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ili9 Smiiiieyer reactioti <J. md B.). Oolourleas 
pslnost in.p. 85^ 

4:5: d-Tribromo-m-xykne ; from 4:5:6- 
tribEomo-m-2-xylidiae and 5 : 6-dibiomo-m-4- 
x^^ine (J, and B.). Colourless oxystals, m.p. 

TeMlnwno-m-xylene ; bv keeping m-xylene 
in contact with an excess of bromine for a long 
time (Fittig and Bieber, Ann. 1870, 156, 235) ; 
by the action of bromine on s-tertiary bntyl-m* 
xylene (Bodroux, Bull. Soo. chim. 1898, (.3) 19, 
889). Fine needles, m.p. 241'' (F. and B.). 

The bromination of m-xyleno in presence of 
nitric acid 3 delds a mixture of mono-, di-, and 
tetrabromo-m-xylenes (Datta and Chatterjee, 
J. Amer. Ohem. Soc. 1916, 38, 2545). 

4i-Ohloro-2-bromo-m-xylene ; from bromo-tn- 
xylidine by conversion into the hydrazme and 
boiling this with copper sulphate in Iwdrochloric 
acid solution (Noyes, Amcr. Chem. «f. 1898, 20, 
789 ; Genz, Ber. 1870, 3, 225). White leaflets, 
m.p. 68^ b.p. 244®. 

^ : ^•DicMoro^2: 5- dibr<mo-m~ xylene; by 
brominating an acetic acid solution of 4-6- 
diohloro-m-xylene in presence of iron {Claus and 
Runschke, J. pr. Chem. 1890, (2) 42, 125). 
Long silW needles which sublime, m.p. 230®. 

2 ; 4-I)ichhro-5 : Q-dibramo-m-xylene ; by the 
action of bromine on cold 2 : 4-dichloro-m- 
xylene (Koch, Ber. 1890, 23, 2318; Wischin, 
Ber. 1890, 23, 3113). Silky needles, m.p. 215®. 

For the iodo-derivativea, of m-xylene, 
see Hammerich (Ber. 1890, 23, 1634) ; Tdhl and 
Bauch (ibid. 1893, 26, 1105) ; Klages and Liecke 
(J.pr. Chem. 1900, (2) 61, 307, 324) ; Willgerodt 
and Howells (Ber. 1900, 33, 841) ; Noyes (Amer. 
CSiem. J. 1898, 20, 789) ; Ortoleva (Gazz. chim. 
ital. 1900, 30, ii, 9); Edinger and Goldberg 
(Ber. 1900, 33, 2875) ; Willgerodt andSchmierer 
(Ber. 1905, 38, 1472) ; Datta and Choudhury 
(J. Amer. Chem. Soc. 1916,38, 1079); Blanksma 
(Rec. trav. chim. 1906, 25, 165; Proc. K. 
Akad. Wetensch. Amsterdam, 1905, 8, 70); 
Tdhl and Bauch (Ber. 1893, 26, 1115). 

wNibro-m-xyUne, m-toluene-nitromethane ; 
by decomposing a solution of nitro-m-xylene- 
phthalide with hydrochlonc acid (Heilmann, Ber. 
1890, 23, 3165) ; by heating m-xylene with nitrio 
add (D 1'075), either in open or closed vessels 
(Konowaloff, J. Russ. Fhys. Chem. Soc. 1899, 31, 
254). Yellowish liquid, b.p. 140®/35 mm. (de- 
oomp.); Dgl 1-137, 1-1197 (K.). ^<*11 

kept in presence of caldum chloride, it yields 
m-toloio add. The potassium salt of oi-nitro- 
as-xjdene forms yellow leaflets, and the sodium, 
ealwiim» barium, and strontium salts are white 
daUe powders (K.). 

( 0 ) or 2-N%tro-m’-xylme ; together with 
4*!iltiD-fii-xylene by nitrating m-xylene with 
•nlphtirio and nitric adds (Nolting and Ford, 
EmL Soc. chim. 1884, (2) 42, 332, 338) ; from 
B-m1xo-m-4-xylidin6 by the diazo-reaction 
(Oiwringk, Ber. 1884, 17, 2340) ; from 2‘: 4 : 6- 
triiiitro*fi»«3^1ene by reduction with ammonium 
■niphida and treatment of k boiling alcoholic 
idntiioii of the diamine formed with nitrous 
fames (Miolati and Lotti, Gazz. chim. ital, 1897, 
IBf it ^ ; ef. Pechaiann and Nold, Ber. 1898, 
3I,56C9* lii|Mi^,b.p.225®/744mm; Di*®M12 
90]; and F.) ; m.p. i3®(Anwmaiui 

wUoxidieed 




with potassium permansanate fax presenoe of 
magnesium sulphate, it yidds 8*nitroiiBophthalio 
add, and when boiled with nitric add (D 1*4) 
ir-dinitro-m^xylene, a substanee, 

NOaC.Ha(CH,)CH,NO, (?) 
and 2-nitro-m-toluio acid are formed (Nolthig 
and Gachot, Ber. 1906, 39, 73). When lednoed 
in alcoholic solution with zinc dust and 
ammonium chloride it yields m-xylene-2-hydro- 
xylamine, white lustrous needles, m.p. 97®-98*6® 
(Bamberger and Rising, Ann. 1901, 316, 292 ; 
Pochmann and Nold, Ber. 1898, 31, 557), which 
is converted on oxidation into 2>nitroso-fn-xylene, 
m.p. 144®-145® (P. and N.). 

(i) or 4-NUro-m-xylene ; from pinitro-m- 
xylene, m.p. 93®, by partial reduction and 
elimination of the amino-group (TaVildarow, 
Zeitsch. fur Chem. 1870, 6, 418) ; by nitrating 
m-xylene (Harmsen, Ber. 1880, 13, 1558; N. 
and F.) or its dihydrido (Wallach, Aim. 1898, 
258, 330) ; from mtroxylidine, m.p. 123® (G.). 
C^stals, m.p. 2“ b.p. 237°-239‘'; D”’V 1-126 
(T.) ; b.p. 238® or 243®~244® (corr.), remaining 
liquid at —20® (Neubeck, Zcitsch. physikal. 
Chem. 1887, 1, 661 ; Harmsen). On i^uction 
in alcoholic solution with zinc dust and 
ammonium chlonde at about 60®-65® *it yields 
w-4-xylidine, 4-azoxy-m-xylene, and m-xylene-4- 
hydroxylamine, glistening white jilates, m.p. 
64*5® (Bamberger and Brady, Ber. 1900, 33, 
3642; cf. Bamberger, Ann. 1921, 424, 297; 
or m.p. 66® (Pechmann and Nold, Ber. 1898, 31, 
500). For a further study of the reactions of 
m-xylyl-4-hydroxylamine, see Bambciger and 
ooUabiorators (Ber. 1907, 40, 1893, 1906, 1918, 
1932; 1900,33,3643). 

(s) or 5-NUro-m-xylene; from 5-nitro-fii*- 

4- xylidme by the elimination of the amino-group 
(Wroblewsky, Ann. 1881, 207, 94; Bulk Soo. 
ohim. 1880, (2) 34, 332). Large, flat needles, 
m.p. 74®-75®, b.p. 273®/739 mm. (Noting and 
Porel, Ber. 1885, 18, 2678) ; m.p. 71®, b.p. 255'* 
(Tohl, ibid. 360) ; m.p. 74® (Blanksma, Reo. 
trav. chim. 1906, 25, 165; Proc. K. Akad. 
Wetensch. Amsterdam, 1905, 8, 70). When 
oxidised with potassium permanganate and 
acetic acid it yields 5-nitro-m-toluio aeid. 

5- Nitro-m-xylen6 is also formed toother with 
5-nitro-m-4-xylylnitroamine, by oxidising potaa- 
sium-5-nitro-m-xylenei8odia^xide with potaa* 
slum ferricyanide (Bamberger and von Gold- 
berger, Ber. 1920, 53, 2321). 

a>-4-Dtmh’o-m-zyZene ; together with ai-6* 
dinitro-m-xylene by nitrating o-nitro-fn*xy]eiie 
at high temperatures with 70 p.o. nitric add. 
It mdts at 64® (Soc. Chim. Usines du Rhdae, 
Eng. Pats. 6076 of 1911, 17985 of 1911; U.S. 
Pats. 1015496, 1015C91; Fr. Pbt. 426635; 
D. R. P. 239953 of 1910). 

ia-S^Diniiro-m-xylene melts at 86*5^ 
2:4-J9inifro-m-xyZdie; together with 4;6<^ 
dinitro-m-xylene, by nitrating m-xyiene wMdi 
a mixture of sulphuric acid (iT 1*84), and niUsis 
acid (D 1*^8) at 5®. The yield of the 2: 4» 
dinitro-oompound diminishes the higher tha 
temperature used in nitration (Grevingk^ Ber, 
1884, 17, 2423; cf. Erma and Maltese, Om 
chim. ital. 1903, 33, iU 277 ; cf. NSItiiig and 
Gachot, Ber. 1906, 36, 73 ; Morgan, (Bitm Soik 
Trans. 1902, 81, 66); by nibMiim Mmfmh 
lylene (NgMngi Braon and liiw» 1IM% 
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H, IMS). 3)i0 jpndwto Mle Mpimted 
omiiallismott from afcohol or aoetio aoid ii^ 
raich 2 : 4-dimti!0«m'-3eyfene is more soluble tban 
the 4:6-diiiitro-i8omeride« Olistening white' 
plates, imp. 88®-84:® (N. B. and T.). 

2 ; 5-^l)ifU^o^m-aeylme ; horn 2 : 5-dinitro- 
ifi-4-xylidine by elimination of the amino-group 
(Blantoma, Rec. trav. ohim. 1909, 28, 92 ; cf. 
Klages, Ber. 1896, 29, 3 JO). Colourless needles, 
m.p. 101", which become yellow on exposure to 

aght(B.). 

4 : b-Dinilro-m-xylene ; by nitrating 5-nitro- 
m-xylene with nitric acid (D 1*52) (Blanksma, 
Beo. tray. ohim. 1906, 25, 165 ; Froc. K. Akad. 
Wetensch. Amsterdam, 1905, 8, 70); by the 
nitration of 5-nitroaceto-m-xylidide, followed 
by hydrolysis and removal of the amino-group 
(Blamcsma, Rec. trav. chim. 1909, 28, 92). 
Klages (Ber. 1896, 29, 310) regarded ibis com- 
pound as the 2 : 5-dinitro-isonieride. It forms 
Mt needles, m.p. 132" (B. ; K.). 

4tib^Dinitro->m-xyUne : by nitrating m- 
xylene or its dihydidde (Luhmann, Ann. 1867, 
144, 274 ; Fittig and Velguth, Ann. 1868, 148, 
5 ; Wallaoh, Ann. 1890, 258, 332 ; Errera and 
Bfoltese, Gazz. ohim. ital. 1903, 33, ii, 277; 
Morgan, Chem. Soo. Trans. 1902, 81, 86) ; from 
4 : 6-dinitro-m-5-xylidine (Blanluma, B^c. trav. 
chim. 1909, 28, 92 ; ibid. 1906, 25, 165 ; Proc. 
K. Akad. Wetensch. Amsterdam, 1005, 8, 70). 
Crystals, m.p. 93®. It is very resistant to oxida- 
tion and on treatment with nitric acid (D 1*15) 
at 165®-160® for 3 hours only ^ is transformed 
into 4 : 6-dlnitro-m-toiuic acid, m.p. 171®-171*5® 
(Errera and Maltose, Gazz. chim. ital. 1903, 33, ii, 
277). It condenses with 2 mols. of benzaldehydo 
at 190® in presence of a little piperidine to form 
4 : 6-dinitro-l : 3-di8tyrylbcnzene, m.p. 186®, and 
a little 4 ; 6-dinitro-3-methylstilbene, m.p. 145° 
(Boische, Ann. 1912, 386, 351). On partial 
reduction it yields 6-nitro-77t-4-xylidine (Morgan, 
Hicklethwait and Couzens, Chem. Soc. Trans. 
1906, 89, 1289; Blanksma, Rec. trav. chim. 
1909, 28, 92). 

6 : b-Dinitro-m-xylem ; from 5 : 6-dinitro-m- 
4-xylidiae (Blanksma, Rev. trav. ohim. 1906, 
25, 165 ; Proc. K. Akad. Wetensch. Amsterdam, 
1905, 8, 70). 

2:5: 6-TrinUro^m>xylene ; by nitrating 2 : 5- 
dinitro-m-xylene (B.) ; together with 4:5:6- 
tlinitro-m-xylene by treating S-nitro-m -xylene 
with nitric acid (D 1*52) and sulphuric acid 
(B.). Ttidinic crystals, m.p. 90®. 

2:4:6-Tr»mfro-m-zylen6; by nitrating m- 
»len 0 , its dihydride or tetrahydiide (Luhmann ; 
Grevingk ; Tilden, Chem. Soc. Trails. 1884, 45, 
416 ; Wulach, Ann. 1890, 258, 333 ; Knoevonagel, 
Ann. 1896, 289, 159 ; Bussonius and Eisenstu^, 
Ann. 1860, 114, 156 ; Miolatti and Lptti, Gazz. 
oUm. ital. 1897, 27, i, 293) ; by nitrating 4-iodo- 
6«iiitso-ifi-zylene (B.). Lar^ thick prismatic 
UpyramidsI rhombic crystals, m.p. 182® (B.). 
Itoondenses with benzaldehyde in amyl alcoholic 
foliation in the presence of a little piperidine 
to iOrm 2:4: 6-trinitro-l : 3-distyryloenzene 
(Bocaelie)* When reduced with ammonium sul- 
nhidb it yields a mixture of a monoamine and 
e*»ikitro«4 : 0-diamino-m'Xylene (M. and Ii.), but 
lAm seduced with stannous moride it yields 

white needles, de« 
W-IW* (Ckwtegk, 


4:5: 0-SVinAro-m-a^leiis / by beating 4* 
iodo*5-nitro-m*zylene with nitric acid and 
snlphnric add (B.); toother with a little 
2:5: 0-trinitro^m-scylene by treating 5^nitro^m- 
xylone with nitric acid (D 1*52) and sulphuric 
acid (B.); by nitrating 4 : 5-dinitro^fn-j^ene 
with mix^ acids (Blanksma, Rec. trav. ohim. 
1909, 28, 92). Long colourless monodinic 
needles or rods, m.p. 125® (B.). 

For mfrosO’dentxiftves,etc.,seePechmann and 
Nold (Ber. 1898, 31, 560) ; Zincke and Schwarz 
(Ann. 1899, 307, 47); Zincke (J. pr. Chem. 
1896, (2) 53, 340) ; Bamberger and Rising 
(Ann. 1901, 316, 292). 

b-Chlofro‘2- (or 4-) nitro-m-xylene ; together 
with other products by heating chlorodihydro* 
7w-xylcne uith 30 p.e. nitric acid for 24 hours 
(Klages and Knocvenagcl, Ber. 1895, 28, 2044), 
it IS volatile with steam and melts at 48®^9®. 

4k-Chl{jfo-b~n%iro-m-xylene; from the corre- 
spondirg nitroxylidine (Ahrens, Ann. 1892, 271, 
17 ; Bamberger and Reber, Ber. 1913, 46, 787). 
Needles, m.p. 42®. 

4k-Chloro-b-nUro-m-xyUne ; from 6-nHro-ia- 

4- xylidine (B; Klages, Ber. 1896, 20, 310). 
Long colourless needles, m.p. 52®, b.p. 278® or 
161®/20 mm. : volatile with steam. 

4- Chloro-2 : 5-dinitro-m-xylene ; from 2 : 6- 
dinitro-m-i-xylidine (Klages). Yellow crystals, 
m.p. 61®, b.p. 290®-291® 

4 : b-Dichloro-2 : b-dinilro-m^xylene ; by ni- 
trating 4 : 6-dichloro-m-xylcne (Koch, Ber. 
1890, 23, 2318; Claus and Runschke, J. pr. 
Chem. 1890, (2) 42, 110). Pale yellow cubes, 
m.p. 223® (C. and R.), or short hard prisms, 
m.p. 215® (K.). 

4 : b-DichlorO‘2- (or 5-) nitro-m-xyUne ; by 
nitrating 4 : 6-dichloro-m-xylene in cold aoetio 
acid solution (C. and R.). Long prisms, m.p. 
118®-! 1 9®. An isomeride, m.p. 106% is obtained 
under somewhat different conditions. 

2 : i-Dichloro - 5 : 6-dinitro - m • xylene ; by 
treating 2 : 4-dichloro-m-xylene with a warn 
mixture of nitric and sulphuric acids (K.). 
Pale yellow needles, m.p. 155®. 

^•Chlor(h2 : 5 : 6-irimtro-m-xylene ; by heat- 
ing 4-chloro-5-nitro-m-xylene with a mixture 
of sulphuric acid and nitric acid for 1 hour on 
the water-bath (Blanksma, Reo. trav. chim! 
1906, 25, 165; Proc. K. Akad. Wetensch. 
Amsterdam, 1905, 8, 70). It melts at 165®. 

5- Chhr<h2 : 4 : 64riniiro-m-xykne ; by dis- 
solving 5-clilorodihydro-m-xylene in ioe-cold 
fuming nitric acid, keeping the mixture for 
some time at the ordinary temperature and 
then boiling with equ^ parts of fuming nitrio 
acid and 15 p.o. fum^g sulphuric acid for ^ 
hour (Klages and Knoevenagel) ; by^ bDilinx 

5- chloTo-m-xylene with a mixture of nitric ana 
sulphuric acids (lOaps, Ber. 1896, 29« St6); 
by heating ethyl ohloi^trinitrophej^lsneaioari 
malonate with concentrated hydrochloric add at 
160®-170® in a sealed tube (Jackson and Smithi 
Amer; Chem. J. 1904, 32, 168). White noadha* 
m.p. 218® (K.), or 215®-220® (J. and S.)t Wm 
heated with amsnonia it is converted tain 
2 : 4 : 6-trinitro-m-5-xylidine, m.p« 206% and 
with aniline it forms 2:4; 6-tiinitro*5»piieiqi'* 

"amino-m^xylene, m.p. 175®. 

, 4-Bromch2-ntan*m-«pIciie; by bromtaatittg 
2-nitro-fii*xylene in presence m iron pamdm 
I (Aiyroni and Harhovm, Ber. lOOSi 41, 8S8t)t 
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from 2*iittro<*9ii-4*; 

Xhmmr, Ber. IdOl, 34» 2242; 
prfi^ms or needieB, m.p. 70^-71^ 

4^^BrommUnhm-ae^kne ; dissolviiig 4* 
bromo-m*xylene in cold faming nitrio acid 

S Fittig, AnroDB and Matth.eides» Ann. 1867^ 
47, 31). liquid, b.p. 260*^-265^ with partial 
deoonmosition* 

2-J8ro»io-4-»tiro-m-B:y2ene ; from 4-nitro-n}- 
2-Z7lidine (Ndlting, Braun and Thesmar, Ber. 
1901, 34, 2242). Bright yellow needles, m.p. 
57^-58® 

^•Bromo-d^nUrO’m-xylene ; from 6-nitro-m- 

4-xylidine (Ahrens, Ann. 1892, 271, 17 ; Nolting, 
Braun and Thesmar, Ber. 1901, 34, 2242; 
Bamberger and Bel^r, Ber. 1913, 46, 787). 
Needles, m.p. 57°. 

4:^Br(mo-5‘nitro-m-xylene ; from 5-nitro-tn- 
4-xylidine (Blanksma). Colourless crystals, 
m.p. 56°. On nitration with nitric and sulphuric 
aoi^ityields4-bromo-2 : 5 : 6>trinitro-?}i -xylene. 

5-Bromo-6-nitro-m-xylene ; from 5-bromo- 

6-nitro-fn-4-xylidine by elimination of the 
amino-group (N., B. and T.). Faintly yellow 
needles, m.p. 39°>40°. 

4-Bromo*2 : Q-dinitro-m^xylene ; by the 
action of fuming nitric acid on 4-bromo-nz- 
xylene (Lellmann and Just, Ber. 1891, 24, 2099). 
Small yellow needles, m.p. 89°. 

4:6; Dibromo-2-nitro-m-xylene ; by nitrat- 
ing 4 : 6-dibiomo-m-xylene (Auwers and Traun, 
Ber. 1899, 32, 3309; F., A. and M.). Long 
needles, m.p. 108° (F., A. and M.), or 106^ 
(A. and T.). 

4 : 5*IHbrom(h2 : d-dinUro-m^xylene ; by ni- 
trating 4 : 5-dibromo-m-xylene with mtric acid 
(D 1*52) and sulphuric acid (Blanksma, Eec. 
trav. chun. 1906, 25, 165 ; Jaeger and Blanksma, 
ibid. 352 ; Bla^ma, Free. K. Akad. Wetensch. 
Amsterdam, 1905, 8, 70, 153 ; c/. Jacobsen, Ber. 
1888, 21, 2821). It melts at 193°. 

4 : 6-i)i6ramo-2 : 5-dimtro-m-xylene ; by ni- 
trating 4 : 6-dibromo-m-xylene with nitric acid 
in presence of sulphuric acid ( J. and B. ; c/. 
Jacobsen). It melts at 252°. 

4-Bfomo-2 : 5 : MnnUro-m^xyUne ; by ni- 
trating 4-bromo-5-nitro-m-xylene in presence of 
sulphuric acid with nitrio acid (D 1*52) 
(Bumkama). It melts at 183°. 

5-J?fomo-2 : 4 : 64rinitro-m-xylene ; by ni- 
trating 5-bromo-m-xylene (Blanksma, Eec. 
tray. chim. 1906, 25, 373). Colourless ciystals, 
m.p. 224°. When heated with m-xylidine in 
alcoholic solution it is copverted into 2:4:6- 
trinitro-di-1 : 3 : 5-xylylamine, which, on nitra- 
tion, yields s-hexanitro-di-l : 3 : 5-xylylamine, 
iii.p.222°(B.). 

m-Xylene ^-stdphinic acid; from m-xylene 
d-sulphonyl chloride (Jacobsen, Ber. 1877, 10, 
1011); by the action of sulphur dioxide on the 
diaaosulpnate of i7i-4-xylidine in excess of 
snlidiuric acid, followed by the gradual addition 
of copper powder, until the evolution of nitrogen 
o esa os (Qattermann, Ber. 1899, 32, 1136); by 
the aomn of sulphur dioxide on m-xylene in 
presence of hydrogen chloride^ and aluminium 
chloride (Enoevenagel and Kenner, Ber. 1908, 
41* 3315). Long colourless needles, m.% 77°- 
78° (&.)» On reduction it yields m-xylyl- 
meteiqptaii, b«p. 207°-208° (G.), and with alkyl 
iMioUfi, sodhuiism-r^lene 4-salphinai6 forms 
sllgrl Md^hones (Trdger, Budde and Hill, 


, Braun and { J. pr. Ohem. 1902, (2) 66, 130; 1903, (2) 68, 
Yellowish 


m-Xykne 5-stdpktfiic acid; from amo^li* 
dine by Gattermann’s method (Mosdbiier, Ser« 
1901, 34, 1257). It melts at 75M6°. 

(p-^m-xyhne 2-‘Culphonic acid ; by reducing 
dib:N>mo-m-xylene 2-sulphonic acid with sine 
dust and sodium hydroxide (Moody, Chem. Soo. 
Proo. 1888, 4, 77); by reducing 5-chloro-m- 
xylene 2-8ulphonio acid with sodium amalgam 
(Klages, Ber. 1896, 29, 310) ; together with a 
larger quantity of the 4-Bulphonic acid, by dis« 
solving m-xyleno in fuming sulphuric acid. It 
remains in the acid liquor after precipitating 
the 4-isomoride with water (Jacobsen, Ann. 
1876, 184, 188; Ber. 1877, 10, 1015; 1878, 11, 
17 ; cf. Beckurts and Otto, Ber. 1878, 11, 2^1). 
Moody states that the sulphonation of puts m- 
xylene yields only one sulphonic acid, vis. m- 
xylene 4-8ulphonio acid. KA^, needles (J.) ; 
BaA^ 2 » microscopic needles (J.) ; the potassium 
salt when heated with sodium formate yields 
an acid, O 2 HX 0 O 2 , m.p. 99° (J.). 

m- Xylene 2-8ulphonio acid is readily iso- 
merised into m-xylene 4-8ulphonie acid by heat- 
ing at 100° (M.). 

Chloride ; oil (J.), or prisms, m.p. 39° (M.). 

Amide; slender brittle needles, m.p. 113° 
(M. ; cf. Jacobsen and Weinberg, Ber. 1878, 11, 
1534), or m.p. 95°-96° (J. ; K.). Moody states 
that Jacobsen’s sulphoiiamide, m.p. 95°-96°, is 
not a pure derivative of 7/? -xylene, but is a 
mixture containing a considerable quantity of 
p- xylene sulphonamide. ! 

(a-)m‘XyUne ^-sulphonic acid; etc above; 
by reducing sodium diiodo-m-xylene sulphonate 
with zinc dust and ammonia (Tohl and Bauch, 
Ber. 1893, 26, 1105). Long flat prisms -I-2H.O. 
Melts at 62^. The calcium salt is less soluble 
in hot than in cold water (Patterson, McMillan 
and Somerville, Chem. Soc. Trans. 1924, 125, 
2489). NaA^ small anhydrous scales (J.) ; * 
BaA%» small rhombic anhydrous plates (J.), or 
anorthic (?) tables +1H-0; ZnA^2+9H20 2 
CuA'2+6H,0. 

Chloride ; large prismatic crystals, m.p. 34° 
(J.) or 32° (Schreiricmakers, Bee. trav. chim. 
1897, 16, 411). 

Amide ; m.p. 137° ( J. ; cf. Tohl and Eber* 
hard, Ber. 1893, 26, 2940 ; Beckurts and Otto, 
Lc.); methylamide, m.p. 43°; dtmelhylatnide, 
m.p. 35° (Schrcincmakers). Chloroacetamide 
reacts with sodium m-xylene 4-8ulphonate form- 
ing m-xylene 4-8alphonaoetamide, m.p. 149°, 
and with chloroacetonitrile forming m-xylene 
4-sulphonacetonitrilo, m.p. 79°-80°. The latter 
on treatment with alcoholic ammonia and by* 
drogen sulphide is converted into m-xylene- 
4-sulphonthioacotamide, m.p. 118° (Trdger, Hill 
and Volkner, J. pr. Chem. 1904, (2) 70, 375; 
1905, (2) 71, 201, 236). m-Xylene 4-siilphoiiio 
acid condenses with p-nitroaniline in pyridine 
solution forming m-xylene 4-sulphonyl-p-iiltro*^ 
aniline, which, when freed from bemieiie of 
c^tallisation, melts at 117°-119°. On redoo*^ 
tion, the latter yields the corresponding diamine, 
r^^l56°-l^°, the (Bj^nium cddoiide^o ^MA 

amide on tmtment with (mdSunu^bite 
;an and Micklethwait, CSiem. Soo. Tnns, 1900^ 
17, 1302). m«Zy)ene 4-stilphonio ooid« iriMW 
treafbd at about 40° with o eolation of bxoinilio 



in hydrochlGrio »o)dt yiddB monobromo-m 
4 : 6 -dibromo-«fi-xyteiie^ «&d an acid 
iii«p. 130^ (Eelbe and Stein, Ber. 1886, 19, 2137) 
When ivuidd with lead peroxide and potassiun 
hydroxide it is oxidised with difficnlty, forming 
isophthalio acid, and traces of benzoic and m 
toloio acids (Graobo and Krafft, Ber. 1906, 39 
2507). 

m^Xyhne B-stdphcmic acid; by diazotisin( 
potaasinm m-4-xylidine 5-sulphonate and boilini 
with alcohol, or by means of the hydrazim 
(Armstrong and Wilson, Chem. Soc« Proc. 1900 
16, 229). The acid forms thin flat needles 
KA'+IHjO; BaA' 2 + 2 H 20 , colourless leaflet 
(A. and W.). 

OAlonde, needles or massive crystals, m.p 
94*^ (A. and W.), or 89°-90® (Moschner, Bei 
1901, 34, 1257) ; bromide^ m.p. 92®-93® (A. ai 
W.). 

Sidphonamide^ colourless flakes or ve ' 
fine needles, m.p. 134'^ (A. and W.), or 135* ^ 
(M. ; Junghahn, Ber. 1902, 35, 3747). Anilit , 
large monosymmetric crystals, m.p. 110 ; 
P’Muididet monosymmetric crystals, m. . 
121 M 22 ® (A. and W.). 

m-Xylem 4 : 6-distdphonic acid, formoT 
believed to be the 2 : 4-disulphonio acid b ; 
shown to be the 4 : 6 disulphonio acid ] ^ 
Poliak and Lustig (Ann. 1923, 433, *191 ; • . 
Poliak and Budioh, Monatsh. 1922, 43, 20 £ ; 
by heating 1 part of m-xylenc witii 4 parts [ 
fuming sulphuric acid at 150" ( Wischin, Ber. Idt , 
23, 3113; Poliak and Schadlor, Monatsh. 191 
39, 129) ; by heating m-xylene 4-sulphonic ac i 
with chlorosulphonic add at 150^ (Pfannensti I, 
J. pr. Chem. 1S92, ( 2 ) 46, 152); from cm e 
xylidine by sulphonation, diazotisation, conv< :• 
Sion into thioxylenol sulphonic acid, and ox;* * 
tion of the latter (PfannenstiU, Ber. 1894, 27, f . 
888 ). Deliquescent needles. (NH 4 ) 2 A", tab 5 ; 
NaHA" (W.), + 3 H 2 O (P); K 2 A"+ 2 H 
BaA''+ 3 H 20 , needles; PbA"4-3H.O; Cu ", 


gummy mass. 

Diethyl-eater; leaflets (P.). 

Chloride; conveniently by heating m<xy mo 
or m-xylene 4-Biilphonic acid (or its s^ium t It) 
with seven times its weight of chlorosulph lic 
acid at 150^60^ (Poliak and Lustig). Nee^ es, 
m.p. 129® (W. ; P.), 130° (P. and L.) or 11 ® 
(PfannenstiU, Ber. 1894, 27, ref. 888 ). 

Amide ; glistening needles, m.p. 249® ( W. ; ^) ; 
M&lamide, needles, m.p. 135® (W.). 

The 4 : 6 -disulphonyi chloride, on rcdu< on 
with tin and hydrochloric acid, yields * 6 - 
dithiobm-xylene, m.p, 123®-125®, •which n cts 
witih chioroacctic acid and ethyl chloroforn te, 
forming m-xylene-4 : 6 -dithiol^tio acid, .p. 
185®*-1§9®, and 4 : 6 -diethylthiocarbonat m- 
xylene, m.p. 61®-63®. • 

nhXyUne 2-ii-diaulphmie add, or poei bly 
m-a^lene 2:4-di6ttlphonio acid (PoU^ md 
Ismig), together wiw m-xylone 4 : fl-disulpl nio 
SK^ by sulphonating in-xylene (Poliak md 
fiohadler) ; in small q^uantity, together wit the 
4 s O-disuIphonic acid, by heating hi um 
nhxshm 2 - 8 ulphonate with ohlorosol^oni mid 
at iW (PA rfeedles. The potassium, bi ium 
wd fop^SMto are oiystalline and readily 8 < ible 

OkhfUk; brown viscous oiL 
Arnmf iihp.2lO®(P.}. 

The S4«dli&lplioiiyji chloride givee ri i to 


2 : 5*dithiol-m*xyl6ne, b.p, 142®*-l44®/9 mm., 
and from this in-»lene-2 : 5-dithiolaoetio add, 
m.p. 158®*-161®, is obtained (Poliak and Schadler), 

B-Chloro-m-zyhne 2-aulphanic acid ; togetltor 
with a small quantity of its anhydride, 

[C.H2(CH,)2C1S02]20 

by sulphonating 5-chloro-m-xyleno with 10 times 
its weight of fuming sulphuric acid (15 p.o. SO*) 
at 30®-40® (Klages, Ber. 1896, 29, 310 ; Klages 
and Knoevenagel, Ber. 1894, 27, 3019). Colour- 
less crystals, m.p. 52®. 

CJUoride ; large rhombic crystals, m.p, 66®- 
58® (E.). 

Amide ; colourless needles, m.p, 192® (K.). 

^-Cl^o-m-xylene Q-aiUpkonic acid; by sol- 
phonating 4-chloro-w-xylene (GunddAch, Bull. 
Soc. chim. 1877, (2) 28, 343. On reduction 
with sodium amalgam it yields m-xylene 4-8ul- 
phonic acid (Jacobsen, Ber. 1885, 18, 1762). 
NaA'+HjO, long needles; KA'+HgO, needles. 

Amide ; vitreous prisms, m.p. 195® (J.). 

2 : 4i-Dickloro-m-xylene ^-avtphonic acid ; by 
treating 2 : 4-diohloro-7n-xylene with cldoro- 
sulphonic acid (Kocb, Ber. 1890, 23, 2318). 

Amide; small white plates, melting with 
decomposition above 300®. 

4 : ^-Dkhl&ro-m-xylene 2-avlph(micae%d: in^ 
similar manner to the above isomeride from 
4 : 6-dichloro-w-xylene (K.). 

Amide ; small plates, melting with decom- 
position above 250®. 

Ai-Chloro-m-xylene 2 : d-disttlphonic acid ; by 
sulphonating 4-chloro-m-xylene with fuming 
sulphuric acid (Wischin, Ber. 1890, 23, 3117), 

Chloride ; white needles, m.p. 166®. 

Amide ; silky needles, m.p. 270®. The free 
acid on fusion with potassium hydroxide yields 
the corresponding (uhydroxy-derivative, white 
needles, which sublime, m.p. 106®, and produce 
an intense violet coloration with ferric omoride. 

ii-Bromo-m-xylene 2-a\dphon,ic acid; by re- 
ducing dibromo-m-xylene sulphonamide with 
sodium amalgam (Jacobsen and Weinberg, Ber. 
1878, 11, 1635). 

Amide ; long needles, m.p. 161®. 

^-Br<mvo-m-xyUne^-aalphonicacid ; by bro- 
minaiing barium m-xylene 4-sulphonate, or 
I by sulphonating 6-bromo-m-xylcne with faming 
I Bmphuric acid (Weinberg, Ber. 1878, 11, 1062) 
from m>4> xylidine G-sulphonic acid by the diazo* 
reaction (Sartig, Ann. 1885, 230, 335 ; Ndlthog 
and Kohn, Ber. 1886, 19, 139 ; Limmioht, Ber. 
1885, 18, 2188 ; Moody, Chem. Soo. jPtoc. 1891, 
7, 189). lieaflets or needles, which do not mdi 
at 270® (M.), readiW soluble in water. 

NaA'+H.O; ]BaA'+H20, scales; 

ZnA'.+DHjO; CuA\+7H20. 

Chloride; oblique prisms, m.p* 
(M.),or61® (W.; L.). 

Amide; small rhombic prisms, m.p. 104® 
(W.; L.),orl89®-190®(N.andK.; M.); amlftfo, 
m.p. 152® (Junghahn, 1^. 1902, 35, 8747). 

^•Bramo-m-xylene B-autfhawio aeiif from 
fii-4-xyIidine 5-8ulpbonic acid by the Sanidmeyer 
reaction (Junghalin). Colourless needks* 

NaA4+HgO ; BaA't> anhydrous. 

Chloride; p^e yellow plates, m.p. 76®. 

Amide ; colourless prisms, mup. 158®, 
converted hy redaction with sp^om amaigm 
and alcohol into m-xylene 5-sulphonainide. 

mAnilide: colourless needks. m»p 178®» 
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^treating 2-4-<3ihronio-m-zylene with obloro' 
Biilphoiuo acid (Jacobsen^ Ber, 18S8, 21, 2825) 
KaA^+HgO, needles, converted on reduction 
with zinc dust and ammonia into sodium m 
xylene 4 • sulphonate ; KA'+HjO, leaflets 
BaA'2, Biuall prisms. 

Afnfde / small prisms, melting with decom 
position about 300^ (J.). 

4 : Q-Dibromo-m-xylene 2-9ul/phomc acid ; by 
adding water to a solution of 4 : 6>dibromo-in 
nlene in fuming sulphuric acid (Jacobsen and 
Weinberg).^ Leaflets (anhydrous), melting with 
decomposition at 165°, converted by reduction 
with Boihum amalgam into 6-bromo-w-xylone 2 
sulphonic acid and m- xylene 2-Bulphonic acid 
NaA'+^HgO, colourless pearly plates ; BaA^2 
crystals. 

Chloride; colourless rhombic plates, m.p. 
107°. 

Amide ; woolly needles, melting at 220° and 
decon^sing at 230° (J. and W.). 

4-BromO‘m‘Xi/lene 2 : G-disiilphonic acid ; by 
sulphonating 4-bromo-ni-xylene (Wischin, Bei. 
1890, 23, 3n3). On reduction with zinc dust 
and ammonia it yields m-xylene 2 : 4-disulphonic 
acid. 

Chloride; long white needles, m.p, ICO . 
converted on fusion with potassium hydroxide 
into 4-bromo-2 ; 6-dihydioxy-»i-xylene, needles, 
which sublime, m.p. 126°. 

Ami^ ; needles, m.p. 265° (Wischin). 

2-Nitrchm-xylene 4k*aulph(mic acid ; together 
with 5-nitro- and 6-mtro-?» -xylene 4-sulx>honic 
adds by nitrating m-xyleno 4-sulphonic acid 
^iaus and Schmidt, &r. 1886, 19, 1418). 
cbnall ^ates +H2O, m.p. 144° (anhydrous). 
NaA^+HiO, colourless plates; KA'+JHjO, 
small colourless leaflets ; BaA^* l^i^e plates ; 
CuA'j-f 2H2O, blue tables ; AgA'+^HjO, smaU 
white leaflets. 

Chloride; long colourless prisms, m.p. 96° 
(0. and S.). 

Amide; colourless needles or prisms, m.p. 
172° (C. and S.). 

Q-NUro-m-xyUne d^-eidplumic acid ; see above ; 
iemed only in small quantity. Small nodules of 
ivdourJesB plates, m.p. 95°-100°. The salts are 
very soluole in water, and the much greater 
aolulillity of the barium salt is utilised for the 
aepaiation of this acid from its isomeridcs. 
KaA^+HfO, small needles; KA^ leaflets; 
BftA't-fliHtO; CaA^+GHsO, small white 
eedles; CuA'i+dH.O, bluish-green needles; 
UgA'+HjP, small jiaie yellow prisms. 

CSUorilk ; colourless plates, m.p. 97° (C. and 
SL)» 

Amide; smali colourless needles, m.p. 108° 

(GLWS.). 

6*NUnhm*xylene 4-sulphouic acid ; by nitrat- 
ing m^xyieiie 4-su)phonicacid (C. and 8. ; Poliak 
and Jemag, Ann. 1923, 433, 191 ; Kamlake and 
Bond, J. A^r.Chcm. 80c. 1909,31,405; Riesen, 
Jter. 1885, 18» 2174; JUmprioht,^^. 2172,2191); 
hf mttphonating nitro-m-xyJene at 70° (Rami* 
ISO# Bor. 1(^,13,1558). Long d>lourlefi8 needles, 
mp* 13S2^ (jEL), or long i^k prisms, lap. 132^ 
(R> KA^fullow needles {L.5; NaA'/2H,0, 
jMowmeSm (L.), or +H,0 (H.); BaA'. 
^i^HBsO.longwUteiieedlesfL)^ U 

pMsitH.) : 0aA\-f 6HtU, , 


green tables (C. and S.); AgA^ fine white needles 

and 8.). 

Chloride; m.p. 98° (L. ; R.). 

Amide; needles, m.p. 179° (L.), or 187° 
(C. and 8.). 

When oxidised with cold alkaline perman* 
ganate, potassium 6-nitro-m*xylene 4-sulphonate 
yields 6-nitro-3-methyl-4-sulpho-benaoio aoid 
monopotassium salt, 4-nitro-5-methyl-2-8ulpho- 
benzoio acid dipotassium salt, and 6-nitro-4*8ul* 
plio isophthalio acid monopotassium salt (K. 
and B.). 

2 : f^-Dinitro-m-xyUne ^-suLphonic acid ; by 
prolonged heating of m -xylene 4-8ulphonic acid 
with concentrated nitric acid (limpricht), 
or by the action of cold nitric aoid (D l*52j|<on 
m-xyleno 4-sulphonic acid (Poliak and Lusliig, 
Ann. 1923, 433, 191); by nitrating 2- apd 
6-nitro-m-xylene 4-sulphonic acids (Claus cCtid 
Schmidt). Crystals -I-2H2O (L.). NaA'+HjO, 
leaflets (C. and S.); KA', slender prisms (L.); 
BaA'j+SHjO, concentric needles (L.); CaA% 
needles (C. and 8.), or -f2H20, 
leaflets (0. and 8.); 0uA'2+2}H2O, bluish- 

green leaflets (C. and S.J. 

Chloride; large yellow prisms, m.p. 123° 
(L. ; C. andS. ; i^rslake and Morgan, J. Amer. 
Chem. Soc. 1908, 30, 828). 

Amide; white lustrous prisms, m.p. 193° 
(L. ; C. and 6.) ; anilide, yedlow needles, m.p. 
154° (K. and M.) ; o toluidide, white needles, 
m.p. 13.1° (K. and M,). 

By the action of the sulphonyl chloride on 
benzene in the presence of aluminium chloride, 
2*6-dimtro-l:3-dimethylphcnyl phenyl sulphone, 
large lustrous plates, m.p. 178°, is obtained 
(K. and M.). 

5 : (S-Dinitro-m-xylme 4-sulphonic acid ; to- 
gether with the 2 : 6-dinitro-derivative by 
treating a solution of m- xylene 4-8ulphonio acid 
in acetic acid with a mixture of 3 parts of 
fuming nitric acid, 3 parts of fuming sulphuric 
acid, and 1 part of phosphorus pentoxioe and 
heating the mixture on the water-bath until the 
evolution of red fumes ceases ; by nitrating 
5-nitro- and 6-nit ro-m- xylene 4-sul phonic acids 
(Claus and Schmidt, Ber. 1886, 19, 1418). It 
crystallises in microscopic plates. KA' ; 
NaA'+H-O, needles ; BaA'2+iH«0, colourless 
needles, or prisms; CuA^+dUfO, 

bluish-green leaflets ; PuA'j-l 4iH20, tables. 

Ch&ride; irregular crystal, m.p. 117°-*118° 
(C. and 8.). 

Amide; small colourless needles, m.p. 158° 
(C. and 8.). 

6-Bromo-2- (or 5-) nitro-m-x^ne 4-sulpkenic 
acid; from uitro-w-O-xylidine 4 -sulphonic add 
by the Sandmeyor reaction (Sartig, Anti. 1886, 
230, 333; Umpricht, 'i^r. 1885, IS, 2112), 
Colourless rhombic plates. KAHH^O, ydlow 
prisms; BaA%+3i"sOf yellow ciystMi, or 
tine ne^les. 

p-Xyfene ; see o- and m-xylene ; in coal tar | 
in GaJidan petroleum (Pawlewski, Ber. 1886, 1& 
1915); by the action of methyl iodide mad 
sodium on p*bromotoluene (Fitiig and flUttagr, 
Ann. 1865, 136, 303; Bulk Boo. diim. 18«fc ^ 
4, 36 ; Jannaach, Ann. 1874, 171, 79; Mb 
cbim. 1871, (2) 15, 276; 1874L 29, 908); hm 
p-dibrnmobeimm, mdlM Mida awl^oodlMplF 
lyjm Ibyer, Aim.i8m^ 


1870, 14, 406; Ber* vm t» 76»| 





Jkip* 1877, 1<{^ liS4)l from 
bnomkle md awthyl Bmphate in a yield of 75 p.^ 
(Wenoer and ZilkeiiB, Bet. 1903, 36, 3116; 
Honben, ibid. 3083). 

Monoolinio prisiufl, o : 5 : cs=2*32 : 1 : 2*34, 
)8«69-5« (Baeyer, Ann. 1888, 246, 141), m.p. 16® 
(Jannasch, Aim. 1874, 171, 80), or 13® (Reissert, 
Ber. 1890. 23, 2242); b.p. 138®; D®® 0*8801 
(Piiiette, Ann. 1888, 243, 61); DM*»® 0*860 
(Oladfltone, Chem. Soo. !]>ans. 1891, 59, 290; 
ef. Neubeck, Zeitsch. physikal. Ghem. 1887, 1, 
601 ; von Hirsch, Ann. Phys. Chem. 1899 (ii), 
69,456); b.p. 137-6° ; 0*8061 ; D||; 0*8593; 

0*86019 (Perkin, Chom Soc. Trans. 1806. 
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^4* 

69, 1241 ; 1900, 77, 278) ; critical temperature 
344*4®; critical pressure, 35*0 (Altschul, Zeitsch. 
physikal. Chem. 1893, 11, 690); dielectric 
constant, density, refractive power (Landolt and 
Jahn, Zeitsch. physikal. Chem. 1892, 10, 300; 
Drude, %bid. 1897, 23, 309 ; Bruhl, J. pr. Chem. 
1894, (2) 50, 140) ; capillanty constant (Schifi, 
Ann. 1884, 223, 67) ; magnetic behaviour (Schon- 
rook, Zeitsch. physikal. Chem. 1893, 11, 785 : 
PCrldn); cryoscopic behaviour (Ampola anc 
Rimatori, Gazz. cnim. itah 1897, 27, i, 38, 54) 
absorption spectrum in ultra violet (Mies, Zeitsch 
wiss. Photochcm. 1910, 8, 287) ; other pbysioa 
constants (von Auwers, Ann. 1919, 419, 92). 

For separation from its isoniendes, see o 
and m-xyleno. On oxidation with dilute nitrr 
acid p- xylene yields p toluic acid, and witl 
chromic acid terexihthalic acid. For oxidatioi 
in presence of catalysts, Ac., see o-xylene 
When heated with concentrated hydriodic acic 
at 260®-280°, p- xylene yields benzene, toluene 
methylcyclohexane, and methylated penta 
methylene (Markownikow, Ber. 1897, 30, 1218) 
In separating p<xyleno from coal-tar xylene b^ 
Jacolmn’s method, Nolting and Palmer (Bex 

1891, 24, 1955) obtained ethylbenzene to th 
extent of two-tliirds of the supposed p s^len 
content, and corrcbponding to an approxixnat 
proportion of 10 p.c. in the crude xylene, bu 
C9arke and Taylor (J. Amer. Chem. Soc. 192^ 
45, 830) did not 6nd any evidence of the presenc 
of ethylbenzene daring the puriiication of con: 
mercial ^^xylene. 

p-Xjdono on treatment with aluminiux 
chlohdc at 100® in presence of hydrogen chlorid 
yields mainly m-xyleno (Heisse and Tohl, Anx 

1892, 270, 155). When p-xylene is heated wit 
phenylcyanate in presence of aluminiut 
ehloruk, the oorcespondi^ xylylanilide i 
obtained (Leuckart, J. pr. Chem, 1890, (2) 41 
SOI). By heating a mixture of benzhydro 
^nlene, and phosphoric anhydride for 4 hour 
cUpbe&yl-p*xym-methane, prismatic crystal 
OLp. 92®'-02*5^ is obtained, like tripheny 
methane, this yields dyes, similar to ro6anilin< 
by iuooeesive nitration, reduction, and oxidatic 
(HenMUan, B^. 1883, 16, 2360; Elbs, J. p 
Chem. 1887, (2) 35, 465). Unlike o- and m-xylen 

does not react with diphenyloarbamic 
ihmide in the presence of aJumimum chloric 
tMhmwm and Bonhdter, Ber. 1886« 19, 3231). 

p^Xylena is converted into ^tolualdehyd 
4iil« hA S04^*-206^ by means of Btard's reactic 
Bor. 1884, 17, 1462). p^Xylei 
* with phthaiio anhydride fomaii^g 

06id (Meyert Ber. 1882^ 16. 
oondsfUM mUSk math] 


m 

«iw iodid« to fom tbo p>nieN*pt«l, in.p. 149*- 
160°; with eUigdene bromide to mm 

XH.'S'CH, 


C.H, 


X3H,'S 


•OH, 


m.p. IISMM*; and with jp-xylylene bromide 
to fom “-P- 

193® (Kotz and Sevin, J. pr. Chem. 1901, (2) 64, 
518). When p-xyleno is heated with hy^KnQrl- 
amine hydrochloride in presence of aluminium 
chloride, a small amount of p-2-xylidine is 
obtained (Graebe, Ber. 1901, 34, 1778). Ethyl 
chloroglyoxylate in presence of aramixdixm 
chloride converts p-xylene into ethyl p-igrlyl% 
glyoxylate, colourless liquid, b.p. 166®-166®/l0 
mm. The free acid, m.p. 75®, on heating With 
sulphuric acid at 100®, is converted into p-xylyl* 
carboxylic acid, and when heated with anil^ 
it forms 2 : 5-dimethylbenzylideneaniline (Bon* ' 
veault. Bull. Soc. chim. 1897. (3) 17, 363, 940). 
p-Xylene-2-oxyacetal, prepared similarly to the 
corresponding o- and m-compounds, boils at 
278®-279®, and has D^®® 0*972; the aldehyde 
hydrate melts at 63®-64® ; the oxime at 114®; 
the semi-earbazone at 104®; the derived o-m- 
dimethylcoumarone boils at 216®, and has 
DU® 1.041, and refractive index at 16® 1*549 
(Ktoermer and Schroedcr, Ber. 1897, 30, 1700). ' 
Well-cooled p-xylene, subjected to the vapours 
of sulphuric anhydride at temperatures belcrw* 
25®, yields di-p-xylylsulphone (in which the 
SOj group is in the meta-position), prismatic 
needles, m.p. 141®- 142® (Zom and Brunm, Compt. 
rend. 1894, 119, 1224). This sulphone is ob* 
tained also together with chloro-p-xylene and 
p-xylene-sulphonyl chloride by the action of 
sulphuryl cUoriae on p-xylene in presence cl 
aluminium chloride (Tohl and Eberhaid, Ber. 
1893, 26, 2940). When heated with sididiiir, 
p-xylene forma 4 : 4'-dimethylBtilbene and 4 : 4^ 
dimethyldibenzyl, the former being probably 
the primary product, and reduced to tne latte 
by tne hydrogen sulphide evolved (Aronstda 
and Nierop, F^c. K. Akad. Wetensch. Amster* 
dam, 1902, 5, 288 ; Rec. trav. ohim. 19(k2, 21, 
448). When oxidised electrochemicaQy in 
dilute sulphuric acid at a lead dioxide anode, 
p-xyleno yields p*tolualdehyde, p-xyloquiacme, 
and p-xyfylene dioxide (?), 8il% n^kUse, in.p* 
161® (Ficfaiter and Stocker, Ber. 1914, 47, 2908$ 
cf. Law and F. M. Perkin, Obiem. I^. TfSM, 
1907, 91, 258). 

2:6-Z)»fhiol-p-xyien€, bp. 145*5^11-8 Him. 
{diacetyUdeirivaiivef needles, XEup. 79*5®*^82*8®; 
dipicryl’derivaiivej yeUow orystalline solid, 
251®-255®; dimethyt-deriveUive, needtas, iii,p. 
92®-94^ ; ji^-Tylene-2 : 6-dtlhio2aeeiiicaeld,iiisedi^ 
m.p. 170*5®- 174*5^) is obtained from |»*xyhiie 
through the disnlphonyl derivative as in the ease 
of m-xylene (Poliak and Sdiadler^ 

1918, 39, 129). 

p-Xylene when heated to 700® by i 

of an eiectrioally heated wire yields 
xylyl and products converted on oxMwtbMi 
into teiephthalio and p-toluio adds, wrhibt ah 
800® p-mxnethybtilbene is formed (B. lilMV 
and A. Hofmann, Monatdi. 1918, 87, iOk, 
When treated with 0 gma P-tykm jfMMl 
monoddoro*, 8:8*4id^TO-i lAa tet^^ 

, xjifem (Oeito end l^ixiandea, 4. AteM^ CMb 
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Soo. 1916, 38, 1809), and ivlien brominatad in 
Weeum of nitrio add a Bimilar xnixtore of bxomo* 
aerivatiTos is obtained, together with n-toluio 
add (%tta and Ghatteqee, hid, 2645). 

ji-Xylene reacts with phosphorus chloride 
in presence of aluminium chloride forming^ 
xylyl phosphorus chloride C«Hg(CHa)|K51j, 
b.p. m,p. —30®. The latter on 

tamtment with chlorine yields the oorresponding 
tetrachloride, m.p. 60®, which, on treatment 
with water or sulphur dioxide, is converted into 
p-xylyl phosphorus oxychloride, 
CeHs(CHg)gPOCl, 

b.p. 280®~281®. p-Xylene phosphinous acid, 
C^i( 0 Ha) 2 PO 2 Hg, is formed when Ihe corre- 
sponding chloride is treated with warm water. 
p-Xytoephosphonic acid, C,}i,{OE,UTO(OHh, 
colourless needles, m.p. 179®~180®, is obtained 
when either the tetrachloride or oxychloride is 
decomposed with water, and when heated it 
decomposes, forming metaphosphoric acid and 
p-xylene (Weller, Ber. 1888, 21, 1492 ; Miehaelis 
and Panek, Ber. 1880, 13, 656). p-Xylone 
borochloride is a colourless fuming liquid, 
b,p. 205®; p-xylyl boric acid forms slender 
nc^es, imp. 186®, and the oxide melts at 176® 
(Miehaelis and Thev5aot, Ann. 1901, 315, 19). 
For arsenic derivatives of p- xylene, see Michai hs 
and Basel (J. pr. Chem. 1902, (2) 66, 130); 
Jacobs, Heidelberger and Rolf (J. Amer. Chem. 
Soc. 1918, 40, 15^) ; for hydrogenated deriva- 
tives of p-xylene, see Bayer (Ber. 1892, 25, 2122) ; 
Schiff (Ber. 1880, 13, 1407; Gazz. chim. ital. 
1880, 10,317); Renard (Ann. Cliim. Phys. 1884, 
(6) 1, 223); I^linskyand Naumow(Ber. 1898, 
31, 3206). 

p-Xylene when treated with acetyl chloride 
in presence of aluminium chloride vields p- 
xylyl methyl ketone, b,p. 224®-225®, 0 9962 

(dauB and Wollner), or b.p. 232®-233® (Errera). 
When heated in presence of 95 n.c. alcoholic 
ammonium hydrosulphide and sulphur, for 48 
hours at 200®, ihe ketone yields p-xylyl-aocta- 
mide, m.p. 154®, which is converted on hydro- 
lysis with 33 p.c. alcoholic potash into p-xylyl- 
Metic acid. The ketone when mixed with 
sodiam, amyl nitrite and alcohol, forms the 
sodium salt of p-xvloyl-2-formoxime, 
CgH,(CH,)2COCH=:NOH, 
together with isoxylylie acid (Claus and Wollner, 
Ber. 1885, 18, 1856 ; Errera, Gazz. chim. ital. 
1891, 21, 94 ; Guerbet, Compt. rend. 1897, 125, 
34; Soderbaum, Ber. 1894, 27, 058). p-Xylyl 
ethyl ketone, obtained similarly to the methyl- 
compound, is a highly /efractive liquid, b.p. 
237®-238® (daus and fickert, Ber. 1886, 19, 
31tt; dans, J. pr. Chem. 1891, (2) 43, 138); 
for farther information rega^ng ketones 
derived from p-xylene, see l^bs and Olbcrg 
(Ber. 1886, 19, 408); Elbe (J. pr. Chem. 1887, 

8 ) 35^ 465); Hemilian (Ber. 1883, 16, 2360); 

ans and Murtfeldt (Ber. 1887. 20. 1377); 
Bdiopff (Ber. 1891, 24, 3766) ; Wege {ibid. 3540} ; 
Staxwoika (Bull. Acad. Sci. Cracow, 1902, 12) ; 
Strasnaiin (Ber. 1889, 22, 1229) ; Collet (Bull. 
8oe« chim. 1897, (3) 17, 506; Comnt. rend. 
1897* 185, 305); Kiages and Allendorf (Ber. 
1898, 31. 1298) ; Kunokell (Ber. 1897, 30, 577) ; 
liniprW {JSm, 1895, 286, 306); dans (J. pr. 
Chem. 1892, (2)^46, 474); Layraud (Bull Soc. 
chim. 1806, (8) 85, 228). 


Antimony trichloride may be substituted 
-for aluminium chloride in condensing arid 
ohlorides of modeiatriy high boiling-point with 
hydrocarbons (Comstock, Amer. Chem. J. 1896, 
18, 647). 

o-CAlcro-p-zylene ; by chlorinatin| boiling 
p-xylene (Lauth and Grimaux, Zeit. fur Chem. 
1867, 3, 381) ; by chlorinating p-xylene in sun- 
light (Radziewanowski and Sohr^m, Akad. 
Wiss. Krakau, 1898, 61) ; from the oorresnond- 
ing alcohol by distillation with Wdrochlorio 
acid (CuriiuB and Sprenger, J. pr. diem. 1900, 
(2) 62, 111) ; by the action of s-dicldoromethyl- 
other on toluene in the presence of anhydrous 
zinc chloride, di-p-tolylmethane being formed 
also (Stephen, Short and Gladding, Chem. $oo. 
Trans. 1920, 117, 510). Oil, b.p. 192® (L. <!md 
G.), 200®-202® (R. and S.). 90®/20 mm. (C. imd 
S.), 92®~94®/20 mm., or 192°/760 mm. (S,,\S. 
and G.). ' 

o}-Dichloro‘ii‘Xylene, p -xylylene chloride 
CgHJCHjCl)* ; by chlorinating boiling 8- 
xylene (L. and G.) ; by chlorinating p-xylenl^ 
in sunlight (R. and S.); by distilling the 
gl 3 Tol, CgH 4 (CH 20 H) 2 , with hydrochloric acid 
(Grimaux, ^it. fur Chem. 1870, 6, 394) ; from 
p xylene and phosphorus jicntachloride at 190® 
(Ooison and Gautier, Ann. Chim. Phys. 1887, (6) 
1 1, 22 ; Bull. Soc. chim. 1886, (2) 45. 6 ; Colson, 
Compt. rend. 1884, 09, 40; Bull. Soc. chim. 
1886, (2) 46, 2) ; together with benzyl chloride 
hy warming a mixture of lienzcnc, «-dichloro- 
methjlcther and anh.vdrous zinc (‘hloridc for 
10 houi^ (S., S. ai'd 0.) ; from Wnzyl chloride 
similarly, by heating for 18 luntrs at 30®-35® 
(S., S. and G.). Leaflets or rhombic tables, 
m.p. 100® (L. and G.), or 100*5® (S., 8. and G.) ; 
b.p. when hligbtly imjmrc, 120®/20 mm. (S., 8. 
and G.), or b.p. 240®--2r)8® W'ith decomposition ; 
D«® 1*417 (C.) On oxidation it yields tcre- 
pbtbalaldehyde, m.p. 11C®-117®, and tere- 
phthalic acid, m.p. 140® (S., S. and G. ; Honig, 
Monatsh. 1889, 9, 1153), and when heated with 
water at nO^-lSO® tlie corresponding glycol 
is formed. 

2-w{4-)Dicldoro-p-xylene, 

(CH,:C1:(;H,C1~1:2:4); 
by keeping a mixture of o-chlorotoluene, t- 
dichloromcthylctber and zinc chloride mono- 
hydrate for 24 hours (S., S. and G.). Colourless 
oil, b p. ]24®/20 mm. 

SymmMdra^ufCfUoro-p-xylene, CgH4(CHCIs)g ; 
by heating p-xylene with phosphorus penta- 
chloride at 190® (Colson and Gautier, Bull. 
Soo. chim. 1886, (2) 45. 9 ,* Ann. Cliim. Phys. 1887, 
(6) 11, 24; ^Colson, Bull. Soc. chim. 1886, (2) 
46, 2). Crystals, m.p. 93®, D»® 1-606. On 
hydrolysis with water it yields ierephtbab 
aldehyde (Colson and Gautier, Compt. rend. 
1886, 102, 680). 

u-PetUackhro-ii^xykne ; together with the 
fii-hexachloro-dcrivative by heating p-xylene 
with excess of phosphorus pentaohionde in U 
scaled tube at 1(>0® (O>!son and Gautier). 

ta-Hexachkfo-p^xyUne ; from p-xywne in * 
similar manner to the pentachloro-eompound 
(Colson and Gautier, Ann. Chim. Phys. 1887, ($) 
11, 27; Compt. rend. 1886, 102, 689; WXL 
Soo. ohim. 1886, (2) 45, 5^. 
macled crystals, m.p. lU^ Wnen heated niA 
water or sodiam hydroxide solurion II yieloi 
terephihalie arid. 
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^ . S-OhiQr<hp^affi 0 ne; by ohlorioating p-xylene 
m pmenoe of iodine (range, Ber. 1885, 18^ 
3099) ; tocher with the 2:5 dicdiloro* and 
the tei^'aohloro-derivative by treating n-sylene 
with ogiea regia (Datta and Fernandes, J . Amer. 
CShein. Soo. 1916, 38, 1809). Oil, b.p. 186®/767 
mm., solid^^g to crystals, m,p. 2^ (K.). 

2 : 5^1^nloro-p-xylene ; by treating p- 
zylene with aqua regia (D. ana F.) ; by chlori- 
nating p-xylene or its monochloro-derivative 
(K.); from 2-chloro-p-5-xylidine (K.). Plates 
or fiat needles, m.p, 71®, b.p. 221®. 

Teira^loro-p-xylene ; by chlorinating p- 
xylene in chloroform solution in presence of 
iron (Rupp, Bor. 1890, 29, 1028); by treating 
n-xylene with aqua regia (D. and F.). Colour- 
less silky needles, m.p. 218®. When heated 
with nitric acid and potassium ])ermanganate 
for 8 hours in a sealed tube at 180® tetrachloro- 
p-toluic acid, needles, m.p. 212®, is formed. 
m-Brwno-p*xyhne^ p-xylyl bromide, 

C«H4(CH3)CHjBr; 

by treating toluene with s-dibromomethylether 
in presence of zinc chloride monohydrate 
(Stephen, Short and Gladding, Chem. Soc. 
Trans. 1920, 117, 510) ; by brominating heated 

f i-xylene (Radzisze^'ski and Wispek, Ber. 1882, 
5, 1743 ; 1885, 18, 1279 ; Atkinson and Thorpe, 
^em.Soc. Trans. 1907, 91, 1087) ; by brominat- 
ing p-xylenc in presence of sunlight (Schramm, 
Ber. 1883, 18, 1277). Colourless needles, m.p. 
35-5®, b.p 218®--220®/740 mm (R, and W.), or 
m^. 38® b.i). 109®/15 mm, (S., S. and G.). 
When treated with alcoholic potassium thio- 
oyanate it yields p-xylyl thiocyanate, m.p. 21*5®- 
22*6® (Strzoleoka, Bull. A('ad. Sci. Cracow, 1909, 
731 ; c/. Kosmos, 1910, 35, Radziszewski- 
Festband, 585), and with alcoholic potassium 
sulphide it yh^lds p-xylyl sulphide, m.p. 76®, 
which, on oxidation, yi<*lds the corresponding 
sulphoxide, m.p. 117®, whilst both the sulphide 
and the sulphoxide are oxidised by potassium 
permanganate to p-xylyl-sulphone, m.p. 197® 
fMartynowicz, Kosmos, 1910, 35, Biiulziszewski- 
Fmtband, 594). p-Xylyl bromide, when treated 
with potassium cyanide, yields p-xylyl cyanide, 
imp. 18®, b.p. 242®-243®, D«® 0-9922, which is 
converted by treatment with hydrogen peroxide 
and potassium hydroxide into the acetamide, 
M.p. 184® (R. and W.). 

ia-Dibrimo-p-xylene^ p-xylylene bromide, 

C,H4(CH,Br),; 


together with benzyl bromide * by treating 
benzene with s-dibromomethylether in presence 
of anhydrous zinc chloride with cooling (Stephen, 
Short and Gladding) ; eby the action of bromine 
on heated p-xylene (Grimaux, Zeit. fiir Chem. 
1870, 6, 394 ; Radziszowski and Wispek ; Kipping, 
Ghein. Soc. Trans. 1888, 53, 21 ; Atkinson and 
Thoms; Colson, Bull. Soc. ohim. 1886, (2) 46, 
2 ; Oomjpt. rend. 1884, 99, 40; 1887, 104, 428 ; 
Ann* Chnn. Phys. 1885, (6) 6, 1 19) ; by the action 
of bromine on cold p-xylene in presence of sun- 
&ht (Solmnim, Bor. 1885, 18, 1277 ; Allain-Le 
CS^ Oompt rend. 1893, 118, 534). Needles, 
ilmmboldal plates, or laim prisms, ro.p. 143*5®, 
hp. 240*4»® (R. and W.), D«® 2-012 (0.; A. 
mA T, ; JL4s 0L)» or in.p^ 144® (8., S. ano G.). 

WlMm rodneod with zinc dust in gla^ 


acetic add solution, a mixture of p-xyleno and 
a polymeride of p-xylylene 


0H,:C 




is obtained, but on reduction with stannous 
chloride in acetic acid solution, p-xylyl acetate, 
b.p. 227®, is formed (Thiele and Bialhom, Ber. 
1904, 37, 1463). When boiled with alcoholic 
potassium hydiosulphide saturated with hydro- 
gen sulphide, p-xvlylene bromide yields p- 
xylylene hydrosulpmde and the monoethyl-ethcr 
of p-xylylene glycol, b.p. 260®-262®. The 
former in the presence of hydrogen chloride 
condenses with aliphatic aldehydes or ketones 
forming amorphous indefinite products, but 
with aromatic aldehydes well -crystalline duplo- 
compounds are formed which are very stable, 
e.g» duplo-p-xylylenebenzylidenemercaptal, 



4 


m.p. 248®-249®, is prepared by passing hydrogen 
chloride into an ice-cold mixture of equal 


molecular proportions of benzaldehyde and p- 
xylylcne hydrosulphide. When oxidised with 
acid permanganate, the duplo-compound yields 
the corresponding tetrasulphone(Autenriethand 
Beuttel, Ber. 1909, 42, 4346 ; Kotz and Sevin, 
Ber. 1900, 33, 729). p-Xylylene dibromide, 
when treated in acetone solution with sodium 


iodide, yields p xylylene iodide (Finkolstein, 
Ber. 1910, 43, 1528 ; Knoll and Co., D. R. P. 
230172 of 1908). The di-iodide melts at 175® 
(F.) or 170® (Grimaux, Zeit. fur Chem. 1870, 
6, 395). p-Xylylene bromide differs in some 
respects from o-xylylene bromide in its action 
on amines. It does not form ring compounds 
of the type of dihydroisoindole with primaiy 
amines, nor does it form ammonium bromides 
with secondary amines (ManouJdan, Ber. 1901, 
34, 2082). When treated with fuming nitric 
acid, p-xylylene bromide is converted into 
terephthalaldehyde, tcrephtbalaldehydic add, 
and a compound, C24Hjo^r204> 

80® (Low, Ber. 1885, 18, 2072). 

wia^-Tribrotno-'p-rylene ; by brominating 
heated p-i^lcne (Atkinson and Tnorpe), or cold 
p-xylene in sunlight (Allain-Le Canu, Bull. Soc. 
ohim. 1894, (3) 11, 382; Compt. rend. 1893, IIB, 
534). Orthorhombic plates, m.p. 116® ( A.-Le C.), 
or m.p 106® (A. and T. ; Low, Ann. 1885, 231, 
363). When hydrolysed with sodium hydroxide 
the aldehyde-alcohol, CEO Cell 4 CH4OH, oolour- 
less oily liquid, is foaned (A.-Le C ). 

Symm.^f»-tetrabromo-p-xylenef CeH4(GHBre)e; 
by passing dry bromme into p-xylene heated 
first at 140®, then at 170®, and finally at 20D® 
(Honig, Monatsh. 1889, 0, 1150). Glisteniug 
monoclinic prisms, m.p. 169®. 

wHexabromo-p-xylene ; in small 3ield by 
the direct bromination of p-xylene, but bettw 
by brominating co-tetrabromo-p-xyl^ht 17<P-» 
180® (Thiele and Balhom, Ber. 1904, 37, 
Needles, m.p. 194®. When heated with dtiio 
acid at 130®-140® terej^thalic add is formed. 

2- J3rimte-p-zylene ; by the action of bromine 
on ooM p-xyleno in the dark (Fittig and 
Jannasoh, Aim. 1869, 151, 283 ; Jannasob, Ann. 
1874, 171, 79; Ber. 1884, 17, 2709; Jacobsen, 
Ber. 1884, 17, 2379; 1885, 18,356; SdifWim, 
Ber. 1885, 18, 1276). Tables iw IsaflelSt 
10® (Jannasoh), b.p, lt]^‘5®-4KM>*6®; hr 
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muf* b«P- 205*^^/755 mtxL ( Jaoobeen}* On 
oaQjdbtio& with ohxtmiic acid in aoetio acid sola- 
tbfi» it yields biomo-^tolttio add. Th$ 
magnesiuiii derivative condenses with chloral, 
lormittf j3)3j9*irichloro-a-xylylethyl alcohol, b.p« 
158^10 mm., which on prolong^ boiling with 
aeneous potassium carbonate is converted into 
xylylaldehyde (Savariau, Compt. rend. 1908, 
146, 297; Carr6, ibid. 1909, 148, 1108). For 
the behaviour with the lead salt of aromatic 
thicmhenols, see Bourgeois (Ber. 1895, 28, 2312). 

2 : 6-DibromO‘p-x^ene ; together with 2 ; 6- 
dibromo-p-xylene by brominating p- xylene 
(Blanksma, Ohem. Weekblad, 1913, 10, 136); 
from 5-bromo-p>2-xylidine by the Sandmeyer 
reaction (B.) ; by brominating p-xyiene in the 
presence of i<^ine(Fittig, Ahrens andMattheides, 
Ann. 1867, 147, 26). Leaflets, or monoclinic 
tables (MierB, Chem. Soc. Trans. 1890, 57, 975), 
m.p« 75^ (Jannasch, Ber. 1877, 10, 1357), b.p. 
26r (Jacobsen, Ber. 1885, 18, 358), b.p. 141715 
mm. or 149*5721 mm. (Auwers and Baum, Ber, 
1896, 29, 2329). When heated with concentrated 
snljfliuric acid at 215° it yields a small quantity 
of a liquid isomeride, b.p. 260°-265°, probably 
impure 2 : 6-dibromo>p>xylene (Koch, Ber. 
1890, 23, 2318). When oxidised with chromic 
acid in acetic acid solution the dibromo-p- 
toluic acid, m.p. 195°, is formed (Schultz, Ber. 
1885, 18, 1762). 

2 ; 6-l>ibromo-p-xylene ; in small quantity 
and in an impure condition by brominating 
p^xylene (Jaconsen ; Blanksma) ; from 3 : 5- 
mbromo-2^2-xylidine (Blanksma). Colourless 
poai^ plates, m.p. 32° (B.). 

Teifdbrcnno-'p-xylene ; together with mono- 
and dibTomo*p-toluene and p-toluic acid by 
brominating p-xylene in presence of nitric acid 
(Datta and Chattcijee, J. Amcr. Chem. Soc. 
1916, 38, 2545) ; by brominating p^xylene 
(Jacobsen), 1 : 4 • dimethyl - 2 - ethylbenzene 
(Bodroux, Bulk Soc. chim. 1898, (3) 19, 888), or 
hexahydro-p-xylene (Zelinsky and Naumow, 
Bar. 1898, 31, 3208) in presence of aluminium 
tneomide. Long fine ne^es, m.p. 253°, b.p. 
About 355° ( J.). When heated with potassium 
permanganate and nitric acid in a sealed tube 
lor 8 hours at 180° it yields tetrabromotere- 
{mfthalio acid (Bupp, Ber. 1896, 29, 1625). 

For iodo*derivatives of p-xylene, see Klages 
and lAseke (J. pr. Chem. 1900, (2) 61, 325); 
SUnger and Goldberg (Ber. 1900, 33, 2875) ; 
Griniaux(Zeit. fur Chem. 1870, 6, 395) ; XJUmann 
(Ann* 1904, 332, 38) ; Willgerodt and Plocksties 
(J. w. Ghenu 1912, (2) 85, 198). 

OMordbramo • p - xylenf ; by brominating 
dhlorc^aylene in presence of iron (Willgerodt 
and Wtdfimi, J. pr. Chem. 1889, (2) 39, 403). 
Bsariy lamince, m.p. 06°. 

IMkhrobroma^p^xyUne ; needles, m.p. 06° 
CW.ai^W.). ^ 

fIMiikhidbromo-p-xuleM ; needles which sub- 
Bms, iu»p* 219° (w: and W.). 

0Mml^omo-p-a;yleite; by brominating 
sUofObfumo-p-xyleno in presence of iron. 
Kssdlbi, ULp. 93° (W. and W.)i 

; in small yield by 
imniMUiig dichloro-p^xylene. Needles which 
Wup. 226° ( W and W.). 

; by brominating 
‘y* art w n in mii^ of iron. Sublimes in 
mimm, iS4° (W. and W.)« 



ei>»Ndre-p^lMie ; simSsriy io 
gybnetke.); nup. U°-*12°; b.p. 150°-*151725 
mm. (dight deoomp.) ; 1*1234, [a}p 1*58106 

at 20° (Konowaloff, J. Buss. Pbys. Ohem. Soc. 
1809,31,254). 

2-NUro^]^»xylene ; by the action of fuming 
nitric acid on ice-cold p-xylene (Jannasch, Ann. 
1875, 176, 55; Schaumann, Ber. 1878, 11,. 
1537). Pale yellow liquid, b.p. 238*5°-239°/789 
mm. ; D^^° 1*132 (Nolting ana Forel, Ber. 1885, 

18, 2668). When oxicQsed with potassium 
ferricyanide it yields nitro-p-toluic acid, nitro- 
terophthalic acid, and a surotance, 

NO,C,Hj;C(OH)a]8(?) 

(Noyes, Amer. Chem. J. 1888, 10, 472). H 
reduction with zinc dUst and water it yieldt 
hydroxylamine (Lumi^rc, Lumi^re and Seye'tl 
Bull. Soc. chim. 1894, (3) 11, 1038; Bamb 
and Bising, Ann. 1901, 316, 257 ; c/. Bamb 
Ann. 1921, 424, 233, 297; Bamberger 
Tschirner, Ber. 1900, 33, 955) ; and on elect 
lytic reduction in sulphuric acid solution 
2-aniino>p-5-xylenol, pale yellow needles, m.p. 
238° (decomp.), is formed (Gattermann, Ber. 
1894, 27, 1927). 2-Nitro>p xylene cannot be 
readily sulphonated with sulphuric acid (Carslako 
and Huston, J. Amer. Chem. Soc. 1914, 36, 
1244). 

B-2 : S-Dinitro-'p-xykne ; together with 2 ; 6- 
and 2 ; 5-dinitro-p-^lonoR, by nitrating p* 
xylene (Bammer, Bull. S<h\ chim. 1808, (2) ^ 
434; Pittig, Ann. 1865, 130, 307; 1808, 147; 
17; Jannasch, Ann. 1874, 171, 79; Ber. 1881, 
14, 1140; 1882, 15, 2304; Nolting, Ber. 1880, 

19, 144; Kostanecki, Ber. 1880, 19, 2318; 

Lellmann, Ann. 1885, 228, 252; Blanksma 
Chem. Weekblad, 1910, 7, 727). Lustrous, 
monoclinic prisms, m.p. 93°, o : 5 : 0*8095 : 1 : 

0*63818, fl-=^81° 14' 52" (Barner, Ber. 1882, 15, 
2302). 

(y)-2 : 5'Dmitro-p-xylene ; in small quantity 
by nitrating p-xylene (L.). Long yellow vitreous 
needles, m.p. 147°-14b\ 

2 : %-DiniifO’^xylene ; by nitrating p-xvlene ; 
from 3 : 5-dinitro-p-2-xylidine. Long wndor 
needles, m.p. 123*5°-] 24° (Nolting and Qeisa- 
mann, Ber. 1886, 19, 144). 

o^NUronUroso-p-xylene ; by reducing a mix- 
ture of o- and m-dinitro-p-xylenes (obt^ed bv 
direct nitration of p-xylene) with hydroxyl- 
amine hydrochloride in methyl alcoholic po- 
tassium hydroxide solution, extracting Hit- 
changed m-dinitro-oompound with ether, and 
adding hydrochloric acid to the cooled solution 
(Mciaenheirndi* and Patzig, Ber. 1900, 39, 2526). 
Slightly yellow crystals, m.p. 130*5°. 

2:3:0-!!rn*iittro-p-xpl^; by warming p- 
xylene with a mixture of nitric and stilpEum 
acids (Fittig and Olinaer, Ann. 1805, 136, 307 ; 
Nolting and Geissmann, Ber. 1886, 19, IM)* 
Large monodlnio needles, nup. 137° (F. sm 0.) 
orl39°-140°(N.andO.). 

Trinltro-p-xylene, m.p. 127°, was obtained 
by Schiff (Ber. 1880, 13, 1407 ; Gaaa. chim. ttal. 
1880, 10, 317) by treating bexahydfo-p-xyhsMi 
with nitric acid. With hydimdiie hydnMi It 
yhads 3 : 5-di0iiro-p-2-xyIyl hydrattne, yelluvr 
prisms, m.p. 180° (Qi^ OiHn. ohlinuitid* ttlfc 
40, IL 166), and, on zednotiott wMi elknU'Ml^ 
pUdea, is eonverted into iMdi 

phonic add (Itttig, Ahisiii and 
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Aim. 1667, 147,M; Biimkma, Bao. traT. chim. 
1905,2^46). 

c0-(4)«(7j|fefP*2«m^p-4^/ene; together with 
3 : S^dinitro-dj-p-tolylmethatie by adding a 
littie mote than the theoretioal quantity of 
alttmininm chloride to a mixture of o-nitro- 
toluene and «-chloromethyl-ether (Stephen, 
Short and Gladding, Chem. Soc. Trans. 19^0, 
117, 610). It melts at 45^ and has a violent 
action on the skin, and the vapour attacks the 
eyes and nose. 

NitfV‘‘0}-‘dk7ihro-ri’Xylene ; by dissolving p* 
xylylene chloride in fuming nitric acid (Grimaux, 
Zeit. fiir Ghom. 1871, 7, 598). Small plates, 
m*p. 45^ 

2:5-DicMoro-diniirO'‘j>-xylene; by nitrating 
2 ; 5-dichloro-p-xylenc with nitric and sulphuric 
aoi^ (Kluge, Bor. 1885, 18, 2098). Small 
needles, m.p. 225^ 

2-jB^owo-6-m>o-p-a;yZenc; from 5-nitro-p- 
2-xylidine (Blanksma, Chem. Wcekblad, 1913, 
10, 136). Colourless crystals, m.p. 70°. 

2-Bromo-6-mlro-p-3rylene ; from C-mtro-p-2- 
xylidine (Blanksma). Pale yellow crystals, 
m.p. 38^ 

2«Bfomo-3 : l>-diniiro-i)-xylene ; by the action 
of sunlight, or more rapidly by the action 
of heat, on 3 : 5-dinitro - yj-xyleno - 2 - diazoper- 
bromide (Fries and Noll, 1^12, 389, 305). 
It melts at 117°. 

2i ^-DibromO’‘2-niirO’p-xylene; by heating 
2 ; 6-ibromo-p*xylcno with nitric acid and 
acetic acid on the water-bath until dissolved 
(Auwers and Baum, Bei. 1896, 29, 2329). It 
melts at lll°-n2° (Fittig, Ann. 1868, 147, 28) 
or 106°, and boils at 199°/20 mm. (A. and B.). 

2:3-Dt6fomo-6-ndfo-p-ryfenf ; from 3- 
bromo-5-nitro-p-2-xylidino by the fc^ndmeyer 
reaction (Blanksma). Colourless ciystals, m.p« 
99°. 

3 : 5^Dibromo-2^nitro-v-tykw ; from 3 : 5- 
dibKt)mo-6-nitro-p-2-xylidine by the elimination 
of the amino-group (Blanksma). Colourless 
ciystals, m.p. 83°. 

2 ! 6*Z>tfiro»M>-3 : S-dmitro-p-arylene ; by ni- 
trating 2 ; 6-dibromo-p-xylene or 3 : 5-dibromo- 
2-nitro-p-xylen6 with nitric and sulphuric acids 
(Blanksma). Colourless crystals, m.p. 190°. 

2 : ^*Dibrmo-2 : Q'-dini^p^xylene ; in small 
quantity together with 2 : 5'dibromo-3-nitro-p- 
x^ne by nitrating 2 ; 5dibromo-®-xy!eno 
(Anwen and Baum). Colourless needles, m.p. 
226^ 

6^Niif<h2:Z‘diniiroio-ji‘Xifkw; by heating 
S : 6«diiiitro-^xylyl-2-azoimidc at 105°~130° 
(Fim and 1^11, Ann. 1912, 389, 305). It melts 
at It is probable that this compound 
actually has the constitution of an isooxadiazole 
oxide and is not a true dinitroeo-dorivalive. 

OMcNYdromontlfo - p ; from chloro« 
bromo-p-xylene and fuming nitric acid (Will- 
garodt and Wolfien, J. pr. diem. 1889, (2) 39, 
l08). Yellov^ n^les, m.p. 99*5°. 

lbOMotn»S-hfnmo-2 : 5-dimtro - p • xyfene ; by 
hcatiim ehlorobromonitro-p-xylene with fuming 
nlMe add (W. and W.). Small ciystals, m.p. 
•48*. 

i^wUMnk ocid ; from the sub 
piMaiyl eUorlde (Jawbeen, Ber. 1878, 11, 17) ; 
Igr the iiQtioa af oojj^ p^ 
im mMM at Myfenet^-diaacmia salpbeie 
wiMt ta^ur dfeoida {Qatteniiaan, 


1999, 33, 1141); by treating p-xylene in 
carbon dind^[ii^ solution with snl^iir dioxide 

oh^ride at 0° (Enoevenagel a^ Kenu^^^^^ 
1908, 41, 3315). Flat needles, m.p. 84°-86° 

(K. and K.; Moschner, Ber. 1901, 34, 1257). 
When treated in the cold with acetic anhydride, 
acetic acid and a drop of conceniroted sulphimc 
acid, it yields p-xylene 2-Bulphinic anhydride, 
0[SO*CeH,(CHa)2]„ m.p. 68°-^9°. The latter 
compound decomposes tn vacftd, fomung p- 
xylene 2-8ulphonic acid and p-xylene dism- 
phoxide, white tables, m.p. 70°-72° ; the sonm 
pniducts are formed when p-xylene sulphonic 
acid is heated in a sealed tulie at 12(r’<-'ld0° 
(Knoevem^el and Polack, Ber. 1908, 41,^ 3323). 

On reduction with zinc dust and sulphurio acid, 
p-xjdene 2-8ulphimc acid yields the correspond- 
ing mercaptan, b.p. 205°-20C° (Gattermann, 
Ber. 1899, 32, 1136). 

ji- Xylene 2-8%dphontc acid; by sulphonating 
crude xylene ((Vafts, Compt. rend. 1891, 114, 
1110) ; by dissolving p-xylene in faintly fuming 
sulplmnc acid (Beibtein and Wahlfoiss, Aim. 
186.5, 133, 38 ; Fittig and Glinzer, Ann. 1866, 
136,505; Jacobsen, Ber. 1877, 10, 1009; 1878, 
11, 22 ; Kenisen and Emerson, Ai^r. C^m. J. 
1886, 8, 265) ; by reduemg sodium dibromo-p- 
xylene sulphonate with sodium amalgam 
(fioody and Kicholson, Chem. Soc. Trans. 1890, 
58, 974). Large tables or long flat misms 
+ 2 H 2 O (J.), m.p. 48°, b.p. 149°/0 mm. (Krafft 
and Wilke, Ber. 1900, 33, 3207). NaA'+H,0 
(J.), orthorhombic tables, a:h: c= 1*0767 ; 1 ; 

1 *4882 (Miers, Chem. Soc. Trans. 1890, 68, 978) ; 
KA' (F. and G.) ; KA'+HjO ; BaA'„ irregular 
crystds; OuA'g-fSH^O, pale blue triMnk 
prisms; ZnA'^-flOHjO. 

Chloride; large flat prisms, m.p. 24°-26° 
(J.), b.p. 7770 mm. (K. and W.). 

i4mwe; long needles, m.p. 147°-148° (J.; 
Moschner, Ber. 1901, 34, 1257). 

p-Xylene when treated with aolphuxyl 
chloride in presence of aluminium chloride fexma 
p-xylene 2-sulphonyl chloride, chloro-p-xykne 
and di-p-xylylsulphone (Tohl and Eberhard, Ber. 
1893, 26, 2940). p-Xylene sulphonic add is con- 
verted into ierenhthalio acid by fusion witji 
lead peroxide ana potassium hydroxide (Graelm 
and Krafft, Ber. 1906, 39, 2607). 

p-Xy/ene 2 : 6 (?)-(iwii/pAonicaci(i ; by waw^ 
ins the monosubphonyl chloride with fuming 
sulphuric add (Holmes, Amer. Chem. J. I891i 
13, 372 ; PfannenstilK J. pr. Chem. 1892, (2) 46» 
152). Needles. BaA"-t-3H,0 ; OaA"'+4H,0 ; 
MgA'4 7HjO; PbAV3H,0; Ag,A''-fH^{ 
all of these salts are very hygroscopic (H.)* 
Chloride; white radiating tufts, m.p. 73*--74* 
(H,), or 74°-75° (P.). 

Afif We ; microBcopio plates, m.p * 294*i*4WW* 
(decomp.) (H.), or 260° (F.). 

Chkro-’j^kne mlflhimk acid ; from dblofo- 
p-xylene and fuming sulphuric add (Klngn» 
1888, 18, 2099). Crystals. 
prisms; BaA\+H|0, needles. 

2-Bfofao-p-x|fciie 5-suMoiiic octf; fNm fh 
2-xylid^ 6-Bulphonxo acid by the SaiidMyer 
reaction (Ndlling and Kohn, Bull. Soe. ud, 
Mulhouse, 1888^, 636; Ber. 1380. 19, U7^ ft 
is probably identical with the imiapcml Dlh; 
taiik by Jacobsen (Ber. 1881, 17, 
su||Aonatiing bioaioii-agrkiie, BaA^t^Mpf i 
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. (K» «d K.); BaAV thin 8ix4dded phtes or 
sinaU pciBBiB ; NaA'+HgO, long thin prisma oi 
rihommo siz-^sided plates (J,). 

Chloride; small prisms, m.p. 77®-78® (N. 
and K.). 

small white scales, m.p. 200 ^- 201 * 
(N. and K.)> or flat prisms, m.p. 206° (J.). 

3 : Q‘Dibromo-^-xyhne 2-9ulphonic acid ; by 
sulphonating 3:6- dibromo - p - xylene wit) 
laming sulphuric acid (20 p.c. SO 3 ) at 80 
(Moody and Nicholson, Chem. Soc. Trans. 1890 
67, 974). Glistening silky needles, m.p. 151 
Mecomp.). NaA'+H 20 , microscopic needles 
BaA^ 2 , scales or flat needles. 

Chloride; flat needles, m.p. 78°-79°. 

Amide ; thin pearly plates or thin rhombli 
plates, m.p. 198°. 

2-Nitro-p-xtjlene 2-sidphonic acid; togethe: 
with the 6 -nitro-derivative and small quantitiej 
of the 5-niiro-derivative by nitrating p-xylene 2 
sulphonic acid; the products are separatee 
preferably by fractional on'stallisation of thi 
sulphonyl chlorides (Carslako and Huston, J 
Amer. Chem. Soc. 1914, 36. 1244; 1915, 37 
2119). Long deliquescent plates, m.p. 143°-145“ 

Chloride ; m.p. 109'5°-110-5°, is also formec 
toother with G-nitro - p - xylene 2 -sulphony 
chloride by nitrating p- xylene 2 - 8 ulphony 
chloride. 

Amide; m.p. 101°-192'’; anilide] n 
181-5°-182-5°. 

Phenyl-esler ; m.p. 83* 83*5° {C, and H. 

5-NUrO‘p-xylene 2-s\d phonic acid; sesabov< 
very hygroscopic needle-like plates + 11 ^' 
which lose H.O at 108° and then melt at 138 
140°. 

Chloride; m.p. 74*5°-7rr.l°, is also obtaiiK 
together with 6 - nitro - p - xylene 2 - 8 ulphoD 
ciuoride by the action of chloro.suiphonic ac 
on 2 *altro-p-xyiene. 

Amide; imp. 197°~198°; am7tde,m.p. 130*5 
131°. 

PhenyUester; m.p. 120°-120*5° (C. and H 

^•Niiro-p-zylene 2-oulphonic acid ; see abov< 
plates +H 2 O, which darken at 128° and do n 
melt at 200°. 

Chloride; m.p. C 0 Mjl°. 

Amide; m.p. 172°--173 ; anilide^ m. 
Il 3 ° 111 °, 

PhenyleMer; m.p. 117°-1I8°. 

Xylidines, (Aminoxylenc.s, or Aminoci 
methylbenzencs.) Theory predicts the existen< 9 
of six isomeric aminodiroethylbeozenes, and 1 I 
are known. They are obtained by tho reducti^ 
of the corresponding nitro-compounds with j 
and hydrochloric acid, or^with iron powder s d 
acetic acid, or, in the case of the commerc d 
prodnets, with iron turnings and hydrochJc c 
acid. Oommeictal xylidine contains o-3-x; i- 
dine, o4-xylidine, m-2-zylidine, m-4-xyljdi 5 . 
and f»-!^a^lidino. The chief constituents ^ t 
in-li^xylidine and p*2-xyUdine. The peroenti :e 
of the former may be estimated by convert! g 
the bases into the hydrochlorides or acetal i, 
ae these salts of 9n*4- xylidine are insoluble n 
staler. When glacial acetic acid is used e 

]pmdpitaat,eqttaiquaDUtif 8 oftheacida,ndh c 

give the best results. More accurate rest e 
ate obtained, however, by converting the acet e 
Inlo the bfoiiiide. m-4*Xylidine takes up I 
Atom of hiroimi% and alttiougb ffa*2«xylid le 
Mem tn a similar maniMw. ito u 


lady the hydrochloride, are readily solnble in 
imter. The other bases form dihromides witli^ 
bromine (Vaubel, ZSeitsoh. anal. Gheoou 1807, W, 
285). 

p-Xylidine may be obtained from oommerciai 
xylidine by gradually adding the latter to filming 
sulphuric acid (15-20 p.o. SO 3 ) in such pro- 
portions that exactly 1 mol. xylidine is used 
with each mol. of sulphuric anhydride. The 
mixture is heated for some time on the water- 
bath, cooled, and then treated with water, when 
the sparingly soluble m-xylidine sulpibonic acid 
is precipitated. The free acids contained in the 
mother-liquor are converted into their so^um 
salts ; the sodium salt of p-xylidine sulphonic 
acid separates first, that of the m-xylidinc 
sulphonic acid being very soluble (Witt, Nduing 
and Forel, Bull. Soc. Ind. Mulhouse, 1888,\58, 
630; Ber. 1885, 18, 2604; Witt, Dingl. polyl J. 
260, 95). p-Xylidine may also be separa^ 
from its isoinerides by means of the benzyliddne 
derivative, which is converted into the fi^' 
base subsequently by hydrolysis (Limpacn, 
Eng. Pat. 11822 of 1886; Fr. Pat. 178616; 
D. R. P. 39947 of 1886; Bayer A Co., 
D. R. P. 71909 of 1893). m. 2 .XyUdine may 
be obtained from commercial xylidine by con- 
verting the bases into the sulphates, allowing 
tho solution of the salts to crystallise, ana 
fractionating the mixture of bases obtained 
from the mother-liquor from the laj>t crop of 
crystals. The portion distilling at 212°-216° il 
acetylated, and the mixture of acetyl-derivatives 
IS boiled for a few hours with 4 times its weight 
of 25 p.c. sul phuric acid, (hi m>ling, the greater 
part of the aceto-m- 2 -zylidide separates un- 
changed, the remainder Ix^ing extracted from 
tho previously diluted mother-lic^uor by means 
of ether. The acetyl-derivative is then hydro- 
lysed by heating at 150° with concentrated 
hydrochloric acid, or at 200° with 3 times its 
weight of 70-75 p.c. sulphuric acid. ir- 2- 
Xylidine may be obtained aliK) from commercial 
xylidino by heating the mixture of bases, ob- 
tained from tho mother-liquor from the sulphates 
(see above), for 24 hours with an eoual weight 
of glacial acetic acid, and distilling ti&e product. 
The portion distilling below 300° is then treated 
with acetic anhydride, and the acetyl-derivatives 
boiled nith 25 p.c. sulphuric acid and isoiated 
as above (Ndlting and Pick, B<*r. 1888, 21, 
3150). The p- and m-xyhdines may eho be 
separated by means of benzaldehyde, with which 
the p-isomerido yields di-p-amtno-di-p-xylyl- 
piieoyl-methane, m.p. 208° (Schultz, J. pr* 
Chem. 1907,^ ( 2 ) 76, 3.31). For use in the 
preparation of colouring matters, limpaeb 
(Ei!^. Pat. 6890 of 1888 ; J. Soc. Chem. Ind. 
1889, 8, 281) described iim following method for 
separating the xylidines from the commetoUl 
pimnct ; 121 grrtis. of commercial xylidine are 
treated with .30 grms. of 100 p.c. acetic add, and 
kept for 24 boon, (kystais separate. Which 
consist of pure m-4-xyUdino acetate Dit 
mother-liquors are treated with hydrochloric 
acid, and after keepiiig for 3-4 days, ahont 
20 p.o. of p-xyiidine separatee as faydrooUerf^ 
A modification of this pirooesi for aflsefttefi; a 
oomptele sepanatton of ail the licmisrtdai to 
oommeieial xylidine, msktog lisa Ot 
for isoIatiDg iii-4-xyBdtor aa aaolatoi 
lyltdiiw M bjdiMUMid* {UaBptdii Slag, fW. 
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11822ofl886i I!r. Fat. 178616; D.B.P.36M7 
of 1886k and of «i>2-zyUdljBe ao fonno-m-2- 
fTlidide ^pach. Ber. 1899, 82, 1008), has heed 
deaoribed by HodgkioBon and Limpaoh (Chenu 
Boo. TianSs 1900, 77, 06). 300 gnus, of com- 
meroial pure zylidine are treated with slightly 
more than the necessary amount of gmcial 
acetic acid, or 80 p.c. acetic acid, requi^ to 
convert the fi»-4-xylidine into its acetate. The 
amount of acetic acid required can be ascertained 
a]pprozimately by preliminary experiments 
with a test sample. After keeping for 24 hours 
the separation of m-4-xylidinc acetate is practi- 
cally complete, the yield of the base being 40^ 
42 p.c. of the original zylidine. The crude 
product is basified with sodium hydroxide and 
purified by conversion into its formyl-derivative, 
followed by hydrolysis. To the filtrate and 
mother-liquors, which contain a considerable 
amount oip-xylidine and smaller quantities of 
o-3-zylidine, o-4-xylidine, and tn-2-xylidine, con- 
centrated hydrochloric acid is added until the 
whole dissolves. On cooling, practically pure 
p-zylidine hydrochloride separates, the yield of 
the base being about 30 p.c. of the original 
zylidine. The residue, containing the two o- 
and the m-isomerides, is concentrated in a retort 
until semi-solid, and when heated gently, m-2- 
zylidine hydrochloride sublimes in silky needle- 
soaped ciystals. The yield of the base, obtained 
by this method, is 2*7 p.c. of the total zylidine. 
Another method of obtaining this isomeride 
when larger quantities are used, is to distil about 
20 p.o. of the contents of the retort by heating 
rapidly ; the distillate then solidifies very 
quickly, and may be purified by conversion into 
its formyl-derivative. The black residue in 
the retort, from which 9n-2-xylidine hydro- 
chloride has been sublimed, consists of the hydro- 
chlorides of 0-3- and o-4-xylidinc. It is dissolved 
in water, basified, the bases separated and steam 
distilled. The distillate, containing 9->ll p.c. of 
o-3-xylidino and 11-14 p.o. of o-4-xylidme, is 
treats with formic acid, and the formyl- 
derivatives are separated by fractional ciystal- 
lisation, the o-3-i8omeride crystallising fairly 
rea lly , the o-4-iBomeride only with difiiculty. 

When the vapours of the xylidinos and 
methyl alcohol vapour are passed over aluminium 
oxide at 360'’*-380% a mixture of the mono- and 
dimethyl-derivatives is obtained. Mixtures of 
a-naphtbol or a*naphthylamine and zylidine 
may be used as a flotation agent, the latter 
mmure acting as a collector and a frother 
fOonsolidatod Copper Mines Co., Chem. Met. 
Eng. 1919, 21, 418; Robie, Eng.wnd Min. J. 
1919, 108, 730). 

ihZ^Xylidinet (i')-o- zylidine, c-o-xylidine, 
or ^^kmino-o-zylene ; fgom commercial zylidine 

i Hodgkinson and limpach, Obem. Soo. Trans. 
1900,77.66); by reducing 3-nitro-o-zylcno with 
ifon fllings and acetic acid (Ndlting and Forel, 
Bar. 1886, 18, 2671 ; Wroblewri^, ibid. 2904) ; 
by treatiiig 4 : 6-dibromo*o-3-xylidine with 
mittm ama^m in the cold (Tohl, ibid. 2662). 
A kylidiue faoetyUderivative, m.p. 134'’) was 
fbbiM by Himer (Bor. 1887, 20, 1039) by 
hnMm M^xyfencl with ammonium bromioe 
bttd ttob«ammonhim bromide at 300% this 
xoaotl being czplidiied by Mfiller 
it Sfe U iMKmitdaaMoii of the o4«xyBdine fint 
^ liquid kp. 2Wfn9 


mm., I>^»'’0*991 (N. audF.) ; b.p. 228*67728 mm. 
(OTinann, Bar. 1898, 31, 1698); absorption 
spectrum (Purvis, Ghem. Soo. Trans. 1910, 97, 
1646). When oxidised with chromic acid 
mixture, it yields o-xyloquinone (N. and F.), 
whilst on oxidation wim lead peroxide it yields 
azoxylene, m.p. 111% aminodizylylamine (4- 
amino - 2 : 3 : 2' : 3^ - tetxamethyldiphenylamine), 
m.p. 74®-75% and zyloquinonexylyldi-imine, 
m.p. 67*5®-68*6® (Goldschmidt, Ber. 1920, 63, 
28). By the interaction of o-3-i^lidine and 
phthalyl chloride in ethereal solution, o-3- 
xylylphthalamide is obtained together with a 
yellow substance consisting probably of as.-c-3- 
xylylphthalimide and s.-o-3-xylyfphthalimide 
(Kuhara and Comatsu, Mem. Coll. Sci. Eng. 
Kyoto, 1910, 2, 365). large 

glistening plates (Nolting and Pick, Ber. 18&, 
21, 3153), m.p. 254°, b.p. 2567728 mm., or 
258°/760 mm. (Ulhnann); B'HKO,, nee^es; 
B^H^SOi, large leafiy crystals (N. and P.). 

Formyl-derivcUive; m.p. 100°~102° (Hodgkin- 
son and Limpach). 

Acetyl-derwalive : long fine needles, m.p. 
131 ° (Tohl ; Wrohlewsky ; Jaeger and Blanksma, 
Rcc. trav. chim. 1906, 25, 352), 132° (H. and L.), 
or 134° (N. and F.). 

4 : o-D^hromo-o-Z-rylidine ; from 3-nitro- 
4 : 5-dibromo-o-xylene by reduction with iron 
and acetic acid (Tohl, Ber. 1885, 18, 2561 * 
Crossley and Smith, Chem. Soo. Trans. 1913, 
103, 989). Needles, volatile with steam, m.p. 
103°. It does not possess basic properties, and 
on treatment with sodium amalgam it is con- 
verted into o-3-zylidine. 

4 : Q-DibronuhO^Z^xylidine ; by brominating 
o-3-xylidine in glacial acetic acid solution 
(Jaeger and Blanksma, Proc. K. Akad. Wetensoh. ’ 
Amsterdam, 1905, 8, 153; Rec. trav. nhmi^ 
1906, 25, 352). It melts at 56°. 

4 ; 5-DicA{oro-6-ntfro-o-3-xyfi(fine ; by re- 
ducing 3:6- dinitro -4:5- dicbloro - o • xylene 
(Claus, &c., J. pr. Chem. 1891, (2) 43, 663)* 
Yellow nee^es, volatile with steam, m.p. 
64°. 

The nitro-derivatives of o-3-xylidine may be 
obtained either by nitrating aceto-o-3-xylidide, 
or by the direct nitration of the base at low 
temperatures in presence of sulphuric aeuf. 
In the former case, the separation of the products 
may bo effected by steam distillation, idthou^ 
the process is very tedious, the relative pro» 
portions being 30 p.c. of 4-nitro-o-3-xyU«lme, 
13 p.c. of 5-nitro-o-^xylidine, and 66 p.c. of 
6-nitro-o-3-xylidine. The yield obtained by 
direct nitration of the amine varies, the amouift 
of 5-nitro-o-xylidine increasing with the amount 
of sulphuric acid used. Using 20 parts df 
sulphuric acid, the yields are 26 p.c. of 4-nitKO-o- 
3-xylidine, 45 p.c. of 5-nitro*o^-jylid)na» and 
30 p.c. of 6-nitro-o-3-xylidme (Ndltiiiig, Braun 
and Thesmar, Ber. 1901, 34, 2246). 

4-jVtfro-o-3-xy{»(2tne/ together with the S* 
nitro- and O-nitro-derivatives by nitrating 
zylidine sulphate with sulphuric aod and tdlric 
acid at —10% the aoetyl-compOunds W a 
similar miration of aceio-o-3-xylidIdd (N6itmg» 
Braun dnd Thcemar; Ndlting and SlfickUiit 
Ber. 1891, 24. 667). Brick-^ loienge^Ai^ ^ 
crystals with feeUy basic premerties. 

Aeti^tMenmbm ; ooloumss mbSm, 

leo* 
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; wliite otjMis, m.p« 
* irr^m^K, B. and T.). 

J&^NUro-o-Z^idine ; lig^t yellow needlet^ 
nuj^ 111M12^ It is znoxe strong^ baaio than 
' tha nreeeding oomponnd. 

Actti/l-denveUive ; white needles* m,p. 230^- 

2al^ 

Benzoyl-dmvaiive ; cxystab* nup. 227^- 
228^(N.,B.andT.). 

6-Nihro . o * 3 - xylidine ; brownish - yellow 
prisms* m.p. IH*’. 

Acdi^-derivath^ ; faintly yellow needles* 
m.p. 149M60®. 

Benzoyl-derivative; yellowish crystals, m.p. 
208'»-.209® (N., B. and T.). 

iiiS-Dinitro-o-^-xylidtne ; by heating the 
aoet^ derivative to 90'' for 5 minutes with 
10 times its weight of sulphorio acid (Crossley 
and Morzell* Chem. Soc. T^s. 1911* 99* 2345). 
Orange needles* m.p. 143". 

Acettfi-derivativte ; by nitrating 5-nitro-aoeto- 
o^S-i^lidide with fuming nitric acid and keeping 
the mixture at 8®-10° for 1 J-2 hours (C. and M.). 
Colourless needles, m.p. 225". 

5 : 6-IHniir<hO-3-xylidine ; by hydrolysing 
the aoetyl-derivative with 10 times its weight 
of sulphuric acid at 110"~115" for 20 mmutes 
(C. and M.). Deep yellow needles, m.p. 172". 

Actiyl-deanvaUve ; by nitrating 5-mtn)-acoto- 
o-3-xylidide with fuming nitric acid and sulphuno 
acid. White plates* m.p. 180". 

4 : d-Binitro-oS-xyltdine ; by treating 3:4:0- 
tnnitro-<>-xylene with alcoholic ammonia 
(C. and M. ; Crossley and Pratt, Chem. 8oc. 
I^ns. 1913* 103* 982). Golden-yellow noodles, 
m«p. 161". 

Diacetyl • derivative ; fern-liko aggregates, 
m.p. 139". 

o-^Xylidine A-etdphmic acid; by rodudng 
3-nitro-o-xylene 4-sulphonic acid with ferrous 
sulidiate (Simonson, Chem. Soc. Trans. 1913, 
103* 1144). Octahedral pnsms, which blacken 
but do not melt at 300". BaA's* rc*ctangular 
prisms which become pink on exposure to air. 

o-Z-Xylidint 5-mlphonic acid ; by reducing 
3«iiitrD-o-xylene S-sulphonic acid with ferrous 
ndphate (the yield is poor with stannous 
diloride* owing to the formation of chlonnated 
]^rDduots); together with o-3'Xyiidine O-sul- 
phomo aoid* by sulphonating o-3-xylidino for 
2 homs at 160" and then for 1 hour at 180" (S.). 
Slender needles +1 (?) 11,0. BaA^s, is difficult 
to mystallise. 

a-Z^Xylidine %-BuJl/pkonic aetd; bunches of 
riieaf*lilDd needles* which do not darken at 305". 
BaA^I* glistening octahedral pyramids* which 
aspldly effioiresce in the &ir (S.). 

Methyl-o-3-x^idine ; by hydrolysing acetyl- 
]D 0 tM«o* 3 *xylidune with bouing diluted sul- 
ulmno arid for 15 hoiui (lienton* Ann. 1891, 
S16). The product* purified means of 
tti iiBaraeo*derivaiive, is an oil, b.p. 222"-223". 
B^CStOoUmrless needles; B'H^SOi; B'^^gPtdg. 
AMfiAenvatwe ; by heating a xylene 
' ‘ n ol o*3*aceto-xyliciide at 140" with 
more than the theoretfoal Quantity of 

If and carefully warming the sodinm 

eonmoand produced with methyl iodide (M.), 
WSftMtied oiyetalB* m.p. 76"* volatile with 
eteam* ootourless needles; B'H,S 04 ; 

t 

i hy twaling th® nito- 

L • 



samlne (obtained when the hydzoeiSMdB d ttw 
base is treated with sodium nitrite in ioe-cedd 
aqueous solution) with aloohblio hyororiilaBie 
amd. Qieen needles* m.p. 160"-161 • 

When heated with anuine and aniline hydro- 
chloride, the nitroBO-derivative yields a red 
induline (M.)». 

JBthyl-Q-3-xylidine ; obtained from ethyl- 
aoeto-o-3-xylidide as above (M.). Oil* b.p. 
227"-228". B'flCI, crystals; B'jHjPtCV 
Acetyl-derivative ; yellow oil* b.p. about 268". 
p-Nttroao-derivative ; green needles* m.p. 
12.3-124" ; hydrochloride, slender yellow 
needles. 

Dinvethyl-o-^-xylidine ; together with ^ 
mothyi-o-3-xylidmo ammonium iodide by ! 
ing o-3*xyli(iine hydrochloride with the 
retical quantity of methyl alcohol at 180"- 
for 10 hours, and boiling the mixture of met! 
and dlmethyl-o-xyiidines formed with 
iodide for 2^ hours; the product is 
with soda* and the dimothyl-o-3-xylidine \ 
distilled with steam (M.). Oil, b.p. 199®-2* 
B'HCl, slender needles ; B' 2 H 2 PtClaf 
defined needles. 

The following alkylaraino- and arylamino- 
derivatives of 4 : fi-dmitro-o-xylene have been 
obtained from 3 : 4 : 6-trimtio-o xylene by 
Crossley and Pratt (Chem. Soc. Trans. 1913, 103* 
982) : li-methylamtno-p orange needles, m.p. 90"- 
91"; 3-dimethylamino-^ orange m^edles, m.p. 
9l°-92®; 3-ethylamino-, stout orange m«edles, 
m.p. 75"-76® ; 3-ani7iw«-, bright red plates* m.p. 
137‘' ; ^-p-toluidino-f orange-red plates* tn.p, 
111"; 3-o-anisiifiiio-, bnek-red needles, m.p. 
126"-127"; 3-p cnwfdin^-, garnet-coloured fiat 
needles* ra.p. 118"; 'S-benzylamtno-t orange 
prisms, m.p. 59" ; 3-ptpertdtno-, orange plates* 
m.p. 98". 

(a) 0 - 4 'Xf/hWtnc, t-o-xyhdinc ; from oom*^ 
mercial xyhdine (Hodgkinson and Limpaefa, 
Chem. Soc. Trans. 1900, 77* 05) ; by reducing 
4-mtro-a- xylene with tm and bydrodilorio arid 
(Jacol^en, Bor. 1884, 17, 160); by heating m- 
toluidine hydrochloride with methyl aloohm at 
250" (limpach, Ber. 1888, 21, 646) ; by reduring 
CO (2)-ohloro4-nitro-o-xylcne with tin and hydro- 
chloric acid (SU^phen, Short and Gladding, (mem. 
Soc. Trans. 1920, 117,510); by heating o-xylene 
for several hours with hvdroxylamine hydro- 
ddoride and aluminium chloride (Graebe* Ber« 
1901* 34* 1778). Vitreous rhombic tables, or large 
monoclinio crystals* m.p. 40®, b.p. 226", 

1*0755 (J.); b.p. 224^/728 mm. (Ullmann* Ben 
1898, 31* 1698) ; m.p. 50" (Jaeger and 
Blanksma* Rec. trav. chim. 1906, 25* 362), or 
m.p. 52" (Hodgkinson and Limpach), not 
coloured on exposure to air and light. It gives 
no colour with bleaching powder* and its solu- 
tions colour pine-wood yellow. On heating the 
hydrochloride with metnyl alcohol at d00"-320"* 
it yiel^ pseudocumidine (Ndlting and Voiel* 
Ber. 1685* 18* 2680). When oxidlied togaUier 
with diamino-dipheiwlamine a safr a nuie ii 
formed (Nietsk^ iBer. 1886* 19, 31631* 

B'Ha+Br,0* long thin prisms (X), nup. 266% 
b.p. 264"/728 mm.* or 266"/760 mm. (U]littaiui}| 
B%rD,; B',H,S 04 (NOltliig and FSbk, Bsn 
1888*21*3153). 

Fom^dmvedhes imp. 52^* 

AeekMetrw^^ iil.p.96^. 
ff QjBflfw T 
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1*1^ 06^ (CI|M»I J. pr. Gbem. 

4fi(^4eripaii^ ooloinieM sfandar 

vuj^ 1 is tonnsd by henfciiig the oiame of 
S«olilovo-o.i:ylyl.4-methyl ketone with sulphiuic 
Mki(Cbiis). 

3 : B^Skhlaro^oA-scyflidine ; by the hydrolysis 
of its aoetybderivative, obtained by diohloiinat- 
ing o-4-aoetoxyUdide (Crossley, Ghem. Soo. 
Trans. 1904, 85, 264). Long glistening silky 
needles, m.p. 44*5^ 

^-Brtnno-o-^-xyUdine ; by reducing d-biomo- 

5- nitro-o-xylene with stannous chloride (Orossloy 
and Bartlett, Chem. Roc. Trans. 1913, 103, 1297). 
Silky needles, m.p. 82^ 

Acetyl-derivalive ; small transparent plates, 
m.p. 205^-206^; duncBtyUderivative^ four-sided 
plates, m.]i. 109^ (G. and B.). 

3 : ^DUmmo-oAt-xylidine ; by brominating 
o-4-xylidine in glacial acetic acid solution 
(Jaeger and Blanksma, Proc. K. Akad. Wetensch. 
Amsterdam, 1905, 8, 153; Bee. trav. chim. 
1906,25,352). It melts at 63^ 

3 : B-DUmmuhoAt-xylidine ; by successive 
bromination and hydrolysis of acoto-o-4-xyiidlde.^ 
Grystals, m.p. 65'' (J. and B.). 

o-4-Xjylidine on nitration yields three mono- 
nitro-derivativos, the relative proportions when 
the nitration is carried out in presence of sub 
phudo acid being 47 p.d. of 5-nitro-o-4-xylidinc, 
31 p.c. of 3-mtro-o-4-xylidine, and 13 p.c. of 

6- nitro-o-4-xylidine (Nolting, Braun and 

Thesmar). 

^*Ni^-oA’‘Xy1idine ; together with the 5- 
nitro- and 6-nitro-denvativc8 by nitrating o-4- 
xylidine with nitric acid and sulphuric acid at 
—15® (Noiting, Braun and Thesmar, Ber, 1901, 
34, 2248 ; c/. Noiting and Stdeklin, ibid, 1891, 
24, 564). Scarlet-red prisms, m.p. 65®-d6®. 
Readily volatile with steam and more strongly 
basic than the 5-nitro-derivative. 

Aceiyhderivative ; small white noodles, m.p. 
115®-116®, is also formed by reduci^ 3:4- 
dinitro-o-xylene with stannous chloride and 
heating the product for 2 hours with acetyl 
chloride (Grc^ey and Morrell, Chem. Soc. 
Trans. 191 1, 99, 2345) ; benzoyl-derivative, small 
white needles, m.p. 199®-200®. 

5-NUro-o-i^xytidine ; brownish-red prisms, 
m.p. 139®~i40®; is also obtained by heating 
5-iiitro-o-4-xyIeDol with ammonia and am- 
monium chloride for 20 hours at 140^-150® 
(Diepoider, Ber. 1909, 42, 2916) ; its salts are 
decomposed by water. 

Aoatyl-derivaiive ; small light yellow needles, 
m.p. 117"; benzoyl-derimtive, ligntf yellow silky 
needles, m.p. 149®-150® (N., B. and T.). 

6^Nilro*oA-xylidine ; long lustrous orange- 
eolouxed plates, m.p. '2^®-75®, less volatile with 
steam than the 3- and d-nitro-derivatives. 

AotiyMmvative ; by nitrating aoeto-o-4- 
XSdIdide with nitric acid (D 1*42) and sulphuric 
am (Grosriey and Monell, Ghem. Soo. T^ans. 
Mil, 99, 2345) or by aoetylating the amine. 
Small white needles, m.p. 209®-210® ; hematoyl- 
d^itMuSas, small white nc^es, m.p. 2S^®-224 • 

3 1 5«^ini(iw-a-4-a:S^^*ns ; by the action of 
aleidiciUe ammonia on 3:4: 5-trinitro-o-xylene 
((koudey and Mbnell, Chem. Soo. Trans. 1911, 
IMk 3348 % Ocossley and Ftait, ibUL 1913, 103, 
M Oitoge^ied needles, m.p. 143® (G. and 


^lesl^diTMsifms; by nitiwtieg S-nltro-aoeto* 
cMl-xyliolde wrth a mixture of nitric and sul* 
j^bnrio adds at —3® (G« and M«), or by nitrating 
ao6to-o-4-xylidide with fuming nitric add at 
—5® (G. and H.). Txanspaxent needles, m.p. 
223®. 

6 : ^-Dinitro-oA-erylidine / by hydrolysing 
the aoetyl-derivative with 10 times its wei^ m 
concentrated sulphuric add for 10 minutes at 
110® (C. and M.). Deep orange-ied needles, 
m.p. 212®. 

Acetyl-derivaiive ; by nitrating aoeto-o-4- 
xylidide with nitric acid (D 1*5) and sulphuric 
acid ; by the further nitration of 6-nitro-aceto- 
o-4-xylidide with fuming nitric acid (C. and M.). 
Fine white needles, m.p. 173°. 

oA- Xylidine 5-sulphonic acid; by reducing 
4-nitro-o-xyleno 5-sulphomc acid with alkaline 
ferrous sulphate ; together with o-4-xyUdine 6- 
sulphonic acid by sulphonating o-4-xylidixie, 
or s-dixylylcarbamide (Simonsen, Ghem. Soe. 
Trans. 1913, 103, 1144). Tablets, which blacken 
at 280®, but do not decompose at 300®. 
BaA' 2 +^^ 2 ^» rectangular plates or spangles. 

oA-XyUdine Q-eulphonic acid; see above. 
Plates -h2HtO(?), which do not readily redden 
on exposure to air. It darkens at 283®, and 
melts at294®with decomposition. BaA^g+ 1 iH^O, 
large orthorhombic (?) plates, which b^ome 
ink (S.). The same (?) acid is obtained by 
eating dixylylcarbamide with sulphuric add 
(D 1*711) at 130®-160® (Cazcncuve and Moreau, 
Bull. Soo. chim. 1898, (3) 19, 21). 

DimeihyhoA-arylidine ; by heating a toluenor 
solution of o-4-xylidine with dimethyl sulphate 
for 3 hours on the water-bath (Bieleckx and 
Koleniew, Anzieger Akad. Wise. Krakan, 1908, 
296); by distilling the quaternary ammemittm 
hydroxide (E. Fischer and Windaus, Ber. 190(k 
33, 351). It boils at 232® (F. and W.), or at 
225®-227® (B. and K.). The ammonium iodide 
forms prisms, decomposing at 235®-237®. The 
following aikylamino- and arylamino-derrvatives 
of 3 : 5-dinitro-o- xylene have been prepared by 
the action of ammonia and various amines on 
3:4: 5-trinitro-a-xylene (Crossley and Pratt, 
Ghem. Soc. Trans. 1913, 103, 972): 4-ffmliyi- 
amino-, stout scarlet plates, m.p. 143® ; 4-a^ 
meihyUmino-, orange-red needles, ni.p. 103^ 
104®; 4i-€thylamino-, orange-red needm, m.p» 
115®; 4-an»fiY»o-, orange-red needles, m.p. 134^; 
4-p-ioluidino-, fine orange needles, mp. 133®; 
4:-o-anisidino-, stout crimson-kdee neeium, imp* 
138®-139® ; 4-p-anifiidino-, brij^t orimaon 
needles, m.p. 131® ; 4-be^lamimo-, atmaga 
plates, m.p. 128*5®. 

The following didbiines are prepared fay 
reducing the corresponding nitro-o-3- and 
xylidinea (Noiting, Braun and Thesmar, Bmc 

1901, 34, 2242; NoLting and TheBmar, ML 

1902, 35, 628). 

3 : 4-i>iainiiio-o-x2/leiie ; white quadcattpi 
plates, m.p. 89®. 

Diaeaf^derivative ; small whits naadtai^ 
m.p. 190®-197®. 

Z z b-Diamin^xyUnc ; small wliite*imQdk% 
m.p. 66®-67®. 

Diaielyl-derivaiive ; small whits needha, 
m.p. 240®-24l® 

Zzil*Diamino-o<eiflem; pale piHm* 

needlesi nup. 116®, is ofa Udnef rUale o ly jada t ^ 
i tim aao-^^ ofataiiied fiEom o«8-xySdiaia msip' 
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diMU>beiuG6ii6 atilphonio aoid with tin and hydco- 
oUodoaoid. 

Diaeayl-dirivcaive ; small white needles^ 
m.p, 275*»-276^ 

4 : S^IHehhrihderivaiive ; needles whioh snh- 
lime, BLp. 176° (Claus and Berkefeld, J pr. 
Chem. 1891, (2) 43, 583). The dichloro-dtamme 
on oxidation witii chromio acid 3 rield 8 4:5* 
diohloro-o-xylo-3 : 6-quinone, m^. 159°, which 
sublimes in thin yellow leaflets (C. and B.). 

4 : 5'Dtainino-o-ar^/ene ; white plates, m.p. 
125°-126° (anhydrous). 

JDiaceiyhdertvative ; m.p. 227°~228°. 

A table differentiating the diamines by iheir 
behavioor with ferric chloride, potassium di- 
chromate, sodium nitrite, and bleaching pouder 
is given by Nolting and Thesmar (/.e.). 

m^2-Xylidine, v-m-xylidine, c-m-xylidine, or 
p-xylidine; by distilling 2-amino-mesitylenic 
acid with lime (Schmitz, Ann. 1878, 193, 179); 
from commercial xylidine (Nolting and Pick, Ber. 
1888,21, 3150; c/ Wroblewsky, Ber. 1879, 12, 
1226 ; Ann. 1881, 207, 91 ; Noyes, Amcr. Chem J. 
1898, 20, 789 ; Hodgkinson and Limpach, Chem. 
Soo. Trans. 1900, 77, 65 ; Winkelhauscn, D. R. P. 
251334 of 1911) ; by reducing 2-nitro-«i -xylene 
(Grevingk, Ber. 1884, 17, 2430; Nolting and 
Pbrel, Ber. 1885, 18, 2668; Bull. Soc. chim. 
1884, (2) 42, 332, 338 ; kliolatti and Lotti,Gazz. 
ol^. ital.1897, 27, i. 293 ; Busch, Ber. 1899, 32, 


1008). Liquid, b.p. 214°/739 mm. (N. and P.) ; 
b.p. 211°-.212° (B.); b.p. 216°/735 mm., 
1)^*° 0*980 (H. and If.). Absorption spectrum 
(Puiris, Chem. Soc. Trans. 1910, 97, 1546). 
B^fiCS+iHaO, needles which subbme ; B^HNO), 
needles; B'H2S04+ 2^80 (N. and P.). 

Formyl-derivattve ; very long needles, m.p. 
164°, or 176°-177° when heated rapidly (H. and 
L.) ; acetyl’^deriv(Uiv€t needles, m.p. 174° (G.), 
or m.p. 177° (H. and L.) ; bemoyl-derivative^ 
sOky needles, m.p. l(k° (Friedlander and Brand, 
Monatsh. 1898, 19, 627), or m.p. 159°-160° 
(B.); henzylidene-derivalive, yellow oil (B.); 
m'^niirodfemylidem-deriixUive^ yellow ciystaU, 
nun, 105°; o-^nitro-henzylidene-derivaiive, red- 
diw-biown crystals ; o-hydrory-benzylidene- 
derivaHvef yellow oil (B.). When oxidised, 
m-2*xylidine is convert^ into nt-xyloquinone 
(N. and F.). The hydrocliloride when heated 
with methyl alcohol at 300°-320° yields mesi- 
dine. The base condenses with formaldehyde 
in presence of hydrochloric acid, forming 
diaminodixy^lmethane, m.p. 126°, and utth 
p-nitro-benwdehyde formmg p-nitro-diamino- 
phenyldixylylmetnane, yellow prisms, m.p. 
136° (F, and B.). By the Sandn^ver reaction 
fi»> 2 *i 7 ]idiDe yields 2-c^no-m-xyIene, white 
prisms which sublime, m.p. 89° (N.). Aoetyl-m- 
2«xylyLttitro6oamine is obtained by the action 
of lutvoas acid on aoeto-m*2*i^lidi(ie and 
fonns yellow plates, m.p. 62°-63 , which are 
converod into 7-methylindazole, m.p. 138°, 
and aoetio acid by boiling with benzene (Jacob- 
son and Huber, Ber. 1908, 41, 660). Aceto-9ii-2> 
ayiidide is oxkflsed by potassium permanganate 
in pKBS en oe of magnesium sulphate to 2-acetyl- 
acid (Nolting and Gachot, Ber. 

4Li§^l}iMmhm-2-xyUdiine (?); from the 
nltro-dichloro-xylene leduc* 
Hen wflli stanneys chloride, hydrochlofic acid, 
hmA Oohmxlesi needles which soon 


beoome ooloored, m.p. 86° (CSaui atid 
Bunsohlss, J. pr, Chem, 1890, (2) 42, 110). 
broTO powder. 

4*lSrimo^m^2-xytidine ; bjr reduedng 4* 
bromo-2-nitro-m-xylene (N51tmg, Braun and 
Thesmar, Ber, 1901, 34, 2242). Lustrous 
colourless needles, m.p. 21*5°, b.p. 146°-147°/15 
mm. (N.,^B. and T. ; cj. £. Fischer and Windaus, 
Ber. 1900, 33, 1967). 

Acetyl‘deriv(Uive ; small needles, m.p. 136°, 
preferably prepared indirectly from 4-nitroaceto- 
9n-2-xylidid6, by reduction and replacement of 
the amino-group by biomino (N., B. and T.). 

5-Bromo-m-2-xylidine ; by brominating m- 
2-xylidine in glacial acetic acid (N., B. and T.) ; 
by brominating m-2-xvlidine in presence of a 
largo excess of hydrochloric acid orhydrobromo 
acid and treating the N-lialqron derivative wRh 
hydrochloric acid (F. and W.). Prisms or lov 
white needles, m^, 49°-50° (F. and W.), 
m.p. 50°-51° (N., B. and T,). ^ 

Acetyl-derimtive ; small white needles, m.p. 
193°-m° (N., B. and T.), or 197° (corr.) (Fi 
and W.). tn-2-Aceto-f»-xylidide on bromina- 
tion yields a mixture of 4- and 5-bromo-deri* 
vatives. 

4 1 5‘DibrofnO‘m-2-xyhdine ; by warming a 
mixture of 4-bromo-m-2-xylidine with bromine 
in presence of hydrobromic acid (Jaeger and 
Blanksma, Rec. "trav. chim. 1006, 25, 352 ; 
Proc. K. Akad. Wetensch, Amsterdam, 1905, 
8, 153). Crystals, m.p. 51". 

4:6-D%bromo>m-2‘Xyltdine ; by reducing 
4 : 6-dibronio-2-nitro-m-xyleno wiui iron and 
acetic acid (Auwers and Traun, Bet. 1899, 32, 
3309) ; from in-xylcne by bromination, miration, 
reduction, and diazotisation (J. and B.). Fine 
felted ne^lcs, m.p. 99'^-l00° (A. and T.), or 
m.p. 120° (J. and 6.). 

4:5: 6-Trihromo-m-2-xylidin€ ; by brominat- 
ing 4-0-dibronK)-m-2 xylidine m acetic acid 
solution (J. and B.). Colourless crystals, m.p. 
197°. 

4- NttrO’m‘2-xyltdine ; by nitrating fn-2» 
xylidine with a mixture of nitric and sulphuric 
acids at 0° in presence of a littlo urea (Ndlting 
and Stdeklin, Bit. 1891, 24, 564). Sulphur* 
coloured needles, m.p. 81°>-82° (N. and 8.). 

Acetyl-dtrivaiivt ; from the nitroamino ; by 
nitrating fn-2-acetoxylidide dissolved in 6 parts 
of sulphuric acid with 1 mol. of nitric acid 
(97-98 p.c.) (N. and S.). Long white nce(^, 
m.p. 170° (N. and S.), or 167°-168° (N., B. and 
T.). 

5- Niir<hm-2-xyltdine ; in low yield by heatii^ 
2 : 5-dinilro«n»-xyleDe with methyl alcoholic 
ammonia for 82 hours at 200° (Ibbotson and 
Kenner, Chem* Soc. Trans. 1923, 123, 1260}* 
Grange-yellow needles, m^p. 158°. 

Ace^yl^derivaiive ; m.p. 178°. 

4 : ^•Dini(r(hm-2-a^ltdin€ ; by the hydrolycis 
of the aoetyl-dorivative obtains by mtiating 
aceto-m-2-xylidide with 2 parta of nitarib am 
and 10 parta of aulphurie aeid at 0° (N. and B.). 
Yellow needles, noup. 177° (N. and 8.), or aiiiaII 
yellow leaflets, m.p. 174°-175° (N. a^ T.). 

Aceiyl-dmvaHve ; white needles, in.pi 226^ 
228° (N. and BX or 226°-228° (decomp.) (KNtiiig 
and Thesmar, &r. 1902, 85» 628). 

lfetAy^m•2-a:yIidlne ; by the aetioii ol 
methyl iodide on 9ii-2*anrlidte (FfiedlliiidcA Alldi 
Monatsh, im IB. MmAm 
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oil nitli an odour of camphor^ volatile with 
steam* 207^ It does not react with alde- 
hydes, mtrotts acid, or diazoniom compounds? 
B'^HaPtCIa, long yellow needles, 

AcetyUdmviUive ; tables, m.p. 
volatile with steam. 

DiimihyUm-2-^lid%ne ; by the action of 
excess of methyl iodide and sodium hydroxide 
on m-2-xylidine for 5 hours at 130° under 
pressure (F. and B.). Oil, b.p. 195°-196° 
(F. and B. ; £. Fischer and Windaus, Ber. 1900, 
33, 345), with similar properties to the preced- 
ing oomj^und. B'jHjPtCle, yellow needles. 

Etkfi-m-2-xylid%ne ; colourless liquid of 
camphoraccous odour, b.p. 217^-218° (F. and B.). 
B^aH^PtClg, prisms. 

Diethyl-m-2-xyUdine ; colourless oil of 
camphoraccous odour, volatile with hieaiu, b.p. 
220°-221° (F. and B.). B',H,PtC‘Ie, small 
needles, 

mA-Xylidine, as-m-xylidine, i-m-xylidine, 
or a-xylidinc; by treating 7/Nxylene with 
hydroxylamine hydrochloride in presence of 
aluminium chloride (Gracbe, Ber. 1901, 34, 
1778 ) ; by reducing 4-nitro-m-xylene with 
iron and acetic acid (Deumelandt, Ann. 1807, 
144, 273; Zidt. fiir Chom. 1866, 2, 21 ; Grevingk, 
Ber. 1884, 17, 2430; Tawildarow, Zeit. fur 
Chem. 1870, 6,418; Ber. 1869, 2, 553; Wallach, 
Ann. 1890, 258, 331 ; Wroblewsky, Ami. 1878, 

192, 215; 1881, 207, 91); by heating aniline 
hydrochloride, o< and p-toluidine hydroclilorides 
with methyl alcohol at 250°-300° (Hofmann, 
Ber. 1876, 9, 1295; Limpach, Ber. 1888, 21, 
640) ; by distilling (4 : 3 : 1 : 5)-anuno-me8i- 
tylenio acid with lime (Schmitz, Ann. 1878, 

193, 177); by heating 7n-4-xylenol with zinc 
ammonium bromide and ammonium bromide 
(MuUor, Ber. 1887, 20, 1041 ) ; by the hydrolysis 
of its sulphonio acid with hydrochloric acid 
(Limpach, Ber. 1887, 20, 871) ; from commercial 
xylidino (Hodgkinson and Limpach, Chem. Soo. 
Trana. 1900, 77, 65; M. L. B., D. R. P. 
87616 of 1895). Liquid, b.p. 215*8°-216°/728 
mm. (Ullmann), b.p. 212°, D*»° 0*9184 (H.), 
b.p. 216°, l)w*»° 0*985 (T.). B'HCl, mono- 
clinic prisms (S.), tables or leaflets 
(8t8del and Hdlz, Ber. 1885, 18, 2920), m.p. 
235°, b.p. 253 l°/728 mm., or 255*l°/768 mm. 
(Ullmann, Ber. 1898, 31, 1699); B'HBr, tables 
or columns (Stadel, Ber. 1883, 16, 28 ; 1885, 
28, 2920), or trimetrio crystals (Bertram, 
Jahresberiohto, 1882, 386); B'HNOs, rhombic 
tables; B'2H2S0444|Us0, cubes (S. and 
H. ; Nolting and Pick, Bull. Soc. chim. 1888, 
(2), 60, 606) ; B'H2p04 (Lowy, Ber. 1886, 19, 
2728), colourless needles, m.p. 172° (Leinoult, 
Compt. rend. 1906, 142, 1193); B'HBrBr, 
(B^cs, Ber. 1904, 37, 2338; Ann. 1906, 346, 
128); B'H2C204, m.p* 167° (Anselmino, Bor. 
Beut. phann, Ges. 15, 422); telluribromide, 
small glistening plates (Gutbicr, &c., J, pr. 
Oiem. 1912, (2) 86, 150) ; B'gZnCls (Laohovitch, 
Moaatsh. 1888, 9, 514 ; B'HgH2(S02),+H20 ; 


B^0tt2H.(S02)2(l>enig^, Compt. rend. 1890, 112, 
870) ; B^|H|ZnCl4 (Tombeck, An ' 


870} ; (Tombeck, Ann. Chim. Phys. 

im, (7) 21, 438); B%H2^Br4; B'2H*OdCl4; 
B^AOdiBr*; B\H,Ziil4;B'|H2Cdl4;B'2ZnBr2 
(TomMck, Ann. Gmm. Phys. 1900, (7) 21, 408) ; 
k.ZnL I ,B'2Zn(N04)j|; B'XdCl, ; B'.CdBr* ; 
BVCa(NO.),; B^CdSOj; B\XgNO,; 
m X h&da (JahmaWiohie, 
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aoo 2, 504). B'CsHySOjiH, needles, nup. 
129*5° (H&lssig, J. pr. Chem. 1897, (2) 56, 
218). B'C4H4(N04)a, reddish-brown cxyirtals, 
m.p. 96°-98° (Nolting and SommorhofP, 
Ber. 1906, 39, 76) ; B'CtHaCCHaMNOj)*, red 
crystals, m.p. 43°-46°; B'C4H^'(3H, m.p. 16° 
(I^maim, Monatsh. 1906, 27, 91). FormyU 
derivative, needles or leaflets, m.p. 113°-114° 
(Hodgkinson and Limpach; Gasiorowski and 
Merz, Ber. 1885, 18, 1011) ; or m.p. lll°(Gude-* 
mann, Ber. 1888, 21, 2549); acetyl-derivative 
(Auwers, J. pr. Chem. 1881,23,456), m.p. 129°- 
130° (Nolting and Forel, Ber. 1886, 18, 2677; 
iSt&del and Holz), or m.p. 127°-128° (Willgerodt 
and Schmiercr, ibid. 1904, 38, 1472 ; Tohl, Ber. 
1885, 18, 359; Hofmann, Ber. 1876, 9, 1297; 
Wroblewsky, Ann. 1881, 207, 91), or 120° 
(Graebe) ; diacetyl-derivative, crystals, m.p. 60° 
(Wallach, Ann. 1890, 258, 330); phthalyl- 
derivative, m.^, 157°-158° (8. and H.); benzoyl* 
derivative, needles, m.p. 192° (Hiibner, Ann. 
1881, 208, 318), or 187°-189° (Gudeman, Ber. 
1888, 21, 2549) ; benzylidene-derivative, oil, b.p. 
above 300° (Michaclis, Ann. 1893, 274, 200). 

When 7rt-4-xylidine is heated with j^tas- 
sium ethyl oxalate at 180°-190°, oxalxylidic 
acid, CgUgNHCOCOOH, needles +H4O, m.p. 
i28°-129°, is obtained. On heating, this acid 
forms oxalxylidide, flat needles, m.p. 210° 
(Mauthnor and 8uida, Monatsh. 1888, 9, 736). 
m-4-Xylidin6 forms a carbamate, m.p. 67°, a 
eyanate, b.p. 205°, and a cyanurate, m.p. 162° 
(Frentzel, Centralblali, 1888, 1361). The ace^« 
derivative of m-4-xylidine, when heated ^th 
phosphorus pentasulpliide, is converted into 
thioaceto-m-4-xylidide, m.p. 94°-95° (Jacobsen 
and Ney, Ber. 1889, 22, 904 ; Gudeman, Ber. 

1888, 21, 2551). When treated with pa^de- 
hyde in i>rc8ence of hydrochloric acid, m-4- 
xylidine forms diniethylquinaldine, m.p» 146°, 
b.p. 260°/7i9 mm., readily volatile with steam 
(Panajotow, Ber. 1887, 20, 32). Diamino- 
dimethylstilbene sulphide is obtains by heating 
9/1-4-xylidine with I of its weiglit of sulphur at 
185°~195°, until the evolution of hydrogen 
sulphide ceases (Anschutz and Schultz, Bar. 

1889, 22, 580). 

m-4-Xylidine may be converted by the 
Saudmeyer reaction into 4-iodo-fn-xylene, which 
on treatment with concentrated suiphurio add 
and keeping for about 5 weeks yields a mixtuxe 
of 4-iodo-m-xylene O-sulphouic acid and a 
diiodo-m-xyleno (Hammenich, Ber. 1890, 23, 
1634). m-4-Xylidine forms the nitrile, 
C4Hg(CH4)4CN, m.p/23°-24°, which on treat- 
ment with hydroxylamine for 5 to 6 hours, 
at 80°~85°, is converted into zylenylamidoxime, 
colourless needles, m.p. 178° (Oppenheimer, Ber* 
1889, 22, 2242). Aceto-fi»-4-xyUdide, when 
heat^ with an equal weight of sodium ethoxite 
in the absence of air at 250°-300°, followed hy 
addition of water and distillation with steam, 
yields 2 : 5-dimethyl-mdole, m.p. 114°, whilst 
the free base on treatment with suedhilo 
anhydride yields 2 : 4-xylylsaooinamio add, 
m.p. 164° (Salway, Chem. Boo* Trans. 1913, 
103, 1988 ; Rasdhon, Ann. 1887, 239, 227). 

With phosphorus pentachloiide iii-4-k94iditt« 
forms the chloride, F^NH^CaHt)!, m.p* 904^ 
(deoomp.) ; the oorrospondi^ nitrate, 
]^NH*Qm 11|)4NO» forms silkv needles, 
246°-248° (Lemoult, Oompi* W 1904 Ifll^ 
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185). in-4-Xylidme nitiite is obtained by 
treating fii-4-xylidine hydrochloride in oon* 
oentratra aqueous solution with alkaline 
sodium nitxite (Wallach, Ann. 1907, 353, 318). 
When acetaldehyde is added to a solution of 
ia«4-zylidine in dilute hydrochloric acid and the 
mixture is kept for 24 hours, condensation 
occurs, and a mixture of 2>isomeric substances, 
C,H,(CH,)aNHCH(CHs)CH,OHO, is eventually 
obtained (Miller, Plochl and Mozdz^mski, Her. 
1896, 29, 1462). The derivatives and relation- 
ship of these substances have been described and 
re-examined by Edwards, Qarrod and Jones 
(Ghem. Soc. Trans. 1912, 101, 1376). With 
iodine monochloride, m-4-xylidin6 yields 5-iodo- 
fa-4-xylidine, m.p. 65°, and when 2 mols. of 
iodine chloride are used the iodo>derivative is 
accompanied by a small quantity of 3 : 5 : 3' : 5^- 
tetramethyl-2 : 2'-dianiinodipheny], m.p. 180° 
(Kerschbaum, Ber. 1895, 28, 2798). By 
heating 1 part of m-4-xylidine with 4 parts of 
sulphur and I part of aniline at 200°~240°, an 
isomeride of dohydrothio-p-toluidine is obtained 
(Green and Jansen, Eng. Pat. 4448 of 1895). 
When fn-4-x^lidine is kept in contact with 
acetylbenzimmo^ethylether and the acetyl- 
group is then hydrolysed, tn-4-xylyl-benzami- 
dine, m.p. 106°, is formed (Wheeler and Walden, 
Amer. Chem. J. 1898, 20, 568). Treatment of 
fa-4-xylidine with chloroaoetic acid in ethereal 
solution yields a-w-xylylglycocine, m.p. 133° 
(Ehrlich, Ber. 1883, 16, 204). rrt-4-Xylidine 
hydrochloride is converted into mesidine by 
heating with methyl alcohol at 250'^~30U° 
(Limpach, Ber. 1888, 21, 640, 643). n^4- 
Xrii^c, heated with a mixture of ethylene 
dibromide and sufficient sodium carbonate to 
neutralise the hydrogen bromide evolved, is con- 
verted into di-w/-xyiylelhylenediamine, feathery 
needles, m.p. 74 '^-75° (Senior and Goodwin, 
Chem. Soc. Trans. 1901, 79, 254). a8.-?n-4- 
Xylylphthalimide, yellow needles, m.p. 142°~ 
143* , f»-4-zylylphthalainide, silky needles, m.p. 
202°-203°, and a. -7/1-4 xylylphthalimidc, m.p. 
154°, are formed by the interaction of phthalyl 
chloride and f7i-4-xylidine in ethereal solution. 
The first named substance is eonverU^d by mineral 
acids or alkalis into tf.-m-xylylphtlialiimde 
(Kuhara and Komatsu, Mem. Gull. Sci. Eng. 
Kyoto, 1910, 2, 365). 

ti-ChloTo-mA-xylidine ; by the hydrolysis 
of its acetyl-derivative (Orton and King, Ghem. 
Soc. Trans. 1911, 99, 1185). Peathery needles, 
volatile with steam, m.p. 37°-38° (0. and K.), 
or 40°-41° (Bamberger and Iteber, Ber. 1013, 
46,800). 

AeetyUderivative ; by treating aceto-m-4- 
xyUdlde in fj^lacial acetic acid solution with I 
equivalent of aoetylchloroamino-2 : 4-chloro- 
benaene in acetic acid and ^ gram molecular 
proportion of hydrochloric a(4d for 70 hours in 
tha dark. The mixture is then diluted t/> 50 
p.e« acetic acid, and kept for 3 days, wh<m 
the major portion of the 2 : 4-dicliloroacetanilidc 
eeparates. Finally the mother liquor is di!ut(*d 
to 5 p.c. acetic acid, and extracted with chloro- 
firnu (O. and K.}. Short prLsffis, m.p. 196*5°-* 
197 - 5 ° . 

6-C7Aftiro*iR-4-xyffdt7ie ; by reducing (bnitro- 
4-oh1oro-iii*xyleiie with tin anii hydro<*hloric 
acid (Bambetgei imd Heber, Ber. 1913, 46, 
787) I kiy the action of concentrated hydro* 


ebloiic acid on fa-X3^1-4-hydroxylamiiio 
(Oadgbne, Dissertation, SSorioh, 19(d» 61). 
leafiets, m.p. 98*5°-99°, readily volatile with 
steam. 

AeUyUderivaHive ; silky needles, m.p. 158*5° 
(B. and K.). 

ChUjTo mA-xylidine ; together with tn-4- 
xylidine by reducing 4-nitro-iii-xylene with 
tin and hydrochloric acid (Tawildarow, Zeit. 
fur Chem. 1870, 6, 419). Crystals, m.p. 89°. 

2:5: Q-Trichloro-mA-s^lidine ; by treating 
aceto-m*4-xylidid6 with nitric acid (D 1*398) 
and hydrochloric acid (D 1*19) and then hydro- 
lysing the acetyl-group (Mannino and Donato, 
Gazz. chim. ital. 1908, 38, ii. 20). Crystals, 
m.p. 203°. 

AeetyUderivative ; white net^dles, m.p. 192°. 

2-Bromo-mA-zyUdine ; by reducing 2-bromo- 
4-nitro-m-xylene (Koltiiig, Braun and ThWmar, 
Ber. 1901, 34, 2242). Colourless silky needles, 
m.p. 47°-48°. ' 

AeetyUderivative; small colourless needles, 
m.p. 151°-152° (N., B. and T. ; Fries, J^nn. 
1906, 346, 128). 

p-Nitro-hemylidene derivative ; small yellow 
nwdlca, m.p. 182°-183°. 

H-BroMo-mA-xylidine ; by brominating m-4- 
xylidine in acetic acid solution (N , B. and T. ; 
cf. Yaubt4, J. pr. Chem. 1896, (2) 53, 649); 
by reducing 5-brumo-4-nitro-w-xylenc (N., B. 
and T.) ; from 4-nitro-w-5-xylidine by the 
Sandmeyer reaction, foilowt^d by reduction 
(N., B. ‘and T.); by brominating f7i-4-xyHdine 
in prcbi'ncc of a larg(‘ excess of cold bydrochlorU* 
acid or hydtobrumic acid and treating the 
vcllowish-ied (Ty^talline mass with warm 
hydrochloric acid (K. Fischer and Windaus, 
Btr. 1900, 33, 1967; Fries, Ber. 1904, 37, 
2338; Ann. 1906, 346, 128). Prisms, m.p. 
45° [V.], or 46°-47° (F. and W.), or colourless 
silky net*dleH, m.p. 47°-48° (X., B. and T). 

AeetyUderivative; by acetylating the base. 
Prisms or nt*edles, m.p. 193° [V.], or 19C°-197° 
(F. and W.). When aceto-7w-4*xylidide is 
bronunated, however, an isomeric bromoacetyl- 
711-4- xylidide, m.p. 95°-96°, is obtained (V.]; 
diacetyUderimtive^ prisms, m.p. 59°. 

p-Nitrobenzyiidene-derivative ; yellow* needles, 
m.p. 130°. 

^ Brmno-mA-xylidint ; by roducing 6-nitn>* 
4-bronio-/7i-xy Jene ( N., B. and T. ; Bamteiger and 
Rcber, Ber. 1013, 46, 787) ; as the main product 
of the bromination of m -4- xylidine in presence 
of concentrated sulphuric acid (Fries). White 
plates, volatile with steam, m.p. $19^- 100° (N., B. 
and T.), or sn.p. 96° (Jaeger and Bianksma, 
lt€*c. trav. chim. 1907, 25, 352 ; Proc. K. Akad. 
Wetensch. Amsterdam, 1905, 8, 153; Qena, 
Ber. 1870, 3, 225). 

AcHyUderivative ; plates, m.p. 166°*IC9° 
(N., B. and T.); dwetyUderivative^ plates, 
m.p. 70° (Fries, Ann. 1906, 346, 128). 

p-Niirobenzylidtne derivative; yellow needles, 
m.p. 139° (N., B. and T.). 

2:6^BibrQm<hmA^xylidint; by the bydro*^ 
lysis of the acetyl- derivative (J. and B«}. Cry* 
stals, ULp, 65°. 

AeetyUderivative; together with a niotio* 
bromo-aoeU>-m-4*zylidide by brondnatiiig aotd<^ 
tn-4-xylidi^ (J. and B.)» 

5 : 6-DI&ro»ia*m*4-a^kiiiie ; from 9*hroitt<^ 
w4-xylidine by thearooptd teomhmto pi ^ ^ 
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of hydiochlorio ( J. and B.), rather than from 

5-biomo^4«xy]idii]e (Fries, Aim. 1906, 346, 
128). Needles, m.p. 38^ (J. jmd B.), or 
40® (P.). 

Aeetyl'derivalive ; needles, m.p. 192® (F.); 
diaceiyhdmvative, prisms, m.p. 183® (F,)« 

2:5:6- Trlbrorao - m - 4 - xyUdim ; by the 
hydrolysis of the acetyl-derival ivo, m.p. 246®- 
248®, obtained by boiling accto-m-4-xylididc 
with nitric acid (D 1*398) and hydrobromic acid 
(D 1*48) (Mannino and Donato, Qazz. chim. 
ital. 1908, 38, ii. 20). 

Methyl-m‘^-xylidine ; by heating w-4-xyli- 
dine hydrochloride with methyl alcohol, for 
7 hours at 170°-180°, treating the crude product 
with sodium nitrite and hyclxochloric acid, and 
reducing the nitrosoamino with tin and hydro- 
chloric acid (Pinnow and OesUTreich, Bcr. 1898, 
31, 2926). Oil, b.p. 220*5®-221*5®/760 mm. 

’S-Nitroso-derivaiice ; an uncxysiallisable oil. 

Acetyl-derivative; fine wldto needles and 
thick prisms, m.p. 65® (P. and 0). 

Dimethyl-m-i-xylidine ; by heating m-4- 
xylidine with dimethyl sul])hato at 200® (Bielecki 
and Koleniew, Anzeiger Akad. Wii^s. Krakau, 
1908, 296); by heating m-4-xylidine hydro- 
bromide with methyl alcohol (Baur and Stadel, 
Ber. 1883, 16, 32) ; by distilling the quaternary 
hydroxide (E. Fischer and VVindaus, Ber. 
1900, 33, 345). Oil, b.p. 203® (F. and W.), or 
203®-205® (B. and 8.); methwdide, m.p. 183® 
(deoomp.) ; methoefUoride is hygroscopic (F. and 
^V.). 

6-Bromo-dimethijl-m-^-xylidine ; oil, b.p. 
246®-247®/759 mm. (E. Fischer and Wmdaus, 
Ber 1900, 33, 1967). B'^lI^PtCIe, ycllowish-red 
lanceolate crystals. 

2-Nitro-m-i-zylidine ; by reducing 2 : 4- 
dinitro-w-xylene with hydrogen sulphide in 
alcoholic ammoniacal solution ; in small 
quantity by treating w-4-xylidine with a nuxture 
of nitric and suljmuric acids (Orevingk, Ber. 
1884, 17, 2425, 2428; Nolting, Braun and 
Thosmar, Bjr. 1901, 34, 2242). (.loldon-ycllow 
needles, m.ii. 78® (G.), or 81®-82® (N., B, and 
Tt). 

Acetyl-derivative; white needles, m.p. 149® 
(Q.), or 147® (Blanlmma, Kc^c. trav. chim. 1909, 
28, 92) ; benzoyl-derivative^ white silky needles, 
in.p. 236® (Encra and Maltese, Gazz. chim. 
ital. 1903, 33, ii. 277). 

S-Nitro-m-4t-Tylidine ; by nitrating aceto-w- 
4-xylidide and hydrolysing the product 
(Hofmann, Ber. 1876, 9, 1292 ; Wroblewsky, 
Ann. 1881, 207, 91 ; Nolting and Collin, Ber. 
1884, 17, 261 ; Tohl, Ber. 1885, 18,«359 ; Nolting 
and Forel, Ber. 1885, 18, 2668; Qabiiel and 
Stelzner, Ber. 1890, 29, 303; Willgerodt and 
Sohmieror, Bor. 190^ 38, 1472; Blanksma, 
Proci. K. Akad. Wotensch. Amsterdam, 1905, 
8, 170; Bee. trav. chim. 1906, 25, 165); by 
hmting 6 : 6-dinitro-m-xyione witli alcoholic 
ammonia for 3 hours at 180® (Blanksma), or 
with methyl alcoholic ammonia for 14 hours at 
160^ (Ibbotson and Kenner, Chem. 8oc« Trans. 
1928, 12.7, 1260). Long red needles, m.p. 
67®-68® (L and K.), 69® (2.), or 76® (W. ; N. and 
F* ; B. ; G. and S.). 

A^t/Ud^veUive ; yellowish needles, pale 
yattow ootahedra or colourless needles, m.p* 
IW (L and K.), 172®-178'* (H,; T.; W. and 
aKorlBOMW.; B.). 


Si^JSfUro-mA<^xylyloafbmide forms mioro- 
soopio yellow needles, m.p. 71®-72® (Vittenet, 
BuD. Boo. obim. 1899, (3) 21, 586, 948, 952). 
5-Nitro-m-4-xj|rlidind on treatment with sodium 
nitrite and dilute sulphuric acid is converted 
into 1 : 3-nitromethyf-indazole 10. and S.), 
but when diazotiaed and the solution treated 
with concentrated potassium hydroxide, potas- 
bium-5-nitro-m-xyleneisodiazooxide, pale yellow 
loahots, is formed. This is oxidised with difficult^' 
by potassium ferricyanide to 5-nitro-m-4- 
xylylnitramine, long vitreous yellow needles, 
m.p. 90®-91®, and 5-nitro-w-xylcne (Bamberger 
ami von Goldbcrger, Bor. 1920, 53, 2321). 

tS-N%irO’m-4t-xylidine ; by hydrol^ing 6- 
nitro-m-4-xylidine 5-sulphonic ac*id with boiling 
hydrochloric acid (Jungliahn, Ber. 1902, 35, 
3747) ; by the partial reduction of 4-6-dinitro-m- 
xylene with alcoholic ammonium sulphide 
(Fittig, Ahrens and Mattheides, Ann. 1868, 
147, 18; Morgan, Micklethwait and Oouzens, 
Chem. 8oc. Trans. 1906, 89, 1289 ; Morgan and 
l^lickleihwait, ibid, 1907, 91, 360; Bl^k&ma, 
Rec. trav. chim. 1909, 28, 92) ; together with 
2-mtro-m-4-xylidiiie by nitrating m-4-xylidine 
with n4ric and sulphuric acids (Nblting and 
Collin, Ber. 1S84, 17, 261; Pearman, Chem. 
^c. Trans. 1921, 119, 717). Orange-red 

needles, m.p. 123® (M., M. and C.). 

Acetyl-derivative ; monoclinic plates (Etrera 
and Maltese, Gazz. chim. ital. 1903, 33, ii. 277), 
m.p. 160® (B.), or m.p. 159®-160® (Pearman) ; 
diacetyl-derivative^ anorihic elongated colourless 
plates, m.p. 115®, converted into the monoaoelyl- 
derivative, m.p. 161®, by boiling with dilute 
alcohol (Ahrens, Ann. 1892, 271, 15 ; E. andM.) ; 
benzoyl-derivatke^ white silky needles, imp. 
200® (E. and M.); benzeneeidphonyl-derivativef 
colourless prismatic crystals, m.p. 148*5®, 
converted by methylation into benzenesul- 
phonylmethyi-6-nitro-7a-4-xylidide, m.p. 186® 
(M., M. and C.) ; t<^tte}le-p-sWp/K^^(^er»vaftee, 
m.p. 192® (M. and M.); Q-nUro-m-4t-xylylcar» 
bimide, b.p. 212®-214®/97 mm., m.p. aTOut 0® 
(Vittenet); the dinitro-dixylyicarbarnuU forms 
microscopic needles, which sublime (V.), 

2:5- Dinitro - m - 4 -lylidine ; by nitrating 
aceto-m-4-zylidido with nitric acid and sulphuric 
acid and keeping the mixture for 6-8 hours 
(Klages, Bcr. 1896, 29, 310), or by nitrating 
with nitric acid [D 1*52) (Blanksma, Beo. 
trav. cliim. 1909, 28, 92), followed by hydro- 
lysis. Colourless ne^les, m.p. 115®, which 
deflagrate when heated (K.). 

Acetyl-derivative J colourless needles, mupw 
226® (K.), or 233® (B.). 

2 : & - Dinitro-m-4 - xylidine ; by redudng 
2:4: 6-trinitro-m-xylene with ammonium sul^ 
phide (Miolati and Lotti, Gazz. ohim. ital. 
1897, 27, i. 296 ; Ibbotson and Kenner, Gham« 
Soo. Trans. 1923, 123, 1260 ; c/. Maltese, Gaza, 
chim. ital. 1909, 39, t. 517). Orange-jeUpw 
needles or dark-red prisms, m.p. 145®, or 
ambor-ooloured elongated reotangiilaar ptisnia, 
m.p. 193® (1. and K.) ; acetyl-denvgtive, timiUK 
parent iozonge-shap^ crystals, in*p. 176® fL 
and K); henzofi-d^ivative, by tenzoylating tw 
amine# also by nitratui^ 2-nitto4-heiuK»yL 
amino-in-xylene. Shiniiig lamellis, m.p. SM®* 
(M.), or oolourlesB prisniatio needles, nujp. 218^ 
(L and K). The products demibed tqr Ifitltimi 
appear to be of doubtful orienUiion. 
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diC-IHnUro-m-^L-xyUdinB; by nitraiiixg 5- 
iiitKO-aoeto-9»-4<xylidido at the ordinanr tern* 
perature with mtrio acid and sulphuno acid 
(Blankama^ Boo. trar. chim. 190(i» 25, 165; 
Broo. K. Akad. Wetonsch. Amsterdam, 1905, 
8» 70), or by nitrating C<nitro-aoeto*m4- 
xylidide with nitric acid (D 1*52), or with a 
mixture of nitric and sulphuric acids, followed 
by hydrolysis (Blanksma, Bee. irav. chim. 1909, 
25, 92). Yellow crystals, m.p. 170®. 

Ackyl-derivative; yellow crystals, m.p. 217®. 
Q-Bromo-^-nitro-mA-xylidine ; by brominat- 
ing 6-nitro>m-4-xylidine (Nolting, Braun and 
Thesmar, Ber. 1901, 34, 2242). Large prisms, 
m.p. 66®-67®. 

6~NUramelhpl-m-4 ^lidine ; by boiling the 
nitrosamlne with aniline and hydrochloric acid 
in alcoholic solution for 14 hours (Piiiuuw and 
Odstorieich, Ber. 1898, 31, 2926). Long carmine- 
red plates with a green reilex, m.p. 58®. 

BUrommint ; by nitrating the xylylmethyl- 
nitrosamine with nitric acid (D 1*4) at lour 
temperatures (P. and 0.). Yellowish crystalline 
powder, m.p. 63®. 

6-NUroA-methylamino-m-xylene ; toluene p- 
^lUphonyl-derivcUivef colourless prismatic crystals, 
m.p. 135®-136®, obtamed by treating toluene-p- 
Bulphonyl-6-nitro-m-4- xylidme with methyl 
iodide and alcoholic soda (Morgan and Mickic- 
thwait) ; benzene-sulphonyl derivative, colourless 
prisms, m.p. 184®-185® (Morgan, Micklethwait 
and Couzens, Chem. Soc. Trans, 1906, 89, 1289). 

6-NitroA-dimethylamino-m‘Xylene ; by heat- 
iug a mixture of the hydrobromido of 6-nltro-fM- 
4-xylidine and methyl alcohol for 5 hours at 
160® (Morgan and Micklethwait, Chem. boc. 
Trans. 1907, 91, 360). It forms a picrate which 
melts with violent decomposition at 170®~173.® 
mA-Xylidine b-avXphonic acid; by heating 
fn*xylene 4-8ulphonaimc acid at 220^-230® for 
a short time; in low yield together uith the 
O-Bulphonic acid as main product by adding 
ta-x^dine to boiling chlorosulphonic acid ; by 
heating the acid sulphate of m-x^didinc at 210®- 
230® for 2i-3 hours under reduced pressure, or 
beating the sulphate similarly with four times 
its weight of m-xylidiue (Jungiiahn, Ber. 1902, 
35, 3747); by heating m-x^didme suljihatc at 
160® and then at 220® while a current of carbon 
dioxide or air is passed through the mass 
(Junghahn, Chem. Ind. 1903, 26, 57) ; by heat- 
ing m-4-xylicime with 1 mol. of 100 p.c. sulphuric 
amd at 185®-195® for 6 hours (Armslrong and 
Wilson, C%iem. Soc. Proc. 1900, 17, 229). Anhy- 
drous rhombic plates. Thi sulphonic group is 
removed when the acid is heated with con* 
eentzated Jwdrochlonc aeid for 14 hours at 
160®-155® (L). KA^, anhydrous wlute leatiets ; 
NaA't leaflets ; BaA%+211 >0, quadratic tables ; 
PbA%, anhydrous white n^dlcs ; AgA^ anhy- 
drous white needles (J.). 

PetoAriuia ace$yl-mA-xylidide ^-avlphomte ; 
apindia-iliaped needles, by acelylsting tsitas- 
sluitt f»4*xylidine 5-6ulphoaate (A. and W.). 

$i^»Xyl%din€ d-atUphonic acid; by sulphonat- 
iUg ao0to-m-4-xylidido at 140^ with l| times 
Ua Weiglit o{ 20 p.c fuming stifthuric acid and 
liOtUng the solution after the addition oi water 
CheWU Soc. Proc. 1891, 7, 189) ; by 
sulphiUMdtog iit4-xylidino with slightly fuming 
silinhillle aeUl a4 140®-150® (Jacobsen and 
BsKri883, 16, 193; r/. Deume- 


landt, Zeit. fur diem* 1866, 2, 22; Idm- 
pxi^t, Ber. 1885, 18, 2172); -by reducing 
i-nitro-m-r^lene 6-sulpbonio aeid with am- 
monium sulphide (J. and L.) ; by the nitration 
and subsequent reduction of m-xylene 4- 
sulphonic acid, or by sulphonating m4-xylidme 
(N51ting and Kohn, Ber. 1886, 19, 137); bv 
heating syram.-di-w-xylyl carbamide with sul- 
phurio acid (D 1*711) at 150®-160® (Cazeneuve 
and Moieau, Bull. Soc. chim. 1898, (3) 19, 21). 
Long flat needles. NaA^ -f II^O, large transparent 
rhombic plates ; KA', large transparent rhombic 
plates ; BaA^+H^O, aggregates of mioroseopio 
needles (J. and L.), or +211 2O (Sartig, Ann. 
1885, 230, 333; Nolting and Kohn). When 
treated with nitric acid the sulphonic acid does 
not yield a nitroaniine but forms 2-nitro4- 
diazo-m-xylcne 6-sulphonic acid, needles, which 
explode on heating (Zincke and Mau4, Ann. 
1905,339,202). \ 

Acetyl-derivative ; by treating aceto-f^4- 
xylididc with 3 times its weight of fuming 
sulphuric acid and keeping at the ordinary 
temperature until dissolved (Junghahn, Ber. 

1900, 33, 1364). 

6 - Nitro - m - 4 - xylidine 5- aul phonic acid ; 
needles +IJH2O (Junghahn, Ber. 1902, 35, 
3747). 1^', glistening golden -yellow needles 
+H2(), or pale yellow needles ^hen anhydrous. 
The free acid yields G-nitro-w4-xylidine when 
boiled with hydrochloric acid. 

S‘(J)Bromo-m^-xyHdme tj-aul phonic acid; 
by brominating the &u!i)h(>nic acid in alkaline 
solution, followed by ai idilication, or by the 
action of bromine or hydro biomic acid on a 
solution in glacial acetic acid. No dibromo- 
denvative could be obtained, as attempted 
further bromination eliminated the sulphonio 
group (Nolting and Kohn, Ber. 1886, 19, 137). 

Nitro-mA-xylidine ii-aulphonic acid; by ni- 
trating m4-xylidin6 G-sulphoiiic acid (Sartig, 
Ann. 1885, 230, 333; Limpridit, Ber. 1885, 18, 
2172). KAM lilifO. large rhombic plates; 
BaA'j + lJH^O, yellow rhombic plates; PbA% 
+H2O, jellow glistening needles. 

Xylidine, or s-m-x>lidine ; b}* reducing 
5-uitro-7»-xylone (Wroblewsky, Ann. 1881, 207, 
95; Tbhl, Ber. 1885, 18, 362; Nolting and 
Ford, Ber, 1885, 18, 2678 ; Noyes, Amer. Chem. 
J. 1888, 20, 789 ; Wiligerodt and Sehmierer, Ber. 
1905, 38, 1472) ; from mchitylene and from m-4- 
xylidine (Haller, Adams and Wherry, J, Amer. 
Cliem. Soc. 1920, 42, 840). Liquid, b.p. 220®- 
221®, 0*9935, or b.p. 220^739 mm., IP»® 

0*972 (N. and F.). B^HCi, long needles ; B'HNO^, 
long needle^.; B^HjSO^+iigO ; B'H2P04, 

needles (Kaikowand Hc^htarbanow', Chem. Zeii. 

1901, 25, 244) ; IVJl^VOg, crystals (R. and S.). 

Formyl-derivaJtivc, prisms, m.tu 76*5® (Lim- 

pach, Ber. 1888,21,643). *Aretyl-derivative; large 
flat needles, m.p. 144*5® (W*), or 138® (Tdhl, 
Ber. 1885, 18, 362), or 140*5® (Ndlting and 
Forel, ibid, 2678), or m.p. J39*6®-140*2®, n* 
1*45, ny 1*69 (H., A. and W.). 

m-5- Xylidine when heated with methyl 
alcohol at 250®-300® yields isocumidine (Idm- 
pach; Nblting and Forel), and forms m- 
xyloquinone when oxidised (Kflhing and 7otel» 
Bull. Soc. ohim. 1884, 42, 832). 

4-(74toro-m-5-xy{fdtf9e ; together with 4 
dioh)oro-m*5*xylidme by reducing 44|ilom4i- 
nitro-m xylene with tin and hydiwdUerie aaUI 
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KlageSf Ber. 1896* 29» 310). Oil, b.p. 251^ 
Bolioa{;^g on oooling. It combines with the 
carbon dioxide of the air, and forms a henzoyU 
derivative, m.p. 218^ 

DicMaro-m^5-xyHdine (see above). Colour* 
less needles, m.p. 72®, b.p. 265®-266® ; hcmoyl- 
derivative, m.p. 168® (K.). 

2 : ^ i ^-Tribromo-m-Si-xylidiiie ; by bromi- 
nating m-5-xylidine in glacial acetic acid solu- 
tion (Jaeger and Blanksma, Kec. trav. chim. 
1906, 25, 352; Proc. K. Akad. Wetensch. 
Amsterdam, 1905, 8, 153). Colouiicss prisms, 
m.p. 195®. 

2-Nitro-m-5-zylidive ; together with the 4- 
nitro-isomerido by nitrating a Hulphurio acid 
solution of ni-5-xylidino with nitric and sul- 

? haric acids (Ibbotson and Kenner, Chem. Soc. 

'rws. 1923, 123, 1260). Orange rectangular 
prisms, m.p. 132®. Acetyhderivative; prisms, 
m.p. 103®. 

4i-Nitro-m-5-ocyUdine ; in small quantity by 
heating 4 : 5-dinitro-?« -xylene with methyl 
alcoholic ammonia for 14 hours at l()0®(lbbot- 
son and Kenner); by nitrating a solution of 
m-5-xylidino in sulpliuric acid with a mixture 
of nitric and sulphuric acids (Nolting and Forcl, 
Ber. 1885, 18, 2668; Ibbotson and Kenner). 
It melts at 56® (I. and K.), or 54® (N. and F.). 
Acetyl^derivative, m.p. 114® (I. and K.). 

2 : ^•Diniiro-m^^»xylidine ; by the action 
of alcoholic ammonia on 2:5: 6-trinitro-m- 
xylono (Blanksma, Rec. trav. chim. 1906, 25, 
165; Proc. K. Akad. Wetensch. Amsterdam, 
1906, 8, 70). It melts at 94®. 

4 ; ^•Dinitro-m-d’-xylidim ; by partial reduc- 
tion of 4:5: 6-trinitro-m-xylcno (Blanksma, 
Rec. trav, chim. 1909, 28, 92), or by the action 
of alcoholic ammonia on the corresponding 
trinitro-xyleno at 110® (Blanksma, Bee. trav. 
chim. 1906, 25, 165 ; Proc. K. Akad. Wetensch. 
Amsterdam, 1905, 8, 70). Yellow crystals, 
m.p. 101®. 

2:4: iS-Trinitro-m-Ti-xylidine ; by treating 
2:4: 6-trinitro-5-chloro-m-xvleno with alcoholic 
ammonia at 130® (Klages and Knocvenagcl, Ber. 
1895, 28, 2044). Yellowish- brown needles, 
which sublime, m.p, 206®, Phenylamino^deriva’- 
tive, long yellow needles, m.p, 175® (K. and 
K.). 

4-CAforo-2 : d’dinitro-m-^-xylidine ; by heat- 
ing 4-ohloro-2 : 5 : 6-trinitro-m-xylono with alco- 
hmio ammonia for 2 hours on the water-bath 
(Blanksma). Yellow crystals, m.p. 186®. 

2-Bromo-4 : %-dinitro-m-^-xylid%ne ; by the 
action of ammonia at 1 50® on 2 : 5-^ibromo-4 : 6- 
dinitro-fit-xylone (Blanksma) ; b^ the action of 
biomino on 4 : 6-dinitro-m-5-xylidino in glacial 
acetic acid solution (Blanksma). Yellow crystalB, 
m.p, 183®. • 

4«Bfomo-2 ; 6-dtntfro-m-5-a^h*dtne ; by bro 
minating 2 ; 6-dinitro-m-5-xy]idino (Blanksma) ; 
by the action of alcoholic ammonia on 4-bromo- 
2 1 5 : 6*tr]nitro-m-a^len6 or 4 : 5-dibromo-2 : 6- 
dinitro-m-xylene (Blanksma). It melts at 186' 
JOimMhyhm-b-xylidine ; liquid, b.p. 226*5®- 
227*5® (Nditing, Ber. 1 891, 24, 563 ; ej* Limpach, 
Ber. 1MB, 21, 643). The trimethylammonium 
iodido forms white neodl^ (N.). 

2^JV^j<n>lo*<i6nt)afiee, greenish-yellow needles 
or gioeo oHsms, m.p. 104® (Pechmann and Nold, 
Ber. 181^^ 21, 567). 

by Qv 


9^11011 of methylamine on 2 : 5 : 6-irmitio-m« 
xylene (Blanksma, Bee. trav. chim. 1902, 21, 
327 ; 1906, 26, 165 ; Proc. K. Akad. Wetensch. 
Amsterdam, 1 905, 8, 70). Yellow crystals, m.p. 
‘27®. When nitrated with nitric acid (1) 1*52) 

.t yields 2:4: 6-trinitro-m-xylyl-5-methylnitra- 
mino, m.p. 181® (B.). 

4 : 6-l)initromethyl’m-6-xyUdine ; by the 
action of methylamine on 4:5: 6-trinitro-m- 
xylene (B.). Yellow crystals, m.p. 85®. When 
litratcd with nitric acid (D 1*52) it yields 
2:4: 6-trinitro-rn-xylyl-5-methylnitramine, m.p. 
‘81® (B.). 

2:4; 6-Trinitromethyhm’6-xyHdine ; by the 
action of methylamine on trinitro-5-xylylmethyl 
ithcr (B.). Yellow crystals, m.p. 164®. 

2:4: 6-Trinitroethyhm-6-xiflidine, cr 3 rBtal 8 , 
m.p. 122® (B.). 

2‘BromoA : 6-dinitr(methyl~m~6-xylidine ; by 
brominating 4 ; 6-dinitromethyl - m - 5 - xylidine, 
or by the action of methylamine at 170® on 
2 : 5-dibromo-4 : G-dinitro-m-xylene (B.). Xiong 
yellowrish-red needles, m.p. 146®. When ni- 
rated it yields 2-bromo-4 : 6-dinitro-m-xylyl 5- 
meihylnitramine, m.p. 103® (B.). 

4-Bromo-2 : 6-dinitromethyl-m^5-xylidine ; by 
the action of methylamine on 4-bromo-2 : 5 : 6- 
trinitro-m-xylene or 4 : 5-dibromo-2 : 6-dinitro- 
m-xylene (B.) ; by brominating 2 ; 6-dinitro- 
mothyl-m-5-xylidino in glacial acetic acid (B.). 

It melts at 176®-176®, and on nitration yields the 
nitramine^ m.p. 152® (B.). 

2-NitrofioethyUm-6-xylidine ; by ethylating 
m-5-xyIidine with ethyl bromide, treating the 
product with nitrous acid, heating the nitroso* 
amino with alcoholic hydrochloric acid and 
basifying the yellow hydrochloride with am- 
monia (0. Fischer and Cammcrloher, Ber. 
1901, 34, 948). It forms steel-blue needles, 
m.p. 138®. 

2 : ^-Diamino-m-xylene ; by reducing 2:4- 
dinitro-m-xyleue with tin and hydrochloric acid 
(Grevingk, Ber, 1884, 17, 2427; Nolting and 
Thesmar, Ber. 1902, 35, 628), or with iron and 
dilute hydrochloric acid (Morgan, Chem. Soo. 
Trans. 1902, 81, 86) ; by reducing B-dinitio- 
mesitylenic acid with tin and hydrocniorio add 
(BamWgcr and Demuth, Ber. 1901, 34, 27). 
White needles, m.p. G5®-^6® (N. and T.), or 
64® (G.). 

DiformyhderitKitive ; colourless needles, in.p« 
2]9®-'220® (M.) ; diacetyhderivative, felted nei^es, 
ni.p. above 260® (M.); dibenzoyUderivaiivep 
felted needles, m.p. !232® (M.), or m.p. 226®^ 
227*6® (B. and D.). 

6-jV»fro-2 : ^-diamind-m^xykne ; by reducing 
4 : 6-dinitro-m-2-xylidino with ammonium sul- 
phide (N. and T.). Long slender orange- 
coloured needles, m.p. 151®-152®. 

2 : 5-Diamin(hm-xyhne ; in a similar manner 
to the 2 : 4-diaminO'm-xylene (N. and T.) ; by 
reducing 2-nitio-m-5-xylidine with stannous 
chloride (Ibbotson and Kenner, Chem. Sou. 
Trans. 1923, 123, 1260); by coupling v-m- 
xylidine ,with diasobcn2ene-9it-8ul]^nic add 
and reducing tUb product (N. and T.). Pearly 
plates, p.p. 103®-104® (N. and T.), or 101® 
(I. and K,). 

Benzoyl-derivative ; m.p. 224® (Klages, Ber. 
1896, 29, 310). 

4-CM9ro«2 : 5-djamiso-m-ry7eii6 ; by rsdueirg 
4-qblo]o-2 : 5<>diaitro-fii-xylmie with Un iM 
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hydioohloric acid in alcoholic solution (Klages). 
CHI* volatile wMi steam, b.p. 280®-281®. 

Benzoyl-derivative^ m.p. 164^ 

4 : 6-Diehhro-2 ; 6 - diamirto - m - xylene ; by 
reducing a suspension of 2 : 5-dinitTO-4 : 6- 
dichloro-wi-xylene in alcohol with stannous 
chloride (Claus and Runschke, J. pr. Chem. 
1890, (2) 42, 110). White prisms or needles 
when pure, m-j). 176®. B'HCl, needles; 

B'j|HaPtCI«, yellowish-red scales, decomposing 
almut 230®. 

4 : 5-Diamino-m-xylene ; by reducing 2 : 4- 
dibromo-5 : 6-dinitro-9n -xylene with tin and 
hydrocUoric acid (Jacobsen, Ber. 1888, 21, 2821) ; 
by reducing 6-nitro-???-4-xylidine with tin and 
hydrochloric acid (Hofmann, Ber. 1876, 9, 
1292; N. and T.) ; by reducing aminoazo-w- 
xylene with tin and hydrochloric acid (Nolting 
and Forel, Ber. 1885, *18, 2683). leaflets, flat 
needles, or rhombic plates, m.p. 77®- 78® (N. and 
T.), m.p. 78’5® (J.), or m.p. 71®-75®(H.). 

2 : 4-(or4 : 5-) hiamino-m-xyUne Q-eulphonic 
acid ; by boiling 2-(or 6-) nitro-w-4-xylidine 6- 
solphonic acid with a mixture of stannous 
chloride and hydrochloric acid (Sartig, Ann. 
1885, 230, 333; Limprieht, Ber. 1885, 18. 
2172). Prisms. The aqueous solution is coloured 
wine-red by ferric chloride. KA' -f- H jO, sU nder 
prisms ; £aA^ 2 + 3 J H ^O, microscopic tables ; 
PbA',, prisms ; B'HCl-fll^O, pri.sras. 

4-itm^y/-4 : 5-diami7io-m xylene ; by reduc- 
ing 5-nitromethyl-w-4-xyIidine with tin and 
hydrochloric acid (Pinnow and Ocslerreieh, Ber. 
1898, 31, 2926). Oil, b.p. 2r)0®-262®. B'HCI, 
m.p. 225®. 

Nitrosoamine^ white plates, m.p. 81® ; 
pierafe, light yellow prisms, m.p. 128® ; aeetyh 
derioaXwty white plates, m.p. 135® ; phenylihio- 
carbamide^ prisms, m.p. I32®~132‘5®. 

4t-Ac€iom€ihylamino - 5 - aceiamino • m - xylene ; 
needles, m.p. 195®-196® (P. and O.). 

4 ; 5- Dimethylamino-m -xylene ; by reducing 
1:3:4: 6-tetramethyldihydrobenziminazole-2-ol 
with sodium and alco*hol (0. Fi.^’cher and 
Rdmer, J. pr. Chem. 1906, (2) 73, 419). Oil, 
b.p. 245®-250®/730 mm. Bihydrochloride, white 
flat prisms. 

, 4 : 6*IHamino-m-xyUn€ ; by reducing 4 ; 6- 
dinitro-m-xylene with tin and hydrochloric acid 
(Luhmann, Ann. 1867, 144, 275 ; Fittig, Ahrens 
and Mattheides, Ann. 1868, 147, 15; Grevingk, 
Ber. 1884, 17, 2422), or with iron and dilute 
hydrochloric acid (Morgan, Chem. Soc. Trans. 
1902, 81, 86) ; by reducing 6-nitro.iw-4-xylidine 
(Witt, Ber. 1888, 21, 2418 ; Kolting and Thos- 
mar, Ber. 1002, 35, 628) by reducing a dinitro- 
meeitylenie acid with tin and hydrochloric arid 
(Bamoeiger and Demuth, Ber. 1901, 34, 30). 
Long pale vollow needles, m.p. 104®-105® 
(H. andTT. ; M.), or 105®-105-5® (B. and D.). 

JHformyl-derivative ; flat silky needles, m.p. 
188^-183® (M.) ; diacetyl-denvaiive, silky 

IMdles, in.p. above 260^ (M.); dibenzoyU 
dbfriyaiivet small lustrous plates, m.p. 252®-2r>3® 
nth or 258®-259® (corr.) (B. and B.) ; d-ace/yf- 
amzaUvep needles, m.p. 164%- 166® (Pearman, 
Cbm* Soc. Trans* 1921, 119, 717); ^^enzene- 
mMuz^^der^^ colourless leaflets, m.p. 
167® (Morgan, MIckiethwait. and Couzens, Chem. 
Soe, Ikmni. 1^* 89, 1289) ; n-dibenzenesul^offyl- 
needles. m.p. 176® (Morgan 
sssAClaytoOf ibU* 1006* 89* 1054) ; dup-Uditefe- 


enlphonyl-deiivativef small white needles, m.p. 
28r-222® (Pearman), 

Bromo-diamiTUhm^xylene ; by the action of 
bromine water on diamino-m-xpene (Hofmann* 
Zeit. fiir Chem. 1865, 1, 555). Needl^. 

2-NUro -4:6- dUmino • m - xylene ; together 
with a monoamine by treating 2:4: 6-tTinitro« 
m-xylene with alcoholic ammonium sulphide 
(Bussenius and Eisenstuek, Ann. 1860, 113, 159 ; 
Fittig and Velguth, Ann. 1868, 148, 6 ; Miolati 
and Lotti, Gazz. chim. ital. 1897, 27, i. 293). 
Long ruby-red prisms which sublime, m.p. 212®- 
213®. 

4 ; 6-Diamino-m-xylene 5-8tdp7umic acid; by 
reducing C-mtro-m-4-xylidiiie 6-8ulphonio acid 
wdth stannous chloride and hydrochloric [acid. 
Long needles. KA', yellow pillars ; BaA^+Uj^O, 
quadratic tables (tlunghahn, Ber. 1^2,\ 35, 
3747). \ 

4-Methyl-4 : Q-dtamino-m-xylene ; by hydro- 
b'ring 4-toluene-p-8ulphonyl-4-methyl-4 : 6-^a- 
minoxyleno hydrochloride* with h'ydrochlqrio 
acid at 120®-‘1*30® in sealed tubes (ftlorgan and 
Mieklethwait, Chem. Soc, I'rans. 11107, 91, 360). 
(Jolourless plates from benzene, m.p. 57®, b.p. 
I66®-167710 mm. ; very sensitive to oxi^sing 
agent.9. 

Tolucne-p-eulphofiyl-derivaiive ; by reducing 
toluene- p-suJphonyl- 6 - nitro -4 - methylamino-m- 
xylene witli iron and dilute acetic acid. 

Hydrochloride, almost eoIoiirk*s« prisms, m.p. 
225® ; ncetyl-deriinttre, colourless felted needles, 
m.p. 176® (M. and M.); henzene-stUphonyl-df- 
rimtive* oil ; hydrochloride, leaflets, m.p. about 
160® (Moigan, Mieklethwait and Couzens.). 

4- Dimethyl A :(i-dium%no-m-xyknc; by re- 
ducing 4-dimethylamino-6-nitro-w-xyleno* with 
tin and liydroehlorie acid (M. and M.). Odour- 
less oil, b.p. 149®-150®/21 mm., which is coloured 
red by oxjiosure to air. 

Benzoyl-deriiathe ; colourless glistening 
plates, m.p. 123®; hemcne-evlpkonyl-aerivative^ 
colourless needles, m.p. 112-113® (M. and M.). 

e-DimethylA : is-dmmino-m-xylenr ; by hydro- 
lysing 5-dilM*nzene-sulphonyldimelhvl-4 : 6- dia- 
mine -wi-xylene with concentrated hydrochloric 
arid in a sealed tube at 1 60® for 5 hours. Colour- 
less plates, m.p. 100®-101® (Morgan and Clayton* 
CJhem. Hoc. Trans. 1906, 89, 1054). 

Diniirosoamine ; pale yellow rectangular 
plates, m.p. 76®- 77®; » dih'enzene-sulphonylde- 
rira//iv ; by boiling s-dibcnzene-sulphonyl-4 : 6- 
diamino-m -xylene with alcoholic sodium hydro- 
xide and methyl iodide for 6 hours (M, and C.). 
Colourless crystals, m.p. 196®- 1 97®. 

TrimeihyiA ; d-diamino-m-xylenr ; by hydro- 
lysing bcnzcnc-sulphonyl-trimethy] -4 : 6-dia- 
mino-m-xylenc with hydrochloric acid in a 
sealed tulle at 130®-150® f >r 4 hours (M. and M.). 
Colourless crystals, m.p. 40®-42®, b.p. 145®/I6 
mm. 

Bemene-sulphonyl-derivaim ; by heating 
benzene - sulphonyl- 4 • dimethyl-4 : 6-diamino-fii- 
xylene with metnyl iodide and alcoholic potas- 
sium hydroxide for 9 hours under a reflux (M* 
and M.). Lustrous colourless needles* m.p. 128®- 
123®. 

MononUroeoatnine ; almost colourless crj« 
stals, m.p. 45® (M. and M.)* 

4 :6-76fmme%MismiW]n<4v/sns/ h|v)isat« 
ing 4 : fl-diamino-m^xylene hydnmUemde or 
hydrobromids with exesss of methyl alocdiol fa 





ikr sealed tutbe at ISO^ (Morgan^ Chem, Soc. Trans. ' 
19Q2» 81, 650). Pale bfovnish-yellow oil, b.n. 
124^-125712 mm. ; 0*9434. B'HjPtCi;, 

orange-yellow acionlar prisms, m.p. above 200^, 

JPkfoU ; transparent yellow rhombic prisms, 
m.p. 193®-195®, or 202®-203®, according to the 
rato of heating. 

^•XyUdinSf p-2-s?yZ»d»ne, or 2-amino-l 
ryUna; from commercial xylidine (Noliing* 
Witt and Forol, Bull. Soc. Tnd. Mulhousc, 1888» 
58, 630 ; Ber. 1885, 18, 2664 ; Witt, D. R. P. 
34854 of 1885; Limpach, Eng. Pat. 11822 of 
1886; Fr. Pat. 178616; D. R. P. 39947 of 
1886; Hodgkinson and Limpach, Chem. Soc. 
Tirana. 1900, 77, 65 ; Bayer apd Co., D. R. P. 
71969 of 1893; Schultz and Peteny, J. pr. 
Chem. 1907, 76, 331 ; Bomstcin and Kloe- 
mann, D. R. P. 56322 of 1890); by reducing 
2-nitro-p-xylene with iron and acetic acid 
(Schaumann, Bcr. 1878, 11, 1537); t<3gother 
with methyl-p-xylidino by reducing di-1 : 4 ; 2- 
xylenemethylenedihydroxylamine with alumin- 
ium amalgam in eihercal solution (Bamberger 
and Restraz, Ber. 1902, 35, 1874 ; see also 
Wroblewsky, Ann. 1881, 207, 91 ; Ber. 1879, 
12, 1226 ; Jacobsen, Ber. 1884, 17, 159). Odour- 
less liquid, b.p. 2l3*5®/762 mm., which on 
prolonged cooling crystallises in large colourless 
tablets, m.p. 15*5^ (Michael, Bcr. 1893, 26, 39) ; 
b.p. 2l6®/739 mm. ; D}g! 0-981 (N., W. and P.). 
or b.p. 217-1'’ (U.). B'HCa, m.p. 228", b.p. 
246-47728 mm., or b.p. 247-47760 mm 
(IBlman, Ber. 1898. 31, 1699); B'HCl+irH.O, 
plates (8.); B'H(‘l, plates or flat nccdle.s 

(N., W. and P.) ; B'HNO,, plates or needles 
(N., W, and F. ; S.) ; B'jH2S04, small plates 
(N., W. and F.) ; B'H2C204, pink prisms, con- 
verted on heating to 125°~130® into oxal-p- 
xylididc, slender colourless needles, which 
sublime at 125® without melting (S.) ; idluru 
hromide^ small brownish-red laths (Gutbier, 
Flury and Eu^ld, J. pr. Chem. 1912, (2) 86, 150) ; 
B'HjP 04, needles (Rackow and Schtarbanow, 
Chem. Zeit. 1901,25,244). 

Fcrmyl-derivaXive ; long colourless needles, 
m.p. lll®-112®, coloured red on keeping 
(Pflng, Ann. 1889, 255, 168), or m.p, 116®-! 17‘ 
(Ho^kinson and Limpach); acelyl-derivcUiver 
glistening needles, m.p. 139® (N., W. and F. ; 
Schaumann); benzoyl-derivcUive, needles, m.p. 
140® (P.) ; henzylidene-derivative, yellowish 
plates, m.p. 102®-i03® (Bayer & Co., D. R. P. 
71969 of 1893), or 101®-102® (P.); benzyl 
derivatitfe^ light yellow oil, b.p. 320®-325‘’ (%- 
drochloridef colourless needles) (P.); m-m<ro 
benzylidene-derimtive^ yellow needles, m.p. 126® 
(P.) ; j^nUroeo-dcruxUivef green needles, m.p, 
169® (F.); p-xylylpl^halamido, silky needloS; 
m.p. 209®-210®, s-p-xylylphthalimide, slender 
needles, m.p. 147®-148% and a8..p-3ylylphthali- 
mide, amber needles, m.p. 178-181®, are 
obta^ed by the action of phthaloylchloride on 
l^^cyli^e in ethereal solution at low tempera< 
tures (Kuhara ,and Komatsu, Mem. Coll. Sci 
Eng. Kydto, 1910, 2, 365). When p-xylidine 
is heated with flnely powdered arsenic acid and 
the ptoduot is distilled, 4-amino-2 : 5-xylyl 
ariemo acid, m.p. 215® (when anhydrous), is 
fanned* The therapeutic germicidal action of 
this compound is analoj^us to that of p-amino 
plmnyi«iienioacid(U. u B.| Eng. Pat. 14937 of 


908; as. Pat. 913940; D. R. P. 219210of 1907) 
When p-xylidine is condensed with benzaldehyde 
‘ft presence of alcoholic hydrochloric acid, 
)henyl-di-p-amino-di-p-xylylmethane, m.p. 208®, 

3 formed (Schultz and Peteny, J. pr. Chem. 
907, (2) 76, 331). p-Xylidine can be oon- 
ert^ by the Sandmeyer reaction into p-xylene- 
2-nitrilo, yellow oil, b.p. 223®-226®/730 mm., 
lowly volatile with steam (Schmid, lacker and 
Hock, Bcr. 1906, 39, 933). By heating p- 
xylidine with sulphur at 200® a thio-base, 
long yellowish needles, m.p. 144®, 
is formed (Anschutz and Schultz, Ber. 1889, 
22, 580). 

5‘Chl(}rO‘j)-2‘Xylidine ; together with p- 
xylidine by reducing nitro-p-xylene with tin and 
hydrochloric acid (Jannasch, Ann. 1875, 176, 

; Kluec, Ber. 1885, 18, 2098); by heating 
di-p xylyl-O-mcthylenedibydroxylamine with 
hydrochloric acid (Bamberger and Baum, Ber, 
1900, 33, 941). Plates, m.p. 91® (B. and B.), or 
92®-93® (J.; K.); B'HC1+2H20, long needles 
(J.) ; B'HNO^, largo rhombohedral tables (J.) ; 
B'2H*S04+2H20, small needles ( J.) ; B'2H2C404, 
rhombic tables (J.). 

Aceiyi'derimtive ; colourless needles, m.p. 
171® (J. ; K.). 

Bro7rto-p-2-xyZf Jiwe ; by brominaiing formyl* 
p-xylidino in glacial acetic acid solution, fol- 
lowed by hydrolysis with alcohol and hydro- 
chloric acid (D 1*19) for 6 hours under a reflux 
(E. Fischer and Windaus, Ber. 1900, 33, 1975). 
Needles, m.p. 96® (corn). AcetylderivcAiw^ 
large prisms, m.p. 148® (150® corr.). 

b-BT(mO‘^-2’Xyl%dine; by reducing 2-bromo- 
5-nitro-p-xylcne with iron powder and sulphuric 
acid (Blanksma, Chem. Woekblad, 1913, 10, 
136). Colourless crystals, m.p. 96®. 

Aceiylderivative ; from the bromo-xylidine, 
or by brominating accto-p-2-x\didide in glacial 
acetio acid solution (B.). Colourless cr3rBtals, 
m.p. 180®. 

3 ; 5-2)i6ra»io-p-2-arj//tdi7ic, by brominating 
p- xylidine or p-2-xylidinc 5-sulphonic acid (Ndlt- 
ing and Kohn, Bcr. 1886, 19, 137 ; Blanlrama, 

; Jaeger and Blanksma, Rec. trav. chim. 
1906, 25, 352 ; Proo. K. Akad. Wetensch. Am- 
sterdam, 1905, 8, 153). Needles, m.p. 65® 
(N, and K. ; B.). 

Acetyl-derivative; colourless crystals, m.p, 
192®. 

3 (^-Dihromo-^-2-xylidin^ ; by reducing 2 : 5- 
dibromo-3-nitro-p-xylene with iron powder and 
acetic acid (Auwors^nd Baum, Ber. 1896, 29, 
2344). Needles, m.p. 91®-92®. 

5- NitrO’j^-2-xylid%ne; by nitrating ^xyUdine 
with nitric acid and ah excess of su^hunc acid 
(Nolting, Witt and Forel, Ber. 1885, 18, 2667) ; 
by reducing 2 : 5-dinitro-p-xylene with alcohemo 
ammonium sulphide (Kostanecki, Ber. 1886, 10, 
2318; Blanksma, Chem. Weekblad, 1913, 10, 
136). It melts at 142® (B.). 

AcetylderhxUive; long needles, m.p. 166® 
(N., W. and F.). A nitrocieetylp-wyli^^ 
slightly yellow irregular crystals, ni.p. 192®, 
is obtained bg nitrating aceto-p-2-xylidide 
(Schaumann, Ber. 1878, 11, 1537). 

6- Nftro-p«2-xylidi*ne; by reduoing 2:6- 
dinitro-p-xyiene with hydrogen suljj^de to 
ammoniacal solution (Fittig, Ahrens and Mat* 
theides, Ann. 1868, 147, 22; Kpstaneoki)* Long 
jrellow needles, m.p. 06.® FHCl, long needhWt 
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Aeei^-derivaiive; fimall needles, m.p. 180^ 

B 1 5-DinUro*^~2-zylidine ; by proloi4!;ed 
boiling of 2 : 3 : 5-triniiro>p-xylene with alco« 
holio ammonia (Nolting and Qeissmann, Ber. 
1886, 19, 144), Yellow needles, m.p. 202^-203^ 

B : 5-Dinitro-j}-xylyl-2-mtramine ; by adding 
p*xylidine sulphonic acid to nitric acid at 
—6® (Zinoke and Ellcnberger, Ann. 1905, 330, 
202). Oolourless noodles, m.p. 130® (decomp.). 
When boiled with phenol it jdelds 3 : 5-dinitro-p- 
2-xylidine. 

B-Braino-5-nitro-p-2-xyJidine ; by brominat- 
ing 5-nitro>p-2-xylidine in glacial acetic acid 
solution (Blanksma, Chem. Weekblad, 1913, 10, 
136). Palo yellow crystals, m.p. 125®. 

Acetyl-derivative ; colourless crystals, ni.p. 
208®. 

B : 5-Dibromo*6‘ni(ro-'p-2-rylidine ; by bro- 
minating6-nitro-p<2-xylidino (B.) ; by hydrol>s 
ing the acctyl-compound obtained by nitrating 
3 : 5-dibromo-aceto-p-2-xylidido (B.). Yello^^ 
crystals, m.p. 176®. 

Acetyl-derivative; colourless orj’stals, m.p. 
256®. 

p-2-Xy2idim ^-sulphonic Mcid; by* heating 
p-2-xylidlne sulphate at 160®, then at 220®, and 
at the same time parsing a current of carbon 
dioxide or air through the mass (Jtinghahn, 
Ghem. Ind 20, 57) ; by sulphonating p-xylidine 
at 230® for 5-6 hours with sulphuric acid 
(D 1*84) (Nolting, Witt and Forel, Ber. 1885, 

18, 2664; Bull. »Soe. Ind. Mtilhnuse, 1888, 58, 
630; Nolting and Kohn, Ber. 1886, 19. 137). 
It forma prismatic plates or needlc.s, which begin 
to char at 230® but do not melt at 300® (Carslake 
and Huston, J. Amor. Chem. Soc. 1914, 36, 1244). 
NaA^ pearly plates ; BaA', f 711^0, leaflets. 
This acid on treatment with bromine yields 
3 : 6*dibromo-p-2-xylidine. Tlie dry distilla- 
tion of sodium p-2-xyiidine 5-sulphonatc wide 
p-xylidine, whilst on oxidation with chromic 
acia p-xyloquinone is obtained (N. and K.). 

Aeet^-dmvatity: ; by heating ac<do-p-2- 
xylidide for a long time with fuming sulphuric 
acid (20 p.c. SO3) at a temperature which docs 
not exc6M 40® (Junghahn, Ber. 1900, 33, 1364). 
l^ng grewh-white needles -f 2HjO. 

• Acetyl-dulphonyl-derivatirfr ; by the action of 
ohlorosnlphonic acid on aoido p xylidide at 80® 
far one hour. Colourless needles, m.p. 160®; 
mdphonanilide, m.p. 213'-214®. On treatment 
with aino dust in acetic hydrochloric acid solu- 
tion the aoetjrl snlphonyl-agriyatiye is conyertod , 
into 2 : 2*-d%acetyUp-xylyl 5 ; S^’dieulphide^ long 
needles, m.p. 284®-28.’>® (Johnson and Bmiles, 
Chem. Soc. Trans. 1923, f 23, 23K4). 

Aeeto-p-2-xylidide ^eulphinir acid; by re- 
dneiof^ the ac^yl sulplLonybderiyatiye of p-2- 
xyhd^ O-salphonic acid with aqueous sodium 
mphito. Colourless nee<ltes, m.p. about 125® 
(deoomp.) (Johnson and Smiles). 

p.2 -Xylidine B-eul^tonk arid (see also Caze- 
lieiiye and Moreau, Bull. Hoc. chim. 1898, (3) 

19, 24); together with the alK;ve 5-Mulphonic 
aedd by the successiye nifratiqin and reduction 
of p-xylene sulphonic acid Mith ammonium 
•dimide (Ndlting and Kohn, Ic.; Bill. Soc. 
Zno. M ulton s e , 1888, 58, 636). It crystallises in 
Needles and yields a monobitimo-derivatiye 


BaA'g+7H«0 (Carslake and Huston). 

^ 3-(or 5*)Bromo-p-2-a^Mlin6 B-sfUjAcme acid ; 
by brominating p-2-xylidme d-solphonio acid 
(N. and K.). Small wnite leaflets, &A'. With 
excess of bromine a substance, yellow needles, 
m.p. 1()6®-107®, which appears to be a brominated 
quinone, is obtained. 

MethyUp-2-xyUdine ; together with «-2. 
xylidine by reducing di-1 ; 4 : 2-xylenemotnyl- 
cnedihydroxylamine with aluminium amalgam 
in ethereal solution (Bamberger and Destraz, 
Ber. 1902, 35, 1874); by boiling foTmyl-p-2- 
xylidino with potassium hydroxide and methyl 
iodide in methyl alcoholic solution and treating 
the product with concentrated hydrochloric acid 
(Pflug, Ann. 1889, 255, 168). Yellowish [oil, 
b.p. 22,‘>®-227773r> mm. ; D 0*962. \ 

Nitrosoamine; yellow oil. ^ \ 

p-Nitro 80 'derivath^ ; green needles withl a 
blue reflex, m.p. 164® (R ; B. and I).), , 

3 : ^‘Dinitromrthyl-p’2-riflidi7ie ; by heating 
2:3: fl-trinitro-j/- xylene with methylamino m 
a hcalod tube in alcoholic solution (Blanksma, 
Kec. trav. chim. 1005, 24,46). Slender orange 
crystals, m.p. 175®. On nitration it yields a 
nitn>aminc, m.p. 94®. 

3 : 5-I)initroetht;l-p 2’Xylidine (Blanksma). It 
melts at 133®, and on nitration yields a nitro- 
amine, in.]). 36®. 

Dimctkyl-p-2-xyItdine ; by heating p-xj'li- 
dine with dimethyl sulphate for 1 hour at 145®. 

011, b.p. 205® ( Bieleeki and Koleniew*, Auzeiger 
Akad. Wiss. Krakau, 15K)8, 296); wrthiodide^ 
prisms, m.p. 219^-222*^ (corr.), or 216®-218® 
(uncorr.) (E. Fisrhcr and Windaiis, Ber. 1900, 
33, 345). 

5- Bromodimeth i/f - p - 2 - xylidine melh iodide ; 
leaflets, decom]x>ding alKiut 188® (uncorr.), or 
191® (corr.) (K. Fischer and Windaus, ibid, 
1970). 

Some xylidine derivatives of doubtful 
orientation liavo been described by Genz (Ber. 
1869,2,686; 1870,3,225); Hiibner (Ann. 1881, 
208, 321); Lippmann and »Stn.*cker (Ber. 1879, 

12, 82) ; Bussenius and Eisenstuek (Ann. 1860, 
113, 165; r/. Ann. 1865, 133, 45; 1867, 144, 
277; 1868, 147, 24); Kndl (Ber. 1872, 5, 870); 
Hofmann (Ber. 1872, 5, 712): ScH'mann (Ber, 
1873, 6, 446); Oirard and Vogt (Bull. Soc. 
chim. 1872, (2) 18, 69); Wallach (Aim. 1874, 
173, 283). 

2 : B-Biarnino p’Xylene ; by reducing the 
corresponding dinitni- p-xylene or nitro-p-xyli- 
dine (Ix^limann, Ann. IHH5, 228, 251 ; Ndlting 
and Geissmann, Ber. 1886, 19, 145; NdlUng 
and Thesinarf Ber. 1902, 35, 628). it subUmes 
in needles, m.p. 75®. It gives a elicrry-ml 
coloration with ferric chloride, and with aodlain 
nitrite in acetic acid solution a yellow solution 
aiifi then a while precipitate is formed. The 
hydrochlori<ie is colourea a deep red by feirio 
cUoride. 

2 : ii^Diamino-p-xylenf ; by rcMiueing xylene* 
azoxylidine with tin and Itydrocblorie add 
(NiPtzki, Ber. 1880, 13, 470 ; Ndlting and FortU 
Ber. 1885, 18, 2685); by n*duelng 5-nitn>*w*S« 
xylidine (Ndlting, Witt and Forel, Bull, Boo. 
Tnd. Mulhouse, 1888, 58, 630; Ber, 188S, 19» 
2660 ; Nditing and Theemar, 85, 6S9i 
von Kostanedki. Ber, 1866, 19, 88181 Htieuk* 


to F-8{ylcN|iiliioiie by ohromie add. 


m 


ijrbxiiiiiion, dioxiiM witb i4n tM 
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$,M (SttikO'vrald, Ber. 1887, 20, 979). Pale! 
yellour or eolourieBs needles, which Bublime»l 
xn.p. 149M60^ (N. and T. ; N.), or leaflets, m.pT 
142^ (deoomp.) (S.). It yields xyloquinone, 
m.p. 123% on oxidation. leaflets; 

crystalline mass. 

2 : ^•Diamino-i^-xyUne ; by reducing 6- 
nitro-p-2-x^lidine suiphonic acid with tin and 
hydrochloric acid (Blanksma, Itec. trav. chim. 
1905, (2) 24, 320) ; by reducing the corre- 
sponding dinitro-compound (Lollmann, Ann. 

1885, 228, 252 ; Nblting and Geissmann, Ber. 

1886, ID, 145; Nolting and Thesmar, Bcr. 
1902, 35, 628). It sublimes in needles, m.p. 
101*5'’~102‘5® (L. ; N. and G.), or long yellowish 
prisms, m p. 102®-103® (N. and T.). No 
coloration is produced by ferric chloride or 
potassium dichromate in neutral solution, but 
m warm sulphuric acid solution these oxidi«<ing 
agents produce a cherry-red coloration and a 
quinone odour. 
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5<*Nilro-2 : 3-<iwmitia-p-s^Ze»e ; by reducing 
3 : 5-dinitro-p-xylyl-2-asBoimide with aloohotio 
sodium sulphide (Fries and Noll, Ann. 1912, 
389, 305). Bed needles, m.p. 169®. When 
boiled with formic acid it yields 6-nitro*4 : 7- 
dimethylbenziminasole, m.p. 221®, and with 
sodium nitrite and hydrooluoric acid in boUmg 
alcoholic solution 5-nitro-4 : T-dimethyl-l : 2 : 3- 
benztriazolc,m.p. abovo300®,i8formod (F. and N.). 

2-M€thyl 2 : Q-diamino-^-^hne ; by reduc- 
ing 5-nitroso-p-2-methylxylidinc with tin and 
hydrochloric acid (Pflug, Ann. 1889, 255, 168). 
Almost colourless needles, m.p. 83®. 

F. M. R. and J. S. H. D. 

XYLOSE V . Caubohydratxs. ling and Nanji 
have slightly modiflod Hudson and Hardinge^s 
mothod of extraction from maize cobs, whereby 
the yields of xylose have the correct speeiflo 
rotatery po\( er and melting-point, the yield was 
uniformly 10-12 p.e. of the cobs used (Chem. 
Soc. Trans. 1923, 123, 620). 


Y 

“ Y ” ALLOY. An alloy <•on«*i^tiIlg of 4 ]kc. 
copper, 2 p.c. nickel, I ’5 p.c. magncsitiin, and 
the rest aluminium. Has a tensile strenf^h of 
about 20 tons per sq. in. and an elongation of 
5-6 p.c. after suitable heat treatment. Rods of 
this alloy will stand 12,000,000 reversals of 
a maximum fibre stress of 7 tons per sq. in. 
The most satisfactory heat treatment of the 
oast rods consists in jilunging them into a salt 
bath at 520^:5®, maintaining them at the same 
temperature for 0 hours, then quenching them 
in boiling water. Temperatures above 525® 
cause the formation of blisters on the surface 
of the rods, but if these are turned of! the rods 
have a satisfactory tensile strength (Rosenhain, 
Archbutt and Wells, Inst. Metals, March 1923; 

J. Soc, Chem. Ind. 1923, 358 A,). 

YARA^YARA {Nerolifi), Trade name for 
iS-naphthyl methyl ester. 

YATIUSN {Grtserin novum). Trade name foi 
iodohydroxyquinolino suiphonic acid, mixed 
with acid sodium carbonate. 

YEAST r. Fermentation. 

Yeast incubated in oxygenate<l water shows 
a diminished oarliohydrato content and an in- 
crease in fat. Propyl, butyl, and isuamyl 
alcohols inhibit this* conversion, whilst the 
sodium salts of formic, propionic, and butyric 
acids, ^ycol, glycerol, ana acetone, in 0*1 M-solu- 
tion, TOhavo like water. Incubation in 0*5 p.c. 
solutions of ethyl alcohol, or of the sodium suts 
of acetic, lactic, and pyruvic acids dvos the 
same results as 0*5 px. solutions of dextrose ; 
in the first two cases increase of the total car- 
bohydrate of the yeast-cell is observed. In the 
presence of dextrose, Issvulose, and sucrose the 
wast-cell stores both carbohydrate and fat. 
Maltose is exceptional in proaucing a greater 
oiurbohydrate and lesser fat storage than the other 
sagars inrestigated. It is suggested that mal- 
tose is assimuated as such by the yeast-cell. 
Continvoiis oxy^nation during incubation 
malfyinoreiseB the amount of fatpToducedt but 
Sis little or no efieot on the carbohydrate. In 
eiyiwieted soluttoub added phosphate reduoes 
tte ettooiit ot earbohyd^ 


the fat formal ion . Phosphate is taken up by the 
cell in proportion to the sugar concentration of 
the solution ; more phosphate is taken up from 
oxygenated than from non-oxygenated solutions. 
It is suggested that the formation of hexose 
phos])hate is the first stage in the conversion of 
carbohydrate into fat (1. S. MacLean and D. 
Hoffert, Bio-Chem. J. 1923, 17, 220 ; Chem. Soc. 
Abstr. 1924, 126, i. 352). 

Influence of NUrafes on Ycast » — ^According to 
Fern bach and Nicolau (Ann. Brass. Diet. 22, 
305, 321) fermentation experiments were 
isarried out in nutrient solutions containhag 
sucrose and mineral salts. Flasks containing 
the solution with increasing quantities of potas- 
sium nitrate were seeded with yeast from a 
mineral nutrient solution in quantities dose to 
the limiting concentration (A. J. Brown), in 
order to suppress any complications arising from 
the multiplication of the yeast. After several 
days 'forcing* the alcohol w'as determined. 
A ifavourable effect was observed with additions 
of 5 and 10 grms. KNO3 per litre both when the 
nitrogen in the nutrient solution was in the form 
of ammonium salts and when preset only as 
nitrates. In the former case the effect was more 
marked at the beginning of fermentation, in 
second the effect w'as/nore marked and pensislied 
to the end of fermentation. It is conduded that 
the presence of potassium nitrate as the only 
source of nitrogen pcAnits the yeast to catty 
through the fermentation completely. The 
value of nitric nitrogen cannot, however# be 
compared with that of nitromn in other forma. 
Determination of the a]c<mol formed alter 

y of the sugar originally present had been 
nented showed that the presenoe of nitrate 
does not modify the physiological nropoeties 
of yeast from the ]K>int of view of alcohol for* 
mation. The mtrate acts simply as aa 
accelerator to too zymase Potassium mtrate 
appearsito have no sensible effect on the other 
enzymes of yoast, though quantities greatar 
than 40 p.o. have a retiuding effect on the 
mroteolytio enzymes. The qpthofs eonftM 
FemUm and Lanzenbeig*s experimentaii dbfn* 
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ing that potassium nitrate has a harmful efiaot 
on the multiplicalion of yeast, and they further 
show that yeast is incapable of building up its 
cells from nitric nitrogen (J. Soc. Chem. ind. 
1934, 43, B. 610). 

For the action of ultra-violet rays on 
yeast, see Fembach (Ann. Brass, et Diet. 1023, 
22, 07-100), who has discussed the results of 
the work of Bomolo and Eemi de Fazi. The 
mechanism of the ultra-violet rays is comparable 
to the effect of antiseptics. Industrial 3 ^ast is 
a mixture of colls of different ages and resisting 
powers. The rays destroy the weaker cells and 
activate the vigorous. The rays are not to be 
considered a moans of revivif 3 ring all degenerate 
yeast, for the vitality of even the strongest 
cells of such a yeast is lowered, and as such is 
very sensitive to attack by the rays and an 
undesirable result is produced. This explains 
the unfavourable results obtained by several 
experimenters (c/. also U. Liicrs and H. Christoph 
(Zentr. Bakt. u Parasit. 1923, ii, 59, 8-13). 

For an account of the varieties of yeast from 
8axi, see Takahashi, Yukawa, Eda, Yamamoto 
(J. of the College of Agric. Imp. Univ. of Tokyo, 

1922, 7, 2). 

For the dietary properties of yeast, see 
Nelson, Heller, and Fulmer (J. Biol. Chem. 

1923, 57, 415-424). 

Fermeniation of Descirose by Dried Yeast, 
—The rate of fermentation of dextrose by 
yeast dried by vanous methods has been 
measured by determining the rate of production 
of carbon dioxide. With such dried yeasts 
there usually occurs a more or less marked 
period of induction. Increase of the concentra- 
tion of the yeast decreases this period. If the 
yeast is first of all incubated mth sugar solution 
the induction period disappears. After being 
ground up in a mortar, dned yeast ferments 
sugar more slowly. Determination of the sugar 
at intervals dunng the fermentation by dried 
yeast shows that a certain disappearance of the 
carbohydrate takes place, amounting to from 
20-50 p.c. of the sugar used, which cannot be 
accounted for by the carbon dioxide produced 
(H. Sobotka, Zeitsch. physiol. Chem. 1924, 134, 
1-21 ; 1925, 145, 91 ; Chem. Soc. Abstr. 1924, i, 
802; 1925, i, 805). 

Effect of Nitrogefums Nutrition on the 
AcUimty of Brewer^s Yeast , — Fermentation with 
brewer’s yeast is most active and produces the 
maxiinum amount of ethyl alcohol and acid at 
15^ in a bouillon containing 0*1 p.c. of am- 
monium hydrogen carboi&te (I. Bay, Compt. 
rend. Soc. Biol. 1923, 89, 1044-1045; Chem. 
Zentr. 1924, i, 680 ; Chem. Soc. Abstr. 1924, 
i. 802-803). 

Bote iff the Beaction of the Medium in Sdeciive 
Fermenuaion . — ^The fermentation of sumu* solu- 
tioiia by 8 types of yeast has been studuod, and 
in each case It has been found that levulose is 
at first attacked more readily than dextrcMSc, 
until a point is reached, vaiying with the yeast 
oiqpIoyM and not occurring in the case of 
Saattemes yeast, at which the relative rate of 
attedc is reverb. It was found possible to 
podi^l^Ae^aiiM^of^thc fermentati^^ other 

hur tlie neidity of the solutioif (Fem^h and 
ftfetter# Compt.- rend. 1924, 178, 2196; Chem. 
84*. AMr. 10^126,1.917). 


Influence of Alkaloids of the Aifopine^ Co- 
eainef and Moiphine Groups on Yeast Inveriase, 
—According to P. Bona, 0.* van Eweyk, and 
M. Tennenbaum (Biochem. Zeitsoh. 19^, 144, 
490), a series of alkaloids of the aWe mupa 
have been found to possess an inhibiting influence 
on the action of yeast invert^e. Although the 
intensity of the inliibition varies udth the various 
alkaloids, the general inactivating influence 
proceed logarithmically according to the con- 
centration of the alkaloid present. The inhibi- 
tion is rovenrible, and is influenced by the 
hydrogen-ion concentration of the medium. 
No connection exists between the optical con- 
figuration and the inhibitory power of dl^tro- 
pine and Z-hyoscyamine ; Z-cocaine and db-co- 
caine ; and Z-cegonine and d-eegonino. \ In 
none of these three cases was there any difformoe 
between the inhibitory power of the isonwrs. 
Tropine inhibits much less markedlv than at 
pine, whilst tropic acid docs not inhibit at ^ ; 
nor docs an equimolecular mixture of tropii^e 
and tropic acid have a greater inhibiting effect 
than tropino alone, d- and Z-eegonino do not 
inhibit, but, on the other hand, the chemically- 
related cocaine docs. 'Iho substitution of the 
hydrotren of morphine by the methyl group 
(codeine) produced no ajiparent change in 
inhibitory power, but substitution by ethoxyl 
(dionine) produced a small though definite 
change (Chem. 8oc. Abstr. 1924, 126, i, 
4(;s). 

The effect of pyridine and nicotine respec- 
tively on the fermentative activity of yeast has 
been studied by M. Y. Otero (Anal. A«oc. Quim. 
Argentina, 1923, 1 1, 62), using 25 c.c. of a culture 
solution containing dextrose, to ubich 1 c.c. 
of yeast su8j>cnbion and varying amounts of 
nicotine or pyridine were added. Increased 
activity was observed after the addition of as 
little as 0*05 mg. in tho case of pyridine and 
0*00005 mg. in the cose of nicotine. No pro- 
portionality uas observed between the chimgo 
HI activity and the amount of pyridine or nicotine 
added (J. Soc. Chem. Ind. J923, 42, 1192 A). 

Co-Ttjnuiae of rco/rZ.— The concentration, 
purification, and cliaractcTisation of co-zymase 
are described by Euler and Myrb&ck. A method 
has been devised for determining co-zymase, 
based on the measurement of the carbon dioxide 
evolved with zymafw and dextrose under 
standard conditions at P||*s6*2-6*6. The fer- 
mentative power of dried yeast preparations is 
increased by the addition of co-zymase and also 
by the addition of washed inactive yeast free 
from the co-enzyme. The rate of fermentytion 
therefore depends on tho relative quantities of 
zjmiase and co-zymase, and it is assumed 
that the two together form a dissociable oom- 

S >und which constitutes the active enzyme* 
y the addition of either zymase or oo-zymase 
the dissociation of this active compound is 
suppressed, resulting in an inorease ill the 
activity of the mixture. The results on the 
tbormostability of oo-zyinase are similar to 
those arrived at by Tholin. Co-zymase is de- 
composed rapidly in solutions more alkaline 
than |>g 10, shows maximum stability at Pn?* 
and is stiU active In 0*5N hydrodilorio eeid 
(Fh 0*6). Contrary to the view hitherto •ees|^ 
it was found that lead acetate is oapaMl el 
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precipitating the oo-aymase to a greater or less i 
extent, aooordingto the Pg of the Bolntion. The I 
oo-zymase is not affected by hydrogen sulpUde* 
but is inactivated by traces of lead. When 
load acetate was added to yeast juice cental. 
ing the co-zymase at p^6, the free phosphate 
and the hexosephosphate were precipitated 
and the oo-zymase was found mainly in the 
iiltrate. When the latter was brought to pjj 
8*3-10*0 the co-zymase was almost completely 
precipitated. It could be recovered from the 
lead precipitate by suitable means, and such 
fractional precipitation may be employed for 
purification. It can also be purified in a solu* 
tion free from phosphate, by adsorption on 
alumina, which is almost quantitative at 10, 
whilst in acid solutions no adsorption occurs. 
The alumine adsorbate is 6tr>ngly active and 
the co-enzyme is not eluted therefrom by water 
or very dilute acids, although it can bo readily 
eluted quantitatively Avith 1 p.c. phosphate 
solution at pjj 6*3 (II. von Euler and K. 
Myrback, Zeitsch. physiol, (’’hem. 1924, 136, 107 ; 
Chem. 8oc. Abstr. 1924, 126, i. 918). 

YEAST PAT. Pressed yeast when treated 
with alcohol, light pctnileum, or ether yields, on 
evaporation of the solvent, a brown liquid from 
which crystals of a sterol separate on standing, 
and from which lipins are precipitated by 
acetone. The crude yeast fat has a high but 
variable iodine value, ranging from 121 to 175*6, 
dependent chiefly on the amount of sterol 
present. The saponification value is low and 
shows wide variation from the same cause (138- 
199). The unsaponiflable matter present ranges 
from 25 to 46 p.c. According to 1. S. MacLean 
and E. M. Thomas (Bio-chera. J. 14, 1920, 483, 
which contains a full bibliography), the fat 
contains palmitic, lauric, oleic, and linoleic 
acids, and an acid having the melting-point of 
araehidic acid. The pentadecoic acid of 
Hinsberg and Roos (Zcitsch. physiol. Chem. 38, 
1 ; 42, 189) is a mixture of palmitic and launc 
acids, and their dodeoenic acid is x’^ssibly a 
mixture of lauric with oleic and linoleic acids. 

The sterol present in yeast appears to be 
identical with the ergosterol isolated from ergot 
by Tanret. It exists partly in the free state and 
partly as fatty acid esters, and may constitute 
zO p.c. of the total yeast fat. It is probably 
identical with the mycosterol isolated by 
Ikequohi (J, Biol. Chem. 40, 1910, 175) from 
certain fungi, and is charactoristio of the group 
of the cryptogams, as cholesterol is of the animal 
and phy^sierol of the higher plant kingdom. 
GUM t;. Gums. 

YEAST JUICE, which has been boiled for 
8 hours and so freed from co-enzyme, has a 
marked effect in increasing the activity of 
zymase in various yeasts. This effect is not 
due to a buffering action. It is ascribed to a 
* zymase protector* (correlated with Euler*8 
vitamin biooatalyst B, II.) which is also shown 
to have an anti-protooiytio action running 
Mmllel with the zymase-activating properties. 
It is sviggastod that the latter is due to protec- 
tion ofthe enzyme— probably of a protein 
nature— from the proteolytic action of the 
aadotryptase present In the yeast. This * pro- 
tedtvi juice * also contains an activator for the 
iQnBUkie ctMouyme, and shows an anti-lipolyUo 


action again mnning |Mirallel to the activating 
properties, and suggesting direct correlation or 
identity of the substances ooncemed. It was 
found that 'post war* yeasts mwn in worts 
containing a nigh percentage of rice or maize 
show a lessened stability to maceration pro- 
cesses as compared with ‘pre-war* yeasts 
(H. Haehn and H. Schiffcrdecker, Biochem. 
Zeitsch. 1023, 138, 209-268 ; J. Soc. Chem. Ind. 
1923, 42, 850 A.). 

YEAST, PRESSED OR BAKER*S. Physical 
character. — Pressed yeast, formerly called 'Ger- 
man ’ yeast, reaches the baker in the form of a 
very stiff creamy paste, which, on drying, readily 
crumbles to a coarse powder. 

It should possess a bright creamy colour, 
an odour resembling that of sweet apples, a 
sharp, bitter but not unpleasant taste, and should 
not be sticky to the touch. Microscopically 
examined it should consist only of healthy oval 
or round cells, many of which should be budding. 
Chains of upwards of eight or even ten cells are 
not uncommonly seen. There should be no 
‘ foreign * type of organism present, such as 
rods, sarcina forms, or moulds. A good sample 
of yeast will also free from dead or disinte- 
grating cells. 

Pressed yeast after being kept for 5 to 10 
days (depending on the veather) commences 
to deteriorate by drying and cracking into small 
pieces, which become exceedingly hard and 
develop a bad odour. The autodigcstion and 
liquefaction of brewery yeast is not observed 
in distiller’s pressed yeast. 

Treatment of Yeast for Preservation of 
Vitality. — ^According to the Distillers’ Company, 
Ltd., Edinburgh, and E. A. Meyer, Bristol 
(Eng. Pat. No. 204164, Sept. 27, 1023), pressed 
yeast is mixed with about one-sixth of its weight 
of cocoa butter or other fatty substance, which 
melts at a temperature sufficiently low to prevent 
damage to the yeast. The mixture is then dried 
at the ordinary or a slightly elevated temperature 
and the coating of fat around the cells is claimed 
to prevent detenoration of the yeast without 
further treatment (J. Inst. Brewing Abstr. 1924, 
30, 243). 

Before the war about 50 p.c. of the yeast 
used in the United Kingdom was imported from 
the Continent — mainly from Holland. 

The several stages of the manufacture usually 
consist of : 

(i) Millipg, steaming, malting or other pre- 

paration of the raw material ; 

(ii) Admixture (mashing) of the raw or pre- 

pared material with water ; 

(Hi) Separation of the extracted raw material, 
leaving an aqueous extract technk^y 
called 'wash,* this extract being a 
nutrient liquid well suited to the 
vigorous reproductiou of yeast ; 

(iv) The admixture of seed yeast with the 

wash; 

( v) The collection of yeast from the fermented 

wash ; 

(vi) The purification and pressing of the 

***"ast. • 

In yAast was first pressed in bags with 
the aid of a press, much resembling the house- 
hold linen press, whilst in 1860 iron-framed 
presses were first introduced. Ju 1878 a gieal 
discovery was made by Graham, who nmeod 
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file increttaed rate of {ermentation and benefit 
to the yeast of a ^ntle stream of air blown 
through the formen&g wash. 

In Great Britain very little progress was 
made in the manufacture of yeast until after 
the rep^ of the malt tax in 1880, whereby 
the distiller was enabled to make greatly advan* 
tagoous changes in his method of mashing. 

One of the first attempts to make a yeast 
spcifically for baking purposes was made in 
the Midlands in 1888, >^hen a process was used 
in which molasses were inverted by boiling with 
acid, the neutrali'^ed product being diiut^ and 
used as liquor to mash a mixture of malt-culms 
and bran. Drainage was effected through 
the usual false bottom; the unboiled wash 
diluted to about 1040®, and fermented by a 
bottom yeast. TJie outcrop was collected and 
pressed in small Imgs for distribution to the 
baker. This early process illustrates the general 
conduct of operations in a yeast distillciy% the 
requirements being simple, namely, a liquid 
well suited to the rapid and healthy reprf>duction 
of the yeast organism. To push reproduction to 
its furthermost limits without injury to the yeast 
cell is, briefly, the yeast manufacturer's object. 

Brewer's ycast*^ is unsuited to the present 
day requirements of bread making, mainly by 
reason of its poor keeping qualities, comparative 
elowness in fermentation, and the slightly bitter 
flavour and darker colour uhich it imparts to 
the loaf. 

There are to be found in the botanical world 
numerous storehouses and reserves of sacchari- 
ferotts material which are well suited to the 
yeast maker’s requirements. The use of some 
of the materials mentioned below is still in the 
experimental state, but a closer examination 
into their suitability for yeast-making should 
prove profitable, particularly in view of the 
world shortage of cereals, which is bound to 
adversely afiect the conduct of the yc^ast manu- 
facturer’s business for many years to come. 

In addition to barley, wheat, rye, oats, and 
maize, both malted and unmalted, there are also 
used buckwheat, potatoes, beet, beet and cane 
molasses, tapioca, sago, rice, malt coombs, 
bran, locnst beans, cotton seed, artichokes, 
dates, and many varieties of beans and seeds 
capable of yielding either sumr or nitrogenous 
food stuff, or both, after suitable treatment. 

Tapioca and sago have already proved most 
safUaetory substitutes for the more costly 
maize, whilst Sudan dhurra, date, sand locust 
beans are plentiful and relatively cWp. 

Barl<^ is malted much as in brcweiy mailings, 
except that the conditiofi of flooring must am- 
dace to the greatest possible production of 
diastase, folio^ by such kiln heats as will 
not cripple the enzyme. It is not difficult by 
the use of an excess of warm dry air to produce 
a tender friable malt high in diastatic p(mer. 
Sueh malts contain from 12 to 15 n.c. of moisture. 
Small heavy barleys are usually ehoson, and 
piuferaUy those yielding a large percentage 
of eohlbm nnooaguable mbnilinoiils, such, for 
example, as Uanubian and Kussiam In Scotland 
a Ism pwportion of home grown Wjejl is uwhI. 
i Oim malt, that is, unkitned malt, is nc»i 
W'tmfremkeatly used« Buch malt at the end of 
the uAhering stage is passed through a machine 
eonMptag roUem and misers oonveriing H 


(with the aid of a little water) into * malt mUk,’ 
fWhioh may be mashod along with the other 
materials as described below. Wheat, oats, 
and rye may be used either malted or unmalted. 
Maize may bo used in the form of grits, but 
usually a meal from the entire com is employed. 
The maize meal is sometimes simply mixed with 
the malt, &c., in the course of mashing, or it 
may be subjected to treatment in the mash tun 
before adding the bulk of the malt and the other 
ingredients, or, as is most usual, separate con- 
verters may be emjdoycd. 

A form of convertor, much commoner on 
the Continent than in this country, consif^s of 
a long inverted cone, provided with a dbmo- 
shaped cover, and designed to withstand ^n- 
siderablc pressure. The maize, either entire or 
cracked into three or four pieces, is introdumd, 
and after a preliminary soaking and steaming 
is Hubjeeted to considerable steam picsstire 
uliioh completely loosens up the whole textul^r. 
This aocomplished, steam is turned into tno 
sptvce beneath the dome cover, and a comminut- 
ing or grid valve opened at the apc‘v of the cone. 
The gelatinised mass is blown violently through 
this valve, thus completing its disintegration. 

Ojion converters, consisting only of a wooden 
vessc‘1 provided with a powerful rake, are also 
used. In this case the maize must bo ground to 
a fine meal, gelatinised and liquiticd by malt, 
as in brewery woiking. Potatoes are common^ 
used on the (Continent . They arc washed, sliced, 
and converted into a pulp. Beet and arti 
eh(»kes are treated similarly. Malt coombs and 
bran are of use as pnividmg valuable assimilable 
nitrogenous food stuff for the yeast, whilst their 
value in assihting drainage of the mash must not 
bo overlooked. 

The methods employed in individual 
Eunipoan yeast distilleries vary so widely that 
it wifi be better to give a more or loss detailed 
account of two of the commoner methods rather 
than attempt a general description intended to 
cover all the met hods m use. A preliminary 
process common to roost methods is the making 
of * bub.’ It is well-known that one explanation 
of the fact that micro-organisms living in a 
medium favourable to their development will 
cease reproduction long kioro the available 
food supply is exhausted is to be found in the 
fact that their excretory products or the by- 
products of their vital jiroeesses are poisonous 
to them and exert an inhibitory effect on their 
development. 

Now the distiller in fermenting an unboiled, 
and consequently nnsterilised, wash at tempera- 
tures above 80T. is likely to be faced wiin an 
enormous development of the organisms nroduo* 
ing lactic and butyriq acids. The outyrio 
oiganism in particular is undesirable, on aoooimt 
of the characteristic odour and taste of raneid 
butter which accompanies its growth* tJodue 
development of sudi disease organisms not 
only muces the vigour and keeping {mmsfties 
of the yeast, but results also in great ms of 
alcohol. The development of these deadly 
organisms may be prevented if there k alreidty 
pri*s6nt in the wash a stnatl amount of botie 
acifl. Very small amounts of lactic aoUt imdlo# 
to prevent the growth of botik the liOtiD jMtd 
butyric organisms* To prednoe tho aeUL i 
small porri^ say S of tho 
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is Qiftahed at a aoltable temperatuie in a small 
yrmdf known as a bub tun» and after a suitable 
saochf^fying period the mash is cooled to 
which is about the optimum temperature for 
the lactic organism^ and the whole allowed to 
become sour. The souring may be produced 
by adding a pure culture of the lactic organism 
or by ad^g a few gallons of bub reserved from 
a previous operation. After a further stand 
this sour masli, now known as bub, is added to 
the main mash which w^ould itself rapidly be- 
come sour. Previous to separating the wash 
from the grains the mash would require to be 
raised to say 160°P., in order to kill the acid 
producing bacterium. Instead of acidifying 
the whole mash, a rough extract from the bub 
may be added alter sterilisation to the ferment- 
ing tun or wash back prior to fermentation. 
Some distillers make a practice of keeping the 
acidified main mash at a temperature of 125°E. 
for many hours, it being thought that lactic 
acid has a peptonising or digestive action on 
some of the insoluble aibuminoid.s, thereby 
converting them into readily assimilable yeast 
food. It is improbable tliat any such p^^ptic 
action takes place, and the benefit to be derived 
from the introduction of the lactic organism lies 
in the security it aflordh against unrestrained 
multiplication of acid-producing organisms in 
the fermenting tun. It has been suggested that 
a like degree of protection may be obtained by 
the use of commercial lactic acid, thus obviating 
the dangers attendant on ike encouragement of 
baoterial growths on distillery premises and also 
in effecting a great saving of time. Com- 
mercial lactic acid has, however, proved a failure, 
although the suitability of certain mineral acids 
has been demonstrated. 

In yeast making, a water comparable in 
many respects with that from the London clay 
is generally regarded as most suitable. The 
yeast manufacturer strives to obtain the greatest 
possible extract from liis materials, and to that 
end a soft extractive water is decidedly an 
advantage, whilst the presence in considerable 
quantities of the chlorides of calcium and 
sodium undoubtedly contributes to the fer- 
mentability of the wash and so to the yield of 
yaasi obtained. 

Waters ooutaining nitrates, nitrites, and 
other salts know'n to exert a harmful infiuence 
on yeast, would naturally be rigorously excluded. 
The biological purity of the water should claim 
the yeast manufacturers* attention, since tliat 
oomplotc sterilisation afforded to the brewer in 
Ms oopj^r is not available to the ^iistiiler. A 
thorough boiling with subsequent sedimentation 
is as far as most yeast maniuacturers go in the 
matter of liquor treatm^t. 

The Main Mashing Operaiion, 

Distillery mash -tuns are remarkable for 
their great sise. They are usually of cast iron, 
end Some may possess a false bottomi whilst 
others have no false bottoms, filtration being 
efbetsd by the aid of filter presses ; or both 
these means of filtration may be employed in 
Ofimjuimtion. In some oases coarse sieves only 
tawikSL An extremely powerful rake or 

3!He two methods of yeast mamdacture tq 


be described are kiiown respectively as the 
Vienna process and the alr-yeast process. The 
grist, or raw material, which haa been finely 
ground, may consist of from 15 to 25 p.c. of 
malt, 50 to 80 p.c. of maize treated separately, 
and about 20 p.c. of either barley, oats, rye, and 
wheat, or a mixture of any or all of these cereals. 
Equal proportions of malt, maize, and rye form 
a not uncommon mixture. An American yeast 
factory uses 30 p.c. barley malt and 35 p.c, 
each of maize and rye. The ground malt to- 
gether with the finely ground raw cereals which 
should be kiln dried is mashed with water of 
such a temperature as to give a final or mixture 
heat of 125"^ to 130^F. The maize ‘ conversion * 
may now bo run in at such a temperature as to 
raise the whole mash to perhaps 136®-140®F, 
The rakes would be running the whole operation. 
Steam or hot water may now be injected, raising 
the mash to 150®F. The total quantity <3 
water used would be at the rate of 35 to 40 
gallons per 100 lbs. of grist or raw materiaL 
A suitable * standing on ’ completes the opera- 
tion. The addition of * bub * at some convenient 
stage has already been referred to. 

The nuithods up to this point would probably 
not differ greatly in either of the two processes 
mentioned, namely ‘Vienna,’ and ‘air-yeast,’ 
but from this point there is a pronounced mveig- 
once, inasmuch as uith the Vienna process the 
actual mash itself, cooled, and perhaps sligMy 
diluted, is fermented. The entire mash is 
transferred to fermenting vessels, and sufficient 
yeast to ensure an early and vigorous fermenta- 
tion is added. The yeasty heads push their 
way through the grams, and are slimed off 
by hand. Such skimmings are then passed 
through sieves of fine bolting silk, which sepaiate 
the yeast from the grains, the yeasty washings 
being collected in settling tanks. The course 
of the fermentation is described below. The 
yield of yeast from this process is small, as, 
apart from other considerations, some 15-20 
p.c. of the yeast produced escapes the sieving 
and passes to waste with the grains. The 
Vienna process results in high spirit yields but 
the yeast is often weak. 

In the ‘air-yeast’ method the mash after 
standing a few hours is passed to filter presses; 
which effect the complete separation of the 
‘grains’ from tho liquid extract or wash. 
The wash is collected in wood or wrought-iron 
vessels usually fitted with attemperating coils, 
and provided with a ^star-shaped arrangement 
of perforated iron or copper pipes lying on the 
bottom through which air can^be forced. 

The specific gravity*of the wash before fer- 
mentation varies from 1030^* to 1040^ A 
pitching temperature of say 75‘’-78‘’F. is aimed 
at and yeast added in suifioieut quantity to 
ensure a very active fermentation immediate!^ 
setting in. Throughout the whole course of 
fermentation, except m certain apedal cases, 
a current of air is blown through the wash, 
giving the tun the appearance of being gentlly 
on the boil. A5r||tion is of greatest importanes 
during c(»llecik>n of the wera, that is to say, 
during peqpds immediately anterior to and 
subsequent to the addition ox the seed ysast 
Afiration throughout the whole course of Uss 
mentatioii effects the remo'vu^ of the large 
qiuaiititiefi of GOa pro4uoedi thus leevbsc 4lin« 
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fettered the reproductive oapacitv of the yeast 
organism, whilst the passage of a strong air 
current also effects both meohanicaily and by 
volatilisation the removal of some of the alcohol. 
Possibly also yeast metabolism is assisted by the 

S resence of an ample supply of oxygen. Un- 
oubtedly the very compote mechanical inter- 

of* the air ^rent increases the amount imd tfe 
rate of attenuation. 

Two typical fermentations are given below : — 


No. 1 

, 28 hours 


No. 2, 10 hours 


Time 

Sp gr ^ 


Time 

Spgr. 

T® 

Midnight 

. 38 , 

7G 

Midnight. 

30 0 

79 

0 a.m. 

. 32 ‘ 

78 

1 a.ni. . 

29*0 

80 

Noon 

, 20 ‘ 

82 ' 

2 

27*0 

82 

6 p.m. 

. 10 ' 

84 ; 

3 !! ! 

23*0 

84 

Midnight 

4 1 

8() ' 

15 „ . 

14*5 

I fio 

4 a.m. 

2 

Mi 

7 „ - 

10 0 ' 

M> 




9 „ . 

3*5 ‘ 

80 




10 „ . 

.1*5 ' 

80 


1 


Xo 1 was a top fermentation in which a 
portion of the yeast was removed by means of 
mechanical skimmers, and No. 2 rc*presents a 
bottom yeast without removal during fermenta- 
tion. In the air process the separation of the 
yeast from the wash is vanousl}^ effected but 
commonly by means of centrifugal separators, 
which produce a thick creamy yeast suitable for 
phasing into cakes by means of a yeast pre^^s. 
^e cakes are broken up and packed into the 
well-known 7 and 14 lb. jute bags. 


from the manufacture of pressed yeast are alcohol 
and grains. The alcohol is recovered from the 
mrmented wash, after removal of the yeast, by 
distillation. Many typos of distilling apparatus 
are in use, the usual tvpe in Great Britm being 
the Coffey still, in which raw steam is blown 
through the wash, thereby effecting the removal 
of tho alcohol. The resulting mixture of steam 
and alcohol vapour is fractionally condensed. 

Tho differences between Vienna and air- 
yeast methods occasion some modification in 
the type of still used, as, in the Vienna process, 
it is not usual to separate tho grains from the 
fermented wash before recovering the alcohol. 
In the air-yeast process the liquid passed to %he 
still IS practically free from suspended matte^ 
certainly no jiarticlos of grain are present suffi- 
ciently large to block the passage of the wash 
through the perforated copper plates used m 
the Coffey still. 

In the Vienna process a yield of 6} gallon^ 
of 90 p.c. alcohol per cwt. of grist may be 
obtained, whilst in air-yeast distilleries the yield 
per cwt. probably w'ill not exceed gallons of 
90 p.c. alcohol. 

Yields of yeast and spirit arc roughly 
inversely proportionate, as the following figures, 
giving two examples (d the two common methods, 
will show : — 


Metliocl Vkhma Air process 


Yeast, p(‘r cent. , 12 5 20 0 22*0 3.V0 

Spirit, galls, per 
cwt. of proof I 

spirit . . ^ (5*0 (5 8 5*8 4*0 


Yield of Yeast. 

The weight of prosbcd yeast produced is 
usually refen^ to the weight of the grist, and a 
yield of 20-22 p.c. of pressed yeast is expected 
m most British distillencs. Continental manu- 
facturers claim to have obtaine<i a yield of 50 p.c. 

A yield of 35 p.c. is not difficult to obtain, 
but the quality of the yeast is poor. The 
American yeast factory already rcferix'd to 
produces only 12| p.c. of yeast using the Vienna 
prooeas, whilst a c<*rtain Continental yeast 
factory produces 20 p.c. of yeast by the Vienna 
process, and 35 p.c. by tho aeration method. 
It used to be common tp add a iiroportiou ol 
potato starch to the yeast before pressing, pro- 
bably with a view to increasing its dryness and 
consequent keeping property, but practice 
is discontinued. Pressed yeast pacIoMi in 
bags leaves the factory containing ab>ut 70 p.c. 
of moisture. 

Both ‘ top ’ and ' bottom * yeasts are em- 
ployed, the characters of the particular races 
tound suitable, being prcbcrved by the aid of 
pure culture apparatus. The abf^noe of any 
oSsetive sterilisation during wash preparation 
funders It difficult to preserve a pure yeast for 
(Uiy sttoh lengthy penc^ as m common in well 
COMUoted breweries, and frequei^t rc^l^mcnts 
of the latching yeast are neceiwaiy . f he method 
of jpuiu culture foUowrs closely the principies 
aun piucUoe a# bid down by Hansen and his 
cn^poalBeia* Vcloabb by-products mulling 


The ripemt grams roaulting fn>m the manu- 
facture are usually dried, when they may be sold 
for cattle food, or they may be inixt*d with sludge 
frr>m tho fermenting vessels, sweetened with 
molasses and preshcd into cakes. 

In some distiUfTies also tho large quantity 
i carbonic acid gas pi*oduoed is oolleoted ana 
compressed into stci I tubes for use commercially. 
For methods of detecting the presence of 
brewers yeast iii j>n*hst»d yeast, see Vautier, 
Aim. Chini. anal. 1919, 1, «145; J. Soc. Chem. 
Ind, 1920, 38 A. A. C, R. 

YEASTS FERMENTS OF, YEAST-FAT, 
V. Fkkmbntatzok. 

YELLOW, ACID, v. Azo- I'OLocBtKG hat* 
TEBS; also Nafutha LBN X, 

YELLOW, ANILINE v. Azo- coloubibu 

MATTERS. 

YELLOW, BRILUAMT, v. Azo- coloubxku 

MATTERS ; also NArUTi»AI,EKE. 

YELLOW, BUTTER, e. Azo- cowmtHQ 

MATTEBS, 

YELLOW, 0AlIP0BELL0,e, NAiUTBALUKi* 
YELLOW CEDAR* The Jlhodospha4m rkth 
dantkma [EngLl or yellow cedar, a tree growing 
to the height of 70 or 80 ft., is indlganoui to 
tha northern part of New South Warn 

The colouring matter of this dyatfood b 
Jlsstiih which b readily bobted by the method 
described in conneclfou with Yomo Fuitio 
(Perkin, Chem, Soo, Tt$m 1897, 71, IIMK 
A second substaooe ooioufbis 
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oaodlea, m.p. 210®-217®, is also present in small 
amount, and may be identical with fwtin, the 
glucoside of fisetin (Schmid, Ber. 1886, 19,* 
176^, 

The shades given by the yellow cedar are 
slightly weaker and differ considerably from 
those given by young fustic (iJAiw Cotinus), 
although both contain the same colouring 
matter* Employing mordanted woollen cloth, 
the following distinctions are observed — 

Chromiim Aluminium Tin Iron 

Young fustic . iieddibh Orange Orange Brown 

. brown yellow olive 

Yellow cedar . Yellowish Brownish Golden Olive 

brown yellow yellow 

and these may be due to varying amounts of a 
• brown extractive matter, winch is contained in 
both plants. A. 0. P. 

YELLOW, CHROME, r. Chkomium. 
YELLOW, CITRON, v. Chhomium. 

YELLOW, COLOGNE, C'ukomium. 
YELLOW, CROCEIN, v. Naphthalene. 
YELLOW, FAST, v. Azo- colouring mat- 
ters. 

YELLOW, GOLDEN, MariitLS yellow, v. 

NrAT>fT>Ptt AT TPMP 

YELLOW, HESSIAN, u. Azo- colouring 

MATTERS. 

YELLOW, IMPERIAL, r. Aurantia. 
YELLOW, KING'S, v, Aj^enic ; also Pio- 

MSKT8. 

YELLOW, LEIPSIC, u. Chromium. 

YELLOW, LEMON, v. Chromium. 

YELLOW, MANCHESTER, c. Naphtha- 

LEKE. 

YELLOW, MARTIUS, v. Naphthalene. 
YELLOW, METANIL, e. Azo- COLOURING 
MATTERS. 

YELLOW, NAPHTHALENE, r. Naphtha- 

LENS. 

YELLOW, NAPHTHOL, r. Naphthalene, 
YELLOW, NEW, v. Naphthalene. 
YELLOW, ORANGE, r. Azo- colouring 

MATTERS. 

YELLOW, PARIS. Lead chromate v. 
Chromium. 

YELl^W, RESORCIN, r. Azo- colouring 

MATTERS. 

YEUAW, SALICYLIC, v. {Salicylic acid. 
YELLOW, SUN, Azo- (colouring mat- 
TIES ; also Stilbens. 

YELLOW, TURNER'S, v. Pigments. 
YELLOW ULTRAMARINE. Citron yellow. 
Lemon ydlow. Barium chromate, v. Chromium ; 
also PiaMBNTS. 

YELLOW WALLFLOWER IXIfieiranthus 
ebetfj). The purplish-brown petals of the 
oommon garden wallflower are comparatively 

by these on ^umina^ mordant posses^ a 
greenish-olive-yellow tint, and is of a less pure 
eharaoter than that given by the variety known 
as * doth of Gold.* A boiling aqueous extract of 
ibaae latter flowers on treatment with sulphuric 
OOid gradually deposits a yellow precipitate, and 
ibis IS most readily purified by pouring the oon- 
V oenteated alooholio solution into much ether. 
The Rsein impurity is thus precipitated, whereas 
th# colouring matter remains dissolved in the 
Htheir. 9y f^tional oiystallisation from alcohol 
hwo (mloimfig mutters can be isolated from this 


ieorhicmndin (quercetin S'-monomethyl ether), 
and (b) quercetin. The existence of isoriiamnetin 
was first demonstrated by an examination of 
these flowers (Perkin and Hummel, Chem. Soc. 
Trans. 1896, 69, 1566). A. G. P. 

YELLOW WOOD v . Old fustic. 

YENITE. V. ILVAXTE. 

YEW (Taxua ; If commun, Fr. ; Elbe, Ger«). 
It has long been Imown that the leaves and 
beincs of the common yow, Taxua baccata (Linn.), 
(Beutl. and Trim. 253), possess powerful toxic 
properties. Yew is a reputed emmenagogue, 
and it has been used for the 2 )urpose of procuring 
criminal abortion, but its c&cieney is more than 
doubtful, and its employment often leads to fatal 
consequences (r/. Redwood, Pharm. J. [iii.] 8, 
361). The contraction of the uterus is probably 
reflex, as a result of the irritation of the intestine 
by the essential oil (Meyer and Gotiheb, £x- 
]^>crimentelle Pharmakologie, 1914, 213). The 
first thing to do in cases of poisonmg is to empty 
the stomach ; milk may then be given to allay 
irritation, and such stimulants ae alcohol or 
ammonia employed. Yew is seldom used in 
medicine. 

Chevallier and Lassaigne (J. Pharm. Chim. 
1818, 4. 558), Peretti (ihid. 1828, 14, 537), 
Lucas (Arch. Piiami. [ii.] 85, 145), and others 
have examined yew chemically, but no definite 
compound was isolated till the discovery of an 
alkaloid taxine by Marmc m 1 876 (Chem. Zentr. 
1876, 166). Taxine was further studied by 
Amato and Capparelii (Gazz. chim. ital. 10, 349), 
who also obtained a non -nitrogenous crystedline 
compound milosain, and a volatile oil which 
distils with steam, and has the odour of fennel. 
The chemical reactions of taxine obtained by 
Marine's process have been examined by Hilger 
and Brando (Ber. 1890, 23, 464). Taxine is 
prepared by exhausting yew leaves or seeds with 
alcohol or ether. The residue, after distilling ofl 
the alcohol or ether, is extracted with acidhfied 
water, and from the clear aqueous solution 
alkalis precipitate the base in white flakes, 
which, when washed and dried over sulphuric 
acid, assume the apt>earance of a white crys- 
talline powder. The leaves, when dry, con- 
tain 0'7~1*4 p.c. of alkaloid, the seeds less. 
Leaves which have been preserved without* 
prclimin^ drying yield vexy^ much less alkali^. 
The prolis^ary extractions of the leaves with 
alcohol or ether may be dismnsed with ; they 
can be treated directly with a weak solution 
of an acid. Thorpe and Stubbs (Chem. Soc. 
Trans. 1902, 81, 874) have investigated the con- 
ditions under which taxine can be extracted* 
They find that it uudergdes change with extreme 
ease during the process of extraction, thus 
accounting for the difierence in the description 
of its pKmrties by earlier investigators. The 
method ox extraction giving the best resulte was 
found to be treatment with dilute suljj^uric 
acid (1 p.o.) in the cold. Taxine, so obtidned, 
consists of very fine glistening pariidee or a 
white amorphous powoer. It does not exyslal- 
lise. It is odourl4c> but possesses a vexy mtter 
taste. It is very slightly soluble in wat^, is 
soluble indiluu|MidB, alcohol, ether, bensene, or 
chloroform, and insoluUe in light petroleuxii. At 
82^ taxine practically melts, undergoing at the 
same time some decomposition, oAnialysis gives 

a ill # » ^ 
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piopoaed Hilger and Brande. Taxine gives 
reactions <uiaraoteristio of the alkaloids when 
treated with the usual ieagents» and also com- 
bines with acids to form definite salts, which 
have, however, not been obtained crystalline. 
From the residue, insoluble in very dilute acids, 
after the removal of the taxine, alcohol and 
animal charcoal extract milossin. Its nurifica- 
tion is tedious and difficult. It crystallises in 
stellate groups of needles, which melt at 86^-87^ 
and which are insoluble in water, but soluble in 
boiling alcohol (Amato and Caparelli). 

A glucoside, taxicatin^ has been found in the 
leaves of the yew by Bourqueloi (J. Phann. 
Chim. [vL] 1906, 23, 309). Taxicatin O1SHS2O7, 
crystallises from alcohol in colourless needles, 
m.p. 169°-170® (corr.) ; the crystals obtained 
from aqueous solutions contain 2H2O. It is 
hydrolysed by emulsin or by 2 p.c. sulphuric 
acid into dextrose and a substance readily 
soluble in ether or chloroform (I^febvre, ibid. 
[vi.] 1907, 26, 241). 

The twigs of Taxus haccata were found to 
contain invert in and emulsin (Lefebvre), and 
raffinose and sucrose have been isolated from 
the leaves and twigs (Herissey and Lefebvre, 
ibid, [vi.] 1907, 26, 56). 

The leaves of yew have been further examined 
by Winterstein and latrides (Zcitsch. physiol. 
Onem. 1921, 117, 240). With colloidal platinum 
taxine takes uj> four atoms of hydrogen ; it 
also takes up four bromine atoms. Acid hydro- 
lysis yields cinnamic and acetic acids and an 
amorphous substance reducing Fehling's solution. 
Taxine forms a methiodide C37ll5iOioN*OHjl 
and a tri- or tetra-aeetyl derivative. Similar 
results were obtained by Kondo and Amaiio 
(J. Pharm. Soc. Japan, 1922, No. 490, 1074 ; 
Chem. Soc. Abstr. 1923, i, 361 ; J. Soc. them. 
Ind. 1923, 290 A.). An alcoholic extract, 
treated with ammonia yielded a precipitate of 
taxine, as a white* amorphous powder, 
C37H21NO10, sintering at 82^ and molting at 
106M11° ; [aJ^*=+32° 20', and 36“ for 5 and 
10 p.c. alcoholic solutions respectively. By 
wanning with 5 p.c. sulphuric acid, the alkaloid 
was partly decomposed, a compound reducing 
‘Fehlixig’s solution being produced which was, 
however, not a si^ar. On warming with 
alcoholic potash taxine was decomiios^ into 
formic and acetic acids, an amorphous acid of 
imp. 94*^~95^ and mol. wt. 215, a crystalline i 
acid (perhaps cinnamic acid), m.p. 133^ and a 
oomi^and O22H38NO4, m.p.l05M10% insoluble 
in mlute sulphuric acid. By brominatlng in | 
glacial acetic acid, the alkaloid gave a tetra- , 
bromida C89H5,NO,oBr4, yellow amorphous 
powder, wmie in dilute sulphuric acid a trt- 
hro]mdeC87H5iNO|oBr3,or037H4]NO,oBr^iiBr, 
light yellow amorphous powder, was produced. 

The amount of taxine present in the Irish 
yew, Touvs haccaia^ var. fastigiata, has been 
investigated by Moss (Sci. I^oc. lioy. DubL Soc. 
12, 92)* The results seem to indicate that the 
yew contains much more taxine than the 
eottimosi yew. G. B. 

nLAHG-YLANG Oils, 

The ylang-ylang and cananga oil are obtained 
from tim tammga odorata, but the blossoms of 
the eanwnffa ktU/dia are also used for distillation* 
TlMNie tvo oils are the most valuable xierfumes 


of the tropios, but there is an essential difference 
between tnem, and their quality varies according 
%o the land of their origin, probably on account 
of the more or less primitive distiUation methods 
and the greater or smaller care observed in the 
coUection of the blossoms. On the island of 
Beunion a full-grown cananga tree bears 10 to 15 
kilograms of blossoms, and in rare cases 40 to 50 
kilograms. This means a blossom harvest of 
about 2,000 kilograms per hectare. The trees 
bloom in January, and the best yield of oil is 
obtained in May and June,* or later. Gathered 
just before the anthesis, the blossoms are sub- 
jected to distillation in as fresh a state as 
ossiblo. The best ylang-ylang oil is furnished 
y the first fractions, while the rest of the dis- 
tillate consists of cananga oil. In the Bantom 
districts of Java this inferior oil is obtamod 
from the crushed blossoms which are distmed 
with water, but without suilicient cooling, 
yield varies bet\ieen 1*5 and 2*5 p.c,, while tjhe 
first fractions, Mhich represent a prime dis- 
tillate, only amount to 1 p.c. The clear, amber- 
coloured ylang-ylang oil is very sensitive tap 
the infiuence of light and oxygen, and it^ 
composition is highly complicated. So far, the 
presence of the following substances in the oil 
has been definitely established : Benzuio and 
acetic acids (the formic acid sometimes found 
seems to be an impurity), linalool, geraniol, 
paracresol, methyl ether, cadineno, a pinene, a 
phenol, safirol, isosafrol, nerol, famesoi, eugenol 
and Isoeugcnol, eugenic acid methyl ester, 
benzyl acetate and lienzoatc, anthranilio and 
salicylic acid methyl esters, and a sesquiterpene ' 
alcohol. The cananga oil is richer in sosquiter- 
XK^nes, but xioorcr in esters, and the Javanese 
varieties contain nerol and faxncsol. About 
2,900 kilograms of Manila-ylang were cxx>orted 
in 1920 from the Philippine Islands. The first 
ylang oil was distilled on the island of Luzon 
m the ’sixties of the last century (Deutsche 
Parfumerie-Zeitung, through Amer. Perf. and 
Ess. Oil Rev. February, 1924, 629 ; Pharm* 
J. 1924, 112, 334). 

YOGHURT. A s^ur milk 

made in Bulgaria and Turkey by the action of 
the Bacillua bvJgarU us and other iniero- 
organisins, giving rise to a mixture of dextro- 
rotatory and Jfc VO -rotatory lact ic acid, the former 
predtiminatiiig. 

YOHIMBINE {•^Quebnichinc) CajHj.OaN, 
occurs along with other alkaloids in yohiinbe 
bark of Corymnthc Yohimbt^ K. 6chum» 
Pauftiuystalia Sebum) Piene, N. 0* 

RubiaceWt which occurs in the Cameroons and 
othiT x>arts of West Africa. False yohimbe 
bark ot C. nuicraceras, K. Schum=P. macro- 
ceras (K. Schum), Pierre contains very little 
yohimbine, but a considerable qnaniity of other 
alkaloids. Yohimbine is further present in 
l\ TriUesii, Pierre. Tlieso species are related 
to the genus Ciuclwm of the same order. For 
an account of the anatomi(»kl characters of true 
and false barks, with illustrations, su Small and 
Adams (Pharm. J. 1922, 108, 282, 311), who 
also give an account of the literature* Yohimbe 
bark is used by the natives as an aphrodisiac^ 
and the alkaloid yohimbine, patented by Spiegel 
in 1896 (Chem. 1896, 970; 1897, 21, 

833; 1899, 23, 59, 81; Ber* 1903; 36, 169; 
1904, 37, 1750; 1905, 38, 2825), is now used ior 
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the ohMly in veterinaty medicine. 

Spk^ ooneiacm that yohimbine hae the com- 
posiuon CsaH2ftp8N9> but a detailed study by 
lYoumeau and Fiore (Bull. Soc. ohim. 1911 [!▼.] 
9, 1037)» and by Fourneau and Page (Bull. Soi. 
Pharmacol. 1914, 21, 7) have established the 
formula O21H22O8N2 and the identity of 
yohimbine with quobrachine, isolated from the 
bark of Aapidosperma Quebrctcho-hUimOi Schlocht. 
by Hesse, in 1882. This identity was confirmed 
by Ewins (J. Chcm. Soc. 1014, 105, 2738), so 
that, except for practical reasons, the name 

S ohimbino should not bo retained. l?ho formula 
j2H2e03N2 is also supported by Miss Field 
(«l. Gnom. Soc. 1923, 123, 3003). Spiegel (Ber. 
1915, 48, 2077) maintains that this formula 
belongs to another alakloid, mtsoyohimbine^ 
m.p. 247*^, also present in the bark. 

Yohimbine crystallises in needles, m.p. 234^ 
(Spiegel), 247''-248° (Fourneau and Page). 
The melting-point varies considerably with 
the rate of heating. Yohimbine sublimes at 
210®-22076 mm., and has [aj|^ +56*0® in 
alcohol. The hydrochloride CgjHaeOaNajIICl 
has m.p. 302'’-303“, 100-4“ in water; 

the sulphate (C2iH2e03N2)2»8H20, m.p. 281®- 
282® (anhydrous), and la1p^4”100° in water. 
The hydrochloride and particularly the nitrate 
are sparingly soluble in water. The colour- 
less solution of the alkaloid in concentrated sul- 
phuric acid becomes violet and then green on 
stirring in a crystal of potassium dichromate. 
Yohimbine is a monacid tertiary base, and the 
monomeihyl ester of a hydroxy acid derived 
from indole (and quinoline ?). Hydrolysis with 
alkali yields yohimbic acid 02oH2.04N2» an 
amphoteric substance, soluble in hot water, 
m.p. 257®-2C0®, on the composition of which all 
authors agn^e. It can bo rc-esterilied with 
methyl alcohol and hydrogen chloride to 
yohimbine {e,g. Field, /.c.), and with other 
alcohols to homologues of yohimbine. Two 
oxygen atoms of yohimbine are therefore present 
in a carboxyl group ; the third is in a hydroxyl, 
which is esterifiod when yohimbine is dissolved 
in cold concontratod sulphuric acid (Barger and 
Field, J. Chom. Soc. 1915, 107, 1025 ; 1923, 123, 
1038). When the solution is i)oured on ice 
yohimbine sulpJiuric eater Hoparates, which, 
crystallised from 1400 parts of boiling water, 
forms needles, m.p. 292®-295®. This character- 
istio derivative is also formed fn)Tn qucbrachine 
( Bwins). When it is warmed with dilute sodium 
hydroxide, apoyohimbine soparatete C2iH2402N2, 
m.p. 261®-252®, [aljj=+40®; this unsaUirated 
base has a very sparingly soluble hydrochloride 
(1 : 1300 in water at rqpm tomporaturtO* und can 
be reduced catalytically to deoxy-yohimbine 


Ci.UaaNaCOOCIIa 


jr and Field). 

- jr the detormination of yohimbine in the 
bark, see Schemer, Pharm. Zentralh. 1922, 63, 
3B5; for the physiological action, Oberwartli, 
Virchow^s Aiebiv. 1898, 163, 292 ; F. MiiUer, 
Arch* f. Anat, Physiol., Ph3rsiol. Abt. 1906, 391 ; 
Chum, Quart. J. exp. Physiol. 1908, 1, 111; 

ad* 1910, 3, 185 ; Rumxy, J. Pharm. exp. 
W»P»oc,191S,U,n2). G. B. 

Vqu vit— r. 


TOUXO FUSTIC. Young fustic consists of 
the wood of the stem and larger branches of the 
Mhua eatinui (liixiii.h a smaU tree which is a 
native of Southern Europe and the West India 
Islands. It is a hard compact yellow wood, and 
is usuallv imported in small bundles or foggots. 
Within the last few years young fustic has umost 
disappeared from the market, not only on 
account of the artificial colouring matters, but 
because the shades it yields lack permanence, 
and the percentage of colouring matter it oon« 
tains is small. The leaves of the K. eoUnua 
constitute Venetian sumach, a tanning material 
which is employed to some extent in Italy and 
Southern Europe. 

Ftaetin O25H10O4, the colouring matter of 
young fustic, was first isolated by Chevreul 
(Logons de Ohimie appliquee a la Teinture, A. 
li. 150), who gave it the name ‘ Fustin.’ Bolley 
(Schweiz. }>olyt. Zcitschr. 1 864, 9, 22) considered 
that it was identical ^^ith quercetin, but Koch 
(Ber. 5, 285) maintained that hsetin was probably 
an aldehyde of quorcctinic acid. 

Schmid (Ber. 1886, 19, 1734), who carried out 
an exhaustive examination of this dyewood, 
obtaineck fisetin in a pure condition and proved 
that it was not identical with quercetin. He 
found that in addition to the free colouring 
matter, young fustic contains a glucoside of 
fisctln combined with tannic acid to which he 
gave the name of fustin tannide. 

To prepare fisetin, Schmid (l.c.), and later 
Herzig (Monatsh. 12, 178), employed *cotmin’ 
(1;. iiyra), a commercial preparation of young 
fustic which is no longer on the market. Accord* 
ing to Perkin and Pato (Chem. Soc. Trans. 1895, 
67, 648), fisetin is readily isolated from the dye* 
wood as follows ; — 

Young fustic is extracted with boiling water, 
and the extract treated with lead acetate solu* 
lion. The lead compound of the colouring 
matter is collected, made into a thin J^te with 
water, and in a fine stream nm into boning dilute 
sulphuric acid. After removal of lead sulphate 
the dark-coloured filtrate, on cooling, deposits a 
semi-crystalline brownish mass, whicnis collected 
and purified by crystallisation from dilute 
alcohol. 

Schmid assigned the formula to 

fisetin, but it was found by Herzig that the 
analyses agreed equally well with C^sHioOt, and 
that this formula was correct was support^ by 
the work of Perkin and Pato (/.c.), who gave 
to fisetin sulphate the formula — 
C„H,o04H8S04 

Fisetin forms yelk>w needles, melting at 
above 360®, easily soluble in aloohoL Alkaline 
solutions dissolve it with a deep vellow coloor 
which, on oxwsure to air, gradually changes to 
brown ; with alcoholic ferric chloride it gives 
a deep green coloration, and with lead acetate 
a bright orange-red precipitate. Tdira-acU^ 
fisetin Ci 8H408(0,H80)4, m.p. 1 W®-198®, crystal* 
liscs in colourless needles, and the hemoyl deriva- 
tive C].H404(C7H50)4, needles, melts at 1^®*- 
181® (rerkiiL afM Pato), (Schmid, 184®-*185®)* 
Fisetin mvesWith mineral acids in the presence 
of acetic acid^rystalline salts. Fisetin snlfplke^ 
C]sH^i|Ot*H|SO«, scarlet needles, fiMin 
bromide otaime needles, and 

fisetin kydrochiSriae have been prepared in tl]d« 

So 
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maimer (Perkin and Pate). These oomponnds 
are readily deoomposed hy mter. Month 
poiamwn fiaeHn djsHgOeK yellow needles 
(Perkin^ Ghem. Soc. Txws. 1899, 75, 433), is 
obtained from fisetin by moans of alcoholic 
potassium acetate. 

By fusion with alkali or oxidation of its 
alkaline solution by exposure to air fisetin gives 
resorcinol and prt^ocatechuic acid (Herzig). 

On ethylation with ethyl iodide £etin is 
oonverted into tetraethyl ether 
C„HeO,(OC*H,)4 

colourless needles, m.p. 106®-107® ; the corre 
spending methyl derivative Ci.H|i 02 ( 0 CHa )4 
melts at 152®-163®. 

When iisetia tetraethyl ether is submitted 
to the action of boiling alcoholic potash it gives 
protocatechuie acid diethyl ether^ and Jisetol 
diethyl ether (Herzig), colourless needles, m.p. 
42^-44^ This latter compound, by oxidation 
with permanganate, is converted into the mono- 


acid gives 3-ethoxy-3^ : 4'<4imethoxy£bvanon^ 
0 

(2) \CH-<^0CH. 


V\co>« 


and this, when treated with amyl nitrile ^d 
strong hydrochloric acid in alcoholic solution, 
is converted into the isonitroso compound (3)— 

0 ^ 

(3) 


ethyl ether of reaorcylic acid, and the monoethyl 
dher of reBorcinolglyoxylic acid, and consequently 
fisetol diethyl ether may bo thus represented- 

OCaHa(^,-OH 

|j_CO~CHa*OCaHa 

As a result of his investigation Herzig 
assigned to fisetin the constitution of a trt- 
h^droxyflawmol — 

OH 

w"'’® 

The tetraethyl derivative of this compound 
suffers hydrolysis according to the following 
scheme : — 

OC,Ha 

O0,h/\-OH ho c-/^oc,h, 

1 I II 

-CO COCjH* 

OC,H, 

^ OH 

is^JLoO-CH,OC,H, 

Fisetol dietii>l ether. 

. OC,H. 

+COOH-<^^OC,H, 
Frotoeateduilc acid dIeUvI ether, 

Flwtin has been synthesised by ▼. Kostanccki, 
Lunpe, ud Tsmbor (Ber. 1904, til, 784). 

2-SyiiroK]fA-ethoxy-3' : A'-dimMacychalkciM 

(1)— 

0,H,0/\— OH , OCH, 

Sg«|M 0 sd the oondensatioa of rasaoetophrnone 
•WMWtfqri ether with veretric aklrbyde, when 
,i iU g w it e d with hwing dilate elcoholie solidiurio 


OCH, 

C,H.0/\— 0 -C-<^OCH, ^ 
l^_CO_^-OH 

When boiled in acetic acid solution with io 
p.c. sulphuric acid this substance gives 3-ethoxy» 
3^4^-dimethoxyiiavonol (4), from which fise^ 
(5) is readily produced by the action of boiling 
hydriodic acid — 

0 

(5) OH/N^/ \3-^^~^0H 

The synthesis of fihotin has been more 
recently effected by Auwers and Pohl (Ber. 
1915, 48, 85), from fn-p^dimothoxy-benzylioene- 
6-methoxy-eumaranonc, the yield being, how- 
ever only 5 p.c. 

Fisetin is a strong colouring matter and gives 
shades which are lumost identical with thoso 
produced by quercetin, rhamnetin, and myricetio. 
The colours given with wool mordanted with 
chromium, aluminium, and tin an*, respectively, 
red- brown, brown-orange, and bright r^-orange 
(Perkin and Hummel, Chem. Soc. Trans. 18^, 
09, 1290). 

The glucoside of fisetin, according to Schmid 
{Lc,)t is prepared as follows : A boiling aqueous 
extract of young fustic is treated with lead 
acetate, the prtK’ipilate removed, the clear 
liquid freed fiom lead by means of sulphuretted 
hydrogen, and sat urated with salt. The mixture 
is filtered, the filtrate extracted with ethyl 
acetate, and the extract evaporated. There is 
thus obtained a n^sidue consisting of the crude 
fustin-tannide, which Is puntied by solution in 
water, precipitation with salt, and extiaolion 
with ethyl acetate. 

FuetUn tannide crystaUises in long yeUowisb- 
white needles, which are easily solubic in watar, 
aloohol, and ether. When heated it dooomposes 
above 200^ If a solution of fustin tannim in 
hot acetic acid is treated with water, and allowed 
to stand for some time, colourless csystaJstrf 
fustin are gradually deposited. 

Fustin orysiaUises from water in yellowfadi* 
white needles, m.p. 21BM19% and when 
digested with Ixiiling dilute sulphuric acid gim 
fi^in and a sugar, the nature of which has not 
been determined. The formula given to this 
glucoside C„H4.0,, by SebiniJ^eM^ to 
regarded M correct, in view of tto foot tto4 fto 
Iroe forauin of ficetia ie now known to to 
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Dlfwng furtmrtiea of jfoung fuatc,^Tb» 
oolom iBmid mm young fcwUo ftte all fugitivf 
to ligliti hoaoe this dyestuff has lost its import- 
anoe. In silk dyeing it was formerly used for 
dyeing broirh, the silk being mordanted with 
alum, and afterwards dyed with a decoction 
of youn^ fustic, peachwood, and logwood. With 
the various metallic salts as moraants young 
fustic yields colours somewhat similar to those 
obtained from old fustic, the chromium colour is, 
however, much redder, being a reddish-brown, 
and the aluminium yellow is much duller; 
stannous chloride on the contrary gives an in- 
comparably more brilliant orange, not unlike 
that obtainable from flavin or from Persian 
berries (Hummel). 

Fisetin is present also as glucoside in the wood 
of the yellow cedar, Eiiodosphacra rhodatUhema, 
and in the wood of the Quebracho Colorado 
[U). 

The leaves of the R, colinua contain myricetin. 

A. G. P. 

YPERITE* Syn. for j8j3'-dichlorocthyl sul- 

S hide ; * mustard gas * {q.vJ). For a method of 
etecting and estimating yperite, see Grignard, 
Bivat and Scatchard, Ann. Ch^. 1921, [ix.j 
15 , 5 * 

YTTERBIUM {NeotfUerbium; AUtharanium : 
Oaaaiopeium), Sym. Yb. At.wt. 173*5. In 1878 
Marignac, by t^ fractional decomposition of 
the nitrates, isolated from crude erbia the 
OBXih yUcrhia, which has since been resolved by 
Urbain into two components neoyiterbia and 
luiecia (Compt. rend. 1907, 145, 759 ; f/. Auer 
von Welsbach, Monatsh. 1006, 27, 935 ; 1908, 29, 
181; 1913, 34, 1713; Wenzel, Zeitsch. anorg. 
Chom. 1909, 64, 1 19 ; Urbain, Chem. Zeit. 1908, 
32, 730 ; Blumonfeld and Urbain, Compt. rend. 
1914, 159, 323). 

Occurrence. — Is found in xenotime, ytterbite 
(gadolinite), monazite. 

Semration and purification, v . Lutecium 
(c/. Urbain, CJongress of Applied Chemistiy, 
1909, X. 94). 

Ytterbium oxide ( Ytterbia) YbsO,, a colourless 
mass when free from ihulia ; it dissolves slowly 
in cold, and readily indiot, dilute acids. Witn 
the exception of scandia and lutocia, ytterbia 
(neoyttema) is the weakest base of the yttrium 
earth series. 

Ytterbium hydroxide Yb(OH), is a colourless 
goli^inous precipitate. 

Ytterbium ohloride YbGl„6H,0 (Matignon, 
Ann. Ohiro. 1906, [viii.] 8, 440), prepared by 
the action of hydrochloric acid on ytterbia, 
separates in deliquescent crystals,* ra.p. 150^- 
iSS ^ ; it gives rise to the readily soluble platlni- 
bUorUe 2 YbC]«,Pta 4 , 22 H« 0 , and auilehlorlde 
ybag,AuCI„9H,0. . 

YtterUam nltrat6Yb*NO,)s,4H,0 crystallises 
from strong nitric acid in transparent hygro- 
ioopio prisms; a trihydrate separating in 
eolmbm plates is obtained from solutions 
evaporated over strong sulphuric add, 

YttorUum sulpbste Yb,(S 04 )at 8 H, 0 , lustrous 
eofeorless ciystals, the solubility of which 
dtminiWies with rise of temperature ; this salt 
b parity hydrolysed in dilute solutions. 

VMriitam orlhophoiphsto YbPO«,4iH|0,a 
gmbnOQi precipitate obtained from soluble 
ytbwbbm calb and sodium phosphate; the 
nbtHiMlililb Yb(POs)i> a crystsilaju^ powder, 


produced by melting together anhydrous 
ytterbium sulphate and metaphosphoric acid* 

YttsrUfim borate YbBO^, obtained by fusing 
together ytterbia and boric anhydride; is a 
crystalline mass insoluble in dilute hydiochbrio 
acid. 

Ytterbium earbonate Yb|rCOt)9,4H;iO, a ^la- 
tinous predpitate produced by mixing solutions 
of ytterbium nitrate and ammonium carbonate ; 
the basic carbonate Yb(OH)CO»HtO is formed 
by p^ing carbon dioxide through freshly- 
precipitated ytterbium hydroxide. 

Ytterbium eobalticyanide Ybg(CoCtHc).,9H,0, 
very slightly soluble in a 10 p.c. solution of hydro- 
chloric acid ; 1000 parts of a saturated solution 
contain 0*38 part of the salt. 

Ytterbium oxalate Yb 2 (C 20 «) 3 , 10 H 20 is a 
crystalline powder distinctly more soluble in 
dilute sulphuric acid than the oxalates of 
yttrium and gadolinium (Nilson, Compt. rend. 
1879, 89, 419 ; 1880, 91, 56, 118). The normal 
ytterbium salts of the lower fatly acids are very 
soluble substances. 

Ytterbium dimethyl phosphate, long white 
needles, solubility 1*2 at 25^ and 0*25 at 95^ 

jSpeclfa.’Spark spectrum (i.) visible region 
(Thaldn, ibid, 1880, 91, 326); (ii.) ultra-violet 
(v. Welsbach, Monatsh. 1884, 5, 1 ; Crookes, 
Froc. Roy, Soc. 1906, 78, A, 154). Spark and 
arc s^ctnim (£xner and Haschek, Die Spektren 
dor Elemente bei normalen Druek, 1912 ; Eder 
and Valenta, Atlas typischer Spektren, 1911 ; 
Kaiser, Akad. der Wissensch. Wien). 

G. T. M. 

YTTRIALITE. An amorphous mineral con- 
sisting of silicate of yttrium, thorium, Ac*, 
approximating to the formula 
contains YsOs 46*5, ThO, 12 p.c. The material 
is translucent with a dark olive-green colour 
on the fresh conchoidal fracture; externally 
it weathers to orange-yellow. Sp.gr. 4*58, 
H. 5-5} ; soluble in hydrochloric acid. Masses 
up to 18 ib. in weight are found with gadolinite 
at Barringer Hill in Llano Co., Texas. 

L. J. S. 

YTTRIUM. Sym.Y. At.wt. 88*7 (Meyer and 
Weinheber); 90*12 (Egan and Balke); 88*9. 
(Smith and Balke) ; 89*33 (Kremers and 

Hopkins) ; 89*03 (Fogg and James). Th9 

individuality of yttria, the predominant and 
most basic constituent of the ;^trium earths, was 
first recognised by Mosander in 1843, and is the 
most easily purified oxide of this series. 

Sources, — ^The yUrium earths from the 
following minerals : ytterbite, xenotime, fergu- 
sonite, yttrotantalite, samarskite, polycrase, 
euxenitc, yttrocrasite (Amer. J. Sd. 1906, (iv.] 
22, 515). It also occurs in smaller quantitiM in 
tho rare earths from cerite and allied minerab 
{v, CBBIUM METALS AKD EABTHS). 

Separation and purifijcation,^ln its baaioity 
^tria follou *8 the more basio cerite earths nm 
is separated by methods founded on diilmnees 
in basio strength from the other less basio 
^trium earths, erbi^ dysprosia, thulia, ytterbis, 
lutecia, and soandi^ the following ptooesses 
being employed tor ibis purpose: ( 1 ) deoom* 
position 4 >i niwates ; ( 2 ) the basio salt method 
(e. Laktbakus and ^kbiux) ; (3) fraetional 
predpltaUon with alkalb or anitiiie ; (4)siieoes« 
sive treatment with ammontuua carbonate etvd 
aoetioaeid. 
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OryBtaUisation methods are less praoticable 
in the yttrium than in the cerium group, because 
of the greater solubility of the salts and the 
instability of the double nitrates, which in the 
yttrium series are unstable at the ordinary 
temperatures in aqueous or nitric acid solutions. 
Nevertheless, the final purification of 3 iitiium 
from erbium, &c., may effected by fractiona- 
tion of the bromates, chromates, formates, 
acetates, oxalates, acetylacotones, ethyl-sul- 
phates, and ferrocyanides (v. Ebbiitm). 

According to Meyer and Wuorinen (Zeitsch. 
anorg. Chem. 1913, 80, 7), the following methods 
are suitable for the fractionation of mixtures 
containing yttrium. The precipitation of di- 
chromate solutions with potassium chromate 
sepflurates yttrium well from terbium and 
gadolinium, but is most applicable to mixtures 
mom which most of the terbium group has been 
removed by other methods, when it yields pure 
yttria. 

Fractional ciystallisation of the ethyl sul- 
phates is tedious, but is suitable for large quanti- 
ties. Precipitation with potassium ferrocyanide 
furnishes nearly pure yttria, but the yield is 
small, and the precipitates are ndt readily 
filter^. Crystallisation of the double ammonium 
tartrates is unsuccessful, as is also the fractional 
hydrolysis of these salts by water, ammonia, or 
magnesia. 

A method, depending on the hydrolysis of 
solutions of the phthaktes by heat, rapidly 
removes the erbium group, and gives a large 
yield of a product consisting mai^y of yttria, 
which is then conveniently purified by fraction- 
ally precipitating a slightly acid solution of the 
nitrates with potassium iodate. 

By Muthmann and Bolin’s chromate method 
small quantities of fairly pure yttria can bo 
rapidly prepared from mixtures containing 
small amounts of erbium and holmium, but the 
method cannot be applied to the fractionation 
of mixtures containing didymium and gado- 
linium unless these are first removed by potas- 
sium sulphate (Egan and Balke, J. Amer. Chem. 
8oc. 1913, 35, 365). Holden and James (J. 
Amer* Chem. Soc. 1914, 36, 638) have investi- 
gated the various fractional precipitation 
methods in order to ascertain the best method of 
separating yttrium from the yttrium earths. 
Tne methoos used were fractional precipitation 
of the dimethyl phosphates, the cacodylates, the 
phosphates, the monomethyl phosphates, the 
arsenates, the phosphites, the chromates, the 
iodides and bromates and hypophosphates. 
Of these the chromate ^nd phosphate methods 
were found to be the most efficient. A still 
more effective method has been found in 
the fractional precipitation with sodium iiitrite. 
The oxides are dissolved in nitric acid, the 
solution diluted and boiled, and a quantity of 
soditim nitrite added sufficient to precijiilato 
the required fraction of the rare earth material. 
The yttrium concentrates in the later fractions. 
This method gives a larger yield, a more rapid 
separation and is less expensive than the phos- 
phate or chromate method. It ijf not, however, 
very effective for the separation ^ ytls'um from 
teroiom (Holden and James, /.c. 1914, 36, 
1418). 

In the fratftional electrolysis of the eartlis 
from xenotimei erbium collects in the early 


fractions and yttrium in the later fractions 
^Dennis and Lemon, J. Amer. Chem. Soo* 1916, 
il, 31). 

Willand and James (J. Amer. Chem. See. 
1916, 38, 1198) find that the best modes of 
separating yttrium, in relatively large quantity, 
irom erbium, are by the use of the nitrite, 
cobaliicyanidc, and phosphate methods. Frac- 
tional precipitation with sodium nitrite is recom- 
mended for work on a large scale, on account of 
the cheapness of the salt and the ease of manipu^ 
lation (r/. Bonardi and James, J. Amer. Chem. 
Soo. 1915, 37, 2642; Wichers, Hopkins and 
Balkc, ibid, 1918, 40, 1615). 

Yttria may also be Be})arated from other 
rare earths by taking advantage of its sokbility 
in ammonium nitrate solution (Prandtl, Zpitsch. 
anorg. Chem. 1925, 143, 277). V 

According to Whitteinore and Jamw (J. 
Amer. Chem. Soo. 1912, 34, 773) yttrium can be 
quantitatively separated from sodium by\ pre- 
cipitation with ammonium scbacate and ![rom 
potassium by a double precipitation with the 
same reagents. The separation of yttrium from 
iron, aluminium, lithium, and magnesium can 
be effected by its precipitation as oxalate by 
oxalic acid in presence of ammonium chloride. 

Metallic yttrium has been obtained by the 
reduction of yttrium chloride or yttrium sodium 
chloride vith sodium or by the electrolysis of 
the latter salt; it is an iron-grey substance 
melting at 1490^, easily oxidisablo and decom- 
jKisiug hot water (Cleve, Bull. Soo. chim. 1873, 
lii.] 18. 193, 289 ; 1874, fii.] 21 , 244 ; cf. Winkfer, 
Bor. 1890, 23, 44, 120, 772, 2642). See alto 
Trans. Amer. Electroehom. Soc. 1926, 49, 161. 

Yttrium oxide ( Yltna) YjOj, white |)owder, 
sp.gr. 4*84; Bp.ht. 0*1173, absorbing carbon 
dioxide from the atmosphere ; obtained crystal- 
line by fusion with calcium chloride (Compt. 
rend. 1888, 107, 99 ; J. Russ. Phys. Chem. Soc. 
1910, 42, 96). 

Yttrium hydroxide Y(OH) 3 , gelatinous pre- 
cipitate ; the product obtained with ammonia in 
presence of hydrogem Tieroxido is a hydrated 
peroxide Y 40 f,a;H 20 (Clove, Bull. Soc. chim* 
1885, lii.] 43, 53). 

Yttrium carbide YC^, yellow crystalline mass, 
sp.OT. 4*13, produced by heating the oxide with 
carbon in the electric furnace, is decomposed by 
water evolving acetylene, mixed with hydrogen, 
methane, and ethylene (Moissan and Etard, 
Compt. rend, 1896, 122, 573). 

The salts of ]^rium with colourless ^d 
radicles are devoid of colour, and their solutions 
show no sMective absorption in the visible 
region of the sijeotrum. 

Yttrium fluoride YF^.^HgO is obtained in the 
wet way as a gelatinous precipitate ; the anhy- 
drous substance is produced by the action of 
fluorine on the oarbido (Moissan and Etard, 1*6* }« 

Yttrium chloride YCl, can bo product by 
the methods generally applicable for the pre- 
paration of the anby(lrous chlorides of the rare 
earths (v. Cerium). The hexahydrato 

yCla,6H,() 

oolourless deliouescent prisms, melts at 160*, and 
is readily soluole in water or alcohol (Hat4^os)i, 
Ann. (.liim. 1906, [viii.1 8. 433). 

The solubilities of the chloride* bronude, 
nitrate, and sulphate of yttrium havo neen deter* 
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mined by Steinert and Hopkins (J. 

f hya. Chem. 1925« 29, 84), • 

Yttrium sulphate Y,(SO Ja,8HtO, monodinic 
crystals, IsomorphouB vitli the octahydrated 
sulphates of erlnum, neodymium, and praseody* 
mittm (Kraus, Zeitsoh. ^rist. 1901, 34, 307). 
The aetd sulphate Y(S04)H3 separates from 
conoontratod solutions in sulphuric acid (Brauncr 
and Pidek, Zeitsoh. anorg. Chem. 1004, 38, 322). 
With alkali sulphates, yttrium forms soluble 
double sulphates, e^. 2 Y2(S04)3,3K2S04 ; 

Y*(S04)3,Na2S04,2H20 

Yg(S0*)3,2(NH4)2S0t.9H20 ; these salts costal- 
lise on concentrating the aqueous solution of 
their components* 

Yttrium nitrate Y(N03)3,6H20, very soluble 
deliquescent crystals ; a dihydrate has also been 
described (Tanatar and Voljanski, J. Russ. 
Phys. Chem. 8oc. 1910, 42, 580) ; basic nitrates, 
e.ff, 3Y203,4N205,20H20, are produced by the 
partial decomposition of the normal salt (James 
and Pratt, J. Amer. Chem. »Soc. 1910, 32, 873). 

Yttrium phosphates. The ortho-phosphate 
YPO4, which occurs native as xenotime (v, 
supra), has been obtained in lustrous needles by 
melting together yttrium chloride and the 
amorphous phosphate (Compt. rend. 1875, 80, 
304 ; 1888, 107, 022). When prepared in the 
wet way the crystalline salt has the composition 
YP04,2H20. The normal pyro- and meta- 
phosphates Y4(P20,)3 and Y(P03)3 have been 
described together with several acid and 
double phosphates (Cleve, Z.c. ; Johnson, Ber. 
1889, 22, 976). 

Yttrium carbonate Y2(C03)3,3H30, white 
precipitate obtained either from a soluble 
yttrium salt and an alkali carbonate, or by 
passing carbon dioxide into freshly-precipitated 
yttrium hydroxide; it dissolves in excess of 
aqueous alkali carbonate forming double carbon- 
ates, e.ff. Y2(C03)a.Na3C03,4H30, 

Yttrium cobalttcyanlde Yg^CoN 304)2,91130. 
Sparingly soluble in 10 p.c. hydrochloric acid 
solution ; 1000 parts of a sat. solution contain 
2*78 parts of the salt. 

Yttrium ferricyanide YFe(CN)3 is precipi- 
tated from a mixture of dilute solutions of 
potassium ferricyanide and yttrium chloride. 

Yttrium oxalate Y2(C204)3,9H20, a white 
crystalline powder, dissolving in aqiieous potas- 
sium oxalate to form YgfCjOa) a, 4X30304, 12H2O ; 
it is soluble in dilute sulphuric acid to approxi- 
mately the same oxtoni as lanthanum oxalate. 

Yttrium dimethyl phosphate, long white 
needles, solubility 2*80 at 25^ and dbout 0*55 at 
95®. 

Yttrium salts of other organic acids (v. 
Cleve, I.C.; Tanataran(kVoljan8ky,l.c* ; Benner, 
J. Amer. Chem. Soc. 1011, 33, 60 ; Jantscli and 
Mdyer, Bor. 1920, 53, [B1 1577 ; Meyer and 
MhUer, Zeitsoh. dnorg. Chem. 1919, 109, 1). 

Spectra. — Spark spectrum; visible region 
(Thafcn, Bull. Soc. chim. 1873, (ii.] 22, 250; 
Btttisen, Pogg. Ann, 1875, 156, 2.30, 366; v. 
Wolsbaoh, Monatsh. 1884, 6, 1; Meggers, J. 
Waihiogtoiii Acad. Sci. 1924, 14, 419 ,* Meg^rs 
and Mooroy tbtd. 1925, 15, 207); ultra-violet 
(I^ohse. Ber. Berlin Akad. 1897, 179; 
Hxoor and Himehok, Ber. Wien. Akad. 1900, 
iOdy Xtoy 1220* Are spectrum (Bxner and 
MmMs, Die Wdleiilftngen der Bogenspoktra, 


1904; 


Eberhard, Zeitsch. wise. Photograph, 
ik. Photoohem. 1909, 7, 245 ; Eder, 
Chem.* SSeit. 1916, ii 455). A complete list of 
the wave lengths determined from A2243 to 
A4200 is givenby Yntoma and Hopkins (Optical 
Soo. of America, 1922, J. 6, 121). Cathode 
luminescence (Crookes, Chem. Soc. Trans. 1889, 
6r>, 235 ; Chem. News, 1889, 60, 27, 39, 51, 63 ; 
Muthmann and Baur, Ber. 1900, 33, 1748; 
Baur and Marc, ibid. 1901, 34, 246^. 

G. T. M. 

YTTROCERITE or YTTROFLUORTTE. Cal- 
cium fluoride, or fluor-spar, containing varying 
amounts of yttrium and cerium fluorides in 
isoinorphoiis mixture or solid solution,^ the 
general formula being (Ca3,Y 2,Ce2)F3. Artificial 
fusions of calcium fluoride with these rare-earth 
fluorides give homogeneous mixed cubic crystals 
containing up to 50 p.c. YF3 (tbero being a 
maximum melting-point at 1408® with 20 p.c. 
YFa, corresponding to 7CaF8*YF3), and up to 
55*8 p.c. CeFa. The former may be called 
Iftirofiuorite, and the latter cerfluorite (T. Vogt, 
1914). Yttrocerite was originally described by 
Gahn and Berzelius in 1814 from Finbo and 
Braddbo*near Fahlun in Sweden; where, as 
white, yellowish, or dark violet, granular 
masses with octahedral cleavage and 8p.g^. 
3*46, it occurs sparingly with topaz and albite in 
quaKz. The early analyses showed Ce.Os 
16-18, Y2O3 8-9 p.c. Similar material has 
been found at Amity in Now York ; in a fluw- 
spar vein in Massachusetts ; at Mount Mica 
near Paris, in Maine ; and with top^ felspar, 
and quartz in Colorado (probably Pike’s Peak 
district). The Colorado mineral is violet-blue 
and resembles fluor-spar in appearance ; analysis 
showed y208 29*30, CcjOs 18*19 p.c. ; 

4*31. In 1911 T. Vogt described, as a new 
mineral under the name yttrofluorite, material 
from Uundholmcn in Nordland, Norway. Here 
it occurs in considerable quantity formmg a 
vein some metres in width in pegmatite inter- 
secting granite. Associated mincreds are fluor- 
spar, orthiie, gadolinite, fergusomte, aftd 
xenotime. The composition is variable, one 
sample yielding on analysis Yg03 17*36, CeiOg 
1*68 p.c., corresponding nearly to the fonnnw 
7CaF2*YF3 mentioned above. TJiis uwteriiu 
resembles fluor-spar in appearance. It is pale 
yellow with an imperfect octahedral cleavage ; 
sp.gr. 3*56, H. 4J, optically isotropic, nj> 1*4572 
(of the material analysed). 

• L. J. S. 

YTTROCRASITE* Hydrated titanate of 
yttrium, thorium, urai^um, Ac., crystallised in 
the orthorhombic system. Analysis shorn 
(Y,Er)30, 25*67, CegO,, etc., 2*92, ThO* 8*75 p.a 
The mineral is black with a bright pitchy lustare 
on the small-conchoidal fracture, resemUing 
polycrase in appearance. Sp.gr. 4*804, H. 5)-6, 
under the microscope thin splinters are trans- 
parent and colourless to pale yellow, and are 
seen to consist of a mixture of optically isotfopie 
and feebly bixefringent material. The mlneial 
thus appears to have resulted from the alteration 
of an originidly anhydrous species. It was found 
in Burnet Col Texas, not tar from the wdt<* 
known gadolinite locality in Uano Co. 

L. J. a 

YTtROFLVORITB v. Yn*B#oxiam 
YTTBOTAinrAUm A eomplex ttineml 
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oonskiing esdentially of yttrium tantalute aud found in the fehq^ quaxiiei at Ttterliy and 
erystallirag in the orthorhomhio $yBtem. It it S'ahlim in Sweden and in the south of Norway 
Ui^k with a bright* oonchoidal nacture* and (W. C« Br6gger* Die Mineralien der siidnorweg* 
olosoly resembles samarskite (g.t;.) in appearanoe. Iscben Gramtpegmatitg&nge* Vid*-SelBk* 
Masses several pounds in weight have been Kristiania, 1906* No. 6* 152)* L. J*. 8* 
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ZAFFRE. Cobalt blue v. Cobalt; also Pia 
HBKTS. 

ZALA. A synonym for Borax. 

ZAHIA STARCH is derived from the rhi 
comes of Zamia fioridam^ DC., a dioscious plant 
belonging to the (^'cadaoece growing in Florida. 
Is present in the air-dried rhizomes to the extent 
of 37'75. The grains are spherical, ovoid, and 
dome-shaped, var 3 dng from 6 to 40/x in length. 
Sometimes marketed as * Florida Starch,’ a 
term also applied to the starch derived from 
Marania aruniinacea, the true arrowroot starch, 
also produced in Southern Florida (Clevenger, 
Amer, J. Pharm. 1922, 94, 98). 

ZANTHOXYLUM. The bark of the prickly 
ash, ZaiUhoxylum americanum (Mill.), and Z. 
airdinianum^ which are rutaceous plants. Is 
used in medicine in the treatment of rheumatism 
and to relieve toothache. It contains a volatile 
oil and resin. 

ZARATITR or EMERALD NICKEL. Hy 
drated basic nickel carbonate 

NiC08-2Ni(0H),.4H20 

As thin mamillary crusts with an emerald-green 
colour and vitreous lustre it occurs generally 
on serpentine together with chromite, e.y. at 
Texas in Pennsylvania, Unst in Sheilands, 
Dun Mountain in New Zealand, Tasmania, &c. 

L. J. 8. 

2SADBERIN. Trade name for the sodium 
comiK>und of toluene para-sulphochloramide, 
used as a deteigent and bleaching agent. 

ZEIN V. Maize, art. (*£ 1 ieals. 

ZEIODELITE. The name of a mixture ob- 
tained by stirring 24 part<» of tiiu'ly-powdered 
jglass into 20 parts of melted sulphur; used 

a cement and for takmg casts instead of sul- 
phur or plaster. 

ZBOmOMAL* Dibromocinnamiceth;jrlester. 

ZEOLITES. A large group of minerals 
consisting of hydrated silicates of aluminium 
with alkalis and alkaline earths. A few of the 
more important are — * 

Natrolite (g.r.) . . Na8Al88i80|«,2H.0 

StUbite .« CaAl8Si80i8,GH80 

Heulandite . CaAl8Si80i«,5H80 

Chabazile . CaAItSiiOi^OHsO 

Analeime * NaA]8i,0(|.Hj20 

Thoznsonite (q,v.) (C^*Na 8 )Al 2 Si| 08 , 2 iH 80 

Harmotome and edingtonite contain barium ; 
biwimterite contains some strontium ; and 
potassium is present in phUlipsite (c.e.). These 
miiiecaii hohf their water of crystalfisation very 
loosely, and it is rcplaceable^by a varie^ of 
Mbstai^ ammonia, alcohoh Ac.}. They 
igia readily with intumescence, Mnce ijne name 
from {t^y* to boil, and liBos, a stone* 
mw readily dooomposed by acids, usually 
with tim separatioii of gelatinous sUioa ; and I 
by tlm aotioft of wadoas teagsnis several sub- 1 


Btitution products have been prepared* They 
arc minerals of secondary origin, occurring 
usually in the steam-cavities of volcanic rooks, 
and have been derived from the decomposition 
of felspar and other alkali-bearing minerals 
(with wliich they show certain chemical analo- 

giCB). J 

The zeolites present many points of mineralo- 
gical interest, and they afford beauwully 
crystalliKed specimens, but they are of no ghwot 
economic importance. They aptiear, hoover, 
to play an important i>art in soils by retaining 
in a readily soluble form thf^ alkalis set ^free 
on the weathering of felspar. The indofipite 
zeolitic constituent of soils has been named 
geolt/te (Ger. Bodemeohth) (E. A. Wulfi^* 
Jahresh. Ver. Naturk. Wuriemberg, 1900, 
50, 35; R. Gans, Zeolithe iind ahnliche Ver- 
bindungen ihre Konstitution und Bedeutung 
filr Technik und Landwirtsohaft, Jahrb. K. 
Preuss. Geol. Landesanst. Beilin, for 1005* 
1906, 179-211). 

On j>ermutite, an artificial zeoliic-like sub- 
stance employed for softening water and for 
removing manganese and iron from water, and 
also used in sugar reffning, and in gas-masks 
for absorbing gases, v. R. Gans, Chem. Zentr* 
1909, i. 2031; Chem. Nows, 1919, 118, 15; 
also art. Watxb. li. J. S. 

ZEUNERITE t’. Ubakite. 

ZIBETHONE e. Ketones. 

ZINC. Sym. Zn. At.u't. 65v38, Richards and 
Roger; Baxter and Hodges* This metal was 
mentioned by Albtrtus Magnus, who died in 
1280, tlie name then employed being * golden 
marca.site.’ The modem w'ord zinc appears 
first in the writings of Paracelsus, about 1500* 
althougli the identiheation of zinc as the metal 
from blende is due to Homberg in 1695. 

The incial had, however, been produced at a 
much earlier date, probably by accident. Zinc 
'^iracelets wore discovered in the ruins of 
C’4imeros, destroyinl circa 500 b.c. Libavins 
'arefully examined tbc properties of zinc about 
1595. 

From thb fact that the variation of the 
ubioal expansion of zinc with tomperaturo 
zbibits singular points at 176'’ and 320'’* it 
is surmised by L. Losma (Qazz. Chim* ItaL 
19^* 63* 530) that thb metal exists in at least 
three ailotropiio forms* 

According to Egerton (Nature* 1922* 110* 
773) it has ^u found possible to separate zbio 
by fractional distillatioQ into a disiillaie and a 
nmue* the donsitios of wbieh bear to that of 
the initial metal the ratios 0*99971;! and 
1*00026: 1* respectively* the dUbfimees belog 
greater than the probaUa exfMUiittental msmt 
see also Bgerton and Lee* Proe. Bogr. Soc« 1621# 
103, 499. 

Ores of zine were known to tlm aWritotilii 
aiid wm emphq^ Igr thaitt 
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£»cfaw ol by oalamiiffl prooeig, and ftlso 
in sti6didQ6« The vofldng cl ssino oies ^ 
Ihuope in modern times da^ from the intro- 
duotion ol the use of brass^ and there are record 
eictant which show that in 1439 the Vieille 
Montague calamine mines had been worked for 
a considerable time by the men of Aix. Metallic 
sino was sometimes produced accidentally 
durinu the smelting of copper* but is stated to 
hare been first made directly from calamine by 
Henckel in 1721 ^(Peroy, Metallurgy* i. 520). 
A zinc factory was erected at Bristol by Cham- 
pion in 1743 ; but the production in this country 
was small* the greater part of the metal re- 
quired being imported from China and India* 
and zinc is stated to have sold in 1731 for £260 
per ton* or more than eight times its present 
value. Other works were erected in the United 
Kingdom* and the demand gradually increased 
with the introduction of the direct method for 
the manufacture of brass. In England the 
process of distillation per descensum in fireclay 
crucibles was adopted ; this has scarcely been 
used elsewhere* and is now completely abandoned 
in this county. The important zinc industry 
of Silesia in dermany was commenced in 1799 
W Ruhberg* who had learned the process in 
England. The Ldbge (or Belgian) process was 
invented by Daniel Dony in 1809* and works 
were immediately erected for carrying out the 
process at Li5go. These works mtimatcly 
developed into the Social 6 de la Vieille Moutagne 
in 1837, and this Soci4t6is now one of the largest 
zinc-producing companies in the world. Zinc 
smelting was not introduced into the United 
States until 1850. It was not till 1820 that the 
exports of zinc from England to India about 
equalled the total imports* and this country could 
be considered for the first time to supply itself 
with zinc. Since that time* however, the trade 
has fluctuated considerably* so that in 1864 the 
total production of zinc in the United Kingdom 
did not equal one half of that required in the 
Birmingham brass trade alone. 

In recent years the world’s production of 
zinc (or * spelter has steadily increased, though 
the industry is limited to comparatively few 
centres. On the continent smelting is conducted 
in Belgium* Westphalia, and Silesia ; in America 
the centres are Kansas, Illinois* Oklahoma, and 
Mew Jersey; in Australasia* particularly in 
Tasmania ; in the United Kingdom at Swansea, 
In Durham* and near Birmingham. The world’s 
production of zinc in 1910 was about 620,000 
terns* including 410,000 tons in the United States* 
but only about 20,000 tons in 6reat Britain, 
where the output was limited by shortage of 
ore and labour troubles. During 1919 British 
imports of spelter axqpunted to 94*226 tons. 

According to the lmm)rlal Mineral Besources 
Bureau* the following ngures show the world’s 
smelter production of metal for the year’s 
eoyered by the publications 

1919 1920 1921 

2ano* long tons . 645*000 705*000 432*000 

(J* Gbem. Ind. 1923* 42* 906). 

^ In 1019* 1920* and 1921* the contribution 
ctf the Mtish Empire to the zinc production 
ol tike umld was 11 p.o.* 6 p.o»* and 30 n.o. 
iiMfiMdivelsr, ol the wond^s pr^uction* the low 
flfim k* 1920 bshig due priinatily to the 


strike at the Broken Hill mines in Australia. 
In 1913 the United States consumed 308*000 
tons* Germany 228*000 tons* and the United 
Kingdom 191*000 tons. Those three countries 
are the chief oonsumers of the metal. The 
British Empire meets only one-third of the 
requirements of the Mother Country. 

The two most noticeable features in respect 
of zinc at the present time are: (1) The 
rismg production of electrolytic zinc* notably 
in Tasmania* Canada, and the United States of 
America; and (2) the fact that* as a result 
of the war, the world’s smelting capacity of 
zinc is largely in excess of the oie-pimuotion. 
The capacity in this respect of the United States 
alone is now 800,000 tons per annum. The 
electrolytic process is now an acknowledged 
commercial success, although still the greater 
part of the production is due to distulatlon 
(Eedma3nne, J. Soc. Arts. 1923 ; J. Soc. Chem. 
Ind. April 27, 1923). 

The Derbyshire mines were once of great 
importance, but their output now is negligible. 
Between 1880 and 1910 the British production 
of zinc increased tenfold. At the end of the 
nineteenth century a very important zine in- 
dustry had grown up in l^nsas. It depended 
largely on natural gas for fuel, and with the 
gradual exhaustion of the gas supply many 
spelter works were closed, and the indastiy 
migrated to the coalfields of Illinois or to Joplin. 

Ores of zinc . — ^The most important ores of 
zinc are the sulphide and carbonate. Zinc 
blende (ZnS) is commonly called * black jack ’ 
by the miner on account of its dead nlaok 
colour and high lustre. The use of blende lor 
the manufacture of zinc and brass was patented 
in 1758 by Champion of Bristol. Previously 
the source of the metal was the carbonate* 
calamine (ZnCO^), and this was the only ore 
used in Belgium until about 1855* when roast- 
ing of blende was adopted. Both these ores 
are widely distributed and are now extensively 
employed. Of less importance are the oxide 
(which usually contains oxide of manganese* 
and from its colour is called rod oxide ox zinc), 
and the silicates. 

In New Jersey red oxide of zino occurs to- 
gether with magnetic oxide of iron in Fmytt- 
linite from which the zme is first extracted* 
and the residue is afterwards smelted for 
spiegel-eisen m the blast furnace. For ores 
which consist largely of oxide of zinc* but with 
some iron* magnetic concentration is now 
employed* the magnetite being removed, and 
an ore suitable for the zino smelter obtained. 
The flue dust from the blast furnace used in 
the manufaoture of iron is also frequently 
sufficiently rich in zino to render its extraction 
advantageous. 

The g^ter part of the zino smelted in the 
United Kingdom is now obtained from imported 
ores. Within the Empire are to be founa some 
of the largest deposits of zino ore in the world* 
€.g. Broken Hill, Australia* Bawdwia mines of 
Burma* Bhodei^ Broken Hill* Tasmania* and 
British Golumbia. Ores imported chiefly from 
Spain* ^IgerU* and Sardinia were prior to t}mi||| 
mostly used.^ Zino ores are olosdy mocl M k 
with those of lead, and the two metals ai0 kl 
many cases obtain^ from thmaame minoHoM 
as in the case of lead* The United Slatoi dt 
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America far exceeds any other country as 
producer of zinc. 

Eairaetion of rtnc.— It is necessary that the 
ores used for the extraction of zinc should be as 
rich and as uniform in character as possible. 
The ore as purchased by the smelter usually 
contains at least 50 p.c. of zinc, though 45 or 
even 40 p.c. ores are used if they contain other 
valuable materials to replace the decrease in zinc. 
The ores as they occur are often only poor ir 
zinc, and require to be concentrated by washing 
in the case of calamine ores this is usually i 
simple matter, but with blendes which are 
frequently associated with other sulpliidcs, eon 
centration is a more complicated operation, 
though with modem appliances, careful sizing, 
and the necessary attention, a remarkabty i>er- 
fect separation can be effected. The &lime« 
product during concentration are again treated, 

‘ frue vannors * being now used for this purpose, 
and such portions as are rich in zinc are dried 
and smelted in mixture with other materials as 
afterwards described. 

‘ Complex ’ ores, i.c. ores containing other 
metals in addition to zinc, have been the cause 
of considerable loss in times past, and enormous 
quantities of tailings were accumulated. These 
are now treated by flotation processes which 
separate the metallic su]]>hidcs from the gangue. 
In oil separation processes the dry, finely-orushed 
ore is mixed with a small quantity of oil, and is 
then washed aith aafer. The metallic particles, 
or other bodies with smooth surfaces like 
sulphides, are abetted by the oil, and float upon 
the water, while the earthy jKJrtions sink to the 
bottom. In the Elmore oil vacuum process 
sejraration is assisted by the aid of partial 
ei^ustion of a large metal rt^ceiver into ahich 
the oiled slimes and abater enter. The air films 
surrounding the oiled particles an' thus ex- 
panded and the separation much im]>rove<l. In 
other cases diluted acid is employed, and aith 
suitable ores gas bubbh^s are pmduced wlu(*h 
cause the particles rich in metal to rise to the 
surface of the liquid. These flotation processes 
are now of such in^.niance that from the Central 
mine at Broken nil! in Australia one-tenth of 
the total zinc ore of the world is obtained* The 
ori^^alore contains lfl*5 p.c. Ii^ad, 18*5 p.c. zinc, 
and 13 oz. of silver per ton. The concentraU^s 
account for 90 p.c. of the lead present, 85 p.c. 
of the zinc, and 88 p.c. of the silver (Sulman, 
Jour. Inst. Min. and Metallurgy, 1911, 47, 20). 

Previous to the outbreak of war in 1914, the 
control of these Broken Hill concentrates was 
lar^lv in German hands.. 

When the ores have been thiw concentrated, 
they are calcined or roasted to convert them as 
completely m possible into zinc oxhle. Cala- 
mine is mdily calcined, and (his is frequently 
oonducted in kilns with the wast<« heat fnim the 
smeljbig fomaces. On the other hand, blende 
leqtiites much care and ex]>#Ticnce in r^iastiiig, 
iO as to prevent the formation of difficult iv 
Aaocnnposable sulphate. Blende in generally 
#MMlea in multiple-fic^ilded n*aerbcratory fur- 
sometimes with the waste heat from the 
atteg furnaces. By the use|of nfultiple- 
1 toeing f umaecs a conniderable economy 
R more uniform heating are obtaimm. 

«i generally been considered that the 
imsMimof My snlphur in roasted blende lei^ 


to loss of zinc, owing to sulphide baUig left in 
the retort, but, according to A. Voigt ( J« Soo, 
Chem. Ind. 8, 986), the mo left in the retort is 
chiefly in the form of oxide, while the sulphur 
in roasted blonde is in the form of sulphates of 
metals generally other than zinc, and the 
presence of a small quantity of sulphur in 
roasted blende does not reduce the yield of zinc. 

In roasting blendes a quantity of zinc fume 
is produced, and may lead to a somewhat con- 
siderable loss of zinc. This fume has been 
utilised by Krause-Gothen for the manufac- 
ture of zinc carbonate (Berg. u. Hiitt. Zeit. 1891, 
24fl). The blende roasted at Oberhausen con- 
tains 0*02 p.c. of mercury. The dust deposited 
from the roasting kilns contains about 7 p.4« of 
mercury, which is extracted, and the sulphur 
dioxide from the gases is used for the manuxac- 
ture of sulphuric acid (Chem. Zeit, 10, 1039),\ 

Great advances have been made in recant 
years in the furnaces used for roasting blende, 
the object being to economise fuel and laboiw, 
to obtain a more uniform product, and to utiliiip 
the sulphur dioxide evolved. I'his branch of the 
subject lias been historically treated and fully 
illiLstrated by E. Schutz, Metallurgie, 1011, 635. 
One form of such furnace which ha.s met with 
consich ruble favour is knou n as the Merton. It 
is mulfiplc-b(‘dded, and mechanically stirred. 

After cab ination the finely -divided ore is in 
all cases mixed with a suitable prowirtion of 
ground coal (non-c^aking), or other carhonaceoiis 
material, and heated to bright rc^dnrss in a retort, 
the form and dimensiruis of which vary with the 
lo<*ality and the nature of the ore. The carbon 
unites uilh the oxxgen of the ore to form 
carbon monoxide, ani zinc is set frw ; the metal 
at the high tf*mjKTature t*iiiployed is converted 
into va|>our, which is caused to jiass into suitable 
recepta( l<‘^, ami eondensed. The processes 
'ahieh are, or have lM*en, uw^d for the extraction 
of zinc dilfer merely in the form, arrangement, 
and nuinlK‘r of the retorts, and in the methods 
adoptiKi for sup]>orting and heat ing t hem. 

Ah the teiniierature at which the reaction 
ZnO-fC Zn | 00 takes place under ordinary 
atmosjiheric prc*s«urc is abciut 10.50 \ and nearly 
as high in a va(*uiun, the temperature of the 
rtdoits is necessarily high. The fu<d consump- 
tion is therefore high, and the wear and tear of 
the retorts considerable. The difficulty of con- 
h*nsing tlie zinc vaisiur i» increasivi by the fact 
tliat it IS aceompanii^ b^' carbon monoxide and 
ither gases. 

Ac<*onlfng to l^fmarcliaiids (r^unpt. rend. 
1920, 170, 8Ur»k zinc oxide w readily reduced 
directly by carlKui without the necessary intor- 
mediate formation of carbon monoxide. The 
amount of carbon entortug into the reaction is 
ritermfwiiate between the amounts neoessary 
V>r the two possible actions ZiiCl +G^Za+<)0; 
2ZnO +(J«2Zn 4^0|. Iliis is explained on Ihe 
ground that the reduction of zinc oxide by 
carlion monoxide Zn0*f00»Zn+00« iidtee 
jlace with a velocity greater than that of the 
reduction of carbon dioxide hy oarboDu The 
first reaction comrnenoei at 350% and the eeoand 
only at 400® (diem. 8oc, Abetr. 1920, iL S1S)« 

It is advantageons to orufth the metMWi 
boroughly, and to have as ktfs a oondeiiel^ 
ipaoe M poMtibk. The oMdenMe eimiMi be 
usl sttffioiMlly hot to keep the mM 
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in the liqtdd state, as, il the receivers are too 
hot, Kino is lost by volatilisation, while if th«i 
temperature is too low a coarse crystalline pro- 
duct is obtained. It is necessary tlmt the retorts 
should be kept filled with carbon monoxide ; if 
carbon dioxide is present, part of the zino is 
oxidised and zinc and zinc oxide distil over 
together. For this reason it is necessary to 
leave a little of the ore unreduced in the retort at 
the end of the process (Steger, J.Soc. Chem. Ind. 
6, 007). 

The following general principles have been 
laid down for the construction of zinc furnaces 
by M. F. Laur (Bull. Soc. Indust. Miii^rale, 1874, 
3, 390 ; Inst. C. E. 41, 317) 

1. That it is not iirudont to construct fur- 
naces the internal capacity of which exceeds 
about 32*5 cubic yards. 

2. The thickness of tlio charge to be reduced 
in the muffles should not exceed 7 ins., and 
the vessels should not exceed 20 ins. in height, 
or 5 ft. in length. 

3. The maximum capacity wliich can be 
advantageously given to the retorts is about 
22 gallons. 

4. The total internal volume of the retorts 
should be al>out one-third of the volume of the 
furnace in which thej' are luxated, since experi- 
ence shows that about two-thirds of the space 
is required for supports and free circulation. 

Four proccssc^s fijr the extraction of zinc 
have been actually worked on a considcrabk* 
scale — namely, the English, Cariniliian, Belgian, 
and Silesian. 

1. In the En^lkh proccA^, adopted by 
Champion at Bristol, large file -clay crucibles 
were used, and the method was that known as 
diet illation per deseem mn . The process involved 
the use of an excessive amount of fuel, and only 
a comparatively small amount of zinc could be 
produced. This manufacture forms a very in- 
teresting cha[)ter in the metallurgy of zinc, and 
has been fully treated by Dr. Percy (Metallurgy, 
i. 650), but os it has b(*en entirely supcrsi'ded, 
will not bi' here described in detail. 

2. Tht Carinthian process , — ^The process 
formerly adopted in (^irinthia was in principle 
similar to the English method, the ore being 
charg^ into vertical pijK^s or retorts of fire-clay, 
and distillation being effected per descensum ; a 
single furnace sometimes contaiiiod over 250 
suen pipes. This process is also now abandoned. 

8 and 4. Belgian attd iiileauin processes , — ^The 
only processes now in extensive operation for 
the smelting of zinc are the Bclgiaij and iSilesian, 
neither of which is confined to the countries in 
which it was invented. The two systems are 
•ometinies combined in the same fumaoe, the 
retorts in the lower or hotter part being on 
the Silesian xirinoiple, and in the upper part on 
the Belgian. In each ease the retorts are of 
jBre*cUy, and are generally made on the premises. 
In this country they are still frequently moulded 
hf hand, then air-dried for about a fortnight, 
and aftemards heated to redness in a separate 
furaaea before being set in position. By an 
teprpveinent, the invention of M. Dor, which 
liiNi been largely adopted on the Continent, and 
. to soma astent in the Dnitod Kingdom, the 
faiotti aaa subleoted to a proesure of 3000 lbs. 
to tha sqaaia iiMh during manufacture. Great 
Olitt la tma to the sei^ 


be preparation and tempering, and in pressing 
/he retorts. They are thus made ve^ thin, 
md yet possess great durability. The difieiences 
^tween the Belgian and Sifraian systems are 
in the shape, size, and method of supporting the 
retorts, iu the amount of charge used, and in 
the arrangement of the retorts in the furnace. 

In each system direct firing by coal was formerly 
universal and is still occasionally used, bu^as- 
fiiing is now very generally employed. In 'Wales 
and in the United States regeneration by 
reversals, on the Siemens’ prineijne, is generally 
adopted, but in Belgium continuous regeneration 
is preferred. In this system the gas producers are 
not separate from the furnace, but are placed 
in the furnace below the retorts. The products 
of combustion circulate by a zig-zag course 
through firebricks. The firebricks are provided 
with hollow channels, tlirough wliich is dmwn 
the air used for combustion. Such furnaces 
appear to work very satisfactorily and to require 
little attention or repair. The introduction of 
gas furnaces has led to considerable saving of 
fuel, which in Silesia was formerly 3*6 tons of 
coal per ton of ore, and is now about one-third 
of that qhantity ; gas firing has also led to the 
use of larger furnaces and given longer life to 
the retorts. The result lias been that, in Silesia, 
wdiile the number of works has actually de- 
creased, the production of zinc has greatly 
increased {/;. M. Georgi, Zinc Industry of Upper 
Silesia; Berg. u. Hiitt. Zeitung, 36, 71, 78, 97 ; 
Inst. C. E. 49, 369). 

The retorts used in the Belgian process are 
cylindrical or ellipitiaal in sha][>e, being closed 
at one end ; these retorts are supported at the 
extremitie.<^, and arc set in the furnace in tiers, 
each retort being inclined, and higher at the 
back than the front. The elliptical retorts am 
used for the lower tiers, where the temperature is 
highest, and they are sometimes air-cooled at the 
bottom. The introduction of the charge requires 
considerable skill. As the material is finely 
divided, imriicularly when fine concentrate 
are employed, it has b;M.*n found advantageous 
to briquette the mixture by pressure, and 
this improvement is steadily gaining ground. 
Charging by elect ric^ally driven machines has 
also been successfully introduced. The moutfis 
of the retorts are fitted with condensing tubes 
of clay in which the zinc collects, partly in the 
form of metal and partly in the form of more or 
less oxidised dust, wliich deposits chiefly in 
a sheet-iron nozzle fitted to the clay tube. The 
workman judges of the progress of the operaikm 
by the colour of the fi^me or vapours which m 
evolved. Brown vapours are first given off» 
and with these any cadmium passes over ; they 
are succeeded by the charaoteriatio flame m 
zino, which continues until the operation la 
completed. The loss of zino by the Beig^ 
process is about 10-15 p.o. of that cHclguwly 
present in the ore ; wbUe in the Siksian ptooeaa, 
in which poorer and more refractory ovaa 4re 
employed, the loss is 5, or even 10 p.o. greatei^ 
(F. tluretzka, Metallurgie, 1911, vjii. 1)« 

In the BUesian process the retorta are O 
shap^^ the.width is the same aa that of the 
Belgian retorfli, but the height is greater, ami la, 
the retorts are supported in the fumaoe fmm 
beneath, they are made loi%er than to 
Belgian ptociess-^iuieiiu^ tl^i k' 
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greater. The retorts are usually placed in aeio^ 
row in the fumaoe, which occasionally contains 
B8 many as forty such retorts* though about 
thirty-two is stated to give the best results* and 
a smaller number is frequently employed. At 
Breibeig the muffles were arranged in two rows 
one above the other, and each row contained 
sixteen muffles. In recent years the tendency 
has been to use a much larger number of retorts 
than formerly* so that the charge of ore per 
fimiace has been raised from 15 cwt. to 8 or 
10 tons. 

In the lower part of the front of a Silesian 
muffle a hole is provided for the purpose of in- 
troducing the charge, and removing ^e residue 
after the distillation is complete. Tiiis method 
of charging, combined with the underneath 
support* gives greater durability to the Silesian 
muffles, so that, though in a given time the 
jEblgian furnace may make more zinc, the annual 
production is rather in favour of tho Silesian (v. 
F. A. Thum, Notes on Zinc Smaliing, Eng. and 
Min. Jour. 1879, 275 ; Inst. C. E. 58, 407). The 
cost of calcining the ore, and smelting the zinc, 
in a modem works in South Wales, averaged 
about £3 x^r ton of spelter produced ( 19 1 1 }. 

The zinc works of Prince Hohenlohe in 
Silesia include tlireo smelting works, with a 
total of 106 fumacea, and a .separate calcining 
wor^ for the preparation of zinc blende for 
distillation. The fourteen long double-bedded 
calcining furnaces emplo^^od have each an out- 
put of 220 lbs. of roasted ore every 5 hours. 
Eush zinc furnace contains tiiirty-two muffles, 
heated by gas from Boetius producers. Evciy 
furnace is arranged uith sixteen niches, each 
containing two muffle<«, while two furnaces are 
built together so as to form a double furnace. 
Two spaces are provided at either end of the 
double furnace, one for tem])cring the muffles, 
and other for calcining the lump calamine. 
Most of the calamine is charged raw, as the 
carbon dioxide is driven oil long before the 
temperature of reduction is reached. The charge 
per muffle weighs 507 lbs,, and consists of a 
mixture of roasted blende, lump calamine, and 
dried slimes. The daily yield is about 108 lbs. 
of zinc. The zinc contains 3-4 p.c. of load, 
which is reduced by refining to 1*07 p.c. The 
refining is conducted in a reverlieratory furnace 
with an inclined base, in the well of which 
1^ metal collects, the lead at the bottom and 
the ztno above. Every 12 Lours about half a 
ton of zino is tapped, and<the same amount of 
raw zinc is charg^ in ; the lead is removed at 
lonm intervals. An exactly similar process is 
used in Birmingham for refining Continental 
zinc pieviouB to roUing. The remied zinc con- 
tains about I p.e. of 1^, 0*02 p.c. of iron* and 
0*04 px. of sulphur (Berg, und Hutt. J. 1889* 
389: Inst aK 101, 382). 

For full particulars of modem practice in zinc 
•melting, especially in reference to the United 
Btetes of America* W. K. Ingall's standard 
treatise on the Metallurgy of Zinc should be 
oommlted. An excellent monograph by E. A. 
Smith, The Zinc Industry (l2>ngmans, 1918), 
mnyrnsQ ht read with advantage. ^ 4. 

Tim demand for spelter of high chemical 
puxt^ is now considerable, such metal being 
aequiisd for Urn {todimtion of t^ 

Om cC the meet remarkable advances in con* 


nection with the metallurgy of aino in lemnt 
^ears has been the improvement in the quality 


Formerly 98 or 98*5 p,c. zinc was con 
satisfactory, upwards of 1 p.c. of lead and a 
few tenths p.c. of iron bemg present. It is 
now possible to obtain regularly considerable 
quantities of metal guaranteed to contain over 
99*75 p.c. of zino, and upwi^ of 99*9 p.o. is 
also sold at a rather higher price. Such metal is 
either produced eloctrolyti^ally,^ as afterwards 
mentioned, or by the use of a filter of carbon* 
firebrick, or other crushed and porous material 
placed in the mouth of the ordinary zino retort. 
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This filter retains the lead* while zinc 
passes through and is condensed (see P 
Induction of Pure Spelter, Inst, of Mi 
1909, ii. 231 ; Bannister, Carbonaceous Filtc 
the Smelting of Zinc, Inst, of Antals, 1910, i. 

Zinc of high chemical purity is also obti ^ ^ 
by the distillation of ‘ hard zinc * produced in 
the galvanizing process (see p. 676). This ha^ 
zinc is an alloy of iron and zinc which is lebs 
fusible than zinc, and hence separates from the 
excess of zinc. Hard zinc is free from lead, and 
on distillation yields load free zinc spelter. 

Treatment of zinc ores in f/*€ blast furnace*^ 
In order to reduce the consumption of fuel and 
labour in tho extraction of zinc a numl^r of 
attempts have been made to reduce zinc in the 
blast furnace, but hitherto without much success. 
The difiiculty experienced is due to the fact that 
the vapour of zinc and the furnace gases must, in 
such a furnace, pass away together, and during 
the condensation which ensues a reaction taJ^ 
place between tho zinc and the carbon dioxide 
of the gases, thus Zn+COt®=ZnO+CO repro- 
ducing oxide of zinc, and tho ultimate rmnit of 
the operation is merely to carry zinc oxide out 
of the blast furnace into the condensing ap^ 
ratus. This action has been studied by Lenoau- 
jhez (M4m. Soc. Ing4ii. Civils, 1877, 568 ; Inst. 
C. E. 61, 332)* who found that zinc was still 
oxidised when tho pro]>ortion of carbon dioxide 
was only 0*5 p.c. ot the gas employed. Zinc 
va{)our is also oxidised by any wator vapour 
which may be pit^scnt. By very rapid oooUng 
of the gases Lencauchez succeeded in reducing 
tho oxidation of tho zino to as little as 5 p.c*« 
but after numerous ox|>erim«uts he concluded 
that ibis process is not likely to be commeroially 
successful. 

In some cases* with relatively poor complesr 
ores containing zino* a blast furnace smelting is 
adopted with the dtdiberaie intention of volau^ 
ing the zinc a& oxide. This is condensed* usually 
with the aid of bag filtration* and sold to the 
melters to be dealt with in the ordixiaiy way* 

in 1878 Bioon and Urandfils* in Btolhoiig, 
made the aitenrot to use a zinc oven with ni 
right retorts. They aimed at making the 
^rinthian method continuous. The matCfishi 

containing zinc were heated with rodttoiim sfsa^ 

by gas in reduction spaces in the form of shailit 
which were filled above and emptied belotr* 

Ehetfie mdting of stiic.----Oonsiderahle atte^ 
tion hse been devoted to this sui^ect dusiog ^ 
past few years* and a lengthy list of palanti has 
resultoci In the ophuon of eompstsiih and 
disinterested observers the sdiitm of ^ 
problem of the blast fnrmms leduic^daii il|l8 
wiU come by tteani c< tin 
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eleoMdt Two typical prooeim mm be haxe 
mentioned* In that of Snyder, adopted in 
British Colombia, complex ores are calcined to 
oxides, mixed with fluxes to give a slag melting 
at about 1050% and treated in an electric 
fumaoe. The current paeses through the molten 
slag, wder which the lead is collected in a well. 
The zinc is volatilised and condensed in suitable 
chambers. The De Laval process, worked in 
Sweden, is conducted in an arc furnace into 
which the roasted pres are charged after mixing 
with flux and coal. The promict is a coarse 
metal containing zinc, lead, and other impurities. 
This coarse metal is refined by distillation in 
another furnace, and zinc of high purity is 
obtained, together with zinc dust or fume and 
base lead bulhon. One h.p. year is claimed to 
produce 800-1000 k. of metallic zinc, much of 
which is, however, in the form of dust. The 
current cost is al^ut half the total" charges. 
The electric processes depend for their success 
upon electricity from cheap water power, and 
are not likely seriously to compete with the 
old-established reduction centres, at all events 
for some time to come (see Sulman, J. Inst. Min. 
and Met. 1911, Ixi. ; Mm. Mag. 1911, 310, 389). 

Wet metJtode of extracting zinc , — One of the 
most difficult problems connected with the metal- 
lurgy of zinc is that of the treatment of complex 
ores. Those may contain, in the aggregate, very 
considerable proportions of metallic constituents, 
but in that a number of metals are present to- 
gether the ores canont be treated by ordinary 
methods. Such ores usually contain about 12- 
28 p.o. of zinc, and 5-15 p.c. of lead, together 
with a few p.c. of copper, some ounces of silver 
per ton, and frequently small proportions of 
other constituents. fcJuch ores are now frequently 
treated by oil vacuum or other concentration 
jmeesses so as to classify the metalliferous por- 
tions into separate saleable products whenever 
possible. Various wet methods of extraction, 
usually cozmected with electro-deposition, have 
from time to time been suggested, and have 
been worked on a more or less considerable 
scale, though till recently without much com- 
mercial success. It was only after many trials 
that oopper-refining by eloctro-deposition became 
a commercial success ; and yet copper is worth 
more than double the price of zinc. The 
elaptro-motive force required for the deposition 
of copper is less than that necessary for zinc, and 
the strength of current tliat may bo used with 
copper is greater. Thus electroljdio methods of 
ezrtxaotion of zinc have to contend with the dis- 
advantiwes of the oomparativel;^ low intrinsic 
value of the metal, anil of comparatively slow 
deposition. 

Where electro-deposition is employed, there 
are two methods open for extraoti^ the zino ; 
in the first the ore itself may be used as anode ; 
or, secondly, the ore may bo roasted or treated 
with solvents to convert the zinc into a soluble 
form. 

1, Luokow proposed to mix the ore with 
eoht in order to render it a conductor, and to 
plaoe it in an open chest in an electrolyte con- 
•btittg of a somewhat strong and acid solution 
m common salt or zino chloride (20-30 p.o, 
«)» The metal was deposited either upon a 
plate pr upon a oathode of ooke, 

1886 ) proposed a 


method, but used magnesium chloride as elec- 
trolyte, and adopted special arrangements for 
collecting the evolved chlorine. 

2. Many processes have been proposed for 
mndering the zinc in complex ores soluble, and 
in a number of these it is proposed to recover 
the zino from solution by electro-depositiDn. 

Lambotte and Doucet proposed to roast 
blende to oxide, dissolve in crude hydrochloric 
acid, precipitate the iron with chloride of lime 
and zinc oxide, and electrolyse the solution. 

Parnell calcined complex ores to oxide, dis- 
solved in dilute sulphuric acid, which was ob- ♦ 
tained as a by-product, precipitated the copper 
by metallic iron, and evaporated the liquor to 
a mud. Zinc sulphide was then added, and zino 
oxide produced by heating the mixture stron^y. 

The zinc oxide so obtained was sold to the 
smelters. Maxwell L 3 rie calcined the ore, and 
dissolved in hot dilute hydrochloric acid; the 
lead was allowed to separate as chloride on 
cooling, the iron precipitated by limestone, 
the copjier with scrap iron, and the zino as 
oxide by lime. L4trange was one of the 
earliest workers in the direction of electro-depo- 
sition of zinc ; in his process blende was care- 
f^y roasted at low temperatures to produce 
zinc sulphate, which w'os dissolved with hot 
water and dilute sulphuric acid. The solution 
was then electrolysed, using an anode of lead 
(or carbon) and a cathode of zinc. The ounent 
used must have a high oloctro-motive force owing 
to the peroxidation of the surface of the lead. 

Among other suggestions the following are 
worthy of notice. In 188G Lea and Hammond 
(Eng. Pat. 10868) suggehted the use of hydro- 
chloric acid as a solvent for roasted oiee pxevionz 
to electro-deposition, while in the same year 
Squire and Currie (Eng. Pats. 12249 and 12630) 
proposed the use of an alkaline solution for the 
same purpose, and in 1887 Watt ^tented (Eng. 

Pat. 6294) the application of dilute vegetable 
acids for a simiw object. Again, Burghardt 
(Eng. PaU. 8986 and 13182, 1888 ; 659, 1889) 
proposed the use of an alkaline solution made 
by adding the roasted ore, previously mixed 
with 3-7 p.c. of powdered coal or ohamoal, to 
melted caustio potash or soda. The mass was 
extracted with water, the zinc eleetro-deposilied, 
and the alkali recovered to be used over again. 
Oroselmite (Eng. Pat. 4286, 1888) proposed to 
mix the ground ore with clay, and form into 
perforated pressed bricks which are roasted into 
sulphate in loins. The roasted mass is extraoled 
with hot water and an equivalent of dilute 
sulphuric acid, air is blown through the liquom 
to precipitate iron and manganese, and» after 
settling, the clear liquor is electrolysed, or the 
zinc may be precipitated by soda ash. In 
1889, also, Cunningham (Eng. Pat 9987) aoain 
patented the use of an alkaline solution obfcaSied 
by fusion with oausUo soda. 

Among methods of another daaa propoeed 
for the treatment of complex zinc ores may be 
mentioned that of Perino (Eng. Pint 10667, 
1888) who fused the blende in clay xetorta at * 
160°-200'^ with ferric nitrate in ^ piopovttioki 
of about 5 wttA of nitrate of iron to 1 of riwt 
The mass wlb extraoted with water and a soltk 
lion of zino sulphate obtained. Anangsamilte 
ware made for recovering the Iscrie nitiatef J 
KoBeitf And HaUs. aIw (Bug. IM. f'' 

■* 
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' 1889) used ferric sulphate lor extracting sino precipitation of the iron and soluble silica by 

from complex ores> while Seegall (Sng. Pat. Ume» and of the copper and cadmium by zinc. 
4871, 1889} employed a slightly Edified solution The solution was then electrolysed* and the 
of ferric chloride for the same purpose. sulphuric acid liquor used over again. For 

The complex ores of LoadviUe* U.S.A.* con* electrolysis the solution must not bo too strong 
taining 25 p.o. zinc* 15 p.c lead* 20 p.o. iron* or too weak ; in the latter case the resistance is 
are roasted to sulphate, extracted with water ; unduly liigh. During the electrolysis of zinc 
the residue chlorinised to complete the extrac- sulphate zinc crystals arc deposited in directions 
tion of the zinc, and the zinc precipitated from normal to the cathode surface. A peculiar 
the solutions as oxide ( J. Soc. Ohem. Ind. 7, 572). ring structure is exhibited by sections parallel 
A process for the electrolytic production of to the latter. Kiectro-deposition occurs most 
zinc which was formerly conduct^ on a con* readily at angles, corners* and rough parts of 
^ siderable scale in the United Kingdom is a the cathode, 
modification of the Hopfner patent* introduced The largest electrolytic zinc works In the 
at North wich by Messrs. Brunner* Mond* Ltd. British Empire is situated at Risdon* near jto 
The primary object is the production of chlorine Hobart* in Tasmania. It has a paid-up capi^ ‘ 
from the calcium chloride liquors made in the of upwards of £2,000*000, and was erected 
ammonia-soda alkali process. These liquors 1921 to treat Broken Hill concentrates a: 
are treated with zinc oxide (roasted zinc ores) Tasmanian ores from the Mount Read as 
and carbon dioxide* when calcium carbonate Rosebery mines. The former assay 47 p.cl 
is produced and zinc chloride liquors obtained, zinc* 30 p.c. su]]>hur* 7 ]>.c. lead, and 10 oz. of 
This solution, after the removal of all the more silver pi^r ton. The latter average 27 p.c.\ 
electro-negative elements* is electrolysed* a zinc, 7*3 p.c. lead, 9 -5 oz. silver, and 2*5 dwts. 
enrrent density of as much as 30 amiieres per gold jjor ton. The ores are loasied in multi* 
zq. ft. of cath^e surface being allowable. The bedded mechanic^ally rabhh^d calciners* the 
products are zinc and chlorine, cathode oxide of zinc exlraeUal by dilute sulphuric acid* 
consists of a series of discs of iron which revolve and the solution 2)urilie<l from iron and silica 
on a horizontal axis ; the anodes are of carlxm by addition of lime. The clear liquid is deprived 
and are enclosed in uooden frames* the sides of of cadmium and cop|)er by addition oi zinc 
which are enclosed with cloth diaphragm.^, dust, and the jmrified zinc sulphate electrolysed. 
The chlorine evolved is subsequently converted The lead-rich residue is dried and sold to smelters 
into bleaching powder. The zinc is stripped off for the extraction of lead, silver, and gold. The 
the cathode plates* remelted, and east into cadmium is recovered, and ).s now one of the 
ingots. The great difficulty is to obtain a chief sources of the world's supply of that 
smooth adherent coating of zinc, and to prevent* metal. The current available is 30,900 h.p. ; 
as far as possible, the formation of spongy zinc, it is supplied at a cheap rat<s by the Tasmanian 
The exact nature of the latter product, and the Gtivernment* at 11,000 volts a.e., the greater 
cause of its fonnation, are still not thoroughly }iart of ahicii is transformed to d.c. at 5^ volts 
understood. More recently electrolytic zinc and delivered into the cell room. About 800 
has been manufactured by ^Messrs, (llancc and tuns of zinc cathode sheets arc pnKluccd weoUy ; 
Hunt of Oldbury. It is understood that the they are melted and cast in slalis of about 50 los. 
method employed is similar in principle to that weight, which contain 99 ’95 i>,o. zinc. The 
above describe, thouq^i the details are kept British (Government has undertaken to purchase 
secret. The zinc obtained is sold with a a quantity not excofniing 45, (MX) tons per 
guaranteed purity of 99’90 p.c.* w'hicli makes annum for a fwriod of years, 
it of great value in the production of ductile The brittleness of electrolytic zinc is proliably 
brasses* and for other puqioses where the pres- due to the proseni'C of hydrogen* whiA in the 
enoe of lead* Ac. would be dctrimenfal. cose of the sample investigated was found to 

* To avoid the neccs.^ity for electrolysis of the be present to the extent of 0*55 p.c. When 
zinc solutions obtained from complex ore.s* electrolytic zme is melted the hydrogen fiame 
processes have been introduced to Jirocipitati* can be observed. W'hen heated to iOfi***- 
the zme in a form suitable for sale to the zinc 1 10^0. for some hours a loss of woight*oC 0‘025- 
smelter. A typical process is that in which sul- 0*04 p.c. occurs. A plate of zinc so Ircatctl 
phur dioxide* obtained from blende roasting* is becomes cun'cd slightly* and a considerable 
used to extract zinc from roasted on^s. With volume of hydrogen is evolve<l. When lieatod 
excess of sulphur dioxide the zinc pass<«s into toateinpc^ratun^ above IHO'C. the [ilate liecomes 
solution as bisulphite* ancf is separate from the very curved* the concavity being directed 
residues. These contain learl* silver, Ac.* and towards the original cathode sunaoe. The 
are sold to the smeltcrH. By the removal of phenomenon is aooompat^ by a decrease of 
half the sulphur dioxide from the solution 0*7 in the value of the density of the me^« 
insoluble zinc sulphite is thrown down. This The electrical conductivity of electrolytio zine 
•ulfdiiie is filtered off* dried* and <*alcin(«d in a is practically the same as iliat of pure ziney 
muffie at a low temperature. Zinc oxide is but the value at 105X\ is much below the 
obtained in a form suitable for sfielter produc- anticipated value. This decrease and the 
tifisi, and the sulphur dioxide is added to the deoroaso of density occurriiig at about the aame 
, gases to enrich them fcg fresh leaching tomperatuxe are not roveniuk phenomena* but 

./OfMimtkms (ISn^. Pat. 21759* liK)8). are conneeted with the evolution of hydlOgMi. 

Vb0 tonfpmg process* after having been IXdermtoations of Imidness at high 
twed ior sevm years bv one tin]>drtant British are in agreement with the eustomacy Vililil* 
eompany^ was replaced by a method which Very little* if any* hydrogen is dissolfad fil 
inmlm r^Ungwrith partial sulphating of the ekoteolytic zine or eketioktie iron WtUh luU( 
Kiltie^ iMNsheUo^ with dilute sulphurk ac^ bMi stored for a long period (H von 



Ebktxocliem, im, 29» 198; J. Soo. 
OoBm. Ittd. 1923, 42, 607 A}* 

Propeiik8,^Ziao is a bluish-white metaf, 
which at ordhaatv temperatures is brittle, and 
when pure exhibits a beautifully crystalline 
fracture* Lano crystals are often found in 
einc rods which have been worked mechanically, 
^e presence of imparities usually renders the 
fracture closer in the groin and less brilliant. 
Zinc melts at 410‘4°, and boils at 930°. It 
can, however, be readily distilled in glass vesscis 
in a vacuum, undor*atmospherio pressure. The 
vapour pressure of molten zinc up to 2 atm. 
is represented by 

log p=~ 0«.>5A-1’147 log T+12 046 

Both zinc and cadmium have a conbtani atomic 
heat over the range of temperature from the 
melting-point to the boiling-point. The values 
are 7*5 (cadmium), 7*24 (zinc) (Braune, Zcitsch. 
anorg. Chem. 1020, 1 1 1, 109 ; r/. Nairaiid Tumor, 
Chem. Soc. Trans. 1913, 103, 1534; Kodebush 
and Dixon, J.Amer. ('hem. 8oc. 1926, 47, 1036). 
Zinc undergoes two marked changes in electric 
conductivity, one at 170°, and the second at 340°. 
It is, therefore believed by Benedicks to exist 
in three allotronio modiQcations (Metallurgie, 
1910, 7, 631). From observations of eleotiical 
resistance, thermal E.M.F., electrolytic potential, 
spccidc gravity, hardness, mechamcal properties, 
thermal curves, and microstructure of the pure 
metal (99*97 p.o. Zn), Bingham (Inst, of Metals 

J. 24, 333) also concludes that zinc exists in 
three allotropic forms, the transformation 
teraperaturt‘fe Being approximately 180" and 310" 
(f/. liOschtBchcnko, d, Kuss. Phys. Chem. fckic. 
1913, 46, 652 ; Werner, Zcitsch. anorg. Chem. 

1913, 83, 276; Cohen and Holdorman, Proc. 

K. Akad. Wetensch, Amsterdam, 191.3, 16, 565 ; 
Le Chatelier, Compt, rfmd. 1890, 414, 454; 
Benedicks and Arpi, Zcitsch. anorg. Chem. 

1914, 88, 237; Lorenz and Plumbndgt', ihtd. 
1913, 83, 228; Janecke, f&td. 1915, iK), 313). 
According to measurements of various kinds 
of zinc, it exhibits two singular points, at 
i74°C. and 322°C., the former corresponding 
with the transformation of the a to the 
modilication, and the latter that of the ]3 to 
the y modihcation. If traces of iron or tii 
occur in the zinc, the lower transformation poini 
disappears, whilst tlio presence of cadmium 
causes the two transformation points to approach 
(L. LoimM Oazz. chim, ital. 1923, 63, 639- 
645; J. Soc, Chem. Ind. 42. 1923, 1075 A). 
Its tensile strength varies greatly according to 
the mode of pn^paration ; cast ziiw has a tenacity 
of only 1*2 ions i)©r square inch, whilst an 
an&ofdod rod gave a tenacity of 7*9 tons iier 
square inch, and zinc wirt^ 10 tons per square 
inch. Its hardness hftntonnodiato between that 
of tia and copper, being equal to 6 on Tumor’s 
Solerometer aud 2| on Mohs’ scale. Pure 
zinc has a density of 7*1400 at 16*3 (Egerton 
ajid Lee). The coeflioiont of expansion between 
100* and 300° Abs. has been measured by 
Boielitts and Johansson (Ann. Physik. 1024 
iv, 76, 23)* 

Two sets of distillations of pure zinc wore 
carried oat in high vacuum under oon<|Utioni 
to obtain a ailgwy different concentration oi 
tbe taotopsi in tim fitud midue of the Iasi 
IV»r the determinatioii of donsitiesi 


/he metid was oast in a vacuum and seeded with 
sbout 1 mg. of a particiilar kind of zinc. The 
first set of distillarions gave a residue of slightly 
ncreased density, but the distillate was of the 
same density as the original zinc. The second 
set of distiiiations, carried out under 
tonditions, yielded a residue of increased density 
about 1 part in 37(X) parts), and a distillate of 
decreased density (about 1 part in 3690 parts). 

The density of ordinary zinc at 16*3°, deter- 
mined from seven samples of the metal prepared 
iis described, was found to bo 7*1400±0*0006. 

"’he possibility of attributing the difierence of 
ienbities to flaws, allotropea, different physical 
conditions, and impurities is discussed and 
ihown to be improbable. The degree of 
reparation obtained agrees with Dempster’s 
bseivaiions of isotopes of weights 64-70, but 
s loss than half what might be found for equal 
parts of an isotope of mass 64, and of isotopes 
66, 68, and 70 (A. C. Egerton and W. B. Lee, 
Proc. Roy. Soc. 1923, [A] 103, 499 ; Chem. Soc, 
Abstracts, July, 1923, 490). 

Though zme is brittle at ordinary tern* 
lK?ratures, and so tender above 200° that it 
can readily be cru&hcd to powder, it can be 
rolled into sheet or drawn into wire at an inter- 
mc^liate temperature of about 100°-160°. It 
IS a remarkable fact that the metal when so 
treated retains its malleability in the cold. Zino 
was first rolled early in the present century in 
Birmingham, and rolled zinc nou forms one of 
the most important varieties of the commercial 
metal, the greater part of the zinc produced in 
Europe bemg used for this purpose. Cbmmercial 
zinc always contains more or less lead and iron, 
together with traces of cadmium, arsenic, and 
Hulphur, the lead being volatilised with the zinc 
111 the pocess of manufacture. Kosmonn 
has also iound comparatively large quantities 
of thallium in commercial zinc (Chem. Zeit, 10. 
762). The chief techmeal methods for the assay 
of zinc have been described and discussed in eon* 
iiectioD with a paper by Greenwood and Brislee 
(Inst, of Metals, 1909, 2, 249). The presence of 
lead, which is objectionable in zino to be used 
for the manufacture of the best qualities of 
strong brass, is an advantage in zinc that is to 
be rdled. For the influence of foreign metals 
on the rolling of zinc, see Post and Van de 
Casteele, Bull. Soc. chim. Bclg. 1913, 27, 175. 
Ingali has studied the effect of aimealing rolled 
zinc, and shows that sheets are stronger across 
the direction of rqlling than with the grain 
(Inst. Metals J. 26, 281). As Enghsh zinc is 
relatively free from lead, it is usual to emloy 
tins varrety fur the prSduction of alloys in wmen 
lead Mould be objectionable, while Continentsd 
zinc is imported for rolling. If the state of the 
market renders it advantageous to roll 
zinc, this can ho improved by the addition of a 
small proportion of lead. In addition to zdiat 
is m^e here, more than 20,000 tons of riieet 
zinc is annually imported into the United King- 
dom. The density of zino varies from 6*8 to 
about 7*2, aocoi^g to the mode of prepararioii* 
The change of aensity of melted zinc with teia^ 
peratu{6 may be represented by the fomula 

rfi:6*69-0*00097 ^ 

When heated in the ai( much oboife Ul ^ 
melUng-poInti zino icadily bums 



574 c 2lNa 

^ gieeiiiBh- vUto flame» mdttckg the on film end assist dlasolatioii ; In imptue aino 

whieh oondenses in a oiilky flooonlent condition the hydrogen, obejdng ordioiucy electnoal laws, 
formerly known as ^philosopher’s wool/ The Is evolyed &om the surface of the impuritiiM, 
white fume produced when casting brass or other The fact that dissolution is much promoted 
ssino alloys that melt at a tolerably high tern* by simply brushing the surface of the metal, 
perature consists of zinc oxidb. Though zinc is or by allowing the action to take place in a 
readily volatile, the oxide is fixed at all ordinary vacuum, appears to afford strong support of 
furni^ temperatures. For ^ remarks on the this view, which is also quite in harmony with 
toxicity of zinc vapour, see Drinker, J. Ind. Hyg. the fact that pure zinc dissolves much more 
1922, 4, 177. Zinc is not affected by diy air rapidly in boiling dilute sulphuric acid, when the 
at ordinary temperatures, but tarnishes super- ebullition of the liquid removes any hydrogen 
fidally in moist air. The metal is also not from the surface of the metsd, than at 98^ whore 
attMked by mineral lubricating oils, and of no ebullition occurs. Pure zinc with a rough 
oidinary animal oils it is attacked most by hperm surface, as Pullinger has shown, dissolves much 
oil and least by lard oil (Redwood, J. Soc. Chem. more readily in dduied sulphuric acid than the 
Ind. 5, 362). Zinc, both pure and commercial, same metal when the surface is perfectly smoenh. 
dissolves readily in alkalis. Pure zinc is unat- Weeren suggests from the above facts that (he 
tacked by water at boiling-point, and is almost difference in the action of diluted stdphuric amd 
unaff^ted by ordinary aci^ either diluted or on pure and impure zinc is capable of a simne 
strong. Commercial zinc, on the other liand, mechanical explanation. \ 

decomposes boiling water with the evolution of Centner^zwer and Sachs made experiment 
hydrogen, and is readily attacked by diluted with (1) polished zinc, (2) etched zinc, (3) rolleci 
sulphuric acid and by hydrochloric acid either zinc, (4) slouly cooled zinc, (.5) rapidly cooled 
diluted or strong. Impure zinc when amaJga- zinc, and zinc which had bc^n kept at 400^ 
^ lifted resists the action of acids exactly like pure for eight days. Zinc slow'ly increases its rate of 
zinc, and hence the zinc plates used in electric solution in a given and to a maximum, after 
batteries are amalgamated so as to prevent the which the rate slowly falls off in accordance 
loss due to ‘ local action.’ ^ with the law of Bogus^ki, dr/df=rifcF(c— z) in 

For heat of solution of zinc in hydrochloric which dxjJt is tho velocity, F the surface exposed 
acid, ate Richards and Thorvaldsen (J. Amer. to the acid, c the concentration of the acid, x 
Chem. Soc. 1922, 44,1051). Tho influence of the amount dissolved at time t, and k the 
impurities on the solubility of zinc in acids has velocity constant. The solution of tho zinc 
been studied by Vandradek and Izdk-Krizko passes through an induction period. Zinc which 
(Reo. trav. chim. 1925, 44, 376). has been etched in hydrochloric acid dissolves 

This difference in the l^haviour of pure and more rapidly than unetched zinc. Zinc which 
impure zinc towards acids has attracted much has reached its maximum velocity of solution 
attention from chemists since the fact was first in 2N-hvdrochloric acid, on removal from tho 
pointed out by A. de la Rive in 1830. Among acid ana immersion in fresh acid, immediately 
the more in^rtant observations on the subject begins to dissolve with the maximum velocity, 
ateihoee of rullinger (Chem. Soc. Trans. 57, 815), and the rate of solution then falls off in accord* 
Weeren (Ber. 24, 1785), and Centnerszwer and anco with Boguski’s law. In acids of equal 
Sachs (Zieitsch. physikal. Chem. 1914, 87, 692). hydrogen-ion concentration, sulphuric acid 
Pullinger’s conclusions are as follow's: — dissolves zinc more slowly than hydrochloric 
Fore zinc with a perfectlv smooth surface is not acid. Specimens of ziuc from the* same rod 
acted upon by dilute sulphuric acid that has been show different solution-velocities, which is to 
previously well boiled ; pure zinc with a rough be explained b> the different crystal habitat, 
surface is readily acted upon, but less by acids Plates of rolled zinc, on the other hand, give 
iliat have been boiled than by those which have velocities which arc uniform. Zinc which has 
not* The presence of oxidising agents such as been rubbed with emery paper dissolves much 
nitric add, hydrogen peroxide, or electrolysed more quickly tlian polished zinc, and the finer 
sulfdiiiric add, increases the rate of dissohi- tho emery the more rapid tho rate of solution, 
tion, while a r^udng agent, such as hydriodic Zinc plates which have been immersed in iodine 
add, almost entirely prevents dissolution ; but solution dissolve more readily than fresh dno. 
reducing agents containing sulphur, such as The velocity of solution of zinc in adds of 
sulphur dioxide, are without effect. It is not different concentration increases more rapidly 
improhaUe that when zinc with a rough surface than tho concentration of the acid A mixing 
dimlves in dilute sulphuric acid the cause of of the solution increases the rate of solution, 
dissoluiiofi is persulphoric add, which acts A black deposit is formed on the surface of the 
eaUlyikally, and in all probability pure dilute zinc during solution ; this oocelorates the rata 
sulphuric acid would be without action upon of solution, and when it is^echanically removed 
mstallk zioc, whether the surface of the latter the velocity decreases. Zinc which has passed 
be rough or smooth. through the induction period of solution retains 

The solubllitv of impure zinc in diluted acids Its activitv when allowed to remain in water, but 
has been generally explained on the supposition loses it if kept in the air and allowed to dry* 
thii looMdeotric coirenta are wt up owing to Rapidly ooolea zino has a longerindaotfam period 
at pteeenoe of the impuniiM, whilst with pore than uowly cooled lino, but after the turbne 
dlM no Burii enrrents are pnxfuood. Weeren, hae been etched, both dlandva at the Muna 
" iMiwar, shows ({.c.) that the insolubility of rate. When stewly CMwIed riao la healed to 

f riM ie due ahnply to tho formatkm of a 400* for prolonged periods its ladnetiiM wmMl 
of aondeoaod hydro^n on the surface of is inoreaaed Soc. AbstMMta, 1914, ti. 

inial, and t^ the lurthcr action of the £fi0; also Oentnattcirer and Oiolkai', BM% 
if Mofiped. Osidising agents remore this Phys. Chen, Soo. 1910, 47, 4I9{ Ohan. 
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Ab8tr/19169 ii. 562.) For the hydrogen oyer* 
▼ottage of siaCf aee O. M. Westrip (Cbem, Soo. 
Xrans. 1924, 126, 1112). • 

The question of the corrosion of dno sheet 
and pipes, and of articles coated with sdno, when 
in use, is of great commercial importance. In 
dry pure air, as for instance in parts far removed 
from manufactories and towns, zinc roofing, 
when properly attached, lasts almost indefinitely 
with only a surface oxidation. But in the neigh- 
bourhooa of towns, and especially in the vicinity 
of chemical manufactories, commercial zinc is 
rapidly corroded and spoiled. The presence of 
the slightest trace of free sulphuric or hydro- 
chloric acid in the drainage water is very preju- 
dicial. The presence of copper in any form in 
contact with zinc should also bo carefully 
avoided. Thus Muller has shown (Dingl. poly. J. 
269, 280) that the zinc pijies which carried' the 
drainage water from the copper dome of the 
royal castle at Brunswick were rapidly attacked 
and corroded, while similar pipes on the opposite 
side of the same building were unaffected. The 
explanation of this difference probably was that 
in the presence of ammonia or of acids in the 
atmosphere some copper was dissolved by the 
rain water, and this copper being afterwards 
deposited on the surface of the zinc, set up an 
electric action resulting in the destruction of the 
pipes. 

The presence of lead, cadmium, or iron causes 
an increase in corrosion by acidic agents. 
Minute traces of arsenic, antimony, copper, or 
tin can considerably increase the tendency of 
zinc to corrode, and this influence is ^particularly 
marked in the cases of arsenic and antimony. 

G. Ducker (Zcitsch. Elektrochem, 1923, 29, 
412-415) placed test pieces of jmre zinc, com- 
mercial zinc, and specially prepared alloys in 
a bath of sal-ammoniac and ootermined the loss 
in weight. Traces of iron in the zinc or the 
solution produced serious effects owing to 
electrolytic action. The effect of cadmium is 
due to its influence on the structure of the metal. 
The effect of lead, which is a minimum at con- 
centrations of about 1 p.c., is partly electro- 
chemical and partly due to its infiuenco on the 
structure of the metal. This is coniinnod by 
the fact that any treatment of the metal which 
tends to alter the structure will increase the 
rate of attack. Small impurities in the sal- 
ammoniac increase the corrosion, especially in 
strong solutions, with the pure salt solutions, the 
attaoK is slowest with the stronger concentra- 
tioi^ which is probably due to tho protective 
action of the reaction products. ,Tne author 
advocates the use of sal-ammoniac free from 
front and re-distilled zinc in the preparation of 
psimary cells (Sci* Absts. 1924, 27, 238). To 
determine the relative oerrosion of zinc and lead 
fn solutions of inorganic salts, the metal plates 
were suspended in salt solutions of high con- 
centrations, and the corrosion was expressed 
as percentage loss of weight, tho loss of weight 
trOm similar plates suspended in distilled water 
beiiig taken as 100. With zinc plates, the 
lite of oorrosion rapidly reached a maximum 
with Inoreasing concentration, beyond which 
tlio fate of oorrosion steadily decreased. 8ul- 
pluitee end ddoiides gave similar results, the 
jimeer produciim a more pronounced decrease 
ilM exwical concentration. Nitrates, 


however, caused a rapid decrease in the oorro* 
sion rate throngliout. The conditions influenc- 
ing corrosion are ^ chemical action of the 
dissolved salt on the metal, the solubility of 
oxygen in the solution, the rate of solution of 
oxygen by the quiescent salt solution, and the 
physical and chemical action of the products 
of corrosion (J. N. Friend and J. 8. Tidmus, 
Inst. Metals, Mar. 1024; J. Soo. Chem. Ind. 
1924, 43, B. 337). 

The use of galvanised iron tanks for water- 
cisterns has led to much controversy, particularly 
in the colonies, as to the effect of such storage 
on the health of persons who drink the water so 
stored. According to Bunie, the use of zinc- 
coated iron water-pipes is not deleterious to 
health, and this view is supported by Br. 
Ehmann, late director of the water suwlj of 
Wiirtemburg, and by Dr. Boardman, of^ston 
fj. 8oc. Chem. Ind. 6, 557). But a strong 
feeling exists to tho contrary, and, after careful 
inquiry, the use of galvanised tanks for drinking- 
water was condemned in the British and Fren^ 
Navies. From the well-known properties of 
zinc it might be anticipated that some waters, 
which arc^oither slightly acid or alkaline, would 
attack zinc vessels, while other waters might be 
almost without action The presence of chlorides 
would probably also be prejudicial. It is not 
unlikely, therefore, that the differences in tho 
action of water on zinc cisterns, as noticed by 
various observers, is due in great measure to 
the character of the water. It is, however, 
certain that zinc or galvanised vessels should 
not be employed with acid waters. 

Experiments have been conducted to deter- 
mine the degree to which ordinary galvanised 
iron buckets are corroded by tap water, distilled 
water, carbonated water, milk, orangeade, and 
lemonade. Quantities of 1 gallon of each of 
these liquids (1 quart of milk) were placed in 
buckets and samples analysed for zinc at tho 
end of 17 and 41 hours. The orangeade and 
lemonade contained the juice of twelve oranges 
and twelve lemons resjiectively and 1 lb. of sugar 
to each gallon. The number of mg. of zinc per 
litre found in the five liquids after tho periods 
named were : tap w atcr, 5, 21 ; distilled water, 
9, 27 ; carbonated water, 193, 181 ; milk, 438» 
1054; orangeade, 530, 854; lemonade, 1411, 
2,700. The hydrogen ion concentration and 
titratable aciciity, with phenolphthalein as 
indicator, were also determined in the solutions. 
The quantity of zinc found after 17 hours increases 
directly with the hydrogen iron concentration 
and titratable acidity. The buckets whidi had 
contained the milk, orangeade, and lemonadb 
were visibly corroded, especially in UiB last- 
named case (J. W. ^e and C. H. Badger, 
Ind. Eng. Chem. 1924, 16, 164 ; J. Soc. Chenu 
Ind. 1924, 43, B. 273). 

Zino-dust is employed somewhat largely as 
a reducing agent, as a precipitant for gold in 
the cyanide process for the extraction of gold 
from gold ores, and in the manufactnre of 
fireworks. It is obtained, mixed with more or 
less oxide, in the distillation of tho metal, or can 
be produoed by crushing the metal in a mortar 
at a iem{)eratu(e somewhat below its meltiliig* 

In castings zinc takes a venr sharp impress 
skm of the mould, and, as it^dts at a lutm 
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tcmperaiuro, it has been used tea considetabie 
extent, espeeialJvin ]EVanoe,for the production 
of statuettes and other objects of beauty, which 
are afterwards usually coloured or bronsed. 
Some of these bronzes contain about 17 p«c. of 
copper ; this alloy expands in the mould, and 
gives very sharp and clear impressions (see 
Tomer and Murray, Inst, of Metals, 1909, ii. 1 15). 
The introduction of photo-engraving has also in 
recent years led to tho use of considerable 
quantities of sheet zinc of special quality. 

Galvanising . — An important application of 
zinc, known as galvanising, was patented by 
Crawfurd in 18tn. The object of the process is 
to coat the surface of iron with a thin layer of 
zinc, which protects the metal underneath from 
02 ddation. In this respect zinc acts more per- 
fectly tlian tin, which is negative to iron; in 
the case of tin plates the protection only lasts 
so long as the surface of the iron is covered with 
tin, but as soon as any portion of the iron is 
exposed to the action of the atmosphere oxida- 
tion proceeds more rapidly than in th(5 absence 
of tin. Zinc, on the contrary, i'^ more jwsitive 
than iron, and thus, even though tiie coating of 
zinc may be removed in jilaces, the ^irotection 
continues so long as any zinc remaitLs. Gal- 
vanised iron, however, cannot be iLscd in con- 
tact with acids or alkalis, nor for the canning of 
fruits, meat, &c., on account of the action of 
vegetable acids and animal juices on the surface 
of the zinc. 

A micro-section through a piece of gah anised 
iron indicates that between the iron and the zinc 
there is at least one la>Vr of inUTiucdiate com- 
pound of iron and zinc (see p. 579). It 
probable that the excellent wearing qualities of 
galvanised iron depend to a considerable extent 
upon tho presence of this hani crystalline 
layer. 

According to H. Bablik (Stahl, u. Kiscn, 
1924, 44, 223), the zinc coating obtained in the 
usual process of galvanising consists easentinlly 
of three layers — an extremely tliin cementing 
layer very rich in imn, a slightly thicker layer 
of FeZns and KeZn,, and a thicker layer of pure 
zinc. The lower layers are very hard and brittle 
and tend to make the coating f rack on Ixmdmg. 
Tn the new process the formation of the inter- 
mediate layers is prevented and a pliable coating 
is obtained, whilst economies are efTected in 
the amount of fluxes used, and in the jirojxirtion 
of zinc lost in ashes and hanl zinc. The 
ap^ratus consists of a es^t-iron vessel having a 
cyundricai fireclay collar; the vcfMwd is filled 
with soft lead on which a thin la}cr (5* '6 cm. 
thick) of zinc floats as U> iconic ui conta^-t 
solely with the fireclay collar. A smaller fire- 
clay cylinder dijis through the zinc layer into 
^ lead and is filled with a flux containing 
ammonium chloride. The articles to be gal- 
vanised are pickled in hot diluu^ sulnhiiric acid 
immediately before l>eing iiassed through the 
flux layer into the lead, then up through the 
tine layer. The resulting e^iating has a duller 
eokmr and is more coarsely cTysialline than 
usual, but tbe size of the crystlls can lie reiliieed 
aad Ima colour ^*atly improved by adding 1-2 

A1 iO the zinc U^fore use. •The afuminiuin 
aliO fitafds the formation of oxide crusts and 
flgatm show the prudneiion of 
---■-i>cwJISi«stiwgBthorwith the ecmsnmpUoB 


of zi&Q and load during a year's working of the 
prooess (J. Soo. Chem. Ihd. 1924, 43, B, 299). 

The operation of galvanising is not in any 
way an deotrio process, as might be inferred 
from its name, but is simply a method of coating 
clean iron with zinc by immersion in a molten 
bath of the latter metal. Numerous patents 
have been obtained for suggested improvements 
in galvanising since Crawdurd introduced tho 
rooess, particularly by Mallet and Morewood, 
ut the old process is still ahnost universally 
adopted with a few improvements in detmls for 
savmg of lalKiur and the production of a better 
Aurfac'o with a smaller consumption of zinc. 
Galvanising is conducted largely in the United 
Kingdom, and particularly in the neighbourhood 
of iiirminghaiu and Wolverhampton, aiid in 
South Wales. \ 

The iron or steel which is to be galvanic is 
received in the black state, coated wdth 
from the process of manufacture. Shcets\aTe 
close annealed (i.e. annealed in large iron boxes, 
while carefully protected from aceoss of ail} to 
render them son, but many other articles ^ro 
treated without annealing. The scale is next 
removed by pickling in hydrochloric acid, which 
is used cold, or nearly cold, and which is oon- 
taiued in stone troughs. Tanks built of blue 
brick, set with sulphur joints, are also frequently 
used for containing tho pukling acid. The 
strength of the acid depends on the cbaractcor 
of the w^ork ; for wire 12 p.e. of real HCl is 
hiiilielcnt ; for tulw‘8, buiket^, and general wrork 
an iuierinediate btreiigth is Ix'st ; while for 
sheets about 2<1 p.e. is generally uwxl, and some- 
times the undiluted muriatic n<»id of eommoree 
{2d -30 ji.c.) IS employed. By this method of 
working, pickling is usually conipleU> in a few 
minutch; but on the Continent, where acid tz 
dearer and cioononiy is ncccsasry, a ililutc pickle 
iH us(»d, the w'atcr is ami the sheets are 

allow'<*d to remain m the phkle f<«r about 2 hours. 
The scale ha\'ing bwii thus ilissolved or kioHened, 
the iron is wiisIuhI with water, and, if necessary, 
nibbefl with sand to complete the cleansiiig. 
The molten zim* is contained in a wroughi-iron 
|M>t, the diuiensif^ns of which vary acoonling to 
tbt? character of the work to lie done, and which 
IS heated by iiieaiiM of a slow colu* fire around the 
hides and under (he bottfim of tho pot. The 
surface of the zinc is covered with powdered sal- 
ammoniac, which acts as a flux, and when best 
hiifvts are b<'ing treated it is usual to add about 
2 or 3 p.c. (d tin to tho bath so as to assist in 
the proiiuction of a ciy'stallino amieaFanoc of 
'sjiangle’ on tho surface. In other cases to- 
melted zinc, i.f. zinc containing some tin and 
h*ad solder, is a<ldf*d to the l>atli for tho same 
puqsiHC. 

According to Ifannilh and Uhcad, tin alone 
doos not pnsiijoo * spangle,' wken added (o tho 
zinc liath. Tho action is much faoUitaiod by 
the presc^iice of load or bismuth (J. Inst, Uetab* 
30, p. 79). Ill galvanising sheets also ii is osuai 

have a pair of rolls in tho hath to guide the 
in Its passage through tlio zinc and to 
improve the surfaett. Tho consumption of zlne 
can Ut somewhat reduced, and tho surfaoa oou* 
M'tdemUy improved, by tho use of foils or 
bruslies as the shek leavfMi the bath* Koilor 
and Breden (Eng. Pat 12466 , 1866 ; and ) 86 ? 4 # 
1888 ) have iwUrnUA the use of wife hfiiMM 
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iMttmxpmi wU}«t (fing. Pat. 10089i 

1889; 1890) has introduced broshee 

vliioh pma evenlv on the surface of the sheeti 
as it l^Tee the bathi and he also a<^ fine 
udro bruahee, together with improved rolls for 
feeding in the sheets. Corrugated sheets form 
a considerable portion of the trade ; these are 
galvanised plain, and afterwards passed through 
corrugating machines in the cold. In galvan* 
ising wire, it is reeled through the pickle trough 
and the zino-bath continuously, while netting is 
woven in the blacky and afterwards reeled like 
wire. A continuous arrangement for this pur- 
pose has been patented by Vibart (Eng. Pat. 
14207, 1880). The proportion of zinc taken up 
by the iron in galvanising varies considerably, 
being as high as 25 p.c. with moderately small 
wire, and less than one-fouiih of this with 
many articles such as anchors, chains, and 
large elbows. In some galvanising worl^ the 
sheets are pickled with hot diluted sulphuric 
acid, and the molten zinc is covered with zinc 
chloride instead of ammonium chloride; but 
the process above described is^n much more 
general use. 

The molten zinc gradually takes up iron 
during the* galvanising process, and forms an 
alloy which is lioavicr than zinc, and which 
sinks to the bottom of the bath. This is re- 
moved from time to time and cast in idates, 
which, when broken, exhibit a clooc-graiiicd 
fraoturo with black spots. This alloy is known 
as hard zuh*,’ and contains from about 2 to 5 
p.c. of metallic iron. It is usually re-mcUed at 
a higher t<uni»eiature, when it separates into 
two portions, one bc'ing tolerably pure zinc. The 
other portion is much less fusible, and forms a 
orystalhno or granular material of the colour 
of zinc; it is vciy friable, and frequently 
exhibits surface colorations of great beauty. 
In this form it is generally sold to the smelter, 
and contains about 7*5 p.c. of iron, corresponding 
to FcZdjo, though exceptionally compounds are 
produced which contain upw'ards of 25 p.c. of 
&on (c/. Taboury, C-oinpt. rciid. 1914, 159, 241 ; 
lieChatelier ibid, 1914, 159, 350). 

The ammonium ciiloride used as a iiiix in 
galvanising is gradually lost during the process, 
and fresh additions have to be miulo as re- 
quired. This loss is doubtless duo in part to 
volatilisation of the salt itself, but also to a n»- 
aotion which takes place, whereby zme chloride 
is formed and ammonia oot free. It has been 
pvoposed to collect the fume of ammonium 
compounds evolved from the galvanising bath 
by suitable exhausting arrangements and scrub- 
bers in which the gases are washed by diluted 
add, and it is stated that such an arrangement 
not only very much imxirovos the atmosphere of 
tlie manufactory, but actually yields a profit in 
working. • 

The result of the action of the ammonium 
dbloride and of atmospheric oxygen on the 
molten zinc during galvanising is tne production 
of a scum which is known as * flux skixnmim,’ 
end which is removed from time to time. This 
oonsists of chloride and oxide of zinc, 
UmMubS with some ammonium chloride and 

a t it ii usually sold to the smelters. Heath- 
(Bm. Pet. 1441U 1885) proposed to 
dfssobu tbs dhlorides in weter and deposit 
^ eleelrieilly; IKtehards (Bog. Pat. 


13982* 1885) dissolves the oxide of zinc, to- 
gether with the chlorides, in the miniini tm * 
quantity of hydrochloric acid, and after evapora- 
tion electrolyses the concentrated solution of 
zinc chloride (cf. Ingalls, Metallurgy of Zinc, 

2nd ed. 578). 

The electrolytic method has also been ap^died 
to the treatment of the zinc scum obmned 
daring desilverising, and Bosing states (Dingl. 
poly. J. 263, 87) that this method is the most 
suitable for the purpose of any process at present 
known. The powdered scum is spread on a 
lead plate at the bottom of a wooden vat which 
is filled with a solution of zinc sulphate. The 
lead plate acts as anode, and when the current 
is passed, zinc deposits on the cathode, and a 
corresponding weight of zinc is dissolv^ from 
the scum. When the surface zinc has been thus 
removed, the residual mass is dried and heated 
to redness in a cupellation furnace and again 
electrolysed. 

The quantity of hydrochloric acid annually 
used for pickling in the country is very great, as 
a number of firms engaged m the galvanising 
trade each require some thousands of tons ox 
commercial muriatic acid (26-30 p.c.) per 
annum, but no statistics on tli^ point are avail- 
able. When the works are situated near the 
sea the waste pickle is readily disposed of, but 
the Midland manufacturers have during the last 
few years met with increasing difficulty in 
getting rid of their waste acid. The nuisance 
has become intolerable, and costly litigation has 
been undertaken by the local comrations to 
enforce some efficient system ox treatment. 
Hitherto the usual system has been that of 
neutralisation with lime and subsequent filtra- 
tion, with or without subsequent roasting of the 
ferrous precipitate, to convert it into red. oxide 
of iron. Turner (Eng. Pat. 1889, 1890) intro- 
duced a method of recovenng the hydroohlorio 
acid, and the process has been in operation in 
South Staffordshire for over 30 yeaxs. The 
waste liquor, which consists of on acid solution 
of ferrous chloride, contains slightly under 10 p.o. 
of iron and about 15 p.c. of acid, chiefly in com- 
bination. The liquor is allowed to trickle 
slowly into a fire-brick reverberatory furnace of 
special construction; this is connected with 
condensers for the acid, whieh are arranged in 
the ordinary way. A bath of concentrated 
ferrous chloride solution is maintained in the 
furnace and thus prevents leakage# as the 
saturated solution penetrates any crack# and 
solidifies in coming-in contact with the oooi 
exterior of the furnace. The ferrous chloride is 
more strongly heated near the firebridge# ainl 
decomposes thus • 

2Fea, +2H,0 +0»4Ha +FetO, 

Hydroohlorio acid is thus recovered and need 
over again, while the ferric oxide is risked owb 
of the furnace and used as fettling in tbs 
puddling process. The fueloonsunmtionfe 
4 cwt. of gas ookepertonof wastenquottieafed. 

When sulphuric acid is used fox' nidcUog, tbs 
solution is evaporated and crataliised to pto* 
duce copperas ^mmercial xerrot 
for whiw there ie a limited demand. X# # jbnr 
im1»ooAilu(^Ppetaak$itacwm^dtompmtd ■ 
by heat for the wodnotfon of xonge. and olte' ' 
yarietjeeof btiipa-ndfoniieoi^ 
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Dry the pfooeas knom ee 

^i^emdislBg/ introdvoed by 8. Oowpear-Oolei, 
the artideB which are to be coated with sine axe 
catefally cleaned and placed in closed boxea with 
KUic in a state of fine division. The boxes with 
their contents are then heated to a temperature 
insufficient to cause the sino-dust to melt, and 
the vapour evolved gradually combines with the 
surface of the iron, and produces a closely 
adherent and protective coating of zinc. This 
process has Wn applied on a considerable 
scale, and is specially suited for artieles which 
have sharp patterns upon their surfaces, or 
crevices which would be obliterated or filled up 
with zinc in the usual processes of dipping in 
molten zinc. The surface is somewhat less 
bri^t than usual, but is pleasing in appearance, 
and its wear is quite satisfac'tory. 

Eleciro-galixinmng. — Iron or sto<'l articles 
are now abo frequ(‘ntly covered uith zinc by 
deposition, with the electric current, from a 
neutral solution of zinc 8iilj»hate, or from zinc 
salts dissolved in caustic alkali. This process is 
not used for the general run of galvanising work, 
but more particularly for articles uhich are in 
a partly finished condition, or which are of such 
a special size or shape as to render the ordinary 
process unsuitable. Zinc coatings can thus bo 
obtained which are quite satisfactory in wear and 
appearance, but they are apt at times to be soft 
and spong}', and not to eAhm firmly to the 
surface of the iron. They are also more than 
usually subject to trouble from the development 
of black spots on the surface when e3qx)‘<ed to 
moist air. 

The nature of the zinc coating obtaincMi by 
various processes has been studi^ in detail by 
Guertler, Hetallographie, 1911, 353. The most 
complete account of the various processes of 

S alvanisinc is that given by M. A. Sing (liC 
lingage du fer et de I’acier, Revue do 
Met^uigle, 1912, I, 78, 160). 


Aujoys of Zinc. 


Zinc readily unites uith most metals when 
the tempeiatuie is raised sufficiently to insure 
fndon. The binary alloys of zinc are generally 
white, eiystaliine, brittle materials of limited 
teportanoe* These alloys are usually of uniform 
composition ; with lead and with bismuth, how* 
ever, zinc unites at a temperature above its 
melting-point, but the alloys separate on cooling 
into two distinct layers, the upper layer in each 
case consisting of nearly pure zinc. The most 
important series of binary alloys of zinc is the 
otypper-idno (or brass) series, which is separately 
dmotibsdL • 


With abminium zinc readily unites when the 
WbMb are melted together in any proportions. 

constitotion of the series of alloys has been 
iMfad by Heycock and Neville (C9mm. 6oc. 

1897, 389) ; Shepherd ( J. Phys. Cheau 
1908^ % 0M) ; Ewen and Turner ( Joum. Inst. 
oOMzK 1910, 2, )40) ; Bosenhain and Arch- 
A, 211, 315; also lOth Re* 
Research, 1912): Eger (Intern. 
ifeU. 1913, 4, 29 ) ; Wr and Vogel 
MM. Profiim^mt, 33, 146) ;^T«na^ 
•t 19S4, 32, 415). .Thd/theniul 

been measurod by Smtmoff 
^9it 195, 361). 


ubiclt are fecognbed are a, vfUdi Is idnc, or 
a solid solutkm oontsining teas than 1 p,e. d 
raluminium ; & which is a definite compound, 
probably Al|!&ia ; and y, which is a solid solution 
of zinc in aluminium, and may contain aa much 
as 40 p.c. of zinc. There is one euteotio, with 
95 p.c. of zinc, molting at 380% them is also a 
small break on the freezing-point curve at 85 p.c, 
of zinc, and an inveision at 256^, when thejS- 
phase on cooling breaks up into a and y. The 
compound Al^Zng appears to be stable only 
above 266® (Fraenkel end Goez, Z. Metallk. 
1025, 17, 12). The commercially interesting 
alloys are at the aluminium end of the series, and 
these have assumed very considerable import- 
ance in recent years (cf. Levi-Malvano and 
Marantonio, Gazz. chim. ital. 1912, 42, I. 353; 
Carpenter and Edwards, Intern. Zeitsch. Retail. 
1912, 2, 209). The so-c^lcd aluminium < 
used for motor cylinders and many 
purposes usually contain about 10 p.c. oflzinc; 
not unfrequently a few p.c. of copiier or ^er 
metal or metals, and the residue alumimum. 
These alloys are rather more fusible than pure 
aluminium and are stronger and work better. 
They are also slightly cheaper. Alloys contain- 
ing up to 25 p.c. of zinc can be rolled hot, at 
suitable temperatures, and material with tensile 
strength up to 34 tons |)er so. in. obtained. The 
strength of these alloys is thus equal to that of 
mild steel, and as their density is only about 
3- 3*2 they have found considerable applicationa 
uhere lightness and strength are required. 
Tensile tests have also lieeii made on Igrge 
crvstals of an alloy containing lb p v, of zinc 
(Klam, I>roe. Roy. Soc. 1926, A. 109, U3). 
Duralumin, the light alloy used for aircraft and 
similar purposes, is of this class ; its properties 
depend not only upon its composition, but also 
u]>on suitable mechanical and heat treatment 
In sand-cast alloys the maximum tensile strength 
is obtained with from 20 to 60 p.c. of aluminium, 
and the maximum hardness is within the same 
range. The tensile strength of all these alloys 
rapidly falls os the temperature rises. They are, 
therefore, not suitable for use a ben subjected to 
the effect of heat. See aUo Vol. IV. p, 295. 

The density of the zuic-alummium alloys 
agrees closely with that calculated from their 
composition; chilled castmgs are slightly leas 
dense than theoiy would indicate, and sand 
castings slightly lighter than cbilM oastbgi. 
The volume changes which occur on alloying are, 
however, not huvli as can be detected without 
oarefii] tests. According to O. Bauer and W* 
fleidcnbauis (Mitt. MnUTialpruf. 1923, 4i, 50), 
the relat ion 4}et ween the coiitra<.*tiou on freezing 
and the constitution of ahimtnium-ziiio alloya 
has been determined. In all samples tested the 
chill-cast alloys showed a greater total shrinksgs 
(from liquid to solid af ordinary temnaratura) 
than the sand-east alloys. The great difleraioe 
in the shrinkage of ohill-eaat and saiid*met 
zino practicsally disappears when only 0*0 
of ahimtniuni is added to the metal. FnitW 
additions of aluminiam rednoe the csmtaMtai 
to a minium at 2*5 p,o. Al, then inereaee thil e( 
the chill-cast alby to a maximiim M eii^^ 
point without, however, iaAosMing that el ftn 
•and-east metd. Jhpom the point At wliSoii tib' 
primary sepaxatksi At Al,Za« Irum the Hmll 
hegtoi the eottlyietksi el hetli 
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aad 4sUU<i*oiitl tHkju jhlH MMsbiag a mfaiimqin 
al a oampositioii iMinwqsoodi^ to Al^Zn^, 
then fllowly rises to a maSdtnnm at 65 p.o. Af 
{limit of 7 *inixed crystal pbaae), fails somewhat, 
and finally rises steeidy to tibe high value of 
pure aluQunium. The curve in general provides a 
confirmation of Bosenhain and ArohbutVs equili> 
brium diagram for the aluminium-zino alloys ( J. 
Soc» Obem. Ind. 1911, 1 166) and evidence for the 
ezistenoe of the compound Al 2 Znj ( J. Soc. Chem. 
Ind. 1924, 43, B. 62$)). Zinc-coppcr-aluminium 
alloys are only satisfactory for use at ordinary 
temperatures, as they become brittle on heating ; 
an alloy containing 12*6-1 4 *6 p.o. Zn and 2*5^ 
p.o. Cu has a tensile strength of more than 11 
tops per sq. in., and an elongation of 4 p.c. on 
2 in. at 15*^ ; the tensile strength falls to 4 tons at 
260% and to 1 *5 tons at 350“. Some coi)per zinc- 
aluminium alloys of high zinc content exhibit 
the phenomena of sc^ason cracking if annealed at 
too nigh temperature, but this tendency in the 
over-annealed metal may be greatly overcome 
by hot woiking, so as to effect a total reduction 
of oross-seotional area of 60 p.c. ; the alloys of 
this series also corrode badly on exposure to sea- 
water, although they are stable in the air 
(Alloys Besoarch Committee, 11th Beport, 
J. Soc. Chora. Ind. 1921, 851 A.). 

Moan eaium and zinc form a definite com- 
pound MgZn^, which can be distilled unchanged. 

With antimony^ zinc readily unites in all 
proportions; the resulting alloys are brittle, 
ana exhibit a close-grained, dark-grey fracture 
when much antimony is present; when anti- 
mony is in excess, the surface of the alloys 
readily tarnishes during the process of casting, 
and the ingot becomes coated with a dark-grey 
orust of oxuio. When tlv» con«<tituent metals 
are piwnt m about equal proportions, surface 
colorations of gn^at beauty can be obtained by 
oxidation, the tints obtainable including yellow, 
red, purple, and blui*. A small propor- 
won of antimony renders the surface colour of 
oast zinc distinctly more blue than usual, and 
with care the presence of 0*5 p.c. of antimony 
can he readily deteeti^d by this tc^t. The usual 
ooiour of the surface of ingots, of equal }>arts of 
antimony and zinc, is a bright sky-blue, and 
the alloy has the peculiar pnjpcrty of mark- 
ing glass (Turner). Antimony-zinc alloys are 
readily fusible, and in this respect the innuonce 
of antimony is quite different from that of 
arsenio or phosphorus, both of which raise the 
meltlng-pomt of zino. The most stable com- 

K \ of antimony and zino appears to be 
n^. 637° (Tammann and Dahl, Zeitsch. 
anorg. Cnem. 1026, 144, 1). Zinc-antimony 
alloys have met aith an application for the 
pioauotion of thermopiles, for which purpose 
tfaayjoe well suited. # 

with hiamuth^ zino .unites when the metals 
aiO molted together, but on oooling the alloy 
aaparates into two layers, the upper oonsisting of 
abo oontauiing bismuth, wbilo the lower layer 
oonaista of bismuth containing zino. The com- 
porition of the two layers varies with the tern- 
pemtuze, the solubility of each metal in the other 
itaa^ increasing as the temperature rises 
until at about 850° the whole la of uniform com- 
pMtIeii (Himook and Neville. Chem, Soo. 
TtaeUk 1897| 7l» 390). With forms a 

iMta al amys which are :i^ yellow, with 




exoeas of gbM, and greenish as the proportion of 
zino inoreases ; all these alloys are more or less 
brittle. In the production of jewellery part of 
the copper used in the preparation of the gold 
alloys is often replaced brass, as the colour of 
the resulting gold can be thus improved, while 
the cost of the alloy is slightly zinced. The 
presence of much zinc renders the gold hard 
and difficult to work, and as the zinc is volatile 
at high temperatures this alloy is not suitable 
for use whore the article has to be reheated 
during manufacture. The compound A^n, 
with 75*1 p.o. Au, can be obtain^ by distilling 
off the excess of zinc from gold zinc alloys, in a 
vacuum, at 600° {see Groves and Turner, Chem. 
Soc. Trans. 1912, 585). 

With iron, zinc forms a scries of allox s 
which are generally white, hard, and brittle. 
With not more than 5 ji.c. of iron the alloys are 
close-grained and darker in colour than pure 
zinc ; such alloys are produced in the process of 
galvanising, and arc known as ‘hard zinc.’ 
With more iron the character o! the alloy varies 
acconling to the method of preparation. The 
fernferouB residue left on liquating ‘ hard zinc * 
is very frjable, and readily crushes into a coarse 
dust, consisting of bright flakes or spangles ; on 
the other hand, the material obtained by fusion 
is compact, white, hard, and brittle. The alloy 
of zinc and iron obtained by saturating zino 
near to its temperature of volatilisation with 
iron is not attracted by a magnet ; it does not 
rust, nor give sparks by friction or blows. It is 
dense in structure, but is only semi-metallic in 
fracture, and contains about 22 p.c. of iron. 
These alloys have a somewhat important appli- 
cation m the preparation of ‘ delta metal,’ and 
also of Aich, stereo, and Gedge’s metal, all 
of which are yellow brasses containing about 
60 p.c. of copper and nearly 40 p.c. of zino. The 
addition of iron to these brasses, first suggested 
by Keir in 1779, imparts special haidziess, 
toughness, tenacity, and wearing properties, 
while the alloy can be rolled either hot or cold, 
and the constituents of the mixture aare rela- 
tively cheap. The proportion of iron present 
usually varies from about to 4 p.c., according 
to the purpose for which the woy is to be 
applied. The zinc-iron alloy can to prepared 
by one of the following methods : — 

1. By immersing clean iron wire, or sheet,, 
in a bath of molten zmo heated to near its 
boiling-point. The addition of a little ohaxooal 
and some solid ammonium chloride assists the 
action. Where the pfi^senco of a little tin in tte 
alloy is not objectionable (as for stereo-metal) 
a convonient method is to employ dean tin« 
plate scrap ; the coating of tin rmlily unites 
with the mo and leaves a dean surface of iron 
exposed to the action of the molten mefcaL 

2. In order to reduce the waste of stale 
usually aoeompanying the produeHon of suoh 
alloys, a zino of high bouing-polnt may be 
advantageously used in some oases. Bull (Biig« 
Pat. 4086, 1888) proposed the addittim of 
phosphorus or arsenic lor this purpose, whtib 
the addition of adittle copper to the zino asi^ts 
the action without the mtroduotion of any 
taijuriout oonstituent. 

3. Alloys rfth in iron can also be oUsiiMNl 
by Uquaiing the 'hard ilno ’ fieom fd»uniitS| 
works, and sfcmi|^y headng^the 
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reddiK» in a diosed orndble. The ezoess <rf 
sine is volatUised, and the percentage of iron 
increases with the tompeiaturo employed. The 
alloys actually used in practice contain from 
about 7 to nearly 30 p.c. of metdlic iron. 

The equilibrium of the iron-zinc scries has 
been stumed by V. Vegcsack (Zeitsch. anorg. 
Ghem. 52, 1907, 30). The diagram is somewhat 
complicated. At the iron end there is a series of 
solid solutions in a, and y iron with a maximum 
of about 35 p.c. of zinc at 1100®. At the zinc 
end two compounds are recognised, FeZn^ (or 
perhaps FeZn,) and FeZng. These comx)ounds 
undergo decomposition at 777® and CC2® respi c- 
tively. W. Guertler (Metallograpbic, 1911, 353) 
• has recoj^isod the compound FeZn, as an 
intermediate, electro-negative layer in the 
coating of galvanised iron, and occurring between 
the iron and the zinc coating. has also 
recognised of FeZn, in the external 

coating of zinc (r/. Vigouroux, Ducclliez and 
Bourbon, Bull. S^c. chini. 1012, [iv.] 11, 4S0; 
Raydt and Tammann, Zeitseh. anorg. Chem. 
1913, 83, 257). 

With cobalt y zinc combines to form a definite 
compound CoZn4. Alloj's of these twp metals, 
containing more than 81*6 p.c. of zinc, are non- 
magnetic and become more brittle as the 
quantity of zinc dmiinishos. When powdered 
and treated with cold 1 p.c. hydrochloric acid 
or dilute nitric acid they leave a residue of 
CoZn4, D® 7*43 (Ducclliez, Bull. Soc. chim, 1011, 
[iv.] 9, 1017). 

with manganese, zinc forms MiiZn, and 
MnZiis, the fusion diagram being similar to that 
of the zinc-iron alloys. The alloys are hard and 
brittle ; those containing 5-20 p.c. of manganese 
are porous, but those with a greater proportion 
of manganese are more compact (Parravano and 
Penet, Gazz. chim. ital. 1915, 45, i. 1). 

With lead, zinc readily combines when the 
two metals arc melted together, but on cooling 
the mixture, or allowing it to remain at rest, the 
zinc ooUects as a layer at the upper surface, 
wh^ the lead is found at the bottom of the 
mass. Neither of the metals is, however, quite 
pure, lor the lead on cooling retains I'O p.c. 
of zinc, while the zinc retains 1*2 p.c. of lead 
(Percy, Metallurgy, 90). Thc'ie proportions vary 
according to the* method of treatment and the 
temperature employed. Thus £. Kraut has 
examined the behaviour of zinc containing lead 
on remelting (J. Soc. Chem. Ind. 5, 537). The 
sample was melted, well mixed, and a quantity 
removed and granulated. The residue was 
allowed to cool slowly, and the top, middle, and 
bottom of the mass separatelv analysed. The 
top contained 0*943 p.c. of lead, the middle 
2*847 p.c., and a small quantity at the bottom 
as much as 4*121 p.c. ; whilst the original zinc 
eootained 1*543 p.c. of lead. In these ex- 
periments only 2 lulos. of metal was employed ; 
00 the large scale the separation of the two 
metals is still more complete. 

Tibo rolled zinc of (ommeroe is a nearly 
aatwrated solution of lead in zinc, and usually 
eotiMns about 1 p.c. of lead. An excess of 
ici4 inlttriously affects the rolling properties ; 
luMCice it is mm when rolling (^ontineiltal zinc 
to xwmAt it in a reverberatory flimsce with an 
itti!)bq0d bed*. 7^ metal h allowed to remain 
tsirnpmtiim ^ above its meltiiig* 


point, and the siiic is ladled off from tlit top 
nom time to time. The excess of lead separates 
ooUeots as a layer in the lower end or 
* sump ’ of the furnace, beneath the zinc, and is 
removed at suitable intervals. 

Gn strongljr heating lead-zino alloys, the 
excess of zinc is at first volatilised, but as the 
temperature rises both lead and zino distil over 
together. This curious volatility of lead in the 
presence of zino is doubtless the cause of 
occurrence of lead in commercial zinc, obtained 
from ores containii^ lead. The presence of a 
small proportion of zino in commercial lead 
communicates hardness and allow^s the load to 
ri'ceive a good polish without destroying its 
malleability. j 

With mercury, zino readily unites to fom a 
series of white brittle amalgams wliich became 
pasty when mercury is in excess. Zinc twial- 
gams are easily obtained by mixing mero|Eury 
with molten zinc, or by adding zino to merc^ixy 
heated nearly to its boiling-point. Zino plaifes 
for galvanic batteries are coated with meroui^ 
by first cleansing the surface of the zinc with 
dilute sulphuric acid and then rubbing the 
mercury over the clean surface. An amalgam of 
zinc and tin is used on the rubbers of frictional 
electrical machines. On the literature of zinc- 


amalgams V. J. 8oe. Chem. Ind. ft, 512; c/. 
Hildebrand, 8th Inter. CSong. Appl. Chem. 1912, 
22, 117. 

For the use of zinc amalgam in the evolution 
method for the determination of sulphur in 
iron and steel, see Teruo Ashida (Memoirs of 
the Coll, of Science, Kyoto Imperial University, 
Series A. Vol. 7, No. 1983). 

With Silver, zinc does iu>t very rapidly unite 
at the melting-point of the latter, but at higher 
temperatures the metals readily combine, form- 
ing a series of allovs which are whiter than 
zinc, and the use of wliich has been proposed 
for coinage and other purposes. With 5, !0, or 
20 p.c. of zinc, silver forms white ductile alloys, 
which can be rolled like standanl silver, and 
which arc more fusible than the c<»rre0ponding 
copper allovs (Percy, (Sold and Silver, 169-171 ; 
cf. Heycoek and Neville, C’hem. Soc. Trans. 
1897, 71, 407 ; Carpenter and Whileley, Intern. 
Zeitsch. Metall. 1912, 3m 145). 

When l(*ad which contains silver or gold is 
melted with zinc and allowed to cool, the zino 
separates, rises to the top, and solidifies first. 
This solid crust of zinc contains the precious 
metals, and this fart was applied by Parkes 
in the well-known process for dwilveriring 
argentifsroiu load. Ilie zino acam is distilkiq 
to remove tfio zme, much of which is tMOVWsd 


in (he metallic atato. The silver is indted. 
refined, and oast into iD|[otB. The sefNwntion ta 
the two metsJa is pract^ly complete at 700* 
in a vacuum (Qrovee and Turner). 

According to W. O. Traub (Am. Bteotradiam. 
Soc. Trans. 42. p. 05 ; Pise. 00. 1922) anMMri. 
ments were made to determine the eauaa of tlw 


disappearance of oertoin netala that had bsw 
deposited on zino. The results indioata tiitt 
copper, hnss, gold, and diver an diSosed fslo 
zino; whercM nickel, wbidh doea not dlftaa 
into aine. can be used aa a | »even t ive afiM 
difluaion of other netala dapoeftid oetir S 
(Soi. Abetr. 1024, 27, 200). 

Widi Hu, etno nmdify aattee hi elt 
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the tmlting aUoya being generally harder 
than tin but softer than dno. The eolour of th^ 
alloys is in all oases white, and the fracture if 
orystalline, although its appearance yaries witt 
the mode ci preparation. The alloys of tin and 
zino are not quite uniform in composition, as the 
tin tends to Berate and collect at the boiton; 
on cooling. 1^-zinc alloys are used for cast 
ings of patterns for ornamental purposes. A 
detailed description of those alloys, ba^d on tlu 
work of Guottier and Budberg, is given ir 
Hioms’ Mixed Metals, 249-253. 

With cerium, zinc forms two compounds 
CeiZn and Ce^Zn (Clotofski, Zciisch. anorg 
diem. 1920, 114, 1). 

The vapour pressures of molten cadmium anc 
of its alloys with zinc have been measured ai 
two temi^raiures, and Booult’s law is found t< 
hold. The internal pressuro of cadmium, indl 
cated by compressibility and expansion coejQi 
cients, is muen the same as that of zinc at th< 
temperatures investigated (A. C. Egerton am 
F. Y, Raleigh, Ohem. Soc. Trans. 1923, 123 

Niokel Silver, Brass, &c. 

In addition to the binary and other zii 
alloys above mentioned, zinc enters into tl 
composition of a numbt^r of alloys containi! 
three or more metals, of which the following a 
the most important. 

Nickd silver (also known as German Silve 
Packfong, White Copper, Electnim, Nevac 
Silver, £c.) consists of copper, zinc, and nicki . 
It is an alloy of white, or nearly uhite colon , 
of high tenacity, and capable of being cas , 
rolled, spun, and otherwise worked. One of i i 
most important properties is its relative pe - 
manence in the air. and this has led to the ui i 
of the alloy on a very extensive scale. t 
usually contains about 5tM)0 p.c. of copper, tl 3 
propo^ons of zinc and nickel varying accoidu ; 
to the price and use of the alloy ; the zinc 3 
seldom less than 11 or more than 30 p.c. of tl 3 
whole. For castings a little lead is frequent f 
added. Generally au alloy of about eq" 1 
weights of zino and nickel is first prepared, c 1 
to this 'temper* the necoosary quantities f 
copper and brass are added to give the roqiu d 
ooxuposltion. A good description of the copj^ r- 
niokel-zino alloys will be found in Hioms' d 
Metals, 235-248. 

One of the chief applications of niokel sil >r 
is in the electro-plato trade, for the product n 
of articles of which teapots, forksy and spo< is 
mav be taken as examples. The alloys :e 
melted in crucibles, deoxidised usually w h 
manganese, oast into strips in metal moul s, 
and .rolled, with sc'^ral annealings, to he 
inquired gauge. For the production of due lie 
idmys pure metals must be used, and he 
temmsrature and character of the anneali gs 
oavelally regulated. The character of the sil er 
deposit on such articles has been studied hy 
mmiBrn and Barclay (Inst, of Met Is, 
i9ll» It 212)t who conclude that when he 
Mq^ortlon of niokel exceeds 14 p.o. the ail er 
Ml mnta liable to strip oS irregularly in act lal 
tM« With more niokel the strength i ad 
IbtdiMisi tnoranae and the alloy more net 'ly 


19-22 p.o. of nickel are specified for best work, 
and by suitable methods adherent coatings of 
silver of excellent quality can be obtmned 
(ibid. 226). 

Part of the tin in gun metal and in hearinff 
metal is frequently replaced by zinc, as it is 
found that me density and wearing properties 
of the alloy are thereby increased (v. Browse^ 
art. Tm). For the same reason the bronze 
coinage of this country contains 1 p.c. of zinc. 
Zinc is also present in some varieties of Alumi- 
nium bronze, and phosphor bronze, in man- 
ganese bronze, and other similar alloys. The 
‘ Biddery Ware,’ manufactured in India, usually 
contains about 90 p.c. of zinc together with 
copper, lead, and tm in different proportions. 

copper alloys— Brass, i/isfory.— Although 
the word brass frequently occurs in the Old 
Testament, there is little evidence that an 
alloy of zinc and copper was known in early 
times, unless, indeed, the suggestion be ac- 
cepted that brass was sometimes accidentally 
produced in the manufacture of copper. The 
word translated ' brass ’ might equally well be 
rendered copper or bronze, both of which were 
in common use for a considerable period before 
the introduction of copper-zinc alloys (v. 
Bronze, art. Tin). 

There is abundant evidence, however, that 
brass was known to the Romans about the 
beginning of the Clirit>tian era ; that it was used 
for coinage purposes, and that it formed one of 
the yellow alloys known as orichakum. The 
anal^ical and historical evidence on these 
points have been summarised by Dr. Percy 
(Metallurgy, i. 518-528; r/. Gowland, Presidentiid 
Address, Inst, of Metals, 1912). In the middle 
ages the Germans were famous for the production 
of bras>4, which was imported into this country 
chiefiy in the form of sheet or lailen, which was 
employed for the ' brasses ’ of churches, particu- 
larly in the Eastern counties. Over 4000 such 
brasses are known to exist in various churches, 
Ac. in the United Kingdom, which is for richex 
in this respect than any other country. The 
first brass manufactory in England is stated 
to have been erected by a German in Surrey 
about the middle of the seventeenth century. 
Brass works w'ero started in Bristol in 1702*5 
wliilst the first works for making brass in Bir- 
mingham (now the centre of the brass trade) 
were erected about 1740 by Turner. Up till the 
middle of last century the only method used in 
the production of l^ass was the calamine, ox 
cementation, process, in wliich copper, in the 
form of beau shot or sheet, was heated in cru- 
cibles in contact with calamine and carbon, with 
the result that zinc was liberated and volati- 
lised, being afterwards absorbed by the copper. 
The brass thus produced was then melted down 
and cast. This process was slow and labozioua, 
and only yielded a brass tolerably ruh in copper. 
In 1781 James Emerson patented the direct pro- 
duction of brass from copper and zino, aithoui^ 
there is evidence that the method had been pre 
viously used to a limited extent. Thecalaxalm 
process was gramially superseded by the dixoei 
method^ of production; the last oalaiuhM 
brass works ii^ this oountiy were closed aboui 
1S50. Some of the most important factors li 
the devdopment of the brass^rade have htm 
the mtioduction of loUing 
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of last cenituy, with ihe subsequeiit applioation 
of powerful machinery ; the application of the 
atamp and die in 1769, whereby articles were 
ponced more rapidly, with better finish, and 
ydith less metal than by the old process of cast- 
ing ; the introduction of gas fittings in the early 
part of the nineteenth century ; the use of brass 
and copper tubes in locomotives and marine 
engines; the introduction of yellow metal 
sheathing; of brass cases for cartridges; the 
extruding and hot stamping of brass ; and the 
extended use of engineers’ brass work and steam 
and water fittings, and lastly the applications 
to electric fittings. These and many other 
circumstances have resulted in an enormous 
development of the brass trade, so that there 
are normally employed in the brass trade of 
Birmingham alone over 35,000 persons (male 
and female), while the consujnption of metal is 
valued at 4 millions sterling ( y, A Short History 
of the Brass Trade, J. W. Davis ; also Encyc. 
Brit. art. Brasses ; Thomson, Hist, of ChomistTy, 
L 65, 62, &c. ; Midland Hardware District, 
226-240 ; Percy, Metallurgy, 604; Holzapfiel’s 
Mechanical Manipulations, 312 ; Useful Meialb 
and their Alloys, 566). 

OenertU properties of zinc-copper alloy a . — 
Zinc and copper unite in all proportions, the 
resulting alloys being of remarkably uniform 
composition tlirougliout the mivss (Laurie, Chem. 
Soc. Trans. 53, 100; 55, 677). The expcTi- 
ments of Tilden (J. 8oc. Chem. Ind. 9, 84) alo 
show the great uniformity in eoinptMiion of 
commercial feheet brass, although on the other 
hand Hioms (Mixed MetaLs, 107) gives an<iIyM.’s 
showing the cop|ier to be less at the top than 
at the bottom of ingots of caet brass. The 
alloys containing upwards of 80 p.c. of copper are 
red or red-yellow in colour; those containing 
loss than 48 p.c. of copper are gr*‘y or white; 
the intermediate all(*ys are yellow. The hardiu^ss 
of the allo^ is u&ually greater, while tlu‘ melt- 
ing-point IS higher, and the density greater, 
than that calculated from the mean of tin* con- 
stituents. Coppcr-zine alloys containing 7 28 
p.c. Cu expand to a greater or lesser extent on 
eolidification, the maximum expansion o<*curring 
with the alloy containing 16 p.c. Cu. The 
range of composition in which marked expansion 
ta^ place has a large fn.'czing interval, and 
ehill-oast alloys w^ithin this range exhibit to a 
ooQfttderable aegroe the phenomenon of inverse 
segregation The degree of segregation in chill- 
east bars is proportional tp the expansion that 
takes place in sand-cast liars and has the same 
range and maximum copper content. The 
force of expeaiHion in alloys containing ]0-2f) p.c. 
Cu is suffieSently groat to break the crucible in 
which the metal is cooled, and the resulting metal 
contains many craciks and voids, whilst its hard- 
ness and elastic limit are low Microscopical 
exaaiiaation of alloys within this range revealed 
in all cam a vory indefinite stnicturo containing 
many minute cracks and holes; this apjicars to 
he due to the fact that them alloys consist 
almost entirely of f, which has the property 
41 expanding and becoming vfery soft, so that 
m mystal boundaries become obliterated. 
Tim expansioii of the t phase fproceeds very 
clttiddy niter the alloy has cooled through the I 
]Mltt«etie^(|LIoU Inst, of Metals, 1924 ; 
I. Ohm. biL 1924, 42, B. 297). The 


addition of aino to copper produces remark-* 
^ble alterations in the working properties 
of the product, varying, however, with 
the proportion of sine present. Thus, pure 
copper can be rolled hot or cold, although in 
the latter case frequent annealing is necessary, 
and rolling hot is much cheaper and more 
expedil ious. The addition of only a trace of ainc 
renders coppr ‘ red short,’ although it does not 
interfere with the malleability of the metal 
when cold. Henoe alloys whioh contain from 
about 62 to 100 parts of copper p.c., and the 
residue zinc, are not generally rolled hot, or 
if so rolled require s|M^cial treatment. Usually 
these alloys arc rollpd cold, and are annealed 
aiul pickled from time to lime os th4 metal 
becomes hard and brittle from 1 he work pat upon 
it. But alloys with about 60 ii.c. of copper^ 
can be rolled either hot or cold, and tlfc cost* 
of production is thus reduced. These nlloys 
arc, how'over, less ductile and tough tlian\thoBe 
which contain moro copper. Their imisile 
strength is greater, but their ductility less than 
with alloys higher in the series. The alloy of 60 
parts of copper and 40 of zinc was mtented 
by Muntz for the production of sheathing for 
wooden sbip*^, and is now largely prepared 
under the name of ‘yellow metal,’ for the 
production of the chcujMT v«arieties of brass 
sheet, tulx*b, and win*. Tlu* standaid size of 
yellow metal slu*etb is 14 by 48 ins., and the 
lliickm^ss is returned aeooiding to the Birming- 
ham metal gauge. All<»ys <*ont aining aU>ut 56 to 
58 p.c. of cop|)er, and consiMing almoht entirely 
of the p plnuie, arc extruded into rods, while 
red hot, bv mcanci of suitable presses. Such 
lUlovo will iorgo at a ri*d heat. Alloys of about 
thiH com]s>«^ilion are tiK-d for matiTial wrhiob has 
to b( turned or otherwise llnb»luH] by automatic 
inacbuitry. Acecuding to Heatbeote, the lire- 
sence of from 1*5 to 2 p.c. of lead in the alloy 
givc’i the best results whrm machining ( J. Inst, of 
Metals, 1917, 17, 56), Alloys containing about 
50 p,c. of eoppi*r arc light yellow in colour; 
but cannot be replied either hot or cold. The 
chief appiituition of alloys containing rather more 
tlian lialf tleur weight of cotqier is for the pro- 
duct ion of ‘ brazing ’ solder zor use with copper, 
brass, Ae. These allov^ form what is usually 
known aa ’ hard ’ solder, in contradisiinetion 
to leiuldm alloys or ‘soft ’ solder. But in the 
braH.s trade flifTertmt varietit*s of solder ere used, 
containing from about 45 to 56 p.c. of copper, 
according to tlie tmnpc'rature to be employed. 
The brazing solders containing more cojqier aiw 
called ‘ hardv’ and those with more zino *ao£t,* 
The i»older most commonly cmiployed contaiiui 
about 51 n.c. of cop|K*r, and is usually sold in 
the form oz wiwder, which is prejiarod by heating 
a mass of the alloy to a particular iompenature 
below its meltiiig-iioint, wlion it is struck a sharp 
blow with a mMlet. At this iemperatuse tbs 
alloy is very friable, and readily crumbles into 
powder wb^ treated as above described. If it 
w too hot or too cold it cannot be powdered in 
this way. 

With more than 60 p.e. of amc the aBoyi 
lose their yellow colour and become whitii^ 
brittle, and more fusible, Xhcmgh aU ihisse wUte 
alloys are brittle when hot or when Md, titef 
can ususlty be nt sotne 

tenpsmtwe, tspd in tU. SMfaet r 
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to the nroiMMitoa of oopi^ 

M ISO^in dxM)» imd ftt a zed Wt» probabfy about 
600% in yellow netaL As the oop^ increases 
b^ond 60 p.o., as before enlainod, orass can no 
kmger be rolled hot» but is laminat^ in the cold > 
with rented annexing. 

For corrosion of Muntz metal in sea water, 

see W. Donovan and T. E. Perks, J. Soc. Chem. 
ind. 1024, 43, 72 T. For the corrosive action of ; 
brackish waters on, metals, see T. E. Perks, I 
J. Soo. Chem. Ind. 1924, 43, 75 T. : 

According to Mallot (Construction of Artil- 
lery, 82), the alloy CuZn,, containing about 33 
p.c. oop^ and 67 p.c. zinc, is used for watch- 
maker’s orass, and possesses the greatest tenacity 
of ^0 whole series. This statement has been 
oopM into many well-known works on the 
subject, but it is evidently an error. Laurie lias 
shown by his investigations on the electro-motive 
force of zinc-copper alloys (see above) that only 
one definite alloy exists in this series. This 
compound is white, hard, and brittle, and cor- 
responds very closely in ooroposition to Mallet’s 
aUoy above mentioned. All other zinc-copper 
alloys may be considered as solidified solutions 
of this definite compound in excess of one or 
other of the constituent metals. Guertler 
(Zeitseh. anorg. Chem. 1906, 61, 397 ; 1907, 54, 
58) and Murray and Turner ( J. Inst, of Metals, 
1909, 2, 131) support the view of only one 
definite compound in the cop^-zinc sericH, viz. 
OU|Zn, with 39*36 p.G. Cu. This compound is a 
brilliant white brittle substance, hamer than 
mild steel. Of itself it is of little or no practical 
value, but by its union with various proportions 
of copper, which alone is too soft, a whole series 
of alloys is obtained which possess most valuable 
and remarkable graduated properties. 

The equilibrium of the copper-zinc series 
was studii^ by RobertB-Auaten (4ih Rej[)ort 
Alloys Research); Shepherd (J. Phys. Chem. 
1994, 8, 421), Tafel (Mctallurgie, 5, 13), Hudson 
(J. Soo. Chom. Ind. 1906, 503), Murray and 
Turner (J. Inst, of Metals, 1909, 2, 103), and 
eSarpenter and Edwards (ibid. 1911, 5, 127). 
The latest form of the equilibrium diagram of 
this series has been given and discussed by 
Bosenhain in the article on MBTSLLOGRAriiv, and 
will, therefore, only receive brief reference here. 
The aUoys, which ore of commercial importance, 
eonoun from about 45 to 100 p.c. oi copper. 
Within this range there are thm constituents 
which are respectively designated by the Greek 
letters a, y. The a constituent is a solid 
solution of zinc m copper, the maximum con* 
tent of zinc being about 36 p.c. at 400^ The 
Y o(mstiiatent was regarded hy Shepherd as a 
sdld solution, but by ^Murray and Turner as 
the compound Cu^Zn,, contain^ about 40 p.c. 
copper. The p constituent contains about 
52 p.e. copper. It has the properties of a 8<did 
edutlon, but was believed by Carpenter (J. Inst, 
of Metals, 1912) to bo an intimate mixture of 
a and y below a critical temperature of 470% 
Ivtti tins view is not now generally accepted. 
This eritieal temperature is noted with aUoys 
iKitttsining iroin W p.o. of zinc down to 28 p.c., 
Md jYKmtij lass* The a phase is relatively 
eofi and ductile : the B phase is harder and 
mmt MtiiK i/Aik ike y phase is aUU harder, 
Vffff j. pruTitiftaH y kaa ae duettUtyi It Oitt ba 


readily powdered in a mortar. The effect oi 
adding suno to copper is, therefore, as shown by 
Oiarpy, to increase the tenacity and to diminish 
the ductility. Beyond 40 p.o. the tenacity 
very rapidly falls away again, whilst the duc- 
tility is diminished after 30 p.c. Hence where 
ductility and strength arc required together, 
as with cold-drawn tubes, or cartri^e oas^, 
about 70 p.c. copper is preferred. The chief 
commercial alloys may to classed as follows 
Hudson):— 

1. 100-71 p.c. Cu. Consist entirely of a at 
all temperatures. 

2. 71-64 p.c. Cu. Entirely a below 400®; 
a+fi above. 

3. 64-6.3 p.c. Cu. CJonsi->t of a+jS at all 
temperatures. 

4. 6:i-53-5 p.c. Cu. a+P at low tempera- 
tures ; p only at some higher temperatures. 

6. 53*5-51 p.c. Cu. Consist of p entirely at 
ail temperatures. 

6. 51-40 p.c. Cu p -f y at low temperatures 
P only at a mgher temperature. 

It will be noted that the proportion of the 
p constituent increases as the temperature rises, 
and Ihis'fact has important bearings on the 
heat treatment of brass. The brittle ranges in 
the brasses have been studied by D. Bunting 
(Inst, of Metals, 7, 31). 

Cast brass. All brass is now made by melting 
together copper and zinc, but the term *ca8t 
brass ’ is applied when the article to be ma^ 
receives its form in the mould, and docs not require 
to be afterwards rolled, drawn, hammereo, or 
spun. For this purpose the c^rge is melted 
in graphite or clay crucibles, which TOually 
contain about 90 lbs. of metal, and which are 
heated in small wind furnaces by coke. GieneiaJly 
each furnace contains but one pot, but some- 
times two or four pots are placed in a single 
furnace, which is mode proportionately larger 
in such coses. In Birmingham clay crucibles 
were formerly used for brass, and plumbago lor 
bronze castings. Larger crucibles, holdJAg 
250 lbs. of niet^. are often used in big foundries. 
Small cranes are then provide. TiltiM 
furnaces arc also now very frequently employed. 
Electrically heated furnaces are used in manjr 
of the larger brass works in the United States.* 
In practice it is necessary to add a quantity eff 
scrap brass to the charge, and this is geneiwy 
introduced first into the red-hot crucible together 
with a small q^ntity of flux, which is added to 
remove the oxide and^rt adhering to the scrap. 
When only new metal is used the flux is either 
much reduced or altogether omitted. The fluxes 
most commonly employ^ are ground fiuor*«par, 
together with more or less glass, and sal sDniaeum 
or acid potassium sulphate. Calcined borax, 
often with the addition of some boracio add, is 
also used as a flux. When the scrap is hot the 
copTOr is charged into the crucible, usually in 
the form of ingots, though occasionally bean shot 
copper is used. Alter ine copper has thoroughly 
melted, the zinc is cautiously added in as large 
pieces as possibly The use of large pieces of 
zinc reduces the loss, and moderates the vkixam 
of the oemhination. In any case eonsideiabhi 
heat is produced by the union of zinc and oopudr^ 
and some of the dno bums with a daitling 
brilUauey. After allowing the oiudhle la 
loniain in the f umaoe for a short time to 

w HI. I ww 



5S4 ZIMO. 


the metal to become soffioieotly fluid, it is 
ponied into moulds, which for braes casting are 
generally of * green * sand. While the brass is 
not, zinc gradually volatilises and bums at the 
mouth of the crucible, forming zinc oxide ; tliis 
reduces the white fume which Alls the casting 
ouse while the metal is being poured, and as a 
protection against the deleterious effects of in- 
haling the fume it is customary for the workman 
to keep his mouth and nostius covered with a 
doth. Kegulations are now in force to ensure 
the proper ventilation of brass foundries. When 
the metal has set, the castings are turned out 
and dipped while warm into water, which 
detaches most of the adhering sand; the 
processes of dressing, grinding, jiolishing, dip- 
ping, and burnishing are necessary to give the 
required surface, while the finished article is 
lacquered to preserve it against atmospheric in- 
fluences. The proportion of copper m cast brass 
varies considerably according to the purpose for 
which it is required ; in some cases cheapness is 
of prime importance, in others the metal must 
‘dip* well when immersed in acid, while not 
unuequently the shade of colour of the result- 
ing alloy is of the utmost moment. *Be8t oast 
brass generally contains from 70 to 75 p.c. of 
copper; ordinary good English brass 00*0 p.e. 
(t.e. 2 p.o. of copper to 1 of zinc) ; while common 
cast brass contains about 62 p.c. of copper. A 
little lead is generally added in pr(*pivring cost 
brass ; this gives sounder eastings and produces 
a metal which turns much better in the lathe 
than ordinary br<kss. Ait hough not unf it^qucnlly 
as much as 2 p.c. of lead is added to the chaige, 
most of this is removed by oxidation Jiud usually 
only about 0*3-0-5 p.c. remauis. The loss of 
metal in melting and casting is usually about 
3 p.c., but this is greater when much small scrap 
is used. It may be added that in the prepara- 
tion of cast brass it is not so necessary to ensure 
the absence of very small quantities of metals 
such as antimony, bismuth, and silver as is the 
case when the alloy has afterwards to lx* rolled or 
drawn. When special ductility or malleability 
Is required in the final product, it is of the 
utmost importance that the purest obtainable* 
inaterials should be cmployc*d. 

When alloys of the cv>ppcr zinc stTies an* cast 
in bars in sand moulds, and the length of the 
bam daring cooling is observed by means of 
an extensometer, it is found that in some cases 
marked expansion occurs, while with other 
compositioDS there is liUle or no ex|>anHion. 
There are three maxima, which in order of 
magnitude occur with 15, SO, and 50 p.c. of 
ocqpper respectively. Tne natnre of the marked 
expansion with about 15 p.c. of copix^r bas been 
stiraed by K. Xokibe (Inst. Metals Jour. 31). 
It does not occur if the alloys are cooled quickly ; 
In the rapidly cooled alloys there is marked 
^tufeme segregation,’ t.e. the copper conoen- 
teetee towards the middle of the ingot. The 
isete has four maxima on the hardness curve, 
leUdt am with 40, 80, 05, and 10 p.c. respectively* 
Xhe 40 p«o. alloy is exceptionioly hard (Turner 
and Murray, J. Inst, of Metals, 1009, 2, 98 ; 
ar. W* Barrie, Inst, of Metals J. 28, 327). 

HmM bnill. One of the most important 
AMtioatiW of brnas is for the production of 
e&eeti, aa ifasMabiass is not only needed for a 
Otttltttnde of oaef ul and ornamental puipoaea 


itself, but it forms the starting*pofait for the 
^maniriacture of the m^ter pa^ of the brass 
wire and tubing that is dealt with in oommeroe. 

For the production of * yellow metal ’ it is 
ousiomary to prepare the alloy by melting 
copper on the bed of a small reverberatory 
furnace and adding the requisite quantity of 
zinc. But in preparing other varieties of imeet 
brass it is usual to employ crucibles heated in 
coke fires os described for ca<«t brass. Gas- or 
oil-fired furnaces are also, emplcwed, and are 
coming steadily into favour. The crucibles 
gcncri^y hold about 120 lbs. of metal. In 
either case the alloy when melted is cast in iron 
moulds into flat bars, varying in size, but of 
which one about 4} in. xf in. x90 in. may be 
taken as an example. These are ki^wn as 
‘ strips * and the operation is known as ‘ strip 
casting.’ \ 

The strips are then * broken down* by being 
assed cold through a pair of roils, the operation 
eing re])oaied as often as the metal will\allow« 
The work done upon the metal soon caus^ it to 
become hard, and if the rolling were continued 
the strip w'ould readily develop cracks. To ob- 
viate tliib the metal is annealed at a red heat, 
about OOO'^C., and the surface is cleaned from 
oxide by pickling in dilute sulphui ic acid. After 
washing with w^atir, ih(* ojicrations of rolling, 
annealing, pickling, and wa'^hing are repeated, 
in order, until the desiied shajM* and thickness 
art* obtained. During the p^o<‘(•s^ (»f rolling the 
oi miual crystalline structure of the Is largely 
brok(*n down and an amorphous hard matrix 
is prt>duoid. This subjet't has lieeii fully dealt 
with by Beilby (Hard and Soft Slates in Metals, 
J. Inst, of Metals, 101 1, 0, 5). On annealing, the 
first effect is to rt“*tore the iiy'stalhne structure 
of the alloys. At the same time it becomes soft 
and ductile. If, however, the tem|)erature of 
aimealiug be too high, or the time unduly pro- 
longed, the ciystulb incn^ase in size, ana mti- 
in.,t<*ly !)ee<»me so large lliat thc^ material is 
quite weak, britth*, and worthless for practical 
pur|> 0 Hc*s. The pro|)er annealing temporature 
varu*s With the composition of the alloy, and 
the whole question hah b<*cm studied by Hudson 
and Bengough (J. Inst, of Metals, 4, 1910, 92), 
and by IWngough ( ibid. 7,191 2). With 70*30 p.c. 
brass Die annealing temjierature is between 
000^^ and 7<XI^ but brass may Iswme coarsely 
crystulliM*d or ' burnt ’ al 10(r below the aolidus 
line if maintained for Huffieu*nt time, while it 
may be safely heated to w'ithin a few demcees 
of the solidus if the time does not exceed hw an 
hour. Annealing commences at a lower toxn- 
perature with brass which has recc i ved much oohl 
work ; in such cases even 300‘’(^ may produce a 
mark^ effect (Mafthcw,<^m and Phillips, Atner, 
Inst. Min. Engs. Feb. lOlO). As sheet braes is 
used for M) many pur|>OKes, its oomposittofi 
varies over a wide range, extending in fact ftom 
a mere trace to 40 p.c. of zinc. Turner baa 
shown (Chem. News, 83, 227, 64, 143) that the 
use of impure washixig water containing chloride 
leads to the production of copper-red stains end 
smears, on the surface of the finished braes, 
which is a cause of frequent lose and trouble** 
The cause of red stains has been mote fulbr 
studied W B* A. Bolton (Ihst. Metab X 
who oondttdee the copper oxide reaotbsg with 
the pickle deposits eoifnr andeausee the steteik 



zmo. 


565 


fiSnoe tile duotUity of the elloy Increases with 
the yrD]gortlon of copper, alloys such as b^t ted 
brass, ^ding metal, and peronsston^oap metal 
contain from 80 to 90 p.Q. of copper. Dutch 
metal contains 80-85 p.c. ; Princess metal, 75 
p.c. ; best English sheet brass, 70-72 p.c. ; 
ordinary, 66'6 p.c. ; common, 63 p.c. ; andywlow 
metal, 60 p,c. As already explained, this last 
alloy, though somewhat deficient in ductility, is 
strong and possesses the groat advantage that 
it can be rolled either hot or cold. White metal 
alloys are used in the form of sheet to a limited 
extent, and these contain less than 50 p.c. of 
copper. The cheaper yellow alloys, rich in zinc, 
do not * stand the fire * so well in soldering, and 
it is not usual to solder anything containing less 
than 60 p.c. copper. Even with this composi- 
tion a special soft solder lias to be employed, 
whilst red brass stands the fire best, and can be 
used with the hardest solder. 

Brass wire is made fiom sheet brass, the 
shiMt of suitable thickness being slit into 
thin strips by cutters, and the strips arc then 
drawn into wire at the draw bench. The cliicf 
varieties of wire arranged in order of duciihtv 
are as folloa-H: — lied metal, Prince’s metal, 
ordinary, common, and yellow nicial. The first 
two of these were formerly used in the button 
trade, as in soldering on the shanks with hard 
solder they ‘stood the fire* well. The other 
varieties can all lie stddered with suitable 
solder of low melting' pcant, but the diflioulty 
of soldering increases With the proportion of zinc. 

Brass tubes. Theie arc two principal 
methods of producing bia^^n lubes. By the 
original proces.s, wluch w still laigcly employed, 
sheet brass of the required composition and 
thickness is cut into strips of tne neccssuiy 
len|i;th ; the strips aie t hen drau ii through a die, 
which imparts a cireulur bhajic, and the edges 
are soldered together by tlu* use of powden*d 
solder and borax made into a cream w'lth 
water. Small tulK>s uk* soldered by being drawn 
through a small furnace fired with small coal or 
coke, out large tulies are now generally united 
by the use of a gas blowpijxs which gives a 
local and easily Regulated heat. In the second 
and more modern method of manufacture brass 
tubes are solid-drawn, and thus the ojieratiou of 
soldoring is disponhed with. This process is 
chiefly employed for large tubes and for tubes 
of special quality, as the soldered joint in tubes 
0^0 in the ordinary way in alwa^ more brittle 
tnan the rest of the material. The soldered 
joint is also frequently a cause of corrobioii in 
tubes exposed to steam or salt water. For solid- 
drawn bra&H tubes a short hollow cylinder of 
metal is cast in suitable moulds, and by drawing 
pn a mandril, with frequent aimealings, th& 
hollow cylinder is gfadually elongated to the 
required dimensions. 

Gondenser tubes are generally made of 
90 p.c. copper, 30 p.c. zinc. ; or, according to the 
Admiralty specification, in which 1 p.c. of the 
tine is replaced by tin. The corrosion of con- 
denser tubes is a source of considerable loss and 
trouble, espeoi^y in the mercantile marine. 
The oauses which lead to such corrosion have 
beau studied by Briihl ( J. Inst, of Metals, 6, 
S79) and hj Bengough (ibid. 1911, 5, 28, and in 
h series of later reports to the Oorrosion Oom- 
luitiae of the iosti^to of 


Ornamental patterns on brass tubes when 
paraUdi with the length of the tube are produced 
by passing the plmn tubes through a set of 
suitably arrangea rolls, on the surface of which 
the desired pattern is out. But when the pattern 
is of a spiral form it is usual to draw t& plain 
tube through a die of the requisite shape, arrange- 
ments being made for either the tube or md 
die to rotate during the operation. Best 
drawn tubes for locomotives and similar purposes 
contain 70-72 p.c. of copper ; the composition 
of other tubes varies according to the quality 
of the sheet brass used in the process of manu- 
facture. 

Colouring o! brass. A considerable proi>or*' 
tion of the goods originally made of brass are 
so coloured before jwissing into commerce that 
the tint of the metal itself is no longer to be 
recognised. The most important applications 
of colouiing are the follo^ving: — ^Bronzing in 
various shades, such as black, grey, red, green, 
&c. ; lac^qucring in many shades ; and bright 
colouring with highly coloured, transparent 
lacquers. These processes of colouring may be 
divided into two classes according as to whether 
they are^onductod before or during the operation 
of lacquering. 

As has been pointed out by Lowenherz, a 
variety of bhadcs of colour can be obtained by 
can^fully beating bright clean brass to definite 
and regulated temperatures. These colours so 
pioduced are formed in the following order : 

1. Orange yellow. 6. Bose-red gold. 

2. Clear golden How. 7. Violet-rose red. 

3. < )range gold. B. Clear rose. 

4. Dark gold. 0. Steel white. 

5. Brown gold. 


Some of the colours arc of great firmness 
and beauty,* and the process is fml of promise 
for special purposes, but has not hitherto been 
buccesbfully adopted on any considerable scale. 

The methods of bronzing, applied before 
lacquering, include the following : 

Copper bronzing , — To develop a copper- 
coloured buiface on bra^s the metal may be 
cautiously rubbed with hj'drochloric acid, or, 
still better, it may be immersed in a sli^tiy 
acid dilute solution of cop];>er nitrate untu the * 
desired depth of colour is obtained. To produce 
a dark copper- bronze colour, treat as above, 
and blacken the surface with plumbago before 
lacquering. 

Grey bronze, — A» cheap grey bronze is pro- 
duced by rubbing with plum&igo and using a 
nearly colourless lacquer. A more permanent 
grey bronze is product by the use of a solutioii 
of arsenic trioxide in hydrochloric acid; tha 
, addition of iron salts improves the effect. 
common work, which is not eolderedt an imueoiis 
solution of mercuric chloride render^ aoia with 
vinegar is frequently used. 

Black hronse . — ^The very beautiful and per- 
manent black bronze used for mathematioal and 
scientific instruments is produced by the applica- 
tion of a dilute aqueous solution of plamuin 
tetrachloride wnich was introduced for this pur- 
pose aj^ut the year 1860. 

Ofien &f case. — A cheap green bronze which 
was formerly much in favour was obtained b|y 
the use of plambago foUowechby a transparent 
yellow lacquer. 
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Ordinaty lacquer is a solution of shellac in 
proof spirit, but other gums and sblvents are 
also used. A colourless ‘ dip ’ lacquer (».e. one 
in which the articles may be dipp^, instead of 
the lacquer being applied by means of a brush 
to the warm sunace as usual) is made by dis- 
sol^g nitrocellulose in amyl acetate. For 
ordinary purposes many shades of lacquer from 
colourless, through yellow, to brown are regularly 
employed. For the cheapr kinds of bronzing 
special bronze lacquers of a variety of colours 
are used ; and in addition richly coloured trans- 
arent lacquers of numerous shades are pro- 
uoed for the manufacture of brightly coloured 
thm sheet metal for ornamental purposes. In 
this branch of manufacture the mo of aniline 
derivatives has led to numerous improvements. 

T. T. 

COMPOtTNDS OF ZiNC. 

2toe oxide ZnO. This substance, the nix 
aJbOt ‘ philosophical wool,’ or * flowers of zinc ’ 
of the alchemists, the tutia or 'pompholyx of the 
ancients, occurs as the mineral zincite or red 
zinc ore which is a mixture of zino oxide and 
7-12 p.c. rod manganese oxide. It is often 
found in red or orange-yellow hexagonal 
cuystals or in granular masses. Zinc oxide is 
occasionally found crystalline in zinc and brass 
melting furnaces. 

Zinc oxide is known in commerce as zinc 
white, and is generally prepared on the large 
scale by burning zinc or its ores in retorts, oi 
in an electrio furnace, the zinc fumes being led 
into chambers where they meet a current of air 
and the oxide thus formed is led into a second 
chamber and allowed to condense ; or the ore 
may be heated with anthracite or charcoal, and 
the resulting hot fumes treated with air. The 
New Jersey Zinc Company, working on frank- 
linite ore, a zinc-iron -manganese spinel, make the 
greater part of the zinc oxide on the American 
market. The ore is washed, crushed, and passed 
by a belt conv^or over a separating table where 
the franklinite is removed by an electro-magnet. 
This is mixed with coal and spread on grates 
through which air is blown. The reduced zinc 
is converted into oxide which is drawn by the 
*aid of fans through cooling pipes into fabric 
bag^ which are tapped at the bottom from time 
to time {see Eng. Pats. 16129, 1891; 11233, 
1804 ; 4310, 1894; 12274, 1901; 18015, 1903; 
4058, 1904 ; 21787, 19839, 1906; U.S. Pat. 
902260, 1908 ; Fr. Pat. 403C^1, 1909 ; amongst 
others ; J. Soc. Chem. Ind. 1894, 401 ; ibid. 
1901,911; ibid. 1903, 1138; ibid. 1906, 1056; 
fhtdL 1907, 1150; tbid. a 910, 88; Schnabel, 
JBsig. and Milling J. 1892, 9, 26295). 

^Zino oxide may also be piex>a^ by heating 
moc sulphate with carbon for about 2 hours at 
about 650*’ (Eof. Pat. 3906 ; D. R. P. 93315). 

A hot smuuon of sodium sulphate or other 
alkali salt is electrolysed with uoo electrodes ; 
sine sulphate is formed at the anode, and 
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Bodiuiu, magnesium, or other carbonate, and 
heating the dried oarbonats to oarbem 
dioxide (Jansen, Mag. Pharxn. 26, 74; Bulk, 
Berl. Johrb. Phi^. 24, 2, 74; 29, i. 69; B. E. PP. 
21987, 151022 ; Rigg, Eng. Min. J. 76, 626). 

C^taUine zinc oxide of sp.gr. 5*782 may be 
obtained by heating the nitrate (Briigelmann, 
Zeitsch. anal. Chom. 29, 126) ; by heating zino 
chloride in a stream of water vapour (Baubr4e, 
Compt. rend. 1854, 39, 153) ; and by a number 
of other methods (Sidot, ibid. 1869, 69, 202; 
€k)igcu, ibid. 1887, 104, 120). 

A large number of patents have been taken 
out for the preparation of the oxide by various 
methods, of which the following may be 
mentioned; Fr. Pats. 338977, ltK)3; 373027, 
373953, 1900 ; 406150, 1908 ; 404840,11909; 
412214, 411672, 1920; Eng. Pats. 2532,11905; 
24526, 1906 ; U.S. Pats. 815516, 1906 ; 8^9322, 
900088, 1908 ; 919375, 919376, 920336, 92 “ 

1909; J. Soc. Chem. Ind. 1897, 182; 

1033; 1904,1034; 1906,325,374; 1907, 

1910, 233, 425, 1016. 

Zinc oxide is a white powder of 8p.gr. '\5*6 
(see Fuchs and Schiff, ibid. 1896, 363), which, on 
heating, becomes loinon-yellow, but on cooling 
again becomes white. 

According to Schiipphaus, the yellow colour 
is duo to the fonnation oi a suboxide {ibid. 
1899, 987). Zinc oxide volatilises in the electric 
furnace, the vapours condensing in long, 
transparent crystals (Moissan, Compt. .rend. 
1892, 115, 1034). In a current of air it com- 
mences to volatilise at 1 100® (Doeltz, Metallurgie, 
1906, 3, 212). At a bright red boat the oxide is 
probably polymerised to some extent (de 
Forcrand, Compt, rend. 1902, 134, 1426: ibid. 
135, 36 ; Ann. Chim. Phys. 1902, [vii.] 27, 26). 
Water dissolves about 0*003 grm. ixsr litre (Een^ 
and Kuhlmann, Zeitsch. anal. (uem. 1924, 6i^ 
161). Zme oxide commences to be reduced by 
carbon in an atmosphere of nitrogen at 800®, by 
carbon dioxide at 600®, reduction in both cases 
increasing rapidly with nso in temperature 
(Doeltz and Graumann, Metallurgie, 1907» 4, 
290 ). By magnesium it is reduced w ith explosive 
violence (Winkler, Ber. 1890, 23, 120). it may 
be reduced on heating it in dry hydrogen* 

The reoctiem between zinc oxide and carbon 
monoxide has been examined by passing a 
stream of gas over the heated oxide in a quartz 
boat and determining the carbon dioxide 
in the issuing gases and the amount of zino 
reduced by the loss in weight of the zino 
oxide boat due to volatilisation of the metal* 
The velocity of the reaction ZnO+CO** 
Zn+COs is very small at 420®, but increassa 
rapidly with rise of temiierature. At the same 
time the relative proportion of carbon dioxide 
formed increases owing to decomposition of the 
carbon monoxide into dioxide and free carbon. 
On the other hand, especially on cooUng to 
tempratures below those at which rednetioii 
of ine zinc oxide takes place, a certain amount 




forming zinc hydroxide, which is then calcined 
Bats. 328491, 1903 ; 34821^4, 1904; U.S. 
nt. niOUf 1903; ind. Elektrochem.^ 1904, 


TAiio due oxide of pharmacy ia impaivd 
etthar hf lHmidng|he metal or by precipitating 
rmf pm sbe eulvbtte irith a not aointiaa m 


to monoxide by the metaOio xinc lonned ia tlie 
early atagea. Above 700'’ no further depoeitiaa 
of carbon takM place, ahotring tbai eerboa ix 
no longer in eqi^biiiim with tbe wadaete 9$ 
the reeoHon. iTie proportion of ano mdaped 
dapende not <» the quantity of oecboa XMaoKido 
paaaiag through the appeiitna, hat Smi thm 
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of oontiiet Bxpefimohts on the reductton of 
eiiMt oidde by carbon ahowed that the preaenoa 
of tmall quantities of oxygen accelerates the 
reaction oonsideraUy; in the total absence 
of oxygen a temperature of over 1000*^ is 
necessary in order to obtain any dissociation 
of sine oxide in the presence of carbon. It 
therefore appars that the reduction of zin 
oxide by carbon takes place* under coxnmercifl 
conditions, through the intermediate actioi 
of carbon monoxide (A. d’Hoogho, Bull. Acad 
roy. Belg. CL Sci, 1923, 9, 323 ; Chem. Zenti 
1924, 96, 1 ; J. Soc. Chem. Ind. 1924, 43, B. 2G0, 

When strongly heated in the oxyhydroge: 
flame it emits an intense white light, and is sec 
to phosphoresce when cooled in the dark. Th 
character of the light emitted by incandescen 
zinc oxide has been examined by E. L. Nichol 
and B. W. Snow (Phil. Mag. [v.] 32, 420 ; an« 

[6] 33, 19 ; see also Schmidt, Ann. Physik. 1904 
[iv.] 13, 622 ; Tafol, ibid. 14, 206), who hav 
studied the l^haviour of zinc oxide under ih 
action of canal rays. 

Certain preparations of zinc oxide whe 
illuminated with ultra-violet rays becom 
luminous, the luminescence slowly increasin 
in intensity to a maximum and on removin 
the exciting rays immediately disappears. . 
weak and transient phosphorcaconcc is shown 
the same time (Winther, Zcitsch. wiss. Pho < 
chem. 1921, 21, 45). 

One pari of the oxide dissolves in 236,( i 
of water (Dupr6 and Bialas, Zeitseb. ang£ ’ 
Chem. 1903, 10, 54). If quite i>uro it dissob s 
completely in ammonia It is readily solu i 
in acids, forming the corresponding zinc sa i 
which are colourless substances having a d 
agreeable taste, are often poisonous to pla 
and animals, act as emetics, and are employ 
in medicine, chiefly for external application. 

Zinc white has been recommended m 
useful, eflicient, and more healthy substit 
for white lead for oil painting, and in 
preparation of varnishes (Livache, Compt. re i. 
1901, 132, 1230 ; Bull. Soc. d’Encouragem< t, 
1908, 110, 516 ; 1902, 103. 690 ; Lenoblo, J. 
Soo. Caiem. Ind. 1904, 829). For this pur] se 
zinc white, alone, or mixed with flnely-groi id 
sOica and calcium carbonate, is made into i>n 
emulsion with linseed or a similar oil (Eng. 1 ^t. 
4870, 1893 ; Fr. Pat. 366465, 1906; D. R. i P. 
175402, 178983 ; J. Soc. Chem. Ind. 1894, 2 2 ; 
im. 1906, 1056). 

Many fast colouring matters, inorganic i nd 
oi^anio, are, however, bleached by light w en 
mwed with zinc oxide and gum, especially uc ler 
glasflL White ]<*ad and cadmium yeUow m 
blacdfisnod by light when mixed with zinc oxide 
and glycerol. Eosin and cyanin are more 
rapidly bloachod in Uft presence of zinc oxide, 
fnohsin is not. The zinc oxide itself is chemically 
anchanged when acting as a photo-catalyst 
(Wtniher, Zeitsoh. wiss. Photoohem. 1922, 21, 

. 

A mixture of zinc hydroxide and hydro* 
oarbonate, used as a white pigment, is nrepared 
by intimstedy pulverising zino ore with quiok- 
llm0» then extracting the mixture with liquid 
imiwmia. Alter removing foreign metals hr 
Ordiiiainr methods the ammoniaoai liquid i 
diilllM in a vacuum with or without the aj^ 
•Mmot heat Pate. M8079. 2001, imh 


A mixture of ground eiae white and hydrated 
oxide oi z^ predifltated in the cold or aX 
50^-^% is said to be a useful enamel pigment 
when used in the {Xoportions represented by 
the fonnula 2ZnO 4-Zn(OH)„ whilst for matt- 
surface paints the proportion should be 
6ZnO -f Zn(OH) 2 . As a second coat for enamel- 
ling, zinc carbonate may be substituted for a 
part or the whole of the zino oxide (Joannis, J. 
^c. Chem. Ind. 1906, 486). 

Zinc soaps are manufactured by thoroughly 
mixing about 0*25 p.c. oleic or other aliphatic 
acid with zinc oxicte and a little water. The 
resulting zinc soap can now be mixed into an 
emulsion with raw or boiled oil, a thick paste 
thus being formed, the constituents of whkdi 
do not separate oven on prolonged standing 
(Ft. Pat. 368755, 1906). 

Zinc lead pigment consists of zinc oxide and 
sulphate, lead oxide and sulphate, some sulphur 
dioxide and water (Buskett, Eng. and Ming. J. 
1907, 83, 760). 

Zinc oxide is used in the manufacture of 
cements (D. R. P. 56968; Fr. Pats. 332788, 
333671, 1903). When mixed with aluminium 
phosphate it is used as a dental cement (Grenet, 
Chem. Zoit. 1 909, 33, 610). 

It is aho employed in the glass industry 
(J. 1894, 151, 354; Zschimmer, Chem. Zentr. 
1907, ii. 1401 ; Walker, J. Amer. Chem. Soo. 
1905, 27, 865); and in the preparation of 
crystalline glazes (Holdcroft, Trans. Eng. 
Ceramic Soc. 1909-10, 9, 37). 

Oiystalline zinc glazes are formed by the 
separation of zinc silicate on slow cooling of the 
glaze. It has a smaller coefficient of expansion 
than other glazes, and when melted on to 
pottery or stono ware is less liable to ‘craze* 


By addition of different oxides, cbaracterifitic 
colour effects can be obtained with ^c glazee. 
Zinc oxide may also be used in place of the more 
costly tin oxide for producing opalescent glazes 
(Potrik, Chem. Zeit. 1908, 32, Rep. 490). 

Crystalline zinc glazes arc prepared by mixui g 
27*389 parts by weight of zino oxide with 
7*382 potassium nitrate, 13*770 borax, 1' 
whiling, 4*466 flaky boric acid, 0*600 cupric 
oxide, and 39*693 flint. The daze shoula be 
ground as fiuely as possible ana applied to tbs 
surface to be glazed with dextrm as an adhesive 
(Riddle, Trans. Amer. Oeramio Soc. 1906, 8, 
336; Minton, ibid. 1907. 9, 782). It is also 
used for the production oi white and emoux 
resists employed in printing processes (Laub^# 
Zeitseb. lWl>en. and Textil Ind. 1904, 3, 417) ; 
for the preparation of*oertain sizing matedaii 
(D, R. P. 194726; J. Soc. Chem. In* 1908, 
634) ; and to some extent in analyticsl pvooSMSS 
in the laboratory (Meineke, Zmtaoh. 

Chem. 1888, 252 ; Koninck, Cnem. Zeit* 1905# 
29, Rep. 6). ^ ^ i * 

For the estimation of zinc oxide in nae 
paints and lithopones, see J. Soo. Chem* IndL 
1907,977; Stromeyer, Arch. Phsrau 27, 549. 

gray is obtau^ as a by-product in the 
manufacture of lino white, mim into a paste 
with w^ oil it is used as a cement for mam 
Joints (LIvaclip, BulL Soo* d^Encoutagsmsiili, 
1905, 107, 568). It also forms a good, 
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wliite powder by adding caustic potash or soda 
or ammonia to a solution of a adnc salt. It 
may be obtained crystalline by allowing zino 
to remain in contact with iron or copper under a 
layer of ammonia or by allowing its saturated 
solution in caustic potash to stand, or by the 
action of waUT on zinc oxide (de Forcrand, l,e.). 
It may be obtained in two different crystalline 
forms: thin needles or short thick rhombic 
ctystals (Fricke, Amer. J. Sci. 1925, v. 9, 145). 
It is stable in air up to 85^, loses nearly all its 
water at 130®-! 40®, is readily soluble in excess 
of ammonia and alkalis towards which it 
behaves as a weak acid, H^ZnOg (Herz, 
Zeitsch. anorg. Chem. 1901 , 26, 00 ; RuTOubauer, 
ibid, 1902, 30, 331 ; Hanlzsch, ibid, 289 ; 
Bonsdorff, ibid. 1904, 41, 132 ; Moir, Chem. Soc. 
Proc. 9105, 310; Dawson and McCkac, Them. 
8oc. Trans. 1900, 1239; Euler, Bcr. 1903, 36, 
3400; Kuriloh, Zeitscli. Elktroohem. 1906, 12, 
209; Bull. Acad. St. Peter^burg, 1901, 1, 95). 
It has been supposed that the zinc hydroxide 
in alkaline solution is mainl}' present as a col- 
loidal modification. It can exi&t as H^Zn^Oj, 
and in two modifications of Zn( 011)2 , cha- 
racterised by different solubilities, oite variety 
forms regular ciystah (Klein, Zeitsch. anorg. 
Chem. 1912, 74, 157). A mixture of zinc 
ammonium hydroxide and copper ammonium 
hydroxide has been used ior pectin L-ing celluiose 
and similar substances to produce a kind of 
vegetable parchment (J. Soc. Chem. Ind. 1884), 
122 ). 

ZIne peroxide Zn02, also known under the 
ir^e names ZinkamU Dermogen, Ektvgan. and 
Zinc perhydrol, is formed by the action of 
hydrogen peroxide on zme oxide or hydroxide, 
or on an ammoniacal solution of ziix* nitrate. 
It may also be made by adding a solution of 
zinc sulphate in excess to a solution of sodium 
hydroxide containing hydrogen peroxide when 
the zinc is totally prenipitatecl as nydroperoxide 
(Kuriloff, J. Russ. Phys. Chem. S^. 1890, 22, 
171 ; de Forciand, Compt. rend. 1902, 134, 
601; ibid. 135, 103; D. R. P. 171372; 
Kazanccky% J. Russ. Phys. Chem. Soc. 1910, 42, 
1452; Oanasco, Gazz. chim. ital. 1911, 41, i. 16). 
It has also been formed by subjecting an aqueous 
tolution of barium peroxide to the action of a 
zinc salt, the acid radicle of which forms a 
aolubb salt with barium (U.S. Pats. 709086, 
19(^; 740832, liK)3); or better, by the electro- 
lysis of a zinc chloride solution contained in a 
vessel with a pcirous diaphragm, hydrogen 
peroxide being added to the catho^ comp^- 
ment and platinum or coibon being used as 
anodes and platinum or fin as cathodes (D. R. P. 
161129; for another method, see J. Soc. Chem. 
Ind. 1905, 947 ; also Fr. Pat. 364825, 1906). 
A number of }>eroxides have been described, 
but, according to Kuriioi! (Compt. rend. 1903, 
137f 618; see also de Forcrand, tbid. 1904, 138, 
129), the only one which is a definite chemical 
oompound hiui the coni|x>Hition ZnOs,Zn(OH )2 

or ZniOxQ^ ^ 

the others all being mixtures of varying quan- 
titfes of zinc peroxide with zina oxide or zinc 
(lomaize, B4p. PLarm. 1910, 22, 1 ; 
and VkS&ppf 3. Soc. Chem. Ind. 1906, 
jStte «Dd Krause, Zeitsch* anoig. CSmbdu 

f 


71, 150 ; Eiesenfrid and Kottebohm, ibid. 191), 
61915, 90, 160). Aooording to Sjostrdm, (i6mL 
1917, 100, 237) zino perhyoxate is not a sim|de 
chemical individual, since bjy trituration with 
water it can be separated into fractioDs containing 
varying quantities of active oxygen. It is to be 
regard^ as a mixture of suDstanoes derived 
from the two oompoimds Zn(OH )2 


i-i^Zn*OII 

^^'Zn*OH 


the hydroperoxides being of the types 

OHZn O OH and Zn(OH)-O Zn O OH 


Zinc peroxide is a yellowish-wliite, tasteless, 
odourless, non -hygroscopic antiseptic, non* 
irritant powder. It is sickle in the autoclLve to 
130®, and at a diy heat to 150®, is insolimle in 
water, and gives all the ordinary reactions of a 
peroxide. \ 

Mixed with tartaric acid it is applied w a 
dressing to wounds, chronic ulcers, &c. It^hus 
liberates hydrogen peroxide in situ, and is there- 
fore more active tlmn the same quantity of^he 
latter ap^died in the usual way. For eczema and 
other skin diseases it is applied mixed with half 
its weight oi ])otassium iodide and some tartaric 
acid (Chem. Zentr. 1906, li. 548; D. R. PP. 
14821, 157737 ; Homover, A]M>th. Zeit. 1902, 
17, 697 ; J. Soc. Chem. Ind. 1905, 947). 

Zinc ehloride ZnCl., the oleum lapidis cola* 
mimris of Glauber, who first described it in 
1648, may be prepared in the anhydrous state 
by distilling zme oxide with sal ammoniac, form* 
mg the ' butter of zino ’ of Htdloi ; by distilling 
zinc with cornisive sublimate (Pott) ; by the 
action of chlorine on the metal (Westrumb), or 
by heating dehydrated zinc sulphate with 
eiuciuoi chloride (Persoz) (Eng. Pals. 982, 1892 ; 
15813, 1895 ; D. R. PP. 154618, 158089). 

On the large scale it is usually obtained by 
placing scrap zinc in a stone, cast iron, or 
woodeu vessel containmg hydroeliloric acid. 
The solution is neutralised with sodium oar; 
lx>nate, warmed to 40® or 50®, and mixed with 
bleaching powder to precipitate iron and 
manganese. The clear zmo chloride solution is 
siphom^d off and boiled down in enameUed iron 
pots. The evaporation is continued until the 
temperature of the li<^oor is 230® or 240®, a little 
potassium chlorate is added to oxidise any 
organic matter, and some pure hydrochlorio acid 
carefully poured into the hot solution to dissolve 
any basic salt. The mass is then allowed to 
solidify, the agitation b<*ing kept up all the 
time, and while still warm it is packed in iron 
drums of 30-50 kilos, caxiacity, which are at 
once closed air-tight. 

According to a more recent patent (Fr. Pat* 
3H5448, 1907), rino-bedHng materia) is inti* 
mately mixed with sawdust or similar substanoe 
oontaming cellulose in earthenware or oast«iroii 
twin tubular retorts, which are used alternately* 
The first retort is heated to 120M80% am 
chlorine is juisscd in at the base, hydrochloeia’ 
add is thus generated in din, and the tempera* 
ture rises spontaneously to 230**-250®. The 
produots of oombustion pass irom the upper port 
of the retort to a receptacle where tm w is 
deposited and thence to the base of the second 
retort where the excess chlorine Is fixednnd the 
produets then pees out into a second eseepti^ 
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wlim tile twr is egslii ftsedi end thenoe into e 
eoU tmd leosiver cooled bv weter. The moss 
thus obtained is lixiTlated iKdth water. Iroiv 
and nuu^nese are then oxidised with ohlorine 
and calcium hypochlorite, the lion is precipitated 
by zinc oxide, the manganese, if necessary, by 
lead peroxide (D. B. PP. 154085 ; 136521), and 
the other metals by agitation with zinc. The 
remaining liquor is then finally evaporated to 
obtain pure zmo cliloride. 

It may also bo obtained almost pure b; 
treating zinc compounds with ferrous chlorid 
(P. R. P* 136521) ; by heating zinc ore to 550' 
pawing hydrogen chforido over it, and finall; 
uxiviating the mass so obtained (D. R. i 
158087). A large number of patents exist fo 
the preparation and purification of zinc (‘hlorid 
by the above and other methods (Eng. Patf 
22826, 22827, 1894; 5662, 8449, 7561, 1895 
24573, 1896; 19878, 1900; P. K. PP. 155061 
172460; U.S. Pats. 845868, 1907; 88342( 
1908 ; Mallet and Guye, Chem. Zeit. 1904, 

763; J. Soc. Chem. Ind. 1893, 276 ; ibid. 189( 

450, 595 ; ibid, 1896, 198, 356 ; ibid. 1897, 1015 
ibid. 1900, 146 ; ibid. 1905, 497). 

Pure anhydrous zinc* chloride can be pn 
pared by dissolving 40 grms. of the chloride i 

0 . 0 . of hydrochloric acid (sp.gr. 1*19), an 
evaporating the solution in a tube of refractoi 
glass through which a stieam of hydrogo 
chloride is passed . The temperature is gradual! f 
raised, and afWr some time the mass soliditi< s 
with evolution of hydiogen chloride. T1 3 
solid chloride is fused again rapidly in a currci t 
of the same gas. The dehydration is complct ? 
in 75 mins. (Grunaucr, Zeitsch. anorg. Chen . 
1904, 39, 389 ; see Vogel, Faradav Soc. Tran . 
1906, May 5 ; see aL>o D. R. P. 120970). 

Zinc chloride is a white or greyish-wh e 
mass or powder, of sp.gr. 2 ^K)7 at 25®/4® (Bax r 
and Lamb, Amor. Chem. J. 1904, 31, 229). s 
m.p. is variously given as 100" (Davy), 2i t® 
(Lorens), 202® (Braun, Mylius, and Diet |, 
290®-300® (Schulze). According to Griinauer 1 e 
completely anhydrous chloride has m.p. 3( \ 

It is very hygroscopic and deliquescent, ode •• 
less, poisonous, with a metallic astringent ta \ 

It melts to a clear, mobile, highly refract vc 
liquid, b.p. 730®-732® ; in a current of ehloi ne 
it sublimes, forming acicular crystals. It foi ns 
It^draies with 1, 1*5, 2*5, 3, and 4 molecules of 
water jJOieiz, Bor, 1899, 32, 90 ; Mylius i id 
Pieiz, md. 1^, 38, 921 ) and is probably mon or 
less hy^lysed in solution. Its aqueous solut in 
dissolves paper and cotton, and it should ihs e- 
f6re be filtered through asbestos or gla.<«8, ot 
paper. When evaporated or boil5d with s ac 
oxide, oxychlorides are formed (Parrot, B 11. 
Soc. chim. 1895, [iii.] 18, 976; Driot, Ooit »t. 
nmd. 1910, 150, 426). whilst if a solutioi of 
sp,gr, 1*7 be boiled wltn an excess of zinc or ie, 
the resulting liquid dissolves silk, and cai bo 
emplcyed for separating the latter from t lol, 
tmtton, or linen. Zinc oxychloride is somet aea 
also uaied in the preparation of some de tal 
esmants. and as a pimnent* 

wCn zinc chloride is electrolysed, chU ine 
ti wvplvcd and er 3 rstalline zinc is dciioi bed 
fS^pOShnikofi, J. Buss, Phys. Ghom. Soc. 1 05, 
VI f USs ses also Schultzs, Zeitsch. ax ig. 

IS9B, 2(b UB ; Orfinauer, I.C.). 


form of tods or tablets, tt is a powerful caustic, 
distinguillied its property of burning deeply 
and not spreadii^ sidewise. It is applied in 
substance, or'maae into a paste with starch or 
gypsum, to cancers, sloughing or unhealtli^ 
sores, and nssvi (Lauder Brunton), 

In dilute solution it is also us^ as an astrin- 
gent, an antiseptic, a disinfectant, and as a 
deodorant. 

A solution of zinc chloride, in the proportion 
of 1 lb. of the salt to 5 gallons of water, was 
patented by Sir W. Burnett (Eng. Pat. 7747, 
1838) for the preservation of timber, and such a 
solution is still occasionally used for disinfecting 
and deodorising. 

For the preservation of wood it has been 
recommended to employ an emulsion of aqueous 
zinc chloride, and wood-tar oil (D. R. PP. 
139441, 152179; Chem. Zentr. 1903, i. 749; 
ibid. 1904, ii. 370) ; or a 15 p.c. solution of a 
mixture of ammonium sulphate and a soluble 
zinc salt (D. R. P. 109324). 

Zinc chloride is employed for weighting 
cotton goods (Furth, Farber 25eit. 1901, 12, 1 ; 
D. R. P. 214372, 215702 ; Chem. Zentr. 1909, 
ii. 1509, 1905), and for crimping cotton, wool, 
and fiilk*(Bull. Soc. Ind. Mulhouse, 1898, 68. 
350, 348 ; see also Flmtoff, J. Soc. Dyers, 189£ 
16, 151). 

Solution*^ of zinc chloride were also employee 
by Mercer for treating cotton in the operatioz 
of ‘ mereeriring ’ (v. Cellttlosb). 

Zinc chloride is of considerable use as a con< 
densing agent in many organic reactions, itf 
reactivity being probably due to its tendency tc 
form additive compounds which act catalyticwy 

Zinc chloride diwolves casein and theei 
solutions have been employed for preparini 
artificial silk and hair. Zinc chloride has al8< 
been u«cd in the production of hydrochloric aou 
from liydrogen and chlorine (Fr. Pat, 352419 
Chem. Zcit. 1905, 29, 993) ; for the prevention o 
the rusting of iron (Reed, Trans. Amer. Eleotfo 
chem. Soc. 1903, 3, 149) ; in the preparation 
of glass etching liquids (J. 1894, and 

in the laboratoiy as an analytical, dehy&ting 
and condensing agent and in the synthesiB 
of a large numl^r of organic compounds 
(Kondakofi, J, Russ. Php. Chem. Soc. 1892, 24, 
114, 309; J. pr. Chem. [ii.J 48, 467; Botf, 
Pharm. J. 1905. [iv.] 21, 136 ; among others). 

Primary alcohols are found to react leawy 
with concentrated hydrogen chloride solution 
in presence of zinc ohloride. This seems to 
indicate that the rdleiof zinc chloride in reaotioiui 
of this type is not that of a dehydrating agent, 
but of a catalyst operating by moans of thefonna- 
tion of a molecular coihpound witii the alcohol 
(J. F. Norris, Ind. Eng. Chem, 1924, 16, 184; 
Chem. Soo. Abstr. 1924, 126, i. 381). 

By the gradual addition of zinc to fused zina 
chloride until it ceases to be dissolved zincoso* 
zincie chloride ZnCl'2Zn€lj| is obtaimid as a 
bluish-white hyposoopic scud. 

Zinc chlonde forms double t^hlorides with 
the alkali and other metals (Wells and Oampb^ 
Zeitsch. anorg. Chem. 1894, 5, 273 ; EphndHi, 
ibid. 1908, 59, ; Ephraim and Model, iML 

1910, 07, 376, 379; BaxU>r and Lamb, U; 
Geweeke, Axmalen, 1909, 366, 217), with oopM 
oxide (Mailhe, Oompt^ xend. 1901, 138, 226), an 
iodo chkrUk 2nCi,2iai,8Ht<]| (Weinland saA 
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ScUMdaiiMi* Zeitaoh. iuioig. Chem. 190S, 30» 
IMh • dUoi'v&romafo (Ldwentfaai, ibid. 18M» 69 
355)9 «nd » cUamoraU 5Zii03Ba0s»2iiiO.t 
(Bonseeati and Allaire, Oompt. rend. 1894, IIS, 
1255). Zinc chloride also zorma donMe coni* 
pounds with ammonia, such as ZnCls'KH,, 
Za€!i9*2NH, (Thoms, Chem. Zentr. 1889, ii, 9^ ; 
Kwasniok, Arch. Pharm. 229, 310 ; Jaeger, Ber. 
1902, 35, 3405), and with ammonium chloride 
(Curtins and Schrader, J. pr. Chem. 1894, [ii.] 
50, 311 ; Meerburg, Zeitsch. anorg. Cliem. 1903, 
37. 199). 

A solution of rdnc ammonium chloride is 
used in soldering for the purpose of removing 
oxide from the surface of the metals. 

Zine perchlorate Zn(a04)a may be obtained 
by dissolving the metal, its oxide, or carbonate 
in aqueous perchloric acid. The salt ciystallisea 
with 4 and 6 mols. of water, and is highly hygro- 
scopic. Wlien heated it decomposes before all 
the water is expelled, so that the anhydrous 
perchlorate cannot exist. The water in the 
nexahydrate may be replaced by ammonia. 
The ammoniated perchlorate is liable to explode 
when heated. 

SQne bromide ZaBr, is readily made by 
.digesting mnulated zinc with bromine water. 
It resembles the chloride, and is used to a 
small extent in medicine in the treatment of 
epilepsy. 

In the absence of moisture zinc reacts with a 
mixture of ethylene dibromide, or ethylene 
didodide, and acetone to give the zinc lialide 
with acetone of cr3^’sta]lihation. At the com- 
mencement of the reaction ethylene is evolved. 
Ztne bromide -acetone, 2ZnBr43CsH40, colour- 
less needles, m.p. 32®-34% is easily soluble 
in water, with slow de;>osition of zinc bvdroxide. 
Zine iodide-acetone, Znl4,2C3HgO, pale yellow, 
elongated prisms, m.p. 45^-47 % is deliquescent 
and slowly decomposed by water (I. Couoonlesco, 
BuL Soc. Chim. Bomania, 1924, 0, 36 ; Chem. 
800. Abetr. 1924, 126. ii. 411). 

ZbUb Iodide Znl^ is also employed in raedi- 
elae, as an application to enlarged tonsils and 
ta the form of ointment to reduce swellings. It 
la idao administered internally in cases of 
aerofula, chorea, and hysteria. It has found a 
limited application in photography. 

For a number of double compounds of the 
tHTomide and iodide with other metallic com- 
poamds, «ee Ephraim, lx. ; Ephraim and Model, 


te . ; BrOusaeau and Allaire, Compt. rend. 1893, 
116, 1445; ibid. 119, 71 ; Tassiliy, t6n2. 1896. 
123, 323 ; Duboin, ibid. 1906, 143. 40; Cbrdtien. 
Ann. Cbim. 1898. [vii.] 15. 358 ; Moanicr. ibid. 

189741 ^ 137 ^ 

Om motMe ZnFj H formed by the action 
of hjNhofiuorio acid on zinc or on zinc oxide at 
a rod beat, or on zinc chloride at 800^-900*^ 
(Foulpoo, Compt. rmid. 1893, 116, 581). It 
forma aknder, colourleBs, ttanfq»atent nobles, 
4*84 at 15^ sparingly soluble in cold 
water, soluble in boiling mineral acids. It Is 
iadil<)^l 7 'hyd!lropnataiedheat; when heated 
io air H forma zinc oxide. Wbmi dissolved in 
l|ydlo8fpmric acid, or when ziq(t is dissolved in 
aoBoeii of hydrofluoric acid, it forms the com- 
Mgftd &|F|»HF, which has been reoomineoded 
fse wit id the mreaervation of wood, paniculariy 
^ of Zentr. 1908, 

.% Im ite other halidea, zinc fluoride 


yMds a number of douUis salts (BMmdt, 
Zeitsch. anoig. CSiem. 1883, 3, 115; Wsinhund 
<uad Kdppen, ibid. 1889, 22, 266; Oiorgls, 
Gazz. chim. ital. 22, i. 55j Higley, J. Ax^. 
Chem. Soc. 1904, 26, 613 ; Xtimbaoh and XUian, 
Annalen, 1909, 368. 101). 

The electrolysis of fused anhydrous zano 
fluoride or a fused mixture of the fluoride and 
sodium chloride has been recommended as a 
mode of making electrolytic zinc (Gallo, Gazz. 
cbim. ital. 1913. 43, i. 361). 

Zinc sulphate ZnS04. JThis salt has Iona 
been known under the name which it stiu 
bears, of * white vitriol.’ It was obtained, 
on a manufacturing scale, as far back as the 
sixteenth century, oy lixiviating roasted jsino 
sulphide by means of water, and ci^talli^g 
the solution — ^a method still practised, ^th 
certain modifications (U.S. Pat. 851639. Iw7 ; 
J. Soc. Chem. Ind. 1907, (K)8). \ 

In some processes the zinc pyrites is pW- 
viotisly treats with sulphuric acid, after whi^h 
it is roasted (D. R. P. 154518). It is then 
sometimes further treated with oxidising agentq. 
In some cases again^ the ore is treated with 
a mixture of dilute sulphuric acid, fexrio 
sulphate, and a little sodium chloride (D. K. P. 
197044), or with ferric sulphate alone (D. R. P. 
200613). According to D. 11. P. 135056, after 
converting the sulphide ore into the sulpliate in 
the ordinary way, the product is roasted with 
calcium hycLroxide and sodium nitrate in a muIRe 
furnace in order to drive off the impurities, or 
t(» convert them into insoluble compounds. 
When the process is finished, the zinc sulphate 
is lixiviated out (see also 1). R. PP. 12^822, 
135182; Knokloch, Pharm. Zeit. 40, 472; 
ilofinann, Amer. Inst. Mining Eng. Trans. 1905, 
117; Fr. Pat. 384904, 1907), 

Native zinc sulphate or goslariie is occasion- 
ally found in zinc mines, hewing probably fonaed 
by the oxidation of zinc sulphide. 

Zme sulphate separates fn>m its solution at 
the ordinary iemperaturo in right rhombic 
prisms, isomorphons with magnehium sulphate, 
and of the comixisilion ZnS04,71l40; sp.gr. 
1*95; 2*036 (Mohs). It has a strong motalTic 
styptic taste, and eflfloresceK slightly in dry air. 
According to Poggiale, 100 parts of water 
dissolve the following amounts of zinc sulphate 
at different temperatures (see also Galiondar and 
Barnes, J. Phys. Cliom. 1897, 2, 536, who give 
slightly different figur(S») ; — 



Zn»04,7H80 

Anhydtoiw 

10* . 

. 138-2 

. 48'3 

20® . , 

. 161*5 

. 531 

30® . 

. 191*0 

. 58*5 

50® . 

. 263*8 

. 68*7 

100® . 

. 053*6 

. 96*6 


The solubility of ilia hexahydrate and dt 
the heptahydrate has been dotenmned by 9m 
(Chem. 600 . Trans. 1924, 125, 2d38> snd Oedm 
and Heiteiwchij (^tsoh. physikal. Chem. 1921h 
115, 440). 

The solution has an acid reaction and la 
poisonous. The salt Is iasoiuble in absotnte 
alodhol. 


Solutions d riao sulpliata heap slaater h| 
light than in daik (Va«d% CSmmu. Zsntiw 
► 7 , 1 : 1392 ).. 

A haxibydiinlad salt 


c 



•p.gr. 2*072 
9^ pentf^ydxftted salt 
ZnSDii^HiO by boHmg the salt; with gleohol o 
^»|r«OjSl^(qp^gr, 2 * 206 » 2 %orp 6 ^ W 
A oiliymtad aalt by poviing m eold satarate< 
aoltttKm of sdno sulphate into strong snlphnii 
and washing the precipitate with ahsolul 
alixmol until free from unoombined acid ; sp.g 
2'^ (Thorpe and Watts). The monohydrate 
salt is form<^ by heating the heptahydrated sa 
to 110® until it ceases to lose weight; sp.g 
3*284 (TKoipe and Watts). The anhydrous ss 
is obtained by heating the heptahydrate to 300 
m,gr. 3*4. At a rod heat all the sulphates a 
oeoomposedf yielding a residue of eino oxide. 

^ 2iMc sulpl^to is used in dyeing and balic 
printing in the manufacture of vamishos ai 
drying oils for painting. 

Onoured zinc pigments are prepared 1 * 
intimately mixing together zinc sulphate wi i 
6^-30 p.c. of the sulplmto of other metals whi i 
yield a ooloured oxide, such as nickel, ire , 
cobalt, or manganese. The mixture is drk , 
finely divided carbon is added, and the wh' b 
heal^ carefully at 050®. To produce a mi e 
delicately-tinted pigmenf, tlie zinc sulph e 
should hrst bo purified by stirring zinc ox le 
into its solution and passing a current of chlor lo 
through it, whereby the impurities are thro m 
down (Eng. Pat. 17031, 1890; Pr. Pat. 3605 7, 
1908; J Boc. diem. Ind. 1908, 1074). 

It is also used for the preparation of t ic 
white and other zinc compounds, and in 
pharmacy as an astringent, and in lotic 
washes, and gargles. It is also occasion! 
employed as an emetic, and in the treatment 
ooQvulsive diseases. A number of liasic i 
pbates, formed by digesting the oxide 
hydroxide with strong solutions of zinc vil 
or pr^ipitaling such solutions with vai 
quantities of potash, can be formed. 

Zinc sulp^ie oombines with ammonia 
with other sulphates to form double 
(Curtius and Schrader, Lc . ; Troger and £ 

Arch. Pharm. 235, 044; Mallet, Chem. 
Traiia.1900, 77, 220 ; Tutton, ibid. 1905, 87, 1 
Koppd, Zeiisch. physikal. Chem. 1005, 52, 
compound ZnS04,3IlsS04 has 
separated from the acid in the nrst chamb 
manufacture of sulphuric acid from 
blende (Hoffmann, Zeits^. angow. Chem. 

23, 1672). 

Afihyd rous zinc sulphate behaves to' 
aloohofs as a mixed catalyst, its action 
bcAh dehydrating and dehydrogenating, 
latter action preponderates as in the ci 
idno oxide, and it is suggested that the sulphate 
may function as a basic salt. Its action is 
iaov6 marked than that of the oxide. A pro- 
mKrtion of the aldehyde formed is oondenM, 
Ivt fiebataideliyde aifi isovaleraldehyde may 
be obtained reaMy and in good yield, wliilst 
aoraldehyde by internal dehydta- 
Tna aoUon on acetone results in the forma- 
ts U a small quantity of mesityl oxide and of 
(O. Bros, BiUl. Soa Ghim. 1923, 33, 
Spttb; Chem. Soo. Abstr. 1924, 126, i. 2). 

' coming to KoKhoff and Vemyl (Reo. trav 
abjtab 19U$ 43» 383) only potassium ferro* 
iiiyillhil Is snitaUe for the {xitentiometric 
' pMfoilof 

Tlmadd&opcC 


a ttstnijTiTii Silt oauses the to be less 

sharp (at Treadw^ and Chervet^ J. 8oe. Chem. 
Bid. 1922, 880 A). Ferrocyanidea ol aodium, 
magnesiam, and oaldum give with zinc salts a 
precipitate of zinc fatrooyanide, which forms a 
aouble salt with excess of the reagent. Barium 
f errocyanide does not form a double salt with zino 
ferrocyanide (J. Soc. Chem. Ind. 1924, 43, B« 
639). 

llie results obtained by potentiometrio titra- 
tion of a zinc sulphate .solution with M/40 
potassium ferrocyanide at the ordinary tem- 
perature are about 1 p.c. too low, but substan- 
tially accurate results are obtained if considerable 
quantities of ammonium sulphate are added to 
the solution. The presence of large quantities 
of sodium, magnesium, calcium, and aluminium 
salts causes low results. Manganese, cadmium, 
and copper should not bo present ; ferric com- 
pounds are rendered harmless by addition of 
ammonium huorido and sulphuric acid. The 
potassium ferrocyanide solution should contain 
1 p.c. of fcrricyanide. This renders it more 
sensitive to decomposition by light, but it can 
be kept indefinitely in vessels of dark brown 
glass (E. J. A. H. Verzyl and 1. M. Kolthoff, 
Kec. tra^. chim. 1924, 43, 380 ; J. Soo. Chem. 
Ind. 1924, 43, B. 539). 

Zinc hydro* or hyposulphite ZnSt04 is 
obtained by passing a current of sulphur 
dioxide into a mixture of zinc-dust and 
alcohol or water at a temperature above 40®. 
On stirring, a crystalline paste of the hydro- 
sulphite is formed, which is washed with 
methylated spirits and dried in vaevd below 70® 
(Eng. Pat. 3811, 1907; D. R. PP. 184664, 
103403, 137494, 1442B1 ; Fr. Pat. 331095, 1903 ; 
Brunck, Annalen, 1903, 327, 240 ; Bazlen, Ber. 
1905, 38, 1061). 

Soluble double salts of zinc hydrosulphite 
with ammonium salts are obtained by the action 
of zinc-dust on alkali disulphite in the presence 
of acid and an ammonium salt (D. R. P. 203846, 
1907), 

Zinc hydrosulphitc forms microscopic rhombic 
er3rsta)s. very soluble in water, giving, very 
readily, supersaturated solutions. It is em- 
ployed as a reducing agent in the indigo dyeing 
mduHtr^*. ^ 

Zinc sulphite ZnSO, is prepared by the aetkm 
of sodium sulphite on zinc sulphate (Denigbs, 
Bull. Soo. chini. 1892, [iii.] 7, 509). It fonns a 
number of hydrates, double salts, and basic salts 
(Sottbert, Arch. Pharm. 1891, 229, 316 ; Seubert 
and Elten, Zeitach. anorg. Chem. 1893, 4, 61 ; 
Rammelsbeig, Pogg. Ann. 67, 255). 

It is used to a limited extent in medSdne. 

ZlDO sulphide ZnS, is blende, is one of the 
most important ores of zinc. Its value as aa 
ore of zino was first demonstrated by Brsndt in 
1735, it being formerly regarded as a worthlesii 
lead ore, aalem inania. It is found erystiUMl 
in forms derived from the regular svstem, usttiliy 
of a red, brown, or black emour, due to the pse^ 
senoo of foreign metals. Oocasionally it to met 
with of a light yellow colour ; sp. p. 3'9^*& 
When heated under piessuie hOO-1^ atm.) tl 
fuses at 1800®-IW0®. The soteed fnaedtd^ 
phide hqs a lustrous appearand and a 
greentoh-yellowe colour. It to the hea^-"*^i 
modification (wurtalte). Itooeussnattfu no 
enaatiotioiito fonns a-ZnS sfwoctiito 
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p-ZaB (q;db«k]ite)i which become mutually 
mofilevmed on heating. 

It IB obtained artificially aa a white amor* 
phons precipitate by adding an alkaline sulphide 
or sulj^uretted hydrogen to a solution of a 
sino Balt (Eng. Pats. 396541, 25965» 1908). 

In Schneider's method for the precipitation 
of ainc sulphide from feebly acid (sulphuric) 
solutions, proper neutralisation is a decisive 
factor for the success of the operation. The 
solution, to which a piece of Congo paper is 
added as indicator, should not bo too mlute, 
it is made distinctly ammoniacal, acidified with 
sulphuric acid, then treated with strong ammonia 
solution, drop by drop, until the alkaline reaction 
persists after 5-10 seconds' stirring. The pre- 
scribed small excess of sulphuric acid, calculated 
on the subsequent dilation desired, is then added 
(0, Hackl, Chem. Zeit. 1924, 48, 326 ; Analyst, 
1924, 49, 352). 

A mixture of zinc sulphate (230 lbs.), water 
(90 gallons), ammonia of 8p.gr. 0*91 (230 lbs.) 
is introduced into an enamelled digester and 
about 60 lbs. of carbon disulphide arc added. 
The vessel is closed and heated to lOO** with 
constant stirring, until the pressure i«* alwut 
60 lbs. After 4 hours the pressure bt'gins to 
feJl, and in 10 hours it will have fallen to about 
22 lbs., when the process is complete. The 
zinc sulphide is collected, washed, and dried. 
It is vciy finely divided and is suitable for use as 
ap^ment (Eng. Pat. 11108, 1900). 

sulphide is sometimes separated from 
its ores by immersing the crushed ore in a solu- 
tion of sodium sulphate, disulphate, or nitrate, 
and skimming off the sulphide which rb6i» to the 
surface (Eng, Pats. 26279, 1902 ; 27132, 1903 ; 
20160,20159,1904; U.S. Pat. 780281 ; Fr.Pats. 
326866, 326867, 1902). For other methods of 
preparing the sulphide, see Eng. Pat. 10272, 
1902; iV, Pats, 397631, 396541, 1908 ; 415605, 
1910; D. R. PP. 132916, 137801, 149557, 
167172, 167498, 171872, 179022). 

It may also be obtained by dissolving zinc 
in an alkali hydroxide and then adding just 
sufficient alkali sulphide to precipitate the zinc 
(Pr. Pats. 353496, 353480) ; or by pasbiog zinc 
iwloride vatxiur over barium or stannous 
sulphide (Pt* Pat. 338322, 1903 ; Viard, Compt. 
Vend. 1903, 136, 892). On exposure to light or 
Iqr heating at 60® or 70® it is tinged light gny 
to light ^wn, especially when containing 
chlorides or sulphates of ms^esium, calcium, or 
ciQC. The darkening of zinc sulphide is duo to 

formation of free zinc. In order that a 
speoiiiien should be sensitive to light, it must 
be phosphorescent and hygroscopic ; it is more* 
sensitive the more ihesd conditions arc satisfied. 
Tte darkening is due to the following series of 
diangM. The preparation of the sulphide, 
involving ignition, affords a metastable pr^uct. 
Inoident radiation raises the metastable mole- 
enlsi to a critical state, and, if the sample 
be dry, it simply emits radiation ami reverts 
to the previous, mciastable, condition. When, 
however, it has deliquesced slightly, hydrolysis, 
oocurs, oroducinp hydrogen |ulpi}ide and zinc 
hydroxide* Dunng illumination, a critical 
mofeeule of the sulphide redac ts with t^e hydro- 
xide, dving zino and sulphurous acid, which 
With hydrogen sulphide affords sulphur, zinc 
yenMUonSite ilso being produced. The main 


products are thus nine andsu^ur (AndM Job 
and Ouy Emsohwiller, Oompt. rend. 1923, 177, 
•313-316; a. Chem. Soo. 1923, 124, U. 660). 

Zino sulphide prepared by preiMtation did 
not darken under any conditions of uhimination. 
I^ited zino sulphide, freed from materiale 
with which it had been heated, showed a sensi* 
tiveness towards light from a quartz merouiy 
lamp when the temperature of ignition was so 
high that measurable quantities of wurtzite 
wero formed. The zino blonde form of zino 
sulphide was not affected by ultra-violet light 
from a quartz mercury &mp. The presence 
of small quantities of heavy metals made no 
change in the action of light in these oases. 
Crystallised zino sulphide containing halogen 
compounds was sensitive to the long wave- 
length ultra-violet and the presence of small 
quantities of heavy metals intensified theketion. 
The sensitiveness of zino sulphide oonwining 
halogens was removed by washing the material 
so far as the long wave-length ultra-violet was 
concerned, but this had no effect on the short 
wave-length ultra-violet effect or on the phos- 
phorescence. Sensitiveness to long wave-lei^igth 
ultra-violet light wad apparently induced* by 
fusing zinc sulphide (wurtzite) with a halogen 
salt (M. Iferter and W. Kordatzkl, Zeitsoh. 
physikal. Chem. 1923, 100 , 3 S6 ; J. Soc. Chem. 
Ind. 1924, 42, 1233 A). 

E. Maas and K. Keiupf have examined the 
various hy pot 110*^08 put forward to explain the 
blackening of zino sulphide, and discuss them 
in the light of their oi^n and other experi- 
ments. They conclude that the phenomenon 
is due to the zino sui[)hide fornun|( zinc di- 
sulphide and finely divided metallio zinc on 
the surface of the mass. The mechanism of 
the process, they consider, is the same as that 
refened by Fajans to the action of light 
on silver bromide (Chem. Zeit. 1922, 46, 910)* 
The ultra-violet Taj*s in the light cause the 
trausfertmcc of an electron fn>m a n<*gatively 
charged sulphur ion on the hurface rd the orystal 
latti(*c of zme sulphide to a ncighlKittring posi- 
tively charged zinc ion, whereby fret* unchai^ 
atoms of zinc and sulphur are formed. The 
zinc appears as finely divided metal, the sulphur 
atom combines with neighbouring zinc and 
sulphur ions to form zinc disulphide. Amor- 
phous freshly precipitated zino sulphide not 
po8<>es8ing a lattice structure is not sensitive 
to light ; neither is zinc sulphide which has been 
ground in a mortar, since here the 
arrangement has been disturbed. Blackened 
litJiopono brighteus in the dark, owing to oxida- 
tion of the metallic zinc, for it remains black it 
no oxygen is present (£. Mans and R* Kempf, 
Zcitch. angew. Chem. 1923, 36, 293; J. Cbenu 
the. Abstr. July, 1923, n. 491). Aecord^;io 
A. Job and 0. Emschwiifer ((jumpt. rekd. 

177, 3I.V316) the darkening of zino sidpl^ 
under the infiuenoo of light is dependwt oil 
the phospboiesoence and hygrosoopioity of a 
samnle, amd is duo to the fonnation of «mo and 
sulphur. Hydrogen and zino pentathkiiato 
ue also formed, hydrogen s^htde boi^g m 
Intermediate product (r/. J, Chem. Soo, i91^ 
ii. 600 : J. Chem. 6oc. Ind* 1923, xliL 896 A). 

Zino sobhide is soIuUa in dUute mlnstel 
acids, but is insotable in aoetio ndd. Whan 
hoafod in a steeam of folyhutotMi bydioywi# 
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or in «i| dbotiki fttmaoe» it forma h6xa.gona] 
otyalaja Identical in form with the naturaU^j 
ooemring vatiety known aa umrla»(e*(Mourlot. 
Compt. tend. 1896, 123, 45 ; Ttaube, JTahrb. Mini 
9, 147). This is also form^ when zinc oxide u 
heated in findphnreited hydrogen. For othei 
mothoda of converting the amorphous sulphide 
into the crystalline variety, eee Yillicrs, Comnt 
rend. 1895, 120, 97, 149, 322, 498; Viard 
ibid. Lc,; Spring, Zeitsch. physikal. Chem 
1895, IS, 553; StanSk, Zeilsch. anorg. Chem 
1898 17 124. * 

Pure zinc sulphide molts at 1600°-1700° 
forming a light greenish-yellow lustrous mass 
and is distinctly volatile at higher temperaturci 
(Friedrich, Metallurgic, 1908, 5, 114). Accord 
ing to Knitwig (J. Soc. Chem. Ind. 1906, 267 
tlm precipitated Hul])hide dccomi)ObCB mud 
more readily tlian natural zinc blende. Hcatc< 
in a current of carbon dioxide it is readily de 
composed at lOOU^* according to the equation 
ZnS-f3COa-ZnO 480^4 3(^0. When treater 
with hot concentrated sulphuric add, zi 
sulphide evolves sulphur dioxide, whilst u 
the cold dilute add, »u]])hurottcd hydrog n 
is fonnod (Bert helot, Ann. Cliim. 1898, [v 4 
14, 176). Zinc sulphide may be coinplob y 
reduced by heating it uith sfionuy metallic ii n 
at 1300® (Graumann, Aletallurgie, 11K)7, 4, 6 ). 
Freshly precipitated zinc suljihide dis8r>lves n 
potassium cyanide ffirming a double salt wlii h 
is precipitated on boiling (Berthdot, Com t, 
rend. 1899, 128, 711). 

When zinc sulphide is heated with carb n 
in nitrogen at 1300 -1400'’, a volatile comiiou d 
is formed, which, if the containing vessel is >f 
quartz, reacts with the silicon forming a volat io 
compound ZnSSi, which may also to obtaii d 
by heating zinc sulphide with silicon at 130 
The compound ZnSSi forms hard brown ci Ls 
of homogeneous structure. It may bo polu .d 
like a metal, has on electrical conductivity iss 
than dlioon, reacts with acids forming sulp ir- 
otied hydrogen and with alkalis with evoiu on 
of hydrogen (Fraenkel, Metallurgic, 1 909, 6, t 2). 

Natural zinc sulphide crystals have ho 
property of phosphoresoing after exposu to 
Ught (Moimuo, Compt. rend. 1899, 128, >7; 

Vemeuil, ibid. 1888, 106, 1104), and the ] os- 
photescent sulphide may be prepared artiik A\y 
by heating precipitated zinc sulphide to ret ess 
in the presenoo of alkali chlorides or the sulpi des 
of other metals (Eng. Pat. 385096, 1907 ; 1>. P. 

163648; Henry, Compt. rend. 1892, 115, )5; 

Griiiie, Ber. 1904, 37, 3076 ; Hofmann and D ca, 
ibid^ ii(n ; Jorissen and Hinger,* ibid. I j3 ; 
<^m« Zentr. 1900, i. 644; see also D. ] P. 
200998). The various factors which are on. 
oemed in the production of phosphoiescen' 
sidpUde have been Audied by MaoBo 
Stewart and Wright (Chem. Sue. Trans. 

Ul, 663). The main results are as fol ... , 
Pure zinc sulphide prepared in various rays 
oan be obtained in a phosphorescent cone ion. 
T!h/^ addition of certain impurities has a m rkod 
efieet in some oases, and tme effect may tal the 
foum of in^biting the phosphorescence (ai ji^ith 
Iron) or altedns its tint (as Is the case vdth 
mBSbttmbb). The presence of a chloride, 
wbeibfir it be zinc chloride or the chloride of 
SOM othsv eiement, has an advanta^ous in*- 
iliisiied* The factor which bas the greatest 


influence is the temperature to which the zinc * 
sulphide IS heated. This temperature effect can 
bo varied within limits ; thus a sample heated 
for a very short time to a high temperature 
will give effects similar to those observed in 
another sample heated for a longer time at a 
lower temperature, provided that the lower 
temperature is not less than about 750®. Wash* 
ing, rubbing, or disturbing the final product in 
any way tends to diminish its phosphorescent 
power. Exposure to ultra-violet tight also 
decreases it (Locb and Schmiedeskamp). Amor* 
phous sulphide does not phosphoresce, nor does 
pimdy crybtalline sulpmde show such good 
phosphorescence phenomena as samples which 
contain semi-crystalline material. Sx>ecimens 
made from zinc salts not containing chlorides 
do not show such brilliant phosphorescence as 
those produced in the presence of chlorides 
(l.c. p. 681). With respect to the colour, most 
impurities influence the phosphorescence tint 
only slightly, the range ot colours extending from 
lemon tint to green and bluish-green ; but in the 
case of manganes(^ the c^raitted light is golden 
to orange (r/. Ticde and »Sthlf‘ede, Bor. 1920, 

53, IB.) *1721; 1923, 56, 674.) The wurtzite 
and s])]uilciitc fornix of zinc sulphide prepared 
by ht.Uing the precijiilated sulphide are both 
phosphorcsieut. The jiliosphoit^scence of the 
uurtzite loim is the more porbistent, but in 
lx)th eases the decrease of luminous intensity is 
extremely rapid. Under the influence of heat 
and shock the tuo varieties are very thermo* 
luminescent andtriboluminescent (Gunlz, Compt* 
rend. 1922, 174, 1356). 

Schmidt has described the preparation of 
highly phosphorescent zinc sulphide, and has 
bron drawn to the conclusion that its phos* 
phorescence is inhibited by the presence ot 
metals which yield black sulphides. This obaer* 
vation is directly opposed to the ol^rvaiions 
of Tomaschek (A. 1921, ii. 588). It is pointed 
out that Schmidt’s procedure does not give any 
guarantee that the necessary amounts of copper 
are not introduced with the many salts employed, 
and that it is therefore quite possible that sab* 
sequent additions of the element may cause its 
concentration to exceed the narrow limits 
required for ojitimal effect. A specific action i& 
Schmidt’s method cannot be attributed to the 
chlorides of tho alkalino-carih metals and 
magnesium, since they can be replaced by the 
alkmi chlorido; tho chloride is the important 
component (Erie Ti^do and Arthur Sohleede^ 
Ber. 1923, 56, [B] 674; Chem. Soc* Abstr. 
124, ii. 242). It has been proposed to use 
this property of zind sulphide in the con* 
strucUon of an aotinometer and lor photometric 
purpases (Henr}% Compt. rend. 1899, 128, M)t 
The phosphorebceut sulphide glows whmi an* 
pos^ to A* or to Becquerel rays ; to the «* 
radiation from radimn (t^em. News, 1903, 157 ; 
Becquerel, Compt. rend, 1904, 137, 629 ; Bitt* 
stead, Phil. Mas. 1908, [vL] 15, 432), and under 
the influence of ozonisd oxygen (l^henok and 
Mxhr, Ber. 1904, 37, 3464). When zlno s ulphide 
is heated with manganese nitrate and a munbet 
of othef Bubstanoes ai 1200®, the |Hrpd^ 
exhibits tribolqprinescence (Karl, Oompt. Mid* 
1907,144,841). ^ 

Acooidicm to J. Schmidt <Ber, 192S VL 
SOSSlahjUmiihosnlm^^ S ^ 
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be inade by taking equal weights of nuxe ainc 
auinhate and sodium acetate, dissolving in water, 
and treating the hot solutbn with hydrogen 
sulphide until precipitation is complete* The 
tmo sulphide is washed by 'decantation, dried 
on the water-bath, and the product (200 gnus.) 
uniformly moistened with a solution of mag- 
nesium chloride (20 grms.), calcium chloride 
(10 gm^.), strontium chloride (10 grms.) and 
cxystolline barium chloride (10 grms.), to which 
0*04 grm. of ammonium tungstate dissolved in 
10 o.c. of water has been added. The mixture 
with the zinc sulphide is evaporated to dr^ess 
on the water-bath with occasional stirring. The 
product is slowly heated to redness in a crucible 
for an hour and maintained at this temperature 
for 30-40 mins., after which it is allowed to cool 
in the furnace. The soluble salts are removed 
by water and the residual zinc sulphide is dried 
on the water-batli. It exhibits a strong green 
fluorescence. (J. Soc. Chem. Ind. 1023, 94 A). 

The following account of the j>rcparation of 
a highly phosphorescent zinc sul])hide is taken 
from Sci. Amcr. May, lt^23, through Anier. 
Jour. Pharm. July, 1923, 5GS : — 

A new process lias betn de\ised fer making 
zinc sulphide, a coniiiound whic'h is used for 
many purposes for which phosphorescent salts 
are utilised. Equal weights of pure zinc sulpliate 
and sodium acetate are dissolved in hot water ; 
a steeam of hydrogen sulphide is allowed to 
flow through the solution, which is kept hot, 
until precipitation is complete. Alter the zinc 
sulphide has settled, the liquid is syphoned oil, 
the sulphide washed with hot w*ater by decan- 
tation, Altered out, washed thoroughly again, 
and then dried on a water-bath. Al^ut 200 
jiarts of tlie sulphide thus obtained is uniformly 
moistened with a solution contaiiung 20 parts of 
magnobium chloride, 10 parts of calcium chloride, 

10 parts of strontium chloride, and 10 ^mrts of 
crystallised barium chloride, all being dissolved 
in 22 parts of water. Before this solution is 
added to the zinc sulphide, it is mixed with 10 
parts of a solution of ammonium tungUate, 
which containfi 0*004 grm. of the salt per c.o. 
The mixture of the prejiared chloride solution 
and the zinc sulphide is evaporated to dryness 
On the water-liath with constant agitation, 
and the dried mass is then transferred to a 
omoible and heated in a gas-mu iRe furnai^e 
The boat should be applied gradually, so that it 
requires about one hour for the cnicibic to 
be^me red-hot, at which ^iem^icrature it should 
be maintained for 30-40 mins., and thou allowed 
to cool to room temperature in the oven. The * 
Bolttbie salts are removed by decantation and 
washing with water. Tbe washed sulphide is 
then dried on the water-bath (Pharm. Joum. 
Sept. 1923). A. A. Guntz (Compt. rend. 1923, 
177, 479-482) has made a study of the phos- 
phoresoenoc of mixed crystals of zinc and 
cadmium sulphides. The phosphorescence of 
zinc sulphide change in colour from green-blue 
to lad with increasing quantities of cadmium 

With 12 p.c., 20 p.c., and 30 p*c. of 
(ha latter substance, the phosphorescence is, 
lemon-yellow, orange, and rod. 
TBm orange phosphorescence piiucod by the 
adUhtioa oi ttaees of manganese to zinc sulphide 

11 Mithittr"id|proiis nor persistent, whereas 

eadmtete prodnees no effect unless 


p^nt in fairly large quantities, and* does not 
diminish the vigour or the fluration of phos* 
phoresoenoo, the colour change 4)ehig due to 
absorption of green light and not to phosphibro* 
genic action (J. Soc. C&em. Ind. 1923, ^ 
974 A).. 

A triboluminoscent product may be prepared 
by heating to bright redness a cmied m&ure 
of 7 parts zinc carinate and 3 parts of flowers 
of sulphur, previously made into a paste with 
water to which a small quantity of manganese 
sulphate is added. The resulting stonelike 
mass emits sparks of a yellowish light when 
scratched with a knife blade (Andrews, Trans. 
Amor. Elcctrochcm. Soc. 1910, 18, 279; see also 
Tomaschek, Ann. Physik, 1921, [iv.] 65, 189, 
who has described the pLosphorcsoence pheno* 
mena of zinc suljihide containing respectively, 
as phosphorogens, manganese, co}>per, bumutn, 
lead, silver, uranium, niekt'l, and cobalt).\ 

Zme sulphide may bo obtained in a coUoidal 
form by allowing it to n^uain in uoniact\ with 
water (Domiini, Gazz. ehim. itaU 1894, 24, i. 
219; Hausmann, Zeitscli. anorg. Chem. 11^, 
40, 110); or by allowing a mixture of feino 
sulphate, glya^rol, and ammonium sulphide to 
stand for 3 days (Muller, Chem. Zeit. 1904, 28, 
357), and in otluT ways. 

Zme Hul|>hide, or a mixture of zinc sulphido- 
and oxide, is used as a pigment. Grifliths* 

' patent zinc white * is obtained by t&e addition 
of a soluble sulphide to zinc chloride or sulphate 
solution, drying the precipitate, and calciomg it. 
It is raked out whilst hot into cold water, upd 
levigated (J. Soc. Chem. Ind. 1885,^3). 

A light-proof and weather-proof pigment 
may be obtained by precipitating zinc as a 
hydrated sulphide from an alkaline solution. 
The precipitate is then dehydrated at 300*^ until 
ZuS:H 20 -^r>:l (U.S. Pat. 884874, 1908; see* 
also (inllitlis" Eng. l^at. 750, 1883; Knight, 
Kng. Pat. 10220, 1884; J. U. Spence, !Eng. 
Pats. J34C2. 1885; 14128, 1885; 27420, 1907; 
Fr. Pat, 373027, 1900; Cowley, Chem. News, 
1891, 03, 88; J, Soc. Chem. Ind. 1910, 99, 
100 ). 

A mixture of zinc sulphide and barium 
sulphate with some zinc oxide is known BA 
Uihopt^m or zincolWi, It is obtained by pro* 
cipitating hot concentrated zinc sulphato 
solution witJi barium sulphidi*. Rather less 
than I p.(^ frobhly-preeipitatod magnesium 
hydroxide and common salt art* added and ibo 
precipitate is then washetl, tlried, cruahofl, 
mixed with 3 p.c. ammonium chloride, and 
he4ite(l. Ti^e mass, wliilo still hot, is thrown 
into cold water, after which it is again dried 
and ground (Ijeyfort, ZoiUoh. angew. Ghenu 
1902, 15, 802). It comes into oommeroe in 
different grades ; yeiiow.a6al contains 11-18 p.o. 
ZnS, blue seal 22-30 tkc. ZnS, and green tmal* 
32-34 p.c. ZnS (Fr. Pate. 3351 15, 1903 ; 335858 ; 
U.S. Pat. 740072, 1903 ; Eng. Pate. 1836, 18S7p 
3768, 3769, 0521, 1903; D. K. PP. 199488t 
202420, 163455, 167772, 202253, 202709; 
Riederer, J. Soc. Cliem. Ind. 1909, 403). 

lathoponc has the disadvaitia|pe of oocB/um* 
ally iuming grey when exposed to li|[|^t and 
moisture, due, it is supposed, to the redutitioii of 
the zine sulphide to metal. Onen|KMnmtoate{ii 
the dark the white ooloor is lestofed, 
by oxidation. Various sudkodi of 
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tto emoiittlp!]|deliavi> bcm w imd some 
h»t>e bwto MteiitedL The presence of from 
8 6 P.O. 01 einc oxide acting ae a film round 

the sulphide renders the colour more stable* 
On boifi^ the lithopone so protected with a 
concentrated solution of zinc chloride, the zinc 
sulphide again becomes Sensitive to light (r/. 
O’Brien, f Phys. Chem. 1915, 19, 113). A 
microscopical examination of lithopone shows 
that the particles of barium Sulphate are coated 
with zinc sulphide (Gardner, J. Ind. Eng. Ohem. 
1916| 8, 794). Oif the effect of light on zinc 
sulphide, see also P. Lenard, Ann. Phyaik, 
1982, 88, 7 and 8, pp. 553-573; c/. Maas and 
Kempf, Zoitsch. angew. Ohem, 1923, 36, 293. 

2£ae earbonate ZnCOp occurs native as 
smWiSoniUf calamine, or zinc spar. It can bo 
formed artificialiy by adding zinc sulphate solu- 
tion to a solution of sodium hydrogen carbonate 
(Kraut, Zeitsch. anorg. Chem. 1896, 13, 1 ; 
Eng. Pat. 6762, 1902 ; Fr. Pais. 325587, 1902 ; 
329079. 1903 ; 315888, 1901; J. Soc. ('horn. 
Tnd. 1902. 1457; ibid. 1903, 214, 752, 1007; 
Feist, Arch. Pharm. 1909, 247, 439). When 
the normal carbonate is einiiloyed, basic zinc 
carbonates are formed, the proportion of /inc 
oxide varying with the temperature and dilution 
of the solutions. The zinci carbonaa of the 
British Pharmacopccia has the approximate 
composition ZfiC03(Zn0)j,3H20. At a red heat 
it loses carbon dioxule and forms zinc oxide. 

According to Barbier basic zinc carbonate 
can be effectively employed as a pigment 
instead of white lead (h>. Pat. 339151, 1903). 
It is prepared for this purpose by the eleetrolysis 
of a caicium carbonate solution uith zinc as 
anode and carbon as cathode. 

. Zina carbonate is a mild astringent to the 
skin, and is onqiloyed in dusting powders and 
lotion with, or uistoad of, zinc oxide. 

According to Mikusc'h (Zi^itsch. anorg. Ohem. 
1908, 56, 365) the only basic carbonate of zinc 
which exists in 5ZnO,2CO„411^0. All the 
others that have been described are solid solu- 
tions of zinc oxide and caibonato.^ 

Zinc trithiocarbonate ammonia CS,Zn(Nlls}2 
(Hofmann, Z<ntseh. anorg. C’hem. 1897, 14, 
263) ; and dihydroxylamine carbonate 

Zn(NH,0)3CO, 

(Goldschknidt and Syugros, ibid. 1894, 5, J29) 
have been dcseribo<l. 

2Slue oyanide Zn(C ^)2 is prc'parcd by pre- 
.cipitating zinc acetaU* with aqueous hydro- 
* cyanic acid or by heating zinc-dust with an 
organic substance containing nitrtigen (Aufseh-* 
l^r, Monatsh. 1892, 13, 268). It is a white 
powder insoluble in alcohol and water, and 
hM been \u»ed in the manufacture of alkali 
cyanides (D. R. P. 132294; Chem. Zontr. 1902, 
ii. 80). It forms double salts such as 
M»Zii(( 3N)4 and MZn(CN)8 (Bertheloi, Aim. 
Chim* 1899, 17, [vii.J 458 ; Sharwood, J. Amer. 
eShem. Soc, 1903, 25, 570; see also Miller 
and Banziger, ibid. 1902, 24, 823 ; Fischer and 
Cuntam, ^em. Zeit. 1902, 26, 872). Herz ( J. 
Amer. Chem. l&o. 1914, 35, 912) was unable to 
oonfii(ni the oxistouce of NiiZn(CN)8,2^H40. 
It 'also combines with ammonia.(Varet, Gompt. 
mA. 1887, 105, 1070; ibid. 1888, 106, 1080; 
Aim. taiim. IW, [vii.] 10, 5), 

llltiala hr formed by dissolving zinc in 


rntric acid. It is said to crystallise with 2, 3, 
4, 6, and 9 molecules of water (Funk, Zeitsch. 
anorg. Chem. 1899, 20, 400 ; Vaeilieff, 3, Russ. 
Phys. Chem. Soc. 1909, 41, 744, 748). When 
heated for some time at 100° it forms basic 
salts (Athanasescu, Bull. Soc. chim. 1896, [iii.] 
15, 1078 ; Terreil, ibid. 7, 553 ; Riban, Compt. 
rend. 1892, 114, 1357). It also forms double 
salts (Urbain and Lacombo, ibid. 1903, 137, 
568). It can bo obtained anhydrous as a pasty 
substance which crystallises on coaling by 
heating the hydrated salt in the vapour of nitric 
anhydride. 

line nitrite formf> fine unstable needles 
(Matuschek, J. Soc. Chem. Ind. 1902, 705), and 
also gives double salts (Rosenheim and Oppen- 
heim, Z(‘it8ch. anorg. Chem. 1901, 28, 171; 
cf. Ray, Chem. Soo. Trans. 1917, 111,. 159). 

Zinc nitride Zn^N^ is formed by beating 
zipcamido tb dull ted ness, or zinc in a current m 
ammonia at (i00° (White and Kirschbraun, J. 
Amer. Chem. Soc. UK)6, 28, 2343). It is a green 
powder \vhl(4i liecomes incandescent when 
moistened with water. A nitride may also be 
obtained by xiassing ammonia free from oxygen 
and moisture over zinc -dust (previously washed 
with a solution of ammonia and ammonium 
chloride, alooliol, and ether, and dried in a 
vacuum) for thirty nimutcM at 650°, the product 
b.'ing cooled to at least 200'^' btdore exposure to 
the air (Bently and Stoni, Science, 1921, 53, 143). 

Zineamide or zinc diamine Zn(NH2)4 is a 
wlute amorphous powder readily decomposed by 
water, thus : 

Zu(NH,),42H,0==Zn(0H)4+2NH4 

It is formed by the action of dry ammonia on 
zinc ethyl (Frankland, Phil. Mag. [iv.] 15, 149). 
Ar number of zincammine compounds have been 
prepared, the number of ammonia molecules 
depending upon the nature of the associated 
zinc salt and the temperature {cf. Ephraim and 
Bollo, Ber. 1915, 48, 638). 

Zinc hydroxylamine Zn(0*NHs)2,3NH,0H is 
prepared by the action of anhydrous hydroi^l* 
amme on nncly-divided pure zinc and treatmg 
the product with absolute alcohol. It forms 
glistening crystals which detonate and evolve 
ammonia w'hen heated rapidly (Elder and SdioU, 
J. pr. Chem. 1908, [ii.J 78, 289). 

Basic Zinc azohnide N,ZnOH(?), see Curtins 
and Rxssom, J. pr, Chem. 1898, [ii.] 58, 261. 

Zinc azide is a white sandy powder, very 
hygroscopic and readily hydrolysed, and not 
more explosive thafl the alkaline ea^ aadde Sr 
Obtained by shaking together finely divided sdno 
carbonate with an ethsral solution of aaoiinids 
until a portion of the solid is completely abiuUa 
in water (Wohler and Martin, Ber. 1917, GKK 
580). 

Zinc borate or hydroiQfboratc ) j|(OH)g 

is prepared by precipitating an aqueous smution 
of zinc sulphate (500 gnus, salt to 5-10 Uties 
water) by the giMual aildiiion, with constant 
stirring, of 443*6 gnus, of borax solution, and 
309 grins. 15 p.o. sodium hydroxide solution. 
The precipitate mthen washed and dried (Uoldicr« 
maun, Arch. Pharm. 1904, 242, 567 ; ses 
Ouvrard, Compt. rend. 1900, 1^, 336 ; 0h«^ 
lier, ibid. iB9R 113, 1034; Borobsrs, ZUMbu 
anorg. Oiem. 1910, 269>. It is empitoysd In 

the piepaxation of siiio powderlov noonds. 

e . - Y 
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SQoe {NBrimnite is obtained by the action oi 
sodiYUpi peroxide or its hydrate and boric add, 
Or sodium perborate on a dno salt or from basic 
acid and zinc peroxide hydrate. It is a white 
amorphous powder applicable to dermatology 
(B. E. PP. 165278, 165279). 

23ne boraclte 6Zn0,8B,08Znl2 is formed h\ 
passing a stream of carbon dioxide laden wit! 
iodine over a heated mixture of zinc and zu 
borate (Allaire, Compt. rend. 1898, 127, 555). 

Zlne phosphide ZnsPj is obtamed as a crystal 
line friable mass with metallic lustie, by hcatm] 
zinc in phosphorus vapour in an atmosphere o 
dry hydrogen; or by passing a mixtuie c 
hydro^n phosphide and nitrogen over zin 
heated to redness. It is insoluble m vater an^ 
in alcohol, soluble in acids with evolution ( 
hydrogen phosphide. Zinc phosphide possess 
all the proportus of lice jihosphoius, but is \ei 
stable and is used in medicine in ]>lc«ce of tl 
latter. 

Jolibois ((\jmpt. rend lOOS, 147, 801) Iw 
also prexMired the pliosphide ZnP^ (see iil- 
Renault, tbid. 1878, 76, 283). Foi'zinc jiho* 
phates and olhti (omjKHiiuK of zinc an 
phosphorus, see Bansa, Zeitsth. anorj;. Clun 
1894, 6, 128, 143; Uhvnirz. ihuL 0, 240 
Schulton, Bull 8oe. c Inm. |iii. | 2, 300 , Fiiranc 
ibid, 1895, [ill ] 13, llo ; (‘ompt. lend. 1800, 12: 
621, 886 ; Fnedel, ibid. 1894, 119, 2(>0 

Some natural zinc phosphates, \u. ho}t€H 
Zn|p808,4Hj0 : patahopeUc^ same foimul.i 
ana UuivUtte Zu^P^OsZihOil)^ aie desorib^ 
by Spencer (Miii Mag. 1008, 15, 1); spencer 
Za8(]ro4)|,Zn(OH)^, liljO is a basic zme pin - 
phate, like taibuttite ’With 'i^ater of crystal! e 
tion, found in Britinh CVduinbia; hibUn c 
2Zn^P04)8Zn(0H)j,b|H^0 forms orthorhoml 
crystals of 8p.gr. 3 213. 

Zlne permanganate Zn( Mn()4)2,oIl/> ina> 3 
prepared by adduig a concc^ntratid boluticm f 
zinc sulphate to a similar solution of bariii i 
permanganate so long as barium sulphate i 
precipitated. The solution is blUrtd, and t 3 
nitrate evaporated to crybiallLsatioii at a h ir 
temperature, or in vacuS over sulphuric a< , 
and the crystals finally d!i<*d at about 40 \ 

Zme permanganate forms crystalline gram m 
of a via&t*brown colour, an<i is very solubk n 
water. In very dilute solutions it has b n 
used suecC'fsfully in the treatment cd urethn s. 
It has no iintating action, but, like the jiotassi n 
salt, it should nc\cr bo compounded vi h 
alcohol, glycerol, sugar, or dry or fluid vegeta le 
extracts as there may be danger of cxplos. n 
owing to the readiness with which it is redu< d 
and evolves oxygen (Meixik, J. Hoc. Chem. Ii i. 
18M, 409 ; Klobb, BuU. Hoc. ehiin. [in.] 9, h ). 

SSne orthoiilleate ZnJiiO^ occurs native tis 
WiUemUe, Silicxous calamine^ used to sc le 
extent aa an on* of zinc, h a hydiaied orl o- 
silioate ZDg^i04,U20. It is found in uusy n- 
melrleaUy ^terminal eel rhombic prisms, and, ^ xc* 
toomaline, boracitc, sugar, arid other he \u 
mofphic crystals, it is pyro electric — ^that is, m 
"Umiarining, one end becomes poa^tively, the ot er 
iWfattvely, electnfied. 

* Amorphous zinc silicate is |in*pam^ by ] re* 
cifdtatingasoltttiouof zme KutpVte with sodi tm 
m$o*te. When heated with boric acid for 10 
Aigpi at a higha temperature it forms a wl ite 
Mrialliiie powder of ZnSiOs insoluble in w ds 


and isomoxphotis with tlie mineral entkUUe 
(Traube, Ber. 1893, 26, 2735). 

For some double zmo silicates, see WytoubofiE, 
Bull. Boo. Franc. Min. 1896, 19, 219; Wolff, 
Zeitsch. Krist. Min. 1900, 33, 147 ; Duboin, 
Cbmpt. rend. 1905, 141, 254. 

Suno selenide !^Se is formed by the direct 
union of its elements. It has a brilliant yellow 
colour, 5*20, and does not fuse up to UOO^ 
(Ohikasliige ami Kurosawa, Mom. Ooll. Boi. 
Kyoto, 1917, 2, 245; see also Fonze^-Biaoon, 
Coinpl. lend. 1000, 130, 83&). Decomposes on 
drying (Moser and Atynski, Monatsh. 1925, 45, 
236). 

23nc chromate v. Chromium. 

Zme also foims arsemtes^ thioarscnai^, and 
arsemtea (Rciehard, Ber. 1804, 21, 1019; %bid. 
1808, 31, 2163; Lcf6vrc, (bmpt. rend.\I890, 
110, 405; Prcis, Annahn, ISIK), 257,\l78; 
Aviry, J. Amer Chem. S(>o. 1906, 28, 1155); 
niUimonatcs and thioantnnonnies (Scmdeteik^, 
Bull 8o(. chiin. 1800, [iii j 21, 47, Pouget, 
Ann. diim. 1V)0, [mi.J IS, 508): iellukates 
(Cutbur, Zeli^ch. atioig. Chem. 1002, 31, 340) ; 
phimbates (HckIuicI, 2^ch Pharm. 1806, 234, 
307) ; ferrocyamdes (Stone and liigeu, J. Amcr. 
Cliein. Siu . 1807, 10, 542 , Millii and Mattiiews 
ibid. 547) , and oth *r compounds. 

Oboank' CoMPorsns oh Zixc 

Zinc acetate picpare 

by ucutraliHing ucctu acid mill rim carbonal 
oi oxide. It tonus thm, soft, uhitc, glistenini 
tianducent plat<‘s or tnomHlmic crystals of 
|vaily lustre soluble lu watci and in aloolu 
(lA*y, Ziutsih. ph\sika1. 1899, 30, 243 

It closc*ly icscmblcs the sulphatt iri its aciio 
and uses" 

Zinc olcate [shocmaHr s zinr olmte) is pn 
l>aicd by disMilving 32 gims. of hard sua 
Hhavmg’i'iii 180 < c. of distilU<l natci, hcatmj 
if ludhsary , 61 ginii. of zuic sulphate ai 
dissohcd m 64 c.< of boding and adde 

to the foiuu r solution , aftiT blining, the oleal 
18 separated, vkoslud aith hot ualer until fre 
from suljihate, cooleil, dried, and powderc 
(Naylor, Phanu J. HKlI, 66, 392). It is use 
in rm*dicme as a mihl astringent ointmer 
and as an ab’Kirbeiit dusting [lowder to ratal 
perspiration. 

lAno stearate ik funned by tie* intoracUc 
of zinc acetaU* and sodium st«*arate. It is 
fine white, taiUiesB |K)wder, used for similf 
}mr|)OM*s as the oieatF. 

Zlne valerate Zn(C|Ht ()|)4 is prepared b 
mixing zinc sulphate with sothum valerat 
It foi ins white, lustrous, peaily scales, or a whii 
XKiwdcr having the odour of valeric acid s 
a sw«*et, astringent mcfalhc taste. It is a 
employed in medicine. 

Zinc oxalate, proptonate, tartrate, lalififli 
and lactate have also bci*n prepired. Hie 1 
of these has been rei^omniended for uae 
mordanting cotton and other vegetable fib 
(Fng. I’at. 372. 1896; J. Hoc. Chem. Ind. 18 
8 Ut). 

Zinc salphanUate (NU||‘C^4*80,)«Zn,4l 
IS sold under the trade name of * niain,* a 
non^irritant antiaepUc. 

For Mie preparation ot aiiic tomiale, 
ViUon. BuU. 8 ^. eUm. im iUi.1 S. 7M. 
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MtlHTrine nBfiylste is formed when s 
dihiie solution of sodium salioylate and anti- 
pyvine is mixed udth a solu^n of adno chloride 
or sulphate. It forms oolourleas needles, m.p. 
75Mo* (deoomp.), sparingly soluble in cold, 
and more so in warm, water, alcohol, and ethei 
(Sohuyten, Ghem. Zontr. 1B98, ii. 704). 

Zlne boroplcrate (Chrysyl) is obtained by the 
saturation of boropioric acid (prepared b 
boiling together 349 gnus, picric acid, 62 gmi] 
boric acid, and about 4 grms. of water) with 8 
grms* of zinc oxide. It is a yellow powdc 
used as a medicinal antiseptic (Montcil. .1. So( 
Cbm. Ind. 1908, 354). 

Zlne boro-diorthohydroxybenzoate 

(c1hI-COOH.O>®‘^*^) 

m.p. 100® (decomp.), is obtained by mixii ; 

1 part l^rio acid with 1 of zinc carbonate, ai i 
3 of salicylic acid, and adding the mixture i 
small portions to 10 times the weight o£ wai * 
at 65®. The mixture is agitated until no mr » 
carbon dioxide is evolved, when it is filter I 
and allowed to crj^atalUse (Fr, Pat. 41161 , 
1910; J. Soc. Chem. Ind. 1910, 976). 

Zlne oompounds of 2-hydroxynaphthaic > 
sulphonie aeid-l azo-)? naphthols have be l 
prepared by treating l-amino<2<na|>htliol s - 
phonic acids in coneontraled aqueous soluth , 
or in suspension, with alkali nitrite and i 
equivalent amount of zinc sul[)hato. T e 
product so obtained is then moile to react witl % 
concentrated alkali solution of /3-naphthol. T e 
products dye wool in acid solution, bluibh-i 1 
to violet shades, which tuni bluish-black ri 
subsequent treatment with a dichromi e 
(U.S. Pat. 807442, 1005). 

Easlo zinc formaldehyde hydrosulphite s 
formed by adding 1 molecule of zinc to a niixt e 
of 2 molecules of sulphurous acid and 2 of forr l- 
tlchyde and then reducing t he mixture by anot 't 
molecule of zinc (U.S. Pat'^. 814032, 812 1, 

1006; J. Soc. Chcin. Ind. 1?K)6, 311, 217). 

By the interaction of zinc-dust, sulphur i- ! 
oxide, and aqueous formaldehyde, a difilcii ly 
m\Mezincformoldehydfsulp}t4)xylate,or&T^fiil y- 
soluble zinc Jormaldehyde ftydrosulphiie is fon d, 
according 1o the conditions of the expe^rir nt 
(Eng. Pat. 81, 1906; J. Soc. Chem. Ind. 1 >6, 
260; see also ibid. 1908, 1058; Becker, k^r. 
1910, 43, 856 ; Frcmiin and Palma, ibid. 1 Oti, 
30# 3317 ; IX R. PP. 214041, 172217). 

ZIno Indigo white is re- 

duced by the action of zinc clilorido cm cal< um 
indigo white ; of zinc oxide on indigo ^’hii in* 
boiling naphthalene, and of zinc dust on ; di- 
gotin in boiling naphthalene. It cxy^stallm in 
histrotts l^ots (Binz, J. pr. Chem. 1901, ii.] 
63# 497). • 

Zlne gelatose is obtained by dissol ing 
gdalase (formed by the action of superhe ted 
ateam on gelatin) in dilute alcohol, addh i a 
solution ox a zinc salt and precipitating dth 
aholtoL It is an amorphous powocr, solub ) in 
Wiitef, but insoluble in oilier, benzene, jtnd 
^lox^orm. It is said to bo a valuable astrin ;ent 
^without any irntatinff action on the mi; tous 
menkbrano (U.S. Pat. 698694, 1902). 

ZbkO dbm^pllpll is obtained by the » lion 
of nino hydromide and carbon dioxide oj an 
‘ ‘ selv 
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resembles ehlorophjrll in properties. When 
treated with alkalis it yields a substance closdy 
analogous with alkaohlorophyl, but containing 
zinc mstead cd magnesium (lUbarchlewski, Bio* 
chem. Zeitsch. 1909, 16, 3). 

Zlne p-bMi&9globln C758Hii8«ZntS3FeOste 
formed by shaking blood with zinc-dust or 
the action of zinc salts on crystalline blood 
pigment, is a non-toxic compound, which has 
been recommended for use in the treatment of 
clilorosis (Grahc, Chem. Zontr. 1894, i. 636). 

Zinc chloride forms stable double salts with 
diazo or tetrazo compounds of amino-azo or 
diamino-azo bodies wdiich can be employed in 
dyeing (Eng. Pat. 1645; J. Soc. Chem. Ind. 
1897, 40). . 

The diazo solution is prepared in alumuuum 
or enamelled iron vessels, the requisite amount 
of zinc chloride is then added gradually with 
continual stirring. The double salt is formed as 
a voluminous precipitate, which, after sottUng, 
is lillercd. When mixed with cold tragacanth 
thu koning these double salts may be iireserved 
uiK'hanged for several days. 

The {piods prepared w'ith sodium j3-naphthol, 
to which sodium acetate is added, are printed 
with this paste, and then passed through a weak 
hydrochloric acid bath, washed, and soaped. 
The most satisfactory results have been obtained 
with o-naphthylaminc hydrochloride, which 
yields a bright cardinal of a yellowish tone 
(Bmirnof! and Roscnithal, Farber-Zeit. 7, 442). 

Zinc chloride also forms double compounds, 
with fatty acids, with aliphatic compounds 
having a basic character, with aromatic bases 
containing one benzene nucleus, and with such 
eomriounds as piperidine, pyridine, and picoline 
(Lacnowicz and Bandi’owski, Monatsh* 1888, 9, 
510; Bose, Amer. Chem. J. 1898, 20, 246; 
Bomer, Zeitsch. Nahr. Uenussm. 1898, [viii.1541). 

The zinc alkyl compovnds are lormoa, for 
the most part, by the action of the required 
alkyl iodide on zinc (Frankland and Buppa, 
Annalcn, 1864, 130, 118 ; Gladstone and Trine, 
<Vm. Soc. Trans. 1879, 569; Pileti and Canta- 
lu|)o, Gazz. ehim. ital. 22, ii. 387 ; Ipatieff, 
J. pr. (liem. 1896, [ii.J 53, 257 ; Simonowitsdi, 
Chem. Zentr. 1899, i. 1066 ; Worob4efF, Ibid. 
KK>7; Bohm, ibid. 1067; Ragosin, J. Russ. 
Phys. Chem. Soc. J892, 24, 549; Lachman, 
Amer. Chem. J. 1900, 24, 31 ; J. Amer. Chem^ 
Soc. 1901, 23, 897 ; GraniehBt&dten and Werner, 
Monatsh. 1901, 32, 315; Haase, Ber. 1893, 26, 
1052 ; Meyer, C!hemt News, 1925, 131, 1). 

locitsch (J. Russ. Phys. Chem. Soe. 1902, 
34), by treatment of zinc and iodine with ether 
in a reflux apparatus, obtains a tranfi^ueiit 
ethereal solution of zinc ethyl iodide, which is 
identical in properties with the Grignaid 
reagent, does not inflame in the air, and esdS be 
safdy poured from vessel to vee^. SimBsup 
solutions of zinc methyl, tsopropyi, amyl atid 
allyl iodides can be obtmned. 

23ne methyl is a colourless liquid, b,p. 46®, 
m.p. —40®, sp.gr. 1'386 at 10*5®, inflammable ki 
air and decomposed by water. For its 
tion, see Benshaw and Greenlaw, J. AttM 
(Them. fioo. 1920, 42, 1472. 

Zlne ethyl^ a colourless liquid, b.p4 116®i 
m.p. -*28®, 8p.gr. M82 at 18®; it has almi]M|| 
ntoneriiBB to the luethvl oonii»tiiid. 
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The «me alkyl oomponnds are employed in 
tbe syntliosis of many or^io compounds 
(Grigoroyitcli and Pawk>ff, J. Russ. Phys. Chem« 
Soc. 1891, 23, 169 ; Bewad, ibid. 1900, 32, 420 ; 
Tiohwinsky, ibid, 1903, 35, 165; Qwcsdofli 
iHd, 339; Saytzeff, ibid. 1007, 39, 1232; 
Laohman, Amer. Chem. J. 1896, 18, 372; 
Bamberser and Ticliwinsky, Ber. 1902, 35, 4179 ; 
Menschikoif, J. pr. Chem. [ii.] 36, 347 ; ]^wad, 
ibid. 1907, fii.] 76, 62; Saytzeff, ibid. 98; 
Blaise and Maire, Ann. Ciiim. 1908, [viii.] 15, 
556; Oompt. rend. 1907, 145, 73; ibid. 1909, 
148, 489 ; Blaise, ^bid. 1907, 145, 1285 ; Blaise 
and Herman, ibid. 1908, 146, 479; Dclacre, 
Bull. Soc. chim. Tii.] 48, 784 ; Wagner, ibid, [ii.] 
42, 330). 

Ztne ethoxide Zn(OEt)j is formed by the 
action of zmo methyl on ethyl alcohol in an 
atmosphere of carbon dioxide, or, better, 
nitrogen or hydrogen. It is a white powder 
which cannot be distilled, is insoluble in ordinary 
solyents and readily absorbs moisture from the 
air. Zinc Mobutyl oxide is prepared similarly 
by employing the corrcpjionding alcohol (Tol- 
katscheff, J. Kuas. Phys. Cliem. Soc. 1901, ;i3, 
469). 

Zinc thiocyanate combines with inridme to 
form aninsolublecompound[Zn(r' 5 H 5 N )2 [(CNS),. 
This compound is formed by stirring ^pyridine 
into a solution of a zinc salt mixed u ith a con> 
centrated solution of ammonium thiocyanate. 
The formation takes place preferably in neutral 
fiolution or a slight excess of p 3 Tidine : ith great 
excess of pyridine the pre<'ipitate rcdis^oi*cs. 
Tins reaction may l^e usi»d for tlie detection 'of 
zinc, one part of zinc in 200,000 parts of water 
may thus be recognised (G. Spacu, Bui. Soc. 
Stimte C3uj, 1922, 1, 348~3«5i ; from Chem. Zentr. 
1923, ii. 508, 1052). 

Other zinc organic compounds have Ix^en 
^tescribed by Moiteasier (Bull. Soc. chim. 1899, in. 
21, 336); Werner (Zeits<di. anorg. ("hem. 1899, 
21, 201) ; Rosenheim and Meyer 1906, 49, 
13); Grossmann and Sehuck {ibid. 50, 1, 21); 
Ebler and Schott (J, pr. Chem. 1909, [ii.] 79. 
72) ; also in D. R. P. 86148. 

For methods of detecting and estiniatirg 

^ zinc V. Akalysis. 

SSne, analysis of« The following methods 
am in use in the lalioratories of the more im- 
portant producers and consumers of zinc in the 
United States. Spelters are classified as A. 
high grade ; B, intermediate ; C, brass special ; 
ana 0, prime western, the last a low grade used 
chiefiy for galvanising. 

BamfUing. — A numb^ of slabs should bo 
sawn in half, and the saw-dust used as the 
sample. Fine drillings may be used. In 
nedtber case should a lubricant be used, and the 
drillings must be freed from iron bv magnets. 

jLsad. — ^For the estimation of lead electro- 
* lyiically, the sample (8*643 grms.) is covert 
ijnth water in a 400 e.c. beaker, and 30 c«c. of 
nitric add are then added gradoaUy. The 
fSactor 8*643 differs from tbe theoretical factor 




position^ the ooveni and beaker aie rinsed down 
with sufficient water to raise the levd of the 
liquid 0*5 inch, and electrolysis continued for 
15 minutes. The newiy-exposed surface should 
remain bright. The anode is washed three 
or four times with distilled water, once with 
alcohol, and dried at 210^0. for 30 minutes. 
The number of decigrams of lead dioxide com- 
spends fiiroctly to the jwreentage of lead. The 
elertrodes are cylinders of 20 mesh (per lineal 
cm.) platinum gauze. The anodes are 30 mm. 
in diameter and 30 mm. nigh, the cathodes 
the same height, but only 12 mm. in diameter. 
Both have stems of stout wire 10 cm. long. 

In the absence of electrolytic appUances, 
lead is estimated as follows : The driilii^ (25, 
15, 10, or 6 grins., according to grade) are mated 
with 300, 180, 120, or 60 c.c. (according to Wight 
of di tilings) of ‘ lead acid ’ — that is tA say, 
dilute sulphuric acid saturated with leaA siu- 
phate, prepared b}* mixing 300 c.c. of concen- 
trated acid with 1800 c.c. of water, and aqding 
to the hot solution 300 c.c. of water in vifdch 
1 gnu. of lead acetate has Ix^en dissolved. The 
* lead acid * thus prepared is allowed to settle 
several days and then filtered. After all but 

1 grm. of zinc has dissolved the solution is 
filtered, the undissolvod rc'^iduo washed with 
‘load acid,’ then washed back into tbe beaker 
and dissolved in a binn)l quantity of hot dilute 
(1:1) nitric acid. The resulting solution is 
evajiorated with 40 c.c. * lead acid ’ until fumes 
arise. When cool, 35 c.c. of water are added, 
boiled, the first filtrate containing most of the 
zinc and a trace of lead is add(*d, and the mixture 
left overnight. The lead sulphate is filtered on a 
Gooch crucible, washed with Mead acid,* then 
with dilute (I : I) alcohol, and finally with strong 
alcohol. The Gooch crucible is [daced in a 
porcelain crucible and heated for five minutes. 

Iron , — ^The zinc (25 grms.) is dissolved in 
125 c.c. nitric ac>d. Tbe solution is boiled, 
diluted to 300 c c., ammonium chloride (10 grms.) 
is added, and annnonio in tufiicicnt amount to 
reriissolve the zinc hydioxide. The irixturc is 
boiled and filtered tlmnigh a 11 cm. psmr, 
which is Wiished with dilute ammonia and hot 
water. Tbe ferric hydroxide is dissolved in 
hot dilute (1:4) sulpburic acid^ tbe solution 
passed through a Joni'S reductor, which is 
washed wit h 150 c.c. of dilute sulphuric acid and 
iOO c.c. of water, the reduced solution being 
N 

finally titrated with permanganate. Using 

-such dilute permanganate as this, it is essential 
to nm a contioi with the same amounts of 
acid and water. 

Cadmium . — ^Thc drillings (25 grms.) are 
covered with 250 c.c. wa^er and 55 c.o. hydro- 
chloric acid and left ovcrniglit. More am is 
added 2 c.c. at a time, with an interval between 
each addition, so as to dissolve all but about 

2 grms. of zinc with a minimum use of acid# 
alxiut 60 C.C. in all usually sufficing. A jpteoe 
of the undisHr>lved zinc is transferrea to a nller« 
the liquid is filtered, and the undiasolved matter 
is washed with fWait^r, ndecting filtrate and* 
washings. The undissolvcci matter is dlsaolved 
in nitric acid, and the solution evaporated with 
20 q.c. of dilute (I s I)sulph«irieaoidtmtUf«mi«i 
arise. The reridue is taken up edtb 100 o-e* of 
wateri the miztnio boiled aim allowed etaiMi 
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The lead milplie»te i« filtered ofi and 
disoaxddd. The filtrate is diluted to 400 c.c.. 
10 gnus, amniottium chloride are added, and 
the solution saturated with hydrogen sulphide 
(1 hour)* It is sometimes necessary to add a 
drop or two of ammonia to start the precipita- 
tion of cadmium sulphide. The impure cadmium 
sulphide is filtered off on a Gooch crucible and 
dissolved in 60 c.c. (more if necessary) of dilute 
n ; 6) sulphuric acid by boiling for 30 minutes. 
The solution ia fiJtcretl from asbestos and lead 
sulphide, diluted to^OO o.c. and cadmium repre- 
oipitated as sulphide in presence of 5 grms. 
ammonium chloride. When much cadmium is 
mrosent, a thiid precipitation may Ixs neccssa^5^ 
The precipitate is dissolved in hot dilute (1 : 3) 
hydrochloric acid in a platinum dish, the 
solution evaporat('d with sulphuric a<*id to 
fuming, diluted, any filter fibr(‘s destroyed by 
addition of mtiic acid and heating, which is 
continued to dryness and finally to SOOMKK)'^ oi 
to dull redness, tlic cadmium being weighed as 
sulphate. (Prom a Iiep<»rt <if a sub-committcc 
on Methods of Analyhis of Non-ferrous Allots 
of the American Chemical Sowt v, Abstract in 
Analyst, 1015, 360.) 

Another method for the detenninati<»n of 
cadmium in spelter and zinc ores is as follows : 
Ten grms. of spelter arc dissolved in dilute nitric 
acid, and ammonia is added to remove iron, etc. 
From the filtrate a sulphide concentrate con- 
taining the cadmium is obtained by adding 
sodium sulphide until the precipitate becomes 
white ; this is collected and dl^^oIvcd by heating 
with 15 c.c. of sulphuric acid (1 : i) until fumes 
aro evolved. After dilution and lemo^al of 
the leail suljihato, the fill t ate is treated with 
sulphuric acid until it contains 20 p.c., then 
saturated with hydrogen sulpliide to remove 
the bulk of the copper. The filtrate is diluted 
to 250 c.c. and again saturated with h^-drogen 
sulphide. Tlio cadmium suljihido is collected, 
washed free from zin^' salts, and dissolved in 
nitric acid ; the solution is evaporat<*d to com- 
plete dryness with 1 o.c. of sulphuiic acid (1:1), 
and the residue is heated to redness and w cighed ; 
it consists of cailmium sulphate ])lus a small 
quantity of copper oxide. The amount of tlic 
latter is determmed iodometrieally and deducted. 
In the case of ores the sample is dissolved in 
hydrochloric acid and the acidity of the filtered 
solution is adjusted to 1 p.c. A concentrate 
containing all the cadmium is then obtained 
by passing hydrogen suliihide into the liquid 
until precipitation of white zinc sulphide eom- 
mencos* The assay is finished as«before (C. K.* 
Barrs, J. Soc. Chem. Ind. 1624, 43, 77 T. ; 
B. 520; see also Luff, Zeitsch. anal. Chem, 
1924, 65, 97). 

Zinc, technical aiURysls of. Ericson (Eighth 
Inter. Cong. App. Chem. 1912, vol. i« 183; 
Analyst^ 1912, 521) gives the following method 
at anal^iT^ commercial zinc: The spelter 

g ) gnns.) is covered with 100 c.o. water and 
O.C. dilute (1:3) sulphuric acid, and allowed 
to stand overnight. The lead, cadmium, and 
tusdisaalved zinc are then filtered off, abashed 
wHh hot water, returned tef the beaker, and 
tUssollred in 10 o.o. of nitrio acid. The solution 
it boBed until brown fumes cease to be evolved, 
find k then diluted and filleted tram any trace 
Of tin or ontbaony 03dde« If these are absent, 


as is usually the ease, the solution is diluted to 4 
at least 100 e.e. and 30 c.o. of ammonia and 
5 to 10 grms. ammonium persulphate ore added, 
and the solution boiled zor 5 minutes. After 
10 minutes, the lead pero3dde is filtered off on a 
double filter (11 cm.) and washed four tiznes 
with hot 10 p.c. ammonia and five times with 
hot water. The precipitate is washed back into 
the beaker and treated with a measured volume 
of hydrogen peroxide solution of known strength 
until dissolved. Alter addition of 15 c.c. of 
dilute nitric acid (sp.gr. 1*2) and 75 to 100 c,c. 
water, the excess of hydrogen peroxide is deter- 
mined by titration with permanganate. If 
1 c.c. of the jiermangaiiate corresponds to 1 
mgrm. of iron, it should theoretically correspond 
to 1*85 mgrm. of load; but exjierienoe shows 
that the factor 1*92 should be employed. Using 
this factor, the results check well with results 
obtamoo by the gravimetric chromate method, 
and the method is recommended for spelter 
contamiiig 1 p.c. or less lead. 

The ammoi.iacal filtrate from the lead 
peroxide is boiled until nearly neutral and a 
wdiile ])reoipitato appears. Aliout 40 c,o. of 
dilute (i: 3) sulphuric acid is then added, and 
boiling continued for 10 minutes. After 
diluting to 200 c.c. the solution is saturated with 
hydrogen sulplude, wdth occasional additions of 
water. The precipitate is collected on a double 
filter, washed and rcdissolved on the filter in a 
slight ex(‘ess of hot dilute hydrochloric acid. 
Any copper present remains on the filter as 
sulphide and may be ignited and weighed as 
oxide. The solution of cadmium (and zinc) 
chloride is nearly neutralised mth ammonia, and 
about 8 grms. of trichloroacetic acid (c/. Fox, 

J. Chem. Soc. 1907, 91, 964) dissolved in water 
is added— or more if necessary — to dissolve the 
cadmium sulphide which separates on neutralisa- 
tion. The solution is diluted to 200 c.0v and the 
cadmium reprecipitated by hydrogen sulphide. 
Tho cadmium sulphide is filtered off, and 
converted into sulphate or phosphate. 

Oravimetric melkod for the eshnuUion of zinc * — 
An excess of ammonium thiocyanate, either 
solid or in concentrated solution, is added to a 
neutral solution of a zinc salt, P^dine is then 
added with agitation (3 drops to each 0*19 of • 
zinc sulphate) until present in excess. The 
l>recipitate, 'which has the composition 

zn{c,mi,uom)^ 


is collected and washed with an aqueous solutjon 
containing 0*3 p.c.*of ammonium thiocyanate, 
0*2 p.c. of ammonium sulphate, and 0*2 ]|xe« of 
pyridine. Tho preoipkate is dried, heated over 
a Techs burner, and weighed as zinc oxide. 
The results are in good agreement 'with those 
obtained eleotrolytically (G. Spaou, Bui. Soo. 
Stiiute Cluj, 1923, 1, 361<-364; from Chmn. 
Zentr. 1923, ii. 508; J. Chem. Soo. 1923, 580). 

Ddermimtion by means of 
Ammonium acetate is added to a neutral 
solution of a zinc salt. Dilate ammosda is 
added till tho nrecipitate redisaolvee, excess of 
cyanamide ad<M, and the zinc oyanaaiUa 
heated to redness ana waurimd 


as zinc oxide (Marokwald and Gebhaxdl^ SMteoh^ 
anom. Chem. 1925, 147, 42). 

the estimation of fluorine in fthic fetamd#, 
see L. da Rooha-Sohmidt and K 

• ' ’ 
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the estimation of oalcium in miter and 

aino ores, see C. E Barrs (J. Soo. (mem. Ind. 
1924, 43, 35). 

The use of poTvdeied magnesioin is recom- 
mended for the precipitation of copper and 
lead in hydrochloric acid solution; to ensure 
complete separation of zinc Mhich may be pre 
sent, the precipitated metals should be boiled 
with hydrochlonc acid and re precipitated iiith 
magnesium. The rinc in the filtrate from the 
copper lead precipitate may be titrated directly 
with potas<uum fcrroc^onide solution, since even 
large quantities of magnesium chloride do not 
interfere i^ith the titration If aluminium is 
used for the precipitation of the copper and 
lead it IS necessary to remove the aluminium 
salts before the zinc is titrated If the zinc 
solution contains not less than 7 o c of concen 
trated hydrochloric acid per 260 c c the presence 
of lead does not affect the titration of the nnc 
with ferrocyanidc solution (E G K Ardagh 
and G. R Bongard, Ind Eng Chem 1024, 10, 
300 . Analyst, 1024, 40, 210) 

Zinc may bo sej)arated from iron bj means 
of ammonia and ammonium chloride m one 
precipitation Tihen the following procedure is 
adopted The solution, yihich may contain as 
mu^ as 0 2 grm of zinc and 0 4 gim of iron, 
18 treated uith a few drops of hjdiochlonc a< id 
and evaporated to a yolume of aliout 6 c c , 
uhile this liquid residue is still uann 6 grms of 
ammonium cliioruh are stirred into it and 10 c c 
of concentrated ammonia arc added 1 he 
mixture is then diluted yvith 26 cc of yiatcn 
the precipitate collected on a filter and v ashed 
With about 100 cc of ammoniac al ammonium 
chloride solution (6 grms of ammonium chloride 
and 6 0 c of concentrated ammonia per 100 c c ) 
The filtrate is acidified with hydrochloric acicl, 
diluted to 260 c c , and the zinr titrated w ith 
standardised ]M)t<assium fcnocyanidc solution 
(22 fpnns of ferroc \anid< and 10 grms <»f scKliiim 
thioBulphatc per litn ) , uranium nitrate* solu 
tion IB used as indic alor The same method may 
be employed for the s^'paration of zinc from 
altt minium, but the aluminium li} dioxide 
fixiqiuree rather moic washing than does the 
feme hydroxide (E (r K. Ardagh and G R 
Bongara, ind Eng Ghem. 1924, ifi, 2^17 , 
Am^, 1924, 40, 240} 

JTdb presence of aluminium in the solution 
does not affect the blank determination in the 
usuid potassium ferrcK^anide titration of zinc, 
but the resoits obiamccl for zinc m the presem e 
of aluminium are high uiictcr the usual conditions 
of the titration. Magnesium chloncle does not 
interfere with the titration of ziiu by potassium 
ferroiTanide, even when present in largo 
Ipieiitities, and powdered magnenum may be 
imd with advantage to precipitate copper and 
fUid in hydrochloric acid solution In order to 
•qparate the zinc completely from the preci- 
liiuted metals, the latter must be filtered off, 
M|jM with concentrated hydrochlonc acid, and 
with magnosiUln. The mag- 
neiiiitn used should be as free as possible from 
hun^ and oare must be taken that no Vopper 
ipM fete aohitiott. Correlt results for 
akm hf potassium ferrocyanide 

ellli presence of lead, ptovided 


that 7->10 c 0 . of concentrated hydroohlorio aoid 
are present in 260 o.q. of the solutioin (E< (}. B. 
Ard^h and G. E. Berngard, Ind. Eng. (hem. 
1924, 16, 300 ; J. Soc Chem. Ind. 1924, 43, B. 


Importance of zinc in the nutrition qf animoh* 
Accordmg to Bertrand and Benson (Bull. 
Soc. chim Biol 1924, 0, 203), it is impossible 
to remoye all traces of zinc from natural food 
materials without also removmg ntamm B, 
with which the zinc apiicared to be associated. 

A syntlietic food, based on the composition of 
wheat, containing potato starch, casern, cellu- 
lose, lactose, calcium lactate, calcium chloride, 
and other salts was used. Mice receiving 
the synthetic food with the addition of an 
amount of zme as sulphate equivalent io that 
present m a normal diet of wheat lived for 
periods 26-4)0 p c longer than those reviving 
the synthetic food alone Analysis M the 
bodies after death showed that, in the araonco 
of any suppl> of zinc in tho food, the amount 
piesent at the liepnning is retained throughout 
life, whilst, if 7in( he given, the original amount 
present is about douUed (J Soo (1iem. \lnd. 
1024, 43, B 672) 

The wotld's production of ctwr — In 1013 the 
total outputof zinc m the w orld w as 981,000 tons, 
a figure which fell to 446,000 tons m 1021, 
using to 722,(00 tons in 1022, and over 864,000 
tons in 1 023 Of the 1 02 \ prodiu tion the United 
Slates produced the largest quantity , namely, 
4sl,000 tons, Belcium following with 138,(‘i0 
tons (J Soc (hem Jnd J02t, 43, 725) 

ZINC BLENDE, BLENDE, or SPHALERITB* 
/me mljihidc ZnS*, crystallMd in the cubic 
^yM^m with tetrahedral hcmihcdnsm. The 
name bh ndc is an old mining term, from tho 
(icrman bicnden, to blind or deceive, because 
the niuifial wiis frrqutnti> confused with 
galena, htmc alho the terms qalena titouMT, 
iise udo g.ilf na, and mock If wl With a quali- 
fying prefix It h.vs iKtn applud tf) a yancty of 
muKnLlM^ which |k»smsk in common a more or 
b *>s mctaltif lasln oftc n c ombimd with a (^*rtaiii 
dc grcc* of 1 1 ansluc i in > It i'^ t hen fore mxscssary 

to distinguish the pn seiit inim lal a** zinc blonde 
fhe name sphalciite, iiitnKhicffl by E F. 
Glockcr in 1847, lias the ^clnle imamng, from 
decepfiyc. 

(Yy stale ere of ficquent occurrence, but, as 
a niie, the faces an* much rounded and (ho form 
IS further olist urt cl by twinning An important 
cryhtallographic character is the presemee of 
IN rfcct ck*By ages tn six direc tiotis parallel to the 
faces of the* rhombic df hIc ( ahedron, adjacent 
cIcayagcH bc*iiig inclined to one another at 
angles of 120'’ or 90*. Mas«ive material with 
coarse or fine granular texture and uauaJly a 
( rystalhne fracture, due to the cleavage, ta mota 
common. Uompact material with a ahelly 
(onoentne stniciurw and reniform aurlaea 
(* liver blende ’) also oc(*urs. When pure and 
free from iron the mineral is white or pila 
yellowish ; more often, however, the ooloar ii 
aark brown to black (* black jack’) with a^ 


bleiida {»<at»baiKitta>, sammatbla^^ (MfoafAsL 
pltchbhwcle, hombleada, m , AnsMiOttl 
ooemtog la many ohl eoinpoiM tiaiMa of imiiaiaia 
am gtoea, pyrt tm (Oor. XieNh and 
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miitoui, xliitnainMitii, or aab-nwtallio lustra/ 
tndO dasher oolouted material when soratoh^ 
'With a knife (H. 8|-4) always yfelds a brown 
streak or powder* which really distinguifthes 
the mineral from galena ; it is also much lighter 

£ p.gr. 3*^-4* 1). The lighter coloured material 
eometimes perfectly clear and transparent; 
6.gs the small* oeautifmly developed tetrahedral 
crystals found singly in cavities of tho white 
crystalline dolomite at Binn in Valais, Switzer- 
land; and the large, pale yellow cleavage 
masses from Pico^ do Kunjpa in Santander, 
Spain. Tho latter contains only 0*16 p.c. Fe, 
and has sp.gr. 4*098, and refractive index 
«jj 2*369. Transparent crystals of a rich ruby- 
red colour (* ruby- blende ’) are found in Flintshire 
and elsewhere. Certain sj^ecimons of the 
massive mineral display a bright phosphor- 
escence when scratched with a knife or struck 
with a pick. 

The pure mineral contains 67 p.c. Zn, but 
usually this is partly replaced isomorphously by 
1-2 p.c. of iron, which may range up to 2t) p.c, 
A black ferriferous zAnc-blendc from Martnair> 
in Colombia, South Am<*rica, containing ll-lf' 
p.c. Fe, has been called imnnahte. Cadmium is 
usually present in small amount (traces to about 
0*5 p.c., but ranging up to .3*2 p.c.). Gallium 
and indium were discovered in zinc-blende ; and 
these elements, as well as germanium and 
thallium, can be detected spectrographif'ally in 
most samples of tho mineral. Other metals 
occasionally fourd in small amounts arc* silver, 
mercury, copper, lead, manganese, and tin; 
but these arc [icrhaps present as impurities. 
The stanniferous zine-blendc of Freiberg, 
Saxony, for example, encloses minute not‘dles of 
oas&itorite. Tho mineral dissolves in hydro- 
chloric acid with evolution of hydrogen sulphide. 
At a temperature of 1020® it is transh>Tmed into 
the hexagonal niodidcation wurtzite (qA\). In 
zinc-blendes containing more iron the inversion 
temperature and the density are lower, whilst 
tho refractive inch'X is higher ; e.g. for material 
from Breitcnbiunn, Sa\<»ny, containing 17 p.c. 
Fo (np.RT. 3*935, 2*47), the inversion tc'miKra- 

tiiro is 880^ On the stability redation^ and 
artificial production of the two modifications of 
zinc sulphide, v, K. T. Allen and others (Amer. 
J. Soi. 1912, 34, 341 ; 1914, 38, 393). 

Zinc- blende is the commonest ore of zinc, and 
by its alteration it gives rise to the secondary 
0ro8 smithsonito and hcniimorphite. It occurs 
in metalliferous veins, as bedch^d deposits, and 
as pockets in limestones; and is s|>oradically^ 
distributed through sedimentary •rocks, some- 
times replacing fossil shells. It has been 
observed on old mine timbers, having, no doubt, 
been formed by tho reducing action of the 
oigaaic matter on sSlutions of zino sulphate 
piwucod by the oxidation of pre-existing zinc 
Bulphido. In most instances zinc- blende occurs 
wi& galena, there often being a vexy intimate 
association of the two minerals. ' HuasooUte,’ 
at one time believed to bo a homogeneous 
minaml, is such a mixture. The mixed ores 
(s.g4 tbcm of Broken HxU in ^evf South Wales) 
eau be sf^parated by an electro^magnotic prooess, 
dtoee ibe wntutU amount of iron present in the 
iiliic*blexide oanses it to be slightly magnetic. 
In aMttlon to its iwUieipal use as an ore zinr, 
tbo ttiXMfsral Is also a soom of snltd^urie acid, 


sinoe sulphur dioxide is given off when the ore 
is roast^ The mineral is also used directly 
for the manuiaotureof zinc white (ZnO) and ^nc- 
vitriol ; in the fonner case the vapour of reduced 
zinc is oxidised in a current of warm air ; and in, 
the latter the ore, either before or after roasting, 
is treated with sulphuric acid. L. J. S. 

Refmetion aid (ibsorption of light by 
zinc-blende at temperatures up to 700 ®.*^ 
Measurements made of the refractive index 
and absorption of zinc- blonde coloured slightly 
grecnish-ypllow for temperatures ranging from 
80®-700°, and for wave-lengths between about 
400/1/4 and 8OO/4/4, indicated that in the visible 
spectrum the dispersion is normal and attri* 
butable principally to an oscillator with a fre- 
quency m the ultra-violet. The refractive 
index increases with temperature, and eon* 
sidcrably more rapidly for light of short wave- 
len^h than for light ot long wave-length. Thus 
for A =436/1/4, the results show that the refractive 
index, at is given by 
71^=2*4885(1 +3*8695 x 10“ H +17*9 x I0“»t*) 
Similarly, for A =546/4/4, 

77^=2*:1870(1 +2*7508 X Hr |-ll*lxl0 •i*) 
and for A=578/4/4, 

71^=2*3717(1 +2*5826 / 10“-®/ +9*5 x IQ-®/*) 

The transparency of zinc- blende increases with 
uicreasing wave-length of the light transmitted 
and decreases ra[>idly as the temperature in- 
creases. A minimum transparency observed in 
the mean or extreme red region of the spectrum 
is attributable to an impurity present in the 
blende. With increasing temperature, the 
region of selective absorption is displaced from 
the ultra-violet towards the visible region of 
the S|x*ctrum (^Tana Mell, Zeitsch. physikal. 
Chem. 1923, 16. 214-265; J. Them. Soc. 1923, 
ii, 513). 

The ignition Umperaiure of zinc blende is 
lowered only to a small extent by increasing the 
oxygen content of the air ; in pure oxygen this 
temperature is 25® below that in ordinary air. 
Other conditions being equal, the rate of oxi- 
dation of blende vanes veiy* nearly directly as 
the partial pressure of oxygen in tlie surrounding 
air, consequently the sulphur dioxide oontetit 
of the roaster g^ varies directly, and the time 
required for roasting inversely, as the oxygen 
content of the air supply. The amount of xuie 
sulphate formed at any temperature is greater 
with exiriched air tl^n with ordinary air. The 
addition of oxy^n to the air supply of a fumaoe 
roasting zino mende u ill increaso its oapaoify, 
reduce tho fuel oonsutnption, and increase toe 
proportion of sulphur dioxide in the gases* 
hence the capacity of the sulphuric add plant 
will be increased and tho cost of ruoning Is 
reduced (B. M. O'Harra, W. Kablbaum* EL 8* 
Wheeler, W. J. Darby, Trans. Amer. XhiSh 3iinu 
Met. Eng. Mar. 1024 ; J. Soc. Chem. Ind* 

48, B. 385). 

ZINC-DUST is usually obtained as a bv« 
product from zino smelters, but it is also maaa 
by blowing gas^against a stream of liquid aiao 
or by ^grinding. Such dusts contain varying 
amounts of impurities, some of which aeo 
desirable for eeiWn uses. MIcrosoopto aiamlnir 
lion has shown that the gigiins of dtain-dtHlt 
oousist of metalUe g^bides coated with 
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^ ol sitio i>xid0 which jnerant the globulcB from 
iinitdiig. 

The chief properties for which Emc-dost is 
used may be summarised as follows : (a) Be- 
ducing properties, as in the dye industry, for 
reducing nitro com^unds to organic amines 
and in preparing somum hydrosulphite for the 
reduction of vat colours; (6) the property of 
precipitating metals from their solutions, in 
puri^ing zinc-sulphate solutions for electrolysis 
or for the manufacture of lithoponc; (c) the 
property of combining with dry oxygen only at 
a high temperature, and of giving with moist 
air a basic carbonate or with sea air an oxy- 
chloride which protects the metal from further 
alteration. These properties have led to applica- 
tion in painting iron objects, sherardising (t.c. 
immersing iron objects in zinc-dust at 3()0°0.), 
galvanising cast-iron and metallisation (».e. 
deposition by projection of a layer of zinc on 
the surface of a metal) (Met. & Chem. Eng. 192.'i; 
J. Soc. Chem. Ind. 1922, 466). 

Zinc-Dust (valuation of). Klemp has devi^ 
a process for the above purpose which depends 
on the power of zinc to reduce potassium iodate 
to potassium iodide in an alkaline solution. 
Whra the solution is afterwards acidified, iodine 
is liberated by the interaction of the iodic and 
hydriodic acids, and is distilled off from the 
mixture into potas ium iodide solution, and 
titrated with thiosulphate. The details of the 
method are as follows : — 

0*5--l grm. ol the well-mixed zinc-dust is 
weighed in a tube, and poured into a 200 e.c. 
stoppered fla.sk, the tube being again weighed. 
For every 0*1 grm. of zinc present, 10 e.c. of a 
solution of alkali (containing 370 grms. of potas- 
sium hydroxide, or 300 gims. of sodium hy- 
droxide per litre), and 3 c.c. of a solution of 
potassium iodate (containing 16*26 grms. of 
potassium iodate per 300 c.c.) arc measured int<i 
a beaker, and then jioured into the flask. Some* 
glass Ix^ads are added, and the flask stopijored 
and shaken for 6 mins, in the cold, no advantage 
being gained by heating it. Its contents are 
then washed into a 260 or 600 c.c. flask, and 
made up to the mark with vater. 100 c.c. 
are now pipetted into the retort of a Topfs 
" atoaratus (kitsch, anal. Chem. 26, 293), dilute 
si^huric acid is added, and the apparatus filled 
with carbon dioxide. A solution of potassium 
iodide is placed in the receiver, and the retort 
heated, at first gently, and then more strongly 
till the contents are perfectly colourless. The 
stream of carbon dioxide is continued through- 
out the distillation, which generally occupies 
about 20 mins. The liolution of iodine in 
potassium iodide is then transferred from the 
receiver into a fiask, a standard solution of 
sodium thiosulphate added in slight excess, 
fod the excess titrated back with weak standard 
iodine solution, starch being used as an indicator. 
After correcting for the excess, the quantity of 
mne is oaleulated from the amount of thio- 
sul^te used. 

Jpemp finds that the addition of powdered 
lead and iron to the zinc mw^s very little 
diAssence in the quantity of zinc found ];)y this 
process, tlbe molts being a little lower in the 
prsmice of tikecs metals. 

Tba moiti Iqstikis method agree well with 
those aMaiacd I17 Fmenios's method, but are 


generally higher than those obtsinsd by Drew* 
son’s and lower than those obtained W TopPs 
method (G. Klemp, Zeitsoh. anal. Cwm, 29, 
263-266 ; J. Soc. Chem. Ind. 9, 968). For a 
volametric method, depending on the amount of 
hydrogen evolved by the action of an acid on 
zinc-dust, v. ibid, 6, 145, 1886. 

According to Edwards (Met. A (Them. Eng. 
1919, 21, 1927) the hydrogen gas method is not 
on the whole suitable. The following process is 
recommended : 1 grm. of the^zinc-dust is treated 
with 60 grms. of ferric ammonium sulphate in 
100 o.c. of water and constantly stirred. As 
soon as the zinc-duat is dissolved, 100 c.c. of 
sulphuric acid (1 : 10) is added and the solution 
is titrated with potassium permanganate. 

ZINC FLOWERS. Zinc oxido produced by 
combustion ; v. Zinc. \ 

ZINC GREEN, Cdfjalt green, or Rinhann's 
green ; v. Cobalt ; also Figments. Thil term 
H also applied to a mixture of zinc yellow and 
Prussian blue. \ 

ZINCITE. Native zinc oxide ZnO, crj^tal- 
IKing in tlie hexagonal The ciys^als, 

vhich are of rare occurrence, possess the same 
degree of symmetry (hemimorphic-hcmihcdral) 
and very nearly the same angles as those of 
wiirtzito (ZnS) (^.i».). Tlic mineral is usually 
found as lamellar cleavage masses (there being 
a perfect basal cleavage), which are opaque to 
translucent and deep-red, rarely orange-yellow, 
in colour. The streak is orange yellow ; sp.gr. 
5*6. Manganous oxide (3-6 p.c.) replaces part 
of the zinc, and there is often a lit tlo ferric oxide 
present. Zincite is known only from the zinc 
mines at Franklin Fimiaee and Steiling Hill in 
Sassc^x Co,, New Jersey, but it occurs there in 
some abundance, ard is mined, together idth 
frankbnite and vdlemite, ns an oro of zinc. 
Fragments of the ininf*ral and of artificial 
crystallised y.ino oxide have l>cen used in the 
wave detectors of win’less teh^graphy installa- 
tioiw. White or yellowish crystals of hexagonal 
zinc oxide have* often bf*en ob.«er\‘'ed in zinc 
furnaces, and s()metimes in iron funiaces. 

L. J. S. 

ZINCKENITE. Lead sulphantimonite 
Pb8b5j84, crystallis(*(l in the orthorhombic system. 
The ciy*htals are (»f columnar habit, but their 
form is much ob8cun»d by iuinning ; these are 
known only from Wolfslierg in the Harz. Elso- 
where the mineral is found as radiating aggre- 
gates of fine needh^s or eoniimet fibrous masses ; 
such material rc^sembles stibnite in appearance, 
but differs from this in the absence of cleavage. 
The colour and streak ore steel-grey, lusto 
metallic, opaq^ue; sp.gr. 6*30^*33; H. 3; 
soluble in hot nydroehloric acid with evolution 
of hvdrogen sulphide. The mineral is not 
readily distinguished from the several other 
lead sulphantimonitos of adcular habit (n. 
Jamfsonxtb and Feathbb-oes). It occurs 
together with these and stibnite in metaUifetous 
veins, and is no doubt often present in lead 
antimony ores, e,g. at Oruro, Bolivia. The 
name, which is sometimes spelt einkenite, is 
aftcT J. K. L. Zincken (1790-1862). 

Zi. J. 8. 

ZINCOPYRDf. Trade name for pbenyL 
dimcthyl-pynuBolono zinc ehlofide 
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fimt obi^foed bv Scbayten, Shining scales^ 
».p* iW®* BeaoUy aolubfo in winter* alcohol** 
wia o^toform. Used in the treatment of 
wpgjble carcinoma of the ntertis, 

zinc-spar* Syn. with calamine : v. Znso, 
ZINC-SPINEL e. Gahkitb. 

ZINC*YITRIOL. Zinc etdphate v* Zinc : also 
Goslabitb. 

ZINC WHITE V. Zinc. 

ZINC YELLOW* or Bvitercup yellow and 
Ziiw chronuUe, v. Chromium. 

ZINGERONE v. Ginger ; Ketonbs. 
ZINGIBEROL CigHg^O, a sesquiterpene 
alcohol occurring in the essential oil of ginger, 
posting tho fragrance of ginger. B.p. 154''- 
(Brooks, J. Araer. Chem. Soc. 
1916* 38, 430), v. Ginger. 

ZINKENITE V . Zinokenttb. 

ZINNWALDITE v. Mica. 

ZINOL V , Synthetic drugs. 

ZIRCON. Native zirconium silicate ZrSiO,, 
crystallising in the tetragonal system and 
homoaomorphous uith cassitcrite and rutile. 
A little ferric oxide (0-3 p.e.) ard sometimes 
ti^ria are present. Thd mineral varies con- 
siderably in its charaeters and appearance ; and 
further, several altered and hydrated forms arc 
distinguished by six^cial nanu's (malacon, 
cyrtolite, <^skdite, &c.).* The transparent 
gem-varicties show a wide range in colour ; 
brownish-yellow and re<l b])eciinens are know'n 
as hyacirUn (or jacinth), and yellowish and green 
as jargon (or jaigoon). Fine sky-blue stones are 
said to come from Siam. The colour can usually 
be changed by he4it, and some brownish-yellow 
ston^ arc completely decolorised. With their 
brilliwt adamantine lustre, these artificially de- 
coloiiscd stones (‘ Matura diamonds,’ from* Ma- 
tura in Ceylon) may be mistaken for diamond. 
The ha^msts is 7|. The mineral is remarkable 
in showing a wide range in sp.gr. (4*0- 4*7), and in 
optical eharactorb, and (heso sometimes undergo 
a marked change wlr*n the crystals arc heated 
to redness. Tliese differences and changes 
suggest the existence of lliree inodilieation.s of 
zircon, which may occur as mtergrouths in the 
zoned crystals (L. J. Kj)onc(»r, Min. Mag, 1904, 
14* 4^. Possibly tho so-called zircons of 
lower density are really hafnium silicates rather 
than zirconium siUcate. In sixteen zircons from 
vinous localities* G. Hevesy and V. T. Jantzen 
^aom. Soo. Trans. 1923* 123, 3218) estimated 
HfO| 1*3 to 6 p.c., but unfortunately there is 
no statement of the densiti<*6 of the materials 
examined. 


Zircon occurs as a primary coii'^tituent of* 
in^y igneous rocks, but, as a rule, only as 
minute crystals, ^ing heavy, liard, and 
Mistot to weathering agencies* it collects in 
the beds of streams, most of tho gem material 
w obtained from gem-gravels in Ceylon and 
AtmtsaUa* Bough and opaque zircon haa been 
coUeetsd in con^orable quantity from decom* 
posed pematite in Henderson and Buncombe 
Muntuis* North Carolina, and in Brazil. Zircon- 
toenttg pegmatites occur also in Viiginia (T. L. 
Ws^n* Trans, Amer. Inst Mimng Engin. 
19I7| 936) ; and near Awand in Virginia 

ttare is an Important development of zirconi- 
ImM MUkdatone* containing ptC, dreon 
ei Mstsls and gmins with an average diameter 
^ (n wm* 83mm is em]^psd as a eouree of 


ziroonia (ZrO«* 67*2 p.o.)* used in incandescent 
gas-lightmg and in electric aro^lamp, and as a 
highly refractory material for lining furnaces 
and for chemiem ware. A minor use is as an 
abrasive for grinding mother-of-pearl. Zircon* 
used in the natural oxystalline form* does not 
melt at 2126'’. At 1800% some dissociation 
occurs, dense white fumes of silicon dioxide 
being formed at 1900®. The residue m^ts at 
about 2600®. Zirkite (that is, zircon containing 
excess of silica and some ferric oxide) does not 
melt at 1950® (C. Matignon, Compt. rend. 1923* 
177, 1290 ; Chem. Soc. Abstr. 1924, 126, ii, 48). 

Refererwea, — ^T. L. Watson and P. L. Hess* 
ZHconiforous Sandstone near Ashland* Virginii^ 
with a summary of the occurrence, piopertieB. 
and uses of zircon in general, Univ. of Vuginia* 
Sci. Ser. 1912, 1, 267 ; W. T. Schaller* Zirconium 
Minerals, Min. Res. U.S. Geol. Survey, for 1916, 
1917, u. 377. 1.. J. S. 

ZIRCONIUM. Sym. Zr. At.wt. 91 *76 (Ven- 
able and Bell) ; 91*22 (Ilonigschmid, Zintl, and 
Gonzales, Chem. Soo. Abstr. 1925, 128, ii, 174) ; 
91*3 (Hevesy, Nature, 1925, 115, 336). Zirconia* 
an oxide of this metal, was idenlified in 1789 by 
Klaprotlfin the zircon of Ceylon, and this obser- 
vation was confirmed by Gu^n and Vauquelin. 

It IS the main con^tilueni in zircon and 
malacon, 'which are found as accessory mineral 

syenites,elaeolite-8yenites,^salts,amphS^te8)* 
and in baddcle^nto (brozilite) in ()eylon, the 
Urals, Norway, and Australia. Large deposits 
of zirconia earth have been found in the Galdas 
region, about 130 miles north of SSo Paulo dity, 
Brazil, and cover a mountainous plateau about 
30 miles long and 15 miles wide (Ikloyer, Brazilian 
Review, 1916). The deposits are worked by the 
Foote Mineral Co., of Philadelphia (c/. Fletcher, 
Min. Mag. 1893, 10, 148; Hussak and Reitinger* 
Zoitsch. Krist, 1903, 37,567 ; Wedekind, l^tsch. 
angcw.Chem. 1908,21,2270; Ber. 1910,43,290). 
Bn^ilian zirconia d(*posits are feebly radio- 
active, and on healing evolve a gas containing 
argon and helium (Zcitseh. Elektrochem. 1908, 
14, 585; Ann. Chim. 1808, [vii] 13, 433; 
Chem. Soe. Trans. 1906, 89, 1568; 1908* 93, 
350). Tho following mmcrals contain a high 
percentage of zirconium : zirkdiU (zirconium * 
titanate uith thoria and rare earths)* eiidiaivte 
{etteolitc), clpiditc, catajdevte (zirconium douole 
silicates of sodium and calcium), pdymiqniU 
(Norway, a complex zireono-silicate, with tita- 
nium and tantalun^ oxides, columbium oxide* 
thoria, and the rare earths). Zirconium is a 
frc(^ent constituent of rare-earth minerals 
(r. Cerite earths), abd is found also in 
hknde^ columhiU^ and ianUtlUe, BaddwyH^ 
(g,v,) (82-94 p.c. ZrOg) from Brazil* and ziteoa 
(ZrSiOi) from monazite sands* Ac. are the chirf 
sources of zirconia. For methods of their 
analj^is* see Powell and Schoeller* Analysti 
1919* 397 ; Chem. Soc. Trans. 1921* 120* 1927 ; 
Lundell and Knowles* J. Amer. Omou. Sou. 
1920, 42, 1439 ; Analyst, 1920, 45* 342 ; Thomp* 
son* Trans. Oen^. %c. 1919-20* 19* 153. 

Separatton and purifleatton of zlrntda* 

1. Fusumllniheodifmwf^^ 

—Tho native siUoate (zircon)^difdnt4up^^ Iqr 
heating and dropping into water* is tfoatud 
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with liTdfooUorio Acid to zemove xnetallio 
impuritiM (iron, dso.) and is fused witli sodims 
carbonate or hy^xide (4 parts) oontaining 
10 p. 0 . of sodium duoride. When extracted with 
water the fused mass leares an insoluble ci^tal- 
line precipitate of sodium zirconate, which is 
dissolved in hydrochloric or sulphuric acid, and 
the zirconium hydroxide precipitated by am- 
monia (Monatsh. 1885, 5111 ; Chem. Soc. 

Trans. 1889, 58, 705 ; Amcr. Chem. J. 1892, 5, 
651 ; Harden and Rich, J. Ind. Eng. Chem. 
1920, 12, 651 ; c/. Jackson and Shaw, J, Amer. 
Chem. Soc. 1922, 44, 2712; Wenger and Muller, 
Chem. Soc, Abstr. 1925, 128, ii. 1207). 

2 . Ikc&mposUUm with hydrofluoric or s'id- 
phuric acid^ or their acid salts. — Zircon is 
exposed to the vapour of hydrogen fluoride or 
heated with potassium hydrogen fluoride; in 
the latter case, the product, wlicn boiled with 
hydrofluoric acid, loaves a deposit of pota-ssium 
siiicofluoride, whilst the more soluble potassium 
ziroonofluoride crystallises out on concentrating 
the solution ( J. 1859, 677 ; Ann. Chim. 1860, 
[iii.] 60, 257). Zircon can also be decomiioscci 
with hot concentrated sulphuric acid, or with 
fused potassium hydrogen su1]>iiate (IV't. 187t*- 
3, 68 ; Annalen, 1876, 181, 232). When the oi 
is fused with KHSO 4 the fused mass may I 
extracted with u ater and the metals precipitate 
as hydroxides and redissolved in concentrate 
hydmhloric acid. From the strongly aci 
solution zirconium is ]>rccipitated as pnosphat 
Zr(HP 04 ),. This is washed by decantatio 
with faymwhloric acid and uatcr and then du 
solved in hydrofluoric acid. From this solutio 
the zirconium is precipitated as hydroxide (d 
Boer, Zeitsch. anorg. Chem. 1925, 144, 190 
Zirconium salts may also be pUTiflcd by pn 
cipitation from boihng hydrochloric acid solutio 
by sodium arsenate. The preci[iitato ZrjlAst ) 
afiords a means for scjiaraling zirconium a: 
hafoium from titanium, cerium, and thorh 1 
(Moser and I^ssing, Monatsh. 1924, 45, 32.3}. 

3. Beduclian w\ih carbon or ralnnm carhidf. - 
Cre^ zirconium carbide^ obtainc<l by luati ? 
an intimate mixture <d zueon and ear^m in t i* 
electric furnace is heated in chlonne, and t ? 
resulting chloride dissolved in concentrai 1 

> bydiochlotic acid ; the erTstaliinc oxyehlork , 
separates from this solution, is drcoi - 
posed by ammonia. Or a mixture of zircc , 
ealctum oxide, and carbon is heated in t he clocti 3 
furnace (1030 ampdres, 50 volts for 7 mins. ; 
the product, when extracted with water ai 1 
dilute hydr^hloric acid, **» dccoroposed 1 ^ 
chloriiie at 300% yielding zirconium chlori' 
(pompt. rend. 1893; 110,a428 ; 1896, 122, 65 ; 

anorg. Cheni. 11K)2, 3.3, 81 ; Bcr. HKl 
36, 3929; Chem. Zeit. 1907, 31, 654). i r 
shroon may be mixed with 25 p.c. of carbon ai i 
tioated withastream of chlorine at 1000 ^-‘I 20 ( \ 
Ttcm the mixture of chlorides thus fonm d 
zilooiuium oxychloride is obtaine<l b]K crystal b 
wshhaa from aqueous solution. Heating this n 
jsbt yfelds ziroonium oxide. 

4 . CHker methods of purification , — ^Zirconia is 
freed from silica by ncating ^wiih potassii n 
hjhfrdRSli fluoride when the latter oxide is 
mfirliiiated u volatile silicon fluoride.^ Cni ie 
Uiiooida ie midered sohibk* fiyl heating wi h 
eic^im^jcacid or by fusion with sodii n 

ettlnhsiie. Traatment of the firruli 


( with warm water leads to the separatioh of 
mystaUine basic sulphate 'Ber. 1904, 37, 2084 ; 
c/. Zeitssch. anoxg. Chem. 1905, 45, 155 ; Eossiter 
and Sanders, J. Soc. Chem. Ind. 1921, 40, 701), 
Zirconia is freed from iron bv crystallisi^ the 
oi^chloride from strong nydroohloric acid 
(Chem. Soc. Trans. 1889, 58, 705 ; Amer. Chem. 
J. 1891, 5, 551 ; J. Amcr. Chem. Soc. 1894, 16, 
469). Ferrurinous zirconium hydroxide, when 
dissolved in hydroohlorio acid and boiled with 
sodium thiosulphate, gives the pure hydroxide 
mixed witli sulphur. The addition of ammonia 
and ammonium sulphide to an iron and zirconium 
solution precipitates zirconium hydroxide, and 
ferrous sulpliide, the latter bemg dissolved 
out with sulphurous acid. In the presence of 
tartaric acid the foregoing solution {yields 
ferrous sulphide alone on adding ammpnium 
sulphide; the concentrated filtrate, 
mixed with excess of hydrogen per 
furnishes pure hydrated zir(M>nium 
(Zeitsch. anorg. (Vin. 1902, 33, 81). 
zirconia earth (74 94 p.c. ZrO,) is dissolv 
minora) acid, and the iron and titanium remo 
from the dilute holuUon with ammonia and 
ammonium carlK)nate, the liqm«l being warmed 
until it gives no coloration uitli sul^>huric acid 
and hydrogen jM'roxjdc. Tlic acidified filtrate 
is bulled to expel carbon dioxide and the 
zirconium hydroxide* precipitated with am- 
monia. The* mineral may aNo lie heated with 
magnoKiuin in an atmosphen* of hydrogen ; the 
product cxtracUKl fiiucccs‘*ivcly with ammonium 
cidonde, liydroc hlonc acid, and potassium 
hydroxide to remove magne^^iurn, iron, and 
Mlicon ; the residue is heatcnl in hydro^n, and 
then m chlorine or bromine, when zirconium 
chloride or bnmiide sublimes (Wedekind, Ber. 
1910, 43, 290). 

SUrconium is isolated only with difficulty 
owing to (ho roadmen's with which it combines 
with oxygen, nitrogen, earlKin, silicon, Ac. 
Whern recliiced with eai Ixm in (he* elc^trie furnace 
zinxtnia yiedds z»u onium containing either oxide 
or <*athide, d< pcmding on the profKirtion of the 
reagents (Trorwt, (*oini>t. rend. 1893, IHI, 1227 ; 
Moissan, tbtd, 1222; GreenwHiod, (3iem. 80 c. 
Trans. HK)8, 93, 1843). The metal (97*7 p.c.) 
may lie obtained by heating an intimate mixture 
of zirconium oxide and metiiUic calcium or 
aiuminiutu in an exhausted mm tulic, heated 
until reduction licgins and the ignii^ inasfi 
ox 1 ractc*d with water and dibite acids out ol 
contact w'jth air (Wedekind, Ainmlen, 1913, 305| 
149; c/. Harden and* liieh, J. Ind. £ng. Chem, 
1920, 12, 651 ; Bureau of Mines, Bull, 1^, 
1921). A thick Isyer of pure zircoiilnm if 
deposited u]ion a heated tungsten filament when 
the vapour of zirconium iodide unmixed with 
other gases is passed ofer the filament (van 
Arkel and do Ik^r, Zeitsch. anorg. Chem. 1920^ 
148, 345). Boron or silicon reacts withjzlrocmia 
in the electric furnace, but the firoduci is eon* 
tammated with borkle Zr|B 4 or silieide. Auum 
phous zirconium (95-96 p.c. Zr) Is obtaiiied bjf 
neaiing potassium zirconofiuorUe with iodfailB 
under fused potassium chloride in dosed bos 
vcsm*is, the prodoAt bring extracted witii aJoohri 
and then with bydiochloric aoid« It Is jgnw 
phoric and behaves lihs a imHaUM gel^nwi^ 
water with great tenaoitv, adds It maSh 
pauses Into a hydrosol (WtribUM end IswM 
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aiod Hamburger (Zeiteeb, anorg. Ohem* 
1914» 87# 800) obtaixm the elezoeut in a compact 
anciue lorm by heating the ehlodde vittf 
aooium in an exhaneted steel bomb (see also 
Cooper, Trans. Amer. Elecfcroohem. Soo. 1923, 
809). By reducing the double fluorido with 
aluminium at the temperaturp of melting iron 
impme metallic zirconium (98 p.c.) is produced, 
but in the electric furnace an alloy of this element 
and aluminium is formed. R^uction of the 
double fluorido with magnesium in the electric 
luma(^ gives crystallmp zirconium (94 p.e.), but 
sometimes contaminated with nitride. The pro- 
duct, oontaining 97-98 p.c. of zirconium, i-. 
pressed into rods, and then U8f‘d as the terminals 
of an electric arc operating in hydrogen under 
diminished pressure; fusion takes place, and 
99*8 p.o. zirconium is obtained. This resembles 
white cast iron, and lias a hardness 7-8, sp.gr. 
6*40 at 18®, sp.ht. 0 ()S04, and he at ol combuHtion 
(I gnu.)— 1U58‘7 oak, m ]). 1530^ (Burgess), 
1700® (Gucrtier and Piiani). Tlu* amorphous 
variety, uhieh is a black i)o\\d(‘r, and a bad 
conductor of elei*tncil^\, is readily oxidisahle, 
wbere^ the erystalbno inodifioaiion yields 
ziroonia only at uhite In^at. Ziroonnim l^ 
attacked by liydnigon iinonde, and at red luat 
by hydrogen chlonrie or ddoriiie, but is not 
, appreciably affected by hulphurio, hydros Idorie, 
or nitric acid ; it is oxidised by fus<Hl potassium 
hydroxide or nitraU' (Zeitsc h. anorg. Gh(*iu. 1905, 
45,385; 1910, 05, 2iS; Zeitseb. ElektrcHhem. 
1904, 10, 331 ; Annalcn, 1910, 371, 307). An 
alloy of zirconium 05 p.c., m^n 26 p.c., alumimum 
7*7 p.c., and titanium 0*1 2 p.c., is highly n*bibtaiit 
to aci^, and ii(»t liable to OKidalion. J»>rro- 
ziroonium has Ix^ii used for the production of 
hard steel hir armour plates and bullet-proof 
shifts. Zirconium carbide k hard enough to 
cut quartz, and might replace* the diamond for 
glasH-cutting. 

The hot -roiling pro|H»rties of steel containing 
0*075 p.c.-0*32 p.o. 8 acre obhcrved in relation 
to the minimum zircfmium content required to 
prevent red-shortness. Zirconium in steel re- 
acted quantitatively uiih sulphur in the ratio 
corresponding with the formation of ZrJS^, 
no excess being neocssaiy as is required when 
manganese is used aloiiu us a desulphurising 
agent. Ziix*onium also militates against the 
effect of iron sulphide and increases tiie cu])acity 
of manganese to combine with »>uli>hur. Like 
manganese 8ul[ihide, zirconium sulphide is 
plaaSo at rolling temperatures and is visible on 
etching the metal as grey inclusions elongated 
by the mechanical treat nicnt lyceived. Tlie 
normal sulphide, ZrlSi, is soluble in hnlrochloric 
aoid (1 $ 1), but If more zirconium than corre- 
sponda with this ratio is present in the steel, 
the aulphur is not evaivcd as hydrogen sulphide 
Ujpon treatment with the acid, and it is suggested 
that the excess ziroonium is partitioned between 
the metal and the normal disulphide, the latter 
farming poaoibly an iusolublo ziroonium— 
iticoniiim sulphiae solid solution, the proportion 
of anbldlur rendered insolublo being 10 p.c. of 
the lirooiiittm in excess of that required to form 
the normal diaulj^ide (A* L.«Fie!a, Trans. Inst 
miL hfat Bng. lihb. 1984 ; J. Soo. Chom. Ind. 
m 1086 A.; 1984# 43, B. 470). 

ZUMNMI (jEtmmiifii dioeicie) ZrO. occurs 
m kmUhifk$ in monodlmu forms, 


not isomoxxilmus with easuterite^^ When > 
orystsllisoa from borax a quadratic lorm of 
ziroonia is produced isomornhous with rutile. 
Ignition of ziroonium hydroxide, sulphate, 
oxalate, or nitrate yields ihd dioxide as a hard 
white powder. The density varies with the 
mode of preparation, unfused specimens having 
sp.gr. 5*4824 at ^8*5®, whilst fused rods Viury 
from 5*48 to 6*89. Ziroonia melts at 2663®±10’ 
(30(X)®, Podszus) (Ruff and Lauschke, ISeitsch. 
anorg. Ohem. 1916, 97, 73), and may be vaporised 
m the electric furnace (360 amperes, 70 volts). 

The vapour condenses to a flne powder which 
scratches glass. Its hardness is 6*5, between 
that of quartz and corundum. The sp.hh ol 
ziroonia is 0*1076 ; it is a bad conductor of heat, 
and lias a linear coefficiont of expan6ion» 
0*00000084, near to that of fused quartz (Nilson 
and Petterson, Compt. rend. 1880, 91, 232; 
Moissan, i/nd. 1893, 110, 1222 ; Lehman, Dissert. 
Teclin. Hochsch. Munchon. 1910 ; Zeitsch. 
anoig. Chem. 1909, 05, 178). For its production 
from zirkitc, sec under Zirkitu. 

The solubility of ziroonia m mineral acids 
do]>*mds on the temperature of ignition ; after 
slight ignition it dissolves readily, but after 
strong Ignition it hocomes practically insoluble, 
although It IS attat‘kod by hydrofluoric and 
concentrated sulphuric acids. It resists fused 
cyanides and alkalis, but is easilv attacked 
by fusion with potassium ac*id suiphato and 
fluorides. 

When heated in the oxy- coal-gas flame 
zirconia becomes bnlliantly incandescent, so that 
it may replace for certain sjfiecial purposes the 
lime of the Dnimnumd light, aud it has been 
thus employed by Linnemann aud others in 
spectioseo})y and microjihotogiaphy. It has 
re(*eivcd aii imjiortant technical application in 
the Nernst lamp in which the incandescent body 
is eoini^sed chiefly of ziroonia (85 p.c.), together 
with oxides (15 ji.c.) of the yttrium series. 
Till-, material cunducls only at liigh tempexa* 
turcs^, so that it recjiuires to be first heated 
before the electne current can bo transmitted. 

Strongly ignited zirconia is vety stable 
towards acids and alkalis, and as it is not 
fractured by sudden changes of temperatuxe, it 
may be employed for crueiblos in which platinuin • 
and quartz can be meltt^d. Refractory vessels 
have also liecn made from zirconia mixed with 
iO p.o. of magnesia or clay, phosphoric add 
biding employed as a binding material (Zeitsch. 
anorg. OLem. 1909, 05, 178). 

Zirconia crucibTes are moulded from tibs 
]dastio mass made by kneading together ffda* 
tmous zirconium hydroxide and artifids! or 
punfled native zirconia, a little starch bdng 
added to keen the mass firm while drying* 
After 2 days the crucibles are gently heatM at 
50®-*100®, and the temperature then raised 
gradually to 2000®-2300®. These crudhlea asa 
not affected by fused alkalis or alkaline Usui* 
phates (Bayer, Zoitseh. angew. Ghem. 1910, 
23, 488; Ruff aud Lauschke, {.c. ; Podtem, 
Zeiisdi. angew. Ohem. 1917, 30, 1. 17 ; Audley, 
Trans. Ceram. sBoo, 1910-17, 16, 181 & Bodd, 
J. Sue. Chem. Ind. 1918, 213 B). 

Ziitonia is a very good insulator, and ndlsd ' 
with good octiduotiiig material it is eokpibyiii 
for electrical beating purposes, and may be mm 
to prevent didateig^tioa of fta ixidinin in thi 
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Jxiditim fumaod, Xi Eaa foiuid appUcaUan as a 
subatitote lot bismuth prior to the uao of 
Edntgea nm lor medical purposeB* and has been 
recommended as a non-irritant pourder for 
covering the surface of wounds. 

It is a good catalyst for the preparation of 
aliphatic esters by passing the mixed vapours 
of acids and alcohols over the oxide at 270^-200^. 

The effect of additions of zirconia to a typical 
commercial ground coat enamel (borax 32, 
felspar 29, quartz 19, soda ash 9, sodium nitrate 
5, fluorspar 4*7> cobalt oxide 0*8, manganese 
oxide 0*4 pts.) and to a base white enamel 
(borax 25*5, felspar 25, quartz 21, soda ash 
3*5, sodium nitrate 3*0, ciy^olite 14*0, antimony 
oxide 3*0, zinc oxide 5*0 pts.) on the resistance 
of the enamel to impact, thermal shock, and acid 
attadc, and on the opacity has been determined 
by Wolfram. All additions of zirconia made the 
enamel more viscous and thus increased the 
time of burning. The addition of zirconia to 
the smelter batches increased the resistance of 
the enamel to impact. Tncrea«4xl substitutions 
of zirconia for tin oxidr* in the mill inci'easod the 
resistance to thermal shock, but increasing the 
amount of zirconia in the smelt oi kitch deonM.'ted 
the resistance to thermal shoe k. The addition 
of ziicoma to the smelter batch did not inciea^e 
the resistanee to attack by acid, but the sub- 
stitution of zirconia for tin oxide m the mill 
gave a slightly increased resistance. Ziiconia 
can be used as a 6 atisfactor 3 *^ substitute for tm 
oxide in the mill additions as an o]>aciiier 
(H. G. Wolfram, J. Amer. CVram. Soc. 1924, 
7, ] ; J> Soc. C^bem. Ind. 1924, 43, B. 218). 

l^eonium hydroxide bcluues an an ampho- 
teric hydroxide, its comjiounds 'uith the alkalis 
undergoing considerable h^xliolysis in aqueous 
solution. The zirconates are pro<iu(x*d either 
by adding zirc<miuin sails (c.y. nitrate) to 
oonoentrated alkali solution, or by fusing 
zirconia with the alkahue Indroxidis (»r oxides. 
The substances obtauied by the wet proect^s arc 
probably adsorption products rather than 
definite chemical coin|>ounds, for prolonged 
washing gradually xc moves the alkali from the 
colloidal mass. The fmuon process leads to 
fi»€toirconates GaZrO,, Na^ZrO,, and Li^ZrO,, 
but even these pnxlucts vaiy somewhat in 
composition. Other butli 

have been described. When zircon (zirconium 
silicate) is fu.se d with alkalis the cr>htanino 


pliouswxttititariite(Uuvranei, i^jiupt nmu. 1891, 
112, 1444; 113,80). 

A zirconium hydroxide of the composition 
ZrgOg(OH) 4 , corrcsixmduig to the 5:4 basic 
lilionitim chloride (r. infra), is obtained by 
adding ammonia to an aqueous solution of that 
eompoimd; it appears to be chemically distinci 
from the normal hvdroxide (Itodd, /.c.). 

Ckdloidal insoluble zirconium hydroxide 
(hydrogel) is produced by buling solutions of 
.riroonium oxychloride (Kuer, Zeitsch. ancirg. 
CbntiL 1905, 43, 282; van Bcmimelon, ilf$3s 
1006, 49, 125). The hydnwo^ mudificAtioii is 
pn|w»»d hw adding ammonia to miuoous 
cirt(Msniz 0 ls mtrate or by dissolving fresfuy-pre* 
4fpiliMI abroioiiiam hydroxidotin this solution 
1907, 52, 310). ' 

In no etrtaln evidence of the existexMie 


of a, rimbniuin motioxide4 The hUA wwder 
assumed to be the monoxide is a mwuzn of 
•snetoUio riroodhun and the dioxide. 

Sreosinm peroxide is produced as a 
gelatinous precipitate by adding ammonia to 
aqueofls zirconium sulphate containing hydrogoi 
peroxide ; or by the electrolysis of an alkaune 
sodium chloride solution in which zirconium 
hydroxide is suspended. The product is 
probably Zr(OH)s*^H, a hydxat^ form of 
ZrOs (Pissariowski, l^itsch. anoig. Chem* 1899, 
25, 378 ; 19iK), 31, 359 ; v. Bailey, Chom. Soc, 
Trans. 1886, 49, 481 ; 1889, 58, 705). 

The alkali perzirconatea and 

K4Zr40i,,9H40 are precipitated by mcohol, 
from cold aqueous alkaline solutions of the 
h3*drated peroxide and hydrogen |ieroxid& 
Zirconium hydride ZrE^, black powder, 
produced from metallic ziiconium and hy^gen 
at Tc'd hca|^ burns in oxvg( n under onxnary 
pressure to the so^qtiioMcie Zi^O^, and ia the 
compressed gas to zireoiiia. Accordina to 
Sch\\arz and Konrad (B<t. J921, r4, [B.] 2122), 
1 o gaseous hytliide exists. \ 

Zirconium fluoride^ ZiF^, anhydious, sp:gr« 
4*4333 at U\\ sparingly soluble in cold water, 
hy’droly^^oil on aiming, pit red by heatiiig 
ziivoma i^ith ummonium liydrogen fluoride. 
The hj^dralc ZrF4,31I^(), iruliiue crystals, 
ohtaimd by dissohing zirooma in h^^drofluorio 
acid, is ]>robably a hydiate of acid zireonyl 
tluonde Zi()F2.2ilF,2H/). 

Zirconofluorides. These double fluorides arc 
of interest on account of their employ'ment in 
the prejiaration of ztn*oiaum comtiounds and 
m the isohilion of the element, and also because 
they iilustraU^ the family i'i*lationship between 
zirconium and the other elements (silicon, 
titanium, and tin) of the fourth i>eriodie group. 
Moreover, the (xjsleiiie of these well-defined 
eiystall^abh double suits di^tinguishcszircomum 
from the rate curt h metals. 1 hey are pix^ducH il 
by dih^ohing zirconium tluonde or oxide 
togither Mith a motallie oxide or carbonate 
in aqueous hydrogen fluoride. The zircono* 
fluorides cones{>ondu<g with the general formula 
li|ZrF« arc the most stabh*, although other 
fonns exist (Matignac, Com]>t. nnd. 186(1, 60, 
952; Wells and Foote, Ziulseh. anoig. Chem. 
l 8 fio, 19. 434 ; Amer. J. Sci. In97. (iv.) 3, 466). 

Potassium zirconofluoiide K^ZiF^, rhombic 
pn«>ms, is the most iin|H>r(ant eotni>c>und of this 
seru-H ; JOO iiarls of waUr dif•^(>l^e 0*78 pari of 
the halt at 2 , and 25*0 parts at MH) '. 

Zirconium tetracliloride Zr<34 can only be 
obtained pum liy cliy prcKcsses owing to its great 
tendency to* undcigo p.xitial hydroly?<is. It 
may be f ortned : 

(i.) By the action of chlorine and sulphur 
chloride on heated zigeou (Matignon ml 
Boumon, Compt. if*ud. 1904, 138, u31\. The 
chlorkles of siluxin and titanium are also pro* 
duced in tius process, but are readily separated 
owing to their gn^atcT volatility. 

(li.) The intenudion at 300"* of ziiuoilhnii 
carbide, and cliioHnc (Wedekind, Zeitscit. 
anorg. Chem. 1902, 33, 81). 

(iii.) Bublimarion in chlorine of the product 
obtained by healing xiroonia and phaaritorfMl 
pentacUbride in sealed iubeii at 190^ mm 
andHaitis, J. Amer. Chenn. Boo, 19Mk l7,44ii' 
VenaUe, Ufii. t6H dW; Antkiimif 
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09, mi Coopt. Head. 1865» «1. 109$ 1872, 
78; 1819 $ 1887, 188. 118 ; Ber. 1887, 20, 68$). 

Ibe ainiiydro chloride is a white orystaUinfii 
•abUmate of ip.gr. 2*803 fuztiixig in mokt air, 
Minting energetically with water, and Combining 
with molecules of dry ammonia ( J. Amer. 
Chem. Soo. 1898, 20, 815, 839, 843; Ber. 1905, 
38, 2611). It forms additive •compounds with 
phosphorus pontachloride and sulphur tetra- 
chloride, ana double chlorides B^HjZrClg with 
alooholic pyridine 

2rCl4.2CfiU5lSli and ZrOl4,4C5H8N 

and quinoline hydrochlorides (Ber. 1905, 38, 
812). For its reaction with methane and 
acetylene, see Venable and Dcitz (Chem. Soc. 
Abst. 1923, ii. 170). 

When zirconium tetrachloride is heated at 
about 250°(^^ with aluminium powder and a 
small quantity of aluminium chloride, in absence 
of air, it is imuced to zirconium trichloride, a 
brown, microcrystalline substance, uhich could 
not be obtained free from aluminium chloride. 
Zirconium trichloride is rapidly oxidised by air 
and decomposes water with evolution of 
hydrogen and formation ‘of ZrOClj* When the 
trichloride is heated at alxmt 330''0. it decom- 
poses into tetrachloride and the dichlorido 
zrClf. The latter is a black, amorphous sub- 
stance, which is almost insoluble m air free 
water, but is slowly oxidised in damp air. When 
heated above GOO C. the dichloride decomposes 
into the tetrachloride and zirconium (0. Hull and 
B. Wallstein, Zeitsch. anoig. Chem. 1923, 128, 
96-116; J. Soc. Chem. Ind. 1023, 42, 1220 A.) 

Zirconium trichloride, obtain^ as a brown, 
miorociystallino solid, 3*0, and the black 
dichloride formed by its dissociation at 330^ 
genenilly resemble the titanium compounds 
70. Run and R. Wallstein, ZeitsoL anorg. 
Chem. 1923, 128, 90). 

Zirconium oxychloride ZrOCl^iSHaO, cohnir- 
less tetragonal prisms, the most characteristic 

r iduot of hydrolysiH of the tetrachloride, 
somewhat spmngly soluble in concentrated 
hydrochloric acid, and is on this account 
utilised in the separation of zirconium. The 
addition of ether to an alcoholic solution 
of this oxy-salt produces a precipitation of 
metazircoMum Monde ZrjOaCii, corresponding 
with metaatonnic chloride. It is practically 
insoluble in strong hydrochiorio or lutrio acul, 
dissolves in water to an opalescent colloidal 
solution, and this liquid on dialysis furnishes 
ffietostmmic ocu/ (J. pr. Chem. 1875, [ii.] 2, 
219 ; Ber. 1907, 40, 803 ; Zoitsoh. anorg. Chem^ 
1904, 42, 87 ; 1905, 43, 803 ; 46/456 ; Compt. 
firaui 19X2, 164, 1234). For zirconium chlorate, 
peroUorat^ and iodates, see Venable and 
fimithey (J* Amer. Chipi. Soc. 1919, 47, 1722). 

A 5 : 4 basic zircomum chloride 

Zr504Cl4,22H»0 

has been described by B6dd (Chem. Soc. Trans. 
1917, IIU 398), it gives a white curdy preci- 
pitate wi^ any sohibie sulpliate. Zirconium 
pxyohkn^ is very readily h;^roly8od, forming 
omplixes of the type £Zr(OH)4,yZrOa|, 
wUob least with the hydrooEiorio acid to form 
eoeiplex acids of the types 2!r(OH)4Cl|Hj, and 
(Adolf anoPauli, Kolloid. ZeitscA, 
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Zlrwdlim tamiUa ZrBr^, tmtaliine white 
powder, and riimdtttt todm &I 4 , yellowish- 
brown powder, are prepared by passing over 
heated zirconium or its oarbioe a stream of 
bromine vapour or hydrogen iodide lespeoiively 
(Ber. 1904, 37, 1135; 1905, 38, 2611). The 
corresponding oxy-smts &0Br4,8E,0 and 
Zr0l2,8H20 are produced by hydrolysis. 

Zhreonium carbide ZrC, hard metallic mass, 
scratching quartz but not ruby, is obtained by 
heating an intimate mixture of zirconia and 
carbon in the electric furnace (Moissan and 
Lengfeld, Compt. rend. 1896, 122, 651). A 
mixture of calcium carbonate, carbon, and 
zircon gives a similar result after extracting the 
fui^d mass with water and dilute hydrochloric 
acid. The carbide is also produced by beating 
native zirconia with carbon, using a current of 
600 amperes (Wedekind, Ber. llS2, 35, 3929 ; 
Chem. Zeit. 1907, 31, 654). Zirconium carbide 
melts at 3400®-3500“ Abs. (Friederich, Chem. 
Boo. Abstr. 1925, ii. 128, 374). It is an excel- 
lent conductor of electricity. A mixture of 90 
ports with 10 parts of ruthenium made into fila- 
ments has been suggested for use in incandescent 
lamps When heated in nitrogen the carbide 
fumishcif zirconium nitnde ZtsN,. This nitride 
may also be obtained by heating the tetra- 
ammonia derivative of zirconium chloride 
ZrCl4,4NH2 at 350^ (Bru5re and Chauvenet, 
Compt. rend. 1918, 1G7, 201). The nitride 
Zr^Ni is obtained by heating the metal in 
nitrogen at 1050®, 0*75. 

The extreme hardness of zircouium carbide 
renders it suitable as a polislung material and 
for cutting glass. 

Zirconium silicide ZrSis, iron-grey rhombic 
crystals, sp.gr. 4*88 at 22®, is prepared by the 
aiumiDOthermio process (200 parts aluminium, 
250 parts sulphur, IhO parts sand, and 40 
parts potassium zirconoiiuoride covert with a 
thin layer of magnesium as priming). It is 
not attacked by acids excejit hydrofiuoric acid, 
an<l is only dooomiiosed by caustic potash at 
moierately high temperatures (Compt. rend. 
1906, 143, 224; v. Ber. 1902, 35, 3929). A 
colloidal vanety of zirconium sUicide has bees 
observed (Zcitsch. Cbonu Ind. KoUoide, 1910, 
7, 249). 

Zirconium silicate may be u^ed in the prepare*'* 
tion of opaque glazes ana enamels in place of tin 
oxide. 

Zirconium phosphate ZrP209*2H20. Pee* 
pared by addi^ a solution of Na4ilP04 iu 
6N-hydr^hlorio acid to zirconium oxyohloiri<te 
in hydrochloric acid (Hevesy and Kimuzm, 
Zeitsoh. angew. Cheqi. 1925, 38, 774). Zir- 
conium phosphate is dissolved by hydi^UGlio, 
oxalic, ^osphoric, and cone, sulphuxio aeids 
(l>e Boer and van Arkel, Zeitsch. auoig. Chmu. 
1925, 144, 190 ; 148, 64). 

ZIrooidttm phosphite Zr(P04}t,H40 is readily 
obtained by precipitation. 

ZlreoDlom bypophospUto Zr(OPHjtO}4$HtO 
is obtained by adding hypophoaphorous am 
to a solution of ziroonium nitrate until tins 
precipitate haP rcdissolved and then adding 
alcohoL It forms oolourless, high^ retraiiri^ 
crystals, which become deep violet on expospie 
to light (HaiMt and Hecueld, Ztiteob* mamtL 
i Chem. 1913, 84, 92). • 







mooHiim, 


z. 


Zr(804)„4H,0 or zircmyhmph/uirie acid 
ZrO(SO4)aH»,3H,0 

rhombio orystalEi from ndphurio acid solution. 
It is isomorphous with uranium sulphate 
U(S04 )s» 4H|0» and with cerium sulphate 
(Pemames, Atti B. Acoad. Lincei, 1925, [vi.], 
2, 182; G^asz. ohim. ltal«, 1925, 55, 290) 
differs considerably in its properties from the 
oxychloride. The zirconium present is not 
precipitated as oxalate by oxalic acid or its 
soluble salts, and the precipitation which occurs 
with the aqueous chloride is prevented by the 
addition to this solution of sulphuric acid or an 
alkali sulphate. In hydrochloric acid solutions 
of the chloride the zirconium ion jiasses to the 
• cathode on electrolysis, but in solutions of the 
sulphate the zirconium posses to the anode in 
the complex anion (Zr0S04,S04P {v. Hauser, 
Zeitsch. anorg. Chem. 1905, 45, 185; 1907, 
53, 74 ; 64, 190 ; J. pr. Chem, 1907, [ii. 1 76. 303 ; 
Buer, Zeitsch. anoii:;. Chem. UK)4, 42, 87 ; 1905, 
46, 449). 

(2) Ba^ic sulpIiaitA (i.) 4 : 3 Baste siilphate 
2^4(804)8(011)14,1011^0, luioroscopio birt‘fnn* 
gent ne^es, si^paratcs at 39*5^ from a solutiou 
of 10^2 molecules of Zr(S04)2 in 1000 molecules 
of water. When dn<‘d at 300*^ the anhydrous 
eompotmd 4ZrOj,3SOj is f>btained (Ber. 1904, 
37, 2024; Zeitscli. aiioig. Chem. 1910, 67, 369; 
Hauser and Herzfeld, Zeitscli. axiorg. Chem. 
1919, 106, 1). 

(ii.) 2 : S-Bcisic suipltate 

lZr^{SO,U{OnU]lUAll,0 
IB obtained in a crystalline form by boilmg con- 
centrated solutions of zirconium ‘sulphate ; in 
cold water it gradually changes into the pre- 
ceding basic salt. 

(iii.) 61 2 - Basic sulphate 5ZrOj, 2803,141120 
or Zr|0^S04)8,14H20 is obtained by adding 
sulphuric acid or ammonium sulphate to the 
5 £ 4-basic chloride (Bodd, l,c , ; c/. Kossitcr and 
Sandm, J. 80c. Chem. Ind. 1921, 40, 70 T). 

( 3 ) Acid BtUidiate Zr(804)2,H 4804,31120, 
monoolinic prisms or needk^, is a very hygro- 
scopic salt produced by adding strong sulphuric 
acid to an aqueous solution of zirconylsulphuric 

. add (Zdtsch. anorg. Chem. 1907, 54, 196). 

(4) Complex sulphaUs, These am of two tyjK^s 

and 

where R is an alkali metal ; the former are pro- 
duced by adding an alkali sulphate to a solution 
of zirocmium oxide in aqueous alkali disuljihate 
and the latter by dissolving*’ Eirconium hydroxide 
In a bailiff saturated solution of alkali disulphate 
(Bar. 1907, 40, 803, 810)i 

Oembinaiions of normal zireoiiyl sulphate 
with alkali sulphates have been described by 
Gumvenet and Gueylard (Comiit. rend. 1918, 
IfTiM ; e/. Hauser and Herzfela, tcJ). 

Bieoiinim nitrate. Aqueous solutioiis of 
airenniiixn hvdIDxklf^ in nitric acid viold on 
I Mine nibtUu ZrO(NO,),,2H,0 and 
/(NO,),,nH|0 (Chauvemt and NiooUe, 
',nmd.l918, 166.821). 
waittm attifte, iB.p. 2B3U‘’ d 6-63, is 
pilfpMd bgr heating the oxide wUh cuhcMn in 
1200“ 1.^. 102S. 



add to a fteshly spared sdution of dreonyl 
ohibride. Htheeu^nylchbri^ 

> precipitation the basic compound 

3Zr0(0H)*(Zr0)4(0ja[40,)8 
is formed (Venable and l^berry, J. Amor* 
C%iem. Soc. 1922, 44, 1708). 

Zirconium oxalate is a basic salt 
Zr0(C804),H80 or 4H80, white powder, hydro- 
lysed by water. By saturating aqueous oxalic 
acid with zirconium hydsoxide an add oxalate 
Zr(0H)(C804H)a,7H80 is obtained in large 

S risins. Double oxalates are produced by 

issolving zirconium hydroxide in solutiona of 
the alkali hydrogen oxalates (Mandl, Zeitsch. 
anorg. Chem. 1903, 37, 252; t^. Venable and 
Baskerville, J. Amor. Chem. Soc. 1897, 19, 12), 
SOreonlum acetylaeetonate \ 

Zr[CH(CO*CH8)4l4.l0H4O 
crystallises from an aqueous soJutid 
zirconium nitrate and acetylaa^tono to 
sodium carbonate is cautiously added; 
dehydrated by riqK'ated crystallisation 
absolute alcohol when it separates in noedl 

Zirconium tetrachloride reacts with benzol- 
acetone in dry ether *to form (CHAcBzl^ZiGs, 
lu.p. 232°-23r, or in boiling benzene to form 
(CHAcBzlsZrCl, iii.p. 129^ (Morgan and Bowden, 
(l)em. Soc. J. 1924, 125, 1252 ; Dilthcy, J. pr, 
Chem. 1926, n. Ill, 147). 

Hafnium, Ciltmm, Associated with zirconium 
and found in many common zirconium minerals 
to the extent of from 1 to 30 p.e. of their zir- 
conium content, €^special]y the zircons and zir- 
comum minerals bke alvito, cyrtolith, naegeite, 
and malakon, is the element /ki/ntum, discovered 
by G. von Hevesy and Cootcr by using Moseley^s 
method of X-ray six^ctroscopy. The zirconium 
extracted from alakon contains 21 p,o. of 
hafnium, and a specimen of cyrtolith from 
Kockport contained iO p.c. hafnium. The 
methods of separating hafnium from zirconium 
are based partly on the different solubilities or 
va|>our pressures of the correiqwnding com- 
pounds, partly on the difference in their wicity. 
The solubilities ot the double fluorim 
(KH«)8BF4, (NU4)8BF8 and K^Bh^ of ztxconium 
and of hafnium have been determined by 
Hevesy, Christiansen, and Boiglund (Zeitaom 
anora. Chem. 1925, 144, 69). 

most piactxcal iiiethod of sepamtion Is 
the crystallisation of the double nuoiides of 
pot.asRiuiu or ammonium. The mineral is 
melted with KFHF and the KsZrF^ extracted 
with boiluig water, tn which tlm oompound is 
soluble to the extent of 25 p,c. cent. On oooUng 
down the grcjiter part of the salt crystaltises ontk 
The zirconium double fluoride being less soluUo 
(2'6 p.c. at 20^) than the hafnium doubla 
fluoride (nearly 3 p.c, at 20^, the latter aoottmfi* 
tales ill the mother liquor^ Btill more eonvefdsnft 
is the crystallisation of the highly solulife 
(NH4}8Zrlr4, soluble at 20"^ to tim extent ot M 
p,c. The ammonium double fluoride of haftdum 
crystallisre in beautiful prismatic (peeuidb* 
hexagonal) crystals. The next suitable metmli 
of separation is the crystallisation of llie 
ammonium zircon oxalate, A iolubie ziMmtelll 
salt, like the sfllphate, is umdptteled ivMl 
ammonia, the hydroxide dlsimed fn an eamm 
of oxalic ftei d ypd - neotsallcsd with sxainoiriev' 
By ctystailisfM Iht hlAriMil 


t 



O* fiW V. ii iave givw 

aaomuits (pbma. mm, im, 127, ZSH, 
m mm De Thet and tsu Arieel, Zeitsoh. aaora 
Chw« 1924, 141, 284) oi the pfepaxation o; 
aj&iWMiiiim Bizccmiiim flooride and ammonian 
bafttiniii flooride from alvite, and of the aepara 
tion of hafnium from this , mineral by tin 
double ^ fluoride method, employing th< 
ammonium double fluorides (Abstracts. 1923, ii 
fl70). For the separation of zirconium an l 
hafnium by fusing the ores with hydrogc i 
potassium fluoride^ «ce aUo Fr. Pats. 598071 , 
569016; Ohem. Soc. Abetr. 1926, 128, ii. 62, 63) 

1>S8 satisfactory is the result of the crysta ■ 
lisaiion of the complex sulphate, like tl > 
ammonium salt of zirconium and sulphuric aci< . 
The hafnium concentrates here also in the moth< r, 
liquor (ace also Marquis and Urbain, Comp . 
rend. 1925, 180, 1377). 

Hafnium phosj)hatcilfll 4 l%(), is less sofub ? 
in bydrochlorie at'id than zin*onuim phosphai , 
wd a separation of the tao may be carried oi t 
in concentrated acid (von Hevosy and Kimur , 
Zeiteob. angew. Chem. 1025, 38, 774 ; J. Am« . 
Cbem. Soc. 47, 2540). . 

To purify zirconium from iion and ot cr 
impurities it is often converted into the o y- 
chloride. By rejieatodly crystallising this c( n- 
pound from hydroohlofic acid pure ziix*oni m 
18 rotauied. Hafnium oxychloriae is less sol >Ie 
than zirconium oxychloride ; thus wliile pui y- 
iiig zirconium from iron, its hafnium eontei is 
raised at the same time. For example, star ig 
from 100 grs. ZrCXlj <*ontaining 1 p.c. hafni n, 
the 30 grs. oxychloride reskluc obtained er 
10 suiscessive crystallisations contained a 1 <lc 
over 2 p.c« hafnium. 

Hafnium is more basic than zircon ii, 
and accordingly when i>reci]iitating a sob lOn 
of a zirconiuin salt >Mth ammonia the rst 
precipitaK* contains less hafnium than the 
successive ones. 

For example, when preeipitating <ino hi ' of 
an oxychloride soluticm contaiiiiiig 1 p.c. haf uni 
with dilute ammonia, the jirecijutate con ins 
only 0*8 p.c., uhilst the hafnium content c; the 
solution IS increa.*«.od to 1 *2 p.c. This diffe ?iu*e 
oan be somewhat increased by the jirosen c of 
large amounts of ammonium chloride ii the 
solution. By boiling a solution of zino ium 
and hafnium with sodium thiosulphate, zir- 
conium being more strongly hydrolysed, the 
fiKUt precipitate contains a laiger amoui ^ of 
zixeonium than the successive ones. Fr< n a 
MAtiiton of zirconium sulphate, diluted i jout 
1 : 40, a basic zirconium compound precipitates 
on standing a few da^ at 39*5^ Ai^ with this 
prooess, like many similar ones, the precipitate 
oontalns slightly more zirconium tlian the 
aolutum, a 

difference in the basitity is also shown 
on beating the neutral sulphate of zirconium 
m hidUuitt ; whereas the flxst mentioned com- 
mimA begins to decompose above 400% the 
deraHj^tiion temperature of fil(S 04 )t lk*s 
lOO^ higher, 

. , On disfidving the oxychloride in aloohol 
)$»€ psnmpitating with etherea higher basic 
, eolm]||^^diiNd Cr,0^.*SH,0 in forowdlt iriikih is 
‘ iMna in Mwiife Uum oams|MMiding 
iMbtaR tmi/imA. lUs ^imfonoe in tlw 

,,r0R.'va-A’ . • 


snd von Hwwy to muHy conocnlrated hafniam * 
ptepararions flrom zuoomum. 

In some cases, inducting the phosphate* 
salicylate, the ha&ium eompounds were found 
to be less soluble than the cenresponding 
zirconium compounds. 

Like zirconium tetrachloride, hafnium tetra* 
chloride also volatilises appreciably at about 
250% and the first distillate contains somewhat 
more zirconium than hafnium. 

Though hafnium is to bo placed in the 
[let iodic table between zirconium and thorium 
where formerly cerium was placed, its chemioal 
proj^rtieb are not intermediate between those 
of zirconium and thorium, but much nearer to 
the former element. Jt is of interest to note 
that in several cases the solubility of the hafnium ' 
eom[x>und is greater than the solubility of the 
c*orres[)onding zirt^onium compound and thorium 
eom|Kuiiid. Thus the solubility of the hafnium 
double fluoride is much greater than that of the 
thorium double fluoride and somewhat greater 
than the solubility of the zirconium double 
fluoride ((L V()n Hevesy, Brit. Assoc. Bemrts, 
Liverpool Meeting, 1923). A preliminary deter- 
mination employing hafnium containing from 
5 to 6 p.e. of zirconium indicated timt the 
atomic weight of hafnium is between 178*4 and 
180*2. 

The atomic weights of the zirconium of the 
rare earth fractions of a number of zirconium 
minerals have been determined. The zirconium 
fractions of the different minerals (purified 
through the oxychloride, ZrOCi^^HtO, which 
does not cause removal of hafnium) gave atomic 
weights varying from 00*3 to 96*0, as deter* 
mined fixmi the (*onvcrsioii of bulphate into 
oxide. The higher atomic weights correspond- 
ing with a higlier hafnium content, were obtained 
with minerals of higher rare earth (yttrium 
iiietaL, atomic eight 96-93) content (E. XJiwmu 
and G. l^rbain, Tompt. rend, 1034, 178, 268; 
Chem. Soc*. Abbtr. 1924, 126, ii. 194). 

The density of hafnium dioxide at 20^ is 
9*07, while (hat of zirconium dioxide is 5*73. 
This diflcreuce may bo ubed in determining the 
[lereontage of hafnium dioxide in ziiconia 
(Hevesy and Bcrglund, Chem. Soc. Trans* 1924, 
125, 2372). • • 

ZIRKELITE* Zircoiuile, titanate, and 
thorate of calcium, iron, &o. 

(('a,Fc)0*2(Zr,Ti,Th)0.j 

cr^'stallised in the rhombohedral system. 
Analyses show ZrO^ 30*73*52*89, ThOs 0^23^ 
20*44, UO, 1*4*14 replacing thoria, CetO., Ac. 
up to 3*61, YyO, UD i(9 1*08 p.c. The nmiml 
is black or brownisn-blaok, opaque, mud wilb a 
resinous to sub-metallic lustre; 8p.gr. 

5*22, H. 5}; slowly deoompom ny 
chloric acid, but leadily by hydrofluoefo nuM. 
Crystals are small, and their form ia mm/Bfy 
obsedred by twinning. Ciystals ot OOftiMM * 
habit are found with baddeleyiie in thd wjk 
jacupirangite (a magnetite-pyioxeiaiie) «t til# 
Jacupiranga iron mine in 8go Fanlo, Blgpit 
Grains and cryaUib are found in the geie-gfnefi# 
at severe places in Babaragamttwa nre^m#^ 

Ki 

ZIRKIXB 

2irUto in vAmwm sbnMdvtt 4MiU| i 
iinMh voA tftMdRM a 
« Ikk 



kUtudHAtllk % || iM iB * MlnotQtf t 

dUMUlik .^la ^ ^ * !fj^ iJ MukmtkA 




fomii^ 

raolltitt|ilit«Ul<!OiBl»ne witi\ the sibcon aJoa^ 
Shell tnMneBt lemoTeB 9(>>95 u c. of the olioon ; 
if, hie#evei*, the amount of eoke is m excess of 
that stated, the removal of the silicon is less 
eoin|lete, owing to the fonnation of stable doable 
ourmdMi of z&conium and ulicon. When the 
sUkOli has been removed the iron is removed by 
treatment with chlonue. Zircomum carbi^ 
is exotedingly refractory, bemg infusiUe in a 
40^ kw, arc, but its use is lestncted as it is 
oxidised at high temperatures (Thompson, J. 
Phys. (Stem. 1922, 26, 812 , J. Soc. Chem. Ind. 

la order to prepare zinonium o\ide, 
arkite is digested at 27o°-310^('. with con- 
centrated sulphune aud (sp gr. 1 84) m the 
proportion of 2 parts of acid to 1 part of .. 
About 67 p.c. of the zin oiua ( ontent of the ore 
passes into solution ; the remainder is oombined 
with rihca and m<toluble under these oonditionb. 
ITie product is diluted with about 20 timiw its 
Tobune of water and the insoluble {lortion 
titered off. The solution of the basic sulphate 
is then treated with calcium carbonate or 
chloride, or a mixture of carbonate and ihlonde, 
in snob a quantity as u neocssaiy to leduce the 
snl|^niK acid content to a value rqual to one- 
ban the tirconmm dioxide content. The 
ealehra fnlphate is hitered off, tlw iiltraU ton- 
ridsnUly rulutcd (about 80 limes), and the 
nwipitate titered off, washed snd strongly 
Mlted, The result » not so good with ealc lum 
ehlOlUe abne as with calcium carbonate, but the 
pmdiot in the'foriner case is whiter and more 

K llllir (Bain and GoQop, (’anad. Chem and 
m2; 7, 35 ; J. Soc. Chem Ind 1923, 42, 
dfflA.). For methods of ifflprovmg the refractory 
ilitieB ef xiitite clifflWting the asso^ 

ittiii^ the chief of which are silicon, iron, 
ItttMiwn. Themd^-pointof tiieiawoie 
wmUm fiom ]200‘~2000*, whue that of the pare 
The method for punfica. 
tim foond most satufactoiy M based on the fact 
that riMOtinm csrtnde is staUe at temperatures 
•boi« (he decomposition pomt of silicon carbiib 
0, 0.JhnMfon, J. Phys. Owm. 1922, 26, 812). 

A fock-fomung minenl of the 


ihomw 
habit and 
tiie 



peibol niKTtp ifftiffwl ^ 
bradiypinMoid} bol the mioMil b nan 
1 found as polumnar mr oompaet 

of a dull greyish colour. 8j^. ff'llbiLIt 
KKcd by hydrochlorie eon after befam 
isly heated. It oeours as a eonelttaeat 


decomposed 
previously ‘ 

of ciystaiiluie schists. An interesting vatietyi 
known as thuhit, is found as rose-pmk gnmolar 
masses at lexviken near Tnmdhjem, sni iiber> 
mixed with sky-btue vesuvuuiite (* cypinae*) at 
Souland, Telemark, Norway. This pDiiawii 
well and is occasionally used as an i 
stone. A rook also sometimes used fof smali 



omsmente in the prettily coloured edogiis from 
Sau Alp in Oarmtnia, and the Fichtei ! 

Ill Havana; this consists of emeraid-g 
blende (‘smaragditc’), reddish garnet,! and 
blu»h-grey zoimtc. L J.tS. 

^NABIC ACID C,.H„0., an acidld^ 
covered by Bull in cod liver ou, and fouM in 
the oils and fats of most manno animals. 

ZOBGITE. ficlcmde of lead and oomr 
(Pb,C^j)So, contammg Se 29-34 p.c. It u a 
massive granular mmcral with a Icod-grcycoloitf 
and mc^c lustre . sp gr. 7-7 6, H. 2t. It is 
found together with other sclenidis at Zoige and 
Hoeral other localities in the Harz, at 
(*aohcuta m Mendoza, Argentina. L J. 6. 

ZYCLOfOlUf p-Aminobenzuic wo-bntyl 
ester. 

ZYGADENINE. A irystalbne alkaloid 
found in the leases of smdtMU 
tnkmedm Shinmg needles from bemene; 
rhombie crystals from alcohol , m p. 2U(r-20r. 
Very soluble m chloroform, 8|Hmngly MluUe ui 
ether B])ecibc rotation in eliloniform -IS'ff** 
An acid solution precipitatcw Mayer’s nngmiii 
gt^es a crystalline chloto aurate, WGb emio. 
snijdiunc acid, an orange colour changiiit to 
In pbysioiogual action remnUd 
[enyl, llepner and Loy, J. Amtt, 
Chem. Sue. 1013, 36, 268) 

ZYMASE V. FxBMxmnoir. 

ZYMU SmHMio ninos. 

ZYMURGY. A term used to denote that 
section of applied ehenuatiy which tesite of 
the scienttfk) pAuiihss of tboM arte la whMt 
fermentation u empkiyed-HCo. mepintkm ef 
yeast, vioegar, wine, beer, alcoaol. 


cherry-r^. 
\eratrine (Henyl^ 
1013,: 
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Acet-ji-naphthahde, i\. 4592^ 

Acetoaoetiu acid, i. 312 

, application of m synthesis, i, *2^ 

— ester, i. 321 • 

Acetoform, i. 33f 
\oetol, u 33r 
— , dibromo-, v. 4S0/ 

— , diohloro-, V. ISlr 

, diiodo- 

“ Aoetoi;* 1 . 341 
A^tometer, h 342 
Aeetomorphme, i. 312 
Aoetonal, vi, 824r 
Acetone, i. 341 

basic ittodncts of with mmoof 
cUotokrm, L 97r; vi, 9l8ri<ii 
coUodioii, far* ITlir 
dei4vativJo!,i.36l 

, • ibif 

an » 





•mm 

djif 

*-iaa!i?^-'“' 

AmMMk, 111*. $m 

lRiMitiiti«& nroduoto of, t\. Zltr 
iv, 312r 

Attilcmyl Mitoylate* \i, d4/, 6I7r 
Ao«liP«^lmm»ttdid€», \. IA5/ 

4oelophmiie, I. 38/ . iii. 712r; \i, 610r 

addiUon compound of with picno scid, \. 
38ttf 

, Ammo-, I. 38/ ; ui. 713/ 

• beUMl-t benaaldi-, und dtben^Altrl-, ii. 

150/ 

♦ bensyhdeiie*, ti. 408/ 

1 €tt«>b^mo-, p-amiiio-, oiid o-. m-, and p 

b>droxy«» 111 . 713/ 

, ciiloro-. 111 . 712r 

Aoetophenone-pophenetidiiic , i 38/, \i Hl(t/ 
Acetopurpanne, i. 38/ 

SB. 1. 483r 

Aoetopyntie, 1 . 38f , \i 61 
Aoetomi, i. 38r 

Aoeto-m*tolaldtde, 2 4 6-tiihromu-5-nitio-, mi. 

149r 

— -p^toluididf, 1 38r *■ 

- 2«sulplunii iukI, \ii I33f 
p«Aeotos> pheti% 1 urethane, \ i b 1 8/ 

Aoetoiono, i. 38r , \ i b24r 
Aoetyl«Atoxyl, \u 64 Ir 

— HBarbinol. i. 33r 
Aoelylclioliiie« ii, 641/ 

Aeetyl*fMsreiOtini« acid. \i 617/ 

Aoetyldipbenoi dtiodide, fruhiotu-, \t. bib/ 
Aoetyleoe, t. 39l>*5(i/ 

fuslion of iutro|(eti on ii 463/ 

hlack, 1 . 42/ , > 200r 

, oomhostioii of, I 53/ 

. uommercial appli< hIiouh of, i r>lr 
— -t oompounda of with inetala and inetatln 
aalta, i. 44/ 

— « eompoiitid of with niher, \i. 133/ 

- — dfchlmde, ik 630/ , 67Hr 

mieratorB, i. 6ir 

— >> halogen den\nti\eH of, 1 46/ 

— iiomoiogoea of, i 41>r 
— Kiettioda of pruduHioti of, i 38r 
— properties or. i. 41/ 

pyrogenetic ooddenaatioiiH of, i llr 
aioraipe of diwohed, i 64r 
tatimbronude, ti. 677r 
— ~ noldiiig and metal cutting, t 7.5/ 

Aeetyl* eeliiiiation of i. 206r 
Aoetytgaaiaool tneolpliotiate, \i. 626r 
Aeetyiideiie. dibromo-. it. 70/ 
tetratmimde. it. 677r 

loelyl*l<fUiphihylaimne«5*Hitfphoiiir and, i. SOiT 
•l•4«llaphthyletledlamttle•5-«a]pbcmlc aeid. 

I* 38/ 

pemode, germiicidaliaeiion of, ti 6IOr 
^plimikiditie. lU nmiito* derivative, and 
ealkgrIoaioeMe, vt. 616/ 

<iPH|ilienylefiedmimM^ i, 36/ 
pmle* V* 286r 
C*n«elylpyrfokMi» i. 630r 
il, 267r 

I n gt ylm i of icii^ vi, 631/ 

16611^^ aeid and ite methyl eater, vi 
l 6i 6yl 4n Wii ,yi> 211, 618/ 




aalole, vtJ^U 


6eanMriL4« IMr 

HH’vi.SMr 

u.vLvm 


^Bhsmin^\simdkVL,Lm^ \ 

Wua BB. and OB. u tUf 

hlfte«bl6ck A, i. 4661 

- ^ — brown B, i. 461/ 

— garnet R, u 463r 

green B and G, t* 1361 

led B. I. 467/ 

violet N, 1 . 46dr • 

yellow BC*. 1 477f 

— , amiiio-G-. i\ . 467r 
— , atniiio-R-, IV. 466/ 

, AiidreHeifti. i\ I66f 

- . Arnutmtig h. i\. 424/ 

, of Arraatrong and Schultjs, i\ . 47W 

. B., IV. 491. 494, 506 

, Badirtclip, I 500r . i\ I5«V 

- , lia>et K, IV 48Ur 

. Haver or Humpfl, iv. 480r 
black 16622. t 472/ 

6R. BK. and 6H. i 476r 

N, I. 476r 

- — NN, I 476/ 

Kroniter «, i. 694r 

, or Brcaiiier, i\. 464/ 

, (j8- j of S< liultx, and o*acid of Claua and Volt, 

IV. 4H0r 

hrowna, u 472/ 

0-, IV 4:>6r, 482/, 602 
carinaiMiiie B, i. 469/ 

. f*Aro*K, Ii 90r , \t. 663r 
, (*lirofiiotro|ie, i\ 501 
, f hryeeSc, tx 474/ 

- (neve*a. ii. 292/ , u 429/ and f, 469/ 

- — tt» and 6-* tv . 411/ and r 

^ y., IX . 440/ 

- • *v, 412/ 

< ninaoii If, i. 470/ 

— , cioi'eir. iv* 480r 

- . IK IV, 495 

, llald'a. u. 479/ 

, Ko II. IV 14 Ir 

- , No. Ilf, tv. 446/ 

, fy-1 or Dahl. i\ . 453r 

detta, ^ee At id |5). 

>,15-1, i\, 480/ 

, i5-|- or F, IV 46lr 

-•15 1* oi diaulphoHM id h, ii. 48ir; tv 
446r 

. €*, IV 4441, 503/ and r 

•* • Brdnninn'a n*. iv . 44lf 

- - , K. 111 . 115/s 1^. 480/, 481r, 493, 502 
Kreo^ a. uL 246r , iv 431/, 443r 

< - - G. III. 2941 , IV, 4821. 493, 502, 505 
} , gamma (y), nij, 302/ 

- — , H. ill. 4951 ; IV, 492, 496 
, I-. IV. 505 

6901, iv. 493 

- J>, ae a aoiiroe of dttvrl eotlofi Iv 
4S8f 

r. K. HI. raw i IV. 496, 604 

, U iv. II. M»f, m. fKr 

— iv. 4411 

, M, iv. 1731. 4*1 

, iBMiM, tv. iiSr 

, Xmito Mad Wtaliw*.. iv. 4Mr. MSr 

Aeidoi UmIc. i. 47flr 
— — eooeiiHi SB. i. 4C*r 

doth Ml U. i. 47Sr 

Aad otwig,. i. 4Mr 
— i-.jpwi*, iv, 44i»ir t <r, lAtr t vi. M 

- PowMM. i. 4MI ^ .* 

*--*'-•»** 2 H«b y# OOil 

. C,. MOkJt 
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4 » >'>» K, jUlii, |y^ 4H!'> 1|(< lx ' ^ 

■••Hn MilttllM^ i-K 44Sr« vi. «l 

VI. «7B^*7<K>r i fw Tsrtarid acid. 

. Xobfai9*«» iv. 4M 
^T-.|y.4a« 

•yvftow.i. 4601; 6041 and r 
B, 1. 46(U 
460r 
St IV, 476r 

AfiMimetno and alkdlimetrio eatimations, i. 66/ 
Addunetiy and alkalimetry, i. 56/-641 
Aoidolt 1 , 64r ; iv. 17U 
Add rikiieala, eatimation of, i 250/ 

— — , indirect methods of determination of, 

i. 268/ 

- — , aeparations of, i 262/ 

— , special reactions of, i 240r 

Acids, affinity or avidity of for bases, ii 166/ 

- — , A14n*8, iv. 431/, 443r, 441/ 

— , aliphatic dihydroxvdicarbo\\lic, ami 
hydroxytricarbox^ltc, iii. 672/ 

— , , hydroxyaldehyde^, iii 672/ 

monohvdroxymonooarlKixvtic, in 

571/ 

— , ammo-, aliphatic, i 104r 

aromatic, i, I96r 

a«aintno«, photosynthetic production of v 
266/, 266/ 

and alkalis prepat ation of standard i 

, as constituents of glucosides, iii 407r 

— carbohydrate ii 41/ 

** *• dibasic ketonic, in 731/ 

^ of oxuUc field senes, ii 61 6r 

— , of series * 04 . i\ 67Hr 

— , dihvdroxyaioinatic, iti 672r 

- dihydroxylated, of scries (*h^1 mOi, iv 
- , cstiniatton of combined in salts, i 64/ 

-*• *-« fatty. Ill Il6r 

^ ^ deter tion, separation, and approvi 

mate estimation of indi\idiial liquid t\ 683r 

, - , determmatnm «>f solidih ing points of 

IV. 676/ 

, employment of os monlants ii 66lr 

•— «, — , estimation of oMdised \\ 684f' 

examination of iv 673r 

— * ^ examination of those forrninK lactones 
or anliydndeH, iv 68 Ir 

neutialisation \ahies, and moUoulai 
vreighta of, iv 681/ 

— tiire tests of, iv. 680/ 

hydroxy-, fermentation of. in. 163r 
, hydfoxylatcxi of fatty mnes, tabuhittd 
eofiataota of most imfiortant, i\ 679 

iollaence of on synthetic drugs, \i. 613/ 

— insotulile fatty, the Hchner \ulue of, i\ 

mt 

a»ketomc monohueic in. 728r 
/)4wtomo monidiaaic, m 729/ 

^ y-kctonic monobasic, in. 730r • 
mineral, i\. 383/ 

nmnohydroxy-aromatio-, in 572/ 
of acetic senes, closeiileation of foi analyse, 
Iv. 674/ a 

— of acrylic or oleio senes, physical fiml 
ctoenif^ai coiist4mto of iv 675r 
*44 dnpanodonic scries, iv« 678/ 
af qyciio (chaulmoogric) scries, ii 677r 
f it linolamc iMiries, iv, 678/ 

*irfUfio|iO(Miriea, iv. 677/ 

ro4ati<m of esters of vanotis, 

swiii 

lH#i|0l4ieiicrics» iv. 6789 
-*^^4 MdipaM InUy, aeidration and cstmmtioii 

of ineohilde ifattirated from iin* 

jiaaniMili laiOv Aittifai, fy*. 6821 



, j|ijy <*’ * i » ’ !i< ' * 

.. ijSitSyW a<it^ Mtoi induM «(• t«. 

— , volatile I0fe4y, eejpamtiott of, iv. 6811 
Acieral, i. 64f ^ 

Aeitnn, i. 64r ? v. 548r ; vi. 634/ 

Aoooanthcra schiihperi, I. 64f 
Aoooonthenmn, i. 65/ 

Acoin, VI. 637r 
Acomne, i. 66/, 66f 

Aconitine, and the aconite alkaloids, i. 651 
Aconityl-monophenetidine, vi 61 5r 
Acopyrine, i. 38r , vi. 616r 
Acorn oil, t 69/ 

Acorus Calamus, i 69/ 

Aciidine, and den\ati\es i 69/ 

, diamidopheny I-, ii 246r 

— dyestnffs, i 70r 

— orange, i. 7 1/ 

— — R extra i 72/ 

NO, I 7lr 

— , (pimonoid, u inangemcnt of, v. 604/ 

red 3B, \ 61«/ 

— - sulphate, 3 6-diiunino-. v 445/ 

— yellow, 1 70/ 72/ 
tendon^ i. 73/ 

Acriflavine, ri. 639/ 

Serose, a* and ii 29r 
\ctimum, 1 . 74/ 

, discovery of. \ 612/ 

\otmolit6, 1 395r 

4ctol 11 . 546/, M 132/, 626r 

\eyl denvati\es, hydrohsis of, lu. 565f 

Adalm, i. 75/ , vi 620/ 

Adamite, i« 2r, 77/ 

Adamon, i. 75/ , m. 621f 
Adansonia digitata. i 751 
Adenine, i. 7^ 727r 
Adhesues, i. 76/ 

Adigan, i. 76r 
Adipu acid, i, 76r 
Adipocelluloses ii 116/ 

Adipocere^ i 77/ 

Ad|ap oil. I 519/ 

Adlumidine and adlumine, i 77r 
Adobe, i\ loir 
' \domdin, i 77r 
\donin, lu. 40Hl 
Adomtol, II 43r 
Adonii, 1 77r 
Adrciiuliiie, i. 77r 
Adrenaline sulistitiiies, i HO/ 

Adiirol, 1 80/ 

\d\ocant, iv. 139/ 

Aerated drinks, sweetened, i 83/ 

Krguo, 1 . 85/ 

Whynite or Ksi^henite, i. 85/; it 144f 
Ksculase, in. 526/ • 

liisculetin, in. 526/ ; iv. 18f 
ICHcuhc and acculmic acid, ii I72r 
Ksculm, ill 408/ * 

ICthaeot, \i. 63 Ir 
l^hhusa oytiapium, i. 85/ 

Athnitv, cliemioal ii 157r 
Afridol. I 86/ 

Agalite, I 86/; \i 644r 
Agalmatolite. i. H6r 
Agar-agar. i. 86r ; iii. 490/ 

Aganc, Hurgeon's, i 181/ 

Agorobiila, i. 27/ 

Agate, I. 87/ ; ii. 149r ; v. 589f 
Agaie-jasper, in 6l93r 
Agatliin, vi. 25/ 

A^\c, 19881 
Agavoae, i. 881 . i 
Agfn, IV. 279f 1/ 

JSCSTW*' 


tu 
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AgDiR«I.B8l 

Agndimi. 

B8I 

Aioiii«flah«rkJ, B8| 

Agropymm, i, S8r 

AgmtMBiaa Saj^toim, i. 88r ; iii. 4Ur 

Agatiii, L 88f» 8342 

Agutton, i. 88r 

Aieh or ai*di, 3« 1/ ; iv, 3822 

— metal, i. 88r 

AilanthuB bark, i. 88f 

glandnlosa, vi. 667/ 

Airoform and Airogen, i. 88r 

Airol, i. 88f, 600r; iii. 6572} vi. 6252 

Alton, in. 583r 

Ajowan oil, iv. 636r 

Akaada, i. 88r 

Akhrout, Indian, ii. 18/ 

Ak Mndar, i. 88r 
Akola bark, i. 332r 
Akra Rui, i. SSr 
A’l,i. 12: iv. 3822 

, root of, iv. 3862 

Alahandite, i. 88r ; iv. 2l6r 
Alabaater, i. 88r. 7482; iii 4<M/ 

— — , oriental, iv. 22 1 r, 704/ 

Alaereatine, it. 41 Ir 

Alaoreatinine. ii. 4 Ur 

Alaite, i. 882 ; \ii. 293f * 

Alamosite, i. 882 

Alangium Lnmarcku, i 332r 

Alanine, v. 4582 

-~T-, 0-, I. 882 

fl*, i. 80f ; V. 480r 
Alantir acid, i 812 
Alantol, i. 912 
Alantol^tone. ii. lOr 
Alant root, i. 812 
Albaae, i. 6302 
Albargin, I. 812 ; vi. 626r 
Albaapidm, iii. 1842 
Albartite, i. 912 
Albertok, vii. 306r 
Albite, vi. 1662 
Album gr»cum, i. 812 
Albumin, brominated, vi. 6212 
, iodised, vi. 628/ and r 
Albuminoid ratio, oalculation of, Ui. 124| 
Albuminoids, v. 4642 

estimation of m feeding stuffs, ui. 1262 

Albumins, v. 4642 

Aloohol, see oho ethyl alcohol, and spint.'* 
absolute, definition of and tests of eon 
> » meroial, i. 862 

acetic fermentation of, iii. 1642 
American crude wood, compoaitiQii of,^vi 

Coffey's still, i. 92r 

— denatorants for, i. 872 
, detection of, i. 862 

— , detection and estimation of in chlorofom 
it. 226r 

ethyl, see also Ethyl alcohol and Spirit.’ 
— — , — — amino-, ii. 232f 
— lour official dilutions of, i. 842 
*-v manufacture of pore from crude wood, vi 
48fir 

materials used in mannfacture of, i. 822 
methyl, see Methyl alcohol, 
preparation of from coke-oven gaa, i 

, solvent properties of, i. 286r 
VBiptm premure of, i. 84f 
ViiCQdlty of, i. 852 c 

AI«6M#^|M^ ii. 422 

' I ^Pllttinwiiiins of in essential oils, iv, 4342 
oi in perfumen v, 86f 
optical rotatM of varioui, ' 


>ly»Ss,i^. 6 02 ^ 


sumsnda or Alcomoh i. 

Aleovinometer, i. 1412 
Aldebaranium, vii. 6632 
Ald^dose or aldehydomntaee« iii, 1432 1 

Aldehyde, i. 103^1112 

, additive compounds of, i. llOr 

, benzoic, i, 6662 

, condensation products of, i. 1102 

, S-hydroxybutpio-, i. lllr 

-ketones, ui. 732f • 

, oxidation of, i. 106r 

, (Quantitative estimation of, i. 108r 

, reactions of, i. 108r 

, reduction of, i. 1062 J 

Alde^des, differentiation of from ketosiM. til. 

, hydrasino compounds employed k. 

cation of, iii. 7082 \ 

. hydroxy-, quinonoid rearrangemeni el v. 

®02f » \ 

, influence of m synthetic drugs, vi, 6l3ii 

, occurrence of In essential oils,- iv. 634r \ 

, substitution products of, i. 11 12 > 

Aldehydines, i. Ulr, 634r 
Alder, bark of, i lUr ’ 

buckthorn, i. 688r 

Aldimines, iii. 6832 

Aldoform. i. lllr 

Aldol,i. lllr 

Alembioth. salt of, i. U 22 

Aleudnn, i, 1122; vi. 6202 

Aleurites Oordata, i. 1122 

Aleuritic acid, i. 1122 i 

Aleurone grains, i, 1 12f 

Alexandrite, li. 249r 

, synthetical, ui. 3702 

Alexin, the, vu. 177f 
Alfalfa,!. 1122; iv. 167f 
Alfa or alva, u. 648r ; iiy. 486r 
Alferite, i. 1722 
Mformin, i. 1122 ; vi. 624r 
Algap, i. 112/ 

, composition of various species of, i. 113/ 

, iodine content of various, iii. 6432 

Algarobilla, i. U3r: vi 668/ 

Algaroth, powder of, i. 113r, 36 Ir, 3632; v. 204j 

Algarrobin, i, 11.V 

Algm,i. HS2andr^ iii. 6442 

Alginic acid, i 1132 ; in. 6442, 6452 

Alginoid iron, i. Il3r 

Algiron, i. U3r 

Algodonite, i. n3r ; ii. 5722 

Al^lane, vi. 6172 

Algolave, i. 113r 

Algol ookmiing matters, in. 5862 

Almdose, in, 6452 ^ 

Alhagi Oamelorum, i. ll$r 
Al-henneh, aUhenna or all-kenna, ii|. 61 6r 
' Al-hennye. U 1422 
Ahte, ii. 122r 
Alivid, i. U3r ; vi. 628f 
Alizarin, i, 1232 

, and allied colouring^matiers, i. I)3iwt36r 

, a-amino-. i. 124f 

astrol, i. 128f 

black, iv, 608r 

Bordeaux, i. I36f 

— — cardinal, i. 124f 

cdestol, I. 130r 

, commerotal, iv. 1802 

cyanine R, i. 137/ 

cyanol B, i.il232 

ddphku)), L 130r 

, diethyl ether, i. 1242 

emi^lO I28f 

— — i. 124 
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rntm- mm ,.. f^ 1£A* 

indigo 0,L 1821; vii, aillr 

8B;^i. SUIT 

-w, ivliol D, i. 1281 

intiAufactiaYO of* i. IIW 
a-m^thylether* i. 123r ; iu I58f 
— — , ^^methyiether* i. 123r 
— a-nitro-, i, I24r 
pnitto; i. 1201 

oa* ii. 581r 

— — powder W, i. I20r 

, , purafioation ot artificial, i. 122f 

-red lakes, iv. 212 
rubinol O. SG, and GAV, i, I28r 
— salts of, i, 1232 
•— saphirol B and SE, i. 130r 
— — , uranole R, i. 1282 
, yellow, iv. 178r 
Alkali aets, details of, ii. 2162 
— determinations of. i. 622 
— — metals, estimation of in oommercinl cyanides, 
ii. 476f 

separation of from mapiesium and 

sUioates, i. 2612 

separation of in ores, i. 2612 

— mineral and vegetat;^io, iv. 3832 
Alkaline air, i. 198r 

— chlorates, manufacture of by electrolysis, ii. 
21 3f 

— earths, salicylates of, vi. 21r 
pyrogallol, use of in gas analysis, i. 424f 

Alkalis, preparation of standard, i. 592 
Alkali, volatile, i. 198f 
Alkaloids, i, 138r 

compounds of with o-guaJacol sulphonic 
acids, i*i. 470r 

degradation of opium, and conversion into 
bydroxyphenanthrenes. v. 160r 
— distribution and mode of formation of, i. 
1392 

— extraction and isolation of, i. I39r 

, mnoral preeipitants for, i, 140r 

, Mayer’s reagtot for, i. 1412 

, miscellaneous, employed as drugs, vi, 623f 

— ph 3 rtosynthetie pmuetion of, v. 2662 

physioal and ehemicul characters of, i. 

1402 

quantitative estimation of, i. 141/ 

— manaoeous, vii, 216r-222f 
— — , Tanret’fl reagent for. i, 141/ 

, toxicological detection of, i. 14lr 
♦ Wagner’s reagent for, i. 141/ 

Alkanet, i, 142/ 

Alkonna or ahkenna, i. 142/ 

Alkannin and iis diacotyl dcrivaih^, i. 142/ 
Alkaiain, i. 386/ 

Alkaaolor alkasol, vi. 21f. 624r 
AlkeJmies, iv, 1392 

Alkyl grottps, influence of in synthetio drugs, vi. 
919f 

Alkyloxydithiocorbomc acids, vii. 5081 
Albrniia i, I42r ; iv. 725/ 

AUantoin, i. 142r 
Allaidi* iv. 1392 
AUemotdto, i, 1441 • 

Alligi9tar pear, i. 4352 
Alhni^eittTl. 1442 

A^ksdliohofiine or psctidocinclioniae, li. 272/ 
Aiiophfmie acid, santalyl eater of, vi. S6f 
Alkwaii, i* 1442 ; vi, 35t* 

Allolvofiy, a phenomenon of phase equilibria, vi, 

8i89f 

A$imA, md deHvativea, U 1442 

of with Aomaito ainines, i. 

prodttots of, bMMiphites, 

Of tf(th I, |4«l 


AUoxati^ Odiideimtion products of with hpdrasine)| 
and hydKoaqdamiiie^ U t49f 

oondensation of with phenols. I. U6t 
—^4 eoiidafiaaiiaoii of with eendameadde, L 1492 
Altoxanio acid, i. 144r, i. 147r 
Alloxantin, i. 147f 

, acetyl and beneoyl derivat&vet Of, i, 148f 

Alloxaziiie, i. 146r 
Alloy, D’Arcet’s, i. 5982 

, Devarda’s, ti. 494r 

, Guthrie’s “ eutectic,** i. 6982 

, Levol’s, vi nil 

, LichtQnberg’s, i. 6982 

, Lipowitz’s, i, 6982 

Newton’s, i. 6982 

, Rose’s, i, 6982 

, , composition of, vi, 472f 

A11o 3^, assay of, i. 416r 

, cooling curves of, iv. 2842 

, corrosion of, ii. 386f 

, crystal structure of, v. 6312 

, equilibrium diagrams and general metidlo* 

graphy of, iv. 290/ 

, fusible, Woods* alloy, i, 598/ ; vii. 54r 

, methods of taking and recording thermal 

curves of, iv. 283r 

. pyrophoric, v, 618/ 

. quantitative analysis of by epectroecopio 
mcthqds, vi. 3192 

typical micro-structures of, iv. 288f 
Alloy, Wood’s, i. 698/ ; \ni. 64r 

, y, vii. 663/ 

Allspice or pimento, v. 304/ 

, oil of, iv. 642/ 

Allyl acetate, i. 148f 

acetic acid, i. 148r 

Allylaoetone, i. 1492 

perozonide, v. 33r 

Allyl alcohol, i. 149/ 

Allylaloohol ozonide, v. 33r 
Allylamines, mono-, di-, tn-, and tetra-, i. IfiOt 
Allylaniline, i. 150/ ^ 

Allyl-benzcnc, i. 150/ 

bromide and chlonde, i. I60r 

cyanamide and cyanide, i. I50f 

Allylenc, i. 60/ 

, symmetrical, i. 160f 

, unsymmetrical, i, 161/ 

Allyl ether, and ethyl ether, i. 151/ 

iodide and mercaptan, i. 1512 

malonyl ^anidine, iii. 474r 

Allylmethylal laothiocynnate, i. 151r 
Allyl nitrite, i. 161r 
7 >-Allylphenol. vi. 630r 
Allyl-phenyl-thiouroa, i. 15lf 
Ally 1-pyrrol, i. 151r 

salicylate, vi. 20f 

sulphate, and sulphide, i. 16lr 

tmocarbamide, i. 161r 

thiourea, i. 15lr ; vii. 342 w 

^ addition«prodnct of With ethylkMiid#« 

vi. 628r 

tribromide, i. 1522 

urea, i. 1522 • 

Almandine, iii. 303r 
Almasca, i. 1622 
Almatein, i. 1522 
Almirao, i. 1522 
Almond, i. 1522 

, bitter, oil or essence of, i. 6652 1 iV. f|9f 

oil, i. 1522 ’ 

Aloe, i. 152r 

-emodln, vi. 66/ ^ 

Aloemodin, and its derivatives, iv. 3622 

, constitution of, iv. 3642 

Aloes, Barbados, 1. 1632 
, Mtter, I. 1632 

•O'—, tW M ftitt i iySfl of, i. IMf 0 




JLJNIXpbiM 


AmBijptoikevtMNi «ad reMtton^) of, t 154r 
i. \m 

nuHtd, i. im 
Aloetio iv. 352r 
Aloiii,ill« 4081 
A|olno.i. 188I 

AlotaOim. Vi. I85f 

Aloo boUum, i. im 
Akmoliit osr aloohi resui, v. 6682 
Aloai^, i 2r 

AlplitiMi or alphoBone, i. 1652; ii. 5502 
A^liol, vi. 212, 61 7r, 632r 

aatitewfptio properties of, ii. 5512 
AlpboBone, i. 1552 
Alpinia oil, i. 1552 
Alpogada, i. 1552 
Alqwoii, i. 1552 
Aleoi, vi. 624f 
Aletoiiainiiie, i. ]55r 
Alstonia bark, i. 155r 

spei»tabilis, i. 15V 

Alstonioine, i. 155r 
Alstontdiae, i. 155r 
Alatonine, i. 165r 
Aletonite, i. 165r, 5392, 544f 
Altbcto, i. 155r 

and salts, i. 343r 

Alti, i. 156r 

Alii^l, i. 155r < 

Alum, ammoiijum, i 179f 
— eake, i, I71r 

, ** concentrated/* t 1722 

. feather, m I I7r 

. Potassium (potash alum), i ITtV 

— — . aelenic, i. 175r 
— — <<ahale, t. 179f 

sodium (soda alum), i 179/ 

Alania, L 168/ 

— — , a base lor transparent lake s or printing inks, 

V, 41r 

tsveam. preparation of, \i I52r 

Aluminadou. i. 588r 

Alumina, employment of m pnononts. v 29ri2 

pfoduotion of, I. 169r 

Aluminalea, potassium and MHbum i 109/ and r 
Alumiiui, uses os a refractors liasu matenal. ii. 

421k 

Alnittunum, t. 156/-1752 

acetates, i. 232 

, action of water on, \ ii 393/, 39,32 

alcobolaie, i, 1092 

‘ alginate, and its ummonium double salt, in 

^alisarin lakes, ami ahifninuim alirarate, iv. 

1222 

attoyM, I. 1662 

allays of with ehiomium. ii 234/ 

— aUo^ of with C€d>alt. it. 297/ 

— , alloys of with gold, in 156/ 

alifl^ of with manganese*, iv 21 3r 
— , allo^ of with titanium,^ VII 70r, 71/ 

— alloys of with sine, %ii 5782 
— , allovs of with Kinc, cionsitv td, \ii. 578r 
— appUeation t>f m tnoustnes, i 1632 
sassy of, i. 4112 
bmiBss, i. 1662 
aaiblde* i. I70r 
'^--^iisiiti^i. 1622 

- — ccmpostiion of, vn. 678r 
fhemieal properties of. i. 163f 
* abloffidc as a disinfcetant, n. 5442 

, snsiting* and boiling-point and triple* 
SSBIlfO of, VI, 419 
» caumereial analysis of. i. 

^^■^WBipouod^ employed in fdass making. In, 

_ ^ Of wUh msfnesiam, iiL 1862 * 

,|p4aMra»efviaiiKi4{«lh, I. IMr 


AtimtafoHL tAmtrolytH {)N}MUiitiup of. L UU 
employment d is fQnOMmnyi 5902 
astfi^n of, i. I65r 

» sdiination of in minerals and fotks, i 27tr 


— ethoadde, i. 174r 

fluoride, Vi. 6242 

— — foil and powder, i I74r 

granules andTiotch bar, i. 1621 

gravimetric estimation of, i. 2452 

, halogen derivatives of, i. 169f, 1701 

hypochlorite, ii. 2102 

in easting alloys, i. 1672 

industry, development of, i. 1592 

, melting-point of, v. 509r 

, metallography of alloys of, iv. 294f 

oleate, i. 174r 

, organic salts of employed as drugs, vi; 624r 

oxide, I. 1682 * 

palmitate, i 174r 

~ - permanganate, iv 2182 

phosphate, i. 174/ 

, ph 3 rsica] properties of, i. I03f 

— picrate, v. 2892 

—, pigments containing, v. 294f v 

][)Owder, I, 1632 \ 

, reduction fumac*es for preiMiration of, i, Islf 

rolling alloys of, i. 16^ 

salM^^laUs muminiiim ainmtmium salicylate, 

and ahimmium potassium Ralic> late, vi. 2lr 
salts employed as mordants, ii. 5891 
~ , separation of in ort>M, i. 257 
slieet. I 1632 
— Kilieates, i. 174/ 

soaps and ulununium okiite, vt. 154/ 

- , solder for, \ i. 277/ 


special reiutions of, i 23H/ 
sulphates, 1 I70r 
sulphide, I 17<i/ 
sulphite, I 1742 
tartrate, vi. 690/ 

* tluocvan.de or sulphocyatiate. i 174/ 
. vohiinetnc estimation of, i 272/ 
Hire, I 16.3/ 

\liimnol. I I75i , a. 55lr, \i 6J!4r 
^lumatone i 175r 18(1/ 

Uuiidum, 1 . ir, IHHr. 180/. 501/ 

Alunitc^ I 175f. 180/ 

\iunogen, i. 181/ 

•%Kaor Vlfa. i 181/ 

41velos, 1 . iHl/ 

Alypin. I IHl/; vi. 637r 
Amociou or Clemian tinder. i. 181/ 
Anialgmn, elec ( riral. i 1 82r 
— , fiAti\e, IV. 264/ 

Amalgams, i 1HI2 
~ « , silvering, i. J 8 Jr 
Amalie acid, I 183/ 

Amanita iiiuseariu i 183/ 
kmaranili, t. 4702 
Amann, i. 1831 
Amamie, iii. 222 
Amatol, 1 . IHV; iii 28/ 

AmaEon-atone, i. 1832 ; in. I37r 
Ambatoanmie, i 8262 
Amber, i. 1832 ; v, 6722 
“ Amber,’* iv, 36lr 
Ambofdeen, vil. 3092 
Amber, oil of, i. 1842 ; tv, 637/ 
uonpe, V, 6732 
Ambergris, i, I84r 
Ambertte, lit. 74r ; vil. 309/ 

Amblygomtc. i. I84g 
Ambooeptom, vil. IT6/, I77f 
Ambtvhi, I, lS4r 
Ambnite, ti, 5532 m 
A mMtc, i, 1852 1 v, 673g 
AmcMnc, I, 1352 
Amcnyl, i. 1852 
Amsite^ 4, 1882 1 833^ 

L 447g 



Amidfttioii, I. Igfij 
AmuiA {lOMBP, i. 1S5I 
AmidiiiM, i. IM 
AiiiidonnA;i. 1851; iii. m 
Amidol, i. 185r i 

Amidonaphthol BD and 3B, i. 457r 
;■*■ wd 8B« i. 468f 
— 0, i. ieSr 

Amidopirrine, i. 186r ; vi. 616r 
J. 185f-^194r 


aliphftiio, influence of on eynthetic drugs, vi. 
fllSr 

, physical constants of, i. 188 
aromatic, physical constants of, i. 189 

, general properties of, i. 188f 

, methods of preparation of, i. 186f 

, primary, i, 186r 

^ detection and estimation of, i. 2981 s 

, reactions of, i. 190/ ' 

secondary, i, 187/ 

, ^ — , detection and estimation of, j. 298f 

, tertiary, i. 188r 

^ y detection and estimation of, i. 2ft8r 

— — , use of oatidyHts in prt^fiaration of, it. 170/, 
I71r 

Aliiirio*acids, aliphatic, },*194r 

, aromatic, i. IttSr 

decomposition of by haeterial action, iti. 

Id7f 

— — decompe^ition of by fungi, iii. 171/ 
a^Anunoacids isolated as bydrolysis products of 
the proteins, 458/ 

Aminoasobetuecne, i. •lASr 

Aminoaso-compotinds, curlxtyylic acids of, i. 402/ 

, snlphonic acids of. i. 400/ 
o^^Amtnoaaotoluene, i. 197f. 459/ 
acetylaied, vi. 038f 
Aminobenaolindone, vi. lOr 
Amlnolorm, vi. 834r 
AminQlormamide. vii, 271/ 

Aminomerctiric chloride, iv. 279r 
Aminonaphthaphenazine. i. 44'.)/ 
Aminophenaphenanlbrazitie, i. 44.') 

Amla, 1 . 198r 
Amlika or atnltkii. i. lOKr 
Anunolinvi. 5S7r 
Ammcmal B, iii. J7r 
ripping, iii, 18/ 

AmiMn<tarboiui. iii, 1 7/ 

Ammmiiaoiim, African, tit. 481/ 

, Bemian, iii. 480r 
Amfl^ia»i. 198r->2ISf 
' hactcfial production of, iit. 109/ 

Amittdfliaoal li<}Uor, pro|vKi«*s and rompo.sition 
tjfji 1, 905r 

f *-•*-*, valuation of. i. 207r 
' working up of, i, 207f 

. Ammdttia. fsatalytic^ preparation of, ii. )09r 
dokrimetTic estimation of. i. 283/ 
density of aqueous solutions ^f, i. 200 • 

— • derivatives, organic, influence of in synthetic 
vi, ^I3r 

ctetimation of, i. 53/, 301/. 303r 
*^Tr' tm* oatalysts employed in oxidation of, \ . 
«l5r, 003/ ^ 

nuHUifaciiire of caustic, i. 21 1/ 
manoCaeture of eonctmtnued liquor, i. 

tile 

lAtMittlaotiire of liquified, i. 212/ 

nonaal solution of. i. 52/ 

oasMUrtkin of, and catali'sts employed in, iv. 

■■ 

of In solniion^iv. 004/ 

of with aoti voted formaldehyde, 

’'VIP- inr: 

.... . 

] in manufactureqlr 



Ammonia, mtthette, daude proeosii lor mantt^ 
laotufo of , iv. 574/ 

l&ibw pmoess Cor mtmufaotlire of, 

' iv.57a/' : - , ^ ' 

— r~, rnamiMm^ of by Badkehe Cki^ liv. 

571f ^ 

, — prooesscs for production oft i, 2915 

, technical sources of, i. 201/ 

Ammonifioation, iii. 159/ 

Ammonio-alg^tes, iii. 645/ 

Ammoniochelidonic acid, i. 633/ 

Ammoniocopper tungstate, vii. 237/ 

-formataehyde or ammonaldehyde> iv« 325r 

-silver nitrate albumose, vi. 626r 

Ammonites, iii. 15/ 

Ammonium acetates, i. 23r 

alum (ammonia alum), i. I79r ; ini. 2255 

borate, i. 643r ; iv. 37/ 

carlionate, i. 212r 

chlorate, employment of in explosive mix* 

lures, iii. 20r 

chloride, i. 212/ 

chlorolieptenylarsonate, vi. 541r 

chromate and dichromate, ii. 243/ 

chrome alum, ii. 239/ 

chromipyrophosphate, vi. 246r 

cyanate, ii.* 472/ 

ferric tartrate, vi. 689/ 

fesrpeyanide, ii. 445/ 

fiilminurate. iit. 283/ 

gallate, vi. 65 Ir 

' — . gravimetric eslimation of. i. 245/ 

— hydrogen purpurate, iv. 397r 

livdrogen tartrate and ammonium tartrate^ 

vi. 689/ 

hydrosulphide, vi. 5.35/ 

hydroxide, influence of in synthetic drugs, 

vi. 6i3r 

— k>dide, iii. 65 Ir 
lact^Uc, iv, 9r 

magiUTsiiim phosphate, iv. 192/ 

: , hydrated, vi. 416/ 

! - — malate, iv. I99f 

j manganipyrophosphate, vi. 245f 

meta vanadate, vii. 299/ 

• monoetliylselenitc, ii. 666r 

j nitrate, i. 21 2f 

j — preparation of in nitrogen, fixation pro- 

j cess, iv. *588f 

nitrosophenylhydroxylamine, iii. 575/ 

I oleate, iv, 67tir 

oxalate, iv. 733/ 

— — pentasulphide, vi. 535/ 

perlH>rate. i. 649r 

— perchlorate, ii. 214/ 

~ — persulphate, i. 21 3r 
- phosphate, i. 2KU 

j picrate. v. 289/ 

plumhichloride. iv. 87r 

salicylate, vi. 21r 

salts', removai\)f from solutions, i. 252 

^ special reactions of, i. 240/ 

stearate, iv. 675/^ 

sulphate, i. 208/ , 

, employment of as a fertiliaar, iit* I75l' , 

^ waste products in the mantifa^iiiia 

i. 2l0r 

-» — sulphocyanide, ii. 473r ^ i 

sulphoichthyolate. \i. 529r 

tannate, vi, 661/ 

thiocyanate, i, 213/ 

^ standard solaiion oft i. 27lf 

tungstates, substituted^ vii. 235r. 

uranate, uji. 2651 ‘ ^ 

Ammunition, Mgian blank, iii, iU 

^ ^t’s pistc^ iii. 78r 

Ampangabette,!, 212r / , ; ; 

Ampdopsidiin m 540f, 

Amp^^Sn^pB ciilorideoft i.|JM3r 
Ampbimatbp^ yift 5IOr« 5.111 



Wi^ J4I 

Anocrgda^, notion of on nmygiialin* uU * 

AAin^UJBKm.mi 

Amyndoptoirn* vi» 6l5f 

Am]^ L 21U 

Amyl states and tmamyl acetate, u 26r, 2161 
alcohol, fementation of, lu, 2SiW 
— akohols, i 2141 

AmyU and teo-amyi alcohols, preparation of fron 
fusel oil, 1 . 2161 
ife^Amylaopne, v. 4801 
Amylans, u* and p-, i. 2171 
iMiAmylanthraoeiio, and its chloro- and broxno 
devfvatives, iv. 347f 
Amylarme, u 2l7f 
Amylase, i. 6721 ; u. 6031 ; nu 138r 
imAmyl butyrate, i. 7211 
IsoAmyl ieobtttsrrate, 1 72 Ir 
Amyl oarbamaie, \i 6201 
MoArayldihydrooupreme, v\, 62H1 
Amyhme, i. 217r 

hydrate, vi. 6l8f 

— ^ , isovaleric ester of, % i 6101, 62lr 
Amyl ether, i. 216f 

formate, u 216f 

iroAmylhydroanthranoh i\ .147r 
d«Amyi mercaptan. 1 216r « 

Amyl mtnte, i. 216r 
Amylocarbol, i 218r 
Amjrlocellulo^, vi 3461 
Apiyloooagalase. vi. 34t»l, 3581 
Amylodaxtnn, \u 3511. 354f, 35tir 
«-Amylodextrin, \ i 360^ 

Amylofonii, i. 218r . u 547r 
Amjdmam, vs. 356r 
AmyloMi, u. 114r 
Amyloid gums, m 490f 
Amylopeotaee, it. 5031 
Amykpeetin, and am> lose. Ill 1391 
— , nature of, vi. 364r 

aubstanoe produoe<i in dep^l^memation of, 
iu« 3651 

Amykse, hexa-, vi 349r 

, nature of polymerised. \ i 364f 
AmylooM, heats of c4>inbustion of. \ i 362r 
— , the* Yi. 3611 

table of those isolated hv Piingsheim, with 
their eoceifie rotauon, \ i 362r 
Amjd salieylate, i. 216r 
AMhlmita, 218r 

Anaeanlliim nut and anaeardium oncntale i 21<tf 
Anaidmeta imod, and bark tanmn. \ t 6601 
^AiUmptheam, i, 222/ 

l^phenolauiphonate. \i. 637/ 

6371 

AmuUietioa, L 2191 

aaneqit and spinal, t 2201 
ioosl, 1 . 219r 

etructure of, vi. 610/ 

Awigytinet ii, 679r 
Analoana, YI. 1561 

, yH, 422r, 5661 * 

.ir.54« 
to,!. 2221 

, I. 2221 

AmiAjpiit,!. 2221*3261 

imiealion of apectrcMteoptc methods to *• 
cmWkm spectra, qualitative analysis, vi, 3171 
eijalkiiilfon of spectroscopic methods to- - 

31Hr 

odMmelfie methods of. i. 282f 
^***^*1’*NiS for, I. 22^ 

Mtov I WW lill 'W l lwtt , i. itu ^ * 

^isss^JsLr ^ «. 



Ahslyiiai hraeiicnal dlsifllaltah ^ M4I 
• practpiiatioiit«it2i6l 
^ satucation, i. 2241 
, eolation, 1. 294f 

t Mml operations in, 1, 222r 
, tioobh crueiblec, i, 225r 
. croup separations, i, 2311 and r 

^ .i— tn mvMMnAA ^ vdMup wwiitls 


1. 2331 

— , heating appliances, i. 226r 
— , hteiaturo on spectrosoopio methods ol,.vi, 


, precipitation, i. 224f , 

, predation of starch solution, i. 2701 

, qualitative, i. 226r 

, quantitative gravimetno methods of, i 

243f 


, reagents for, i. 226r 

, sampling, i. 222r 

, solution, i. 2241 

, special reactions of metals, i. 2361 

. treatment of insolubles, i. 220r 

— , \olumotiic, 1 . 2651-2821 

— , — , eMtiiuation of halogimH. i 275i 

- - , , graduation of instiuments, i. 266 

• measuienicnts, i. 2681 \ 

, - . standard solutions foi, i 2661, 268f ' 

♦ weighing, I. 223f . 

\naimna, cocoulus, or piniculata, i 3261 
Ananus, oil or essence, i 3261 
Anuncloms green, i 326/ 

Anaph>laxi8. and anaph}lato\m. mi 179 

4naspalin, i 3261 

Anatase, i 3261 

Anclueta bark, i 3261 

\nchu8m, i. 1421 

Anc>Ute, i. 3261 i 

<4nda*a8su, oil of, i. 3261 
Amiiilusite, I 3261, 107* 

«Vndeer*s lotion, ii. 55 it 

Vndesine, i. 326r 

\ndesitc, i. 32(>f 

3ndu*ine, i. 3271 

Andorite, i. 326r 

\iidrographiH piuiiculatu, i. 326r 

Andiosm, lu. 408r 

Ancsin, i. 3271 

Viieson, I, 3271 

4nethiim, \ 153f 

A»5 and 5^».\ngelicalatt(»ne, i\ 14? 

Angeltnc. i. 3271 
Angioneurosin, i. 3271 
4iiglcsitc, I. 3271, n. 89r 
Aiif^tura, IV. (3Hf 

— bark, ii. 436/ 

Angostunn, ii. 437/ 

^Jihalamuie, i. 3271 , iv 3eor 
Anhaliite, i, 3271 • iv. 3601 
Anholonidmo, i. 3271 ; iv, 360< 

Anhalonine, I. 3271, 1V..360/ 

Anbalomum, IV 359f 

, — alkaloids, i, 3271 

Anhydrite,!. 3271, 6211, vi 1981, 5141 

Anhydroberbertlic at id and den\ ati\«es, i. 555r 

Anil, u 327r 

Aniline, i. 327r 

acetate paper, preparslUon of, vi. 4731 

and denvattves, ginmeuial peopdiisii dt 

11 551r 


— borate, i. 6501 

,2s Onliohloro- and Its «4diulphoaa5 

5l9r 

AiuUna for Uue,** vil, 199r 
** Amiine for red *’ pvepsfation, and 
of, vii, 18ar . 

Aniline Hydcnchlofm, oMdiMiitir 
coiineeMon wj$h lofmatioii c»f» vL 9$m . 

— .* 



f « lnd iMu of, iiir. 

oil, vfkhu^on of 66mnvA«0M, i* 83(Nr • 

Sllf 

Antiiiieit, dtoitoos W, iW 
Aniline, pnitilplioiite add* vi. 492f 
ietranitro*, iiS. W 
Anainea, trinitro-, iv. 039r • 

AlM'line« a^trinitro-, v. 990Z 
AniUnoao^o add, v, 186^ 

Animal black, v. 299r 

• oil,i.627r 

Anittie oleo^reain, iv. 6981 
Animin, i. 627f 
Aniaaldehyde, v. 99r 
Aniseed, i. 331f • 

Anise oil, i. 331f ; iv. 637 
Anisette, sv. 1391 
Anisidine, t. 331f 
Anisoehilus camoswi, i. 3321 
Anisoil, i. 3321 
Aniaote, i. 3321} v. 168f 
^ o-iodo., vi. 6281 
— ji^odoxy-, vi. 6281, 632r 
— , o-nitro-, iv. 639f 

, irinitros v, 289r 

, preparation of. in. 32? 

Anisoiine, vn. 2101 * 

AniBomeles maluharioa. i. 3321 
Anlsotbeobrominc, i. 3321 
Anissdquinine, ii. 267f 
Ankmte, i* 3321 
Ankool bark, i. 332r 
Annabergite. iv. 6261 
Annaline, in. 494r . v. 85r 
Annatto, i. 332r ; u. 690r 
Annealing, i. 334r 
Anodynine, i. 336r 

Anogon, i. 336r ; iv. 28 Ir ; vi. 636r, 6261 
Anomite, iv. 3611 * 

335r 


m 


Anona murioata, i 
Attosol, i, 336f 
Aniaoedin, i. 335r 
Antalgine, i. 335r 
Aotbantlmine. v 6851 
Anthione, t. 336/ 

Anihocyati, derivation and 4H>nfltitntion of, v. 4821 
, dyeing properta^e of, i. 344/ 

Anthooyanldina, i. 338/ 

Anthoeyanins, i. a36<3441 
Anjbboeyanin glncoddca, i. 3411 

aubatiiation derivatives of, i, 337r 
Aadmklrrjn, i. 344r 
Aathokyan, i. S44r 
Anthoimaciii, i. 344e 
Anibopliyllite, I. 396r 
Antbwene, i. 344r 

edditioa compound of with picno acid, v, 

tm 

4«earboxyho acid, iv. 336f 

> *1<K» and «l»oarboxylic aisds, iv. 336r 

^dimnate dyes, ii. 583f * , 

> 4 1 S«diearboxyliD acid, iv. 339r 
^ «ai4ieirboxylic lusd, iv. 340r 
» «fN(llearboxylie arid, iv. 3411 
, eedfliation of ^ commercial, i, 348r 

> ^‘b^foxy-, i. e49f 
, int^lies in, i. 348r 

•»*> and otlier alkyl derivativoe of. iv. 

, M7l404r 

idnfciiUiy of in various solvimts, i. 347r 
4 1 2 1 4*tfi«arlK>xylic add, iv. 3461 
i. I$6f 

acid, i, 1361 

* in, c4iKydrox|r«, 4131 

, V. Wif 
Wf ^ . 

„jaeld.bl30« 

^ mUL leliii^j, i* W«r 
^ iddi« hpbm** f« tl3l 



Anibradasrone, iv* IStfl 

Anthragaltol, ^hydroxjr«, i, 137e * 

Afttbreiallok. dimetbfietbera A and ii« )33e 
«. and p-bydtPo^y^# »* f 331 
Anthraniiri* 1961 
AnthraniUe add, i» 196r 
Anthranol, i. 349r 

1 r 2«dihydroxy-, i. I26f 

— , 1 : 8-dihydroxy«, i. 1311 

, 2 : 3-dihydroxy-, i. 129f 

Anthrapurpurin, i. 13^ 

♦ diaoetyl ester of, vj. 6431 

Anthroouinone, i. 3601 

aldehydes, iv. 336r 

1 2-amtno-, i. 1971 

, amino-, acyl derivatives of, iii. 694r 

, l-amino-2-methyl-, i. 1981 

1 : 2-, and 1 : 4-Anthraquinone8, and 1 : 4 : 9 1 19* 
anthradiquinoiie, v. 679f 
Anthraquinono-l-oarboxylic acid, iv* 336r 

•2-oarboxylic add, and its derivatives, iV, 

337r 

. eatolytical preparation of, i, I70r 

- — cliearboxyhc acid, iv, 342/ 

- -2 : 3-dicarboxyhc acid, iv. 3391 

- -fn-dicarboxylio acul ami its salts, iv. 3401 

— -p-dicarboxylic acid. iv. 3411 „ 

2 : 6-dicar>M>xylio acid, iv. 34 Ir 

— -iN-dicarboxyl chloride, iv. 340f 

, 1 . 6-dichloro*, li. 6l9f 

— . 1 : 6- and 1 f-dihj’droxy-, i. ISOr 
— . 2 . 7-dihydroxy-, i. 1301 

, 2 • 3-dihydroxy-, i. 128r 

, 1 ' 3-dihydroxy-, i. 126f 

, 1 : 4-djhydroxy, i. 1271 

, 1 : 8-dihydroxy-3-carboxylio acid, v, 6361 

, dihydroxy-, constitution of, i. I3lf 

, 1 • 2-dihvdroxy- 3 6-diHulphoiiie acid, !• 

I26f 

, dimtro-. ii, 529r 

a- and p-disulpliomc acids, i. 1171 

, hexaliydroxy-, i. 137r 

. 1:2. 4: 6: 6. 8-, and 1 2 : 3: 5.6? 7- 

hexahydroxy-. i. 137r 

— , hydroxy and clihvdroxy derivatives ofc 1* 
1181 

• in -hydroxy -, ii. 1541 

- iroide, colours derived from, i»i. 694r 
, 8-mtro-4-aQllmo-l 3*6 7*tetrohydfoxy- 

2 . 6-disulphomo acid. i. 1361 
pentahydroxy-, i. 1371 
-, 1:2:4 5 8-pt'ntahydroxy-, i. 1371 

- , I 2:3:5. 7-pentah.vdroxy-, i. I37f 

, Rulphonic acids of. i. 1 1 51 ^ 

— , 1 ; 4 • 5 : 8-tetrahydroxy-, i. 1371 

— — , 1 : 2 * 3 : 4-, and I • 2 ; 5 : 8-tetraHydroxy*. 
i. 136r 

, 1:2:6* 6-tetraliydroxy-, i, 1361 

, 1:3.6; 7 -tetranydroxy-, and tta 9 n 6* 

disulphonio acid, i. 136r 

— *1 ; 3 : 6-tncaibboxylio acid, iv. 346r 
-1:2; 4-trioarboxylic acid* its salts and 

derivatives, iv. S44r 

, 1:2; 4-trihydroxy*, i. 1331 

, 1:2; 6-tnbydroxy-* 1 . 1361 

, 1:2* 7-trihydroxy*, i. 1321 

Antbraquinones, trihydroxy*, i* 1321 
.Anthrarobin, ii. 248r . 

AnthraruOn, and its dimethyl ether, I* 1301 

, ethyl etheie of, i. I30f 

Anthraeol, i. 352f 
Anlhrols, a- and p-« L 3521 
Antlirone, i, S49r 

, bromo- J. 3601 

AnUarin, Hi, iuBr 

and 11.5261 

AntisV msin, ty362l 






AnSdiabeitiiiie, u 352f 
Aniidin^j. 

Antifebrin, i. Ill, 362f ; vi. 6151 

Anitfomun, i. S52f ; 5411 ; vi, 629r 

Anti-friction metal, i. 3601 

Antifongin, i. 353r 

Antigel de S0ret4, iii. 40r 

Antj^ne, i. 613r ; vii. 176f 

Antigennin, i. 353r 

Antigorite, vi. 661 

AntierisQn, iii. 621 

Antinypo, i, S53r 

Antileprol, i/352f 

Antiluetjn, i. 352r ; vi. 641r 

AntimCnial silver, ii. 6111 

Antimonials organic, i. 352r 

, synthesis of aliphatic, i. 3531 

^ of aromatic, i. 3.’)3r 

Antimonin, i. 3551 
Antimonious oxide, i. 363/ 

sulphide, v. 2941 

Antimoniie, i. 3551 ; vi. 401f 
Antimony, i. 356/-363r 

, alloy of witJi copper, i. 361/ 

, alloy of with manganese, iv. 213r 

— — , 01103^8 of, i. 360r 

, alloys of with chromium, ii. 234/ 

, alloys of with cobalt, ii. 296r 

, alloys of with tin, vii. 54/ 

, atloys of with zinc, i. 360/ 

*— — , alloyB of with zinc, and their uses, vii, 579/ 

, assay of, i. 41 Ir 

blende, iii. 7021 

, butter of, i. 362r 

cinnabar, i. 362r 

colloidal, employment of as a drug, vi. 64 Ir 

croons, i, 362/ 

f detection of, i. 359r 

, detection of in organic compounds, i 283r 

— — , electrolytic estimation of, i. 3 1 Sr 

^ separation from tin, i. 32.0/ 

— estimation of, i, 359r 

-idanoe, vi. 401r 

, glass of, i, 361r, 362r 

» l^lden sulphide of, i 362/ 

• gravimetric estimation of, i 245r 

*Miveiw of,»* i. 362/ 

orange, v. 294r 

mmlates, iv. 733r 

oxidn pigment, v, 41/ 

— oxyduonde, i. 36,3/ 

pentasui^ide, i. 362/ 

7 -, pigments containing, v. 294/ 

, proper^es of, i. 360/ 

quantitative determination of in organic 

compounds, I. 293r 

red, iii. 702/ 

, refining of, i. 367r 

. " '^'■1.- safiWm. i. 362/ 

** Antimony sidts,” i. 363r ** 

Antiinoiiy sesquisulphide, i. 361f 
special reactions of, ^ 237/ 

*- tartrate^ vi. 690r 

tervalent orgmiic derivatives of, i. 354f 
\ testa for impurities m, i. 3591 

• HkMoride, i. 362r I 

*t»10idde,i.363l I 

' tiliR^^de, i. 361r from vnriotw ' 

vainatione m atomic wei'*' 
aoiifoee, vi. 402/ , 

• tremilien, v. 4^-ation of, i, 272/ 

VfiMg 

ri* 364l: vi. 625r 



Aaiipvriiie, i. 3641: r. 436rt Vl. 6l6r 
B-Antipytifie, v. 4fi9r 
t^Aniipyrine, v, 4691 
Antipyrine aeetsrl aalioyjate, vi. 6l6f 
bromodimethylamino*, v. 602r 

, compounds of with mercury and oth^ 

elements, antip 3 rrine oil, v. 467r 

, 4-dimethylawdo-, v. 488/ 

mandelate, \i 616r 

, -jGl-resorcylate, valerate and oilier de* 

rivativee of, v. 488r 

salicylate, v. 488r ; vi. 22r, 488r, 61 6r 

tests for; quantitative*' determination of; 

and physiological properties of, v, 487/ 

urethane acetamide, v. 489/ 

Antiseptics, vi. 624/ 

, use of in brewing, i. 682f, 686/ 

Antisoptine, i. 364/ 

Antiseptol, i. 364/ 

Antispasmin, i. 364/ 

Antithermin, i. 38r, 364/ 

Antitoxin, Brieger and Boer*s method of sepivat- 
ing the antitoxic constituent, vii. 177/ 1 

Antitoxins, i. 61 8r; \u, 174/, 176f 
Antivenin, vii. 177/ 

Antiveniiis, vii. 176r 
Antodyne, vi. 61 8r 
.Antozone, i. 364/ 

Anusol, ii. 551/ : vi. 625/ 

Apallagin, vi. 625r 
Apatite, i. 364/ 

, hydroxy., v, 190/ 

Aperitol, 1 , 364r; m. 643/ 

Aphthite, 1 , 364r 
Aphthitalite, i. 364r 

Apigenin, and its denvation, v. S2r ; vii. 325r 

, and its separation from luteoUn, vii, 457r * 

Apiin, 1 . 364r ; iii. 408r ; \\ Sir, 82/ 

Apionic acid, v. 82/ 

Apionol, V. 177/ 

Apiose, ii. 40f ; v, 82/ 

Apios tuberosa, i. 365/ 

Apoatropirie. vii. 21 6r, 218r, 219 
Apolysm, i. 365/ ; vi. 61 5f 
Apomorphine, iv. 713r 
Apomd, i, 365/ ; m. 620/ 

Apophoromeier. the, i. 365/ ; \i, 422f 
Apoquinidine, ii. 269r 
Apoquitiine, ii. 26dr 
Aporeine, i. 365r 
Aposafraninc, i, 446r 
Aposafranone, vi. 11/ 

Apothesine. i. .365r; %i, 637r 
Apoturmeric acid, vii. 245/ 

Apoyohimbine, vii. 561/ 

Appallagin, i, 365r 
Appertol, f. 365r 
Apple, i, 36rir 
— , bitter, ii. 339r ^ 

pulp. I. 366r 

A^Im, chemical composition of, i. 366/; ii. 

. CB'ience of, i. 366/ 

Apple tree, i. 366r 
Apricot, i. 366f , ’ . _ 

-™ ^ oil of, I, 367/ 

I. 40//; vi, 23r, 6177; vii. 249/ , 

Aquamarine, i, 585/ 

Aqua re^ia, iv. 562r 

vieju, iii. 647r 

vitae, i, 367/ 

Aquila alba, iv. 274f 

AnMr, mM, iii. iWr 

Arabm, 111 . 488f 

/•Arahin^, ii. 38r ^ ' 

Anudiidio acid, i. 3671, 657r 

— — ''i- 
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ADmIOim. i. >«> » ' 

AtMl>bi,i. IIW 

Axmi/lmi>a,LWf 

oil, Ifodtead. vj. 6£8f 
AnuMMiite. L Mif 

ptmttnM of in boiler inonutaiion, i. 620r 
Aralt* b«rk» i. 368r 
Anlla< iti« 4031 , 

Aronruta* vi. 382f 

Arasina gurf^i, i. 308f 

Arbol<*a«brea resiu, i. 366r : iv. 607f 

Arbol do la oera tree, vii. 4621 

Arbatin and its methyl derivative, iii. 4091 and 

Arohellino 2B, i, 44^1 

Archtbromiii, i. 368r 

Archil, see aUo Orchil. 

, i, 3691 

— — C. brilliant, i. 461 r 
— eubatitute extra, i. 461r 

3VN. i. 460r 

V, i. 460f 

Archiodin, t. 3701 
Archoniom, iv. 6161 
Ardennite, i. 3701 
Areoaidtne, i. 3701 
Areoaine, i. 370r 
Areca nut, i. 3701 
Areoolidine, i. 370r 
Areoohne, i. 3701 
Atgal, see Argot. 

Argaldin, i* 370r 

Argon oil, i. 370r 

Argatoxyl, i. 3941 ; \ . 6ifr 

Argentamine, i. 370r , v.i.ur 

Argenian, iv, 6301 

Ar^iitarsyl, vL 64 Ir 

Ai^utiferoua copper-glance, \ i . 4061 

Araentine, t, 370r 

Argeiitite, i. 370r^ vi. 1001, 1261 

Argento-cuproiM sulphide, vi. 4061 

Argentol, i. 370f ; vi. 132f,*626r 

Argeniorat, i, 370r 

Argiuaee, i. 370r ; Hi. 1401 

Argttiitie, i. 3711, 3731; v. 4581 

— estimation of, v, 469r 

ArgOohrom, i, 3041 i vi. 626r, 6391 

Argoferraent, i. 3731 

Argodavine, vi. 6301 

Algol, i. 3731; vi. 6801, 687f ; \u. 4721 

— analysis of crude, vi. 6841 

Argob, astimatiou of, vi. 604r 

Argon, i. 3731 

Argonin, i. 37if 1 vi. 132r, 626r 
Argttlati, i. '374r : vt. 626r 
Argyitidite, i. 374r 
Argyrcasoin, ii« 172r 
ArS^i* 37^” vi, 1331. 626r 

Arhoin* i« 3761 
Artbinet i. 3761 
•Aridite, ii 278f 
Arisftidittie acid. i. 3761 
add, i. 3761 

Afbloeldilti. 3761; vi. 6231 
AditoLi. 3761; in, 6671; vi. 6281 
AibulteiMsid, 1.3761 
ArisidMhiaa, L 3761 » 

AdilMtdlifiie, U ZISl ; ii, 267r 
Af5t«Vi»«3«iii. 521 
ArltoMt vi, 331 
AiimUtm, XMIiI, V, 6681 
MnMWdtia. vi. MOr 

S vtanMtnm. reMTa n g MO ent to, 
I«.v.e05r 

. .i.* 


AftoiVToob Bermuda, and Natal, micmooi^ea 
apMtaiieM of, vi. 387f 
— ifiNitudiiiin, ii, »6r ; vi, 3831 

^ derivation of name, vt. 38lr ^ 

— maaufaetute of, vi, 380r 

starch, mannlaeture of, vi. 380r 

, yield of per acre, and oompositiou of litiisiied 

starch from, vi, 38^ 

Arsaoeiiu, i. 376r ; vi, 640f, 64 Ir 

•quinine, i. 376r 

Arsalyte, i. 37 6f, 3941 
Arsamtn, i. 3761, 3901 ; vt. 640f 
Arstktmnal, i. 3041 
Atsammol, m. 6411, 6421 
Araamoii, \i. 64 Ir 
Amaii, i, 3761 
Arsamho acid, i. 3761 

Arsenetted or araeiuuretied hydrogen, i, 3801 
Arsenic, i. 3761-3941 
“ Arsenic,’* i. 3801 
Arsenic acid, i. 384f 
, determiaatioa of, i. 63r 

— , alloys of with cobalt, ii. 296r 

— and arsenical genmcides, ii. 545r 
ArsetucHl compounds, employment of m insecli* 

cides, V. 322r 

from moulds, i. 3881 

— muiidic, IV. 396f 

pjyritos, i. 3941 

Arsemcals, aliphatic, i. 3881 

^ , synthesis of, i. 3871 

, aromatic, i. 3891 

— , . synthesis of, t. 388r 

— , organic, i. 3861 

^ j as ehemothcrajHiutic agents, \i. 639r 

^ , use of 111 chemical warfare, i* 3931 
Arsenic, assay of, i. 41 If 

, butter of, i. 3861 

, caustic oil of, i. 3861 

chloride, i. 3861 

, detection of, i, 3771 

^ _• of 111 organic compounds, i. 283r 

disulphide, i. 3861 ; \ , 294r 

, electrolytic estimation of, i. 323r 

— , estimation of in pyrites, vi. 6661 

. flowers of. i. 3801 

glass, i. 382r 

, gravimetric estimation o<, i. 246r 

, m<^lting- and boiling-^uit and triple - 

point pleasure of, \ i. 419 
, mibcellaneous organic denvatives of, I. 992r 

- — mould, 1 . 3941 
oxide, i. 384r 

peiitasulphide, i. 386r ^ ^ 

pentoxide, i. 384r 

protein oorabinatioiui containing, L 3931 ^ 

, quantitative determination of in ofgame 

compounds, i. 293r 

rra or arsenic orange, v. 294r 

, separation of from other metals, i. 37f^ 

, special reactions of, i* 2371 

^ sulphides, i. 3861 

trihydride, i. 3801 

tri-iodide, i, 3861 f iii. 65 Ir 

— — trisulphide, i, 38^ ; v. 294f 

^ volumetric estimation of, i. 272r , 

, wldte, i. 3801 

- — xanthate, use of in estimation of varbon 
disulphide, vii, 6081 , 

• ymlow, v. 294r 

/ sidol^eof, i. 3861 

Arsenious aoidl i* 

— oxide, (.wrir 

aa used in glam-makiQg, Hi, 386f 

mtdling» and botling*pomt aoA tnj^ 
point preesuia vi. 41g * 

Amentflietiaemk^ : S'«diainiiio»4 s 4 

vt, I33t 
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AiMipteifcSa* u UU 

Aiietiogm, U 9941 

AnNdiiof>li 0 Bol» vi. 640r 

Axsen^lonito or amenioal pyrites, iv« 3$4f 

Aimmotrifema, i. 9941 

AieefM^uiigstovaiisdtttes, vli. 2391 

ArBen«plieaiolsiiiiiie, i. 3941 

Anme* i. 9801 

Ajesinio aoid, 4 »ammophonyl-, i. 3002 
Jixsiaoeolviiie, i. 394{ 

Arsphenamme, i. 394f ; vh 6412, 6422 
Artanue, i. 3941 
Artemunn, u 3942; m 382 
Arteteiial, t. 78f, 3942 
— , raoemio, i. 802 
Arthnticttie, v. 305r 
Artichoke, ^be, and Jerusalem, i. 3942 
, Japanese or Chinese, i. 394f 
Artiste* oil, iv. 1272 
Artooarpos bark, i. 30 tr 
Antm maculatum, i. 394r 
Arum starch, >i 3852 

— , microBcopcal appeal ante of, m 387f 
Aryime, ii. 1732 
Arylimtnes, iii. 713r 
Asalmtida or asafetida, in. 4812 
Oil, IV. 6372 

Asapsol, 1 . 32 ; ii. 551r ; vii. 1862 * 

Asamm canadense, i. 394r 
Aabarg, I. 3952 

Asbestifonn groups of mmerals, i. 395r 
Asbestine, v. 41r 
Asbestos, 1 . 395r ; ii. 421r 

, Oanadian and Itakaii, i. 395f 

— pteparation of for employ mout in filtenug, 
vi. 465r 

AsboUme, i\ 21 ^ 

Asbolite, viu 3272 
Asdnana, t« 6872 


AspkUitiii^ iiiL 

Aspidospertmfie, 4ui|ddospe4fiMtia4 end sijlpideis^ 

* amkiet v, 93lf 

Aspiraitors, I. 406r 

A^i^, i, 4082; v4. 23r, 6171 

Amnns, ealdum, btliium and sodium, vl. 9i1l 

Aspirin, soluble, id. 695r ; vi, 23r, 6172 

Aapirophen, i, 4081 

Asqmrrol, i. 4082 

Assaying, i. 4082-4222 

— — , fluates employed for, i. 4102 

Astatki, 1 . 4222 

Astenn and its chloride, i. 3492 

Asteiol, 1 . 422r ; iv. 280r ; vi. 625f 

Astraline, i. 422r 

Astialite, I. 422r ; iii. 282 

Astrolm i. 422r 

Asurol, I. 422r 

Asyplul, i. 422r , vi. 641r 

Ataoamite, i. 422r 

Atelesite, i 422r 

Athar or Attar, i. 42if 

Atherospormataiuiin, vi 6602 

Atisino, 1 . 662, 692 

Atmosphere, i. 422r-42Df \ 

— aqueous \apour in, i. 426r \ 

, presence of organn matter m, i. 128f 

, ladioaotive constituents of, i. 4292 

— , separation of constituents of, i. 4242 

^ unit of pressure of, i. 423r 

Atomic numberH, v. 6322 
Atophan, i. 4.302, \. 5482; vi. 6312 
Atoxyl, I. 386f, 3002, 430f ; \i. 64 If 

, and cause of reactivity of, vi. 6402 and f 

Atractilin, m. 2412 

Atramentum stone, i. 430r / 

Atranoiin, i. 430r 
Atianonnu acid, i. 4312 
Atiinal, 1 . 4312 

Atiolactif (atrolaetuuc) acid, i\. 112 


Aseptin, t, 3972 ; \i 24f 
As^itol, 1. 3972 
Asfrax, i« 3972 
Ash,!, 3971 
Asbbmy metal, i. 3602 
Ash oonstitnents of food, i 400r 
— mountain, i\ . 3962 
— of ansmals, i. 397r 

of irssfa- oc air*dned agricultural products, 
iJI98 

of plants, i d99r 
Asjidiyi,^625f 

Asasaaitet viL 180 r 
Aqpsvagine, u 4012 
AsMKiiifni, ir 409r 
Asm^adii,!. 403r, 4582 

Aipsftawmiie aeid, vi. 6602 
Asibilias,ld. 192 
Aapiialt, i, 406r, 6012 : 672r 

— Sftirfkisi, I. 4062 

Bsnilisim, and oompostlion of tor produced 
bor disittlaliofi of, 30& 

Bfgypliaii, oumposiiipa of, v. 309r 
AdimallesMi^i, 405r 

a m d s m rignifioanoe of te», v, 3f0f 
At p h ii t , gas«t«r, i. 4061 
A4||M«ins, V, 309f 
i, 466f 

idsk,, and i^ximate oompodtCon of some 


nsid lair nnirinsu v. sio 

ibr paving, ooaMar 

yr| totmerion bstwean nafnral and 

mSSSK MW * 

g^iviMPwUiiMw !»{,▼. SIM , 




Atropamme, mi. 2102 * 

Atropine, m. 4052, \ii. 2 l 6 f 

methoiiitraie, vi. 638f 

, occurrence ojf, and properties of, vH, 21 7r 

— , reactions and constitution of, vii. 2182 
— - sulphuric acid, >i. 623f 
Vtroseme, \i. 55r; \ii. 2212 
At^ros^l, are also Asyphil, i. 422r 
Aucubtn, 111 . 409f 
Auramtne, i 4312, \ii. 2022, 2142 
— » G, 1 . 432r 
O, i. 431f 

Auramnies, umiionofd rearrangement of, v. 6031 

Auramine salts, i. 432r 

Auramines, sulwtituted, i. 432f 

Aurantia, u 4332 

Auraxitine, i Ir 

^ureolin, v. 422, 2972 

Aunc acid, cbloro*^, iii. 468f 

bromide, iii* 45# 

chlortde or trichloride, ik. 4582 

, asm alkaloidal pmcipitaiii, I, flOr 

Atmoome, iit. 5572 
Auno sulphida, iiL 457f 
Aurtmi. 572} vii. 209f , 2141 
Aunpigmentitm, iv, 729r ; v, 994r 
AnnMorio solplitde, bL 457r 
Aurooanian, i* 483r ; vt. 6971 
Aufodbln, i. 439r ; id. 1^ 

Auroplismtis O, I. 4001 
Aufoi^, vd. 905r 
Antons bfomids and lodfale, lil, Urn 
^sMbri<is,Hi 458l 

AnrUdi, Iv, 999e , 

AitnnineMiMni,i.4iari mmrt 

69e 

Aniaoi 

•M' i * 


AnimhllMMib 9^ 



: (itSr 't' ''v'. ' “ 

Avtoute, viL 268r 

A nAiHfMa .t|(m, y. •tl' 

Autunite,!. 434f ; v. mii viL mif 
AxupchvoiDffs, 4. 846r • 

effect of miultipUcation o£ ott depth of oolour» 

ii. 352f 

Av% i mi ^ 

Avanturise, 433f 
Aveatti^ane^ i. ia8f« 

Av^fioh ^ains» i. 4352 
Avocado pear« i. 4352 

' : , oil of, i, 4352 

Awal» i. 43^ 

Awaroite, iv. 5252 
Axin, i. 435f 
Asdnite, i. 435r 
AxitO) iii. 782 
Aeadiraoht^, i. 435r 
Aeafran, i, 435r 
AxafFimillo, i. 435r 
Azaleln, vii. 188r, 1892 

Aeahne, employment of as a scnsitiser in photo- 
graphy, V. 2282 
Aeariue 8, i. 4632 • 

AsBelalo acid, i. 4362 
Aeelaone, i. 4362 

AetdeSf benxyl ; chlorine ; hydrazine ^ iodine ; 
and phenyl, i. 4a7r 

enmloymcut of iia explosives, iii. 87f 
Aeidine Bordeaux, i. 481r 


Aao #0^ ppvl^ esBiinied in pi 

‘,1 Mg' ■ A iCJlA» > ' 

jDOlQiafKIg mOV " 

A<#i«lid44» f<«vwi4n U. i^ltr 
AsoHtiBE£iv496rsiy348^ 

ABomethane, ti. 5181 
Azoninin baaee, i. 4361 

, amino derivatives, of, i, 446r 

and safranines, i. 443f 

, diamino derivativea of, i. 4472 

Azophenine, v. 568f 
Azo phloxine 2G, i. 468f 
Azophosphine BKO, and GO, i# 462f 
Azoresorcin, v. 6672 
Azorubine, A and O, i. 4692 

S, i. 4692, 4702 

Azote, i. 498f 
Azotine, i. 498r 

Azotobaoter chroococcuin, nnd identificatioil Of In 

soils, vi. 2712 
Azotol C, i. 467r 
Azotometer, i. 498r 
Azo Turkey red, i. 4572 

Azovermin, u 498r • 

Azovemin, vi. 638r 

Azoxybenzene, i. 498r, 57 Ir 

Azoxy-oolouring matters, i. 4992 

p-Azoxy-o-toluidine, i. 4992 

Azulene, i. 499r 

Azulin, i. 499r ; vii. 203f 

Azurin, i, 499f 

Azurine 5G, brilliant, i. 4892 

— — , sulphone , i. 4842 

Azurite, i. 499r ; ii. 372f ; v. 2942 


— purpurine lOB, i. 483f 
Aziminobenzene, ii. 5 Kir 
1 ; 6-AziiiiinouaphUialeiie, ii. 513r 
Azliies, i. 4362-451r 

•—-^.colouring matters derived from. i. 4412 

evidence as to structural fomiulsB proposed 
for, i. 4492 

, generic character of, i. 4392 
-t— of phenanihreno group, *. 440r 

quinotioid reamuigement of, v. 6042 
syntlietioul methods for production of, i. 

458f 

typical representatives of, t. 439r 
. Azo alizarine Bordeaux W, i. 4782 
4892 

Alz^benaene, i. 451r 
. Az^bilBaeOequiiione. v. 6872 
^ Ihildeaux, i. 4672 
cac&ial G, i. 4612 . 

Azoeltfoiniiie, i. 4632 
4642 

Amodbineal. i. 4682 
; Ai6«boloiiring matters, i. 4522--496f 

general properties of, i. 4552 
' Identificatioil of on the fibre, f* 456r 

preparation of diazo*salts of, i. 453f 
Alfb^^eoloufs, direct lormatioii of on the llbio^ i« 456r 
Aso^nspouiids, acid,' i, 4602 ^ • 

— bM&> i. 4S8f * 

: mikomoid rearrangetneut of, v.. 61111 

AaoQOfaUine L, U 466r 
Aiopwii^ . s. 485r ^ 

inzoluble, H. 589r 

volmnetrio estimation of wHli (ttanot's 
762 


B 

Ba hint's metal, t. 4992 ‘ > 

Bablah. i. 4992 
Babul bark, i. 5002 
gum, i. 5002 

Bacillus amylobacter, action of on starch, vi. 
360r 

AmylozymicuH, action of on starch, vi; 366r 

macerans, action of on starch, vt, 360f 

action on starch of degenerate specimen 

of, vi. 361f 

mesentericus vulgaius ; B. subtifis and B. 

fiuoresoens liquefadens, in soils, vL 2Tlr 

myooides in soils, vi. 271r 

uitrobacter. B. nitiosomanas aoropea and 

B. nitroooccus javanesis in soils, vi. 37|r 

saavoleus, action of on starch, vi. 3661*, • • 

typhoid fever bacillus in water, meltkoda of 

searomng for, vii, 4062 and f 

, typhoid,verifioatioii tests for,., smt 

which are characteristic of or exf^M ; jntf; 
presenoo, vii. 4072 and f , -i ?}; . 

Bacteria, action of on starch, vi. 3602 ^ ^ ' 

, i^lutiiiation, and other testa 

tiiiguisliing, iii. 158r " , 

, chemical aeiiona>f, iii. 1542-1632' 

, dassifioation of anaerobic, iii. tOOf 

, devitalisation of pathogenin in natliiit add' 

surface waters, vii. 3832 

, fermentations produced by, iiL IS# 

-- — of the soil, vi. 268f 
j^oxidising effMto^uoed 

istios o^. ty]|^om, vii. 4081 aiid r 
— , B. ooU cornmonia, and atypiea||iMiiiMt^' 

4062 , * ■ ' 

oomparagvs number of ft: eoft 
.tii-Mia and of ilaginMi B; eoll' 
artidas of loml'aad'vmili; 

minaiioaof ftaoUladiMai^ 

and BBl bile aah hidtk 
plowed id tg^vafioii fit JftdrttWN 



INIXKK. 


BMtariekar. tiMai giviAg uppravka;^ ttuaten 
U M. «U fcwa v«*iQu» griwps of Iwuwtt tad 
mcioivtAt viOi* 411 

, typhoid tearim, aiid raulta of ayutematie 

ojcaiifiiiation of water, vii. 420f 

, typhoid«ooli group of baoilU ; and luit of 

eubetiiuioea need m btochemical teHts for, vii. 
40gr ^ . 

vitality of the apirillum of.Ahioiio cholera iti 
potable water, \ii. 415/ 

Baotedolyauia, i. 518/ 

Baddele^te, i. 500/ ; \ii. 605/ 

Bael test, i, 500r 
Baeumlertte, i. 500r 
Bagaaee, i. 600r 
Bakelaque, vii. 300/ and r 
Bakehte, mi. 309/ and r 

, A, C, liquid and solid, i. 500f 

Bakenie, i. 501/ 

Bakhar, i. 501/ 

Baking-powders, i 501/, 6bbr 

Boraitk's, Cianiptoirh, Goodall h, 

Green*s, Horeford’s, Rojal, Hmuford’s, and 
self-rauing, i. 501r 
Bako nuts, i. 559/ 

Bokuiu, 1 . 503/ 

Bakuol, and ita Oaali poitith, i. «50J/ 

Bakurm, i. 502/ 

Batanoe, the, u 502/-'520r ' 

— amstment of, i. 504/ 

, ooinpound lever, i, 51 Jr 

, decimal, u 514/ 

, eooentnos of, i. 506/ 

, elasticity of, i. 514r 

, eatablialuneut of jicrfeet ciiuilibnuin on, t 
507r 

— — , ffravity Iwh, the, i 507/ 

, hydrostatic, i. 515/ 

— — , Jolly spring, i. 514r 

, micro-, t. 525r 

needle and scale, i. TiOOr 

. ndcr, the, i. 507/. 506f 

, Ritcliie'a, 1 . 5l4r 

jBotDan. t. 5l2f 

— , aettittg up and testing of, i. 511/ 

Balances, unequal-arined lever, i. 51 Jr 

Balance, tangent, i. 512r 

-- — • tmpeniture coeflieieiitb of, i. 520/ 

, theory of, i. 506/ 

tomon, i 513/ 

Balanophorm, \ii. 135/ 

Balata, i. 529r 

BaMwin's phosphorus, i. 743/ 

BallisUto,m.75/ 

Norwegian, ui. 7 6r 

Canada, or baktain of 6r, iv« 700f, <01/ 

,Hn,i.an 

vm,i. tSOt 
• AetioiA, i. 5331 
— ^ — , XaotlMtriKM. I. 6331 
Italwun, iriiita Peru, I. 33lr * 

— — jjfrfloir, I. *33t 
Beaiboe, L 633r 
BwMHM.i.S33r * 

II«iMloiin.i. 1131 

B««Mb tw», i. W 

BaSM^'LfMr 

1. Mt4r 

, «ad its tnbRMiKMieiivauve. i. SMI 



I tar." V. liar 
tln,f. I64{ 

_».U«s iiL40« 

if ‘ **'•* 

•p.iiM, MtltaMt mdt sad aestyl denvstivr of. 
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jMbii shf aM m S. a# 1 seoi 


Bsrbiiaaaai, vl. SM 
BailitaoriD sc^ T. iW 
imBarbitiiric a^d, v» 500f ^ 

B^uricaoid, a^yl and halogen dei«^ivet o/, 
V. 497/ 

amino derivatives of, v, 498/ 

, carbamido-, v. 499/ 

, condensation of with aldebydes and 

ketones, v, 500/; with aromatic maioniiun 
chlorides, v. 500r 

— 1 ; 3-dimethyl-5-nitror» ii. 5281 
, I -methyl- 5-tutro-, li. 527r 

, 5-moiio-, and 5 : 6-dialkyl derivatives 

of, \. 499r 

, nitro-, ii. 527/ 

, uoniiioso derivatives of, v. 497f , 

, bulphumino-, \ , 498f 

Barilla, t. 538r ; ii. 9br ; m, 159/ 

Banllor, i. 538r 
Bante, i. 656/ 

Barium, 1 * 539/-550r 

amide, i 5 15/ 

amtnomuin, i 545/ 

— arsenatea, i. 619r 
borates, i 64Jlr 

— bromide, i. r>43f 
carbide, i. 544/ 
carbonate, i. 54 1/ / > . 209/ 

— , employcit in glass-niakmg, lil. 388r 

- diloiate, I. 543/ 

, eiuplo>nirni iii explosive mixtures, in. 

20r 

chloiide, I. 542/ 

(Iilorite. I. 54J>/ 

(hromaU*. i. 545/ , ii, 214r; v. 296r 

tyaiudc, ti. 467r 

— dichromate, u 518/ 

dimetnphospbate, i. 54 8r 

cliHulphute, I 54 7r 

dithionate, i. 517r 

, estimation of, i. 550r 

cuxanthate, ni. 599r 

— fluonde, i. 544/ 

— , gia\mietric CHtiinatioii of, i. 245f 

— - hexuinctaiihobphaie, i. 549/ 

— hydroMulpiiide. i 546r 
h^droNide, I. 541/ 

, iioiniiil sohitiom of, i. blr 

— locliitc, I 544/ 

— — iodide, I. 5l3r 

— luetiite, i\. 9r 

- uuuigauate, i 548/ ; iv. 216r : v. 297f, 896r 
numgaiupyiophosphatc, vi. 245r 

. — roonometaphoaphate, i. 548r 

motiosulphide, i. 54 5r 

— — filtrate, i. 546r 

— nitride, i. 545/ 

lutrite, 1 . 546/ 

, (III a diaxotising rvnigent, ii. 508/ 

orthophosphates, i. 549/ 

> ^ - ortltothioanietiate, i. 549f 
•- — oxalate, iv. 733/ 

- , oxides, t 540/ 

— oxj^bromides, i. 543r 

- oxychloride, t* 543/ 

oxytodi^, i. 543f 

-parisite, ii. 375r 

psntasuiplude, i. 547/ 

perchlorate, i. 548/ 

periodate, I. 544/ 
fiermniigaiiAte, I. 548r { ly. 218/ 

pofoxidof i. 540r 

— hydrated, i. 5421 
phosphide^ i. 548r 
-.p/crile»v.28tf 



rtnlimjrtci, 1. 84U 

— MHMriitionr ot|»f fl e fiiint w, i* 2«0f 
ittubaleit i» ii^ir • 

— ^ ftodium i» fi(47r 

«peotol Metlaiitt of, i, 289f 
stearate, iv. 67fir 
vabolilQ^e, i. 6421 « 

ottlphate, i. 647f 

— sttlpbite, i. 6471 
oiilpliooartwnate, i. 647f 

— (aanato, vi. 6511 

— tartrate, aiidjGK>lulnlity of in wator at vanotu 
temperatures, vi. 689r, 690f 

— tetraaulphide, i. 546r 
— thiosulpnato, i. 548f 

titanate, t. 6601 

tninetaphosphate, i. 548r 

— « trisulphide, i. 546r 

, volumetno estimation of, i, 272f 

yellow, V. 42/ 

Bark bread, i. 550f 

, Oliver’s, IV. 7031 

— patent, and bark-liquor, v. 537f 
Barley, i, 650r ; it. 136r 

aversive oomnoHition of, i 67 U ; ii. 1372 

• estimation of standi in, vi. 392r 

, pearl, i. 6512 • 

— mareh, miorosoopiral appearance of, vi. 381 
straw, u 5512 
— varieties of, i. 660 
Barm, 1. 6632 ; see o2eo Yeast 
Baroque, v, 662 
Barreswil’s solution, i. 5.522 
Bamae, vii. 477r 

Barutine, i. 554r, 7272 ; vi 22r, 634f 

Barwood, i. 554r ; ii. 590r 

Baiyta, oaustic, i. 54 12 , aho llariiim hydroxul 

— 'felmar, i. 6302 

— , hydrate of, i, 5412 

ydlow, V. 296r 

Barytes, i. 5472, 5562 

pfeoipitated or artificial, v, 2092 
— substitute, v. 41f 

white, V. 2002 

Baryto«oalmte, i, 644r, 556r 
Baiytoeelestine, vi. 406r 
Baiytooeleatite, i. 5392 
Basalt^ I. 556r 

Basaltie rooks, oomposiUon of, I, 6572 

Baaamte, iv. 17 Ir 

Baaaati, u. 106r 

Base» BfUkdrowski’s, i. 5342 

BasML hexone, v. 459r 

Basie n^, analy^ of, in. 1891 

manunal value of, ui. 176r 
BasiUeon, s. 557r 
Bam," ii« 1162; Vn. 4541 
Bestia mahwa, i. 557r 
^~ 0 ils,i. 557r 
Bsaiwood oil, i. 556r 
Bast i. 559r 
BetmMto* I* 659r 
Batate, 1.6691 
BaBi bfiek, i. 6602 
metal, 1.6602 

Battarelifomes and hypsoohroroes, ti. 346r 
^ BaUabs, iv. 394r, 396r 

, , MtrMtory matwruti, ii. 4S6r 

r tdlovt tv. M7r 

V** Md .^dttw«. Vb M2( 
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lY* 6«r 


Baailtol, 2.6611 # 

Bdelliiiin, J^an and Alnoan, Ui. 4622 ^ 

Bean; ailaaki, earob or loeiist, flidd or Itbme, 
Fimeh or kidney, Java or Luna, Soy or 8oja, i. 


oalabor, astimatiDn of alkal o ids in, iv. 7222 

oil, vi. 2902 

, ordeal or Calabar, iv. 720r 

, soorlet^nmner, vi. 641 

starch, iseicrosoopical appearance of, vl. 

387r 

Bearberry leaves, i. 662r 
Reonng metal, i. 3602 
Bebeerine, i. 562f 
Beberme, i. 662r 
Beohikto, i. 6i3r, 6442 
Beokelite, i. 562r 
Beokente, i. 1842 
Beoqiierelite, vii. 261r 
Bee-bread, v. 4492 
Beechnut oil, i. 6632 
Beech tanmn, vi. 6602 
tar, 1 . 5632 

Beer, analysis and percentage composition of 
chief types of, i. 685 

, characteristics and defects of, i. 686r 

, detection of caramel in, ii. 22r 

, of furfural in, iii. 2852 

, methods employed m brewmg Bntisli and 

lagor, i. 67 fir 

• preservatives and antiseptics in, t. 682, 

6862 

{ Sorghum, vi. 2S9r 

I Beeswax, vu» 4352 

^ addition of oil of turpentine to, vu. 440f 

— , analytioal values, acid, saponification, and 
ester, or ether \ alues of, vii. 436r 
— , bibliography of, vit. 44 If, 442r 
— , black from Dutch Indies, vu. 4401 

, chemical agents employ^ for bleaching of, 

theory of bleaching of, \ii. 4412 
~, chief const ituents of, vii, 4391 

, composition of, vn. 4371 

, foreign varieties of, \ii. 439r 

hydrocarbons in, vu. 437r, 4382, 4392 

, minor constituents of, vii. 4392 

, •• press wax,” extraction wax”*-^soltthai- 

ties of beeswax, vu. 435r 

, iodine, and Buchner values of, total aeid 

number and Weinwurm’s test, vu. 436r 

, summary of results of researebes on, vIL 

4.38f 

— — , wlute or bleached, methods employed to 
prepare, vn. 440r, 4412 

Beetroot, 1 . 5632 ^ ^ 

sugar, vaneties of, \i. 4282 

Beet sugar, i. 563r 
Befaiuunite, vii. 44r 
BeffSfis, I. 600r 

Bewmo acid, i. 5642 ; iv, G75r 
Behen oil, i. 664r 
Behenola^ne, iv.el4r 
Belladonna, i. 5642 
Belladonnine, vu, 2l6f, 219r 
Bdlite, i. 5642 and r * 

— , and bellite No. 1, iii. 162 

— , black, iii. 16r 

Bell metal, i. 664f ; vii. 632 

Belta, graj^te lubricants for, iv, J|64r 

B4n4dietine, iv. 1392 

Bengal kino, i. 7012 

IqtbtB, i, 664r 

Beniseed oil, vi, 692 
il^nltoite, i, 664e 
Ben oil, i, 66^ 

Benaeo^, tT. 242, 6l6r 
Benaaooiiiiio, i« 962 
Bcniif riilorid%i 






D-, M>, and fi««lilons i< Mtr 
daHvutivwi of, i MSI 
»>.i.SI9r 

.,S7SS!“ 

^ and adttitevailcm in, i 6^7r 

BemMfihydM, and t 

Bansaldahydle, p-nitio*, U ff68r 
— pcopertlea and mactiona of, i, W(l 
•o«aiil|iiioiiio acid, i. 56d{ 

1 tem^ofo-, Vi. 74df 

— violofc* vii. IBSl 
Baiisal meat vii. 185f 
Bemsamie acid, I. 196f 
Bantamidine, i. 185f 
Banaamine blue BX, i. 487/ 

2B, i. 483/ 

SB, i. 486r 

sky blue. i. 489/ 

— blown 8GO, i. 495f 
*M, i. 480/ 


— ^ fast Md F, i. 480/ 

Bensamino^aoetio acid, in. 51 7r 
Bensaaalgen, v. 642/ 

BeiUEaiiilide» vi. 815/ 

Benaantbfaquinone, and its mothyMerivativo, v. 
083r 

Besanihioiie, i. 569r 
1 : 9*Beiisanihrone, lii. 728/ 

Bensaathrone colours, iii. 594r , 

Beiiaoaiii, vi. 837r 

BmuBeae, addition compound of with picric acid, 
V. 280r 

— allyldihydroxy-, methylene ether of, vi. Hr 
-t— , see aUo Benaol. 

and its homologues. i. 569f~579r 

Benaeneasoeatechol and iu nitro- derivative, ii. 
lOlr 

Befueeneaaodimathylaiuline, i, 710r 
BmueneaaoaaUcylio acid, i. 579r 
Beiiieiie-aio^in-tolylenediamme, i. 459r 
Benaene, bromo«, v« 178r 
, dhloroo, Vo 178r 

wadlikum Cor nitrating of, i. 57Qr 
Be ns a ne diaa o iuum chlorkle, sulphate, and nitrate, 
a, 5071 

hydroxide, ii, 512/ 

Benaeiie, dibydroxy-, i. 570r 

, 1 : S^ibydruxy-, v, 17lr. 883/ 

— , 1 : 24lthydrDxy« (o^dihydroxyO, m. 98r ; v, 
170/ 

, 1 : 4>dihydroxy-. v. 173/ 

, 3 j 5*duiydroxy«l«iiiathyl-, and 2 : 4-di* 
bydroxy*l»]iiethyl-, v. 173/ 

, dinmhyl hydroxy*, v. 188f 
dfoxydauniiio^M vi, 828/ 

dismiiiKmie add, S-chloto*, a. 222/ 
hesacarboxylic aeid. iv. 253f 
..I*. ' ' t. 570r 

f hexadiioro*, i, 570r ; U. 73r and / 

, hsaabydroigr*, v, 178/ 

*"■ ' ” ***■ , iQPdroiiy, V. 167f : see tiho Phenol. 

Mo«, V, I79r 

meittog* and lieauig«iximt and triple*point 
p Kea wMW of, vi, 419 

wiimd of eatimation of, L 301/ 
|4Siiililiyl*4^eof)ropyl^ v, 189r 

l4ne«byM4mpm|iyl4«hydfo^ v, 1891 
incdemdar eompetmd ol with pi^ add, i, 

not 



Aansana, 1 1 $ 1 9^ydi4to«, it, 1741^ l*8r 

1 1 3i 4.,iad 1 :T: Mb 1751 

B a na mam. v* I7tt 

dinHrp,* i, 577r . , 

Bmaeoe, solvent properties of, i. 2iMr 
aulpht^o aow, I, 5711 

^ iiioiio«*rdi«, ohd td** i. 579r 

Beoaeneaulidiouyl atoxyl, vi, 843/ 

Bensene, 3:4: 5*tdinethoxyaUyl*, ii, 835r 
triosonide, v. 34r 

•triquinone, and toluquinones and thdr 

derivatives, v. 573/ and r, 574/ and r 
Benzhydrol, vii. 183/ 

Benaidine, and the bensidine rearrangement, Ii. 
a. 532/ 

derivatives employed for mamifeotura of 

dyes, 11 . 633/ 

— 3 ; S'-dicliloro*, ii. 61 9f 

puce, i. 457r 

Benzii, iii. 720r 
Bensine, i. 579f, v. 111/ 

Benzines, ii. 57^ 

Benzinoform, i. 670r 

Benzoates, special reactions of, i 243/ 

Benzoazunne G and 3G, i. 488/ 

3K. i. 488r 

Bonzo black blue O and 5G. i. 494/ 
R, i. 492r 

blue 4R. i. 482/; RB, 48.7/; 2H. 488/; 3B, 

480r : BX, 487/ ; R\V, 489/ 

brown B, i. 498/ 

0,1. 495r 

5R, i. 4S|£. V. 444r 

— cyanine R, i» 483/ 

fast blues B and H, i. 492f 

pink 2BL, i. 477r 

red FC, I. 480/ 

0BL,U482r 

scarieta G8, 4BS, 8B«, i. 478r 

violet, NC, I. 482/ 

yellow 60L, j. 477r 

Benzoflavina, i. 72r 
B^izo gray 8 extra, i. 492/ 

Benzolielidn, v. 388r 
Benzoic acid, i. 580/ 

, o-amino*, i. I95f 


wMunino*, i. 198/ 

^ p*aYnino«, i, 198r 

^ antiseptic proparties of, ii. 550/ 

, condensation product of with form- 
aldehyde, vi. 829/ 

, detection of in butter, i. 709r 

^ of In foodHiuffs, I. 5822 

^ of in milk, iv, 378r 

, p-dicthylamino-, li. 680f 

2 ; 8*dtliydrox>'-, v, 471f 

3 : 4<dihydroxys v, 470/ 

3 : 5*, 2 : 3*, 2 : 4»,and 2: 5*dlliydrOXy», 

v. 471/ 

diiDatlx>xy^*aldahydo^ Iv, 705r 

^ astars of, i. 582r 

a*hydroxy*, vi, 17-*27l 

^ , m*, and p*hydroxy-, vL 28r 

, p*hydroxy-, formation of. vi, 19/ 

, mathods of praparatioa of, i 5iW 

^ T^ae^am and uass of, i« 58lr 

— — *■, aalta of, i, 5821 

aubslitutad daiiwttloiia of, i M9r 

^ pwral^KmdieldofiiSttl^ vi. CMI 

•*, 8 ; 4 : 5-trihydroxy% III, ftOr 


*aldahyda,i.58a/ 

aiiktaBjptlo jnropar^ of, tt. 5501 


aahydrida, C 5glfi» 

a*Banaoimlpliliiida, vi, Ir 
o*BMMotoMlpliiiiido.QMi. mM. vL S 
BmumIiu i. 51^ 

BmuoIii Um 8» i. 4Mr 

— ~ b r o w n C, 1. 4Mr 
4«k gMiB. i* iMr 





BMaptel««ti«d AB,l.'448r ■, 
~ilgr'bfaie.i.'4W • ■"'i 

iMMCm.iSM’ r . ' 

Batuote fettov. L Ittt HV 
\ »• 6M ; m 0dnsene. 

' “ ©aVilU 

^ M^ation of odnuneroiot, 1. 5?4f 
mOftlioii of oommercial, t IS75r 
BeniMiM^htiiol, vi. eaor. «39r 
BoiuKkaev l>hie, 2B» i. 486f 
B^nftcmitvile^ iv. 536f 
Boiiaoaitiolo, L 456r . 

Beoio olive, i, 4e2f 
— -OieogeBJ. 4801 
BensofiheSoiie, iii. 713f ; vii. 183r . 

f^antioo-, and j^-dimethylamino-, iii, 7141 
4 : 4'«diftmino-, iii. 714r 
dih^roxy*, vii. 6121 
, hydroxyl derivatives of, iii. 716f 
oxide, vU. 5111 

— , tetraethyldiamino-, iii. 7161 . 

— totraiiiethyldtamino«, iii. 7151 
Beiusoparpurine B and 4B, i. 484r 

6B. X. 4851 

lOB, i. 4881 

Benaopyranol group, v. 481 
p«Beiiioqiiinone, v. 6501 

— , alkyl and other derivatives of, v, 6771 

and f 

— — , 2<amitio«, 2«anilino* and their derivatives, 
V4 5«7r 

, 5«atxiinc •2-hydroxy* ; 5-dimethylainino-2* 
hydroxy* ; and 5>anilino-2*hydroxy-, v. 570r 
2-oarbo3^1io acid, v. 6671 
4 : 5« and 3 j 6*Benzoqttiaone, derivatives of, v. 
575r 

2 1 6*Benaoqiiinone, derivatives of, v. 67 7r 
p-Benaoqtiinone, 2 : 6-diamino* ; and triamino*, 
V* 660r 

— — 2 : 6-dianilino-, v. 6681 

diantlino-chloro* ; and 3 : 6-dieliloro.2* 
6*diamiRo-, v. 6601 

*2 1 3*dioarboxyUc aoid, v. 687f 
— — % 3 : 6*dioblorQ-2 ; 6*dianilino- ; 3 : 6*dmitro» 
2 1 8*diai&ino- ; and 3-nitro-2 : 6-dianilino, v. 


— — i 3 : 6*dicyano-2 ; 6*dihydroxy- { 3*nitro< 

2 i 6*dibydroxy« : and 3 : 6-dinitro-2 : 6-di 
hydroxy*, v. 6721 

o*Bahioqainoiie, and its ditmine and monoxime, 

V. 660 

p^Bmoqninone, 2 : 6*dUiydroxy*, and its deriva 
tives,v.670r 

ti 6»Bovumuinone« 1 : 4-dimethyl-, and its deri- 
, V, 670 

p*]^Mo<|«iiDone, a-, and /l-dinaphthylaimno*, v, 

o*B«Qioqulnoite, dioxtma of, v, 668r 

and other derivatives of, v, 668f , 

p^ioiioqtihume*, halogen derivatives of, v* 6661 
a^ f, 660 and r, 6671 * 

I«m|hoxy*, 2*in»thyiehiol,* 2-ethoxy*, tri* 
dbtcaolan)i!<^ and trihroxaohydeoxy-, v. 670 
lanlroN and 2 : 3-dimno*, v. 6671 

2 $ 6*dianiUno* ; and 2:6* 
diaiiMhu>-p»lxm»qidnone-dipto 
' BdOf* 

tatrahydroxy-, v, 572f 
BaattSid Wds B, i. 480 s 01, 486r 
B«M0ialfiUt683r; vi. 610 
BiiiM»al7lte4B, I, 




aA Buofo* darIvatApea of, vii, 66r, 


Iwjijaaa.’ afajhiO- i« 

* 





‘Wiiagiftyl* 


2-Bc w fl g^ iny -diinathylainiwahBdqaa hir* 

Benaoyl^aoet^^ pmxfda^ gemOaidal hoUotp Ih 
649r 

Beneovlaaramhie. 430 

B 0 naoyl*o*benaoio acid, 2 s 4-dihydrogi7v ethyl . 
ester of, vi. 630 

— chloride, i. 683f 

— -/l-diethylaxiaSnoethanol, p*aixuno*, hydao* 
chloride of, vi. 6371 

formic acid, iii. 720 

Benzoylformio a^, dimethoxycarboxy;, i, t|66f 
Benzoylgiycine, iii. 61 7r 
Benzoyl green, vii. 180 
^lacol, iii. 470r 
hydride, i. 660 
N-Benzoylhydroxypropylnoreogonidine ester* U. 
6111 

Benzoyl-d-naphthol, vi. 630f 

-phloro^ucinol monomethyl ether, ii, 360 

pink, i. 4641 

Benzoylpropionic aoid, 6-hydroxy*4*xnethoxy« i. 

660f 

Benzoylperudaconine, i. 671 
Benzoylquinino, xi. 267r 

, p-omino-, vi. 6231 

Benzoyl salicin, v. 366r 
Benzoylsolicylic methyl eater, vi. 610 
Benzoyl aemicarbazide, m-amino*, vi. 610 

-Bulphonio-imido, ii. 660 

Banzyl alcohol, v. 07f ; vi. 637f 

o-amino-m-hydroxy-, v. 78f 

, o-hydro3^*, vi, 16f 

preparation of, vii. 0.71 

Beuzylamuie carboxylic acids, o*, m-, and p> l« 
100 

Benzylauramine, i. 4331 
Benzyl benzoate, i. 682r 
blue, i. 6841 

— bromide and its c*, m-, and p-bromo* diliva* 
tives, vii. 99r 

chloride, vii. 92f 

, p-bromo-, vii. 100 

, m-, and p-chloro-, vu, Oir 

, di-, tri-, tetra-, and pontachlovo«i. vii, 

041 

0 -, fw-, and p-nitro-, vii. 110 

2:4: 6-trmitro* and 2 : 3 1 44rieWeiO* 

6-mtro-, vii, ll2f 

Benzylformic aci<l, dimetboxyearboxy-, i. 666r 
Bonzylidene anthrone, iv. 34 6r 

bromide, vii. OOr 

cldoride, vii. 941 

^ chloro* derivativHis of, vii. 04r « 

, 0 -, w-, and p-nitro-, vii, U8r 

Benzyl salicylate, vi. 211 ; vii. 03f 

sulphinio acid, vii. 110 

Benz>i8u]phonio acid, dinitro-, vii. I27r 

o*. w, imd p-nitro*, aalta and deriva* 

tives of, vii. 1271 

, salts and ddirivaiives of, vU, Hlf* U0 

Beraunite, iii. 683r 
Berberal, i, 636r 
BerberimU, i. 637f 
Berberine, i, 624f 

and the berberis alkaloids, 660 

, salts of, i. 620 ^ 

Berberonio aoid, i, 630 ^ 

Berberrv, I, 684f 

Berengelite or benengela Main, i, 664r { v, #t|r 
Bergamot, v, 1011 
— * juice, ii. 264r 

oil, iv. 6371 

Berggriln* v, 203f ^ 

Besimaiin*s powdA, i. 660 

v« 620 : 





mowL 


Beryl* i. 5861 ^ 

Bi^yllium* ill. 402r 
BeiMianite* i. 58^ 

Benselitet u ffSfir 
Betafite* vii, 881r 

• giwp of minerals, i. 6851* 

Betaine, i. 685r, 580r, 5871 
eatimatian of, ii. 23 Ir 

, salts of, i. 5861 

Betaines of aromatic arseniools, i. 389r 

Betel and betel nut, i, 3701, 5881 

Beth-a-barra wood, i. 5881 

Betol, Vi. 211, 61 7r, 632r 

Betonidne, i. 587r 

Betoroin, i. 588r 

Betoroinol, i. 430r, 534f 

Betnla, i. 5021 

Betulin, i. 592r 

Betulol, i. 588r 

Besetta, i. 588r 

Besoan, German, occidental, and oriental, i. 5801 
Bibirine, i. 562r 

“ Bichromate’* or “ Bichrome,” ii. 2421 
Biouhyba fat, iv. 4061 
Biddery ware, vii. 58 Ir 
Bidry, i. 589r 

Biebnch scarlet R, vi. 638r 
” Bigan^,” vi. 601 
Bignonia tecoma, i. 589r 
Bikhaconine, i. 671 
Bikhaoonitine, i. 651, 66r 
Bilberry, t 580r 
Bile, i. 500r 

— fel bovinum purifioatum, i. 5011 

physiological, industrial, and commercial 
\ of, i. 5921 

nts and mucm, i. SOlr 
rttner’a crvstallis^ ; and bile saltfl, i. 

5911 

Biogen, i. 5921 ; iv. 1951 ; vi. 624f 
Biotite, iv. 3611 
Bir^ bark, i. 5921 

Birchbark oil, birch oil, and birch bud oil, i. 
6981 

Birch juice, i. 593f 
Bird Ihne, i. 593r 
Birees, I. 593r 
Birmita, i, 1841 
Biad^^, vi. 6251 
Biwsliodte, iv, 187f ; vi. 1981 
Bisdooid, i. 69Sf 
Bisdiaaonium salts, ii. 507r 
« Bimnal, i. 593f, 600r ; vi. 625r 
Bismite, i. 503f 
BjamoiiL vL 6261 
Bhnmt^ i. 593f 
— ^ alloys, i. 597f 

of with silver, vi. 1 191 
— — ^ — of with sine, yii, 5791 

^,aiMiyof,i. 4121 

eathonate, i. 6991 
c er ium saBcylatei vi. 221 
eUofide, i, 599r 
-ehiRwaia^ii. 2441 
ehiysoplumate, i. 600f ; il. 4881 
aompomids of with phenols, i. 600r 
dlbromohydroxynaphthoate basic, i. 6001 
**«t^*^ electrolytio estimation of, i. 31 91 
estimation of, i. 507r 
of in ores, i. 2541 
«gillate, bade, i. 6001 iii 300r 
- giaase, i. 600f 

mmimykrie estimation of, i. 245r 

4^l94fida,i.598f 

dodl^mctbyi ii^lol, n. f281 

ipastOtlii. 656r 


Btannili taamt, L Ir. 101 

, magtstery ol, i, 59M 

— nitiate, i* AW 

ochre, i. 5941, 693r, 598r i v, 4731 

— , organic compounds of, 4. 599r 

salts employed as drugs, vi. 624f 

oxides, i. 598f 

oxychloride, 4. 599r ; v. 2941 

oxyiodoBub^late, i« 600r 

, pigments containing, v. 2941 

potassium iodide, as a reagent lor alkaloids, 

1 . 140r 

, properties of, i. 596r 

, purification of, i. 596f 

salicylate, i. 599r ; vi. 221 

, separation of from antimony, i. 59f 

, of from arsenic, i. 5961 

of from copper, i. 595r, 5961 

• of from gold, i. 5961 
' of from iron, i. 5961 

• of from lead, i. 5961 . 
of from silver, i. 5961 

, special reactions of, i. 23 6r 

sulphite, i. 599r \ 

tartrate, vi. 690r \ 

vanadate, v. 47.31 

- - , volumetric estimation of, i, 2731 
yellow, V. 421 * 

Bismutite, i. 600r 
Bismutoae, vi. 6251 
Bistre, V. 3091 
Bitter apple, ii. 339f 
Bittern, i. 6011 
Bitters, iv. 1371, ]38r 
Bittersweet, ii. 5741 
Bitter wood, v, 530f 
Bitumen, i. 6011 ; v. 3001, 3091 

, compact, i. 406r 

, elastic, ii. 0181 

, extraction of from minerals, ti. 83r 

of Judwa, 1 . 405r 

^ composition of, v. 309r 

Biuret test, the, vii. 273r 
Bixein, i. 6011 

Bixin, and derivatives, i. 332f, 6011 

. relation of to nyconthiii, ii. 106r 

Black, acetylene, i. 421 ; v. 299r 

, acid, 16622, i. 4721 

— . , 5B, BH, 6B, and NN, i, 476r and 1 

, N, 1 . 475r 

— , alizarin R, i. 465r 

~ acidol, i. 476r 

, agalma, lOB, i. 4721 

, alizarin, iv. 609r 

, amido lOBO ; and amido amd lOB, t 

4721 

- — , anihne, ii. 5881 

, anthraoene acid, i. 4771 

^ chrome, i. 465r 

, anthradte B, i. 4761 

' — , anthraquinonc, vi. 498f 

, AuipniJ, vi. 497r 

, Antogene, vi. 4981 

, addine, BHX, i. 4831 i FF 49ir 

, azo alizarin I and 8N, i, 4781 

, azophor 8, i. 457r 

base, azo O, i« 45# 

, Berlin, i. 5861 

, lor grates, vii. 308r 

Blackberries, i. 6011 

Black, Biebiich patent, 4AN $ 6ANf 4BM 
6BN ; and BO, h 476r 

blue, BR, azo, I. 4861 

r. iMUo R. i- 4Mri Omd td. I. 

, bone, v.^4r, We 

, Brnnewiek, {. W7I( eii. llQi 

. — % fonnule for, eU. IMf 1 

.. matsdd innldviid tfir Miiitnairaiiifin rtf i 
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BMc, FY mA KBt I. iW » 10^ < 

AO* 4t6l; SB« I74r 

-~vOMMil»r0i0oiiei SMr 

iMkifboii^ B and i« 47ori 4031 
— **, ci)lot»niiil0, N. i, 404r 
-—p, J, I i76r 

dayton B, vi- 40<» 

Oolumbia, FB and FF ejitra, i* 492f ; B 
493f ; B, 2BX, and BW, 494/ 

, CootnaBsie wool, R and S, i. 476/ ; D, 476/ 

, Copper, ii. 3d8f ; iv. 262f 

, cotton, VI. 497/ 

, E and HW. i. 496/ 

cross dye, BX, vi. 499/ 

, , RX, VI. 496f 

cummm, iv. 532r 
— deep, i. 476r 

deep, D ooiic., i. 476/ 

, diamine HO, i. 482/ ; BH, 483/ , UW , 495/ 

beta, 492/ 

~ diamine blue K, i. 487r 

, diamond, PV, i. 466/ ; blue-black KB, 466/ 

F, 476r 

, dianil £S. i. 483/; B, 495/; PR, 496/ 

, dianol RO. i. 482/ ; FB and FF, 493/ 

, diasiue, i. 463/ ; BH rvira. 483/ 

, dtaco B, t. 481f ; BHN, 483/ 

, dbuo blue K6, i. 492/ 

— brilltaiit B. i. 485/ 

, direct, I. 19, ‘1/ 

, dinitiophenoi, vi, 496/ 

— diphenyl blue, i. 483/ 

fast, i. 479/ 

, direct, BD and HB. i. 483/; V and Kb 

4921; BMP, 493/; V, 493/, B and 2B, 404/ 
deep SW and RW, 495/ 

, domingo blue, i. 472/ 
drop, V. 44f 

, , blue, or \mo, v. 299f 

, Em, F, J, and NO, i. 475r 
erio direct GX and RX, i. 490/ 

- — eriobrome, blue B, i. 46 Ir ; T, 465/ ; blue J 
and A, 466/ 

eupittoiie, II. 689r 

, fast, i, 466/, 475r 

_ B and B»0, m, 198/ 

-..MW, chrome B and mordant B’l, i. 475r 
sttlfdioiie F and FB. 477/ 

Frankfort or Gorman, > . Ur, 299r 
-- haw, i. 6011 
1 — , ice, L 457f 

inunedial, vi. 494r 
—MW N, vi, 496/ 
ww, ww, NN, vi, 496r 

, WMw V extra, vi. 497/ 

indooarbou S, and fcJF, m. 497r 
Blacking, i. OOlr 

Brunner, i. 602/ 

Bryant and Jame’s, i. 602/ 

Day and Martins, i. 602/ 
lor dress boots and kid shoes, i. 602r 
' — , Bisoox^ i. 602r 

liquid polish, i. 602/ 
pmtm and sticks, i. 602f 
Blaek,*itt^, C, i. 478/ ; 2B, 183/ ; Q, 495/ 
BMMilg, i* 602r 

^ratarproof, i, 8#2r 
«a4l>iditim,iiL 660r 
<^^toodi|dieiiylR,i* 493/ 

Ivory, V. 44f, 299r 

’“IRwk L mr i vii. 667r, eOOr 
nMLkttt,i.47ar 

olmB, Mid N, vi. 497f 

Hnmbi«o. * 

v.SQM 


r^thalene, HA, i* 472// D and B, 47f ; 

Mid IP,*!. 4771 

naphthainine, BTE» i« 482/; BE, 482rs 
0£, 483/; H, 405/ 

direot, FF, B, FO, and OS, I 4921 

,naphthol, 12B, i. 472/; B, 2B, 6B, and 

OPAS;476f 

, blue H-and S, i. 472/ 

, naphthylamine, lOB, i, 472/; 4B and D« 

476/ 

, diHZo, i. 482r 

— , naphthyl blue N, i. 476/ 

, Nyanza B, i. 474f 

, Omega chmme, PV and PB, i. 461/ 

, oxamine, 2R, i. 482/ ; BHN, 483/ 

— , oxydiamine N, i, 493/ 

> > . palatine A, i. 472/ 

- , chrome, 6B, i 466/ ; F and S, 478/' 

Panama R,F. i. 493/ 

, Paris, V, 299r 

, patent diaml, FF extra, i. 493/; EB, and 

KBV, 495/ 

, pheiiyleiie, i* 476/ 

'' Black precipitate,’* iv. 21 Or 
Black, Irussian, v« 300/ 

, PruBsiate, v, 300/ 

, pyrol, VI. 497r 

, pyrrol, v. 526r 

. reiiol, G and M, i. 495/ 

renolamine. BH, i. 483/ 

. sahcm, i. 466/ ; UL, 466/ 

, slate, v. 299r 

- — , sugar house, v. 299r 
— , bulphaml C, \i. 497/ 

- sulphide dyes, vi. 495r 

- , , tlie dyeing of. \i. 607r 

, Hulplioncyamme B and 2B, i. 477/ 

, sulphone GH, i. 476r 
sulphur, T^extra, \ i. 496/ 

- supramiiie'BK, i. 472f 

, tliioii and tliioual, ^ i. 496f 
, thional, \i. 496/ 

- , thioplienol T extra, vi, 496/ and r 
, Titan, i. 492r ; J, 493/ ; M, 494/ 

. toiyl, B and BB, i. 477/ 

- , union, i. 496/ 

, vegetable, v. 44r, 299r 
, Victoria B, i. 476f 
Vidal, vi. 494r, 496f 

- S,vi. 496/ 

— , violet, i. 478/ 

— , wool, i. 476f I 4B, 6B, and 6G extra oo»Ck 
472/; BaadSG, 476r 

Blanc d*£spagne, i. 599r * 

do fard, i. 599r 

de plomb, iv. 80/ 

fixe, 1 . 603/; v. 2991 

Blank fixe,!. 603/; v. 299/ 

Blankit, 1. 603/ ; vi, 454r 
Blanquette, i. 603/ • 

** Blanquette,** vi, 159/ 

Blast furnace gfis, in. 275/ 

Blastine, iii. 22/ * 

Blau, L 608/ 

Bleaching, i, 603/-615r * 

and Soottnng of silk, i. 6151 

- and scouring of wool, i. 6121 
— liquid, i. 614f 

, market process of, i. 607f 
Mather-Thompmn process, i. 6081 
of calico or cotton doth, L 604r 
of cotton, i. 608/ 

— of linen cloth and yam, i. 611/ 

of wool, i.^l4l 

of yam, i. 604/ 

- -^pbwder, ii.A02/ , 

DeaoOR*i vSmtiJImih il* 20lr 
Hfiffstidevir's ohanibsis, it« 

|W||iwrlitti and i 
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wMiuolnitt |X>iPvdi6V| iiMriSilnraMidttHcMl tslitiil 
alkdUtoq^ior re^fp»otlnpic^ ii. Ml 

— . TuAm lor li* Ml 

* of MUumI of wmat* 


iMoimOy it. d09r 

IWIb^ i«d |iioee«ii, i. 6081 
Bleftoli liq[iior, li. W7l 
•— — , pfopertm and uses of, li. ^8r 
BleiweiBS, m m 

BliMAl t fll£r 

Btodo, i. 615r I vu. 691r 

••liver-Wend©,’* vu. OOOr 
-2 — , ruby, vu. 6011 
— ©peotroaoopio analysis of, vi. 817f 

» types of funiao© used for roasting, vu. 568r 

Bieu 0 Sles 8 e, iL 2981 ; v. 297r 

■■ » ■■■!■■ I ■ QflwuioOft 1 * 61^2 

Ouofesoent, i. 6161 s ui. 2261 ; iv. 7381 

do Aoit, vd. low 

duieet, bleu de Lyon, bleu de Mulhouse, bleu 

de nuit, bleu de Pans, vu. 198r 

kmilio, vu. 1991, 198r 

d’Ootioxner, v. 2961 

de Saxe, ii, 298r 

Bltelndiber, i. 6961; vi. 1171, 1181 
Bloedite,!. 6161; iv. lllr 
Bloiiistaraiiidine, i. 6161 
Blomstraadite, i. 685r, dl 6 r 
Blood, i. 616f 

— ^ and aounal ttbsnes, spectroscopic estunation 
of aodiom and potassutm m, vi 3191 
— ‘ as a danfyuig agent, i. 6181 
— as food, i. 617f 
*■**<— as tnannre, i. 6181 
— , detection of uric amd in, vu 2821 
— *•, estiniation of sugar m, vi 481r 

InsiiUn os a naeana of controUuig sugar tn, 
vi 489r 

», literature on detection and estimation of by 
nc methods, vi. 3361 
ouB uses of, i. 618f 
spectroseopie identification of, vi, 

S26r 

Bloodatcme, i 6191 ; v, 629f 
Bfeod, tests fmr, i 618f 

therapeutio uses of, i. 6181 
Bloom, i 61 91 
Moomssy, i 6191 
Blna, aoetiii, in. 628r 

aoid alisann BB and CR, i. 1361 
aim, vii. 316r 

afisfl^, i 1261; GO, pure, and Marina 
BOW, 1281 

indigo, i 137f 
aotliiaoene, i 137f 
Aatweip, V. 43r, 2961 
** ffhMr iwirhw." v. 2941 

, Midiiw. 2B, i. 4S» : 9RN. 48«{ ; SB. 48«r ; 
‘ «87li and BA. 4881 

L 489t; TF, 488r 

inwl, B, 1 . 4881 ' 

>« MO, i. 480r 
-.-‘-—•oUl.i. 4861 , 

OMO l iwao. B ond It, L 4801 
oMchor, D, L487r 
* wool, i. 4881 

,ii.St7ri ▼.44l,297r 

-.««H.,L448r 

•.^g^llMMiaino. SB. i. 4881; SB. 488r; BX. 
198r 

*“ mItm I aasi 

i.’ssti; BB, 48«i SB. 48«( 
MBt BW. 4iM 
,i.49Sr.404f 
li«iiidll,i 49Sr . 

4M»> « * 




Biae, beinaotn, i 466(^ 

ON, 20128 1 6881 

al^, i6M 
Tl,i. 6841 
1, V. 43r, 2961 

black, add atisann A, I. 4661 
blacks, alizluin, B, 3B, and O, t. U8r 
black B£, anthracene, i. 4661 
blacks, NB and Coomassie, i. 4721 1 K, 672f 



O alphyl, 4761 
, Black! 


6B, 


, llackley, vu. 199r 
— , Bremen, i. 688r ; ii. 372f ; v. 294t 

, brilliant almarm, vn. 28r 

, benso 6B, i. 488r 

, doth III P, 1 . 4621 

, bronse, v. 2061 

, csBlostme, B, iv. 7371 

, offiruleum, v. 441 

— , Capn, IV. 734r, 7361 

, carbasol, vu. 2141 

, oarbasole, ii 241 

, cerulean, v. 441, 297r 

, Chicago, 2R, i. 4861 ; B nnd R, 4l 

4S8rl 4B and RW, 4891 

. , 4R. 1. 4821 

“ - , Cliuia, \ li. 199r, 2021 

, Chinese, ii. 1771 ; v. 43r, 2961 

, chloramine, HW, i. 494r ; 80, 4961 

, chlorosol, BB, i 4831, 3B, 486f; B and 

3G, 486r , 6G, 4891 

, Hky FF, I. 488f 

, cliromasone R, i. 468f 

, chrome, N, i. 4661 , K, 4691 

, Ciba*, 111 . 62.3r ; \ii. 3141 

, 2B, VII. 3141 

, cobalt, 11 . 297r , v.441, 297r 

, Columbia R, t. 4821 ; G, 486r 

, Congo, 2BX, i. 4831 ; 3B, 486f ; BX, 6871; 

2B, 488r 

fast, B, and R, i 492f 

— g|iy^ 4g9l 

, Coomassie Navy, i. 6771, 4791 

, copper, V. 441 

copperas, t. 6201 

, cotton, \ II. 2021 

, , 3G, i 4881 

, Creayl, iv. 7361 

, cross dye, \u 4971 

, rrude or opal, \ii, 1981 

, cyanine, v. 441, 297r 

Bleu d*asnr, u. 298f 
Blue, delpbine, tv. 7371 

. diamine, C, 4R, LR, i. 4821 i BK, 4881 } 8Bp 

CB, CR, LR, 486r; C, 2R, 4861; BX 667l| 
B and 3R, 487r; bHSiumt 0* 4889} HW, 
4891 

fliky, i, 4 g 9 / ; 4sar ; C and 

4891 

— , diamhiogen, BB and G, i. 6761 

, diamoncf 8B, i. 4691 

^ dianll HZG, L 6881 

, B, O, H, 3Q, R, and 2R, i 6869 

^ HO, i. 6871 

H 60, i 6891 

, alcyF,H, i 488e 

, dianiddina, i. 467r 

dianol, brillmrit 6B, i 6889} 

RW oad oky. 48W 

. diMtaail. B3., L 4781 

— — , dioolM. 1. 48tl 

diooo lodigo. i. Altl 
, diohaiMdoaaiie, vU. IMr 

«►**«*»% 

MW d Ml a 

487. i 

V(aFM.ili4l|l t 


48Mi 
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B* it Mi . 

iitt Mr 

iv^t 71II7I 

-gM,iew 
-> gentiMU vilt irai 
•t glador* vii, 2122 
s Guamsey, ih. 480i i vu*202l 
Hwlem, m. 49IS< 
t HeMian* vii. 109{ 

•, hydron* iii, d89r ; vi. 4951 ; \tt. 317r 
hydroa G, vi. 500r 

-t , R, VI *500/ 

immedial, vi 497i 

*’*'~*t “tr** B* R, OD, immedial indo 
gene B. QCl, vi. 500i 

♦ pure, vi. 494r, 498r 

— sky, VI. 498r 

— mdanthrene, vn. 

, uidtgo, u. 590i , V. 44i, 300f 

, indoohromine 7', \ii. 28f 

, indoin R, ui. 826r 

— indoine R, i. 4634 

, indole, I. 4634 

, indone, i. 4634 

* ms, IV. 7384 

iron earth, i 61ftr . m. 6824 

, isatin, i. 635r 

, Janos, 1 . 4634 

John, i« 6204 ; in 234r 

, Km^, V. 297r 

— Kryogen B, G, R. \i. 4984 

, hevuuji. 111 628r 

lakes, IV. 274 

lanacyl, BB and R, i 469f 

, nav>, B, 2B, and 3B, i 469f 

lead, i, 6204 

— Lettoh*s, >. 444. 297r 
Leyden, v. 297r 
— , Liokner’s, i%. 1234 

light, night, raruf, or Bavanan, \ii 198r 

, lime, V. 2944 

. Madras P, i. 4634 

— , Manganese, v 2984 

, marine, vu. I99r 

— • mehuiogen B, BO, and D, m. 4984 

, MeldoWs, i\ 7354 

. melogene BH i. 4924 

— , methyl, vii, 198r 

, methyldiphenylaiiuue, i. 6l9r 
— methylene, i\ . 3554 ; vi. 6394 
, nnkm, v. 43r 
modem, iv. 737r 
molybdiHtiom, i\. 387f 
mountain, v«> 2014 

— , naphthanune, 2B. 3B, 5B, and 2BX, i. 4834 
3&X, end 3RB, 486r ; BXR, 4874 ; 7B, 4894 
■*■"** > *■ » biillsaiit, 2R, i. 486r 
— — , navy, vii. 2024 
new, ii. 2984 

B, iv. 7361 

faet F, IV. 736f 

‘ »FR,iv. 736r 
lene, iv. 7361 
: and NS6, vii. 28r 
2B, i. dS34 » 3B, 466r; BX, 4674 

idght, B, vii. 2121 

(Naditblau), iv, 5334 ; vii, I96r 
HileA^iv, 735r 
^ iv. 736f 


M^atfiMeiiiome, B, and R, i, 4611; A,d69i 
f epeliatid opal 6B for ootton, vii. 1991 
A, 4364, B, 469r 
*4ky,6B,it4S8r; BB, 4391 

‘^‘"•nsrsisa 


ptw, pbuatuA, iii. ftSN 
vfibme^ ili. «3Br • 

. finiilUn, tt. 437f t V. 4St, {Ml 

, peodnotacm of on eotton, li* 5904 

pyvogen dimot, vi, 498r 

pyrrole A and B. t, 635r 

, quinisarin. i, 1284 

, renol B, i. 4884 

, pure, 1 4894 

, resorcin, i 57r, 6l9r { iii. 2264 ; Iv. 7881 

, Rosaniline or phenylated rosantlinesr via 

197r 

, rojal, V. 444 

, Saxon, V 2964, 297r ; vi. 524 

, Saxony, v. 444 

— , serge, vu 199r 

, smalt, \ 444 

soluble, V 2964 

stone, i. 6204 

, sulphide, \ I i98r 

, , the d>emg of, \ i 5084 

, sulphone acid B, i 461r 

— , sulphonic acid R, i. 46 Ir 
1900 T.r , iv. 737r 

, Thenard*8, ii 297f ; v. 444, 297r 

, thiogene B, R, and 2R, vi. 5001 

, .j- — cyanine B, O, G, and ihiogen deep RL 

and 2RL, \ i 5004 

— , ihiogen new JL, BL, 2RL, vi. 5004 
, thionB, \i 499f 

, thiomne, GO, O, and B. R, vii. 281 

. ihionol 2B, RB, 2RF, xi. 5004 

, toluiduie, O, Ml 28r 

, tolyl, SB and SR, i, 461r ; OR extra and 

5R, 4774 

, tolylene, iii 588r 

, insulphone B and R, i. 4824 

, trypan, i. 4874 , vii, 222r 

, Tumbuirs, vu. 245r 

, uranta, vu, 294 

, vac, 1 . 4634 

, vat. 111 5904 

, vatted and voaded, \ii 3114 

, 'lerditer, ii. 372r , v. 2944 

, Victoria B, vii. I96r 

— , 4R, 1974 

, i^ater, vu. 2024 

, Zaftre, v. 441 

, Zambmi sky, 4B, i. 4754 

** Bluish eoain,’* vu. 207f 
Boart, i, 2f 
Bobbmite, liu ]2f 
BoiBnite, i. 6204 
Bog butter, i. 6204 

iron ore, i. 6204 

miuigaueae, i. 6201 1 vii. 3274 

** Boiler duida,*’ I. 6241 
Boiler meroatations, i. 6204 
Boilers, corrosion of, ii. 3004 
cJIy deposite m, i. 6241 

Boiling-point and boiling liquid,” definitliQli ol 
terms, vi. 4204 • 

of nonmiseible hquids, vi. 420r 
Bois de rose, male, oil of, tvt 6434 
B<ns*piquaat bark, i. 624f 
Bddo, I 624f 
Bole, i. 6351 ; v. 48f 
— Bohemian, i. 3201 
— ^ of Sinope or Sinopite* L 3151 

sinopia, v. 295r 

Bolognian phosplioras, i« 5431 
etone, i« 3364 
Boloretin, v. 3|SI 
Bombay es^ iv. 403|» 3134 
Bommes, vilt 4l7r 
Bone, L 3251 

Marik, it. 2^ Vt 4lr« fM 



ummL 


Bone^lit, i . 

— oa.i.e«7i^ „ 

— ott tNUMs* volouniiff matteni derive from, i 

^ oil, eonBtiiueHnto of, i. 0281 
Bonos, diooolved, iii. ISlr 

omiiloyiiieiit of as raaiiure, ui« 176 
Bono^tiifi^oiiie, vu. 240f 
Bookum, 1 . 0301 
Bopmah nuts, i, 02bf 
B^ polish, I. 002r 

.top bqiud, 1 002r 
Boraeio acid, see aUo Bone ntid. 

■’ , I. 04'Or 

— from StaHsfurt depositb, 382r 

Botacita^i. 030/, 643f. \.375r 
floral, VI* 624r 
Boramido, 1 039r 
Borates, metallu, i. 6431 
Borate spar, i. 643r, 6441 
Borates, spmal reactions of, i 2111 
IViraa, i, 6301 ; \i, 1661 

appitoaiton of in iiidusines, i. 6491 

- oomposition of crude, i 6451 

— decomposition of b> acids, i. 64br 

, employment of as a flui^, vi 2761 

duves, ui 2351 

Lake, L 6361 

, manufacture pf from Iwrate of lime, i 64 7r 

, — ot from bone acid, i 646f 

, of from ulextte, i 648r 

• octahedral i. 646r 
— pnsmatic, i. 6461 

, purification of, i. 64^1 

Borutrates, i. 6501 
Bordeaux, i, 6361 

, B, BL, G, R and R evtra, i 4671 , I)H and 

B, 4701; BX, 473r, G, 474r, BL and extra, 
4601 

fast, 0 , 1 473f 

— , meta chrome, R, B, i 459r 

- — mixture, % • 323r 

fiaphth^lamuic, t 4 i71 

- — L, uea,! 4801 
pigment N, i, 462r 

%eTOissaiit, MI. 48r>r 

Botoihyl, ti. 057r 
Bone acid, see atso Boraitc at id 
u 640r 

application of tn imIustricK, i 64M/ 
composition of crude, i. 640r 
detection of m butter, i. 651r , ui milk, 
« «* 0611; ]V. 376r 

— determuiotion of. i 63r, 2651 
^ mdostnal extraction of, i. 61 Ir 

organic denvatnra of, i. 6501 

—— rfstnuiimg power on development <»f 
liaelena, ii. 6401 
-- — oxide, L 6401 • 

. . employment of in glass makuig. iii 
3661 

BcNriiiiiiie,i.e33r e 

BcMnnstlii^ IV. 310f 
Bomeoli vi, 746r • 

imBoms), ii. 4r 

Mpiuratioii of from campiieiie, ii. 7r 
BetniiwpViii, 634r 
B o 6i i ti , L637l, 700r 
B etlW t d*Waioifevaleraie, vi 6211 and r 
vL 7381 

fl P sfl iy t itftllty late^ vu 2tr, •I7i- 

j iw n i l i cK , md borayl Movidter/l^yoelkt,, 

Miiiroia i an t .i. esu 

I 


" » ■ I*-- j 


mi«viL304l 


alloy of tnth osdum, v« 6 t 3 l 
— of ^tfa maagatuise, Iv. 3 lir 
Boronatiooalcite, L 644r, 65if 4 3641 

Boron carbide, 1 , 630r 

— — compounds, detection and estimatioa of in 
butter, 1 . 7091 

^ of with lihcoii, VI. 95r 

, crystallme, 1 , 6381 

, detection and estimation of, i. 66(3 

. electrolytic piepaiatiun of, 1 . 637r 

hvdrides, 1 6391 

nitnde, i» 639r 

oxides, I. 640r 

- - , qiiantitatixe esiimation of, 1 . 650r 

- sulphide, 1 . 6401 
tn bromide, i. 6401 
tnclilonde, 1 . 6401 

tnfluonde, 1 . 6401 

- tniodide, 1 . 6101 
ultramanne, 1 640r 

, \olunietnc estimation of, i. 2731 
BontHalioylic ncid, \i 24r 
Botov ertm, vi. 634r 
Borsal^l or borosat^l, 1 . 651f 1 vi. 24r 
Borsul, n. 55Ur 

Bort, boart, or Itoort, a. 409r \ 

Boryl, 1 . 6501. 661r ' 

Bosch, 1 . 651f 

Bostonitc, I. 66 If 

Bosuellia serrata. 1 651r 

Bottle-nose ml 1 65 1 r 

Bottles, O^Netll mat liiiio foi ranking, lu. 393r 
Bottle-stone, i\ 3851 

Rouohardat s rmigent for alknloidA, i, 1411 

Bouillic Bordeluise v 1 5271 

Bouillon noir, 1 65 Ir 

R^m nefa, 1 65 Ir 

Bfiumeene, i 65lr 

Bfiumoiiite, t 65 1 r 

Bouoiijte, VI. 691 

Braga, t. 651r 

Bram s fMiader, 1 6521 

Bmti, I 652 1 mill r 

Biaiidies, Armagriac and Cognac, t 6541 
, chararienstKa of vanous, 1 6551 
, 5f im , I 6551 
Biandv t. 653r 

• British, I 6571 
~ , cider, 1 6571 

— , lomfioeitioii of, t 6561 
, Dmiaig, t. 6571 

, Gitemsey, 1 657/ 

— , Hambui^ i 6571 
, lager, vt, 680r 
, liqueur, iv, 1391 
, standards of |Hint> of, 1 . 655f 
Bniii rnchtiia in lionies, 1 * 6531 
Brass, cast, and fluxes emfiioyed for, vii, 538r 

- colounng of, vii. 586r 

• copper content rd vanous kinda, vii. 9141 

* , conroeiou of, 11 . 385f 

- , definition of, iv. 39lf 

electro-deposition of, li. 6241 
, hafd soldem for, vi, 37^ 

— , history of—sheet or l||tl«ii tmisii vB« filif 
llraaMc amd, i, 6671 
Bnumdic acid, 1 . 6671 

, dtiodo«eth>l ester of» vi. 633f 
Brassil, 1 667r 

Brass, influmice of imparities on* iv, till 
^ sheet, vtl. 5641 

- - , silvei^ of, VI, 1341 . , ^ 

- tubes, Adaniiutty tmeoiflsid^ 
lubss* vii, 6661 • 

, uses of» vii. 6631 

wins, mHl vmMks uf» ylL lilt 

BfW^iioidti. Wh 
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t^cwilURi* I* iW 

tsuAog/du aiMl other ilefiveifvos ofc i. 6e8f 
tfliaSihy^t oi»datioo ol» i« 06Or 
BroviUtep t 657f • 

fifrMsil initep i» 657r 

Bmeilotidp trimethyls iU oxidation pfoductu and 
derivotivee, i. 660r 
Bni^two<^p i. 6e7f ; ti. 600r 

oommercial preparation of, and dyeuig 
pvOMrtiea of, u 664/ 

iv, 23/ 

Brasifigp vi. 274f 

oompoeitioii of Holdf-ra f(»r, and the ferio-hx 
pcocM of, vn 276r 
Bread, i. 664f 

aerated, i. 666r 
— — , ehemiatry of, i 66 fr 

oomposition of, i. bbbr 

— -- fruit, 1 . 668/ 

— leavened, i« 6661 
— manufacture of, i« 66r»r 

ropineae and diaeanea of, i. 667/ 

, Vienna, i. 666/ 

— — , whole-meal, i. 667f • 

Breeaee, i. 668r 
Bmthauptite, i\. 626/ 

Brevium, vu. 270r 
Breaing, i, 668r*687/ 

water uaed m, i. 668r 
Brewvtenie, vL 406r , vii 566/ 

Bricloit Bath, vi, 30/ 

chromite, alumina, bauxite, or cflrl»on, 
663r 

-*«**-—, etlioa, gauiater, and Diiiaa, % . 658/ 

— — , otlliinamte, mamieaite, and wrconnh % ♦ 662/ 
— 1 **, nroonia, v% 663/ 

Bndelia bark, i. 687/ 

•Bninstoiie, etse aim 8ulpliur. 

^vi 514/ 

— tA-., f|uality of iievoH8*ii> for maiiufaUnre of 
aulphunc at id, and ita tcflinical auehbis vi. 
mr 

Bnne, evaporation of, ii. 662/ 

Briqoett4Mb iii, 250r 

— , method of manufaitaie of, v. 21 3r 
BnUtinia metal, i. 687/ ^ 

, oompoeitaon of, \ii, 54f 
common, i. 361/ 

Bfitoiiite No. 3, in. 46/ 

Bfuacli leavea, vt. 606r 
Bmihantlte, i. 687f ; iii I3r ; v. 520r 
IBk^nto. i. 687f ; vii. 261r 
Bremal, aleoliolatoe and ooudeuaaiion produt t* of 
i.6S7f 

Bvomalbaoid, vi. 621/ 

Bmmalfain, I. 687r 
BramaUiydrate, u 687r 
Scomalta, i. 687f , 

BromaaiUa acid and tie denvatnee, 57 If 
JhomaiMrite, vi. 127r 

cftunation of, i. 276/ 
il teaoiiot^ of, I. 242r 
^^L6g7f 
i« 688/ 

BimniMibi»I.M bromide, u. «77r 
Xmm Mdoe, U. Mir 

82aSSSS’JddTM4i 
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te l A li , IMOtWM «l, 1. *41r 
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SrondM, and bedwg^oint mi 4 toffle* 

oabiHMHnu. of, vi. *1V 

^ preparation o| from mother hquora at 

StaMran works, v. 882f 
, punfioation of, 1. 692f 
** Bromme salt,” V 004/ 

Bromine, separation of fiom chlorine, i* 2621 
» use of os disinfectant, it. 642f 
Broimnol, i. 604/ 

Brommoleum, i. 694/ 

Bromipm, i. 694/ ; vL 621/ 

Bromite, i. 694/ 

Bromlecithm, vi. 621/ 

Bromoehiiiol, i 694f , \ 4 * 62 M 
Btomoooll, M 621/ 

Bromoform, i. 694r 
Bmmoglidmo, i. 694r 
Bromogluten, i. 694r 
Broinol, vi. 630f 
Bromolem, vi. 621/ 

Jlromopm, i. 694/ 

Broinoprotein, i. 69 4r 
Bromotan, \i. 630f 
Bromotantalum >>roiimb , m t»76r 
Bromural, i 694r » \ i. 620/ 

Bromynte, i. 694/ 

Bronm, i» 166/ , vii. 53/ 

, Adlmiralty, composition 5f, mi. 56f 

bearing metal, \ ii 56r 
costuigM, precautiotih iietessary for pro* 
duction of, \ ii 56/ 

, defiiutioii of, i\ . 291r 
, diamine O, i. 493r 

, manganese, ii. 590/ ; i\ . 2l2r , >li. 57/ 

- ixraders, i. 694r , 294f 

, presence of xuic m, \u 681r 

^ resistance of to corrosion, u. 386/ 

~ , silicon and phonplior, vii 57/ 

— . — , tungsten, \ii. 237r 

Broiuung, iii. 634/ , 

copper, grey, black, and green, viu 58or 

Broom, tops ol, i. 695f 
Brophenm, I 696f ; \i. 6l5r, 621/ 

Brosimum galactodeudrou, i. 696r 
Brostenites, > . 688f 
Broussonetia mpjnfera, i. 696r 
Brovalol, i. 696r 

Brown, A, i* 477r ; G, 462/, 478r 

^ ncid, 1. 472/ 

, alisann, i. 461/ 

, algole B, \ u. 317r 
- - . aliKonii, 1 . 124r 
, alUh. 1 . 461/ 

. — , or beuzo 5R, v. 444f 

, anthracene acid, R, i. 461/ ; O, 471f / B, 

496/ 

— , authracyl chrome, D, i. 461/ 
osphaltum, v.*44r 

^ . audino, M, i. 480/ , T2R, 496/ 
bensanune, OGO^i, 496f 

— *, benso O, i. 495r ; B, i. 496/ 

6R, 1. 46U , Ve iW 



— , benzom 0, i. 496r 

bemes, i, 696f * i 

, Bismarck, i. 477r | R, 2R oonc.* CBA T. I- 

478r 

, bistre, V. 44r 

— '•*, Buffalo 53, 1. 478f 

^ Caledonian, v. 298/ 

Cappagln V. 44/, 298/ 

,Oa£Kr^i4l,«00/ 

ddocwnol, ll« I* flw t bwWi 

cilw^|fne» Iv* aw 
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BAwMit i* 47tf 

Caflyton oottcm* i 471#* 

Oologiie^ V, 44< 

Oongo^ O and R, I* Wr 
viii 402f 

• Ortimimll^ direct fast B, 1. 4807 ; M, 480r 

, diaauns B* i* 480r ; M» 4801 » V, 482f 

diaiul, MH» 1 . 4801 •* 

* dipb^l BN, SON, and RN, i. 480r { fast G, 

40lf 

— direct, M and dark M, i. 4802 ; 3RB, 480r , 
R, 49H ; OR, 495f ; J and R, 496i 

, eoliM N, R, B, G, 3G, and V, m. 602f 

Bn^ish, 1. 477r 

♦ fast, SB and N, i 454r I O, 4721 , cotton, 

4on 

— gamet, i* 696r 
— — V srenat, v. 477r 
— — Heaaian BBN i 49b^ 

unmedial B, dark broftn A, katigen, 
svlplnsr G, sulphur cutch, kryogen brown, 
immedtal outch, immedial khaki and im- 
nedial catechu, OG and OR, vi. 503/ 

, indigo, m. 610r 

, uigrain, i. 458/ 

. Jaaus, B and R, i 402/ 

, leather, i. 72r, 471r, 477r ; \ii vm 

, madder, v. 44r • 

Manchester, i 477r , EE, 478f 

, manganese, i\ 215/ 

, Mars, V, 44/, 296/ 

— , metaohrome B, i 459r 

Mikado B, 3GO. and M. i. 491/ 

, mineral, v. 298/ 

, mummy, v. 44r 

naphthaiimie, H, i. 480/ $ 4G, 495r 

, a*naphthine, i, 4631 

— naidithyiainine, i. 464r 
— ml, t 402/ 

ml red, i, 402f 

onamme R« i 480f « 

palatine chiome W, i 461/ 

phenylene, 1 477r 

— , picryi, V. 291r 

42/ 

— «,niiaaiaa, v, 44r, 295f 

, pyxamidol, i 479r,484r 

r pyronal, I. 4621 
r leool, MB cone., i. 480/ 

, teaofrein, i 471r ; v. 682f 
> dark, i. 472/ 

*•, Rohen*e, v. 44/, 300/ 

— » Sudan, i. 4621 

rndpiiamuie A and B, i. 46.1/ 
auQiliam], vi. 502/ 

, aulphide, \u 50lr 

• the dyeing of, W. 508f 
mdptar R, VI 500r 
leite eerte, v. 44/ 

3151* 

002/ 

» toisyleiia, G, i 478r^ R, 496/ 

Mratphone B, O, and OG, 1. 493f 
nlmfa, T, 44/ . 

VaaSylM, v, iU, 200/ 

Sambaai Q and 2G, i. 482f 
il 621/ 

BriMiuOi and Ua leacUons, iv 618/ 
cNMBUlittttkm of, IV, 618r 
• dStoction and eaUmation of, iv, 610r 
^ (LM7I; iv. 187/ 

^▼.200r 

.wn 

,1.097/ 

> Vir 6721 



BuladiPii, I, 697f 
^ucamumnga tsski, v. 671/ 

Buooo, i. 697r 
Bttchu, 1 . 697f 
— ~ oil, IV. 637f 
Buckeye ml, Mexican, Iv. 359r 
Buckthorn, i. 698/ 

, purging, V, 684/ 

, rock, t. 698f 

Buck wheat, i. 698r 
Budrunga, vu, 5141 
Bufagm, I 6Q9/ ; ii 626/ 1 vil, 771 
Buffmo gamet R, i. 48 Ir 
Bufo agua, vii 77/ 

Bufotahn and its derivatives, i. 699/1 ii 626/ ; 
\ii. 76r 

Buhrstone, i. 699/ , v 629r f 

Building stone, i. 699/ 

, ortifioia], i. 700/ 

Bulbooapmne, ii. 308/ 

Bullet ttee^ i, 529f 
** BuUock shell,*’ i\. 396/ 

Bully tree, i, 529r 
Bunikupfererz, i. 700r 
Bupleurol, i. 700f 

Burohardt-Liebeimaiin te«it for chotesterol, 
229f 

Burgundy, mi. 479r 

mixture, \ 324/ 

pitch, 1 . 700r 

, Veldt, va 479/ 

, wmes of, vu. 477f 

Burmite, \ . 673/ 

Burners, the Kem and Mokor, hi. 21 Ip 
B urnett’s fluid, i. 700r , ii. 544/ 

** Bummg bush,” ii 689/ 

Burrstone, i. 6991 
Bush salt, t. 700r 
Butanes, i 713r 
Butane, oO-dianuno-, i 7l7f 
-- — , ft^liamino-, i 7181 

-o-y-dicarboxylic acid, i 76r 

. od-, By-t oy-, and oO«dihydroxy*, I. 7l8l 

- , ay<diiodo*, i. 718/ 

— , 2-hydroxy«, i. 71 Ir 
I S-cyc/oButanedione, iii 725 p 
B utane, nitrDh> droxy •, i 7 1 2f 
Butanol, i. 710r 
>3-al, 1 1 Mr 


\ 


Buianone, ui, 711/ 

Butea frondosa, i. 700r 
Butem and denvatiies, i. 7011 
Butin and derivatives, i. 701/ 

Butmenes, I. 702/ 

Butines, i. 50r 
Butter, i. 702fw710p 

• ooloanag matters of, I. 700r 

, estimation of water in, I 705r 

, examination of, i, 705r 

, exammation of for preeervatives, I, 70M 

^ fats, idixaical constants of, i. 7001 

, glyesrlMi^, i, 703f 

— irrmsgu^ vii. 447r 

, Isgaldeflmtion of, i. 7101 

— , tnmsral, i. 710r ^ 

, testing of in refraotometer^ v, 649r 

tree, Indiaii. i. 559/ 

♦ vegetable, i, 7l0f 

Buttons, the silver ooating of^ vL {841 
Butyl, L 710f-7J0f 
iioBiitylscotio add, ii, 20/ 

Btttylaeetle acid, ds/so*, 0. 482/ 

Bti^l alcohol, i. 7t0r 
/soButyl aloohoi, jltolilofON i. 717f 
Btt^l aieohot. vi, 6lir 

isrfBttlyl alooliol, tfiddctiK vi 6l6i Wf 
BuMamiiie, i 7l6r 
/mffuiylmiiiuo* v. 4li9f 

gagwt^pgaggw*-"* 





hr. 4|» 

»iy|, <Mv^mmot. i, » 

r-;-bttty»Cl,'7Sir 

Mbnrtyf»to« i. Itlr 

MBt^mbinoU4 eeootodAry and ieiiiavy, i, 2141 

BatylqUpwl.a.lSlf , ' 

Bu^kidonOantipyiixia, v. 48^1 { vi. 8191 
BuiyJ^ral hy&ate, ii. 188^ ; vi. 6191 
Butyl chlorides, i. 1121 

dyaaates, i. 7131 

— cyanides, i. 713r 
Butylene, i. 716r * 

alcohol c. butylene glycols, t 7181 
— cyanide, i. 717r 
diamtneB, i. 7l7r 
dibroimdeh. i. 7171 
— — diiodide, i. 7181 
«^utylene dinitnte, i. 7181 
Butylene glycol, i. 7181 

glyocJoblorhydnn, I. 717r 

■ "" glycol, production of by bfiUfiia. iti. 160r 
-- — hydrate, i. 7llr 
~ — oxides, 1 . 7181 
Butyl etheiB, i. 7151 
t^Butylhydranthnuiol, iv 317r 
Butyl hydndeH. i. 713f , 

•hypual, VI. 6191 

iodides, i. 7141 

—— -lactic acid, lu 673r 

meroaptans, i. 7141 

nitrates, i. 714f 

— — mtsites, i. 7i4f 
— eulphides, i, 7161 
-•^^^thioeaTbiinides, L 7161 
M-BtttyHoluone, trmitro-, v, loll 
Butyraldehydes, i. 718f 
Butorramide, i. 7201 
MoButyramide, i. 720f 
Butyvdltte, i. 6201 
Butyne acid, i. 718f 
ta^-ftutyrlo acid, i. 7201 
Butyric acid, y-amino-, v 480r 

antiseptic ^pcrtios of, ii. 549r 

7 — — . bromo-, i. 720< 

MoButync acids, bronao-, i 720f 
Butyne acids, a-, B-, cuidy-cblom*, i. 7201 
^Butyric acid, a-obloto-, 1 . 720r 
^^0 acid, dS-, and l^ichloro-, 1 . 7201 
MoBuiyrio acidf, c^-dicmoro-, i, 720f 

ccid, production of by formeniation, in. 

salts of, i. 7l9r 

from aeetio and proptonic 

♦ tetracliloro-, 1 . 7201 

•r'Tr octf-i oay-, and adB-tiicliloro-, I, 7201 
IseButyrlo acid, trichloro-, 1 , 72^ 

Butyric aldehyde, 1 . 718r 
' atihydrioe, 1 . 7201 
estem, 1. 720r 
ether, I. 7211 

y^Bttgrobetauio, and a-hydroxy- derivative of, i. 

Butyrdactonc, iv. 141 
Biiljmie, i, 72iv # 

nitrile and isebutyronitrile, v, 4641 
rcyt anhydride, i. 720r 
t cMorkie, i 719f 
c^nde, i, 720f 
Bvodii, t« 72lr 
Bytlliiii.72lf 


Owj jil U l w, md oMMniri, v. W 

Cwiink Jii muo 

lUPHii nif I* JmM 


Omm tetter, i. ysM 

o«aukma,i.7t» 

Oaobett d* huni, vi. 4Mr, OOir 

B,vi. 801«> 

Cacodyl aod ito nun ittportaht darivMtvw, i. 
386r 

Caoodyliaool or Cacodyliegol, i. 7231$ vi. 63lf 
Cadaverine, souroes of, v, 4601 
Cade, oil of, in. 694f 

** Cadet *0 fuming arsenical liquid,” I. 38<g 
Cadinene, vi. 7401 
Cadmium, 1 . 7231 
, alloys of, 1 . 7241 

, alloys of uith zme, vapour pressure Cf, vii. 

6811 

chloride, i. 724r 

, electro-deposition of, 11 6241 

♦ electrolytic estimation of, 1 . 3201 

, separation of from zme, 1. 326r 

, estimation of. 1 . 723f 

— , o£ In ores, 1 264r 

fulmmate. 111 282f 

- . gravimetric estimation of, i. 24<tf 
iodide, i. 724f 

- nitrate, 1 . 7261 
oxides, i. 7241 

— , pale, or orange, v, 2941 

picrate, v 2891 

— . pigments eontamiiig. v, 2041 

- ♦ recovery of in zinc works, vn. 672r 
salicylate, i. 7251 ; \i 221 

. special reactions of, 1 2371 

sulphate, 1 724r 

sulphide, 1 . 724r ; v. 2941 

xanthato, \ii. 608f 

yellow, i. 724r , v. 421, 2941 

('aistum, i 7261 

, separation of from other etemeuta, i. 

2621 


, special reactions of, i. 2401 

Caffearme, 1 . 725f 
Caffome, 1 . 726r ; vii. 6f 
— , constitution and synthesis of, L 7281 
— , derivatives of employed as dtugc, vi. 633f 

, estimation of, 1 . 726f 

— , methods of estunatmg m tea, vf. 7161 
— , mono- and dichloral-, ii. t79r, 1811 
— , presence of m guarana, in. 4791 

•pyragallol, v 5061 

sodium ciniiamate, vi. 6341 

('aiieol, 1 . 7291 
Caffcoiie, I. 7291 
Caffetannic acid, \i. 6601 
Call-cedra, 1 . 7291 

-cednii, 1 . 7291 

Cafriigorm, v. 529f 

Cajeput oil, i\ . 637r 

Caieputol, 11 . 4r ; vi. 746r 

CalaU, v. 678r i 

Calaba^e, iv. 7226 

Calaharol, iv. 7221 

Calaiatite, i. 7291 


Calaio add. iv. 21 * 

Calaite, vii. 248r 

Calamine, i. 7291; vii. 567r/590l 

• silicious, vii. 6961 

Calamus, i. 729r 

oil, iv. 637f 

Calaverite, i. 729r $ \i. 720r 
Calcareous tufa, vii, I79r 
Oalddine, i. 729r 
Calcinol,!. 729r; vi. 6241 
Caidovolborthite, viL 326r 
Calcite, i. 620r,^29f 
Coldom, i. 7304-762r 
-**^«eetate, i. 23r 

manulactttie of, 
Ugueofus* vii« 498r 
— ^ a,rto^«lilo(idft. }. SU t 

MM^ilnStQrliiti. vi 8^ 


\ 






e ;<>tei w eHioa^ v. 4BBr , 

aaiiponinm, i, 7431 

L 746r 

- ittmastes, L 745r 
bovttlQO, I. e43r« 74Gr 

• boHde» i. 746r 

• bofoaalmte, i. 6461 
' bcmikto, I. 737r 

• fHurbide» i. 738{ 

> oart>ofiate> i. 741r ; v. 290^ 

, penU^iydrated, i. 742r 

properties of I'equired for matiu* 
fftoturii^ eodiam carbonate, vt. 162r 
■— cblora(e» i. 737/ 

• — — <4ilottde, i. 736r 

— anhydrous, i. 736r 

cbtomate, i, 762/ ; ii, 24ir 

citrafte, analysis of, ii. 286r 

compound employed in glass making, iii. 

386f* 

— cyanamide, amount produced by various 
countries in recent years, iv. 676 

eyaiaamide, employment of os fertiliser, iii. 

«: I7^ 

cyanide, ii. 467f 

detection and estimation of, i. 762/ 

— ' dibromobelieiiHte, vi. 621/ 

— — • di-orthophosphate, i. 74fr 

dioxide, i. 73^ 

duralpiude, i, 747/ 

lenooyanido and calcium atniitoniuin ferro- 

cyaaide, li. 44«'i/ 

fluoride, i. 738/ 

, gravimetric estimation of, i. 216/ 

hydride, i. 731r 

l^iogeu sidphate, i 7rilr 

tartrate, vi. 61HW 


Calmtiai alhoates« U 7461 

cxivtanee el Ifl .^ortlaitd ll. 

^«^de>h 74611 \i, 671 
fdliooborate# i. 746r 
silioo^phoqdiate, i, 746f 

- sihootltaaate, i. 746r 

- - sodium sulphflte, i. 761f 

— , special reactions of, i 239f 
stearate, iv. 676r 

sulphate, i 748r ; v, 299/ 

- in boiler morustatious, i. b20r 

sulphide, 1 . 746r 
“ sulphite, 1 . 74hr 

— sulpltocarbonaie, i 748/ 

- hulpliydrate, i 747r 

tartrate, and solubility of in u ater at vanoua 

temperatures, vi 689r 

— thiosulphate, i. 762/ 

— titanate, i. 74 6r 

» titanosilioatc, \i 337/ 

- — tungstate, vu. 236f 

, volumetric c*stiuiatioii of, i. 273/ 

Calco-uramte, i. 434r 
Calo-smter, vn. 179f 

-spar, 1 729r 

i'alcusol, 11 . 1/ 

('aliaturwood, ii 1/ 

Oalichales, vi 19*»/ 

Caliche, 11 . 1/, in bill; vi 199/, 23b/ 

— , composition of, and methods of uorking up, 
VI. 23«r 

^ estimation iodine in, lu 664r , 

( aliforiua laiirr 1, to Bay tree, vii 2tiUr 
Califoniiie, vu. 321/ 

Callistepbm and its clilonde, i. 212/ 
tVdluna vulgans, in 608/ 
t *allutanuio acid, v i 660r 


liydioxv«sulphydrate, i. 747r 

hypochlorite crystal, ii, 20br 

— iodate, i, 737r ; vi. 624/ 

Iodide, j. 737r 

jodobehenate, vt. 628f 

— lactate, iv. 9r 


— ^ meiaidiosphates, i. 746/ 

— metaailicate, vii. 489r 

— molybdate; v. 421/ 

mcma-plMNfphate, i. 746/ 

^nUratc, i. 7431 

U— , cmpioyinent of as ferlRiser, iii. 176r 

_ tame of atatistics of uroduciion of ttt 

Ifemmy i»r arc proceoa, iv. 689i/ 
r-r.|^Sde«i,74i{ 
f nitifta, 4* 74V 

r^crlliogiiaiaoolsulplionatc, vJ. 632/ 
-'•-tk*,oi4|ip|flioi|i^ i. 744/ 
oxalate^ fv, 7331 

hjydratod, vii, 461^ 

731r 
i. 7371 

oamidplildes, U 747f« 
paaMa^pliide, i. 747/ 

^ imtiBiilocale, i. 737/ 
padodalMb t 7381 
^ pmhla, vL 624f 
^%wilialo^ohfe of, h 746/ 

743r 

~ flMiqiliila» i. 744/ 
cionKtA. V. 2831 

ooniainiiig, v. 296/ 

'' flimnate', t. 7621 

? pd L ^ -» .p.;iBlgiicyapide, ii. 446r 


Colmatombm, in 409r 
Calmonai, u. 1/ , m 620/ 

Calomel, iv • 274r 

, method of preparation of at Apothecanas 

Hall, IV. 276/ 

Cokimelol, ii 1/ , \i. 626/ 

Calophjiium uioph^llum, it. U 
Calorific iiiiensity of fui Is, iii, 262/ 

value of fuels, in 261/ 

('aloiimeiors, recording, ui* 3461 
Calorimeter, Sironuince-Abad> , un 34t*/ 
the Boy’s, iii. 346r 
(;alumba, u, 1/ 

CaU chlorinata,” n. 640r 
Calycaiitliuie, it, 2/ 

Cambogie acid, v. 300r 
Cambnte, in. 46/ 
f'ameline, oil and need, ii. 21 
<;amolin, \i 628r 

Canipcaeliy-wood, detection of m uuia, vii* 186/ 
Ciiniphene, vt. 737/ 

, methylmnino*, iv. 320/ 

— , production of in btllk, ii. 7/ 
tjamphoid* ti fr 

Camphoketone, dikydru*, hi 722r 

Camphol, li. 3f 

Camptiof^rone, lU* 722r 

Camphor, ii, 2r- lOr ; uu TM ; vi. 746f 

fioCmplior, ih. 723f 

Campboral, u. lOr 

(^unplior, alant, ii tOr 

p aatiaapUc prupertica of, ii, 868/ 

, arUflchd, ii. 6r; vL 732/, 7871 


Bania,ii» 3r 

Bomao, ii. 3r ^ ^ 

a-bmno*. and o/har Aari lv wl iv aa Pi # 
oadar or Cyj pmig li» M 

a- II t 

<Uiwelhyl,Hiirt|iN iv. MM 

OtfOMUMM. H. Sr 
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I 3f 

, mttUdo, ii. gr 
^ nuMoaaeia, il. Sr 

maltiiiff* and boiling-pcant and tiiple-pomt 
pmnm of, vi. 419 
— -“f methods of obtaining, ii. 6r 

ail, H. 687r 

— , oMnto, li. Zr 
- — patohouli, ii, 91 
pepp^int, ii. 3f 
» phyiacal oonstanta of, ii. (U 
•— * pceparation of from oamphene, u. 7r 
CampBon, Thyme and allied, ii. 91 
ii. lOr 

Camphotar, ii. 562r 
Csimps^te, iv. 3831 

Gammood or oambe wood, ii. KV, 590f 
Canada snake-root, i. 394r 
Canadine, ii. ilr ; in. A321 
Oanadium, Ii. Ur 
Oanndol, ii. Ilr 
Canaigfe tannm, vi. 960r 
Canaiin, ii, 1 Ir 

Oananga oil, iv. 644r ; vii. 500/ anil r 
CandeliUa wan, li. 1 Ir 

Candle making, aooelerutois ««mployod in, vi. 431 
-nut Oil, II. 191 

niit tree, iv. 4081 

Candles, li. 121-191 

, dip, li. 121 

— — . drawn, ii, 131 
flambeau, ii. 121 

, link, U. 121 

, mould, ii, 121, 13r 

, ^ night-hghtH, II. I Hr 
— «, pamffin, ii. ltd 

♦ poured, It. I2f 

, rolled, li. 12r 

toroh, li. 121 

Cane sugar, «ee Sugar, ciane. 

Csaalla nark, it 191 
OsnAeldite, vi. 404r 
Canaabin, ▼. 6761 
Cannabinol, ii. 19r : v. 676r 
Qanna starob, vi. 3861 
Caanonite, ui. 761 
Oanthaiilsa, ii. 19r 

Caatharldin and oantlianc aoid, it. lOr 
Canthavklylethyienediamino auiiryanido, mono-, 
vL 6271 

** Oanton*8 phosphorua,** i. 746r 
Caoutobouo, see alto Rubber. 

^U.6181; V. 699r 

lubrieonis, iv. I64r 
mineral, i. 6011 

oil, U. I9r 

preparation of, vi. 7411 and r 
(kmivi oleo*resin, iv. 6961 , 

acid, U, 4821 

and Its methyl and ethyl eaiem, 
physleel oonstanta of, iv. 6741 
aoW, li.201 
aeid,iu«01 
bproio add, ii. 201 

^ild, and its methyl and ethyl esters, 
oonstanta of, tv. 6741 
i, Iv, 62lf 
Side, iv. 626r 
, Held, h. 6211 

-MMLand its ethyl ester, physioal oonstanta 

■ * tt.JK»rj r.MI • 

JLMr 

^^a4[{S)Mr,tii.n7i 




Oapsiouss Msiil, V, 6681 > * 

Caps, psfousiion, id, 8lr 
OaptolTiLgOf 

Caput mortttum, ii, 20r ; v. 42r i v. 3001 

— vUiioU, V, 2ft5f 

Carageen or oarrageen, it 911 
Oaragheen moss, £ 211 
Caraiura, ii, 1731 

Oarajurin and derivatives of, ii. 173r 
Oara|urone, ii. 173r 
Carajum, il. 211 
Caramel, it. 211 ; vi. 427r 
Caramel^ and eoramelen, ii. 21r 
Caramel, oolorimetrio test for, it. 231 

detection and estimation of, li. 221 
Caramelm, li. 221 

Caramel, use of to colour white wines, vii. 474r 

, use of m brewmg, i. 676r 

Carana oleo-resin, iv. 6981 
Carapa bark, li. 231 

or oarap oil, ii. 23/ 

Carat, defimtion of British, ii 5021 
(*araway oil, iv. 637r 
(^arbamio aeid. li. 23r 

, esters of, vi. 6l9r ; vii. 278r 

rarbomide. vii* 2711 
4r -Carbamide, vii. 276r 
(*arbamide, dtchloro-, iii. 530r 
, p-phenetol-, ii. 6741 

— , , employment of in manufacture of 

saocharin, vi. 2r • 

('arbanil, v. 1801 
Carbazole, ii. 23f 

, as an impurity in anthracene, i. 3491 

indophenol. in. 689r 

(*arbenet, vii. 479r 

Carbides, hydrolysis of by i^ater, \ii. 3651 
(*arbite, ii. 24f ; iii. 461 
t'arboazotine. iu. 121 
(’’arboeeric acid, iv. 3921 
('arboeinohomeromo acid, i. 6331 
I'arbodiniootintc acid, i. 6331 
Oarbodipheiiylene oxide, vii. 6111 
Carjxxlynamito, in. 461 
Carbogelatm, ui. 621 
Carbonydrate acids, ii. 411 

alcohols, ii. 421 

Carbohydrates, ii. 24r-64l 
— action of acids and alkalis on, U, 28r 
cyanohydrm s\mthe<u8 of, ti. 27r 

— — , degradation of, li 27r 

, photosyntliesis of from carbonic acid, v, 

259r 

— , reactions of with phenvlhydraane, li. 271 

, synthesis of disaconarides, u. 301 * • 

^ of in leaves of plants, ii. 29r • 

of monosaccharides, ii. 29r 

Carbolic acid, ii. 641; v. 167r; M olto Phenol. 

(*arboltneam, ii. 67r 

Carbon, ii. 67r-86r 

— , action of stoam on, vii. 3641 

Carbonado or ** Carbonate,** i. 2f ; ii. 6001 

Carbon, anodes of employad in dectvolytie maaiit« 

faoture of caustic toda, vi. 2261 
** Carbonated ash,** vi. 16lr 
Carbonates, determinatioif of, i. 621^ 63r 

, specif reactions of, i. 2411 i 

('arbon black, iv. 291 ; v. 44r, 299r 

— bromide, ii. 701 
, homing of gaseous. In the i 

ii. 7081 ^ 

Carbonyl, li, 86r 

chloio womide, ii* 731 

, colloidal solution of, ii. 631 

• compoOmds of with siUeoii, vi jW 

prosdmute atudyriii of, i 3941 

, ubiiiiaiie aiialjw ,, 

. dMotoWoft ii. mt, mr * 

doteotion m in otgotUe oompoi|9idik, i 3<ll 
d^bfCMBside, li 701 9 



must 


Cm/bm Ai^ioridl^ 

lO^iMffiitkiti aoeffioiant <»l In f*t«r nt 
• vU VHf 

liA u.m,m 

moHintf- and boUing^pomt gnd itifda* 
point pftMUio oi^ VI. Hb 

method of eatimatioii of, i. SOU, SOSr 
, properte of, il 68/ 
roduotioii of m plants without the 
ageney of ehlorophyll, v. 266f 
‘ d, li. 661, 


66f 


Bohd, lil 661, 69r 
>, aolub4ity of uk water and alcohol, u. 


diautphide, ii. 741 

— — , as a disinfectant, ii. 5401 

manufacture of in electric furnace, it. 
771 

, properties of, li. 8U 

— , punfioation of, li. 801 

solvent properties of, i. Sd4r 

— , uses of, 11 . 821 

use of a xantliate in determination of, 

via. 5081 

~*^eetrodeB, ii. 621 

the preparation of. i. 1611 
* fUainsnts, for ineandescent lamps, ii, 62r 
- — ,gas,ii.621 

— ^hexaehloride, melting* and hoiling-point, and 
tri|iia*polnt pressure of, \ i. 410 
Garhonio add, m ohro Carbon dioude. 

— — , cliloro*, ii. 73r 

, disinfectant action of, ii. 542/ 

— , estimatiOtt of, i. 2501 

— f goeeous, «. 661 

— — , influence of dissolved, on sohent 
action of water, vn. 30.7r 

— preaenoe of in atmosphere, i. 4271 

— anhydride, li. 661 
----- ester, chloro-, u. 741 

— (kxjde, it. 631{ see aUa Monoxide. 

Oarhon, influence of on tlie oorrosion of iron. ii. 

sair 

CttboBite, ii. 861; m. 121. 131, 461, 47r 
Oarhon snanoaulphide, u. 84r 
----- incnkoxide, u 631 

— — — — hismoglobtin, spectrum of, vi. 3261 
— — — — , method of estimation of, I. 3011 
propertasa of, u 641 
— — miridb and auhiutnde, u. 73r 
Cariiioiioiiaoxide, ii. 631 , tee aim Carbon monoxide. 
0aiteiNQr6bki«ide,ii 7Sr 

— — nxyam{p^» 

— — , psfOMant atandard solution for estimation 
c oAeornMnad oarhon in steel, ii. 3401 
»r*«^^nanta oontaining or consisting chiefly of, 

tlOiiilitatlva determiiuition of m organic 


Gaihoni^ deooioiisang, vi. 446r 
silisidM^ vi« 

OarhaiUL IL 465r 

CMm atSmi^ ii. I5r 

M84riii-701 


ii. 70ir 

— 71f 
iMraM, K. 

ilftipB i wI da Of hanahroonida^ ii. 761 
or hexiclkioride» ii. 7Sr 

wmm of m ohloiolorin» ii. 

11711 
ii,7Sr 



Mim4WI7i 


ii.4Slr 


Ottitqihnil, V. S49r 

anotnaiiva IcKtiiuilts for> talid ipaidpfotdopm 
nvidenea on same, vi. 92tn ml 
'-^fhydiom V, 5451 . 

Carboxyl, mtimation of» i. 2671 

2-Carboxy-54netho|y-phenoxyaeotio addi i. 656f 

Carburine, ii. 881 

Carolaute or oarolazyte, ii. 881 

Oarcuru, u. ill 

Cardamom oil, u. 1521 ; iv. 637f 

seeds, ii. 881 

Cardinal, alisann, i. 124r 

7B, buffalo, 1 . 4881 

Cardol, u. 881 

Cargentos, vi. 6271 

Oanoin, u. 881 

Carminamide, ii. 3081 

Carmmaph and carminaph J, i. 4621 

garnet, t. 4571, 462f 

Carmmazann and denvativos, it. 3061 
Carmine, ii. 881 , v. 3011 

bB and 2G bniliant acid.i . 468f 

, a- and jS-bromo-, u. 3041 

, detection of in cloth, wines, etc , d. lUhi 

, indigo, til 6331 

lake, IV 231 s % 42r. 

, Persian- berry, i\, 23f 

('armutic acui, ii* 303/ 

, constitution of, ii 304/ 

, salts and dciivatives of, li. 3041 

(’armoisine, ii. 88r 

('airaohnne B, 0 bnUiiint, and S, i. 460r • 

XL Carmolstne 6B, i. 467r 
XL Carmoisine K, i 468/ 

Cannufellic acid, ii 88r 
Caniallite, i. 3f , ii, 88r ; iv. 187r ; vi 1661 
— , average eompoeition of orude, v. 376r 
Stasslurt deposits, v 37 If 
Carnation, syntlietic ingredients of parfunie of, v. 
tOlf 

Camaubic and, a. 891 
Camelion, u. 146/; \ 529r 
Oarmne and its deri\utives, ii 89/ 

Camituie and ita derivatives, i. 588/ ; u. 161 
Camosine, ii 89r 

Caniotiie, and production of radium froim V. 
637/ 

——,11 901; \ii 26lf 

ore, '* ouncentrates * of, \h 2901 

C*an>l«, II. 90f 
i'aiotie, 111 . 7251 
Carony liark, II 436/ 

(*aro*s acid, \i. 553f 
Carotin, ii. 90r, 91r 
(Jaroubtn or caroubmuae, ii. 611 
Carpame, u. 911 

Carragabm or oamigheen^ U. 611 
Carrot, ii. 91f 

Cartbamin or earthamie acid, vi. 71 

tnonopotaanum, bansoyl, and othif daiivn* 

Mvea of, vj. 84 

Carvacroi ii. 101 ; v. 1191 and r 
— , p4imiD0-, i. I67r 

iodide, VI. 6281 

— , mtro* and dimUo-, iv. 6Ur 
Carvelone, iii. 724f 
Carveoli vi. 746r 

Oarveatrane and <m«earva«l«iii#i vh 7111 
Carrol, ass Carvone, 

Oarvomenthone, in. 7231 

GamQa,oroarvol,ii6r; Ui<7ltf; f » IMTl 4 

.... • <« 
CaiyophyUmay vi. 740r 

Cmeamaagrada^iLflf 
ChiaaidlinmriL ii 611 
— olLlr.mi 

OMmiL w 



(Mng irkuw, 

of in jppo|MM of walw painis, a/ 

iodlied* iK»ttejb]l^ l)iirattth» vf • 6£8r 
pBopavalicai of puio, and of induBtrial, ii. 931 

nopeftwo of, if, 9Sr 

-rr* iliyw, iri. 6£6f 
633f 

— OM of, ii. 941 
~nf vogetable, i. 66U 
• Oai4iai|oine and oaaimiroedino, ii. 9di 
Ooawttoep, Vi. 677f 
Cfuoava, a. 96 r 

*•*"""» Miter and sweet, cultivation of, and use of 
aa oatMi^erop, yi, 382f 

, its cultivation, utilisation, and varieties of, 

. vi» 3831 

— ~ meal, oaasava cake, and cassava starch, vi. 
9771 

— ^ — — and flour, preparation and composition 
of, Vi. 3831 

*r— Starch, industrial applications of, trade In 
^d^ imports of into consuming countries, vi. 

387r 


mIorosoopiGal appearance of, vi. : 
-j^,^^paraifon of, vi, 3831 


Cassia, j 

— — , detection of in cinnamon l>ark, i. 991 

^oil,iv* 6381 

•**— torn, ii* 961 
CSasriopsium, vii, 5631 
e^MHlx£, vi/6771 
Csflsltsrite, ii. 961 ; vit. 591 
Oastonmm resin, v. 668r 
Castor cfl, ii. 96r 

— “ as solvent for resins, ii. 97f 

seeds or castor beans, ii. 981 
— or castoreum, ii. 96r 
Cssumcai, ii. 98f 
Catalases, iv. 7391 

decomposition of hydrogen peroxide by. Hi, 
Cstalysia, ii. 1671 

— influence of ensymes on. ii. 168r 
in industrial chemistry, ii. 1691 
in relation to mass action, ii. 1681 
mechanism of, ii. 1691 
CataJysta, characteristics of, ii. 1671 

employed in manufacture of sulphuric acid 
hy oontaot process, vi. 599r 

in oxidation of ammonia gas, tv. 595f, 

6031 

' ■**■■■■> , nickel silicate, and tungstate, vi. 2911 

in snanuf^ture of phthalic acid, v, 270r 
iSMtfiic agents employed for halogenation, ti. 

tiatmdeiite, U. 98f } vii, 603r 
IMe&t» il. 102r i vi. 6601 
aitodrito, it i04r 
66irMX3i^ aeidf U. 1041 

and other derivatives of, it 

ChtSSoLit Mr 

aestio aoid and its derivativeB, ii. lOOr 
~ aoetylania ether, in 1001 

antiMqptio properties of, it 5611 
•-*-~oaitaKylio acid, ii. lOOr 
QrtPBMdjantipyrine, ii. 1011 
,43ri) ^ y enylmethyls^ et^^ ii. 1001 

it 1001 

etlier, vi. 6Slf 

“ “ • . .. ,it lOlf 

imfliiA,!!. lOlr 

rMilM eetid elSer, vt Mlf 
‘ l 9 n§««hM.itlOOI 


Ctttebliotphthaiebi. ih ifllr 
^Csle c Ms, nityo-, far. 6tlr 
ilateefaol solphonle add, U- lOOf 
— * taDriios, H. lOlrs v(. 648r, 6591 ; ; ; 
OotechUrii. 102li 5911 

, Beng^ or Aeaoia, it 1061 

, Bombay or Areca, ii. i06r 

, brown, ii. 1051 

, Oambier, ii. 102f 

, Pegu, ii. 1056 r 

Oatechutannic add, it 1041 
Oatellagie aoid, ii. 105r, 629r 
0at*8-6ye and tiger eye, v. 529r 
oriental, ii. 249r 
Cauliflower, ii. 1061 
Oaulophylline, ii. 479r 
Oaulophyllosaponin, iii. 415f 
Caulosaponin, iii. 4161 
“ Caustic ash,** vi. IBlr 
Caustic, lunar, iv. 1681 ; vi. 1231 
Cay cay fat, vii. 447r 
Cayenne iiepper, ii. 20f 
Cedarite, v. 6731 
Oedarwood oil, iv. 6381 
Cedar, yellow, vi. 6061, 667r ; vii. 558r, 5691 
Cedra, ii. 1061 
Cedrat oil, iv. 638r 
Cediela Toona, ii. 1061 
Cedrene, vi. 7401^ 

Cedrin, iia 409r 

Cedriret. ii. 1071, 3161; v. 5861 

Celadonite, iii. 468r • 

Celery, ii. 1071 

Celestine, ii, 1071; vi. 406f, 5141 
Celestite, Aee Celestine. \ 

Celite, ii. i22r 
Cellobiose, ii. 40r 

, and cellobiose octa>acotate, heats of ooiii*> 

bustion of, vi. 362r 
Celloidin, ii. 107r ; v. 2681 
Cellose, ii. 49r 
Cellotropin, ii. 107r 
Celluloid, ii. 107r 
Cellulose, ii. 1081-1211 

, action of sodium hydroxide solution DU, 

vi. 213r 

, — of solvents on, ii. Il2r 

of sulphuric acid on, it. 1 14f 

, and cellulose hexa*aeetate, heats of oom* 

bustion of, vi. 3631 

, bibliography of, ii. 1211 

, chemistry of the compounds of, it ll5r 

, constitutional moisture, and hydretion 

eiTects in, it 112r 

, cuprammonium solution of, ii. 1131 , ^ 

, esters of, it 1091, 113r 

-- — , fermentation of, iii. 1621 

industries, general view of, ii* 1201 

, ineroerisation of, ii. HOI, 1141 

a*nttro, iii. 55f ■ :" ■ 

, nitiohydra-, iU. 6« / ^ 

, nitfoo^*, iii, 561 ' ■ ^ 

, oxidation of, i. llOr 

reactions of, deoompositioii by eddli eni 
alkalis, it llOr • 

— resolution of by ferments and heai^ it , 
OsUidciies, compound, it. 114r * 

employment of fibrous, ii. till ^ ^ ■ 

— ^ grouping of fibrous, ii. lllf 
Oelhdose^ solvents for, it 1091 
— > xanthogenic sold* it 1101 , 

OslUte, lit 52r 

Cdltliim, it 121n 1441 . . ^ 

Onanit. iL ISlr • ’■ 

— — k Britiib ttandud ^eeifloalten kik'Hmmii 
a* !>*< • '..-.f 

‘k BiwtM tardnuilte, iv. 178f 

• dtettoad. &. 41tr 
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-V-ij U 7401 

- — , ooittjmitioQ of, !• 7411 

kiln dngt, «lectnoiil preoipitatioii ol, v. 4S2r 

lIMe^o, L 761r 

, magnesia iv. i70r 

^ ittaniflfaetitte of Portland, li, 1231 

, MartlaX i. 741r 

— »•, orthoeilieio acid in Portland, vi, 87r 
— ^ — p oxyeblotida of tine, iv* 170r 
— Portland, oomposition of, ii. 121r 
— > Boman, it. 1231 

Canmta, oalctum sulfate varietiea of, i. 749r 

oomppaition of Portland claas of, ii. 1231 

, hydraolio lime, ii« 123r 

natural, li. 1281 
— , oil proof, iv. 170f 
Oemint, fiorel’a, iv. 170r 

Cemanta, prepamion from blaat*fumaoe alag, u. 
i23r 

— , Pmtnolaaio, ii 1201 

Ooment, teats employed for Porilund, ii. 1271 

, uaea of Portland, ii. 120r 

mterproof, iv. 1701 

Cemmtite, ii. 1301 

Central liMting and venUlatmg systems, vu. 271 
CSepbaeline, iii. 643r, OliOr 
Ceradia, iv. 0031 

Cerargyrite, ii. 130 / ; vi. ]20r ^ 

OeraaSea, i. 4671 

Oerbolite, iv. IM 

Caraals, ii. 130r^]301 

— , leading values of American, u. 1301 

C^resin, ti. 130r; v. llfir 

, formation and ulentifioation of, v. 221 

mtcii. V. 3171 
Cerfliiorita, vii. 66fil 
Gene hydroxides, 31. 142f 

nitrate, if 142r 

oxide, ii. 1421 

— aulphatofl, ii. 142r 

Caiia and oeroiic acid, vii, 4371, 4301 

Gmiaa. IL IS9r 

Cerite, ii. ISOr. 1441 ; vii. 3001 
Cenma, li. 1401 

alkys of with boron and platmom, v. 618/ 

•_ of with xmc, \. 613/ ; \ii. 631/ 

T, amalgam of with mercury, v. 6131 

, appliioaliona of, ii. 1431 

eaimde, ii. 1421 

— , eatimation of in monazite, iv. 391/ 

, gravimstric eatimation of, i 2461 

hydride, ii. 1411 

. idtride,ii. 141r 

— ^ oxalate, iv. 733r 

pamdde and Its derivatives, it 1431 
— ^ pyrophoqitiate, vi. 2461 

aapmllon of from other elements, i. 2601 
of in ores, i, 2681 

sittride,li. 1421 ; vii. 031 

sjpeelai leaetions of, h 233r 
^ tFcInmetric estimation of, I. 273r • 

OMe. viL 4661 
OtenaWie or e 0 roi 9 lme,*vit. 4631 
Cmlene, iL 1471 

OsvolAe nM, if* il71 s vii. 4371 and r, 4331, 4.301 


ISsintfn, vIL 440r 
OmOMee Ponesan 3B, i. 467r, 4731 
Oaeems aoatylaeetonate, ii. 1421 
<^teKMi£kii* 1411 
ntsMwIe, U. J4tf 
sMnridei ii. 1411 
eohakimnade, li. 141r 
dlMltanjpItospliiri U. It21 
|bi|iHe^ & 1411 


Oemma nicilate,1i, 1421 

phenojdde, ih HOf 

aalnndate, v|. 221 
I snmMte, fi, 141r 

sulphide, li. I4lf 
Oevoxylttie, ess OOmilina. % 

Oeml^, see Gosniletim. 

OIruse, hr. 801 

Oerussa alba, v,,2081 

Cerussite, ii. 1471 

Ceo’I alcohol, vii. 437r, 4301, 440r 

palmitate, v. 62r 

Cetiacol, It. 147r ; v. 621 ; vi. 631r 
Cdtme, vii. 4661 • 

Cetosan, ii. 147r 
Cetrana islandioa, iv. 113/ 

Cetyl alcohol, vii. 4661 
Cetylmalonic acid, ii. I47r 
Cetyl palimtate, v. 62r 
Cevadilline. ii. 148r 
Cevadme, ii. 147r, 1431 
Cevine, ii. 1481 
Chabajute, vii. 6661 
Chablis, vii. 477r, 470r 

Wynberger, vii. 4701 

Chailletia toxicsria, ii. 1401 

Chairamme and chniramidine, ii. 273/ 

Ohalcanthite. ii. 1401 

Uhaloedony, ii. 140/ ; 520r 

Ohairhihual, ui 600r 

Chaloooite, u. 373r 

Chalooite, ii. 3701 

('haloolite, vii. 263f 

Chalcopynte, ii. 373r ; i\ 626/ 

C'lialoosine, v. 647/ 

Chalcotnchite, ii. UOr , 136/ 
iJhalk, V. 200/ 
i'lialkacene, v. 636r 
rhalk, black, i. 6011 ; v. 200r 
> ^ , composition of, ii. 123/, I40r 

, French, ii. 150/; iii 246r ; v. 626r; vi.644r 

•marl, iv* 226r 

( halkonc, li. 1601, 403/ 

— ♦ 2^hydroxyv il. 160r 
('balk, precipitated, v. 41 r 

, red. V. 296r. 6461 

tailor*ii, ecf Chalk, French. 

C'hulmeraite, ii. 160r 
Chalybite, ii. i60r 
i'haroada, vii. 2931 
Cliamoimie flowers, ii. 1611 
i*hamoBite, vii. 461 
Chamotte, il. 161r 
Champagne, vii. 476f 

, brands of, vii. 477f 

Chores, v. 6751 

Charcoal, absorptive power of boxwood and of 
OQCoa«nut, ii. 611 and f 

aettvated, and volume of variona gaaes 

aorbed by, in vacua* vi. 2301 

— , animal, ii.61r,4a2f; vli.333r 
— Idack, v. 200r 

— , manufacture of wood, ii. 631 

— - , peat,*iii. 250/ 


. pUtiniaed, ii. Sir 

, varieties used lor nmxdm 

powder, iii. 3r 

, vegetable, il. 482r ; vii, I80r 

, wood, iiL 260t 

Chareola, vii. 2031 
Otumiiis, vL 7011 

Oharteeuee, eompositMm of gieea 
white, U, I6lr 
Oherinine, vii. 2961 
ifluNdmengni oit, il. 1611 
Cbantmoogrie a|M. U. Ii2r t Iv, 69 

nh. mmi .halMote. .1. 
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WN. Mid 01, itt. SOr 

0mm. H. 1B9 I 

aiuiisnib of^ li. 1501 

lor Dutch, Iv.l49r 

— compoSlon of, li. 156 

Chilerytlirm ii. 1671 
OheUdonooine, ii. 1671 
Otieniawiiate, i. 1841 ; v. 6731 
Ohduieal amuyais, application of powder method 
of X^ray analyi^JU), v. 627r 

constitution, intcHipretation of by means oi 
absorption spectra, vf. 3271 

elements, ^ting^points of published by 

iv. 2571 


United States Bureau of Si 
dam, vii. 225r 
C2kari*v<dUo, ii. 152r 
Chemoaem, iv. 161r 
Cherry, ii. 171r 

-bark tannin, vi. 6«0f 

•laurel, leaves of, ii. 1721 

— ^ •laurel oil, iv. 6381 
Chert, ii. 1721 

ChessyUte, U. 1721, 372r ; v. 2941 
Chestnut, ii. 1721 

exiaet, II. 172r ; vi. jllCrtl 

— hmue, til. 6261 * 

tannin, vi. 6671 

—— — horse, vi. CCIr 
water, ii. 172r 
Ohevkinite, vii. 226f 
Clucha, vi.*360r 
Chioa«ied, if. 21/, 1721 
Chickpea, ii. 173r 
OhkOe, ii. 1741 
Chicory, 11. 1741 

tnAuenoe of in oofTee mixture*), h. 3211 
Chillies, V. 621 
— , analyses of, v. 92r 
China c^y, ii. 289f ; v. 4lf, 294r 
—egress, ii. 1761 

Chlnaphenln or Quinaplienin, ii, 1761, 2681; ^ 
6361; vi. 6231 

Ohinaphthol. v. 6391; vi. 6231, 632r 
Chinaaeptol, vi. 634r 
China-stone, il. 1761 
Cniineonal, ii. 1771 ; vi. 620r. 6231 
Chinese blue, U. 1771 

ink, iU. 6681 

led. ii. 2441 

Chlag«ohu, iv. 41 
Chinocol, ii. I77f 
Chinofonn. ii. i77r 

CaUwMolor Qoinowl, ii. I77r. M2fi v. M«t - 

dMp 

MitiNnUo pmpMtIm of, iL (Ui9r 
OitaMK^ a. mr : T. 608r i vi. 6331 
CMdaovia m Qainovin, iii. 414r 
CUaovoM Mid obinovit., ii. 40r 
OhMilti.ii.177r 
OhiNtta or OhiMte, ii. t77r 
OliitMdMi,ii. 177r 
C MM i MniM. iL 881 
OUMMthit.. U. 1781 i iv. 6861 
0Word,tt.l78l . 

•OOMOM ohknofotiii, ii. 176r 
it. isir 

OMondMaUM U. 17W. 1881 $ vi. 8191 
OUatManmonii^U. 1781 
.~««intl^grtiiMt ii. 1811 j v. 4^ 

«»»» hnrfiiil n.rlTBmiil~i li. 179r • 

MdWnM, mono. Mid dK U. 179r. 1811 
CMonldosiao, U. 1811 . 

qdMrtlBHWoM^. Ml alto OhlAMMMd.. 


, . i.ii. 179rt v^6iei 

OMomI, jHbnMAdMo(,ii. 1801 •* 

teanfat, IL 1811 

ddomlum. ii* 6441 

ddoralufotropliies, mono* and di*, ii. 176r 
Chiorainine as a disinfectant, it. 640r 
— ~ -B*, vi. 6301 

-T.a. 1821; vi. 629f 

CUoranil, v. 566r« 

Chloranilio add and its derivativss, v. 6711 
Chloranilimide, v. 6661 
Chloranthrmie yellow, iii. 663r 
Chlorates, estimation of, i. 2761 

p special reaetions of. i. 242f* , 

Chlorazene, ii. 182f ; vi. 629r 
Chlorazide, ii. 182r 
Chlorbutanol. vi. 6191, 637r 
Chloroosane, vi. 6301 

Chloroyanin, use of in photography, v. 2281 
Chlorene, ii. 182r 
Chlorethylene, ii. 678f 

chloride, ii. 6591 

oxide, ii. 6811 

Chloretone, i. 37r ; vi. 6191, 637r 
Chlorhydrio ether, ii. 6581 
Chloric acid, eatimation of. i. 260r 
** Chloride of lime ** as a disinfectant, ii. 540» 
Chlorides, separation of from oyanidos, i. 263r 
— special reactions of, i. 24lr 
Ohiorin, V. 6061 

Chlorine, ii. 182r~221r • 

oatalytical preparation of. ii. 169f 

, ohemioal properties of, ii. 183r 

, compounds of as disinfectants, ti. 640r 

— , of with silicon, vi. 911 

— contact substances employed in preparatiot 
of, il. 193r 

— employment of in warfare, ii, 20lr 

— hydrate, ii. 183f 

. hypochlorites and chlorine antiseptics, vi 

619r 

■ ' » industrial applications of, ii. 2011 

, preparation of, li. 1841 

, by Deaoon*8 process, ii. 19lr 

, recovery of manganese bj 

Weldon's process, ii. lB6r 

, liquid, ii. 2001 

— — , method of estimation of, i. 3041 
-M— peroxide as an antiseptic, it. 5421 

, preparation of by electrolysis of metalUi 

chlorides, ii. 1941 

, of by electrolysia of zino chloride, ii. 199i 

of by Hargreavee»Bird cell, ii. 1961 

of from ammonium chloride, ii. 199f 

-- of from oalcium chloride, ii, i99r * 

of from magnesium chloride, ii. 2001 

of in Costner's rooking oell, it 1971 

— of in Finley oell, ii. 1971 

, of in Kellner pres8uro-difl|daoeiiieni 

oell, ii. 197f 

^ of in Kelluer-Solvay scoop wheel cell 

ii. 1981 

, of in porous diaphragm cells, ii. 1961 

, of in moifio^vity cell, ii. 198f 

, of in lV>wnsend oeU, ii. 166r 

^ of in Whiting oell, li. 1981 

, separation of from bromine, t 2621 

various methods proposed for mauulactun 

of, ti. 2001 

— water, it. 183f 
ChlorobeiiEalsultim, vi* Or 

Ohlorobrom, ii. 2221 4 

€9tlorohroiiioform, t 694r 
Cblofobatylene oxi^, ii. 637r 
Ohioroesloite, i. 600r 
OhIorolcMrm, ii. 2221 

•a w sthet io, ii 221f } it 2251 « 

^ Aiisoli6ts,it«2t4r 

colloldsl. It 4681 
hfiamleidsleolte 

e ^ 2 f 
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Otkkwofmii* «ia<ififaotitn» of from oootono and 
Uoaohiiig powder, il* S23i 
— , --^-driirDm olo^U ii. 2242 
— , — ~ of from chloral, ii. 2242 
, Pictet, ii. 2242 

1 preoenoe of ethyl chloride in, ii. 2262 

, properties, detection and reactions of, ii. 
224r 

— solvent properties of, i, 2P62 

teste lequixM by pharmaoopoBias, ii. 226r 
Chlor^henin^orange, i. 49Ir 

Chloropliyll, functions of as a photooatalyst, v. 
261r • 

investiMtions of by Willstfitter and others, 

V. 258r 

J2-Cbloropiopylene oxide, ii. 6372 
y-Chloropropylene oxide, ii. 636r 
Chkuoquinidine, ii. 269r 
Chloforuhin, iv. 178r 
Chloios, ii. 6412 
Chlorosulphonto acid, vi. 6392 
Chloroi^Umine. ii. 2272 
Cblorpioiin or Ohloropiorin, ii. 2272 
Chloryl, a. 2272 
CSiocolate, ii. 227r 

— , estimation of foreign starch in, vi. 394f 
Chocolate fat,” v. 632 
Chocolate fats, ii. 2282 f 

Ohocdlite, iii. 3042 
dmisy, iii. 3032 ' 

Cholestenone, oxycholestenone and their donva* 
tives, a. 228f 

Cholesterol, i. 691r ; it. 2282, 614r 
froCholestofol. ii. 2302 

Oholettedeol, Burohardt-Iaebermann test for, it. 
229r 

, detecticn and estimation of, ii. 2202 
— oaonide and diozonide, v. 342 
^olastatyl esters, ii. 2291 
Cfioleval, vi. 6272 
Cholic add, U. 230f 
Choluie, estimation of, ii. 23lr 
— natural and synthetic, u. 231r 
— , salts and derivatives of, it. 2322 
iw<4}h€mdodendrine, oondguration of, v. 642 
Chondrin, it. 232r ; iii. 4202 

, test lor presence of in gelatin, in. 3<i7r 
Ghondrosamine. ii. 33f 
difistlanite, v. 1882 (footnote) 

Chromaoetine, iv. 737r 

Chromammonium compounds and derivatives, ii. 

2461 

Chromates, preparation of, it, 240r 
Chromasurine, tv. 7372 
*Ohfome alum, ii. 23Sf 

*aluiiiiiia cobalt oxide, v. 29 7f 
asurol 8, vii. 2142 
llsst qyaaine G, t, 464f 

— green or true rhroine gnvn, and mixed 
chrome greens, v. 2972 « 

greens, a. 2372 and r 
** Ohioma gmens,” it. 2444 
Chrome ktm ore, ii. 232f iii. 663f 
Isaicn, or baiium, v« 296f 
* lime, V. 2 96r • 
onagB, a. 244f 

prinfose, pale, middle, and deep, v. 2961 
— ^ led, V. 296r 

temgiten, and chrome molybdenum steels, ii. 

— ^ ytSIcm, a. 2432, 6902 ; v. 2962 
V. 296r 

Oteo^ ttetd^ sstevs of, a, 2461 

acItfiiMde or chromic add/'U. 239f 


« • • 

ite sodium, potei* 
246 ^ 


Chromite hvicho* 

Ohromimn, it. 2232 
allowi of, a. 2342 

amalgams, ii. 2242 

arsenides, ii. 2S8r 

assay of, i. 4122 

ssymmetrio, v, 3412 

liorides, ii. 2^42 

chlorate, a. 2392 

1 compounds of, ii. 2362 

, — of employed to colour gJasSf iU. 386r 

, detection and estimaGon of, ii, 2361 

, electrolytic estimation pf, i. 8222 

, estimation of in presence of manganese, i. 

278f 

, gravimetric estimation of, i. 2462 

- - green, and chrome emerald green, v. 43f 
nitrate, ii. 2382 

oxides, ii. 236r 

porohlorate, ii. 2392 

phosphates, ii. 238r 

phosphide, ii. 2342, 238r 

picrate, v. 2892 

— , pigments containing, v. 2962 

, salts of employed as monlants, ii. ri79f 

pentamino, ii. 246f » 

- — , Bomration of from other elements in Qrosp 
Ill.,i. 2C72 

- - , of in ores. i. 267f 

sesquioxide, ii. 236r 

, hydrateii, v. 2972 

silicides, it. 2342 ; vi. 982 

~ - soaps, vi. 1542 

, special reactions of, i. 2382 

sulphates, it. 238f 

din, compounds, vii. 61f 

tungsten carbide, \ii. 239r 

, volumetric estimation of, i. 2742 

(*hromocyanmes, iv. 7372 
t'hromoform, it. 246/ ; vi. 634r 
Chromogens, it, 846r 
Chromohehoirope, iv. 737f 
Chromometers or chromatometers, it. 3402 
Chromone, Ii, 2462 
Chromophores, ii. 346r 

diroxnotrope or chromotropio acid, ii. 246f 1 iv« 
604 

Chromotropoft 2B, 60. lOB, 2K. i. 4682 ; F4B and 
FB, 4692 ; and 8B, 4702 
( 'brumous salicylate, \l. 2lr 
Ciiromoxonthine, i. 470r 
Chromyl chloride, ti. 2U2>2 

dichlonde, ii. 237r 

C^irysamine G and H. i. 479r 
Ciirysanilino, i, 70r, 72r ; ii. 2l6f 
Chryaanthomin and salts, i. 3432 
Ctirysaiithranol, i. 1!^ 

Chrysarohtn, ii. 246f ; Iv. 35 If 

, dorivativfNi of, iv. 351 r 

medicinol employment of, li, 2482 

(jlir>*iiatropic acid, tv. 192 
Chrysaain, I. 1312 

fro-Chrysaiiii (dihydroxyanthraqulnoiui f) and Its 
diacetyl compound, i. ISlr 
dirysaain, dihydroxy-, I. 1371 

, potemium salt, and nitro-, amino-, hydmsy* 

chloro and tulphonic deilvaGvei ol, i, IIM 
Chrysene, ii. 249r 

properties and derivatives of, ii. 2491 
Chryseone, vi. S8r 
Chrysia, 11. 2492; v. 8662 
*— — ^ derivatives of, v. 3662 
Chfytob^l, li. 24^ 

CbrysoooUiiv I. 64^ ; ii. 849r 
Chrysocfoatlnlnst vii* 510r, 61 U 
Uhrysofonn, ii iM ; vi 6281 
Ohiyaogen, U. tM 
Clirysc£liis,l. 4661 
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A «nd RKKr I. i^iri W 

Obfmtn, L im # 

insoluble, i. 462i 

43ht7ic4iA, vii« aoir 
Ohfsmnophthadno, I. 440r 
Caitysone, v* 584i 
CSurysophsaiein, iv. Sftlr • 
Ohr^phanhyclrantbro&e, iv. 361f 
Ohryiophanio aoid aathranol, u« 247/ 

, obryaophan, or ohrysophanol, iv. 360r ; 

V. 091r, 6921 

— — " — , oonstitation and synthesis of, iv. 354/ 
_ derivatives of, iv. 361/ 

— - — , employment of as a drug, vi. 642r 

Chrsiaophenine G and G extra cone., i. 4901 

Chrysophenol, ii. 246r 

Ghi^prase, ii. 149r ; v. 629f 

1 : 2-ChryBoquinone, v. 5831 

2 ! 8» or ompatChrysoquinone, v. 683f 

Chrjrsotlle, i. 395r; iv. 194f ; vi. 691 

C2ir^toluasine, i. 440r 

Ohi^toluidine. ii. 2.501 

Chrysyl, i. 650/; ii. 2501; vii. 5971 

Chowite, it. 2501 

Ohymase, lii. 144/ 

Ohymosin, iv, 306f 
CilM heliotrope B. vii. 3141 
Cieatrieine, ii. 250/ 

Cicutoxin, ii. 250/ 

Cider or Cyder, ii. 260/ 

• ohemienl oomposition of, li. 2ri.*lf 

, diseases of, ii. 252r 
Cigarettes; manufacture of, vii. 85r 
Ctiardightera, various, iv. 23.31, 234/ 

Cigno^, ii, 25^ 

(Hnohene and apocinchene, li. 2711 
Clnclioloiponio (or oinolioleuponio) acid, ii. 262f 
Cinohomeronio and isoeinchomoronio acids, i. 

632r 


Cincliona alkaloids, ii. 253f 

, amorphous bases of, ii« 276/ 

— aspidosperma bases, li. 279f 

— , cosoo bases, li. 278r 

^ general properties of, ii. 259/ 

, interoonveraion of, ii. 258/ 

, methods of extraction of, it. 259f 

, Remiiia l>a.sos, ii. 276f 

^ salicyl derivatives <if, vi. 22r 

— — , tlioraueatic value of, ii. 258/ 
barks, alkaloids present in, ii. 2561 
^ assay of, ii. 260f 
of commerce in 1870, ii, 254 


princijdes of, ii. 256r 


(^cboiuurnme and its salts, ii. 277/ 

Olnehoiia of Benegal, i. 7291 
Cinohonatannic acid. vi. 6641 
Ctochenio or oinohouinio acid. ii. 2711 

6«methoxy*oinchonio acid, and aryl-cinohonic 
acids, V. 5481 
CInehemiDine* ii. 272/ 

Oinehonidine. ii. 272r 

derivatives and salts of, li. 2731* 
isomeric uitli, ii. 274/ 
iodoaulphaie, i. 364/ 

^--^aaltaoUi. 274r 
Cliiehoiitiie» ii. 257/ • 

S^Oii^iiine, ih 272f 

f ^Hiiebonine, ii. 272r ^ ^ ^ ^ .... 

CilMAoniiie* bromo- and hydrobromo, hydroiodo*, 
and dehi^ro* derivatives of, ii. 27 Ir 
• ddoiidM, ii. 2711 . „ 

I derivativaa and aalta of» i|. 270r 
hydro* darivativea of, ii. 272f 

or einehoalB^ ii. 27^ 
atSeOfnehooina or oiaoh|^^, tt. 2721 
iiiti of, ii. 2731 
ii. 2221 

CawhotiMto. uad ctoototwAtto., iL »70r 
OlBiWl, H. #!> fSr t ir(. ?Mr 


ObUMlMr, U. S9«r| hr. SMI, fflr ) r. m.’Wr 
— AuBtrian, v. 42r, 296f ^ 

Cinnamaldehyde or oinnamle aldabydOf ii. 

280/ 

Oinnammie, vi. 4171 
Cinnamic add, It 286f 
o/loCinnamio add, ii. 281r 
Cinnamio add, n% and p-rdiro*, ii. 38ft 

, antismio properties of, it 650f 

•, from benasald^yde, t 667/ 

Storax, i. 582/ 

>, m-methoxy-p«hydroxy-, itt. 192/ 

aloohol, V. 97r 

Cinnamon, ii. 282/ 

leaf oil, iv. 638f 

oil, iv. 638/ 

stone, it 282/ 

Cinnamyl alcohol, vi. 418/ 

— * dnnamate fmm storax, i, 6321 

guaiacol, iii. 470r 

Cmnamylquinine, ii. 267r 
Cinnamylsalicylio acid, vi. 23/ 

Cirtine, v. 529r 

Citarin, ii. 282/, 283r 

(*itral, ii. 8r ; v. 99/ ; vi. 746r 

Citramaho acid, iv. 199r 

Citrates, special reactions of, I. 243/ 

Cline acid, ii. 282/ 

— detection and estimation of, ii. 283f 

^ of adulterations in, ii. 286r 

^ of in milk, ii. 283f 

^ estimation of in preeenoe of tartaric 

and malic acids, vi. 696r 

exami^tion of •* juice and citrate, 

ii. 285/ 


fermentation of, iii. 170f 

^ manufacture of, ii. 285r 

presence of in milk, iv. 368r 

^ salts and derivativea of, it 2831 

•mmmmmmmm jr STMOlfio KTftvitV AOU0OI18 flOlutlOlIB ^^9 

ii. 282r 

Citrocoll, li. 287/ 

Citromyoetca, emplo 3 rment of in preparation of 
oitrio acid. ii. 286r 
Citronellal, v. 991 
Citronella oil, iv. 638f 
('itronellol, ii. 3r ; v. 95r $ vi. 746r 
Citronines, 2AEJ, and NB!, i. 460r 
Citron oil, iv. 638r 
('lirophen, vi. 61 5f 
Citrullo), ih. 41 3r 
Civet, ii. 287r 
Civetone, v. 102/ 
riaret«red lakes, iv. 2 If 
Claret, union fmt, 1. 473f 

, varieties of, vii. 477/ 

, Veldt, vii. 4791 

ClausthaUte, vi. 59r 
Clavioepsin, tl. 642/ ; iii. 409f 
Clay, ii. 287r 
, bull, ii. 289f • 


, chemical analysis of, U. 290r 

, — unpuritiea oL it 288r 

, China, it 289ri v. 41f, 294f 

, daaidfioation of, ii. 2881. 

oompodtloii of, ii. 128/, 2881 

, Devonshire, see Clay, ohina. 

, fire, iii. 2081 

influence of on growth of pianta, li. 2291 

CUyite, it 292/ 

Clay^reentage oompodthm of alter i^;iiltkfn, IH* 


, plaatio, it, 2901 


, pottm, iiJISOr 

, rational of, it 29lf 

aUte,tt. 2901 

C^eveinet 627f I fl. 229li vti. 26lv 
(flidiy white, it 2921 
€2iilottlte,lit460r 

.Vhl22l 
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ScKil*, iL 2931 

, white, emj^yment of for dyeing, v. 638r 

, yellow fiueiding, ii. 292r 

, staeg, ii 292r 
dovee, Ii. f94i 

add, iii 692f; iv. 678fs vi. 50f ; 

— — s detection, separation, and approximate 
edimatton of, iv. 083f 

Ch^tianol, Iii. 4l3r 
Clysi^tiqiie, i. 113f 
Coal, see also FneL 

, anthracite* iii. 258f 

aawy of, i. 4211 

bituminons, iii. 2551 
— — , black, V. 8091 

blind, i 6161 

brown, iii. 264f { v. 3001 < 

, carbonisation of in large balk, iii. 3271 
— , — — of in various retorts, iii. 312r, 3231 
— , chemieal changes oeoorring during carboni- 
sation, iii. 317r 

condensation of gas when carbonised m 
lam bulk, iii. 327r 
Ooal*lelds, American, iii. 263r 

, Britash, iii. 261r 

— Ganaan, iii. 2631 
Coal gas, Ul. 266r, 3061--3481 

— — , ammonia-recovery systems, iii, 272r 
chemical changes in manufacture of. 


iU. 3l7r 


U4r 


coldng, and steam, iii. 2561 
compai^n of with water gas, iii. 365r 
determination of calorifle power of, iii. 

-. 1 - of total sulphur in. iii. 347r 
% dry purification of, ill. 335f 

elimination of sulphuretted hydrog4*ri 


from, iii. 3471 

extraction of 


iil.33Ar 


' crude benxole from, 


2331 


incandeseent burners lor, iii. 348f 
manulactare of, iii. 311r 

exhausters, iii. 33U 

extraction of tar log, iii. 33]r 

of in horiaontal retorts, iii. 312r 

of in inclined retorts, ill. 3)51 

of in various vertical retorts, iii. 


iof,iii.332r 

[ of gas and by*prodnets, ui. 

|iflnci{iles of Aanufactnre of, iii, 3071 
jpurifioation of from carbon monoxide, 
eUsr removal ct solpibiifettcd hydrogen, iii. 


340r 


3371 


33 # 


V regnlatioa Act ol 1930, iii. 303r 

V mnoval and recovery of mnogen 
" ^nm, iii. 3391 

of hydrogen sulphide from, vi. 


» of nsphthalene from, Iii. 334r 
, lelorUioiise working iii. 315r 
i shaulteneous remow of sulpfanreited 
hydi ogan md eMribon disulpl^ from, iii. 3371 
mm/m of, end valsatioii of ^soal eni« 
floyeilii^ fit# SlOi Sind 

^iMMcty methods of detennliiiiig 
jRttiliiikMi powsr, Itf. I46r 


r~- vaiieUsB ol coal employed for menu- 
fMt«iteof,iH.309r * 

, various methods ol porifteation of, HU 

3401 

— , glance, ii. 621 
Coalite, iiiTifiOf ^ 

Coal, Ugidte and brown, iii. 254r 

, points to be considered in selection of for 

various purposes, iii. 2561 

, products escaping from cool fixes in various 

forms of grates, vi. 130r , 

, properties of necessary for employment in 

black-ash mixture, vL I62r 
, Begnault-Qruner classification, revised, iii. 

• storage and spontaneous ignition of, iii. 261 

valuation of, iii. 260r I 

variettes employed for coal gas manuV 

focture, iii. 309r \ 

, volatile constituents of, iii. 257r \ 

♦ products evolved during carbonisation, ' 

iii. 3201 

Cobalt, ii. 2941-3001 

, alloys of, ii. 296r 

1 of with clifomium. ii. 3341 

, of with manganese, iv. 21. 1r 

» of with Stine, \ii. 5801 

, assay of. i. 4lHr 

, as 3 >mmetric. v, 3411 

, black earthy, ii. 294r 

bloom, ii. 2941, 6451 

blue, ii. 297f ; v. 441, 297r 

l)oridc. ii. 2971 

bronze, ii. 298f 

— brown, v, 297r 

carbonyls, ii. 3001 

, detection of, ii. 296r 

, earthy, iv. 2151; vii. 3271 

» electro-deposition of, ii. 6241, 625r 

, electrolytic estimation of, i. 3211 

, (estimation of, ii. 2961 

glance, ii. 3001 

, gravimetric estimation of, i, 246r 

green, ii. 2981 ; v. 43r, 2971 ; vii. 602r 

Coboltite, ii. 3001 
Cobalto-potassium nitrite, v. 2971 
Coboltous chloride, ii. 299r 

hydroxide, it. 299f 

mtrate, it. 299f 

sulphate, ii« 299r 

Cobalt phosphide, li. 2971 

piorate, v. 2891 

pigment containing, r. 2971 

pink, v. 2971 

— -potassium silicate, v. 297f 

, properties of, ii. 2951 

1 ^ or cobalt violet, v. 297r 

separation of from nickel, i, 2601 

of from nickel by use ol a xanthaic, vli. 

5081 

silicatcl, ii, 298r 

siliddes, il. 2971 ; vi. 991 

soaps, vi. 1541 

, spcoial roactions of, i, 2391 

stannata, v. 297f • 

— ^ sulphaiMuide, it. 3001 

tartrate, vl. 690r 

— ultramarine, a, 297f i V. 297e 
vitriol, va 3261 

volumeiiie estimation of, i, 2741 
--a- yellow, it 299r j v. 421, 2971 
— ~ slnoate, v, 2971 
Coeaethvtin* a. 30# 

Cocaine, and the coca aUcaloidt, It SOOr 
l«ehiiian^, a* 3031 

miitiiiitioii of, and omptsrainl of as a 
drug, vl. 33# 

i n —Miiiiii luastioni aiid osmdlliilkNi of. IL 3ittUf 
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aawt«HHfe«dd,>ri.6«0r 

Cooo«Ii»7B,i.«4l 

Oodewin, jpemiiiiUe^ In 
Qoehi&eal, it SOSr 


VMrioiid vAfietleB fd 


Cbooino i. 4601 
— tkdiw, t 47<K 
a<Coociiiln add, ii. 806r 
Coooiiiiii, ii. 808r 
Coooiiiine BO, t, 4671 
OooeuUn, v. 291f 
Cooonlus indictw, ii. 3031 
Ooooos, iti. 690f 
OocheniUio add, ii.*306f 
Codtiiieal, i. 571 ; ii. 303/. 690r 

, anuDoniacal, ii. 308/ 

•oarmine. iv. 22/ 

CochinoalB, brilliant, 2R and 4R, i. 4«7f 
Ooehinaal, teohnicai preparaidou and d\oitic 
properties of, ii. 306/ 
wax and fat, ii. 308f 
Ooohin seedsy iv. 616/ 

CodctaO, iv. 139/ 

CoocMs or caoao. ii. 309/ 

adnltemats of, ii. 312/ 

butter, i. 722/ ; ii, 310r 

, estimation of foreign starch in, vi. 39 Ir 
— nibs, analysis of raw, it. 31 1/ 

Coooannt fibre, employment as alMorbeiit for 
dynamite, lit. 63/ 

Ooooa-red/U. 31 Ir 
Cocoa, varieties of, ii. 310/ 

Coco*nut oil group, ii. 312/ 

Oooonuta. composition of, ii. 313 
Cooodtol or oooosite, iii. 636/ 

Codamine, iv. 71 Sr 
Codeine, vi. 622/ 

methobromide, vi. 622/ 

properties, reactions and consiiiutton of, 

of. iv. 716/ 

Codeonal, ii. 316/ i vi. 620r, 622f 
Cudetbylbie. vi. 622/ 

Cod-liver oil, il. 316/ 

« — . — , identification of, ii, 316f 

Ccalinblau or bleu celeste, v. 297r 
CcBline, U. 298/ 
tSoensams, lii. 136/ 

Ocendein, i. 138r ; vii. 208r 
CoDTulem S (soluble corrulcin), vii, 209/ 

— — , oonstitution of, v. 482 
OoBtruleoollagic add, its benvoyl- and acct>l- 
derivatives, ii. 629/ 

Cmmleum, ii. 298/ ; v. 297f 
Cmrulignol, U. 316r 

Conruliguone, ii. 107/, 316/ ; v. 686/, 686/ 

Coffee, ji. 316/ 

adi of, distinction from ash of chitory, ii. 

174r 

detection of chicory in, ii. 174r 
, estimation of caramel in, ii. 23/ 
t process for, ii. 320/ 
on, ii. 320/ 

spsdfio gravities of solutions of various 
aduHrants, ii, 320r * 

--~-ittfastiintss, ii. 320/ 
varieties of, ii. 321r 
OegiUM, vii. 47?f « see o/so Brandy, 

-J!roS,vi, 630r • 

Oog»irlsM ora and wheel ore, i. 661f 

OoSnne tmt ii» 33lf 
Ckte.m,269/ , ^ . 

lew tenuwrature, propertias of as fuel, vi. 

t4M 

Manfaoture, and recovery of by-products 
dML9tl^433r ^ , 

m-v mM»i of deterininingbapaelfic gravity of, 
vfin 30iRI * ■ , • Mm* 

liaiib in* Rdf 
aaidk U(« 269r 


Gdalin, il. 383r 
Oola«iiiis,iL232r 
Oolatannk, vi. 660f 

Gdebidiis, oololiicOine, and eoldddnio add, if. 
334/ 

— salicylate, vi, 23/ 

Colohicum, H, VSdr 

• extraction* toxicological rsoognidon, and 

assay of, ii. 334r 
Colohiw, vi. 23/ 

Coloothar, il. 334r I v. 42f, 296f I vii. 3261 
Colomanite, i. 643r, 644/ ; ii. 334r 
Collagens, oonstituentn of, iii. 41 7f 
Ck>llargol, vi. 120/, 627/ 

Collidine dicarboxylic acid and its derivatives, i. 
634r 

jS-Oollidine, lower critical solution tenmeratuie of, 
vi. 281r 

Collidines, i. 634f 
Collm, ii. 336/ 

(*olioidal solutions, behaviour of in an electric 
field, il. 336/ 

, osmotic properties of, ii. 336f 

Colloid chemistry, bearing of on teclmioal 
t^blems, ii. 338f 
Colloids, ii. 336/ 

, adso^ion of, ii. 337f 

, definition of term, ii. 336/ 

, separation of from their solutions, ii. 336f 

fjullophaiute, ii. 339/ ; v. 190/ 

Colocynth, oolocynthln, and odbcynihitin, ii. 339r 
Cologne earth, v. 300/ 

rottweil, iii. 14f 

Colophane, see Colophony, 
f*olopfaene, vi. 741/ 
f^lophonium, see Colophony. 

Colophony, x. 633/ ; v. 668f 

resin, iv, 642/ 

Coloradolite, vi. 720r 
Colorant introuvable, \ii. 486r 
Colonmeteni, ii. 340/ 

Colostrum, iv. 363/, 369r 
Colour and chemicid oonstitution — 
ii. 344r-362f 

H. V. Liebig’s theory, ii. 348/ 

Hewitt’s rule, ii. 348/ 

Nietski’s rule, ii. 349/ 

tlie quinonoid theory, ii. 346f, 346f 

Watson’s rule, ii. 360/ 

Witt's rule, ii. 346r 

— matching, v. 87/ 

patch apparatus, tlie Abney, v. 37/ 

, pliotocnemical process for estiinatiug 

difierences in intensity, ii. 344r 

pliotogr^ihy, v. 24^ 

Colours, develops, ii. 494f 
— ice or ingrain, iii. 682/ j v. 439r 

, substantive, definition of, v. 3011 

Colt’s pistol ammunition, iii. 7^ 

Golumbio add, ehemxcal reactions of, vi. 57 Ir 

and peroolumhio adds, ii. 3541 and r 

add, estimation of, vi. 674r 

Columbin, its diacetyl* and other dflrivmtivee, il. 

Ir • 

Colombite, ii. 352f t vi. 677r 
ColumUum, ii. 353/ * 

determination and detection of in minerals, 

vi, 671/ and f 

— , extraction of from ores, 1. 2591 

, haloflen derivatives of, ii. 354r 

, nitride, oxyhromide, sulphides, and my- 

sulphides, ii, 355/ 

oxides, ii, 354/ 

^ spsdat rsaotions of, L 239f 

, vohnnstno estimation of, i. 274r 

CVilsaoa»V. 544l 
Oonfbfistion, spontenenus, v, 7r • 

Comfirey, prkikly, v, 433r 
Compact L 495r 

Oompisnietttv tiis> vii Uli mr 
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OMB^W M to AgOiSNi^Mid vl. 

OoMlImiBiiia iL USr 
OoBnUmaim, ii. S78I 
OowohriiamtdiTW, ii. Vlir 
0 » n BW to| MCMMkm of iron in, iL 384r 
OiMMawot&w, ii. 377r 
OoiMjiiisBnit lit WU 

Ahoniaittiii, blook«iui, Mid ball typea, ii 
3Mr 

Coadeniite, i 500r 1 vii* 80f» 

Oondiuitivity, eleoteioal, of aolutioiu, vi. 286r 

OoiiditfMigo and oonduraagin, iL Z611 

Cofiditrrite« ii. 872i 

Ooadttri8ol« tt. Wf 

Oondy^a fed and green fluids, ii. 6441 

Ooneawne, iL 367r 

Oongelo. 238r 

Cmupt brilliant. G, L 481r l B, 4861 
Oanbydrine, and VMiidoconhydrine. ti. 3691 
Oentcrinei, it 86<r 
ConiMn. iiL 4a9r 

Ocniuna. and tbe alkaloids of hemlobk, ii. 3681 
— — , K-inetbjt«d*. and N-methyW*, ii. 368f 
— » libytCNmithetio preparation of. v. 266r 
CkNiiinnie. ti. 740f 

Ginuininaiaitte and its salts, ii. 276f * 

Oangninins, ii. 2691 
Obnstantan. Ir. 5261 
Oo n etantisa. viL 4791 

Ctmvallainarin and oonvallarin, ii. 6261 ] iii. 4101 
ConTallarin, ii. 3691, 6261 ; Ui. 4101 
Convenenoe temperature, the, ii. 4311 
Ounvieuie, tu. 3211 
CoaToinilin, iiL 4101 i v. 676f 
€Min|Jballie, salts suitable lor employment in, 

Copaiba oil, hr. 638r 

oleo-rain, and adulterations of, iv. 6961 
letfai, oleo«terin, copaiba, balsam of oo|iaiba, 
oopaiva, hr. 6951 
Gopaiittt 0781 
Copal, Kami. iiL 6981 
— fsrin, ▼. 6701 
Copper, IL359(-873r 
rtaies, L 24f 
baste, V. 293r 
uaenite, i. 251, 384r 
i of water on, vii. 3931, 3961 


-^albnmiaate, Ti. 6261 
— ^5%teais,ia.e46l 
— r-, alloys of with— 

^ sobttei iL 296r 
* gold, iiL 466r 
msttgsnsfs. is. 213f 
sOw^TLltar 
llni,T^63r 

rinaodtbsiroompositteii, siL 661 

trios and abunintuitt, s ps c i dl propsittes of, vii. 

679f 

sittSb gMttol pioperttes of, tIL 6621 

ippfioatioQS of eteotio^deposition of, ii. 6211 

3$4r 

.bMic.v.l98r 


ML M,r 

%taiiBaiMiM.U.87S 
>,llMM,ILM8rs iy.Uir 
44f 

-loHiMhLMiK 

tM,U.>7ft- 

iliSnsri r.iM ^ _ 

-ntr^^in - tedtariinilndsa^ oL L 2631 



^om|K>unids, sw^aoyinsos of as wai^p®Mws» ”• 

eomsion of, ii. 3661 

— oyaaides, ii. 4691 

dioxide or peroxide, ii. 369r 

— eleotroHlepoBition of, iL 6201 

, eleotrol^io assay of, i. 41 2f 

estimation of, L 3161 

, separation of from — 

arsenic, i. 3261 
lead, i. 324r 

nickel, i. 324f * 

silver, i. 325f 

, estimation of in ores, i. 2641 

, examination of oommeroial, i« 418r 

ferrooyanide, v, 293f 

, semi*pemieable membrane of, vi. 236f 

formate, iii. 2461 ) 

glance, ii. 3701, 378r 1 v. 6471 

glance, areentiferous, vi. 4061 

, gravimetrio estimation of, i, 246r 

, nydroxy earbonate of, v. 293r, 3941 

, indigo, ii. 4101 

leeit^, vi* 6261 

nialate, iv. 199f 

, melting-point of, v. 509r 

, metallography of alloys of, iv, 203r 

nucleate, vi. 626L 6271 and f 

-ore, pitchy, ii. 240f 

, purple, i. 700f 

ores, ii. 369r 

^ blast-furnace smelting* ii» 36W 

, dry methods of smelting, ii. 360? 

^ fiue dust, ii. 867r 

pyritic smelting, ii. 3651 

roverberatory-fumace smelting, Ii. 3641 

— — treatment of matte for prodneticm of 

crude copper, ii. 3661 

wet methods of smelting, ii. 367f 

oxides, ii. 3681 and r 

persulphide, ii. 3721 

m-pbenolsulphonate, vi. 6261 

pioratc, v. 2691 

, pigments containmg, v. 293r 

- - pyrites, ii. 373r ; lii. 679f 
suieylate, vi. 22f 

salt of d-alanitie, vi. 6261 

solto employed to colour glass, Ui. 38^ 

, separation from iron with oupferron, id* 5761 

silHde, ii. 372r ; vi. 97f 

soaps, vi. I64f 

, special reactions of, i. 236r 

, sublimation of at low pressuios. vi. 4201 

Sttboxide or hemioxide, li. 8681 

sttooiniiiude, vi, 4261 

— - sulphate, see aUo Cupric snlphats. 

— employment of as a weed kQter, viL 

4661 

tartrate and Its solubility in water at rarlooi 

temperatures, vi. 690r 

* t^oride. V. 6961 

, toxte action of, v. 3241 

use of In M aaalyris, 1. 424f 

vanadate, haste, viii. t36r 

vitreous, U. 3701, 373f J v. 6471 

vitriol, vU. 3261 * 

— , volumatrte assay of, 1. 4131 

, — estimation of, 1. 274f 

, white, vL 646f ; vU. 5511 

— - -cino alloys of oommaretel elL 

5831 

Cojrfa, OIL IL 3141 
Ooprine^lorkte, lv« 3281 
C<^Mdltse,U.373r4 UI. 178r 
Ooproama, il. 373r 
fkK|ulinMte,Ui.553l 
Cbml, iL 3741 

... — -..a. ^ n ayn 

MjciuivM emainw in sesai wi# att eipe 

Ccudwliii Sit aliO ttepMilb 
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Owdites, k 702 
OoidoU vl. 617f 
Otwc^. iL 876f 
0cm6»A%iv.mr 
- — 2R. iv, 7371 
CMamrtin, vi. 6062, 607r 
Oodaiider fruit, ii. 376f 
— *oil,iv* 6392 
Ouriandrol, vi. 746r, 747r 
Ooriodite, U. 376r ^ 

Ooiintba, Gongo, i. Jsir ; U, IS/ir 
Cotton, O, i. 481r ; B. 486r 
Ooriofiavinee, i. 12r 
Ooriophosphibes, i. 72r 
Ooiic, ii. 1162, 376r 

ohemiatry of, ii. 376r 
oaea of, ii. 3772 
Com and oob meal, iv. 1062 
•— bran, oompofdtion of, vi. 378r 
Cornelian, ii. 1492 ; v. 520r 
Uomflour, ii. 1382 ; vi. 380r 
— , Indian, vi, 380f 
Com oil, iv. 106r; vi. 3782 

ayrup, ii. 4962 

Ooronite, li. 377r ; iii. 622. 

Cofoao, ii. 377r 
Comaive sublimate, iv. 276f 

— as a diainfectimt, ii, f»46r 

— , poisonous properiios of, and aii(i(lot<*e 
for poisoning by, iv. 277r 

Oortepinitannio acid, vi. 661/, 0642 
<>)rttbln, vit. 8f 

Corundum, i, 2r ; ii. 304r ; vii. 172f 
— — , artifioial production of, lii. 3601 
Corybulbino, and Mooorybulbine, ii. 397r 
CogMvlne, oorycavamlne, and corycaviilme, ii. 

Cc^daline, and tho oorydalis alkaloidn, ii. 3062 
dehydro-, li. 307f 

, aalta and derivatives of, ii. 396r 

Oorydine and i«oeorydine, ii. 3U8f 
Ooryfin, ii. 398f ; iv. 268r ; vi. 6192 
Corytnberine, ii. 398f 
Coaapritt, vi. 6152 
Ooatniii, vi. 252 
Gostm, vi, 2382 

Ootamine hydrochlortdo, vi. 623f 

* phtJudate, vi, 623r 
Goto bark, ii. 3992 

Cotoln, and its derivatives, ii. 3002 
Cotton, ii. 399r 

Amerioau, Brasilian, Hgyx>tian, Indian, and 
Bemvian, ii. 4002 
Cotton ball,*’ vii. 2542 
Oottonballi, i. 644f 
Cotton, dyeing of, ii. 577f 

of with-- 

add dyes, ii. 6842 
basic dyes, ii. 5852 
dimQtdyes,U. 684r 
mofdant dyes, ii. 682r 
sulphide dyes, ii. 5862 
vat Indigo, ii. 6672 ; vii. 31 ir 
fktiTBrs, ii* 401fe 

* B 00 ds» method of rendering fironroof, vrii. 6if 

idsnwloation of dyestufb on, ti. 694f 
medmdi of estimating amount of in material 
wfaed with wool, vii, 606f 
— , idtoerah iv. 863f 

Mordants lor* ii* 6792, 6802 and r, 6612 • 
j , - ■■ V. 314f 

MOetioiis for the eharaeterisation of moroor- 
isadt iv* S6lf * 

miii oohmritig inaiter of, ii. 406r 
"oR,il*4w 

\Aiiisrios»gmteso(»a. 4051 
UsIptMM odour test lor* U. 406r 


Cotton, U. 40lr 

Ootunnite, iv, 672 
Couch grasi, iL 400r 
Coumamn and ooumaranone, tii. 7272 
Coumarandione, lii, 7272 
Ooumaraae group, ii. 400r 
Ooumaranone group, ii. 4072 
Coumario add, li. {09r 

o-Coumario acid,*aoetyl-, aniiseptie properties of, 
ii. 650r 

Coumarin, ii. 408f $ iv. 17f ; v. 5162 
fflucoddes of, iii. 407f 
— , hydroxy-, iv. 18r 
— , methylamino-, iv. 3202 
Ooumarone, ii. 409r 
— , hydro-, ii. 406r 
— resins, ii. 4102 
Covellite, a. 3722, 4102 
Cow grass, ii. 292f 
“ Cows and calves,’* i, 394r 
Oosmyrin, ii. 4102 
Crab oil, u. 232 
Crackenc, v. 2832 

-quinone, v. 5842 

Craie or Kreide, v. 2992 

Cmjuru, u. 212 

Cranberry, ii. 4102 

Cream, i. 702r I iv. 3802 

“ Crounueaustic,** vi. 213r 

(’roam, dotted or Dovonshue, iv. 3802 

, Tuscan, iv. 7022 • 

Creatine, ii. 410f | vii. 2862 

estimation of in moat extract, iv. 2492 

Creutinine, u. 4122 ; vu. 2862 

, derivatives of, ii. 4142 

, estimation of in meat extract, iv. 2492 

> of in urine, ii. 413r 

, extraction of from urine, ii. 4l2f 

Credd’s ointment, vi. 120r 
(Verne de menthe, iv. 139r 
Creoim, ii. 414f ; vi. 6312 
Creosapal, vi. 6312 
Creosoform, ii. 4l4r 
Creosol, vi, 6322 

, antiseptic properties of, li. 5512 

Creosotal, ii. 41 4r, 419r ; vi. 6322 
Creosote, ii. 414r 

, blast furnace, ii. 4182 

carbonate, u. 4l4r ; \u 632/ 

, compositions of oak and beochwood, ii. 415f 

from coal tar and other sources, ii. 4162 

producer tor, ii. 4182 

vertical retort tar, ii. 4182 

water-gas tar, ii. 41 8r 

oils, employment of as antiseptics, ii. 4196 

employment of for lighting, and fuek 

ii. 418r, 4192 

phosphate, \ i. 6322 

salicylate, vi. 617r, 6322 

, Scotch, ii. 418f 

tannate, vi. 6332 

tannophosphate, vi. 632f 

valerate, vi. 6322 

— — , wood'tar. ii. 41 6h 

, , distinction from coal tar adds^ ii« 

4162 

Cresalols, td. 212 

Cresatin, ii. 419f ; vi. 6312 

Cresegol, ii. 419r, 616r 

Oresoform, vi. 6322 

o« and m-Cresol, ii. 4202 ; v. 166r 

p-CVesol, ii. 420r ; v. 168f 

m-Ossol, aoetio ester of, vi. 6312 

dnnainate, vi. 6312 

Crosoliu,ii. 4216; vi. 6311 
Crosol, iodo-, vi. 6282 

- — 1 nreparatious of employed os dru|0h vi* 0lil 
ci-Cresol, impropyt, li» id ^ 

ifl*Uresot, taepropyiv tl. 92 
(h^Mols* U. iW 



m 
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rn^OiMl MultotaAe* vi. 68ir 
OrmmoIii, dWttbn iv. 6tll 
— iv. «10r 

tetfBbronio*^ employiiieiit and influence 
of ee adniff, vi* 630r 
Oreeolt telvamtro-, iv« 6111 
m«Oreeol» tniodo»» vi. 6281 
Oreaol, idnitiu*, iii. 321 
CraeoxniiioL v. 1731 
OreaoBteril^ ii. 42li^ 

Creaotjaaeid,ii.42H 
CreB^lio add, ii. 4211 
C>aeyate» til. 821 

Ovetafurm, it 4211; vi. 6311, 032f 
Orimaon, add H, i. 4701 
• brilliant, i. 4661 

, dlroet B, i. 481r 

Oriatobalite. ii. 4211 ; vi. 84r 
Criih. ii. ^Ir 
Orithinene. vi. 7331 
Oritieal tempeirature. vi. 3981 
Croodne add. ii. 421r 
Crocelne B. AZ» and 3B. i. 4731 

. brilliant 3B. M. and O, i. 4731 

, 9B, u 4771 

, bluiah, i. 4731 

CrooeUn. ita salts and derivatives, dyeing pro- 
nertiea of. vi. 101 

Cioddolite. t 396r. 3961 $ it 421f ^ 

Crooin. vi. 9r, 101 
Oroodte or ctroooi^te, ii. 421r 
Qroofoa. v. 29fif 

— , electns. and naturalie, vi. Or 

Gromlotdite, v« 189r 

Cronatedtiie. vit 46r 

Croofcedte, it 4221 ; vi. 59r ; vii. 11 

Crotonaldebyde. t lllr 

Mo-Orotonk add perozonide, v. 33r 

Croton cUp ii* 424r 

CSrotonolaotone, iv. 14f 

Crotononitriie, i. 150r 

Crotonylene. t 702r 

Crattlea or erotals. iv. 1 17r 

«ac<>i>^ltiiiii0tl^la]iim(mtum bromide, i\. 3231 

Crowbmy, ii. 424r 

Cnidblea. ii. 424r 

— oompodtion of vaneiiee of. it. 425 

. Qooob, t. 226r 

('nirin. it 4271 ; v. 5421 ; vt 6251 
Cryooenioe. it 4271; \i. 6181 
Cr^te, t 1701; ii. 4271; vi. 1561, 210f 
— — . ardfidal. ii. 632r 

InuMiritieB present in trade samples, \i. 178r 
ii. 4281 


d^rofeopy. It 4281 

T—t Bedanaon's apparatus, ii. 4261 

Oryptopiiie. iv. 7161 

** Ofyetal oarbonaie,*' vi. 158r. 180r 

CryatalliMition. ii. 431r 

.Or^eU^BOg piaata, determination of capadty of. 

CiyeUilloide. daflnstion of term, ii. 3361 
Ofyutalloea. vi. 31 
OiM]diiolefiidn. V. 6711 , 

Cubeboil^iv. 6361 
CXibelMLlt439r 
OMomber. It 4a2r 
(bienvliitolp t 697r 
Oiidbaar.i.3661; ft 690r 
Odlen V. 3001 
€Wvef^sra»t.iv. 1121 
^ ^ mene. it 433r 
,tt 432r 
Ii. 434f 

\ ydg yanidine, ii 4361 
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i$pm tnk vt 1171 


and salts, ii. 2761 

Oupreae* ii. 434f 
Oupri-adeptol, ii. 4381 
Copriaseptol. vi. 6261 
Onprio aoeto«aieenite. v. 293r 

bromide, ii. 370r 

chloride, it 3701 

lerroeyanide. ii. 445f 

hydroxide, ii. 368r 

lutrate. ii. 3721 

oxide, ii. 368r 

phoej^tes. ii. 372r 

stannato. vii. 61r 

sulphate, see aUo (kpper sulidiaie. 

ii. 370r 

sulphide, ii. 3721 

thiocyanate, h. 3701 

(*upristn, it. 4351 
Cuprite, ai. 4361 
Uumodtrot ii. 4351 
Ouprol, ii. 4351 ; vi. 6261. 627f 
Cupro-nickel. iv. 6301 

Bcheelito, vit. 226f 

Cuproeilioon, ii. 37 2r 

Oaproao-ammonium chloride, omployfneiii of in 
gas analysis, i* 300r 

Cnpro-tetrammonium thiosulphate, ii. 37 Ir 

-nranite. vit 1731 

Ou|»ous brosdde. ii. 3701 
— — chloride, it 366r 

employment of, tn gas anslyds, i. 

3001 


Oniwatin. vi. 6361 
oSlMoia. m. 6761 

darts,** Iii. 460 
II* 3 

Oi^piraae, vi. 6361 ^ 

rwiMstn*. ate 


ferric sulpliide, iii. 679r 

ferrooyanide, ii. 446r 

^ fulminate, iii. 282f 

iodide, it 3701 ; iii. 6531 

oxalate, iv. 73^ 

> oxtda. it. 3681 

BiUdda, vi. 97r 

sulphate, ii. 3701 

sulphite, it. 3701 

xanthate. vii. 5081 

Uunivoa, iv. 136r 
Curara or ourare. ii. 4351 
Cureas oil, li. 4361 
Curcuma starch, vi. 384r 
i^rcunaelDe. t 460r 
Ouroumic add. vit 2451 
Cureumin, i. 671 i vti. 241r 
iso-Curcumin end iite syiitlieds of curcunthi. vtt 
3441 

Cureumin, derivatives of. \U« 2421 
. formula assigned to. vii. 342r 

, tinotorial properties of, vii. 344r 

Onreumine. t 46Ir. 4601 
CurciiiihBniiie. t 43lf* 

Curd, estimation of in butter, i. 7061 

* • propoftkm of in butter, t 7031 

Citrine and curarine, it 436r 
CUrite, vii. 361r 
Currant, red. v. 6461 

Cuseeitttne and euseamidine It 3731 and r 


Curoonine and euseonidine. It 3731 

Cnepaiit bark. U. 4361 

Oneparina and nyrooueparins, if. 436if 

OiiMKi,Ui.7341 

Oneylol. ti« 4371 

Ontdi* a. lOSI, 6371, 6311 

.brown, a. 1061 

, Maagroro, it I06r ^ 

Ottlooeihiloeee. U* 1161 
Cnteoe. a* 1161 
cVananildi, It 670r 

. sdkaellott ot fl* 676r 

<^yaiMUrilmtllaAda»lr4 
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«{, ii. 474r 

;~k gmM nMMoM of, t. 04SI 

SsSsSTt*” 

Horwol- and ito* or enof* and Asefo-» and 
inotliod of traaaformation into urea, 

Cyanides, ii. 437M7df 
MoCyanklas, iv. 687/ 

(/yanides, amUysis of, ii. 473f 

oction of iron in manufacture of, 

11. 4671 and r 

— ^ifluanoe of [n synthetio druas, vi, 612f 
, manufaoture of — 
by OMtner process, ii. 463f 
by deblempe process, ii. 464/ 
by Siepennann and ^ilby process, ii, 462/ 
from ankdiooyanides, ii. 456/ 
from yellow jpnissiate, ii. 462/ 
preparation of from — 
nitrides, ii, 468f 
nitrolim, iv. 580r 
vinasses, ii. 464/ 

7 , — separation of from chlorides, i. 263f 
t yanide eolation, analysis of for assay, i. 42 Ir 
Cyanides, special reactions of, i. 242/ 

. synthesis of from unoombiried nitrogen, ii. 

466f* , 

• volumetric estimation of, i. 273/ 

(Cyanide washers, ii. 443/ 

C^snidin and derivatives, i. 38Br, 342/ 

, methyl ether, i, 340/ 

Oyanin and its salts, I. 342/ 

B, ViL 211f 

Cyanine R, Congo, i. 483/ 

dyee, v, 660/ 

. modem, iv. 737f 

I'yanines, and apocyaniiios, v, 662/ 
f^yanines, v. 662r 
Cyaninee, oarbo-, v. 662f 
, cr^to., v. 663/ 

Cyanine, derivatives of omiilo\cd as photugraphu* 
sensitiseie, v. 228/ 

Cyauite, iii. 736/ 

(Cyanogen, ii. 469f 

and eyanates, volumetrio estimation of, i. 
273/ 

bromide, ii, 470r 

- - cliloride, ii. 470/ 

, destmction of iascets by, ii. 613/ 

— , estimation of, ii. 474/ 

— iodide, iii. 661/ 

^ triaelenide, vi. OIU 
Cyanoffuanidino, li. 620/; iii. 474r 
CyanorFF, vii. 211/ 

Cyanomaolurin, ii. 476r 

and its acetyl derivative, iii. 001/ 

Cyanosin and eyanosin B, vii. 208/ and r 
Oyandrio add ethyl derivatives of, ii. OOOr 
MpChranurio acid, iii. 283r 
Cydbbutane. L 714/ 

t^oibnn, li. 476/ ; vi. 637/ • 

j ^^t^ enanol, 3*o^^yb6-ifopropyl-, ii. 3/ 

0f6me^ ss« Cider. 
pyUnder^eake, vi. 260/ 

^ lrite,y.476/;evi. 404r 
» vi.63U 

I add, saboutoneous lethal doees of, per 
"mm of Im, vi. 416/ 

PymaHgenin» vi. 4!4r 

476/, 626/; iii. 410/; vi. 414r. 415/ 
,«.476r 
,v. nor 

.476r . 

1.11. lot 

s aliM ^7 vii. 320f 

t^v|l#lol,fi,37ll ^ 




Cyrtobte, vU* 6031 
Cyatamine, sss afro Cystogen* 

^,y. 477f; iv.a26r; vi. 634r 

Oystaaol, y.mf; vi*634f 
Pystein, ii, 478r 
Oystiae, it, 477f / v. 468/ 

^ 1 estimation of, v. 460f « 

Cystogen, ms aUo Cystamine, 

. m 47W; vi 634f 

Oystoporin, ii. 479/ / iv. 326/ 1 vl, 634f 
Cytisine, ii. 479/ 

C3riolyBUis, vii. 176/ 

Cytosine and cytidine, v. 492f 
, salts and derivatives of, v. 493/ 


1 ) 

Dacrydeue, vi. 739r 
Dahllite, v. 190/ 

Dahmenite, and ddimenite A, iii. Hr 
Damascemne, ii. 479/ 

Dambonitol, iii. 634r 
Dammar resin, v, 67 Ir 
Danalite, ii. 480/ 

Dandelion root, ii. 480/ 

Daphnetin, ii. 480/ ; iv. ISr { v. 61dr 
Daphntn, ii. 480/ ; iii. 410/ 

Dapiclip, ii. 480r 
Dari, ii. 674/ 

Darwinite, ii. 572/ 

Date, u. 480r 
Date-tree sugar, v. 54/ 

Daiisca cannabina and derivati\es, ii, 481/ 
Datiscin, ii, 481f ; iii. 410/ 

Datolite, ii. 481r 
Datttric acid, vi. 406f 
Daturine, vl. 406/ 

Daucine, ii. 482/ 

Deaco mitigatus, iv. 274r 
Dead dipping, ii. 482/ 

oil, ti. 482/ 

llerachlorosilioodmtaiie, ^i. 02/ 

Decac^^lene, li. 482/ 

H*l>eeahexaiiediosrl)03cylio acid, ii. 482/ 
OecahydronaphthaJene, vi. 760r 

. cfr-2 : 3-dihydrojy-, vi. 788r 

, its technical manufacture and properties, \ i 

787/ and r 

l>ocahydro-B-naphthoio acid, vi, 789r 

•a-napnthoi, vi. 788/ 

- -j8-naphthol, vi. 788f 

- — -a-, and decviliydro-jS-naphth^ lamines, vi. 
789f 

-a-, and dectihydro-j5-naphthyl ketones,* vi.« 

789/ 

n-Decaldehyde, v. 9Sr 
Decalin, vi. 761f 

, ti^mioal manufacture of, properties of, \i. 

787r 

Deeamethylene dioarboxylio add, ii* 4821 
Deeatoio adds, ii. 482/ 

Deohenite, vii. 293r 
Moras, ii. 485f • 

Dehydrothiotolaidine, v. 439/ 

Delatynite, i, 184/ * 

Deliquescence, vii. 366f 
DelUsh, i. U2f 

Delphinidin and its salts, i, 33ftf 
— — , deriv^ves of, i, 34^ 

— , dimethyl ethern of, I. 340r 

, methyl etbem, L 340/ 

Dolphinin and aeltn, 1. 3431 
Del|diiniiie, ii. 486r 
Delphinium odlMoltda, ii. 4S6r 
Delphlegtnator, ii. 487r 
ITeframirparinea 3B and 7B, I, ^86/ 
ih. d03r 
Deiiatiinints .1 ii* 437r 
Denobioiii,^. 461 


DenitrffioaOoii; lii. 1671 
X)on|^tbe,la. 15r 

Benity of mm and TapouM, apiiamtua oaad ioi 
datamiti&oiiof,yi.mi 
Bantalona, li. 4681 
Jdantme, iii. 6871 
Beoxyamalio aoid, Ut. 5781 
Deoiymiitalin and aoaiyl deoxysaatalin, vi. 321 
Deoxyoyohiinbine, vii. 6611 
Bepsidey vl. 648f 

Bamiatol, i. 6001 1 iii. 300r I vi. 6261 
Bormomi, ii» 48% 6801 ; vi. 624r i vii. 68S1 
Barnioly i. 600r | ii. 8481y 4881 i vi. 6261 
Benria uligiiioaa, ii 4881 
BesM^y ii. 4881 
Be8i4Mte» ii. 4881 1 vii. 293r 
Beaiooation and dryinff. ii. 488r 
Besieaatont types of, ii« 489f, 4041 
Deakditol, ii. 40^ 

B^yrin, ii. 404r 1 vi. 6171 
Befto&al,il.404r 
Bevetop^ ooloun, iL 494r 
Bewar ilaak, iv. 184r 
Bswiiidtite^ vii. 261r 
Bextran, iii. 490r 

I^jctrin, 1 and II or a- and fi-, vi. 363f 
— * HI, and dextrin«/i, mol^iilar formula idx* 
eated for by Fringahoim and Langhaas, 
3611 

, esilination of in soap, vi. i63r 
<4iialtose, oosiLioeition of, vi. 477f 
Deodrins, ii 494f 
Beactiin onrops, ii. 4961 
——V tliaoiy of oonsUtiition of moleouio of, 
36af 

Bextmaa, ii. 311 

BaxtRMs, «M also Glacose and Sugar, grape. 

^,11.301 

a* and 5*, ii. 30r 
, y-, ii. 311 

, amino*, IL 331 

9 hi* or mutarotation of, ii. 26r 

— *• eomnieroial manofaeture of, ii. 341 

1 oonsfffeiitional formula of, ii. 261 

, InmMitaUoii of by dried yeast, vii. 6641 

— , measofemeat of rate of fermentation of, % 
6641 

— , preparaiioii of from cellulose, ii. 3or 
— *• propertiea of compounda of, li. 32r 
pfunfioatloa of, ii. 351 

, laaetiona of, ii. 31r 

Bhalr, i, 700r 
Btea baric, i 332r 
Bbanriii, iii, 4l0r ; iv. 382f 
«Bi4baia,iL486r 
-A— •pptpbyrite, v. 368r 
BialMi&,ii. 496r 

jMri*BiaeanapiithylM*rliodaoene, iv. 1121 
biaMtainiderfrill 
BIUga|Mboxyplm 

Biaaatbi, i 80f 

Biaoatyl and its dioxifne, iti. 7201 
Hubydmiorpbine, vi.^622r 
l^ysUutaitn, i. 129r 
movpbioa, vi. 6221 
Biaa a tyltaiii i in, vL 6331 

^^«^ii496r 
BialliMi, ii 486r 
BM^Mna,i. 1601 

aeid, vi. 620r 
li, V, 331 
1881 
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hydrochlon % 
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BiaadiMB, i* 191f 

propMtles and maotioiia of, 1« 1821 and f 
l^amitio adds Or baxone bssM, v. i69p 
Bisminoaaobensene, I. 4691 
Biaittinogan BB extra, i. 4761 
Biamoiur,i.2f; li. 4961 

applications and uses of, ii. 601r 

,bl^,ii. 6001 

^ Bnudi, ii. 6001 

Bristol, iii. 8711 1 v. 629r 

, ohemieal oliarBOt*«» 

, Cornish, iii. 370f 

, orystalline form and physical diaraoicrs of, 

ii. 498f 

flavine G, i. 4711 

, mormorosch, iii, 370r { v. 629r 

, Matura, iii. 3711 1 vii. 6031 

, nature of, ii. 67f 

, origin and artiGoial production of, ii. 50^ 

iti. 36M 

, Parisian, iii. S70r 

, history of well-known, ii. 6021 

, South African, ii. 600r 

Uiamylene, i. 218f 
Diamylose, \i. 3611 

, heat of combustion of, \ i, 302f 

Diana, ii. 602r 
Dianil azunne G, i. 4881' 

3 R, i. 486r 

Bordeaux B, i. 48r>r 

G. i. 481f 

garnet B, i. 482r 

Ponceau U. i. 4811 

o-Dianisidine, it. 633r 
Di-p-anisybp-phonetyl-guaaidinr, vi. 637f 
Dianthan, vit. 207r, 

Dianthine, i. 4791 
Diaiithranol, I* 3501 

1 : l^DianthraqulllOllyl, 2 : 2'"-dtmcthyl, li. 628r 

iliaphtlierin, v. 5421 ; vi. 630f 

Diapbtliol, vi. 634f 

Diargentio phosphate, vi. 1261 

Diarsenal, ti. 6031 

Diarsenol, vi. 6411, 6421 

Diaspirin, ii. 6031 ; vt. 0171 

i>iaspore, ii. 6031 

Diastase, ii. 6031 ; in. 138r i \i, 363f 

action of on ungelatiniscd starch, and iaiwo 
of conversions at various ietn|)eratureB, vi. 3691 

estimation of diastatic power in, ii. 604r 

— of saliva, and of pancreatic extract, action of 
on starch, vi. 369f 

, production of, iii. 1701 

. ftOta, li. 6031, 6041 

, translocation and secretion of, U. 603f 

, uses of, li. 6061 

Diatomaceoiis earth, ii. 606r 
Diatomite, it. 606r 
Disaoaostone. ii. 6181 
Diasoaminss, aliphatic, ii, 6161 and r 

, aromatic, u. 6161 

DIaioainfoobenssne, ii. 6161 
Diaaoaiiiiiio*p*lolueae, ii. 6161 
DiasoHtftbycmdM, ii. 6161 
Diasobenxene hydrate or hydroxtda, S, 6121 
Diasobensenelmidet v, 179r 
Diaso^oompounds, tl, 606r-*61'8r 
— aliphatio, ii. 6171 
, ** coop^'* of wilh pbsitob or 

, cydie, ii. 613r, 6141 

, iqotailie derivativw of, ii 616r 

Biacd^aaldas, ii, 6l6f 
Biasoetiisne, ii 6181 
Biaaoie adds, afonm tie, li. 6161 
p^Biasoimlfisa saddlasdis^^ U, 6141 
JHasomeiltiiie, il, 617r 
IHMOIBMllMMkliilM) & fm 
liiiiwmiaai iidlM« lummitK »> MTl 
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JMumaim MlML«oiM|«nwMlal» l aw i a il tiy aiMiia 
of wouio^S^n* MU 

lOOooUMlImMoioiiMMtiOtU. 5tai • 
, doooouMMittei «l ter alcMIi^, U. t>00r 

. mhmmm |m Iii^ o Im 0OSf 

t itooted^w pmpumtim of, ii. ao8I 

- — I— *- ^ MaMiMMOl iw* •• Ml it 


itttMTohaam of groups in, ii« 01U 
intomia, fi. 6131 0 

oon-aromatic, it. 513Z 
, tf^ptooe t ngat of the diaso-group by — 


— - ^ i^mwe m en^ oi <,ne aiwwgruup vy — 

tiajk^n^ oysnate, and thiocyanate 

hydfogei^’ii d09a 

nitio*, nitrosos and amiuo-radioals, ii. 61 Or 
su^jtor and sulphur containing radicals, ii. 

Diaso-oxides, ii. 615r 
internal, ii. 5141 
Diasoraordn, v. 6671 
DiaaE0«ealphonatc8, ii« 517/ 

JJiasotiaation, velocity of, ii. 5081 
Diastt^e B, i. 488/ 

Dibasic acids of oacalic acid scries, ii. 518r 
ketonio acids, iii. 731/ 
o^MMbensil, ill. 721/ 

Dibenasoylglucozylose, iii. 41 Or 
9 : lO^Dibouzylanthraoene, iv. 34 Or 
Dibenzylidenedihydroanthraccnos, uni- and bi» 
laolscular, Iv. 346f 
isoDibatol/ iv. 622/ 

«-~ladida, iv. 624/ 

Ditsobtttyl, iv. 623/ 

DUiebutyiaostio acid, ii. 482/ 

DIbfUtylamines, i. 716/ 
lH4iobutylhydrato, iv. 622/ 

2 1 64>iMbtttytoitnellc acid, ii. 510/ 
Dioarbatninomiuonio acid, vii. 281/, 288f 
Dieeatrine, ii. 610/ 

DieeCyladipio acid, ii. 5l0r 
Diostylio acid, ii. 519r 
DIoetyimalottio acid, ii. 519r 
JDichalkoiie. ii. 408/ 

Uiehlorainine.T. U. I82f ; vi. 630/ 

Diohloraminat, it* 519r 
IHohlorethylenes, ii. 078r 
iS0'«Dichloroethyl sulphide, ii. 682/ 

Dickie, la. 657r 
Dicyaodiainide, ii. 520/; iii. 474f 
li^anin, v. 228r 
IHoymodiamid*, iv. 581/ 
lUdymla, ii. U3r 
Didymium salioj'lato, vi. 624/ 

XHarnoin, piesence of in old rape oil, vi. 30r 
Diethyl, i. 718r 
Dielhylaseile acid, it 201 
DisDiylaeetylHirea, bromo*, vt. 620/ 

DiethylaiaiM, ii. 67lr 
0 3 Disthylasnino»4«anilnotoluene, vii. 157/ 
Diethyl«m«aininophenoi, ii. 520r 
y4Hetli3diaBittO|i^ cinnonmta, vi. 637r 
2«Di6thylaiiiinotolttene, 5»sfnino«, vii. 158/ 
Dtotkjl fMMBylMiibw. ii. «73r 
Dtethyfanilim, U. ffSOr 
—— ..Mntiibonio Mid, ti. MOr 
i, 3941 

]}iMliylbraguo.tof&i^. vi, 9201 
]>iMl>)rloMbiiMd, I. *fti , . . 4 

DteUndoUoiMdM, 4iitnuiiiiM, •wonitnunine uid 
MtootodMbylMidas, ii. MU 

,U.9f9ri v.SODrj vi. 933r 
9301 . 


,11.674/ • 

^ oxylaitine, ii* 6761 , • < 

lit 7&3/ 

Di^l^onyl urea, vii. 820r ^ ^ ^ 

Diethyl methyl woaii^laiiunonltini Iodide, ii. 673r 
— oxalaoetate, iii. 731/ 

Diethylphenylene-green, iii. 588/ 

Diethyl propyl and isopropyl earbinola, iv. 6221 
Diethylselenite, ii«666r 
Diothyl sulphate, ii. 667r 

, dibromo*, ii. 667r 

Diethylsulphone-dimethylmethaiie, vi. 6l0r 

.methylothylmetbane, vi. 619r; vii. I8lf 

Dictliyl-ovtoluidine and its derivatives, viL 13w 

m-toluidine and its derivatives, vii. 143/ 

p-toluidine and its derivatives, vii. 1611 

2-, and S-sulphonic acid«i, vii. 154r 

syramDiethyi-3 : 4-toluylenediamine, vii. 159f 
Diethyl valeramide, vi. 62 Ir 

m*2-xylidme, vii. 546/ 

Dietzeite, ii. 520r 
Diisobutylcresol iodide, vi. 638/ 

Diffusion of dissolved bubstanoes, ii. 522/ 

of gases, ii. 521/ 

Diflavone, iii. 221/ 

Diformin, iii. 245/ 

Digallacyl, V. 505f 
Digallic acid, vi. 654r 

m-Digallio acid ai^ its deri\atives, vi. 66df 
Digontiaio acid, vi. 658r 
Digipotenc, ii. 523r • 

Digitaleln, ii. 525/ 

Digitaliu, ii. 525ft iii- 410r 
Digitaiine and digttaline cristallisde, ii. 523r, 524r 
Digitaiin, French, and Nativello*s crystallised, iii. 
411/ 

Digitalis, ii. 623r 

, commercial preparation, and metliods of 
assay of, ii. 535/ 

seeds, ii. 52 5r 

Digitalose, ii. 41/ 

Digitonin, iii. 410r 
Digitophyllin, ii. 524/ 

Digitosaponin, iii* 416/ 

Digitoxigenin, subcutaneous Icibol dose ul, per 
gram of iiog, vi. 415/ 

Digltoxin, ii. 524/, 525r t iii. 411/ 

— subcutaneous lethal dose of, per gram of 
frog, vi. 4151 
Digitoxoso, ii. 41/ 

Diglucose, ii. 51f 
Diglycerin, nitro-, iii. 33f 
Diheptylaoetio acid, ii. 526f 

Dihydrocinohone, ii. 271/ . 

Dihydrooinnamic acid, dibromobomeol eater oi,Vi, 
62lr • 

Dihydrooodeine hydrochloride, vi. 622f 
Dihydrogen pyrophosjdiate, vi. 126/ 
Dihydromorphine hydrochloride, vi. 622f 
1 : 2*Dihydronaphthalene and its derivativeB, vi* 
754/, 757/ and f • ^ ^ 

, A*-, or 1 : 4-Dihydronaphthalene and its derivs'* 

tives, vi. 754/ and r . . • ^ 

A'-Dihydronaphthalerib and its derivatives, vi* 
757/ 

Diliydronaphthalio acid, vi.*763l . , , 

Dih^(lro,a-&.phtboio Mid. Md thMr dmvtttvM. 

— ^-naphthoio acids Md Uidr dwiivaUvM* id. 

Of.#*: 8-, and ar-7 :8-, or 8 : 9J>iii7dio<«4WidiaMl 
and their derivatives, vi, 791f‘ 
ar<S : 8>Dihydra>a<i»l>hth]rtaiaiaa and Itt d«nv«> 
tives, vi. 7811 . — - 

I)ihydto*oxyo(®oinono hydrochloride, vi* 693if 
Dibydmi^tiii^ acids, v. 273r 

ill. 726r - ' 


jnSJibydiwhn, dtesMyd*. f . ilr 
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1 and Its 

c « d^vstivaa, vL 754r 

IKi«tolofni» til, «5drt vi, 6281 
I^ka^bveod ami dlka^ot gronp, ii« 527t 
tm* and oy-Biketolqrdiin&ike> Mi. 727r 
iSiketoiieB, 1 : 3-, or A«» iii, 7181 
, 1 s 4* ory*, iii, 7181 
» 1 i 6s iii. 719r 

•~-s general pfopertiea and rer6tion« of, iii. 7l7r 
, monocyilio, iii, 725f 
— 1 : 2*, or a-* open chain, iii. 7i6r 
IMkelcMntocinio add, iii. 73 Ir 
Oilatometon. ii. 6271 ; vt. SOar 
Dilitarie acid, ii. 6271 
BiU, V. 16Sr 

Iniit, ii. 5281 

oil, iv. 6331 

o-lKmetlios^ybeiuBexie, vii. Si3r 
3 ; 4*l>uiiethozybenzene*l : 2Klicarbox\ lie awd, 
iii . 6121 

p-lMniatlioanfdiplienylautlirone, iv. 31 Or 
Dimethyl ii, 661r 

acetal, u. 683f 

Dimethylaniiiie, iv. 3201 ; v. 4811 
— — acetone, iv. 3211 

y production of dyeatuffs from, i \ . ,72 Ir 

2«Dinietbylanimo-4-ainmotoluene and its deii\a> 
tivee, vti, 166r 

]>in]ethylanuno40rl*amyl benzoate, \i. 4031 
3<-pini6wylaininoanthraqtuiione, iv. 32 If 
I)uneti^lainina.anrwipyrine, vi. 61 6f 

butyl diloral hydrate, vi, 61 6f 

IMmethylanimooamphor, iv. .72 Ir 
0ini0thylanunodiniethylaoetal, iv, 3211 
Biinetbylaininodiinethylwovaleryl prop;) 1 eater, 
vi. 621r 

2«]>iiiiet]iyiammo-4*methylaminotolueiie, 3 : 6<b. 
nitio* and 2 : 4.di(methylmiroainino)*toinene, 
3 ; dniinitio, vii. 1671 
Biiiiethylaininonapbthaphenazine, i. 4431 
Bunethylainlnoparaxanthine, iv. 3211 
l.lliiiiethylainino*6*ph6nozyaDtfaraquinone, iv. 
3Hr 

2.p^Diaiethy1aininostyrylpytid^^ methiodide, v. 

24MBiieUgrlaininoto]ucne, 5«amino., vii. 1581 
4«Diniet]iylaimnotolaene, S^amino, vii. 1631 
6.Ditnethy1a]nlnotoli]ene, 2.anitno-. \ii. 167r 
3 : g^DimetbylammotoIuene, 2 : 4-dinitros and 
2:4; 64rmitiOs vii. I53r 
4*l)iiii0tbylaminoto]uene, 6-nitro-3-aet*t> himiiio- 
and 6.|iitfo«3.acctylHfiimo., vii. 1691 
6«iaiinetbylaaiinoaraci], iv. 321r 
4 : l^IHinetbylaiiiino*m.zylcne, a ii. 6301 
« 4.I>iiiieihylanBiiio4it*xyleiie, 6*nitro*, vii. 6181 
l>iiiie(liy]aiuline,ii.6281 
— , iHoitroao, iv. 613f 
o*l)m>tfayiantliracene, iv. 338r 
2 : 6»])hn)khylimtltf«o^ iv. 3411 
2 : 74)iBiethyianthraoeiie, iv. 341r 
m^lXinetbylaBtliraoeoe, iv. 333r 
I>iiiBMtbyl»tlir«cen^^ ebloro* and hydroxys deri* 
yativea cl, iv. 342r 

tiHm-dcrivattvcfi of,Sv. 3421 

I)im4yl8at]iradbvye^ iv. 3431 
lii^Diinithylaiitlirac^^ iv. 3401 
t»J)laaet||ylaiitbn^ Iv. 3411 
lNiiM»tb|laa4fa^^ add, iv. 3431 
JXneiti^piatttliragallol, iv. 343r 
1 1 idPmeC^lantbra^uinoi^^ iv. 34 Ir, 3431 
to 1 3) BimathylanUiraquinone. iv. 3391 
^quinenc, iv. 3401 
qumofie, iv. 340f 

I and Ha oarboxylic aoid. 




io«, vii« J 
vM. 6l6l-563r 
add,ii. 261 

^ t, iv. 320f 

Dimetby^iaininotoluidienaato L 443r 

4*Pime£hyl«4 : 6-diamino-mdcylene and detiva^ 
tivee, 660r 

a-l>iiiiethyl-4 : 6-diaauno*m«xylene and deriva* 
tivee, vii. 660f 

2 : 2'-DtmethyM ; 1-diaathraquinonyl, Iv, 3601 

3 : lO-Dimethyl-9 : lO-diliydcozydihydroanthra- 
oeue, IV. 3471 

Bimethyldiliturio add and He cbloro-derivative, 
ii. 6281 

Diniethylcne dimethyl, and diethyl dini&lnee, iv. 
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[olnoisn, 1 . Onlibydroxy**; 
and tv* 


l y ewiy . Bthrayilwww, iv> MM 


Dimethyl ether, iv. 314r 
Dimothyleihylacetio add, li. 201 
Dimothylothyl-carbinol, \i. 618r 

•chloral, vi. 6191 

Dimethyletbylenediamine. i. 7181 
Dimethylethylene glycol, i. 7181 
a-Dime&ylethylene oxide, i. 718r 
Dimethylglyoxime, ii. 628r ; iii. 7201 
otf-Diinethyi hydrazine, and #ymdimet!i>l hydra • 
zme, iv. 32^ > 

Dimethyl keiene, iii. 702f 
ketone, i. 341 

Dimethyhnalonic acid and dimetbylmaloiiamide, 
iii. 4271 

2 : 6-, 2 : ?•, and 2 : 3-Dimethylnaphthalenee, iv, 
3591 

1 : 4*, and 1 ; 6>DimcthyliiaphthaloneH, iv. 368f 
Dimeihylniiramine, iv. 320r 

Dimethyl oxalic add, lii. 57 3r 
Dimethylphonylpyrazoloue mercury eulfamitialc, 
vi. 6lS5r 

Dimuthyluiperazino tartrate, \i. 6331 
fia-Diniethyl|mpiomc acid, li. 201 ; vii. 290r 
Dimethyl pyriditafe, monos dis and tricarboxylic 
acids of, t. 6341 
Dimethylpyrrole, i. 6301 
2 ; 4*DimetbylquinoHne, \ . 6461 
Dimethylrlicin and derivativoff, iv, 363f 
Dimethyl -Huodnonitrile, i. 7i7r 

Hulphate, iv. 316r 

-e^toluidino and ita dorivaiivee, vii. 1361 

m-toluidine and ita dorivativee, vti. I42r 

- ' •p-toluidino and ita derivativee, vii 160r 
•o.toluidme (T) etilphonto add, vii, 163r 

2 : 6*l>imcthyltoluylen(dutnune, 3 . 5«dmitros vii, 
1681 

1 ; 3>Dimethylxaiithinc, vi. 6341 
3 ; 7*Dimethylxantliiiie, vi. 6341 
Dimcthylxanthinee, employment of m drqgi, vl. 

Uiiaethyl*o-4<xylidine, vU. 643r 
•m*2*xyluitne, vii, 6461 

-p»2*xyUdine, vii, 662r 

•o.3*xylidine, and its alkylammo and 

arylaminoHjenvatlvee, vii, 642r 

•m•4•xylidifle and ita 6*broiiio-dertvallve« viL 

5471 

•i!a*5«xylidinc and ita nitroeo-derivatiira# vIl* 

6401 

I>inaphttAadiiiiiinonoe, v. 67H1 
Oinaidithantmuqubionc, v, t583r 
Dinapfothantliimtriqaliione, v, 6841 
Dinaj^thadfie, I. 4401 
2 : 6j)i-c<niqmUi0ytotliraquinofiei Iv, 34lf 
Di^oHOaphtbylaiitlt^^ iv. 3401 

2 : 2^iHnaphibyioarbaiiddc, 6 t 6'*d{liydtcigr« 
7? r-dlnSiAiooie add, ii. 62ir 

aaM)ifta|ibaiyt tMuteoalc Mi aulflilte. iv, 4071 
/Ij^'^OiimpbtlMrl caifrcna tc and eullpiiHOft Ivi, 497f 
pttri^Dinrnpklfylmm and Ha dnStSfim, r, I06f 
Dbmpbtbylkeienaidiil^^ $ ond 

ftSaaStsf*™ 



im>B3L 


Miok, vl. 4M 

^ 0to^iiu3anU tm, n* t&Ol • 

Bioform, iL Still 

mom> • 

Blogenal* il. tftOI j vi* 620r 
0jo«te,ii. 58011 Vi. 6281 
Bioiwidie^ii. 6801 
XMopOMt ii* 5801 , 

Dforitd. ii. 580r 
BtofMliinio acid. iv. lOCr 
Diocoorine. ii. 530r 

2 : 4«DioximmobeQzo-l : 2 : 3 : 4*diquinone. v. 
6061 , 

Bv^Dioxitninobutane, ii. 528f 
IJioxiiic. V. 6071 
DioaEodisiloscano. vi. 88r 
Diosorea. ii. 6311 
1 : S*Dioxyanthraqiiinone, vi. 6431 
Dioxyanthraquinoncoquinolina and itc Aodium 
bisulphite compound, i. 6101 
Dioicyethylene. ii. 6811 
IHox^n, ii. 5311, 6301 

2 ; 6-Dioxypurine. vii. oOSr 

Uipentenes. vi. 732f 
Diplienal, ii. 5311 
rimhenaKine. i. 439f 
*o.r>iphen6tidino, ii. 633f 
Diphenic acid, v. 163r • 

— — , fii«diamino% v. 1611 

Diplienol.diamtnohydnixy., ii. .'>311 
Q«l>tphenol, tfltrabromo-, omployint^nt nnd notion 

of ag a drug, vi. 630r 
Dipheno^y-pyrone. vii. 6111 
IMphenoOuinone. v. 5861 

— tetrahydfoxy-, and totramothoxy*. v. .68611 
ietraothoxys v. 686r 
Dipbenyl, ii. 5311 
Iliphafivlamine. ii. 533r 

, alkyl, amino, and other derivatives, ii. .*1340 

— . p«amtno-, i. 1981 

, 2 : 4-di]iitro-4'*hydroxys ii. 529r 

. hexanitro*, i. 4331; iii. 871 
tests for, ii. 534r 

3 : 5-Diphenylaminotoluene, 2 : 4-diniiro-, and 
2 : 4 : 6-tnuitro*, vii, 159r 

Dipliciiyloutlirone and ita dihydroxy den\ntive, 

IV. 3491 

Dipheuylboric acid. i. 6501 
Biphenylcorbinol, vii, 1831 
—V hexahromodihydroxy*, vI. 630r 
Biphenyl oateohine O, i. 491f 

chmolne Q and RR, i. 49!r 

Btphcnyicttronine Q, i. 490r 
Biphenyl. dorivativeB of, v. 163r 

4 : 4'«duiminD-2 : 2'Hlicarl>oxyUc and. v, 

1041 

-»2 : 2'«dioarlioxyHo acid, v. 163r 

0 i lOoBiplumybO : lOHliliyilruxydihydroantlira* 
oene* Iv. 348f 

Biphenyl-dimthylolid. ii. 5351 
2 ! 8'-Biphenyldiquinone. v. 577r 
8 : 2M>i]^ieiiylene«ethy]etie. v. 1571 « 

Blnhenyiene ketone oxide, vii. 51 N 
e*Dlpheiayleae methane, iii, 2251 
I ; 4*Bipoenyl-3 : 5«enolanilodihydrotriaxo1e. iv. 
6061 

MrmBhdienylethyleim. preparation of. vl. 402f 
iXplMmylhydrasiiie. iii. 53& 

XHphonyliiiiide. d-amidothio-. i. 5851 
D^M^Uleteiier iii. 7031 
, lit. 7l3r 

, m,ii. 536r5 vii. 1331 ^ 

^liiielliaitediiiiethyldihydraidne. ii. 271 
riBOetheiie. properties, reactions and derl 
_vii4imotii.63« . 

lHiiiMfivl idtNbtmaifie. v« 3071 
!SST%SSSir^ fiom* 4:4'Hiiph<mo 
onmom ond derivaUimi of. v. 5851 


Bin J*«i*toliiidiiie end ite deiiv»41«6i» vU. 

viidiirio add. moleculae pheee oheiigle in 
connection with eompoimds vi 8321 
_ spectrompio evidence on formula 

of. vi. 3291 

Dipicolinlo add. L 6331 
Diplosal, ii. 536r ; vi. 6171 
Dippers oil. i. 637f 
Bipropicsin, ii. 536f 
Bipropylamine, v. 455f 
Dimpropylamine, v. 456f 
Bipropyf barbituric acid, vi. 620r 
Dipropyl ketones, i. 721r 
Diprotooatechuic acid, vi. 658f 
Dipyridine, i. 6311 
m-Dip 3 rridyl, i. 63lr 
Diqumine carbonate, ii. 267f 

earbonio ester, vi. 6231 

Di-d-resorcylic acid. vi. 658f 
Disaocharides, ii. 45r 
Bisalicylide, vl. 24r 
Bisalol, ii. 536r 

Diaazo-compounds. i. 47 If s ii. 5371 
Disilane, vi. 89r 

Disilioohydric pentabromide. vi. 03r 
BiHiUcon hoxabromido, vi. 93r 

hexachloride. vi. 91f 

heyaiodide. vi. 93r 

I>Hinfectants. ii. 5381~55r)r ; vi. 6241 

. acids, ii. 543f • 

, aromatic acids, li. 5.601 

. essential oils and camphors, ii. 5521 

1 germicidal power of various in terms of 

carliolio add, ii. 555r 

, hydrocarbons, ii. 5621 

, influence of linked benzene derivatives on. 

li. 551f 

, inorganic, ii. 5*381 

, mechanism of disinfection, ii. 553f 

. metallic derivatives, ii. 5441 

. salts, ii. 5631 

, organic compounds related to alcohols, ii, 

5461 

, phenols and phenoloids, ii. 550f 

, pyridine, quinoline, and related bodies, ii. 

552r 

• substituted compounds, and esters, ii. 

553r 

, testing of, ii. 5541 

, the dyestuffs, ii. 56 Ir 

Disinfection. Clayton method of, ii. 539r 
Disodium hydrogen phosphate, vi. 243r 

^ solubili^ of in water at various 

temperatures, and difreront hydrates formed,* 
%i. 2441 

pyrophosphate, vi. 2461 

nitrite, vi, 241r 

Dispargcn, ii. 665f ; vi. 6271 

Dispermine, ii. 5561; v. 305r 

Dissociation of eledrolsrtes in solution, ii. 1041 

Distillation, ii. 556^-5691 

definition of term, vi. 4101 
dephlegmators, m. 567r 
fractional, ii. 5611 
still-heads lor, ii. 563r 
. theory of, ii. 5581 
Bistyrene, ii. 5691 f vi. 4171 
Bisulphur dithiooyanate, vt* 539f 
Dita bark, ii. 569r 
Ditaine, i. 155r 
Bitamine. i. 155f 

Dithioaoetio acid and its methyl ester* vU. 301 
Dithiodimethylamine, iv. 320r 
2 : 6*Dithiol*fMsylette. vii. 535r 
Dithioiit ii. 669r | vl. 231 
BitihiMiitee* vo|ametrie eetimation of, vi. 54tr 
acid. vi. 5481 • ^ 

reaoUoiie of* vi,655l 


Ditliionl 


OtthtMiUnyUo mUHi vL 831* 
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Di«o.tdCi9liUBiiii« and iti dMrivntivM, vii. JI371 
Di««n*toIylaax:^, vii. 1431 
Di-I^tylamliui and itn diviivatim, Tii. 101f 
Dittany, ii. 36^ 

DtimtUk, i. 7891 ; ii. 5d9r ; vi. 82r, 6341 
Divanadyl mono- and tetraohloiide* vii. 300f 
tetriodide, vii. SOOr 

— triaolpliate, vii. 801r 

Divi-divi, u. 5701 ; vi. 6691 „ • 

Dixanthogen, vii. 5081 
Ddbeminer lamp* the, v. 7r 
Dooimaoy or dooimaey, ii. 5701 
Dodder oU, ii. 21 

Dodooaohlorosilioo-pentane, vi. 921 

n-Dodeoanedioarboxylio acid, ii. 5701 

Dol 0 iite,ii. 5701 

Dolomite, ii. 570r ; iv. 1901 

— — tiiae of in fumaoe liniiiga, v. 6631 

Domeykite, ii. 5721 

Doner, iii. 23f 

Donarite, ii. 5721 ; iii. 171 

Dorfit, iii. ISr 

Dormigene, ii. 5721 

Dormiolpii. 572r; vi. 6101 

Dobs, ii. 572r 

Dotolite, i. 6451 

Dover flaree, v. B26r 

Draoyl, ii. 572r 

DragendorS’s reagent, i, 401r . 

Dragon’s Uood, ii. 572r ; v. 300r 

— — resins, viu 671r 
Driers, ii. 572r 

Drosera Whittakeri, ii. 5731 
Drugs, mioro.sublimation for examination of. % i. 
4231 

, synthetic, vi. 6001>643r 

■■■* abbreviations used for names of 

manufacturers of, vi. 61 Or 
, acetylated amines, vi. 61 4r 

— , ■, acridine derivatives, vi. 6391 

, , alcohols, vi. 618r 

, , aldehydes, vi. 6191 

— , — , alkaloids employed in, vi. 622r 

, , aminophenols, vi. 6151 

, , anasthetios, total and local, vi. 6351 

— , , antipyretics, antirheumatics and 

antineuralgicB, vi. 6141 

— antiseptics and disinfectants, in- 
organic antiseptics, vi. 6241 

^ ^ containing phenol nuclei, vi. 

6801 


, , arsenic compounds of the atoxyl class, 

vi. 641f 

, *«* , aisenophenolamines or salvarsan class, 

^ vi. 6421 

bromine oombinationa employed in, 

VI. 6211 

— , carbonic acid derivatives, vi. 619r 

, cathartics, vi. 642r 

. classification of, and literature of, vi. 
6l0i 

^ of salicylic acid derivatives, vi, 

6171 

ooUoldal sus^nsions proposed in 
tiealmmit of oa&oer, vi. 6261 

, , oopper compounds employed as, vt. 



DniM syntheUo, infiusiies 
aldehydes, ketones, aoids and hii Vi. 6181 
alkyl groups In, vi. 6l2r 
® oyano- and aitro* groups in, vi. 618r 
hydroxyl groups in, vi« 6121 
organic ammonia derivativss* sliphatio amines, 
and ammonium hydroxide on, vi. 61lr 
sulphonal group|m, vi. 619r 
urethane group in, vi. 619r 

, ^ morganic peroxides, vi. 6241 

, , internal antiseptics, vi, 6311 

, , intestinal antiseptics, vi, 632r 

astringents, vj. 632r 
, iodine compounds for internal use, vi. 

6281 

, ketones, vi. 0191 
, malonylurea derivatives, vi. 6201 
, mercurial antiseptics and 

vi. 6251 

mercurous compounds, metallic 
mercury and organic silver antiseptics, vi. 621' 

— , , miscellaneous alkaloids, vi. 623r \ 

— , . salts and colloidal metals, vi 

6261 

morpliine otliers, esters and quatemary\ 
salts, vi. 6221 \ 

, , mydriatics, vi. 637r 

— . , organic arscnicals and chemothera- 

peutic agents, vi. 639r 

, , gold compounds, and Inorganic 

salts of nucleic acids, vi. 6271 

, , iodine derivatives, vi, 627f 

. peroxides, Vi. 624r 

~ salts of aluminium and' bismuth, 

vi. 624r 


, pyrazolone derivatives, vi, 6161 
, quinine derivatives, vi. 622r 
, quinoline derivatives, vi. 6231 
, saltoylio acid derivatives (lor external 
use), vi. 617r 

(for internal use), 

vi. 616r 


, sedatives, vi. 6211 

— ^ selenium compounds, vl. 629f 

^ ^ silver protein compounds, vi. 626f 

— , , soluble quinine salts, adapted for 

liypodermio use, vi. 6231 

^ ^ sulphurated products, vi. 6291 

synthetic morphine derivatives, vi. 

621 r 

— classification of, vi. 

6221 


^ ^ therapeutic dyes, vi. 638r 

^ ^ urethane derivatives, vi. 6181 

, tirina^ sntisepiios, vi. 634r 

, , valeric acid denvativea, vi. 6211 

Dnimine, ii, 573r 

Dry cloanmg, ii, 57,3r 

Drying by application of heat, ii, 4911 

by evaporation, ii. 4il0f 

cylinders and rollani, ii. 492f 

•; — gravitational methods, ii. 4891 

installations, fioors, gantries or racks, ii, 49lf 

, mechanical methode of, ii, 4961 

ovens, it. 493r 

^ removal of vapour, ii. 491r 

— — sheds, pans, troughs, sod kilns, ii, 4921 

tunnels and rooms, IL 4981 

Duoline, iii. 631, 46r 
Dubhium, vii. 461 * 

Dufrenite, iii. 683f 
Dulcamara, ii. 6741 

Dulcin, dstevmlnation of in loodiittllit vU 4r 
— or duleose, il. 44f, 6741 

employment of in manufsslvuo of fiuMllirlnf 
vi, 2r 

Duldtol, il* 44r 
ffcDuloitol, il. I9r 
Dulas, I. Il2r 
Dungiiig9alt.il, 5741 « 



ntnieT. 


IHnw Mlt, i. SUI 
Xhif^ir. tOtf 

Duotid,ii,fi74^i Vi. Q8SI 

DnpIcKito, iiL lOi i 

Du Bout pcmtoible Ko. 1, U, 48r 
Dttra» ii« 674) 

Dimlumin, i. ie6r i iv, 186) I vii. 678f 
Diira^ xad» or dorra, y. 646) 

Daraaantaliii, v. 646f * 

Diireiio» ii. 477f 
ifoDimna, ii. 477) 

Dunne, ii. 674) 

Duriron, vi. 677) 

Duroquinone, v. 677) 

Dutch liquid, ii. 678) 

yellow, i. 471) 

Duxite, iii. 62) 

Dyeing, ii. 674)>692r 

of mixed fabrics, ii. 691f 

operations, materials used in, ii, 678f 

processes, ii. 676r 

, production of japonic acid on fibre, ii. 

683) 

— properties of dyer*a broom, ii. 6l0r 
Dyer*s broom or greenwood, ii. 6L0) 

Dyes, therapeutic, vi. 63Sr 
DyestufEs, acid, ii. 683r 
— — , basic, ii. 6S6) 

, tannin test foV, ii. 595f 

— classification of, ii. 676) 

— , diredt, ii, 684) 

, — , bleeding test for, ii. 695r 

, essential propesties of, ii. 670r 

, general methods of application of, ii. 681f 

, identification of on fabrics, ii. 692r 

— — , ingrain, ii. 688) 

— Janus, ii. 686) 

manufacture of silicates of basic, vi. 86) 

, metallic, ii. 690) 

, natural, ii, 690) 

1 reagents employed in Green's analytica 

aoheme for, ii. 693) 

, spectroscopic examination of, ii. 696r 

, substantive azo, derived from — 

dehydrothiotoluidine sulphonic acid and from 


primuline, v. 444r 
ehydrothioxylidines, 


dehydrothioxylidines, v. 444f 

, sulphide, li, 686r 

, , lead acetato test for, ii. 695r 

, synthetic, ii. 691) 

, tabulated methods of identification of o; 

fabiios, ii, 696-609 

— — , vat, ii, 686r; see also Dyes, vat, 

— ^ other than indigo, ii. 687r 
Dyes, uses of as heat indicators in indust n£ 
operations, vii. 27r 
— — , vat, vii. 310f-318f 
Dylish, I. 112f 
Dymal,ii. 611)) vi. 624) 

Dynamite, iii. 42) 

• ammonia, iii. 48) 

— aatigrisouteusa, iii. 46) 

, freezing of, ill. 63) 

«floinme, iii. 5lf 
Bgnin, iii. 47) 

Nor2, Iii, 46r 

Ke.38Ui.46) . 

.JUmoUi. m 4A> 

k S9i 

amigilt. iii. 47i . 

— ^.Tn^*..iii. 031 
— .ratter, iii. 44r, 461 
DvoMUMn Md vratter.dynamaion, iii. 14r , 
Dymbtl, iii. 4M 

^,l|0.SMdNo.4.Ui.6« 

ii. «llt . • 
DriS..iI.«lU; v(. l(Wi 

D8«>dfl.,it. nil 


Earth, black, iv. 161r 

•nut, v; 84f 

Earths, rare, see Bare earths. 

Eau de Cologne, v. 108) 

• Javel, U. 209), 6411, 611) 

> Labaxyaque, ii. 209), 541) 

luce, i.*184r; ii. 611) 

des Chasseurs, iv. 140r 

Ebonite, ii. 611) ; v. 711) 

Ebullioscope, ii. 611) 

Eooaine, ii. 611) 

).£ogomne and its benzoyl-derivative, il. $02) 
Eegonine, estimation of m coca leaves, ii. 8011 
Eegoninio acid, vii. 219) 

Eclogite, vii. 61 Or 
Eorasite, iii. 30f, 32) 

Edestin, ii. 612) ; vi. 607) 

Edible oils and fats, ii. 612) 

Edingtonito, vii. 566) 

Edinol, ii. 612r 
Kdulooration, ii. 612f 
Effloresoenoe, ii. 612r 

, cause of, vii. 3ft6r 

Egaliic acid, vi. 633) 

Egg, composition of sholl and white, li. 61.3) 

, of yolk, ii. 614) 

fnfit, ii. 616r 

, germinal vesicle or whit&yolk of, li, 616) 

, oil of, ii. 616) 

preparation of “ Pidau,** ii. 6l5r 

, prooesses for preserving of, ii, 616f 

Eglestonite, iv. 264) 

Egols, ii. 61 6r 
Ehrlich 606,*' i. 391) 

Ehrlich, methods of investigations of, and theories 
of, vi. 639f 
fi-Eigon, vi. 628r 
Eikonogen, ii. 617) 

Eisenki^l, v. 529r 
Ekaboron, ii, 143r 
Ekkain, vi. 637) 

Eksantalal, ii. 617) 

Eksantalio aeid, vi. 34r 
Ektogan, ii. 639) ; vii. 588) 

Ektomn, ii. 617) ; vi. 624r 
Elae^te, iv. 619r 

Elaeomargaric acid, ii. 617) { iv. 677r 
Eleoptene, ii. 617r 
Elaooptens, ii. 2r 
Elaldio acid, ii. 61 7r; iv. 677) 

Eiaklin, ii. 61 7r 

Elarson, ii. 618) ; vi. 64 Ir 

Elastic bitumen, i. 601) • 

Elaterite, i. 601); ii. 618) 

Elaterium a*, fi>eluteriii, elateridm, and elatenc 
acid, ii. 61^ 

Elayl, ii. 67 4r 

chloride, ii. 67il) 

Elbon, ii. 61 8r 
Elderberry, ii. 618r 
Eleotrargol, ii. 618f ; ni* $27) 

Eleotricidid, vi, 626) 

Electricity, uses of as a fuek vi. 142f 
Electriridol, ii. 618f ; vi. 626) 

Electrochemical analysts, by method of graded 
potential, i, 314f 

making of electrical oonnacUoiiMi^ I. 

314r 

ElectrocoUargol, vi, 627) 

Electro-depositaon and electroplating, ii. 6l3r-* 

626f 

^,E.M.F.fv,ii.620) 

, methods lor depoaitioa on 

sttbstonces, ii..620r ^ 

bigration of ions In, U. 61 2r 

MdOoya, U. 6241 

iaeotro*liidol. tt. 616ri ti. 6M 



IKDBX 


diMOoiatiaa of in aolnikm, ii. 1841 
vi, ftStU ' 

KleoMKMMtonxoI, vi. 8Mf 
Bleolsroiiy iv« 16AI 

Sleettonito and aleotvonite Ko. 2» lit. 14f 

BleotfOflolen, vi» 6261 

Eleetram^ iv. 6301 ; vU. 6611 

EleinentB, atomic weights and symbols of» L 420r 

^ ManddejefTs periodic system ol» ▼. 628-620. 

Elemioim ii. 626f 

Bilemi, Ifiauritius, and Mexican or Vera Crus oleo- 
iesln% iv. 6981 

bkio-iesins £K>m various sources, iv. 696f 

Xaemol and elemene, ii. 6262 
la^uation, ii. 6262 
Sll^o acid, ii. 6262 
EUagitannic acid, ii. 6302 
Bllagitannin, vi. 668r 
ESlagitannins, vi. 648r 
Elo, vii. 809f 
Eli^te, vii. 603r 
Elotriation, ii. 6302 
Elvan, v. 368r 
Emanium. i. 74r 
iCmbarin, ii. 6302 
Kmbelio acid, ii. 6302 
Embolite, ii. 630r; vi. 126f 
Kmeiald, i. 6862 

, Brasilian, iii. 370r ; vu. 1 73f 

Emcfaldine, ii. 688r 
Emerald-nickd, vii. 6662 
Emerald, oriental, ^lii. 370r 

, Uralian, iii. 370r 

Emery, ii. 630r 

Rmetamine. iii. 669f 

Emetine, iii. 6682 

Emmensite, iii. 312 

Emodin, iv. 362r ; vi. 6432 

— employmeat of as a drug, vi. 642f 

— in oascara sagrada, ii. 922 

— ~ monometbyl ether, tv. 3532 ; vii. 319/ 

— ^ trimethyl ether, iv. 3632 
ihnpraMite, ii. 631r 
lorm, vl. 6292 
p ii. 631r ; iii. 1394 
ithesising properties of, iit. 668f 
j ii. 632f ; iii. 2602 ; v. 48r 
black, and air^drying, vii. 3082 
stoving, vii. 308r 

ehamp lev4, ii. 6332 

cioisonnd work, ii. 6332 
, typical commercial ground coat, com- 
and effect of adding sirconia to, vii. 

. Enargite, ii. 6342 
ll^doth, iv. 392r 
£divc,li.6342 

EsdUdiite, iv. 3832 ; vii. 2932 and r 
JBtmoli. 3912; vi. 626r 
**Eu^powder,*M. 113r 
vi. 33r 

» of term, iv. 629r 
»iL634r 

,iL6362; iv. 192|r 

f - ^3 <Mhl3f ^ 

JBBBtppjr0 Via 99m 

Jft wi y im. Mtton of ataidi, vi. USi 

ignitliMiing ogHit,, iii. M8r 
, MgrBUMifto im idMtive oetion of, iii. 134r 
,8aliafdiii«Br’.,iU.U3f 
k olnMiflMtioa noomiolotaio of, iii. 
ISII 

,«Mlditioii. of action of, iii. I33r 
, SiMihvu iii. lasr 

pNqpoMtion of, and pufifioation of, iii, 
<«JL^M|| 0 *an(liH«l 0 <| andoztrdotionof.illi.^31f 


Ensymes, hydrolysis by, ilL 66fr 

of prcdeins by, V. 4692 

, inactivation of, iii, 133r 

, inffuenoe of on oatalysia, it. 16ar 
— mode of action of, iiL 132r 

producing coloured oompounda tom 

aromatic phenols, iii. 1421 

hydzoly^, iii. 1372 

oxidation, iii. 1411 

- reduction, UL 142f 

— reversibility of action of, synthetic action of, 
ill. 133r 

, saponification by means of, vi. 462 

, the indigo, iii. 606r 

, velocity of hydrolysis by, iii. 6692 

Ensyme syntheses of gluoosides, iii. 406r 
Eoeamine B, Q, i. 467r 
Eosin, v. 2722 ; vii. 206f 

A, constitution of, v. 482 

bluish, vii. 207r 

, iodo*, i. 672 

Icdces, iv. 262 ; v. 432 

soluble iu spirit, vii. 207r 

Eosolate. vi. 626r 
Eosote, vi. 0322 

Ephedrine (Merck) and ephcdrine (Spehr), li.\ 
636r ' 

Kpicarin, ii. 030r; vi. 6312 
Epichlorhydrins, a-, ii. ^36r 
Epichlorhydrin, )9-, ii. 637/ 

Epidiorite, ii. 637r 

Epidote, ii. 637r 

Epinephrine, i. 77r 

Fjpinine, i. 802 ; li. 637r 

Kpiosine, ii. 637r 

Eponit, ii. 484r ; vi. 446r 

Epronal, ii. 637r 

Epeomite, ii. 6382 ; iv. 1932 

Epsom salts, it. 6382 ; iv. 1932 *, vi. 27f, 614r 

Equilibrium, chemical, ii. 1602 

, influence of temperature on chemical, li. 

1662 

Krasine, i. Ir 
Erbia, ii* 143r, 638f 
Erbium formate, ii. 6392 

nitrate, ii. 6392 

or neo-erbium, ii. 6382 

oxalate, ii. 6391 

oxide, ii. 638r 

platinocyanide, ii. 639/ 

— sulphate, ii. 6392 
Erecthidis oil, ii. 6.792 
Ereptases, ui. 1402 
Ergamme, ii. 640r 
Ergosterol, ii. 6422 
Ergotbioneine, ii. 64 Ir 
Ergotinine, ii. 6402 
Ergot of rye, or ergota, ii. 639/ 

Ergotoxine, ii. 6404 
Erma, v. 540r 
• B, V. 4462 

Kricin, u. 6422 ; vi. 617r 

Ericol, U. 6424 

Ericolin, ii. 6422 

Erigeron oanadense, ii* 6432 

Erika B extra, BN and fiON, i. 467r 

Erika B extra, 4GN, Q extra^elld GN, U 46$t 

Erinoid, iii. 297f 

EHochlorine, vii. 2122 

Eriochrome oyanin M, and eriochvoine asurol B 
vii. 2142 

phosphine R, i. 466r 

^veidone A, i. 474r 

Erioeoeoue coriaoeus, ii. 6432 
Briocyanin, vU, 2111 
Briogbueine, U. 64SI 

A, vii. 212»' 

Bioi{ieittiiie,a.64Sl 
Biudto hr. 971 
Bmbieoite, i. 700r 



sa££t£S^’‘7 

Bnuiiii wmI 

l&nildktt Snikltm* i. SSr ^- 

Brvaffi^ iu 644r ; Vif 617^ 

I!9ythi!6iM» I* 7021 

’5iold»i 144? iii, 644f 
in, nnd ^ciio^rytliiiiur^ ii. 645/ 
and tnbix>i)cioerirtlirin, ii. 644r 
Biythrina 2B, i. 473f ; V, 473? $ and 7B, 474? 
Bi^hrinio acid, aee Erythiio acid. 

Srythrita, ii. 294?, 645? 

E^hritol, ii. 42r 
Xhrythrobexudne, yii. 188r 
Bf^hiodaxtrin, vi, 363f, 36 Ir 
Erytlurolacoin, vi. 81? 

Eijthroleoanoric acid. u. 644f 
Exythrolda, iv. 148r 
ErythroUtmin. iv. 148r 
Erythro-oxaellinic acid, ii. 646? 

Erythropbleino, u. 646r 
Erythroiin, i. 57? ; it. 646r ; vu. 207f 
Evythroscyanthraquiuouo, i. 118?; ii. 646? 
Erythioeyme, iv. 177? 

Esoalin, u. 646r 
Eseramiue, iv. 721f 
Esendine, iv. 722? 

Eserine, ii. 646r « 

«• nibreaerine and eeerine blue, iv. 721? 

— — , salta of, ii. 647? 

Espaito, ii. 648? 

, chemical characteristics of, li. 64Hr 

“ Baiang,** vi. 33r • 

Ksterihciition, ii. 648? 

, catalytic, ii. 660? 

, direct method of, u. 653r 

, relationship between constitution nii 

esterification, using the catalytic method, i 
660r 

— tlieonee of direct oiid catalytic, ii. 656? 

various methods of, it. 665? 

Esters, hydrolysis of, lii. 561? 

— -*•, jnfluenco of in synthetic drugs, \i* 613? 

— , occurrence of m essential oils, i\ « 634? 
of dibasic acids, ii, 655? 

— - of dibasic acids, hydrolysis of, ui. 664? 

— ol sulphonic acids, hydrolysis of, iii. 664r 

preparation of from bulphonio acids, ii. 66 
Eaton, u. 667r 
Eetotfd, iv. 268r 
Eatragon oil, iv. 644? 

Etaai»d,iL667r 
Eteleaii, u. 667f 
Etaleii,vi.632? 

Kt}ia],vii.465? 

BthaM, ti« 661r 

% obloropentabnniio-, ii. 70/ 

X, <fi< 4 iionloro-ad^-tetrabroino«, ii. 70r 
oa^diehloro-ow^tetrabromo-. ii. 70? 

, hsauMihlon>% i. 49? ; u. 72r, 66»r 
heacametbyl-, iv. 823? 
pontafaronio-, ii. 677r 
— , penti^oro*, i. 48f ; ii. 669r* 
narohlorD-, ii. 72r , 

HSfchawifii snlphfl^^ acid, a*amino*, vi. 704? 

eJM^totvaohloro-aa-dibromo*, ii. 70r 

leidofo^ac^’tribromo*, ii. 70r 
iii. 670? • 

mnwmwf Of 6therin, ii. 674f 
SUmmiI titohlorW., n. 68« 

j^Sr' 'iiohl^ ii. 6a« 

iuW6r 

^ ■ tg i* 

BtWi<n*aioi 


BtbfepHv.SM ^ 

2)tli0^wl>b9ifaw« V. MS 

Ethoxy^Nfienyi chloride, fi* tMr 
Ethyl, ii,657fw684f 
— - aoetate, i. 27? 

aoetoaoetate, i. 32? ; iU. 7291 

, alkyhderivativeB of, i. 38? 

, spectrosoopio evidence on oonerittftioti 

of, vi. 329r " 

.acetylene, i. 702r 

alcohol, see also Alcohol, and Spirit, 

, i. 9l?-97? 

, amino, ii. 232f 

, density concentration eurvea in 

aqueous solnUons of, vi, 284f 

, detection and estimation of in ohlofOx 

form, ii. 226f 

— chloro., ii. 678f 

>, preparation from coke oven gas, il. 


Ethylomine, ii. 670r 
— , hydroxy, ii. 232f 
j3-iminazolyl*, ii. 640r 
— purpurate, iv. 399? 

2 : Ethylammo.4.aimuoto]uene, vii. 167? 

3- £thylanuno.4.ammotoltiene, vii. 169f 

4- Ethylfunino.34uninotoluene, vii. 169? 

Ethyl p-aminobensoate, vi. 637? 

•m.aminophenol, ii. 684f • 

2.Ethy]amino.4.phenylaminotolueBe, vii. 1571 
^-Ethylaminotoluene, 5.anuno-, vii. 158? 
4-Ethylammotoloene, 2.ammo., vii. 157? 

, 6-bromo-2-amiiio-, and its derivatives, viL 

166 f 

Ethylanilme, li* 684r 

Ethyl anilme, hydroxy*, iii. 673r 

Kthylanthracene, iv, 347? 

Ethyl nntimomte, ii. 657f 
Ethylapocinchemc acid, ii. 271? 

Ethyl arsenate and arsenite, it. 667r 
Ethylauramine, i. 432r 
Ethyl bebenate, iv. 67 6r 
Ethylbenzene, i« 672/ 

Ethyl boride, ii. 667r 

boroBaUcylate, i 660/ 

— bromide, iL 668/ ; ^ i. 635? 

butyrate, i, 721? 

t'sobutyrate, i. 721r 

a*£thylbutyrio acid, ii. 20? 

/l*£tbylbutyrio adds, li. 20r 
Ethyl oarbomate, vii. 278r 

carhimidf^ ii. 659r 

oarbylamine, ii. 660? * 

ohloramuie and dichloramine, ii* 67lf 

chloride, ii. 668? ; vi. 6351 

^ preeenee of in chloroform, ii, StW 

^ use of as ansssthetio, i, 2211 

chlorosulph^te, ii. 669r 

dnnamate, ii.^Slr 

Mooyanate, ii. 659r 

cya^e, ii. 659r 

isocyanide, ii. 660? 

cyanurates, ii. 660r 

diethylaoetoaoetate, spectrosopplo evkknso 

oh constitution of, vi. 326* 
dihydrocapreine, vi. 623? 

— dikstobutyrate, iii. 732r , 

Ethyldimethyloaririnol, i. 215? 
Ethyldioxytliioearbonate, vii. 509? 
£Uiyldiselenide,U.666r 

ditdhiride, ti, 670r 

di*, tri*, tetra*, and nentaei^phifkif li« 
659? e 

Etliylm,ii674ri vi6S5l 

igntale anAdiaod^, ii, 675? » 

iiteOiiifomo*, and sIliyleitelMilolodfll^ 
it, 675r 

ioftoolitodiydito, ii. 67# 


% %V 





m 

litlgryto faiM^ . 

and bfo«;iliyddo» !!• 

cliloiiiyMit» ii. 678r 

— idtloiida^ vi, 695f 
^ «lilod>» Ii <691 

- cltoDfaromide and iodide, ii. 6791 
‘ I'drin, ii. 6791 
e, ii 6791 

e,u. 679i; vi. 6331 

■diamine silver nitrate, vi. 626f 

phosphate, vi. 132f 
-~diidiIoride,U 6?8i 
— diohloro*, i 48r 
— asria*! : 2«diohloro-, ii. 5391 
fl^Kliofaloro-^^dibmmo-, ii. 70/ 

— , «si*dichloro-J3j9<dibromo-, ii. 70/ 

- — difoni^, ii. 680/ 

dithiocarbouate and ethylene ttithio- 
earbonate, it. 682/ 

— ierroiis ohloride, ii. 680f 

— glyool, ii. 676r 

‘ tii^, penta-, and hena , ii. 677/ 

— hydxoxysuiphide, u. 681f 
■imine, v. 306r 


iodide, ii. 680r 

— — iodohydrin, ii. 680f 

mercaptan, li. 681r 

nitrate, ii 680r 

nitrite^ ii. 680r 

oxide, ii. 681/ 

osottide, V. 33/ 

sdenoeyanate, it. 681r 

p speetrosoopio observatiuns on, \i. 333# 

, ietvaohlor-, i. 49/ ; u. 73/ 

4etraohloio-diohlonde, u. 72r 
tetraiodo*, lii. 666r ; vi. 628/ 
EtliyleDflfthlocnrai^ u. 682r 
Btigrleiie, tnofaloro-, i. 47f 

■■ tciidiloiDbromo*. u. 70/ 

B^l other, ii. 663/; see also Kther. 

^ forromnide, ii. 661/ 

- duoride, li. 661/ 

, ii. 661/ 

* lonaate, ii. 661/ ; m. 246/ 
BthyWyoxaline, 4<d-amtno-, ti. 640f ; v. 480r 
Ifithyinydranthranoi, iv. 347/ 

Sthyl Inrdracine, ii. 673r 

l^dride.li. 661f 

Bthyttydxocupidine hy^diloride, ti. 269/ 

j^^d^^dr^^^thioc!^^ vii. 608/ 

4^ siHl hydroxylamino, ii. 672r 

8thjdiaiBier& 683/ 

« aoetainide, ii. 682f 
acetate, li 682r 
aflyd ethers, ii. 683r 
aame, Ii662r 
hfa i sS , li 66/tf « 

tWWiM, and ticoniodide, ii. <83/ 
vi. 6361 

<BldMoteiMB^ and tddoriodide, ii. W3l 
fUdmdplioaiQ acid. Ii. ,841 
jBSii i ftt aaB lne,M. 883. 
jitow^yhanic Mid, ^M4r 

. , »Mid.it.884l 

kmns6»ii. 1 


. , V. 48Qr 

iri.8f8l 

iil.94« . • 

•itqrlBMbfWBitfile, lit« 
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dUhyl metM tmaiaytsashak, ii. 673^ 
64aefhyl-8«'phMgrlt|siM^ 

^ vi634f 

morphliie, vi 623/ 

nitraialne, and nitnmthyMMttaiBlne, IL 
671f 

nitrate, ii. 6621 

- nitrite, h. 663r 
ISthylnitrogenohloride, ii. 67 if 
£thyl oxalate, iv. 733f 

oxalyhsaocinate, iii. 732r 

oxide, ii. 663/ 

, mono- and dishloio-, ii. 666/ 

peroxide, ii. 666/ 

2-Kthylphenol, iv. 61 Ir 
Kthyl phenylcarbamate, vi. 618/ 

— r. j^osphates and phosphites, ii 666/ 

piorate, v. 289f 

- - propionate, v. 449/ 

~ purple 6B or ethyl % lolet, vil. 196/* 

-saocharin, vi. 6r 

Halicylate, vi. 20r, 617/ 

- selenhydrate, it. 666r 
selonio acid, n. 666r 

> selemde, u. 666r 

— solonomercapiau, ii. 6(>6f 
Btaumo acid, \ u. 68/ 

~ Kulpliaie, II. 667/ . 

- bulphidcs u. 668r 

- ~ , /5/5'-dirliloro-, is. 682/ 

sulplunio acid, ii. 669/ 

— Hulphiies, u. 668/ 

Hulphonal, vi. 790r * 

Kulphonato, ii. 6b9r 
~ bulplionic aoid. ii. 6b9f 

chionde, u. 669r 

sulphuric acid, and its chionde, ii.667/ and r 

sulphurous aoid, ii. 668/ 

- — sulphydiate, u. 668/ 

tartrate, induenoe of temperature on 

rotation of in vanous solvents, v. 386r 

^ of various solvents on rotation of, 

366r 

optical rotation of eubstitnted, v. 362/ 

, rotation and aolation-volume of in 

\anous solvents, v. 357f 

, _ dispersion of at different temper* 

aturea, v. 368f 

tellunde, ii. 670/ 

thiooarbimide, it. 670/ 

thiocyanate, u. 669f 

fsothiocyanate, ii. 670/ 

thiopheus, 11 . 670/ 

ISthyltoluenes, ti. 433/ 

Ktliyl-o-toluidmo, ii. 434r, 688/ ; vii. 136r 

-p-tolttidine and Us denvativse, vu. 1611 

2-sulpliomo acid, vii. 164f 
' tnaoetylffallaie, vi. 6321 
tntnetnyl ammomum iodide, it, 6731 
~~ •fn-2-xyiidme, vii. 1546/ 

•p-3-xylidine, 3 : 6-climtro«, vlJ. 662r 

•o-3-xylidine, its acetyl and nttioeo deilva« 
lives, vu. 642r 

-m-6-s^lidina, 2:4: 64tittlllo« and i* 
nitroso-, vii. 649f 
Etrasoi i. 3/ 

Bubomyl, ii 636/ ; vi* 621/ 

a* and p-EuosIne, ii. 6861 and r i vi. ttOf 

iro-j8-Euosine, vi. 630/ „ 

Kucasrite, it. 6S6f1; vi. 69r 
Kucalyptol, ii. 4r, 686/ « vi. 746^ 

Eucalyptus dobolus, ii 662r 
maeroinyncba, ii. 886 / 

oU, iv* 639/ 

terin, v.67tt, 

Eucsirin, ii, OH ' 

Euohtcine, v. 398/ 

End si e* li 936/ 
jjueodaf, Wir 
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SwMliH&lllHrf vil. Wlito* 

TSumyiMtti, ii, (W«r j It. 81«r 

gtiM^ ii. Mfif S Tl. «8I 

fitidMoiQl* ii. 

Gttdiohrte, U. 0861 { vii. 603r • 

VitdcMUt vi. ssw 
BwdnniiM. ii. «80r 
Sofomol, it. e88r > vi. 030{ 

Eufidlolt V. 6061 
SOganttfonn, vi. 633Sr 
Bofenol, Ii. 686r 
•wBagmol, ii. 6881 
« oarbonate, ii. 688r 
Bngtnol etueoside, ii. 087r 
Bwtbvl atber, ii. 6881 
iwEugaiiof methyl ether, ii. 688r 
— , 6>tti(»)>, ii. 688r 

Bugebol, 6>nitro> and other dciivattves, ii. 6871 
r 

Btigenyl aodUo acid, ii. 687f 

—— alookol, ii. 687r 

— • phoBphoric acid, ii. 687f 

Bunaform, vi. 629^, 63i( and r, 0322 

Bttkaiite, vi. 123r 

Bukodal, ii. 6892 

Bolatiii, ii. 6891 

Bumydrin, vi. 6382 and r 

Kuonymus aiul euotiyiiuii, li. 080/ 

Budamite, v. 6732 
Bapad, ii. 6892 * 

Bui^orbiiim, iii. 4822 
BopliCMriiui, vi. 6182 
£u|dinuia taiuiiii, vi. 6012 
Bophthalmine, vi. 6382 anti r 
Bupbyllin, ii. 6892 ; vi. 6342 
Bupittono, ii. 4^i6r, 6802 
black, ii. 689f 

Bupittonio acid, ii. 416f, 6802 ; vii. 204r 

Bupnino, U. 6902 

Boporphinc, il. 6902 

Bupynne, vi. 6I6f ; vii. 306r 

BiMUiiimc, ii. 267r, 6002 

Bmka, iv. 6302 

Bitia«ol,ii. 6901; vi. 6312 

Borhcdltiaa, i. 4412 

Burbodmcw typical, t. 442f 

Burliodola, i* 442r, 443f 

Burho^l, typical, i. 443f 

BttfobiAa ii. tW 

Bufopken. Iii. 6572; vi. 6282 

Buioptog lia 143r, 690r 

Binophiiii, ii. 6901 

oiddcg ii.690f 

— ~ aulpihate, ii. 690r 
Bkmpdua dhiondc, ii. 600r 
Soidiaiiiairium, ii. 690r 
BumodoI, U. 690r 
Boaot/iia 690r 
Buatmitiig 11. 6912 
ikuynohite, vii. 998r 
BlXlWiiif vie 6672 

acid, il. 41f I iu. 6992 

Bii 32 Mltlionda ita diacetyl derivative, and reactions, 
iif«699r • 

talii^U.I44r,69U 
BvapOf4mQJ9f ii. 6911^ 

jfl iijiodiaandoal re£rigarator8,ii, 6962 
te ateetti boiteta, and in open veaaela, ii. 
691r 

tile Vatyan evaporator, li. 6951 • 

mm- nreeattre by triple and multiple 

ff jwiyejive., il. Wr 
M8I 


bydro* 


a!»nm.lrin. di. Wtf 

Bsodiii, TjU 848r, MM 
libi;pliMifObiii.8SI 
--^fli.«W 
«!»nWfa N. ilL 18r 
Baploeion, gaeeoue, ii. 688{-717 
— btirninff of carbon and of 
carbons in the baploaion wave, ii. 7082 

, — development of detonation# ** retona- 

tiou,*’ and ratio of explosion, ii* 7062 
exploeion wave, ii. 7061 
in a (dosed vessel, iL 7142 
Ignition by electric sparks, ii. 7002 

> phenomana, and detentdnation 

of ignition temperatures, ii. 698f 

, ^ points of mixtures oontaiaing 

electrolytic gas by adiabatic oompreislofi, ii. 
OODf 

, ^ iitflueuco of the presence of inerts 

gases on, ii. 701f, 7042, 707r 

• , in gaa-ongine cylinders, ii. 7l4r 

, ^ of mixtures of inflammable gases, ii* 

701f, 7032 

, , pressure produced in, ii. 708f 

* , rates of explosion for mixtures fired 

at 10* and 760 inm.,1i. 706f 
— relative ignitibiliticaof varioua gaaea, ii. 

, , spo^ of propagation of flame, ii. 7022 

, , uniform movement and detonation 

wave, li, 702r 

, work of the British Association com* 

mitiee on, ii. 7162 

Explosive compounds, nitro-dorivatlves, iii« 24r 

^ nitrohydrocarbons, iii. 262 

, Favier*8, and Favier’a 2 and 3 bis, iii. 16f 

, ICeirs, iii. 86f 

mixtures, classification of, and nitrate 

imxturos, iii. 22 

— ^ containing picric acid and piorates, iii. 

Explosives, iii. 12-98f $ see a28c Powder. 

-- — , acetylene compounds, iii. 882 

, alcohol nitrates, iii. 32r 

, amino-, and aminonitro compounds, iii* 662 

, ammonium nitrate mixtures, iii. 13r 

— , powder, iii. 202 

, perchlorate mixtures, iii. 212 

, azo-compounds, iii. 87r 

, ballistics of a propellaut, Ui. 97r 

, barium nitrate mixtures, iii. 132 

, Bickford’s safety-fuse, iii. 02 

, black powder, safety, iii. 12f ^ 

, brown or cocoa gunpowder, iii. 82 

, character end duration of flame of, iiL 97r * 

, chlorate mixtures, iii. 18r 

, collodion cotton, iii. 662 

, composition exploding, or C.B., iii. 66r 

, of black gunpowder, iii* 22 and r 

^ of safety, tii. 90f 

, detonative power and sensitivemMi to 

detonation, iii. 96f 

, detonators, iii. 82i* 

, diazo-oompounds, iii. 872 

, dynamites, ill. 422 * 

, oontaininjs a nitro deHvativeii IU* 6M 

^ nitno esters, iii. 41h^ 

, with— 

on ammonium nitrate mixture bessi. tU# HI 
a barium nitrate mixture base, iii* w 
a chlorate mixture base, iii, 48r 
a combustible base, tU. 462 
anexplosive bate, iii* 46r 
ao inert base, 8L 411 
a perchlorate ikixtiire buesi UL 46r 
asedlam 1^, ML fUilr 

T. examikialiosi 'Of iTi ^ 1,1.1 

4 hiSmW nn^BSll Ilf * 

1*1 ntnomat is# iiL 7iN 
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ifiiuliMvw, jonootton nixNifwb 1(1. Wr. , 

•>^lif«nAiw, liydnHKite mid. Md uUw. iU. 

— fatMMttv of Mtiott iU. Mr 

•« onii Bonid oiertpn, id. Mr 
^ICB. or whUOm falook powder. No. 1, (U. 

— powder No. *, and r.8.B. No. IS, iii. 

22( r • 

• — ga inin g and Uaatkig powder, iii. 92 

nitrio eateie, iii. SSr 

nitrooeUoloaes, iii. 54Z 

1 nItrooeliuloee-nitroglyoeriQ powdera, ui. 751 

powden, iii. 73i 

• with nitratee, iii. 74r 


— r7» ^^®dextrin, nitromannite, and nitrosugam, 
111 . 8of 

nitvogiyoenna, iii. 33i 

— ” ' » nitrophenola, lii. 28r 
^ — » nitroatarohea, iu. 34i 

, KoM*b blaating oil, iii. 341 

, partially aoluble nitroootton, iii. dfir 

p perohlonite mixtures, iii. 20f 

propertieB and produota of explosion of gun* 

powder, iii. 91 
— — , safety, iii. 881 

— aenaitiveneaa of to friction, and boat, iii. 971 
- of to perouaaion, iii. 96r 
amokelesB powdeia, id. 681 

, aodiiim nitrate mixturea, id. 12f 

$ Sjportiiig powder, iii. 8r 

• fi^nengd, in. 22r 

, BuIphorleBB gunpowder, iii. 12/ 

— , temperature produced by oxpIoBion of gun- 
powder, iii. Ill 

'f teating gallerieB, iii. 891 

. off and atabiUty testa for mtro*, di. 
9lr 

p velocity of detonation, iii. 961 
Extraetion apparatuB, iii. 98fwll6r 
— , Aiud and Hokle’s, iu. 164r 

— ^ Clanndaer and WoUny’s, iii, i06r 

— ^ Q Heide’s, in. 112r 

, l>reoh8el*8, iii. lOlr 

, Eiloart'a Ist, iii, 1141 

— *- — , iUca’Sriii. 1121 

for liouida, iii. 109r 

for Bolvente other than water, in. 1901 

— , Eriedfidi% lii. 112r 

Fnihling’B, iii. 108r • 

— , Gander^ iii. 109r 

H g ni g and Reinliard*B, lu. 99r 

iii 1 dUI- 


Jerwito’a, iii. 106r 
Kbiffa, i& low 
Knorr’e. iu. ION 
Lehiamui’e, iii. 107i 
LMiner*e, iii. 1081 
Mwiiwli 'o, iiL 111^ 

Vere’e, iii. 108r 
-, Botb’e, ill. 1071 
-> 8«idm*, iii. SOOr 
fi e ha o h eri’o, iii. 11 Ir 
>, SolwiUer’a and, iiL 103r 
ani.iU. MMI 

Sdhwm’e, iiL 1111 
-, Sosdilet Sod SMnbetiiy'a, iii. ION 
-.TOUeiia*, iiL loir 
Wilejr*e, iiL lOSr 
>, Welfare, iiL 1081, 1141 

>,yod«vViii. nil 

-, Znlkowaki’e, iii. lOlr 
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iMltoo»aritktb.ia. 1101 
a. lliri vi. ION • 
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Fat, asB olio OUa and fbte, Iv. 6451 
— , animal, iv. A60 

, 8 tableof phyBioaleonatantsaisiv. 690^ 

691 

, catalytic prooees for hardening, ii. I70r 

, ca;jr*oay, iniL 447r 

, edible, midgenim, and ,y9atil, or kell, vi. 6462 

, estimation of in butter, i. 7061 

, inkani, id. 6341 

, randdity of, iv. 129r 

, vegetal^, table of pbyBical constants/ of, 

iv. 686-689 | 

. » tabulated list of with properties,! iv, 

649 r- i 

wool, vii. 5071 
yeast, vii. 564r 

Favier’a ea^oaive, and Favier*a 2 and 3 bis, 

15r 

Fayalite, iv. 703f 
Feathers, the dyeing of, ii. 5781 
Fecula, vi. 342r 
Feculoae, iu, 117r 

, techmoal development of manufacture of 1 
propertiea of, vi. 396f, 3971 
Feeing experiments, results of on farm animals, 
iii. 122 

BtufiiB, id. 1181-1261 * 

albuminoid ratio of, iii. 1241 

albuminoids or proteins in, tit. 1161 

— ^ analysis of, ui. i24r 

oarbohydrates of, iii. 1 16r ^ 

, oeUuloae of, iii. 1191 

digestibility of, iii. 120r 

energy eqmvalenta of, id. 122r 

, mineral matten or ash 6onaiitiaenUi of, 

ui. U9r 

, oils and fate of, id. Il6f 

tvpical oompotttion of eoiirentrated, 

and of moist or bulky foddem, iu. 121 
Fehling solution, i. 5521 

preparation of, vl. 46 Ir 

suggested method of refuleiiog more 

etaUe, vi. 469r 

FeinUau or aprit'blau, Aii, 1991 
Fembiennen, vi. 117r 
Fel boviniim punfioatom, i* 5911 
Feldspar, ass Felspar. 

Fditaks. iii. 78r 
Felqaer or feldspar, itt. 1261 
Feh^toii, oonstanta, and oompoaition of moat 
important, iii. 1271 

Feocom wd deztrofmeboiM. vi. 73W 
Fmdi^ iL tr t iiL l||8r, 72flr ; vi. 748r 
FaBdqdHM, iii. lS8r 
Ftcfllm MUmrbt*, vi. tU 
FwMfindt.^ 129r 

oil.lv.4S8r 

F«iiiwnali;,iiL lS«r 
Fwb«rito,vtt.48M 
FoifMiito, iiL ISSr 

Fi^n^to, iL 144rt iii. IStri vL STKl viL 

FnnonlMtfl. iiL llOt 
Fwi MBU ttoii,ift. laOL-lIU 

^.•lMdMlie.iii.l44L ISSr 

. alwaiBal muigM Mvolrad, S. US 

— ^ fanotioa of B h o tf iMi i M in* W. IMM 

^.lMi4o|.lii.Mr 






ttM MLwAtJ On stanSiiia HI. 


1 — - #«t ..Aj. . 


ttmm. 


m 


lit. « 

mptm of o florboii chain, 

lii« i!»r 

-«• t- — oxUrnui, lS» 1641 

'-»■ — iracoti, U «7iir 

^ fodnotioii and daqiddation, iii. 16dr 
— r gam, iii 490f • 

Itiflaoiioe of temperature on, i. 6801 
, tajariooe fennente in wine, vii. 4762 
main mnahing operation in, vii. 6572 
mMiOod lactm. lii. 1582 
nature of the prooeee in living yeast cell, lu. 

168f 

of oelluloee, iii. 1622 

— phenomena of alooholio, the fermentable 
auiMitanoe, iii. 144r 
— pffodttCNMl by bacteria, iii. 154f 

moulds, iii. 169f 

, pyruvic acid theory of, iii. 1532 
role of the reaction of the medium in 
eeleotive, vii. 554r 

— epeoide gravity of wash before fermentation, 
vii. 557f 

true lactic, iii. 1572 
Ferment, fibrin, vii. 1761 
Pernambuco w<^, i. 6582 
Femandinite, iii. 1712 
Fern, mala, iii. 193r 
Feronuelin, iii. 1711 
Ferratogen or ferrinol, in. 171/ 

Fenrio acetate, i. 252 « 

arid. ju. 6792 

alginate, iti. 6452 
— ^ amenide, in. 679r 
araenite, ih. 6842 

chloride, iii. 6822 

- chromate, v. 296r 
— — — , basTc, V. 296r 

oitfiite and lemo ammonium citr.it e, iit« 
6 MI 

feiHeyanide, U. 449r 

lerrocyantdes, il. 4462 

fim^, Ui. 682^ 

Ferrichthol, iti. I71f ^ ^ ^ 

Fbrrio hydroxide, colloidal solutiona of, in. 678r 
iodobehenate, basic, vi. 628r 

nitrate, iii. 6832 

ox^te, iv. 7332 
— oxide, ilL 677f 
phoeidiatee, iii. 683r 

^^,v.2892 

.H^Mdi<^late,vi. 21f 
sulimate, iii, 6831 

Md^ide, UU 67^ 

lii, 6841 

FwH^jomiiW,. wlnmelno wUmatlon ^ I. 27U 
FMripfrin., HI. 17 Ir j v. 4»7i' ; vi. «X«r 

VMrdtaiupitita. vU. *8«r. 24« 

IteMtMraiiB Mioy. V. niat 
* IteiMhlo*,’* tiMtiBMit M water dwinfeotanl 

a.9M 

tVw(Mlmin,» tt. 294r . 

y«H»< and fHtriojnnklM. qieoMl roMliom of, i 

24^ a 

Feff04Matde8» voliiinetrio estimation of, i, 273r 


iii. 681f 


l ^r oj gyttoet or isMpyrine, Mi* Hlr 



ilLi^ 

lMWilds:iil*680r 
> ewrbonate, 6621 
' chloride, iii, 680r 

cya^e and feMue potassium ^aidde, ii. 

disulphate. Hi. 681r 

and ferric tsHrates, vi. 6902 

iodide, iii. 652f, 680r 

lactate, iv. 9f 

nitrate, iii. 6821 

oxalate, iv. 7332 

oxide, la. 6772 

oxidation of by bacteria, iii. 166r 

phosphate, iii. 6822 

hydmted, vii. 3262 


plcrate, v. 2892 

salicylate, vi. 2 If 

sulphate, iii. 680r 

employment of m a weed-ldller, and 
9oiai plants it effects, vii. 466f 
sulphide. Hi. 6792 


. 462/ 


sulphite, iii. 680f 

thiocyanate, acid, preparation of, 

tungstate, vii. 2371 

Ferro-vanadium, vii. 2972 

Ferrosiroonium, uses of for hard steel and annaur 
plate, vii. 6051 

Fertilisers, artificial, potoasic, v. 382r 
— , determination of mtrogensin, iii. 1912 

oilcake, iii. 175f 

or manures. Hi. 171r-l022 

FeniUo acid, iii. 1922 

Fettbol, i. 6252 

Fibrin ferment, vii. 1 762 

Fibroin, vi. 1002 , 

— , silk, hydrolysis products of, vt, lOlr 
Fibrolite, vi. 107r 
Fibrolysin, iii. 192r 
Fichtelite, iii. 19^ 

Fioooerylic arid, iii. 192r 

Ficus oaria, tannin content of, vi. 667/ 

Fig, Hi, 192r 
I FTlbert, Hi, 1932 
I FiUtannio arid, vi. 6612 
{ Filix mas, Hi. 193f 
' Fibrolysin, iii. 194r 
Filter-paper, ui. 194r 
— • press, lii. 20lr 

pumps, Qeissler and Sprengel, Hi. 1951 

■, pulsation, and injector or pressure, iii* 


195r 


table of first minutes’ working of, itl. 


I V. 487r 


198 

Filtration, id. 199r 

Firebricks, oomposition of, v. 655r 

Fireclay, li. 8902 

Fireclays, action of heat on, v. 

— lUtimate oomposition of, v. 6631 
Firedamp, iv. 3142 • 

Fire extinoteum, iH, 204f . . -a* 

extinotioa and prevention, ui, 208r 

— .resisting matenali, v. 6532 

w^ite Benml, 1, 3861 ' 

Firms, abbreviations used fcflt* names of, u 4661 
Fir wood oil, iv. 642f 
Fiaerin, vi. 667f, 669r 

— , comparison of with young fustic, vlt, 666r 

, dyeing properties of, vH. 

, hydroxy* synthesw of, v. 6361 ; 

iimlation of fri>m dyewood, propmm ^0 

derhratlvesof, viL Mir ^ 

prepisNsrion of glnooside of, 

Flth-bone, whiter vl*66r 
* “ w* vL 661 
ill3i 
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FI mi 
^ iii« 206r 
Titm^ 20S^21ttf 

— ehamioal ohangas taidiig nlaoe iii/iii. 

^ oonditioiia determioing, uL 2071 
Kam ml Mtim Inmim, iii, 2llr 

» limita of maamohrnty. iii* 207f 

— ^9 ioiainoiitT' of hydioocurbon, iii. 2i8f 
temperatnreB of, ili. 2101 ' 

— temperatim of ignitloii of, iii. 2081 
— , tbo eiplonvo wave, iii. 207r 
— types of, iii. 208r 
Flamine G, botfalo, i. 4041 
Flandrao and flaming, ii. 4851 
Flajainbletta, method of rendering fireproof, vii 
dir 

Flam, Dover, v. 525r 
Flash l^ts, iii. 215r 
Flask, Dewar, iv. 134f 
Flavaailine, v. 546f 
FlavantliNm, iii. 21 6r, 593r 
Flavaspidio add, iii« 1941 
Flavatmn, iii. 217r 
Flavasiiie and flavazine B, v. 490r 
Flavellagio add, ii. 6281 
FiavenoC v. 5471 
Flaveosine, i« 71r, 731 
Flavin, ii. 5911 

9 pmaration of, v. 5371 * 

Flavoffsuol and its acetyl derivative, iii. 2181 
Flavoliiie, v. 546^ 

Flavone, Iii. 21 Sr 

1 : 8-diozy*, ii. 2491 
natural, ii. 2211 

Flavones, diatingubhing of from fiavonr» 
oolonrs, vii. 458r 
Flavonol, Iii. 221r 

Flavonols, distingiiishtng trails of from fi4ivonev 
vfL46Sf 

Flavopomirin, I. ]33f 
Flax, 1^2231 

seed oil, iv, 1261 

Fierninm and homoficmingin, \ii. 727r 
Flint, m* 223f | v. 529f 
Flofendte, Iii. 224f 
Floridose, ill. 224r 
Floor, artifloial bleaching of, i. 6671 
astimadon of gluten in, tii. 428f 
— , seU^raisinff, I. 50lf 

wheat, baking value of, vli. 460f 

estimation of rye flour in, vii. 4(10f 
Floavile, I. 5301 

Fine dmiti production of in blast furnaces, iv. 5£ 

Xtnkl gtiMhi, 1. 174r 

«nwoeMito,Ul.«l4r 

U. 33Sr 

Vtmr, m naonmr. 

S1aakMa.ia.»4» 

IliionnitfiaM. Hi. S3,l 
ZtaanMiilHm»qiiiiiM»ie, v. BStr 
VlaenpiMit, v. IMK 

•‘x'o'JkMMW. ifi. 7tU * 

UataoM,, V. S84r 

> i ^fwowa qu inofe, 9 1 9^1k)hl4m>*, v. 960f 
yiWWWWq,, Hid it, vnlqtioiuliip to almorptio 

W*r 

flWHtWtaL, vii. SOM 

ylmi tam mI( o( diddovo* or totmdUoio* 

i B7tt IL «4<r 
of io ImUar, i. YOUr 
ii mmm r tmt h i u of, t, Mir 
< iif MW 


pMi p m Um of tonqpowuM 9f, W 


Anorige, pmiMirtfeenlf Kb M9r 

volumetric astillM^ dt i tY4# 

Auorite, iii. 233r 

g<-Auorobensoie anldiliiide, vii. 1231 
Anoroeyclcaie, iii. 283r 
Fluorolorm, iii. 2S3f 
Fluorol, vi. 6241 

Fluorosulphonio hoid and its^ salts, ill, 222r f ti» 
5391 * 

4-Flaorotoloene*2-salphonio add. Its chloiide, 
amide, salts and derivatives, vii. 122r, 1231 
Fluorsaooharin, vii. 1281 
Fluorspar or fluor, iii. 2d3r ' 

1 use of as neutral flux, iii. 2361 

Flux, iii. 2351 

Fluxes, classiflcation of, iii. 235f 

employed in soldering, vi. 2751 

Fly agaric, i. 1831 

Foamite, ui. 2041 . 

Fodder, estimation of staroh in, vi. 3961 
Food factors, accessory, vii. 3221 
Foroite, iii. 451, 521 

antigrisouteuse, iii. 46f 

Fordit, iii. 52f, 235r 
Forgenino, iii. 235r ; iv. 3241 
Fonnal, vi. 628r 

Formaldehyde, or formic aldehyde, iii. 235r-242l 

acetamide, vi. G291 

, antiseptic properties of, in, 24 Ir 

as a disinfectant, ii. 646r 

casdn, vi. 6291 

— • catalyst used in man;ifaotuTC of, vii. 5031 

, catalytic preparation of, il. 170f ; iii. 2391 

and r 

, condensation dori vat Ives of with urea, vii, 

2761 

— -dextrin, vi. 6291 
— , manufacture of, vii. 502r 
<— ,^|>hotodiemical synthesis of In latioratory, v. 

— , photo93mtiifMii8 of from carbonic add, Vt 
259r 

physical constants of, iii. 2401 

— , phyiosynthetio production of in living plant, 
V. 2611 

, qualitative detection, and qnanUtathw 

chftermiiuition of, ill. 2421 

- reactions by activated, v. 364r 

, reactivity of activated moleciilc of, v. 2631 

- •«, room duunfoction with, ii, 547r 

- , specific gravity of commercial solutiona. III* 
240f 

-sttlpburnus add, vi. 6111 

Pormaldoxime, ii. 4651 

Formalin, or lormol, ii. 542r ; iii. 2421 

, detection of in butter, i. 701lr 

Formamidc, iii. 2421 

, amino-, vii. 2711 

Formamidine, ill. 242r 
Formamine, Iv. 325r 
Formamint, iU. 2431 

toUets. ii. 547f 

Forman, i04Sl 1 vl. 6201 
Pormanilide, iii, 2431 

Formates, imlustrinl methods of pmamilcnii^ uM 
products of decompoiitioii of; Ui, 244f 

spsoial reactions of# t 2491 

FormamTiil* 2431 
Formeston, ill. 1^31 

Formliydfoxamic add, fduitoqniiiiotfo pimd u diai l 
of, V, 264r 
Formic add, OL 3431 

^,aadfio*,il,23ri vfl,iyir 

— — , aattealhwi ufc iii* 

taMafXISlt 



ijllii;*. 


fwnootn^n^Ui. 94ai< 

IVaonnopj^f^ Jif, j|45r j v* 46ir < 

Fonnoie* 09r 

l^vmvvoL iii. 248f j vi. 634r 

SwaykuB* i« 6r 

FmiylphenetiduM^ • 

Pormyiol, vi. 628r 
Foniitral» iii. 34Sf 
Ftenrtefite, iv. 194r, 703f 
Vortex, iii. 87i 
fdrtlt, ill. 122 
Voitoin, iii. 246f i vi. 6292 
Voaeil mine, v, 6722 
•* VoMil tortoises,*’ vi. 672 
Fowier^e solution, lii. 246r 
Foxglove, it. 623r 
Fraotorite, iU. 14f 
B, m. 161 

Fragariaiiin and fragarm, vi. 4062, 6652 
Ftrandceito, iii. 246f ; vi. 404f 
Franoolito, v. 1902 
Freagnla amodin, iv. 352f 
Fran^io Mid, v. 684r 
Frangolin, iii. 4112 ; iv. 3632 ; v. 084r 
Franiinoense, Ui. 4862 : v. 282r, 6702 
Franklinite, iiL 2462, OOilr ; vti. 667r 
Feaxin, hi. 4111, 6262 

Fraxitaiuiko acid and it<i derivatives, \i. UiWl 
Frado, iii. 2462 
Frmtone, iii. 2462 
Freuoh ctiiUk, hi. 246r ; vi. 644f 
polkih, iii. 246r 
Friar’s balsam, li. 6502 
Ffitts and Glaaes, tti 24<ir 

lead, iii. 247r 

Fntotol, ii« 5492 
d*Fnietos6, ii! 36f 
Fuchsia, iii. 260f 

Fuohsin group of cohiuring matters, ttie, vii. 
1862 

— manufacture of by — 
arsenic acid process, vii. 189f 
arsenic acid prooesa-by-products : mogontn 
cake, cerise, grenadine and maroon, vti. 1002 
arsenic acid process, recovery oi the arseniuuF 
add, vii. 190f 

niirobenxene process, vii. 190r; and later ini< 
provementa in, vii. 191r 
ordinary, constitution of, vii. 188r 
preparation of, “ onilme for nnl,” ” arsenic 
adif melt,*’ and the nitrobensenc process, 
vih 188r, 1892 

? [L Fudislne 6B. i. 4682 
dehsines, fast add B and O, i. 468f ; fast 460r 
Fudidto,iv.86U 
Fodtol, Ui. $90r 
Vwm and ^fuoose, li. 402 
Fueosol, Ui.850r 
Fiiet,hh280r-8792 

fsuoiUo Intenaity of, iii. 2622 
..MM., MM. value of, definition of g^osa and net, iii. 
MU 

-^^^carboniaed, iU, 2692 

of gaseous, id. 278f 
et mp reamd, iff. 269r 
MMOtli, Iii. 2662 
v 89 ri!^Ui. 2642 . 

^ numliiieture of from ooal*iar pitch, v. 3132 
MtUfiil, III. 282f 

<MMM^|ieAsilt,lih259f 
MnujfW Mmaetln, ilh 2781 

wSBSmm, Id* 8M • 

wIh (pllct Ub 171 

■SidMdiL mmmt fU* 781 


I FdnMnato, wbit«« iU« 78r • 

; Fdminio add, ill. 2802 • 

Fobniburie add, iiL 28$2 0 

ftol^dinimiiiie. cm ff*iasfal»daiilis adds, iii* 2842 
Fumade a^,^iii. 2842 
Fomarine, v. 471f 

Fumigant for hodiieultural use, ii. 488} 
Fun^itorol, ii. 6422 
Furan, lii. 2862 * • 

Furane hntones, iii. 716r 
Furfuraldehyde, hi. 284f 
Furfural or furfurol, iii. 284r 

, method of estimating, vi. 473r 

Furfuran, iii. 2862 
Furfurme, ui. 2862 
Furfuroids, iii. 286r 
Furnace, exeli, iv. 2672 

, Aludel, iv. 2662 

, hlaok-ash, vi. 163r 

, blast, ui. 665r 

, for smelting lead, iv. 602 

, boliche, iv. 47r 

, Bustamente, iv. 2662 

, Czermak-Spirek, iv. 268f 

, electnc, in. 287r 

, Fletcher’s, lii. 286r 

, Huttner and Scott, iv. 267f 

— — , Idrion, IV. 2672 

, xuechaniool salt-cake, Mactear’s furnace, \ i. 

2632 

, Novak, iv. 2672 • 

— , retort, for treatment of mercury ores, iv, 
2701 

, revel Ijoratory employed for lead smelting, 

IV. 442 

^ ^ for treatment of mercury ores, iv, 

26<)r 

, revolving block * 0611 , vi 166r 

- - , the Hopp, IV. 6lf 

, KosslerV id. 286r 

Sefstrom’s, iii. 2872 

, Spanish for smelting lead, iv. 47f 

Furze, iii. 4622 

Fusiol oil, i. 2162 2 in. 2892-294r 

, detection and determination of, ui. 

2922 

, synthetic, lii. 29lr 

Fuses, iv. 2332 
Fustic, li. 590f 

, old, iv. 17 4r, 0922 

^ , dyeing properties of, iv, 604f 

, young, VI. 6062, 667r; vd. 66lr 

, dyeing properties of,*\ik« 6632 

Fiistin, id. 4112 ; vii. 662r 

, latent, IV. 176r, 694f * • 

tannide, vii. 66 Ir, 662f • 


Qabbro, iii. 2942 • 

Gadolinia, ii. 143r i iii. 2972 
Qadolinito, ill. 2962 
Gadolinhun acetate, iU. 2972 

bromide, chloride, and fluoride, UL 887| 

oobaltieyonide, iii. 2972 

— dimethjri phosphate, iii. 2972 

— hydrasme snlpnate, iiL 2971 

— , its extraction and separation Irotn ttrbfpXi 
earths, Ui. 295r 

— malonate, iii. 2971 

— nitrate, iii. 2972 

— oxalate, iii, 2972 
oxide, m Qadolinia, 

-platino«Ai^,UL287l 
eepsvaticm of ftoip terUncBu vL 78 
au^iida and imMdde, Uiri874 

Q42iMm«ainldno% ft. tti 
(tahetonto «mM, ti, 4M ^ 
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OttUuiliAi 4nd iti4 naftiinnllnii 

c <^4911 

44MMttloie md it* penUmw^MB, H* W 

<M*Mi**tllL897r 

ai4««fo md d*ilva*im» i& 

M*]*h^pl*t*» ii. sal 

aOnkitlL iL M; m. S07f ; vi. 6291 

0*kaA,iil*S97f* 

G*l*iiga foot* iii. 297r 
CMii*»v.67ar 

lit 482^ 

a*l*eiiift*ia.298r 
Ookma* «*• olfo iind«r Lead. 

*iiL298ri iv. 891 

- — iiiaiii** 'vii. 591f 

, pteudo-galeiia or iiiook4ead, vu. 600r 
G*li|iiiie, ii. 4S6r 
Ckditaimic acid* vi. 6611 

Oallal*vL624r 
OallaoBti^eikoiie, iii. 7131 
Qaltornkte* vi. 681f 
OaBeia* i d7t, 1881 
Qallie aeidt iii 299r 
—• — , methyl eater of, ui. 300r 
— «*- apedal leactiona of, i. 2431 

Qaliiiiii, ii. 4^ 

Oalliiim a^ ita oxide, lii. 3011 

Oall nut* or gatla, Levant galls, ui. 2991 

blue, black or tree nuts, white or 

falae tint*, and A«eppo galls, vl. 66Af 
Qalloeyiuiiiie, iv. 736r 
Oalloflavin a^ ita derivatives, iii. SOlr 
OaUofomitii, vi. 634f 
Oallogen* vi. 6881 
Gallo4aafiate, iii, 6841 
41illotanaie aeid, vi. 6601, 6611 
GaUotaniiiii. SBggested oonatitulion of, vi 6ri2f, 

Oallotwiiiiii*, vi. 648r, 6601 
Qallotbioiiiiiea, vii. 291 
Oallatoiio, V. 300r 
OahraiioiDeteni. portable, v. 5101 
Qalyl, i. 8921 ; in. 3021 ; vi. 6411, 6421 
Oambioe H, v. 6071 ; K and Y, v. OOOr 
Oambir or gambier, ii. 6911 ; iii. 3021 
Oemboge or gambogia, iii. 483f ; v. 421, 300r 
Canboiie or oambogio add, v. 300r 
CkBdmcaa, vL 606r, 6671 
i», lit 8021 

n iii. 8021; IV. 1711; vi. 331 
: or epent garanrine, iv. 1801 
>ii. 1641; iv. 179r 
€Nffbfigilati.ia.802r 
*Clw^lfidica,iu.3031 
CNidoda grandidofa, iii. 3031 
Oailkt tit 8031 
**-^*011 of, t. |61r 
Oan^LSI 

prkieijfNd typm of, lii. 303r 
CNmiat^ utS^i iv. 6261 ^ 

GiMWOiri or air gae, iii. 3041 

audyds, i. 89^ 

MjMitatiia and manipulation in, I. 3031 
jBone and Wheeler’a abaoiption 
»t806r ' 


> lataqpet** absorption apparatus, 1 3061 
and absorption apparatus, 

mnonMSsr, the, i. 309f 
^4# 9mot>^§ alMorption sppatmius, I. 3011 

isigMtts te* L 8001 
BmdPo absorption apparatus, i. fM)7r 
*■» » »*% sniumsiert ins, 1 30U 

♦w ipiiajnHaiiss, » snot 
M14I 

IMKIItBi 

wiliid HI. 8641 



Oss ssai^, li|^ sinitts4 psr oabie Isoinf*^ 
I6«etiidls«as triib various barners, lU, tMf 
mo hr roikm oxiriss, ilL iOOr 
miumfsctare of, UI. 8611 
— * , upridit and inverted, iii. 368r 

^ naturat iSTseOl 

oilB,iU. 86611 167r 

Gasoline, v. 1111 » 

Gas, producer, see Produoer gas. 

properties of as a fuel, vi. 142r 

, relation of volume of to temperatofe and 

presBiue, vit 101 

Gams, absorption coefficient in water of various, 
vi. 278f 

CaUletei’s apparatus for UquefscUon of, iv. 

1331 


gf iv. 186r 
Nation bet^ 



>, Claude’s process for li< 

, critical phenomena anc 

the liquid and gaseous statss, iv. 1811 

, determination of density by — 

methods of Bunsen, Schilling, Sumnance-Abadyi 
and Dumas, vi. 2061 
Lord Rayleigh’s method, vi. 2941 
modified Dumas, and Gay-Lussac methods, vi 
2961 

Sdbloesing’s method, vi. 294f 
Victor Meyer’s method, vi. 2972 

, diffusion of, ii. 5214 

, effect of temperature and pressure on the 

limits of inflammability of, U. 7011 and r 

, factors which determine solubility of in pure 

liquids, vi. 2791 

, flame temperatures of, lii. 2102 , 

, ignition temperatures of, iii. 208f 

- — , incandesoenco of, in. 206f 

— , limits of inflammalubty of various, ii. 7001 
Linde’s and Hampson’s liquefying plants, 
IV, 134f 

, liquefaction of, iv. 130f-J371 

^ of, meth^ of self-intensive refrigera- 
tion, iv. 134r 

of the so-called permanent, iv. 132r 

, methods of determining Bolulnlity of m a 

liquid, vl. 278f 

, pressures produced in explosion of, ii. 708f 

, relative density of, defimtion of term, vi. 

293f 

, iraitibilities of various, ii. 7001 

, solubility of in liquids, vi. 2781 

^ of in solids, odsorption, absorption, 

and sorption, vi. 279r 

, themal properties of, vil. 6f 

f theory of liquefaction of, iv. 1332 ^ 

, volumes of various sorbed by activated 

charcoal, vi. 2801 
Gas solutions, normal, i. 3101 
Gastrosan, iii. 366r 

Gas, water, iii. 276f, 3611-366r ; see olts Water gas 

— warfare, subatanoes employed in, iii. 360 
Qaudteh, iv. 174r 

Gaudkaki, i. 3961 

Oaultheria oil, vL 201 

Oaultheriasalol, iii. 366r 

Oaultherine, i. 692r t iii. 411f ; iv. 644r 

GeUitol,iiL366f 

Ge(Uiiile,v. 67311 vi. 4231 

Gedrite,L184l 

GMkie»te, iv. 194r 

GelaSiii, m. 366r, Al9r 

A, ammonia, iii. 821 . 

astralli, donarit, and westfhlii, OL 63r 
blasting, lii. 4^ 

< — • equation for the oomhmtiim ot, 

611 

marnm dyiMmiitei, 


€Ua0m,UL$ir 
CkkibttT 


.teidt 1.174. 

*, ideatifiisatkMi of in I6lf 

• Iodised, vt, 4882 
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agsi-w*" 

assaTfe"-*" 

Oeiaeiiiitie, ill* 86^ 

GMmihitii K»ot» iii. SdSr 
Qmm, tameUA, lU. 8681 * 

Qattiibok iu. 36Sr 
Qmimi, knltatloii and oounterfeit* iii. 370r 
CtoiMMfae^ iv. 781r 
Oanevm iii. 374f 

Qeofetaln and deriimtivee, U. 610r 
GNmiateiiie, iii. 87U 
GentWe, iii. 3041 
OentiaQaulin. iU. 411f 
Oantiaatiittar, iii, 371f 
Qentiaii^ gentinnio acid, and derivativea, 
37Ir . 

Qentiaiiine, iii. 871r s vii. 282 
Oentiaaoaa, ii. 522 ; tii. 3722 
Qantian root, iii. 3722 
Qaatiin, Hi. dlir 
Oantiobioae, ii. 502 ; iii. 3722 
<3«ntiopieri]i, iii. 371f, 4nf 
Qentein, iii. 372^ 

Gantioio acid and its 5-meth\l ether, v. 4712 
Qanlifli^ Hi. 371r, 372r * 

Gaoftrojdne, i. 3272 ; vii 2r«32 
Geolorm, Hi. 4712 ; vi. 6322 
Qaolyto* vii. 566r 

Ueoaote, it. S49f < m,47t2; vi. 6322 
Q6ranial.,v. 992 
Ueranine 2B, U, i. 467r 
Ueraninca, brilliant 1). 2BN. 3B, i. 467r 
Qeraaiol, v. 96r ; vi. 746r 
Oeranimn oil. iv. 639r 
— - — * li^ian. or Turkish, iv. 64 Ir 
Qermanliim and ita dioxide, in, 37*12 
chloroform, iii. 873i 
— — diaulphide, iiu 373r 

hydride, iii. 873f 

tetrafluoride, in. 373f 
Qaraiaaoiifi oxide, in. 373r 
Oaniiaa ailver, iv. 5302 
Qennol, iii. 373f 
Oarontine, v. 4812 
Gerodorffite, tii. 373r ; iv. 5262 
QmiUt, iU. 62r 
Oeatein^wniimute, iii. 212 
Oeilaiti8*Weatfalit B and 0. in. IS 
fSefaadta, iii. 3742 
Qbatti gum, iii 5982 
ObaMa, iii. 8741 
Ohadda aoid» vii. 4402 
Ohaa, L 7l0f ; iii. 3742 ; vi. 3»r 
Oibbaita, Hi. 3742 

Otiaad, balm of, oUH)«reain, iv. 690r 

Olio, lit 3742 

Otloe« ill. 4802 

Uibonita, iU. 374f 

Oitt*tit.374r 

old Tom, iii. 3752 

Bymimtb, iii. 3751 
<3ingalli^.vl.692 
Oiatgrn, iih 3751 
•*^ala»i* W * 

dataodoit of adiilteratiuni in, iii. 376r 
ipMm oil, IV. 6402 
*-^ott,lv*64(»l 
wfld> !♦ 394r 
Otei^aaid, iii. 377r 
«£3S» 1.44311 iii. 377r 
€KMb«B.2H14rtlii.411r 

4llaM lit iil77 r 4 01r 

^ ^111^4 bVi Sli* 3821 
aaaNaSiia luTiotl 


Oiam, baMi4if6f«* * 

' ahamloal^ and for Moaral acienfifle and illmriln* 
alihg dhMiawaM, id. 388r ^ 

lead oonia^Jiig, id. 8882 
lima oontalttinff, id. 3882 
opdoal c^laa^lS. 388r 
various oolomad iii, 388r 

beads and artwal gems, iii. 400r 

> coloration 6f with selanitim, vi. 612 

, of with silver oxide, vi. 12lf 

, coloured, iii. 3842 

, compound, iii. 3982 

, cutting of for decorative processes, iih 

398r 

, decolorisers, and decolorising of, iii. 3872 

, decoration and after-treatment of, iii. 3982 

, definition of term, mid properties of, iii. 

378r 

, determination of, selenium in, vi. 64r 

, “ double soluble,'* vi. 2482 

, durabihiy of, iii. 3792 

electric lamp bulbs, iii. 3962 

, employment of lead containing, lit. 3962 

, engravmg, grinding, and saimblaeting of, 

111. 3992 

, frosting and etching of, iii. 399r 

gall, vi. 32r 

, , haidening of, iii. 3982 

I , irideBoent, iii. 4002 

* , lead-containing, lii. 3832 

I , lime-soda, for common ifte, lii. 382r 

making, aoid oxides employed, and their 

I sources, lii. 384r 

, basic oxides employed in, iii. 385r 

colouring agents employed in, in. 

386r 

^ general iHimposition of the Imtch, in. 

3872 

macltinea, iii. 3932 

, preparation of the batch, iii. 387r 

, raw materials employed in, iii. 384f 

— , melting of, pot furnaces, iii. 38iH 

— ^ of, tank furnaces, iii. 300r 
— , optical, iii. 383f, 396f 

painting on, iii. 400r 

. process for making plate, iii. 3952 

— , production of oolourless, m tank fumgees 
With reference to use of seleniiim, vi. 64i* 

, pyrex, v. 491r 

— , q^uartz, iii. 400r 

, silvering of, iii. 4002 ; vt. 134r 

, soluble or water, vi. 283r 

, , typical mixtures employed lor pre* 

paration of, vi. 247r 

, specific electriccJ resistonre, the refrodive* 

index, and the dielecino constant or specific 
inductive capacity of, iii, 38 Ir 

, strenrtlmed sheet, hi. 395r 

, tensile strength, and oompression stieugtii 

of, hi. 3812 

, thermal ooadaotivity, specific heat, add 

density of, iii. 380r 

, endurance of, or resistance to suddett 

changes of temperdlure, iii. 3802 
— , expansion of, iii. S79r 

— tubing, making of, iii! 396r 

, visoosity, alierworking, and devitrificathm 

of, ii. 3802 

Olsssware, ehemioal, general scientific and )ieal 
resisting, iii. 3882 

, essential tools for manufiaotun of, ii. 3931 

, manufacture of different kinds, iU% 331f 

, process for making soientiflo and beat 

resisting, iii. 896r 

QUmm, water, of patents deaUng with 
faeture of, vi. 348r 

--•-4 window, ^Owen’s madbhqp lor makfagi fili. 
39^ 

Yoiiiig*s modulna of %sUcity In itlsAioii to, 
tU. 3S0r ^ 
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fm VX&KK> 

Qtttte Vi. 1172 . 

OlaqiMir^ Hit, V. suit vi>SU| 

muiuiip^tqjrp of, Ti. $m 
QUaatsSmp Ui* 401r 
Giouoonito, iii, 40lr 
OIsM, «M lOao 
iii. 244^ 

oi o ii ffi ootloii of, itL 247r . ‘ 

oobimi, jU. 249r 

,oompoiuid]ngof.iii. 242? 

— * tomoltt of. Si. 2471 

laid, ill. 247^ 

leadte. ia. 2601 

GMto,!. 184<; ▼. 673f 
Gliadia, S. 1331 ; UU 4281, 420r 
CNUdin. broniiuMbed vegetable, vi, 62U 
Qlob^u. 1331 
Glolmiaii, v» 4641 
Gtoaolii, iii. 402f 
Glononine oS, ui. 341 
Oliieal end hydrogluoal, ii. 331 
Gbioimiiii, iii. 402r 
— baeio aeetete, iii. 404r 

boiocarbide, ui. 4041 

eerbide, iii, 4041 

* cerbonatee. iii. 403r 

• ddoride, fluoride and iodide, iii 403r 
» ohrosnate, iii. 4041 

— , giaviinetrie eetimation of. i. 24fir 

bjrdroaide, itn 403r 

UoMe.ir. 101 

— -- ailHde, ill. 4041 
— ^ oxide or gluoina, iii. 4031 
piMMbalee, ui. 4041 
— , epeeial feaotione of, i. 2381- 
—— eoipfiale, and aulphide. ui. 4041 
OhieoapiQee, ii. 611 
Giueoobeiroliii, iii. 412/ 

Giaeogeliio acid, vi. 666r 
Qioeeld^, vi. 4001 
Gtoeoiiio aeid, ii, 41/ 
d«Gliiooa«aito6, S. 331 
Gltieowan, Vii. 4831 
Glttooie, 4 Me ul$o Deztrofie. 

, aeety|bioino<v iti. 40r>f 

*— *» tpeimg or gluoo<ie ohipe, analyaie of. \i. 

4771 

dextioo, ii. 301 
, mnta^fotation of, v. 361r 
^ jxeparalioa of from oaeaiiva, vi. 383r 
elemlaoiiierie methyl eetera of, iii. \^6r 
or dextnii*iiialtipie, vi. 477r 
ialite of amonnte ofcormpondingto copper- 
> vi. 487r 

Gi oeo e ide^ ppiiineinethyi., tii. 406f 
OM^fjgtaitlrae*, Si. 40Sr 
onl^rdfoinothyl-, iii. 40«f 
OtweWei^lii. 404M17r 

tiii. 407f 

, iii. 407r « 

, iii. 407r 

oodOMictot iii. 407r 
eniQrmefiiilMMne of,<»in. 406 p 
hydmjiwd Inr omnlain, iii, 407f 

iii. 407f 

iQWlironflavone, iii. 407f 
, flliPldetot^ St. 406r 
jtiMtaidoil^tii. iOOr 

OeoqpdoK 44^ Ui. 4061 


v. 477f t « 


Glue and teetlpg, in, 417r 

bone, meniifeeteee of» lU. itHt 
ohemloal, and other teete UI. 4^01 

bhemiatry end properbies ol, UI. 4IOr 
eolonied or opaque, iii. 412r 
fleh.iii.4l« 

general remarks on testing Ui. 4131 
hide or Bkin,iU. 4121 
siee and concentrated else, Ui, 412r 
Giuside, ii. 6501 

Glutamic acid, JS-h^roxy., !i|< 424 p1 V. 4631 

acids, iu. 4221 

Glutamine, iu. 4251 
Ghitame add, iii. 426r 
Glutario acid, iii. 4261 

a-amino*, lii. 4221 { v. 4581 

a-hydroxy*, Iii. 425r 


Glutelins, v. 4641 
Gluten, i. 6651 ; ii. 133r ; iii. 427r 

feed and gluten meal, oompoaitions of^ vl 

378r 

h 3 ^ration ratio of, iii. 428r 

Glutemn, it. 1331 i iu. 4281, 4301 
Gluten in tea, vi. 7181 
iodised, vi. 028r 


(l-Glutimide, iii. 425f 
Glutin, iii. 41^ 

Gliitol, ii. 547r 
Glyoarbin, vii. 1801 

Giyoerio acid, rotations of vaHous eeten derived 
from, V. 3501 

Gl 3 roendc 8 , mixed from natural die ami late» iii. 
4311 

— , tri-, iodine values of, iv. 6671 

• , tabulated saponifleation valtiee of, iv. 

66.5 

Glycerin or Glycerol, iii. 430M471 

, acetin, and pennanganate proeasase Ibr 

quantitative determination of, ill, 440r, 4431 

, British standard spedfieetione for eoi^ lye, 

and saponiflcation of erode, Ui. 445JI 

. claasifloation of onide, iii. 43 If 

. crude distillation of, hi. 432r 

, from Twitchell prooeas, ill. 4331 

saponilioation of, iii. 4321 

dichromate proocse for determination of, it, 

4441 

, dmitro-, iii. 331 

. distilled, hi. 435r 

, esters of, ui* 4461 

, estimation of givoerol in, iU. 4411 

— of trime^ylene glml In^ iii, 466f 

, fermentation of crude, iti. I63r, 433r 

Ibots, hi. 436f 

-fomial, hi. 4471 

• instructions lor oaloulatlng eotvel i^yforol 

content, iii, 444r 

, intemationel standard methede of analyili 

of erode, iii. 44ir 
nitios iii. 33f 

aifUdoies lor poisoning hf , iii, 321 

detection and reectioiie of^ Ui I2r 
— heat evolved in oomhnslioii of* IH. 
411 

— manufacture of, tSL 2U 
— quantitathe mtlmalion of nftininii 
evolved in deoompoaitioA of, vi, 3tlt 
— , phyaioal entente ob IU, 4^ * 

^pottles and conosntinociiic of petre, ift, 

reoovery of Itom prodoolp of OlMmlio 
fermen t ation, iii, 4$U ^ ^ 4 

fihukofl 1^ SdkeMMff pmm Ihr 
qujyndtiitive de t ew v th* ii#tv* of^ w At/ 

MW IjW W MM JUL 

eolvenS nmn e itwi rtf ili 43ir 



liVDSX. 


o»>»ui>i>ianiii.Ur 


til. ««tf 
miett, til. 44Ar 


(M7«til«,tii.M7i; 
aitiMi 1. SMti 

QMmi, mmalHo and otlwif derivativea of, in. 

4d7r 

OJlMlimni, Ui. 4482 i vi. 6812 

OqTaodlMlte add, iL 2812 

CjlyaodM or clyooooll, lii. 4472 

Migoaou, oonpoand of ■with oholie add, n. 

OlyoooTaiiiine, lii. 4482 
Glyoo^ii. 632; vi. 8622, 8862 
— formatioii o£ in aloohoho fermentation, in 
1471 

Qlyoo), ii. 676r 

bromhydrin, ii. 678i 

oblorhydrin, li. 678f 

Qlyoollio acid, iii. 4481 
OlyooUylearbamide, tii. 827f 
Olyool salicylate, mono*, vi. 241 
fiWfi^Qlyools, diaUcyl ethers of, i. U 
Glyoois, nitro*, suggested employment of a« 
esplosives, iii. 32f 
OlyoopfDteins, v. 4641, 408f 
Glyoosal, iii. 448f { vi. 617f 
Olyoosan;ii. 811 
Olyooaone, ii. 6381 
Olyouronio acid, if. 4lr \ ui, 448f 
Glyoyl aloohol, ui. 4301 
Olyoyphyllin, tit. 4121 

Ol^rt^jffhitin, and its estimation m hrfuoneo root 

aiyoxalase. iii. 1431 
<im3caline*4;aiamne, in 5181 
j3*Qlyoanlme-4(or 5)*pt4)piomo ncui, a ammo*, ^ 

4581 

Olyoxiline, lii. 531 
Ol^syldiareide, i. 142r 
Glyo:i^to aoid, lU. 4491 
OiMml, lil. 449r 
Uoethite or gothite, ui.*449r 
Qolaneha, ilt. 3741 

Gold, see also Aurous and aiirio compounds, 

, 111. 41W-450f 

a Abyssinian, i, 4r 

"*U>y of with antimony, i. .3001 

_# .a * 1 ^ nnmi 

“‘uiys oi, 111 . so6r 

of with platinum, v« 3321 
* of wi^ £tne, vii. 5791 


>, omalgams of, iii. 4561 
*, annuil produotion of, ui. 4571 
>a«ayori. 4141 
Qarbtd6,iii. 4591 

•» dliloiiiiie process for refining of, iii. 455r 

• chmikate, iit. 4691 

> colloidal solutions of, ui. 4611 

• cyanide, ii. 468r ; vi. 6271 
prooesBSS for extraction of, li. 43 


andfi ill. 4531 

«leefe( 0 <dMKMition of, iL 622r 
«w*,sleeirolytio estimation of, i. 3181 
^Ooiden hair wat«.'* iii. 5571 
raaMdttffc ivutn. vL 446f 
Qqid^ SKlnMeSon of from orea«iU. 4511 
*«-*SlloHde,iU. 4591 
--^Mmliiale,iU. 457f 

Mvimatvic iNitimatioii of, i. 246r 
and Ictd warn, Ui. 4571 

1 -^^ immMMpife «l doin and other i 

^ Wdrinflt proaataaa hr i 

tii* Mtrl V. M4r| vil. « 


of. i 


CMd4»Na,tii, 4Ur • 

^-^^^otgimie compounds of# need ea dn^ vi« ^ 

oxides and hydmxidai Of, Id. 457f 
pigmsfits containing, v. 264r 
properUes of, liL 455r 
• purole, id. 4691 

refining of, iii. 454f 

1 aeparatiofi*of ixom platiuwm, i. 8661 

, II i of in (HTBS. L 2561 

sodium thiosiilphate, iii. 4561 

, special reaotioiis of, L 887r 

Talmi, L 4f ; vi. 6461 

1 volumetric estimation of, L 874f 

Qomaine, id. 4621 

Gond babul, i. 5001 « 

Qonorol, vi. 341 
Gooseberry, id. 4621 

Gorgonin and iodogorgonio aeid, vii. 858r 

Gomerol, ui. 4621 

Oorse, iu. 4621 

Qoslante, id. 462f ; vii. 590r 

Gosssrpetin, ii. 401r 

Qossypitone, li, 4021 

Gossypitnn, ii. 4031 ; id. 4121 

Gossypol, ii, 406r ; iii. 462r 

acetate and aoetonate, ii. 4061 

GoB83rpose, ii. 621 
Gotmte, ill. 677r 
Goulard’s extract, iii. 4G2f 
Goulard water, i 261 • 

Gram oil, id. 2891 
Gramtc, in. 462r 
, black, iii. 4611 

, distribution of, and use as budding and 

paving stone, iii. 463r 
Ingieton, ui 4641 

, Mendip, iii 4641 

— -porphyry, v, 368r 
Granit petit, iii. 4641 
Grape, ui, 464f 
fruit, ill. 4651 

juice, presenoe of gliicoson m boiled, Vfi. 

48.31 

-seed oil. 111 . 4061 

Graphite, ii. 02r ; ui. 466r ; v. 3001 
artificial, preparation of, iii. 466r 
— as a lubricating agent, in. 4671 ; iv. 164r 
— , nature of, ii. 57r 
i Sraphitio acid and oxide, iii. 4671 
Gross, average oomj^ition of pasture, iv. 2471* 
Grasses, iii. 4671 
Graveolens, v. 15«3f 
Graves, vii. 477f 

Gray, benzo, and benao S extra, i. 4921 

, direct R, i. 483r 

f thiomdigo, vii. 3161 

Grease, black, iii. 467r ; v. 8161 
Greases, lii. 4671 

, uses of as lubrioants, iv. 163f 

Grease, white, yelfow, and Pig’s foot, iv« 25r * 

Green, acid alisarin, B and Q, L 1361 

, acid 0, vii. 186r 

, al^l, vil. 316f • 

Oreenalite, iii. 4681 

Green, alizarin, iv. 176r, 7281 1 vii* 806r 

, S, i. 126r, I36r 

brilliant, G and SB, f. 182r 

fc cyanine E, G, and eutra K, i. I86r 

alkali, i. 494r 
— , Alsace, v. 6061 

, j, V, 606r 

— anthraoene, vii. 208f 
, anthnml ehrome, L 4611 
anthimAdnoae, i. 186r 
•, Aniati»m*e, v. 4Sr 
eaclies, v,43l 

> aaidinet81l.i. 49411 8G/I9«r 
“ »,L446r . 

ViL 81tiL 8141 ^ 



IWDtX 


Wubttl, vii* tW • 

— benjuMeliyde, vii. ISAf 

, hmukt dmk, L 494r 

bmoj^ vii. IW 

bwqri Mid. vU* ISHt 

B. viL 1871, 219i 

BjndBo1iedler*fl» v. 564/ 

bkdd«r. ▼. 6841 

— ' — B5t^gar*«i. v* 298/ 

, Bramea. I. 668r ; ii. 372r ; v. 431 

— , brilliaat, vi. 6391; vii. 186r 

applioations of as an antiseptic, vii. 

2Uf 

Bnmswidc. i. 697i; ii. 2447, 369r; v. 437 

I*. 293i* 

^'Qreen butter.'* i. 722r 
Ofoen. earriage, ii. 590r 

CeaBel, v. 297r 

Casselman's. ii. 95r 

, Chinese, v. 43r 

— cbloraiiiine, B. J. 494f 

. ehloraaol, Q. i. 494r 

— chrome, vii. 212r 

" . fast G, i. 468r ; clirome patti.t N, C, 

4721 

. dMomiiim. and chrome emerald, v. 43r 

. Ciba* O. iii. 623f 

— cinnabar, iii. 467r 

, cobalt ii. 2981 ; v. 4Sf, 2977 i vii. <#021- 

. Ocamnbia. i, 4947 

dark, in past4. v. 6067 

. diamine B/L 4941 ; O. 494f 

% diamond, i. 4761 ; vii. 1857 

. dianil B, i. 4947 ; BBN ami O, tfl4f 

diaaol B. i. 4947; O, 494r 

, diaaiiie 8. i. 459f 

• diethylplienylene, iii. 5887 

dimethylplimylene. in. 5887 
— diphenyl Q and 30, i. 494r 

. direct BN and CO, i. 4947 

— r- earth, v. 2967 
— JEboli. i. 494r 

ebony. Hi. 467f 

— , Bdte G, vi. 6017 
-- — , Elanes, v. 437 

.emerald, i. 3847; ii. 2377, 6,10r; v. 437. 

293r; vIL 186r 

, direet. MT and BT, i. 494r ; ET, 495/ 

— . etbyl. vH. ISer 

fast. V. 6061; vU. 1857 
. myrtle, v. 6061 
— .plloD.H.iv. 737r 
— . Geirtale'a. v. W 

Gtdgnet'a. tl. 2377 ; v. 43r. 2077 
\ Gttinea B. in. 4807 ; vii. J877 

. BV.vi:. 1871 

^ Helvatia. vH. 186r 
]lbolmr*a and Pmaaian, v. SOOr 
immedtal, vL 6017 
- — . Inmerial, i. 3841 

indSmthraie. vii. 317/ « 

iodine. vB. 194r 
frit. V, 43r 
~ .lrfab,iv.221r 
^ Itaiiaii. vi 500r 

B and G»*i 459r 
' — . lOiahbmsr. v. 437 
liAmg Iv. 26r 
anewlatidinar. ii 4271 
3fnph i»«0» baas, vii IS5r 
BaaOi ir« BNil 

Bialaahtti^ v. 437 and r. 293r; vi. 6397; 

“ %ldL|94r 

sawv hr* •56r ; vii 287* 

|M» Mina Of night. Iv. 359r 

mt98r ^ ^ 

riv*4ftf93r 
*; y, 2971 

Mfi Iv. 39611 V. 4M« tOhr 



Oreen. IfullKnisei v. 606f 

iM naplitliol 0. v, 607^ 
Nensrieder. 1. 

. new. vii. 1861 

— night. 2B. vii. 2121 

Graenow^ iii. 468r 

Green, oxamine B,^. 4947 ; Q, 494c 

palatine dhrome G, i. 46Sf 

, Pannetier’s, v, 43r 

, Paris. V. 437. 81r 

. Pennettier’s. ii. 2377 / v. 887 

, Plessy*s, v. 43f < 

pinakryptol, v. 2407 

pyrogen B. FB, FF. 2G. 3G. dark green B. 

and pyrogen olive, vi. 5017 

, quinizarin, i. 128f 

, renol, B, i. 4947 

, reaorcinol, v. 6067 ^ 

Binmann'a, ii. 29871 v. 43r, 29^1; vH. 

602r 

Boaenthiel's. Caaael, or manganeae. v, 696r 

, aap, v. 43f 

SoWle*8, i. 3847; v. 437, 293r; vi. 54f 

, Sohweinfuit, i. 257, 3847; v. 431, 293r 

, aensitol, v. 228f, 552r ; vi. 66r 

, sulphide, vi. 500r 

, sulphide : linmedial deep green O ; Thionol 

green 3G ; Thionol brilliant green OX, 3GX, 
4GX ; Thionol dark green ; Thiogene fiVaen O, 
GO, OL ; Thiogene olive green GO, GON, vi. 
501f 

O.oens, sulphide, tlie dyeing of, vi. 5087 
Green, thioohem sulphur, or. sulphur olive, vi. 
500r 

— . Thion B, vi. 5017 

, thionone brilhant, GO cone., vi. 500f 

> - . thiophen, vii. 33r 
. titanium, vii. 767 
— , turquoise, v« 297r 

ultramarine, li. 2377 ; v. 43f 1 vii. 255f 

, imio^ B, i. 469f 

, verdt;^, i. 24f 

“ —, veiditcr, ii. 372r ; v, 431. 293r 
- , Verona, v. 2961 

. Victoria, vii. 1857 

^ SB, vii. 186r 

— . Vienna, v. 437 

, Viridin, vii. 1877 

Greenwood, ii. 6107 

Green, zinc, ii. 2457 ; v. 43f, 2977 ; vii. 602r 
Greggio. vi. 5167 
Grey, mineral, v. 2957 
, neutral G, i. 474r 

— oil. iii. 4697 

. pyrogen, vi. 498r 

, zinc. V. 298r 

Orifa, lit. 4697 ; vi. 23r 
Orignard reagent, iii. 4697 
Ormdelta, ul. 4697 
Ortnddol, i. 697r 
Onaerin, iii. 4697; G. 6287 

novum, vii. 5537 

Ori^*ba4olii, Hi. 4697 
Grieounitsa. iH. 15r, 167 
Orlsottlhia. HI. 4697 

Favisr. HI. 527 

OrMutits. Hi. 44r. 451 
OHt. vi. 327 . 

Grog, corapositkni of. v. 655r * 

sdsqiiatoMidhg* V* 6M 
** Gfomm gm^ ’* M fiillM 
OfotdU. Hi! 4697; vf. 63U 
Ommdmiity v. Hf 
dfovnut. H. I7ir i 
yHi IMf 

OrBaltailta^ H. 74W ^ ' 

QrfliMq.Mkl, Mr. V. IMr ^ 

Qww * iw |4i>i» Hi. *7*r. «!. lUi 
QwfMrtiB.vl.ittl 
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i»lit.4Nri V1.IISI 

HOr 

.moOh^ PRWMlIto of , ». MU • 

iMbaoiSe, ifi. 1^} v). Mil* 

MMtodyUM, Vi, Mir 
oauavoMioeitar, vi.Mtf . 
oubomM, iL «74I; iii. «71r ; vi. MU 
oMfaoxj^io acid, iii. i7Ir ; v. 471t 
eUorooarbonate, iii. i71r 
oi n na m ate, iU. 470r i vi. 632{ 
mnplojmmt of as a drug. vi. 63 Ir 

S^ycervl ether, Ui. 47U i vi. 632f 

phospl^, ill 472f 

— phoflphites/iii. 4721 
picvate, iii. 472f 

**'rr*' pwidttcts of interaction of with albumui 
iU. 4YU 

salicylate, or gaaiaool ealol, iii. 47 U ; vi 
617f • 

— siilphonio aoids, and their compouadB wii 
al k aloids, iii. 4701 and r 

Ckuuaooltaanociiinamate, vi. 632/ 

Gaaiaool valerate, iii. 471/ ; vi. 632/ 

Oaaiaoooio acid, v. 674f 
Guaiaoum resin, v. 673f 

, use of m identifying blood stains, i 

674/ • 

Guaiaoyl, vi. 632/ 

Ouaiafonp, iii. 471/ $ vi. 632/ 

Oaaiamaltin, iii. 472/ 

Qgaiainar, iii. 471/ ; vi. 632/ 

Ooalapefol, iii. 472f \* vi. 63^’' 

Oaaiacetio add, iii. 472r 
Goatasaaol, iii. 47 If, 480/ ; vi. 632/ 

Guaiathol, iii. 472r 
Goakthinol or Giiaiaolunol, i 
Guaiene, iii. 472r 
Guaimmioeefiii. 474f 
Guanidine, in, 472f 

amino*, iii. 476/, 637r 

dtloro*, bromo-, nitr^ , I 

476/ 

— — , diatnmo* and triamino*, iii. 476/ 

, dihydroxy*, hydrobromide of, in. 47 

phn^ologioal ootion of, in. 473/ 

-< — , salta of, lu. 473f 
Goanine, iii. 476r 

*— • phyeiologieal notion of, hi. 477r 
salts and derivativos of, iii. 478/ 
tests for, and estimation of, ui. 470/ 
a*Oiianmopro]^onio add, h. 411r 
6«Giiaiiino«i»«valerio aoid, a«ammo*, v. 456 
Gusiio, fish, iii. 174r 
lohalme, ui. 174/ 
msat, ill. 1761 
Peruyiaa, iii, 173r 
Gusnosine, lil. 479/ ; vii. 320/ 

Ouanof, phom^i^to, Ui* 1761 
GaadD, whiOe, vii. 469r 
GiMunmUh 479f 
Chufaituip iti« 470/ 

VI, 661/ 

CkMlaiifiitt, lU. 480/ ; vi. 632/ 

€hwm» iU* 480/ 

ChumqiiilUto, v. 673/ 

OuMin 661r « ^ 

GSEmMi4agat.Ui. 480/ 

OolaiMbaov piloe, iii. 480/ 

Oololh^mSTll 

asaaia, iU* 437f 
anteaL iU. 490r 

or wattle, iU. 488/ 
batal* 1.600/^ 

^ kssiaotei U ^ 

MimA; boy« I MS*' 


Guittbo^tv. 992/ 

Gtun, kfown Barbdiy, iU. 488/ 
bttta% i. 7911. %2/ 

.ft,. 

OanMttaiiia, ill* 489r 

, Oasheir, iU. 490/ 

, Chagoal. iU. 4891 

• cbanMite^tios of, i. 530/ 

, eherrv.tree, iu. 490/ 

— , feroma or wood«apple, iii. 469/ 

, gatty or ghatti, in. 4801, 698/ 

, Gedda, iii. 488r 

— , graas*tree, i. 633f 
- hog tragaoanth, iii. 489f 

, lodand moss, iii. 490r 

, Indian, iii. 698/ 


— , Irish moss, ui. 491/ 

, Kuteera, in. 489r 

lac, V. 301/, 677r 

Gummio acid, iu. 488r 
Gommite, lu. 401r 
Gum, Morocco or MogArlor. ui. 4882 
, Persian, hi. 490/ 

, picked Turkey or white Senaar, iii. 487f 

- - , qumoe, ui. 490f 

resin, ivy, iii. 483f 

resins, ih. 480/~486r 

, characteristics of, i. 630/ 

-* salep. 111 . 490r 

- fftinegal, in. 488/ 

— , StercuUa, iii. 401/ ^ 

, 8uakin, hi. 487r 

• — Sudan or Kordofaii, m. 487r 
— , sugar beet, in. 491/ 

— , talca or tallia, iii. 487f 
, Tragacanth or trngacautha, sii. 489/ 

- - tree, blue, i. 620/ 

, \ isoose, lii. 490r 
, wattle, hi. 488/ 

, wmo, iii. 491/ 

Gutiiin, 11 . 106/ 

Guncotton, Abers mtraiion process of manu* 
facturo, ui. 67r 

— , contnfugal process of manufacture, iii. 68/ 

, composition of, ii. 54r 

~ direct-dipping process of manufacture, iii. 


, displacement process of manuf«uiture, in* 

68r 

- - dyuiimlte, hi. 53/ 

, manufacture of, ui. 66f 

, products and beat of oomhusttou of, iii. 61r 

, quantitative estimation of nitrogen evolved 

in decomposition of, vi. 321/ 

, tests lor, iii, 60r • ^ 

Gun metal, vii. 63/ , 

Gunpowder, see aho under Explosives, 

,hi. 2/ 

' - , varieties of charcoal used in manulaoture of, 
ill. 3r 

, white, ill. 

Guriun oleo-resin or balsam, iv, 698f 
Gutta, iii. 492r 

in balata, i. 62%* 

, palaquium, iii. 492/ 

neroba, iii. 49lr • 

I — ^ oompodtion of diflerent biaiide of, HI, 


dioxonide of, v, 34f 


GutU, gun^ffutt, gommegutte, v« 300r 
Quvacme, i. 3791 
Qovaoolim, i. 370r 
Guyaean, iii. 494/ 

Gynooardic add, hi. 494/ 

Qynooardia ojl, it. 153r 
Oynoeardin, IU. 4131 ^ 

Qynoval, vi. 93Ir 
Q^Biie. V. 339r 

Gypsum, ass olio Coldum suhiluite, 

iii. 494/; v.iSSTyi.tm 
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f. MaMw valM *1^ ltt> )M 
>~^MfllInrMmr«taiBHM» ▼. ilr 
Ojrrofh^ ««S<i3r«98l 


H 

; 

Haolirotti» iv. 302r 
BmauiMxkpsmlmt iv. I38r 
Hwnfwtgii, iT 6171 ; vi. 82if 

^baoiptioii bands of, v|. 326r 
lOdllOOd, VL 324#* 

Httmatlte or bomaiite, iii. 466{, 677r 
Hmnatfetaa, red and brown, Iii. 663r 
Hamatogan or b«inob iii. 495f 
UnmaloiiiiKiio acid, metbyl ether of, I. 4311 
H mnatoporpfayrin, abeorpfciou batide of, vi. a25f 
Hmiatoa^ylin and derivatives, iv. 1521 
Hmnatoxylon AfHcanum, iv. 1691 
H seiniii, am its preparation, Teiohmann’s ctyetals, 
vi. 3251 

Hsamochromogen. vl. 324f 
H«inDgiobin» 1 . 6171 1 v. 4641, 4691; \l. 324r 
and carbon monoxide hasmoglobiu, absorp 
tloa bands of, vi. 325r 

9 mparation of derivatives of, vi. 3261 

Hsomolyun, vii« 176r 

Uidbrnm, atomic weight o( hafnium diox^lc, vii. 

— ^ oaltium and hriuium, \ji. 608r 

asparatioo of from xirconium, v ii. 6001 
Uair-fiilver, vi. 1091 
liaiaaone, iii. 499r s vi. 6301 
UaJ[la»ii.648r; ia. 496r 
HaiHe, iiL 405r i vl. 1561, 1951 
mHefluita»liL525r 
Halogen aoids* estimation of, i. 250r 
definition of term, iii. 496r 
derivatives, hydrol^ia of, ui* 5661 

deleotion of m organic compounds, i 


ITald’s method of separating, hi. 654f 

determination of in organic 
ooBifKraiids, i. 292i 

volanietrie estimation of, i. 274f 
Qf mixtures of, t. 276r 
Halol«Mdl(hlil.499r 
Halkiygfie, Iii. 496r 
HaniMMlm* ill. 499r 
Hamemsl*^m^499f 

XaoMMasiitaiiiiki and bensoylbamamelitAnmn, vi. 


HaiHMqiiMire, the, vli I77f 
HMMtsy Iv. 2271 

HmdeMna ninnata oleo-resin, iv. 7001 
5061 

HaimaHne, ifi. 506r } vii. 18Sr 
Hniminiy Ml* r — 


IbnawtooM, i. 5391 { tU. 5661 
Uaitia liwtite, v. 6731 , 

Hwtnfa^ V. 3T5r t «i. 603r 
H*f<ilwn>.ottofci637f 
I93r 
w* 1041 

W6aib, liMWf 

SiMMii. L t$Uf It. S 33r 
g l » i|6 t«tw» i*. 383r 
mu***i4.4 waA fw. mt| 

MmhMmM*. JU. M7ri tv. »Ui 
Ifn w llinn, tjfuOmth ktgitdUat ef pvrhma of, v. 
vi. 67M 
tfr.tar 



lifpiaitlvpwliino *1 MW iwt^i 




S5S^‘CS&2£r.i«.i««.«, 

Heavy oarbuietted bydrogm, i|. 674r 
— • *«par, I. IU(0l 
Hsotine* Iii. 5061 i irL 6421 
Hederin, iii. 5081 

Hederiiis, a-, and A«, III. 4161 
Hedge*mu8tard oil, iii. 5081 
Hediorite, ill. 508r 
Hedonal, vi. 6201 
Hegonon, iii. 508r I vi. 626r 
Heloosol, i. 600r I vi. 6261 
Helemn, i. 911 
Helianthio add, iii. 508r 
Helianthm, i. 581, 4601 
Hehcm, a^amino, in. 406f 
Helicon, iu. 508r 
Helmus ovatus, iti. 508r 
Helioehryain, iv. 476r 
Hellodor, i. 5851 

Hehopurpuxina 4BL and 7BL, i. 470r 

OL, i. 470r 

Heliotrope, ii. 149f 

, alizarin, R, and BB, 1. 1281 

2B, I. 481r 

, Ciba*, lu. 6241 

, modem, iv. 737f * 

(quartz), v. 629f 

, synthetic ingredionifi in ijcrfume of, v.lOlf 

Heliotropine, iu. 608r } v. 9Ch, 3081 
Helium, ill. 508r ^ 

, Uquefaetion of, iv. 136r ' 

, production of from radioactive elements, 

ill. dllf 

, properties of, hi. 510r 

Helkomen, hi. 5 Ur 
Hellandite, iii. Ollr 

Hellebore, alkaloids of white and green, IL i47f, 
USr, 1491 
— , black, i. 6011 

, employment of as a plant-epray, v. 3211 

ond f 

HelleboreTn, 1. 601f \ ill. 4121 
Helleborin, i. OOlr 
Hellhofite, ui. 2ir 

Helmitol, ii. 51 Ir I \L 634r I vli. 270r, 288r 
Heroellitene or hamimeiHthene» IL 433r 
Hemsoeliiilooe, eadstence of in certain atarohes, vf. 
864r 

— isolation and estimation of, vi 366r 
Hemimorphite, iu. 5121 
Hemipinio or Hemipio add, iii. 5121 
f?»«Heintpinic or Hemipio add, i. 6591 
Hemisiue, ui. 5131 
Hemlock, lesser, i. 351 
spruce reski. v. 6761 
tannin and liemiook red, vi. 6611 and f 
Kemp, Manilla, Menado, Cebu, and fiiaib, L II 
rpHa,i.881 
wmed oii iii. 5141 
, sisal. L 881 
, varieties of, iii 5131 
Henbane, iii* 5141 
Hendeoatoic add, liJ. 5151 
H^eoenoic acid, UL 5151 
Henna, iii 515r 
lieiNueiie. vi. 337r * 

HeptsUeiiyde or MiMoio ald.bydo> Iv, Obr 
— ^ — , Htydivagr e iwtihyl,, iv« UM 

^ “ iii.51llr 

yfjgM.aws 

0^11 0iit 







. UbUj 


Ihcu 


SSSHTr.'mt •■. un 

Umam&Sn^UL 4tl$i 

S!3SS!MBl9itri.im < 
a««mitd» ii. ssse ; lli. d03r 
Bielir^jmtiliia^ iii. 516{ 

Utioorwol^ iii, 5171 i vi. 631( 

HoMom,iiib 6172; vi, 6262 
BMK>l,ia.617l; rLfiaH 
H«trali«uUi,617li 634f 
Hoteoform, vi. 6222 
vii. 6662 

BmrtMte BOd motahewettite, in. 6172 
H0Xa»aniyloae, vi. 36lr , 

— , ao«ty1iit^, molecular weight of, vi 
/}«B»a«amy}o0e, vi. 3621 

heat of oombustion of, vi. 362f 
‘ HelEacdilomiliixveibaiie, vi. Olr 
Hexw^anogen, iii. 6172 
HmcMylenedioarboxylic aoid, in. 6172 
Himhyaroxuiplithaleiie, vi. 7862 
Ueicahydroparadiaaiiie, v. 305r 
e2e- ana fraiMHexahydrophl liiilio ends and 
ailhydridee, v. 274r , 

Hexal,iU. 6172 i vi. 634f 
Hexalet, vi» 634r 
HhxaUfck tit. 6172 
UasMiaeooll, iiL 6171 ; vK <>322 
Hexamathoxyaunn, iit 6862 
Hft *^ fn *»fchoxyroaolic aoid, li. 689f 
Hexamethyl oarbyladnue ferro salto, ii. i'fOr 
HecnineUiyleiieatiuno, iv. 325r ; vi. 634f 
— — oampbor, vi. 634r 

- tatradodkte. vi. 628f 

Hexamethyleiieteiramiiio or hoxametiiyloneamuu 

iv* 

motion of MB dra;t. v\. 6202, 634r 
— dibromodiiodo-, vi. 6282 
dliodide, vi. 6282 

• iodoform, vi. 6282 

- methyl diobromate, ari. 634r 

• methylene citrate, vi, 634f 

- Mlloylflolpbonate, vi. 634r 
i^eeooiidary eulphoeakoylnte, vi. 63 Ir 

• tannin, vL 6831 
tciborate, vi. 634r 

Kexametbyiroeantime hydrochlonclr, \ii. lOuf 
Kexamine, iii. 617f ; vl. 634r ; vii. 288r 
ohromiuitt ealta, ii. 2462 
H<miiatrin,iii. 517f 

1 : ;l<M^fiEncMwdioiw, lU. 7861 
1 : 44y«l,He»wiwUa«e, lU. 786f 
H«wm> ethyl., Ij. 6^ , • 

J4^dro»y.5.etl»3rt*, ;v. 6i«< 

MiiluMSttiioiifl end it, 4.iiiethyl denvetivo, 

tSi 

ISSSSiS!^ M*****" 

^Binuthioaie e^, vi* 6S0r 

MMMIM, aietlnd-. nl. 728r 
iMMa.ii.S0i 

aaiebfiMMieiBiiio>itT. 17fr; v. 4581 
laliMM. V. 45*r 

onrj vi. 0841 
ghOTie a^, iii. i50r 
:508l 



17, t v«.S8ff 
aiiC.iii.iMt 


=; «»«. u. 

, derivativae of, iii, 6262 

, estimation of, v. 469r 

, salts of, iH. 616f 

Histone*, v, 463f 
Hivo«dro8s, v, 4402 
Hoang tcby, vii. 489f 
Hock, vii. 470f 

, Buoellas, VU. 478f 

, Tafelberg, vii. 4792 ^ 

Holarrhenine an«i its aoetjl derivative, lii. 6alf 

Ifollandiie, id. 62 ir 

Hollands, lii. 374r 

Holmia, ii. 143r, 6nr 

lloltnitim, iii. 621r 

ITolocamo, vi. 637f 

Holztn, vi. 028r 

Humatropmi*, vii. 2l8r, 21 Or 

Hoinoantipyrin, v. 4802 , . 

Homogentisic acid, and its origin in the organism, 

— — ^ estimation of m urine, v. 1832 

ifomokoi, V. 228r 

Homoptorooarpin, vi. 322 and r . , • 

liomopyrooatcchol and isohomopyrocatecbol, v. 
1712 

Hoinoronon, i. 802 
Hoinoterponylic acid, iv. 162 ami r 
liomotropuie, tropic acid ester of, vi. 638f 
Ilomoviiexin, vii. 326r 
Hones, see (dao Scythe stones. 

, Belgian razor, vii. 4612 

, German ra7X>r. vii. 46 Ir 

, razor, vii. 4612 

Houostoue, vji. 460r 

Hones, Wator-of-Ayr, snake, and Tam o Shanier, 
vii. 46 If 
Honey, iii. 6222 

— , composition of, and adultorawon 01, vi. 
4762 

, detection of artificial invert sugar in, vi. 

. ... 

, of invert sugar m, m, 523f 

— , distinction between genuine and adulterated, 

111. 6242 ... 

, parification for medicinal pforpoaes, lU. 

623f 

llouthin, vi, 6332 
a-Uop-bitter acid, ui. 6272 
Hopelne, id. 624f 
Hopeiie, III. 624r, v*i, 6062 
Hopogau, 11. 6302; id. 624f 
Hop poiwler, preparation of, ii. 4862 
Hons i. 6742 

fjj I / employment sof sulphur for preventiiig 

mould on, vi. 6272 
Hop tannin, vi. 66 Ir 
Hordeio acid, ii. 6702 • 

Hordenine, id. 624r 

, detection of, iii. 6262 • 

sulphate and methiodide, iii, 5261 
Honnones, vi. 643r 
Hornblende, iii. 6252 

•bioiite*grantte, vi. 0082 

Horn, dyeing of, ii, 6781 
Homfel8,iii*626f^ . ^ ^ .aa- 

Homuivw. ii. ISO); iii. B*»t vi. IMf. MCr 
Homstoiw, iii. 685r j v. 5Slr 
» Hoiw bewu.’hvi. 3501 
fionwohMta'a^ ill. _ 

*4ul hon5*Coat oil. ilL KM' 

flbiMtoh tat, i. Wi* • 

lIone4«4iah.ii|U MOr 
B5wUto.i.«4ai 



fiKblSL 


6011 , ' 
BaimKilB, vU. mi, 48M 

Hnll p Vi« 7401 

d'«0illatt6 and hulle de pavot, dkiiiactaoii 
betWMn, V* 866r 
Hulaite, lii. 0S6r i yi« 4Q4r 
Humboldtiiia* iv. 788f 
Httaiio aoido 526f ; vi» 2^ 

Hamuleiia. vi, 740r 
Humulol, i. 678{ 

Humiilon» iii. fi27< 

Hdrogaoe* iii. 517f 
Httti&ttaoiiiie, iiL 6271 
JS^raointli, ui. 627r ; vii. 603/ 

—I synthetiQ ingredients in perfume of, v. lOlr 
Hyenado aoid, iii. 627r 
Hyalite, hr. 706/ 

Hyalopbane, L 639/ 

Hyobl^te, vi. 629r 
Hydantoin, iti. 627r 

alkyl and ary] substituted derivatives of, in. 
629/ 

— oondensation products of with aldehydes, 
iii. 626r 

nitre*, 4-aiiuno-, 1 : 3*diacetyl*, and 
di^oro-, iii. 628/ 

Hydnoearpic acid, iv. 677f 
Hydnooaxpas oil, ii. 152/ 

Hydraeetin, iii. 631/ ; v. 503/ 

Hydramin, iii. 631/ 

H^raigilUte, iii.;374/ 

Hydraigol, iii. 631r i m. 625r 
Bydrargotin, iii. 631r ; vi. 62&r 
Hydxargyrol, iii. 631r ; iv. 280r ] vi. 626f 
Hydraigyroseptol, vi. 626r 
Hydrargyrum oarbolicum, iv. 28 Ir 

Hydraatine, i 638/ ; lu. 53tf ; vi. 623f 
Hydraattnine, iii. 632/ 

hydrochloride, vi. 623r 
Hydradne, iii. 632r, 636r 
— pica-ate, v. 286f 

— *•, prone^ee and reactions of, ui. 533f 
<**•** aulpinate and hydrate, iii. 637/ 

, volumetric estimation of, i. 279r 

— yellow SO, v. 490r 
Hydraaobemene, in. 638/ 

J^draioio aeid and deri\atnes, i. i96r 
Hydraaonea, iii. 638/ 

constitution of, lii. 538r 
**«*-*-, feacdoiis of, iii. 639f 
Hydraaotoioeiie, iii. 641/ 

Hydrie disodio aiaenate, i, 386/ 
Hydrindaae,iii697/,727/ 

•-«****•» 1 : S*d0ceto*, iii. 697f 

kaionaa darived from, in. 597/ 

,ltl;3*tiik0to*.iii.698/ 

o^Hydrfndoiie, Hi. 697/, 727/ 

S^Hydfiiidooe, iii. 697r, 727r 
»y%lodol.Ui.641l 
fiydioaloetio add, iv. 362r , 

BydrObtonio add, i 6941: aes also Hydrogen 

^ a a ■ 

DORIBBC|0« 

.«~*atlier,li.056l 

HMfoearbonio burning of in an ex{dodon wave, 

fit 206 / • 

catalylie dahydrogenation of, ii. 171/ 
araddiig of benaenoid, i. 670r 
W-*. s Mto yiient of in medidne, d. 6llf 
iundnoaifiar of fl a m es of, iii. 213f 
method of sstimation of, i 3021 
ooentanea of in psrfamet, v. 95 p 
B fdmehlotio add, ess o/m Hydrogen ehloride. 

appikiidfone, and eonveyanoe of, ii* 
Hlf < 

^ eommmdal* SL 210^ 


%d«fldflode lUl, 

apedflo amSm eenediiti^ 
tton a atm temperateHMs, Ii, UlM and J 

.......... varkma meihodh dl ma^iotufe of, 

a. 221/ 

— ether, a« 068/ 

Hydrodilofoquinidine, il. 269r 
Hydrodadioiiiiie and its derivatives, ii. 273/ 
Hydrooinnamio aoid, a*aininoo, v. IjSSI 
_ dibromoethyl ester of, vi. 62lf 
Hydrooupreino, ii. 268f 
Hydrocuprio arsenite, i. 884/ 

Hydrocyanic acid, see also Hydrogen cyanide. 
-~~,ii. 463r 

, constitution of, h*. 466r 

, detection of, it. 473f 

, distribution of compounds of in nature, 

u. 464/ 

, employment in fumigation, U. 438f ^ 

^ of as an insecticide, ii. 466r, 6431 / 

v. 324f ^ I 

, physical constants of, fl. 466r \ 

— , properties of, u. 466/ ‘ \ 

, symptoms of poisoning by^ and 

antidote for, U. 466f \ 

Hydroforroosranio acid, u. 445f ^ . 

Hydrofluoric acid, iu. 229r ; see Hydrogen flu<^e. 

. determination of, i, 6«, 261/ \ 

, tests for, iii. 232r 

, usee of, 111 . 231f 

H}drofluoBilio acid, i. 64/ ; iii. 233/ / v». 90r 

, antiseptic pro|)ertiee of salts of, in. 

233f , , , 

Hydrofiuosilioic acid, sepaiotioii of fiom sulpliune 
acid, 1 . 264r 
Hydrogel, vii. 606/ 

Hydrogen, lu. 641/-559/ 

, imsorption coefiiaoni of in water, at varipua 

tomperatureH, vi. 27 8r 

- — ^ of by platinum, v. 331/ 

_ ^ ol i>y platmum and paUadinm, faetonr 

regulating, vi« 260r 

, action of as a reducing agent, hi, 646/ 

- ~ , activated, til. 647/ 

- , adsorption of by metals, iii. 648/ 

, apparatus for liquefying, ut. 646f 

— , appUcations of, ui. 560/ 

~ , arsenetted or ameniuietted, i. 380/ 
Hydrogenation, catalysts for, iti. 602r 

of oils, lu. 600/ 

, technology of, iii. 604f 

Hydrogen, atomic weight of, lit. 649/ 

bioarbuietted or heavy carbureitod, ii. 674r 

tsomide, L 694/ 

chloride* ii. 214f 

method of estimation of, i* 302/ 

, eompounds of with silioon, vi 88r 

- cyanide, see aUo Hydrocyanic acki and 
l^russio acid. 

,fonnation of from ammonia and carbon, 

u. 441f 

, preparation of from mono* and ol* 

* metbylasiuinet, ii. 454e 

.dirtwtkmof lB«8«iico«in|Maiul.,i.SilSI 

dfc, pw*. Md iriHilidildM, vi. «Wr 

, en^ynMit of in antogMion. wUaringi W. 

mr 

«-olinmwirt|«i,^iMOr 

ftiinide,iii.2Mr . . _ 

__ vnpoBt oft Hi. tMr 

lor ImIIooih, Ui. fiOOr 

lor oat^ftie pnMMOMt iU. MMr 

— r, faMw oulnmttod. ii. •fdr 


• lii|te<nddMio[^{it.mr 

■ k33S».m,m 
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nr^jss* 


30lr * 

— ,ooioltid6d»ig.M7/ 

• oxidAtioa of by baetoriaf iii. IMr * 

— peroxide* iii. 6621 1 vi. 624r 

ae » dieinfeotent, ii. 538r 

— , employment of in bloaohing* i. 610r 

iii. 6671 • 

— * eetimation of in aqueous solutions* iii 

65 4f 

^ medioinid and sureioal appUoations ol 

iii. 5582 


propertios of, iii. 6661 

— — " — , suDStonoes proposed for inoreasini 
stability of, iii. 664r 

■— — — , technical applications of, iii. 6671 

phosphides, v. 196r 

preparation for use in chemical indiistry, Ui 
551f 

— L- of by action of metals on acids, v' 
5431 

, — — - of •by the action of metals and no: • 

metals on alkalis, iii. 643r 

— of by chemical decomposition of wat€ , 

iii. 542f 

— ^ of by decomposition of metal) » 

hydrides, iii. 543f 

— , of by electrelysis of certain aqueo i 

solutions, iii. 54 If 

, of by the hydrogenite method, i . 

551f 

, of by the^hydrolith methoil, iii. 661i 

— 1 — , — of by the siliool method, iii. 561r 

, properties of„ui, 544f 

— — , purmcation of, iii. 643f 

, quantitative determination of m orgax e 

oomiMunds, i. 283r 
— , Bpeotnim of, lii. 5461 

sulphide, see also Sulphuretted hydrogen. 

, vi. 5331 

— detection of in mineral waters, i. 
5351 

employment of in manufacture of 1- 

phurio acid, vi. 566f 

^ method of estimation of, i. 3021, 3 ^ 

oxidation of by bacteria, iii, 1661 

, properties of, and antedote for ix)u 

ing by, vi. 534/ 

, removal of from coal gas, hi vi. 

534r 

salts of, vi. 6361 

, uses of, vi, 536r 

vapour presaiuo of, vi. 634r 
vofumetrie estimation of, i. 

teliuride, vi. 7241 

, triatomic, iii. 5521 
Hydrohatmatite, vii. 2411 
Hydroiodoquinidine, ii, 269r 


Hydrojttglona, iv. 505f 
K^roUw, iii. 56 Ir 
Hydrolyris, iii. 6591-5711 
— aotion ol neutral salts on, iii. 567 

by enxymes, iii. 567r 

definition ol term, vi. 38r 
— ol acyl derivatives, iii. 566f 

of di* and polysaccharoses, iit. 56< 
of esters, in. Mil 
of esters of dibasic acids, iii. w 
ol esters of imino acids, jdi- 566 

of esters of sulphonio aeidt 

of halogen dertvativee, iii. 665f 
of salts, iib 5591 

H^romagnssite. iii, 5711 ; iv. 190r 


Bydtomsi, iv. 2471 , m. m # 

SMranwtoiii, Cartier*., •# S«lw» . TraUea , 
awl KMidboii'ai vL MW -mi 

•w, MiattioiM of the Banml dame, aad aoaeifio 

5at;s3ss3!ga£."*^“ r 

TbLvit-r. 


Hydrometers, Mobr*Westphai bslsnee, vL 302r 
— , ptinoipie of, vi. SOOr • ^ 

, ^ratiSal ” Bauiii5, vi. 301f • # 

— , speoifle gravities oorresponding to rMdings 
on Baum4 hydrometers for liquids denser than 
water, vi. 3021 

, Twaddeirs, the Heisdier and Baum4j vi. 

3011 

Hydronaphthalenes, applications of, vi* 75lf 
Hydron blue, vf.*5001 
Hydrophone, iv. 7051 
Hydrophilite, vi. 1981 
Hydrophthalic adds, v. 2731 
Hydroisophthalio acids, v. 278r 
Hydropyrine, iii. 5711 ; vi. 23r 
Hydroquiniolne, ii. 268r 
Hydroquinidine, ii. 2701 

Hydroquinine, its derivatives and salts, U 2601 
2681 

salicylate, vi. 22 

I Hydroquinone, v. 1731 

Hydroquinonecarboxylio add and its 5«meth3 
ether, v. 4711 

Hydroquinone, homologues of, v. 1741 
Hydrosilidc iodide, vi. 941 
Hydrosol, vi. 871 

Hydrosuiphites AX and B, ii. 6931, 594f 
“ Hydrosuiphites BASF,** and NF, vi. 5471 
Hydrosulpmtes employed for decolorising, v 
454r» 

, special reactions of, i. 240f 

Hydrosulphuric acid and hydfosulphides, vi. 53 
Hydrosulphurous acid, vi. 5461 

, volumetric estimation of, i. 2811 

Hydroterephthalic acids, v. 279r 
Hydroxamio acid, cyanirenitrosoaoeto*, iii. 2S3r 
— !! — oximinocyanoaoeto-, iii. 28^ 

Hydroxy adds of the aliphatic series, iii* 5711 

of the aromatic series, iii. 5721 

Hydroxyazo-oompounds, i. 4621 

, carboxylic acids of, i. 470r 

, sulphonio adds of, i. 4631 

Hydroxybut 3 ^ic acids, iii. 572r 
Hydroxy codeines, iv. 719r 
Hydroxylamxne, iii. 573r 

, preparation ol standard solution of, vi. 46 

, volumetric estimation of, i. 271. 

Hydroxyl, estimation of, i. 295r 

groups, influence of in synthetic drugi 

6121 

p*Hydroxypheaylethyldimethylamine, ill. 6S< 
Hydroxy quinone oolouimg matters, iU. 6761 
Hydroxysteario acids, iii. 576r 
Hydroxy thionaphthen, iii. 5771 
— -1 -carboxylic acid, iii. 677r 
Hydrozincite, hi. 677r 
Hydrozone, ii. 5391 
Hydryl, i. 3911 

Hydurilic add and dithiohi^urilio add, iii. 5 

, 5*bromo*6'-methoxy-, iii. 5761 

, 5 ; 5'-diohloro*, iii. 678r 

Hyenanchin, tsohj'enanohin, and hyena 
globosa, iii. 579r 

Hygrie add, methyl-betaine of, vi. 3411 

Hygrines, ii. 302r • 

Hymenodiotyonine or hymenodiotme, iii« 576 
Hyosdne, iii. 514r ; vi. 6Sh ; vii. 216r, 22(11 
d-l-Hyosdne, vii. 2211 

Hyosoyamine, iii. 514#* vi. 4051 $ viL 216r, 

— preparation of, vii* 219r 

, reactions and detection of, vii. 220f 
Hyosoyamus, iii. 5142 
Hypaphorine, i* 587r 
Hyperol, U. 5301 ; iii. 5801 s vi 624r 
Hypersthene. iii. 5B0» 

, Hypnal, v. 4»1 ; vi. 6161 

Hypnone, i. 681 ; iii. 7l2r ; vi. 408f 
0 Hirpeohlorites. estimation ol, I. 276i 
spe^ reaerions of. h 

Byp^oroui add,ii!i6 of ss an antlsepyo* t 

• a H . 


t 



VbfpQgiKfic add, phyttieal eombantM of, iv, 67«{ 
Bmmiiiiu add, iv. 5Sdr 
CiHypNdtid^? iv- d 4 dr 
S^^poHiferoitti add, iv. 6681 
t[3rpoi)liOBphitea, apodal reaodoiiB of, i. 841f 
Bypophoaphoric a^, v. 8<^ 

Hypophosphorona aeid, v« 2021 

HypofAyBU oerebri, v* 2202 

— aiooa and liquor hypophysis^ v. 320f 

Hypoquebraohine, v. 631r 

Hyporit, m. 6801 

Hyposulphethylio add, ii. 6682 

Hyposulphites, constitution and properties of, vi. 

64ar 


special reactions of, i. 240r 

Hjrposulphurous add, vi. 6462 
Hypovonadie aoid, vii. 297r 
Hypoxanthine, i. 727r i in. 6802 
— in oamine, ii. 892 
Hypsoehromes, ii. 348r 
Hyrgol, vi. 6261 
Hyrgolum, iii. 681r 
Hystazarin, i. 128r 

' and its methylether, ii. 162r 
1 : 4-dibromo-, 1-nitro-, and 1 4-dinitro., i. 

120f* 

Hyzone, iii. 6622 


laoyol, ill. 6812 ' 

Ibit, vi. 6262 

Iboga, iii. 6812 

Iboga^ or ibomc, iii. 681r 

Ice, compressibility of, vii. 3482 

, crystal form of, vii. 3482 

, elastidty of, vii. 348f, 340 


346r 


' of, vii. 367r 
anchor or frazil, formation of, vii. 


inter-relations of stable forms of, vii. 330 
loeland moss, iii. 6822 
Ice, or ingpuine colours, iii. 6822 

, remMstion of, vii. 3602 

, legelation or welding of, vii. 348f 

rewtion of volume and pressure of, vii. 3462 

-spar, it 4272 

spedfie heat of, vii. 367r l table of, vii. 368 

, table of density and expansibihty of, vii. 
244 

of latent heat of fusion of, vii. 366 
ol melting-point of, at high pressures, 

vii. 228 

. of vapour messure of, vii. 331, 332 
viMocity ol, vii. 360r, 361 
Idbthailiiii, iii. 6822 ; vi. 6292 
Idkihaigan, vi. 626r, 6291 
IdrthaRiiol, iit 6822 ; vi. 6292 
Idithdiortii, iii. 6822 ; vi. 6292 
lehilKmlpiiol, iii. 6822 
lehiiiosiilM, vi. 629r « 

Idithyiial, lit. 6821 
Iditliviiyat* vi. 629f 
lehthH/k 6521$ Ui. SSBf vi. 6292 

albmiitn, iobthyoi diver, and iohthyol 
msiouiy, vi. 6291 

formaldehyde, vi. 6292 
Iddhyolidiii, iit 682r $ vi. 629r 
iii. 562r 

Isiitvogen, iv# 1692 
leomM, iii. 622r 
IMn md salts, i, 2432 

853 :&"" 

a«KVomi«otii^iii. 682^ 

2ttds«lesliQCi.69lr 
i Imfler, 1 6692 


Bmenlte, lit 682r, 668r 1 vH, 701 

Bmenormle, vi. 4162 

Bsemanue, iv. 8862 

bvaite, iU. 6832 

finburel, ii. 162r 

Imides, iii. 6832 

d-Iminazole-a-amino-propionic add, v. 4662 
iminazolium compounds, quinonc^ reanrange* 
ment of. v. 6062 ^ 

B-Iminazolylethylamine, v. 480f 
imines, iii. 6832 

Immedial black, and immedial pure blue, vi. 404f 

indone, vi. 4992 

Immune body, the, vii. 177r ** 

Imogen, iii. 5832 

Imperial green, i. 3842 

Imperialine, iii. 683r 

Inoamatrin, iii. 4l2r ; v. 6382 

Incubators and germinating stoves, vii. 27r , 

Indacomtine, i. 652 ; 672 

Indalizarin, iv. 7372 

Indamines, iii. 687r 

and indophenols, iii. 683r-691/ 

^ classification of, in. 686f 

, production of, i. 63 6f 

Indane, iii. 6072 
Indanthrene, iii. 691r 

, constitution of, iii. 692r \ 

golden orange, iii. 0942 

yellow, iii. 693f 

Indazine, t 448r 

Indazurmcs B, i. 480/ $ BB, and 6GM, 489r 

GM, KM, and TS, i. 4872 

ludbenzaoonme, t 672 • 

Indene, and its derivatives, iit 696r 

, preparation of from coal tar, iit 596f 

, reactions of, in. 6972 

India hemp resin, v. 6762 
Indian berry, ii. 3032 

com, IV. I96r 

fire, iii. 6982 

India-rubber, see aho Rubber. 

, vulcanising of with sulphur monochloride, 

vi. 6372 

Indioan, iii. 412r, 603f 

. estimation of in ledves of indigo plant, Ui. 

6162 

Indicators, i. 662 

, relative sensitiveness of most important, i. 

69f 

Indicolite, vii. 173f 

Indigo, artificial, and mdigoid dyestafib, Ui. 6202, 


, brilliant 2B, in. 623r 

brown, iii. 61 Or 

carmine, tii. 6232 

, consumption and production of, iit 622f 

copper, ii. 4102 

, dyeing of wool with, vii. 312r 

, gluten, iii. 6Ilf 

, homologues of used as dyes, vit $l4r 

Indigoid dyestufl^, behaviour of towards rsdoolag 
• agents, vit SlOr 
Indi^ids, iii. 4232 

Indigo, indigotin or indigo blue, it 6901 $ v, 442L 
SOOrf vU. 8112 

in printing, textile luting and oallco 

printing, vii. 3182 

method of distinguishing from other V«t 

dyes, vii, 318r «, 

methyl B and H, vii, 214r 
rotnem, iv. 292r 
natnial, iti. 600r*617l 
, awysis of, iii. 6llr 
, analyiM of stareb eontaiiiii^ M, 6Iil 
ohwben fkfc in tndlmbii^ UU 


— , bacterial farmentatioii iU^ OMf 

, ehamls^ ^d ^ 


616r 



6?5 


tmoL 


luHuria, iii. eOfir 

eiu^iBd ofc iil. 6O0r • 

MtuAAtioA of indiean in leovea of 
la. aiai • 

fonnontAtion and manufacture of, iii. 
Wr 

^ oxidation vat, the, iii. 608r 

. , plaatB from which obtained, iii. 60lr 

, purification of, iii. 609/ 

aeoth water, iii. 612/ 

» oxygen, iii. 624/ 

“~-f pyrogen, vi, 4§6f 

, reduced, vii, Jllr 

Ifidigoiol, vii. 3iaf 

Indigo, thionaphtbene, vii. 314f 

t^ophor, vi. 49^ 

Indigotin, bromo-, derivatives of. indipfo H, indigo 
pure RBN, indigo K2B, and KG. vii. .114/ 

» 6 ! g'-dibromo*. v. 477/ 

— dieulphonio acid of, vii. .113/ 

^ properties and syntheses of, iii. 617r 
Indigo vat, the^dyeing of cotton in, vii. 31 Ir 

white, catolytical preparation of, ii. 170/ 

yellow, iii. 61 Ir 

Indinibin, iii. 609f, 624/ 

— tetrabromo*, use of as vat dye, vii. 314/ 
Indium, iii. 626/ 

ammonium alum, iii* 626f 

— ♦ halogen salts of, iii. 626r 

oxide jand hydroxide, iii. 626/ 

, salts of, iu. 626f 

sulphite, basic, iii, 626f 

trisulphide, iii. 626f 

Indodhromogen S, vii. 29/ 

Indofbrm, ih. 625r i vi. 24f, 617r 
Indogenides, iii. 604f 
Indogenin, i. 463/ 

Indoins, and indoin blue R, iu. 626r 
Indole, i. 629/ r iii. 626r ; v. 101/ 

— •3»aoetio, and -S-propionic acids, iii. 626f 
aoetyl-, iii. 626/ 

fi«IndoleHK-aininopropionio acid, v. 458r5 vii. 222f 
Indole, benzoh, vi. 1 1/ 

Indolethylamine, v, 480r 
Indone, aminobenzol-, vi« lOr 
Indophimol, acid, dibromo*, iii. 591/ 

— — carbacole, iii. 689r 
— — , dimethyl* acid, iii. 69 Ir 

, dimethyl derivative of, iii. 689/ 

— *triohloro, iii. 689f 

employment of as vat dye, ii. 588/ 

•*-**-. former use of as vat dye, vii, 314/ 

-*-*<*-• of commeroe, iii. 690/ 

— — oxydase, iv. 739/ 

Indopbmols, iii. 688r 
, acid, iii, 690r 

Indoxyl, Indoxyl oompounds, iii. 627/ and r 
sulphuric acid and indoxylic acid, iii. 628/ 
Indulines, iii. 628/ 

Induline 3B spirit soluble, iii. C28r 

Indurito, iU. 78r 

Infusoriid earth, ii. 606f 

Ingrain colours, v. 4S9r • 

hsh.UI.628r 

sUsaiUu iil* 629r 
analysis of, iii. 630r 

' . blue, liL 63lf • 

,OhliMse,iU. 698/ 

shroais, Ui. 630r 
oc^oiupd printing, iii. 633f^ 
ropylng, Bi. 631f 
to enamelled cards, liL 632/ 

. to india*nibber stamps, iii. 6321 • 

. to wiitto on glass, iiL 6321 
,Mllioa5d,iiL629r . 
.CoU«Mlittvar.Ui.«3SI * 


Ink, logwood gains acid, iii, 629r ^ 

4aimin,Ui.629r • ^ 

marking, iv. 226r • 

powders, iii. 6311 

, printing, iii. 682r 

Fniasian regulations for official test of, fit. 

630f 

— , red, iii. 681f 

Inks of various Cblours, iii. 632/ 

, sympathetic, diplomatic or secret, iii, 632/ 

tannin*iron, iii. 629/ 

Ink, ticket-writers, iii. 632/ 

, vanadium, vii, 299/ 

Inosio acid, v. 474f 
Inosine in carnine, ii. 89/ 

Inositol or inosite, iii. 631/ 

, /*, f and meso* or inactive, iii. 634f 

(/-Inositol, iii. 634/ 

Insecticides, and their classification, v. 321/ 

Insect powder, active principle of, v. 491/ 

Insipin, iii. 636r ; vi. 623/ 

Insulin, vi. 643r 

^ as a means of controlling blood sugar in 

diabetes melhtus, vi. 489f 

, large-scale and laboratory methods of 

manufacture of, vi. 490r 

, ph 3 r 8 ioal and chemical properties of, vi. 49 If 

, physioiogioal properties and standardisation 

of, vi.,402/ 

Interferometer, iii. 636r 
Intramine, iii. 639r • 

Inula, ii. lOr 
Inulin, it. 63f ; vi. 349r 

and inulin triacetate heats of combustion of, 

vi. 363/ 

, preparation of, vi, 386r 

Inulo-ooagulase, ii. 174r 
Invar, iii. 639r; iv. 630/ 

Invertase, iii. 639r 

, action of on cane sugar, vi. 428/ 

, preparation of, vi. 468r 

, presence of in bananas, i. 634/ 

lodalbacid, vi. 628r 
lodalbin, vi. 628r 
lodanisol, vi. 628/ 
lodargyrite, vi. 128/ 
lodates, estimation of, i. 276/ 

, special reactions of, i. 242r 

lodeigon, vi. 62 8r 

lodio acid, iii. 660f 

Iodide of starch, iii. 653r 

Iodides, iodimetrio estimation of, i. 276f 

, special reactions of, i. 241r 

lodin, vi. 628r 

Iodine, iii. 640r~666f * 

, amount produced in various countries, iUf 

647f 

as precipitant for alkaloids, i. 141/ 

, ooiorimetrio estimation of, i. 283/ 

, oompounds of with silicon, vi. 93r 

derivatives, organic, employed as diugs, vh 

627r 

, estimation of, iii. 663r 

from oaliche, iii. 667/ 

, germicidal action of, ii. C42r 

green, vii. 194f • 

iodate, iii. 661/ 

, manufacture of, iii. 64 ir 

, medicinal properties of, and antidots to 

poisoning by, iii* 660/ 

melting* and boiling-pomt and tripkKpolal 

pressure of, vi. 419 

perohlorate, iii. 661/ 

presence of in mineral watom and aaarkia 

products, iii, 9411 

purifioation of to medioittal pumass* ilk 

64|re • t 

s^parottoi of from other halogsm, i gifir 

,fn£idaidsolnttool«k|7i^^ 

— trihromi^ ui 6241 ^ 



m nmss. 

lod&urtridbloridtt. iil. MM ivi. Hit - 
^ ^ , gemiddal action of, ii, 542r 

,«n8ea of, iU. UIA 

2bdi]^n, vi. 628r 
lodival, vi, 621r, «28r 
lodoantipyrin, v. 487r 
Ibdo aaoimid6,<ii{. 681r 

•OfUBcIn, vi. 628r 

lodoorol, vi. 6281 
lodofan, iii. 655r 
lodoformal, vi. 628/ 

Iodoform albumin, vi. 628/ 

and aubatitutee for, iii. 655r 
— , detection and isolation of, iii. 660f 
— gennicidal power of, ii. 643/ 

Todoformto, iii. 667/ 1 vi. 628/ 

— ethyl iodide, vi. 628/ 
lodoformo^n, vi. 628/ 
lodogidlicin, vi. 628/ 
lodogiiadln* iii* d/>7/ 
lodo^idm, vi. 628r 
lodoclobin, iii. 667/ ; vi. 628f 
lodonydiin, iii. 667/ 
lodd, vi. 628/ 
lodoledthin, vi. 628r 
lodolea, vi. 628/ 
loddin, vi. 628/ 
lodolyain, iii. 667/ 

lodomenim, vi. 628r < 

lodopbmiin, iii. 667/ ; vi. 628/ 

IddopyTine, iii. 66// 
lodoth^oloform, vi. 628/ 
lodoxjd aiKoup, antiseptic and antisyphihtic 
properties of, vi. 627r 
Todoiol, iii. 667/ ; vi. 628/ 
lodtriferrin, vi. 628f 
lodylin, vi. 626/ 
lodylofoim, vi. 628r 

lodyrite or iodargyrite, iil. 667/ ; vi. 128/ 
lolite, iii. 657r 
loninin, iii. 657r 
lonone, v« 100/ 

^•lonone, and phenylionone, vi. 747/ 
lononea, «•, and B; iii. 712/ 
lothion, iii. 657/ ; vi. 628/ 

Ipeeaeuanha, iii. 668/ 

Ipeeaooanhio acid. vi. 661f 
I|K>iiiio add, vi. 68r 
Iporanol, iii. 413r 
Ipnrganol, i. 667r 
Iridicyanldea, iii. 661 r 
Iridin, iii. 412f 
Indium, iii. 660r 

^ — , alioya of with platinum, v. 332/ 

, assay of, 1.416/ 

- black, ill. 660f 

ehloridea, iii. 661/ 

— , ooUoidal, hi. 660f 

eomplez nitrites of, tit. 66 Ir 

eleetio^Uoidal, vi. 626/ 

hydroxides, hi. 661/ • 

oxides, iU. 661/ 

aelanide, iil. 662/ 

special reactions of,*t. 237r 
iubiimation of at low pressures, vi. 420/ 
sulphate and aesquisniphate, iii. 661r 
snltdikles, iii. 66lr 
MdettnsTrMd/ 

Mdcsmina, iii. 6621 
2r4tea,vi. 634r 
Idsaaiki, viL 2l0r 
IfUbpsarimoaiuii. 21/ 
ls«tt,&r66^MKI4r 
IraUMiiivi 6771 

2sm4 sBoys of with*-^ 4 

dueinf^ii.234r 

^aoMlftht67l * • • 


Iron, ammonfo-ehloridsofi iii. 662r 
ahalyses of pig, iii. 675 

, of vaa^ slags, iii. 676 

e ^ of wronght, iu. 676 

and metals of Group 111., separation of, i. 

856f 

— arsenate, i, 885/ 

, assay of, i. 416r ♦ 

, bactericidal action of, ii. 644r 

, Bischofs spongy, use of in purification of 

water, vii. 389r 

borate, i. 646/ 

borides, iii. 680/ 

, bromide of, i. 693f 

buff, ii. 690/ 

carbide, artificial orihorbombic modification 

of, vi. 336r 

carbonates, iii. 664/ 

carbonyls, iii. 684/ j 

case hardening of with hydrogen efyaqide, ii. 
439/ 

, cost, action of sulphuric acids on, vi. 562/ 

, ohemioal properties of cast, iii. 667r \ 

, oolorimetric estimation of, i. 283/ \ 

— , corrosion of, and conditions essential for, ii. 
377r \ 

— , of oast, ii. 382/ \ 

• •cyanogen compounds, blue, properties of, ii. 
447 

, constitution of, ii. 450r 

- disulphide and sub*sulphtdo, iii. 679r 
. dry galvanising of, or sherardising, 

578/ 

Irone, ii. 10/; iii. 711r ; v. 100/ * 

Iron earth, blue, in, 682/ 

, electro-doposition of, ii. 623r 

, •gah'anistiig of, vii. 578/ 

, electrolytic estimation of, i. 320/ 

, estimation of in minerals and roeks, i. 277r 

, ferrofix brazing process for cast, vi. 276f 

, fiower of, i. 368r 

— -froth, red, iii. 495/ 

, galvanised or xinc*coat4Hl, ii. 383/ ; iii. 675r ; 

vii. 576/ 

glance, iii. 495/ • 

, grades of pig, iii. 669/ 

, graphitisation of, it. 379/ 

, gravimetric eetimation of, i. 246r 

, influence of chemical composition on cor- 
rosion of, ii. 381/ 

, interaction of water and air on, vii. 364/ 

liqnor, i. 25/ 

, magnetic oxide of, iii. 677/ 

, magnetic oxide of, used as eleetriMle in 
electrolytic manufacture of caustic soda, vi. 
226/ 

, malleable cast, hi. 674r 

— , metallography of alloim of, iv. 296/ 

of cast and pig, iv, 30lr 

— monoxide, iii. 677/ 

nitride, iii. 689/ 

, nitroeo-compounds of, iii, 683/ 

ore, bofi, iii. 664/, 677f 

Iron-ore, brown, iv, 124r 
Iron om, kidney, iii. 495/, 677r 

, magnetic, iii. 677/ 

Iron-ore. Mieace^, iii, 495’, 603r, 677r 
Iron ore, minetie, iii. 663r 
Iron-ore, needle, iil* 459/ 

Iron ore, pea, hit 677r 
, iii. 495/ 

— — orsa, approximate, eompoiliion of, Ilf, #64 
^iii*653f 

ore, apathic, ii* 150r 1 ill* 6641, 661/ 

#63r, 677f 


j <nddm ot^L 

ftareimrilflntii iodieod. vl* 9t8f 

, ^tatniNg* OS 



tfcm, pMmntioft o< mtintt ot |i* d82r 
« imAigM»tion of tiiig, iu. • 

— — ~ of wfcmgnt, iii. 6*i>r 

-7—^ ppoteotion of by paint, ii. ZSZr } v, 4Si 

— •pyrites, V. fiOll 

» pyrolignite of, i. 252 • 

, referenoe to apecifio and latent heats of, vi 
• • 

— — , relative corrodibilitios of wrought iron ai 
ateel, ii. 3821 

—— rubidium selenium alum, v. 7162 
rust, composition of, iii. 6702 
, salts of employed as mordants, ii. 680r 

-scale, iii. 677r 

, separation of from — 

copper with oupferron, iii. 5762 
manganese in edloys, i. 259f 
other metals by olectrulysis, i. 325r 
, separation of in ores, i, 257r 

— ' "» — s— of from ziroonium, vii. 6002 
sesquioxide, iii. 677r 

— silioide, jii. 6802 ; vi. 98r 

-einter, 66r 

soaps, vi, 1542 

— , special reactions of, i. 2382 

, specular, iii. 4052 

, spent oxide, ii. 442r 

»tone, black band,ji. 1512; iii. 664f 

, clay, ii. 1512 ; iii. 6642, 677f, 6822 

Cleveland, iii. 6642 

— , kidney, iii. 663r 

— , sublimatton of at low pressures, vi. 4202 

tantalate, vi. 61 7r 

— iih plating of, iii. 6752 

— tungsten carbide, vii. 2402 

— — , use of ferroxyl indicat or in stud y of corrosi< . 
of, ii. 3702 

vitriol, iv. 2532 j vii. 3262 

, volumetric estimation of, i. 2772 

— , welding of, vii. 8r 
Isaoonitine, 1. 662 
Isarol, vi, 629f 
Isatan and isatase, iii. 6042 
Isatin, iiu 6162, 6182, 6852 

,spootrosoopio evidence on formula of, vi. 32 r 

Isatophan, vi. 63 4r 
Isethionio acid, iti. 6852 
Isinglass, iti. 3672, 4192, 6852 
, Bwgal, i. 86r 
IsoceUc acid, iii. 685r 
laoeuxanthone, vii. 513r 
Isoform, ill. 657/ ; vi. 6282, 632r 
IsokoU V. 228f 
Isopbysostigroine, iv. 7222 
fopon, vi. 622r 
Isopral, iii. 6B6r vi. 6102 

IsopreiMs ii>* ^65r 
Isorhamnetin, i. 3052 
Inothtoniiie, i. 5852 
Xsotonio solutions, iii, 6872 


Ispaghula, iti, 6872 
iMan^la, vi. 33r 
Istizin^til. 6872; vi. 6432 
Italian earth, v. 205r 
ltrol,ii. 5462; vi. 1322, 626r 
Xitiolo, vi. 620r 
Ivory, iii. 6872 • 

dyeing of, it. 578f 
vegetable, vii* 3i8r 
Ivy, itt. W7r 

gum rasin« iii. 4S3r 
3Mk&. V. 6732 


JatMirandi 6itd its alkaloids/ iii. 6881 
iii. 6a0f 

faoarandin, Ita acetyl and bemsoyl dorivaUvei 


Jaofai«lulii,6t7ri vU. 6032 
Jada, Uh 6902 
JTadeite, iii. OOOr 
Jahnite, iii^ 122 
Jak fruit, i. 6662 

, or Jack wood, iii. 6011 
Jalapin, iii. 412r ; v. 675f 
Jalapinolio acid, iii. 486r 
Jalap resins, v. jS76r 
Jamaica pepper, iv. 6422 
Jamba oils, v. 644r 
Jamesonite, iii. 69 Ir 
Jamestown or Jimson weed, vi. 4052 
Janthone, iii. 691r 
Jonas, i. 394r 
Japaconiiie, i. 682 
Japaooniiine, i. 662, 67r 
Japanio acid, iv. 678r ; vii. 460f 
Japanning or lacquermg, iii. 692r 
Japans, ii. 572r ; vii. 3062 

, preparation of, v. 31 Sr 

Japbenzaoonine, i. 682 
Jargon or jargoon, vii. 6032 
Jarosite, plumbojarosito and natrojarosite, iii 
6932 

•Tosmal, iii. 6932 

Jasmine, synthetic ingredients in perfume of, \ 

loir 

Jasp-agate, iii. 693r 
Jasper, v. 629r 

Jaspers, banded, and Egyptiim, iii. 6932 
Jaulingite, v, 6732 * 

Taune brillant, i. 724r 

d’or. iv. 2272 

d*Outremer, v. 296r 

solide N, i. 460r 

Jawasa or Jawani, i, 113r 

Jeoorio acid, iii. 603r 

Jervine and pseudo jervine, ii. 148r 

Jesaconitiue, i. 682 

Jessenia polycarpa, iii. 693r 

Jesterin, lii. 4I2r 

Jot, iii. 603r 

Jodsalusil, iii. 65 7r 

Jui^naite, vi. 56r 

Johannite, iii. 6942 

Jordisite, iv. 3852 

JosOite, vi. 7402 

Josophinile, iv. 5262 

Juiir-root, iii. 6942 

Juglono, IV. 505r, 5002, 614r ; vii. 3272 
Jumper, hi. 6042 

oil, IV. 6402 

Jute, iii. 694r 

, dyeing of, ii, 6782 , 

. of with basic dves. ii. 586r 


Kachin, iii. 6952 * 

Knmpferide, iii. 297r 
Kaempferin, iii, 4132 

Kaempferol, kaompf&ide, and their derivatives, 
ii. 486r , 

Kafirin, iii. 6952 

Kaiuite, iii. 6952 ; v. 3882 ; vi. 1982 

, composition of crude, v* 375f 

Kaiphal, iv. 4062 
Katrine, v. 541r, 540r; vi. 6092 
Kairoiino, v. 541r, 5492 
Kaiserroth, iii. 6952 
Kakigoma, vi. 81r 
Xakishibu, vL Sir 
Kakodyl, i. 3l6l 
Kakol, iv, 305f , 

KtkPemophor, use of ierm, iv, 629r 
Kalsdana. iii, 695r 

Kalibloedite or kaliastrakiittite, Iv, II f 
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Kd Agnesia, prepfation of, v. ^SSI 

Kalio^ite. ir. 510r 

Kaln^fine, i. 222f{ iii. 690rS v!. 2ar. 617l( 
vi!.249f 

Kamala or kamola, iil« 605r ; vii. 3271 
— - ream, v, 676r 
Kambara earth, iii. 697Z 
Kampferiirin, iii. 413{ 

Kaosive oil, i. 659i 
Kanwail, vii. 319^ 

Kafi*/eii, V. 364r 

Kao-lin or kaolin, ii. 289r ; v. 41r, 294r 
Kaolinite, ii. 237r, 2S9f : iii. 697f 
Kapok, iii. 397r 

oil. iii. 69Sf 

Kafst, iii. 093r 
Karyat, i, 3271 
Kar^iolite, i. 396i 
Kaaolite, vii. 261r 
Katamen, iii. 698/; vi. 616r 
Katio oO, i. 559/ 

Kaofi-oopal, iii. 6982 
Kava-kava, i. 4352 
I^vatel oO. ii. 1522 
Kawa, iii. 

Kaya oil, iii. 6992 
Keito, iv. 2752 
Keilhattite, vii. 702 
Kelene, vi. 6352 , 

Kelp. i. 5392; iii. 642/ 

— — , lisiviation of, iii. 6452 

salt, iii. 645r 

eampting of cargo of, iit. 653f 
Kentite, iit. 162 
Kephaldol, iii. 6992 
Kepfair, iv. 376f 

Keracyanin and chloride, i. 342f 
Keramyl, ii. 5432 ; iii. 69^2 
Keraiiiis, iii. 699/ 1 vti. 505f 
Ker«Qavi, vi. 38.52 
Keraies, iii. 699r 

— dyeing properties of, Iii. 7022 

KsTiMio ama, its derivatives and salts, iii. 7002 

Kennsaite, iU. 7022 

Kermee mineral, i. 361f 

Kerogen, v. 682 

Kcioaene, v. 1112, 122r 

■ , odour, specific gravity, flash ixiiat and Are 
teste of, V. 1242 
V tests for, V. I37f 
Ketehup, vi. 2902 

Kstone, and its alkyl derivatives, iii. 7022 
Keteoes, aldo« and keto-, iit. 7022 
‘KetimiiMS, iii. 5832 
IfiBloiisii,iii.703r-732r 

-f, adiditfon products of aromatic, in. 7142 
aliphatie, iii. 710r 
acomatio, Iii. 718f 
eydiot iii. 726r 
— — , hieydto mono*, iii. 7252 

, eamytlcal preparation of, ii. 1712 

eyciie, ill. 72lr « ... 

— diflwMtiation of from fitdeb3*'dos, iii. 7102 
— — faraae and pyrrole, iii. 71 Or 
— neaetal properties and reactions of. iii. 706r 
nydrssino compounds employed in idenf ifl* 
oeiion of, Iii. 7062 
— hydroaromatic, iii. 71 Ir 

kydfox^d and amino sufastituted, iii. 7102 
h^foxyv qniiiofioid rearrangement of, v. 

e«todmEgr»£ sterte hindrance of, vii. 5122 

synthetic drugs, vi. 0132 

ntr 

mcnocy6ti69»n«M»«, iii. 7222 . ^ ^ 

otenwenfi ¥ in ctea ntia l oils, iv. 6l4r 
«a^ Ui. 7042 
- iHir siul teira*, iii. 72U 


i,ilt7«0r 

726r 

/|*Ketonio monobasic adds, iii. 7292 
V^Ketonic monobasic aoidSi iii. 730r 
Mioxiiiiee, iii. 732f 
Keweenawite, ii. 5713 
Khair, i. 52 

Khardvan, i. 3912 i. iU. 732f I vi. 6411, 642 
Kh&rva, iv. 392r 

Khava senegolensis, i. 7292 ^ 

Kieifor's solution, employment of for analysis, I. 
642 

Kienol, vii. 2482 , 

Kieselguhr, iii. 432 

Kiesente, i. 3r; iii. 7332; iv. 1932; v. 3812; vi. 
1982, 2502, 514f 

, applieations of, v. 38 If 

, crude, v, 375f 

methi^ of formation of, v. 3752 

Killas, iii. 73.32 
Kinetine, iii. 7332 

Kinetite, iii. 192 r 

Kineurine, iii. 7332 

Kino, iii. 7331 

Kinoin, vi, 659r 

Kiroohwasser or kirsoh, iii. 733r 

Kish, lii. 733r 

Kit*jap, vi. 2902 .. 

Ki'urushi, iv. 32 ; vii. 3i0r 
KHachite, t. 560f 
Knoppem-tannin, vi. 6592 
Knottensandstem, vi. 33f 
Kohlen-carlx>nite, iii. 46r * 

Kohlensilesia, iii. 202 
Kohlrabi, in. 733r 
Kdii, vi. 162, 290r 
Kola, iii. 7342 
Kolatannin, vi. 660r 
Koliix, ill. 462, 48r 

, super*, ill. 462 

Kombo fat, or butter, iv. 4062 
Kotnenamtnio add, i. 033r 
Kon oil, vi. 552 
“ Kontact reagent,** vi. 461 
Korallenerr, iv. 264r 
Kori^iofu, iv. 1112 
Kosin rosin, v. 6772 
Koumiss, iv. 3812 
Koussui, V. 6772 
Kousso, Ui. 7342 
KrantzSte, Ui, 7342 { \ , 6732 
Kraut’s reagent, i. 1412 
Kreide or Crate, v. 2992 
Krems, v. 2932 
KreoUo, iii. 7342 
Kreosiil, d. 6322 
Kreosote, see Creosote 
Kresalol, vi. 632f 
Kreeamine, in. 7342 
Kresapolin or krosohn, ttl. 7342 
Kresatiii, lii. 7312 
Krostn, vi, 6312 
Kresulfot, vi. 6812 
Kryofln, vi. 61 6r 
Kryoflne, hi. 7342 
Kryptocyanine, v. 2292 
Krypton, iii. 734f % 

Krysolgan, vi. 6272 
Kilmmel, Iv. 139r 
Kunknr, Ui. 7352 ^ 

Kttiuuto,UL 7352: vi. 3392 
Knpfetnlckel, iv. 525r 
Kupteiudiiefer, iv. 226r 
Kuf^ V. 7141 
Kus-kus root, UL 7452 
Kasom oil, vL 55l 

S. unfr 

iite.iii.4ir 
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La^adoreacenoe, iii. l»7r • 
lAbradoiite, iii. 127r ; vi. 1562 
J«ae, iv. 201 
{-aooaf V. 677r 

^oaio »oid, iv. Ir I v. 30U ; vi. 812 
J^aooain, a* and fi^romo-, iv. 2r 
Lao, caked, iv. U 

Laooase, ui, 1422 5 iv. 42, 7302, 7402 

Laooeno acid, vi. 81r 

Loo^yo, u. OOOr ; iv. 12; v. 3012, wur 

• properties of, iv. 32 

of by hydrogc 

Lao, gained, iv. 12 

- • lake, lat dye lake, or lack lock, v. 30 

Laomoid, i. 67r, 619f ; iv. 32 
Laoqner, iv. 32 
— — , Burmese, iv. 32 

» cellulose nitrate, and solvents used 
preparation of, vii. 3102 
— Chinese, iv. 3r • 

— , coloured, iv. 3r 
— , Japanese, iv. 3r » v. 6762 ; vii. 310f 
— , p6€ur.gn>und, iv. 42 

Laeguem^r iiaturaj^ varnishes, Japanese lacque i, 

La^uer, use of, iv.. 42 
Lao resin, v. 677f 

stick, iv. 12 

sulphuris, vi, 5292 
Laotai^, vt. 6252 
Jrfkctaric acid, iv, 4r 
Lactase, iii. 138r * iv. 4f 
Lactic acid and paralactic acid, iv. 52-112 
2-Lactio acid, iv. I Or 

Lactic acid, beneficial effect of on fermentat’ i, 
vii. 556r 

detection and estimation of, iv. 82 

eeters of, iv, 02 

' , manufacture of, iv. 62 

optiotilly active, and <2-, iv. 102 
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-i production of by fermeutntioo, ii. 

properties of, iv. 72 
salts of, iv. 92 

specification required for phai a- 


ceutkal purposes, iv, 92 

«, tecnnical uses of, iv. 8r 


—— anliydride, iv. 7r 
— - fermentation, organisms capable of cauc g, 
iv. 6f 

Lactobionio acid, ii. 41f 

Laotoform, ii. 94r 

Laetol, vi. 632r 

Laetolin, iv. 8r, 112 

^«»Laoton6S, iv. 112 and r * 

y*Lactoiu», iv. 122 

e*Laototies» aliphatic and aromatic, iv. I7f 
4»LaotoiM«, iv. 192 
ALaetones, iv. 109 

y«Lactones, general properties of, iv. 13r 
— formation of from pqlyh^roxycarbos rlio 
adds, iv. I5r ^ ^ ^ 

Lactones, nomenolature of, iv. 112 
y*Laetoiies ol die aromatic series, iv, I6r 
Laotophsnin, v. 164r ; vi. 615r « 

^ (Mt «ts also Biilk Sugar. 

astimatioii of in milk by the polarim ter, 

ei* 47« 

hsai of combimtion of, vi. 36>r 
iv« I9r, 1131 
XdodMto* iv« 14r 


LaotyliP-pheneiidine, vi. 6|5r • 

Ladanum and ladoniol, iv. 19r • 

or labdanuxn oleo-resin, av. 6992 « 

Laderellite, i. 643r 

LcervokhacoMn, heat of combustion of, vi. 802f 
Lseyulio or Lievulinio acid, i. 882 ; iii. 780r 
— phenylhydraaone of, i. 8642 
Lssvuiose, ii. 36r ; iv. 117r ; see alao under Levulosc 

, formula ii. 26r 

Lagonite, i. 6452 
Lake Bordeaux B, i. 465r 

, BrazU-Indian, iv. 232 

, flavin, iv. 23r 

, Indian, v. 3012 

, Persian-berry, iv. 23f 

Lake pigments, analysis of, iv. 28f 
•, combined, iv. 282 

Hour, iv* 23r 


Lakes, iv. 202-20 

, blue, iv. 272 

, carriers for, iv. 242 

, claret-red, marooon, and purple, iv, 2 If 

derived from artificial colouring matters, h 

242 

, Florentine, iv. 232 

from acid enuring matters, iv. 25r 

basic colouring matters, iv. 24f 

-i — developed azo colours, iv, 27f 

insoluble colouring matters, iv. 27r 

mordant colouring^ matters, iv. 272 

sulphide colouring matters and ixulig 

iv. 282 

, geranium, iv. 26r 

, green, iv. 26r 

, madder, v. 3012 

, orange, iv. 26r 

, permanent artificial, v. 30 If 

, red, iv, 262 

, violet, iv, 272 

, yellow, iv. 23r, 26r 

Lake, Vienna, iv. 232 
Lampadite, iv. 2152 ; vii. 3272 
Lampblack, ii. 62r ; iv. 292 ; v. 299r 

, method of manufacture of, ii. 4172 

Lamp bulbs, electric, method of making, iii. 396 

^ the Dobereiner, v, 7r 

Lanafuchsine, i. 4672 
Langbeinite, iv. 29r 
l^angerhans, islets of, vi. 4902 
Lanolm, ii. 2302, 549r 
Lanoresin, v. 6782 
Lanthona, ii. 143r ; iv. 312 
Lanthanite, iv. 29r 
Lanthanum, iv. 302 

acetate, iv, 31r 

acetylaoetonate, iv. 322 

carbide, iv, 312 

chloride,^ iv. Sir 

, estimation gFin monasite, iv. 3912 

fluoride, iv, 3lr 

magnesium nitrate, iv. 31f 

nitrate, and lauthanum ammonium iiitral 

iv. 312 

nitride, iv. 312 • 

oxalate, iv. Sir 

oxide, hydroxide, and hydride, Sit 

— platinooyanide and eobolti^yai^e, iv« SI 1 

sulphate, iv. Sir 

sulphtdeMiv. 312 

Lanthopine, iv. 7191 
Lanuginio acid, v^i. 606r 
Lanzura, v, 6462 

Lapachol, itgacetyl and other derivasttvsii ir* I 
Lapis crucifer, vi. 397r 

*laauU, iv. 341 ; v. S90I 
Lappaoonitliie, i. 681 • 

Larai tannifii vi. 661r 
• % 
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Laid, cRhilieraiila of and thdr dateetioiift Iv. 3d? 

and f 

'LaidavdlHe, it. 372 
Laid aubBtitiitaa» iv. $71 
«— — > various braada oL iv. 332 and r 
Largin* vi. 1332 ^ 

Lasarmtiii. iv. 872 
LatamOt iii. 6642 ; iv. 372 
Laudanidine, iv. 718r 
Laudanine and imlaudanine, iv. 718r 
Laudcuion, iv. 382 ; vi. 622r 
LaudanoeiiM^ iv. 7182 
iMdamaatk, iv. 382 
Laughing gas, i. 2312 ; iv. 547f 
Laurel, Caulornia, or Bay tree, vii. 260f 
— mountain, vii, 260f 

oil, iv. 382 

— — — wax, iv. 407r 
Laurio arid, ii. 5701 ; iv. 38r 

, and its noethyl and ethyl esters, 

phjTBical constants of, iv. 6742 
Laurie iv. 402 
I,aurionite, iv. 87f 
Laurite, iv. 38r ; v. 7212 
Lauiolene, iv. 302 
isoLaorolene, iv. 30f 
lAurotetanine, iv, 30r 
Laums nobilis, iv. 30f 
Lautarite, iv. 40f 
Lava, iv. 40r 

Lavender oil, and English lavender oil, iv. 6402 

, spike, iv. 640r 

leaver, lacimated |nirple, i. 112r 
Lawn sand, action of, vii. 456r 
Lawsone, iii. 515r 
Laxan, vi. 6432 

Laxans, laxatol, laxen, laxin or laxoin, iv. 412 

XaxoI, vi. 6432 

X«aaulite, iv. 412 

Lead, iv. 412-002 

«— * acetate, i. 25r 

^ pppparation of basic for sugar 
analyais, vi. 462f 

— , action of sulphuric acids on, vi. 5622 
— — of water on, vii. 3032 and r, 3052 
, allotropie form of, iv. 752 
— , alloys of with silver, vi, 1102 
* of with tin, vii. 642 
- of with rino, vii. 5802 
— - antiinoniate, basic, v. 2042 
aiaenate, iv. 802 

aamy of, i. 4171 

aside, iii. 882 $ iv. 88r 

— ~ bora^ i. 6452 ; iv. 802 
; — ^ bromide, iv. 882 

— eblofate, employment in explosive mixtures, 
tiL20r 

oblorida, iv. 872 

ridoto-phosphate, v. 515r 
' diloiovanadate, vii. 2032 

— dbromate, basic, v. 206r < 

— clmnaates, if. 2432 ; v. 2062 

— ritfomate, use of in organic analysis, i. 2872 
— — > colorimetrie estimation of, i. 2832 

— — comfNmnds used in the arts, oxidea, iv. 771 
in glaarmalang, iii. 3862 

, eorforioii of,^ 3862 

-~>.dssllvariaation of, Parke’s process for, iv. 
dVIs villdr 

ol, Pattinson and Roaan’s processes 
lcr»vLn0r h 

of ooft ballion, hr. 68r 

•-mdslanidiiiilte of/’solnbb” in glass or 
ftl^ULMdr 

*M»iUoidda, amfdeyinsnt of aa ancde in elee^* 
farticasansdMim 326r 

duyl m$t tl>a otmOmmMxm e(, fv« 

Hr ' 


Lead, rieotrolyiio eatteatioa of, L 321r 

t- aeparation of from copper, L 334r 

^ English ]^od of oupellarion or idB n io gt 

t iv.eor 

estimation of ip ritrio arid, ii. 336r 
— , — of in ores, i. 253f 

— of in tartaric arid, vt 6072 

— ethoxide, iv. 002 ^ 

, extraction of from ores, iv. 43r 

fluoride, iv. 882 

formate, iii. 2452 , 

, German method of cupeilation or refining, 

iv. 70r •* 

, gravimetric estimation of, {. 2472 

, halogen compounds of, iv* 872 

, horn, iv. 872 

, hydrated monoxides of, iv. 872 

hydride, iv. 882 ^ 

hydroxide, iv. 86r 

imido, iv. 88r 

iodide, iii. 652f ; iv. 882 

molybdate, vii. 607r f 

, naturally occurring phosphates 

arsenatoB of, iv. 802 
mtrato, iv. 882 

^ employment of in explosive mixiui^, 

hi. 18f ' 

— — nitrite and hyponitrite, iv. 88r 
, oran^, v. 2032 

ores, blast, or pot roastmg of, iv. *342 

distribution of, iv. 4lr 

, product of tlie blfist ftmaces, iv. 30f 

selection of fluxes for, iv. 602 


\^UEid 


>, smelting of — 
at Binsfeld, iv. 60r 
m blast furnaces, iv. 302 
at Broken Hill, iv. 6 If 
at Claustlial, tv. 602 
at Freitierg, iv. 612 
roasted, iv. 562 
m Kopp furnace, iv. 51f 
at Trail (Britinli Columbia), iv. 612 
the slag hearth, iv. 502 
oxychloride, v, 2032 

, patiinsouising, pattinsotiage or pattui* 

soniron, iv. 642 

, Pattinson^s white, v. 2032 

peroxide or dioxide, iv. 862 

phosphates, iv. 88r 

picrate, v. 2802 

, pigments containing, v. 2032 

piis*e, IV. 772 

, poisoning by, iv. 832 

]x>lysulj>hide, iv* 80f 

, properties and uses of, iv. 74r 

, puce coloured oxide of, iv. 862 

, red, iv. 782 ; v. 42f, 2032 

— — , reduction of litharge and pot dross, iv. 712 

, refining of by eleetrolyi^, tv, 711 

, Kosan process, or pattinsonising by steam. 

iv. 63r 

aelenide, iv. 002 

— * — sesquioxufr, iv. 862 
— sheet, iv. 76f 
— ailioaiea, iv. 802 
— , smelting of — 
in hearths, Iv. 48f * 

in reverbaraiory lumnoea, the TUntabiiu 
furnace, iv, 442 , ^ 

in 8pai^ furnace or bolichc, the.Bhibfff 
peoesaa, iv. 47f 

— — ‘ aoaps (lead jdaater), vi. 1341 

• use of as lubtioania, iv. 164r 

, softening of bard, iv, 63r 

apectal leaetiom of, L tMf k 

subHMetate, i. 362 
^ ettbliiniNl blue^ v. 303r 
- a»lboiidk»i iv* idr 
^ sabsulpliate* Iv. MU 
augar ol| L Sir 


of, it 6331 
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Uad miUhaiil^ vn* 6(Mr 
aulidiide, iv. M 

talldioiiiiu^^ of, vi. 7201 i 

tartrate and ite oolabilit^ in water at variot 
teis^aturea, vi. 690r 
tetraehloride^ iv. 87f 

tetrafluodde, and blnmbifluoride, iv. S8i 

tetraphenyl, iv. OOt 

trioyolohexyl, iv. OOf 

tun^tate, yi. 404f ; vii. 237i 

variation in atomic weieht from differec 
-^onrodi, iv. 76. • 

- vitriol, iv. SOr 

— , volumetric estimation of, i. 278f 
, white, V. 2931 

— j Bisohof, and Rowley or Mild, methoc 

' >f furoduction, iv. 841 

chamber process for n 

mw 

» $ character of good, v. 39f 

» , chemistry of, iv. 82r 

— , French or Cliohy, and Carter metlio* i 

^reparation of, iv. 83f 

, poisoning by, v. 401 

# » properties of, iv. 841 

1 * sta^ process of preparation, iv. 80i 

I , , substitutes fer, iv. 84r 

l/iadhillite, iv. 901 
Lead ehot^ iv. 771 
Leather, iv, 901<-106f 
— — , calf* and glovedcid, iv. 104f 
— , ofafimois or wa^i, iv. 1041 

, crown, Prellec's or Helvetia, iv. 1041 

» drearing of, iv. 1031 

, dyeing of, ii. 6781 

of with titanium salts, vii. 761 

, employment of os manure, iii. 1761 
— , enamelM, patent or japanned, iv. I 
, mineral tanr.'“5., v*. 1''*' 

— , Morocco, iv. 103f 

, Russia, iv. 1041 

, tannage of solo, iv. lOlr 

Leoanoric acid, iv. 106r 

— , methyl ethor*of, v. 6131 

Leeithin, ii. 6141; iv. 1071 

brominated, vi. 6211 

, properties of, iv, 1081 

Xjeoutyl, vi. 6261 
Ledouxite, ii. 6721 
Ledum palustre, iv. i08r 
Leek, iv. 1091 
Legumen in tea, vi. 7181 
iv. 1091 

Legamifious crops, composition of, ii. 4221 

stardies, cimracteristics of and microsco $a] 
appMiranoe of, vi. 3871 and r 
Lefarbaehite, vi. 69f 
Z^fnoo, manufacture of, iv. 248f 
Lettmian earth, and reddle, iv. 1111 
Lemon, hr. 1111 
Lemonade, i. 831 

Lemoiigrass oil, iv. 6441 * 

Lemon Juice, preparation of dtrlo acid fron 
2841 ^ ^ 


A 


— oil, iv. ( 

IiMiisot,iv. ' 

£iMB{mlid,T. 0061 • 

Ulr 

,101011, iniorowwpiotd oppearanoo a 

liwttai, It. lllr 
IiM rt t wB i or iMiUik, iv. llir 
tmaUm, iv. lllr 
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LepidoUte, iv, 6611 • 

Lf^idomelane, iv. 3611 • ^ 

Leploohlorites, vii. 461 • ” 

Leptaadra and leptandrin, iv. 1121 
Leptometer, lepenau’s, v. I42f 
L^ptospermol; iv. 1121 
Leptynoi, iv. 1121 ; vi. 6261 
Lethal, vu. 4661 
Lettuce, iv. 1121* 

opium, iv. 19r 

Leucacene, iv. 1121 

r-Leuoinamide, iv. 1141 

Leucine, iv. 1121; v. 4581 

n-Leuoine, iv. 116f 

it-Leucine, iv. 1171 

d-Mo^ueme, iv. Il6r; v. 4681 

Leucine, salts and derivatives of, iv. 1161 

, separation and detection in mixtures of 

tyrosine, and valine, iv. 1161 
Leucinimide, iv. 113f 
Leucite, iv. 1171 
Leucoalizarin, i. 125f 
Leucogallothionino, vii. 291 
Leucoiine, v. 639r 
Leuoone, vi. 88r 
Leuoopyrite, iv. 1601 
Loueocpiinizarin, i. 127r 
Leucosin, ii. 1331 
Leuponio acid, see Loiponio acid. 

Levigation, iv. 1171 
LovoPs alloy, vi. 1191 • 

Levulose, or Isvulose, iv. 117r 
L^vurargyre, iv. 117f ; vi. 625r 
Lherzohte, v. 1041 
Liohenin, iv. 117r 
Lichen starch, vi. 3861 

Lichens, varieties yielding dye stuffs, iv, 11 7r 

Liobigite, iv. 1231 

Lievrite, iii. 6831 

Ligdyzu, iii. 471 

L^htning-tubes, vi. 301 

Light, ultra-violet, action of on hydrogen and 
oxygen and on water, vii. 3631 
Lignaloe oil, iv. 6431 
Lignin or lignose, iv. 123f 
Lignocelluloses, ii. 1171 

, autoxidation of, ii. 1191 

, chemical reactions of, ii. 1181 

, destructive distillation of, ii. 1191 

, esters of, ii. Il8r 

, ultimate oxidation of, ii. 118r 

Lignocerio acid, iv, 123f 

, and its methyl and ethyl esters, 

constants of, iv. 675r 

Lignone, constitution of, ii. Il7f * • 

Lif^uin, V. illl • 

, solvent properties of, i. 294f 

Lilac, synthetic ingredients in perfume of, v. lOlr 
Lily of the volley, synthetic ingredients in per* 
fume of, V. lOlf 

Limawood, i. 6681 % ii. 690r I iv. 123r 
Lime, see else Calcium. 

, i. 731f, 7321 

, basic carbonatei of, i, 742f 

, caustic, preparation of for manutaoturs of 

sodium bicarbonate, vi. 1861 

, “ chloride of,»» u. 2021 

, employment of as a plant spray, v. 32lli 322r 

juioe,u.2851; iv. I23r 

, ** liquid chloride ot,** ii. 2071 

, manidaoture of acetate of from onid6 

pyroligneous acid, vii. 4981 

of acetate of, various typst ol 

apparatus lor evaporating solutioiia of, tIL 
600 landf 0 


— nitrate of, preparation of in 
ftxifion prooees, iv. 6$8r 6 
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Tiifmrwtriim, iv, iS3r • 

^ XiiaMton8B» oomp^tioa of v«rioiiB, ii. 12Sr { hr. 

12ar 

Lim» sopeiphoiphate of» i. 7491 
, use of M disinfeoiant, U. 5442 
L inaut e> iv. 1242 

IsnKmene deztio* and Invo-, vi. 7322 and r 

Limonite, iii. 6642» 677r ; iv. 124r 

Ltnaloe oil» iv. 6432 

Linalool, v. 06r ; vi. 7472 

Ljnamarin^ iit, 4132 

Iiinarinp iv. 124f 

Linderic aoid, vii. 872 

Linen, dyeing of, ii. 6782 

Linnieite, iv. 1262 

Linolenic aoid, iv. 1262, 6782 

MoLtnolenio acid, iv. 6782 

Linolenio aoid, detection, separntiou, and approzi* 
mate estimation of, iv. 683r 
Linoienm, manufacture of, iv. 668r 
Linolio acid, iv. 1262, 677r 

— — , detection, separation, and approxi- 
mate estimation of, iv. 683r 

Linoxyn, ii. 383r ; iv. 126r 
Linseed, iv. 126f 

— oil, iv. 1262 

— , American specification for raw, iv. 

127f 

-, application of, iv. 127r 
drying powers of, v. 462 
Lintonite, vii. 34r ^ 

Lipaiite, v. 693r 
Lipase, iii. 1372 ; iv. 128r 

— , action of on oils at low temiMratures, ii. 

971 

— , synthesising properties of, iii. 668f 
Upobromol, vi. 6212 
Lipoiodino, iv. 1302 $ vi. 628r 
Lipoproteins, v. 464r 
Liquation, ii. 6262 j tv. 1302 
Liqueun, ii. 3762 

and cordials, iv. 1372 

— , list of best known, iv. 1372 

— colouring ingredients employed for, ii. 
376r 

f French dossificatton of, iv, 137r 
Liqidd mixtures of constant boiling-point for use 
in constant temperature heatmg baths, vii. 24f 
liquids, eritioal densities of, vi. 303r 
— density of, vi. 2992 

determination of density of at own boiling* 
pointy vi. 303r 

organic, talde of surface tension in the 
inisriace between water and various, vii. 863 
• " , solubility of in other liquids, vi. 280r 

, theory of gasogenic and liquidogenic mole- 
cules, vii. 361f 
Liquorice, hr. 1412 
— ^ root, iv. 141r 
Liquor sanguinis, j. 616f 
Lisler*s antiseptic, ii. 646r • 

JUt^ nut, iv. 1422 
Xitliaiiiide, iv. 1431 
Litlisrgs, hr. m ; v. 2932 ' 

se a flux, iii. 2362 

— IMm and levigated, iv. 77f 
*litliiirgitc, iv. 1422 
Idtbiaeinenad, iii. 370r, 6l7f i vi. 3392 
liUdoas, iv. I42r 

• aoe^ylsslicylate, xL 23r 

• atmapnia, iv. 143r 
‘ aaoimide, iv. 146r 

• earbide, iv. I46r 
' carbonate, iv, 1451 

ridoride, hr* 144r •• 

< delate, aari other salts, iv. 145f 

dslasim and satimation of, tv. 142f ^ c 

14lCl43r 


\ 


Lithium oxide and jbsfoxide, 

— - piArate, V. 28w 
— quinate, !v, 145r 
salicylate, vi. 81r 

separation of jkom sodium and potassium 

i. 2622 

silicide, vi. 972 

— special reactions of; i. 2402 
• BTOCtroscopio estimation of, vi. 3192 

- sulphate, iv. 1452 
lithofeluo acid, iv. 1462 
Lithofracteur, iii. 472 
Lithographic stono, iv. 1462 « 

Lithomarge, iv. 146r 

Lithophone or lithopono, iv. 14^* ; v. 40f, 298r 

, preparation and grades of, vii. 694r 

Lithol rubine B, i. 463r 
Litmus, i. 57r ; iv. 1472 
** Little's soluble phenyle,*’ ii. 5512 
Littoral, ii. 4862 
“ laver-resm,** vi. 79r 

Lixiviation, and conditions noocssary for om- 
plete, iv. 1502 
Loadstone, iv. 160r 
Loam, Wmdsor, iv. 1712 
Lobelia, iv. 160r 
Lobelino and lobelidiue, iv. 1511 
Lobinol, iv. 1612 • 

Lodai, iv. 1612 

Lodestone, iii. 6772 

Loess, iv. 1512 

loganberry, v. 646f 

Lo^ood, ii. 590r; iv. 1 522-1 59r 

, bastard, ond distinction between it and red, 

iv. 168r 

, detection of in wine, vii. 484r 

extract, iv. 1682 

, preparation of for dyeing, iv. 1682 

Loiponic or Leuponic aoid, ii. 262r 
Lokanio acid, iv. 1602 
Lokandi, vii. 3192 

Lokao and lokoonic acid, iv. 169r, 1602 
Lohngito, iii. 679r 

Lollingite, IV. 1602 • 

Lomatiol, iv. 160f 
Lonchocarpus, iv. 1612 
Longifolene, iv. 161r 
Lopez root, vii. 872 
Lophophoriiie, i. 3272 ; iv. 3602 
Lfiranaite, iv. 161r ; vii. II 
Loranskite, iv. 16 If 

Loretin, in. 666r ; iv. 16]f ; v. 6422 ; vi. 623r 
Losophan, iii. 656r ; vi. 62^ 

Lotion water, iii. 462r 

Lotoflavin. iv. 1622 

Lotos arubious, iv. 16lr 

Lotusin, iii. 4132 ; iv. 161r 

Loxoptcrygino, v. 6322 

Luargol, t. 386f, 392r: iv. 1622 2 vi. 6422 

Luban meyete or luban mate oleo-rosin, iv. 696r 

Lubricants, iv. 1622 

, chemloal propeitles of, iv. 166f 

, oommoit, IV. 1632 

, definition of oiliness, iv. 1662 

for ball and roller bearings, iv« 1631 

, oilincMNi of, iv. 166r 

, physical jproporiios and testing of, iv, 1662 

Lubrication, Bailey's pendulum oil-testsf» iv, 

166f . 

lor low and htgh-snsed firiction, hr, I6lr 

- lor static friction, iv. 163r 
Lucerne, iv, 167r 
LuoMoMv. 167f| vl. 624r 
Luoiferecoeine, iv. 167r 
JUidus Helittoiitii, vi. 66r 
Lodyl, t 3921 ; tv, 167f | Vi. 6431 
Lnkrabo oil, Ii, 1622 

Utnima, iv. UTtlyimr * 

«)4intD. Iv. IWr 

peints, mimuliuhiMi of* tv* tdlf 



X 


eawitid^ Kr. vi I 29 t 

fr. IM 

Mipeol, iv. legr 
Japfose, il. 5Sr 

LujplM and lupinidin* iv. Ittfii* 

LupWne, iv. ligr, 1692 
Lupnlio aeid, iii. 6271 

Jv*MW or Itipulmw glands, oleo-resii 
Lustreing, iv. 2611 

liUt^i^ or lutecium oxide, ii. 1442; iv. 169f 
vii. 6632 

I/uteoiewie, iv. 1692 
liUteoium, iv. 1692 
liUtoin, ii. 614r 
Luteol, i. 67r 
"Tiuteolin, iv. 160f 

, institution and synthcsiH of, vii. 4582 

> ajying properties of, iii. 2212 

■ if preparation of from weld, and its proportii , 
vu. 4672 and r 

~ sulphateiand hydrochloride, monopotassiu : 
luteolm, totra«aoetyl luteolin and other deri\ - 
tivcs, vii. 467r, 4682 
Luteo salts, ii. 2462 
Lutes, iv. 169f 


r — Tl.***^^* bottle, and plumbers, iv. 1702 

Lutidma, and its mono^, di-, and tricarboxy c 
aoids, i. 6342 
laitidinic acid, i. 632r 
Lycaoonitine, i. 682 
Lyoetol, V. 306f ; vi. 6332 
Lyehnitis, Iv. 2212 * 

Lycine,!. 686r; iv,.1712 
Lycopene, vii. 171r 
Lyooperdin, ii. 33r 
Lyoopordon gemmatum, iv. 1712 
Lyoopodine, iv. 17 i2 
Lyoorine, iv.n7lf 
Lyddite, iii. 30r 
Lydian stone or lydito, iv, 17 if 
Lydin, iv. 171r 
Lygosin, iv. 171f ; vi. 63i2 
Lyons eugar,** vi. 4272 
Lysargin. vi. 6272 • 

Lysetol, iv. 17lr 
Lysidin, iv, 17lr } vi. e33r 
Lysine, iv. 171f, I73r ; v. 4582 
estimation of, v. 45»f 


M 


Hacarite, iv. 1732 
Macassar oil, vi. 662 
Mace, iv. 1732 

— , adulteration of, iv, I73f 
butter, iv. 4062 
, oil of, iv, 6l6f, 6412 
result of examination of fixed oil i 
I74f 

Maokenoite. vii. 46r 
Maokintosbite, iv. 174f 
Ifaoleyliie, v« 471f 

MadurlA and its derivatives, iv. 174f, 683f 

mr 


iof,iv.J762 

m V. 4042 
MaSer, i. 1142 i ii. 590r 2 iv. 1762 

eosunsrol^ preparation of, tv. 179r 
— axtraoti, iv. 18W 
fiovm of, iv, 1802 

K 0 pp*s pfooiss IcNT tfef extraction < 
177r 

4ik4i» iv. tOfJ V. 42r, 432, 8012 
oMsigSf R«iiig»*Si iv. I79r 
use o( in djwuct iv, I30r 
Ifahtaii 46idk tv. ilii 




vi. 


iv. 


Maloiifeira snt, iv. 1311 • 

Magenta, vii. 1392 • 

, acid, vii. 1921 

base, vii. 1892, 192f 
r» iv. 1812 
i, iv. 1812 
Magma, iv. 1812 

, definition of term, iv. 40f 

Magnalium, i. 166r ; iv. 1812 

Magnesia, iv. 1862; see also Magnesium oxide. 

alba, iv. 1812, 1912 

, as absorbent of nitroglyoerin, iii. 44f 

— levis, and alba ponderosa, iv. 1912 

, cobalt pink, v. 2972 

nigra, iv. 1812 

, uses of as refractory basic material, ii. 42 

usta levis, and usta pondosera, iv. 1912 

Magnesite, iv. 1812, 1902 

bricks, v. 6632 

Magnesium, iv. 1822-1062 

acetate, i. 262 

, alloy of with sine, vii. 6792 

, alloys of, iv. 184r 

amide, iv. 191r 

ammonium carbonate, iv. I91f 

chloride, iv. 188f 

sulphate, iv. 1941 

basic carbonates, iv. 190r 

borate, i. 6462 ; iv. 1922 

bromide, iv. 189r 

calcium chloride, iv. 188r 

carbide, iv. 189f 

carbonate, iv. 1902 ; v. 2992 

solubilities of in water saturated wi 

carbon dioxide at various temperatures, i 
190r 


chloride, iv, 187f ; v. 3822 

, crystallised, v. 382r 

citrate, iv. 194r 

Magnesium, electrolytic methods of preparatk 
of, iv. 1832 

euxanthate, iii. 599r 

bogie, V. 3002 

fluoride, iv. 189f 

, gravimetric estimation of, i. 2472 

hydrogen sulphate, iv. 193r 

hydroxide, iv. 1872 • 

hypochlorite, ii. 2102 

iodide, iv, 189f 

lactate, iv. Or 

limestone, use of in furnace linings, v« 863 

metbylammonium arsenate, i4^. 323r 

mono-, di-, and triborocitrates, i. 6602 

nitrate, iv. 1922 

nitride, iv. 19lr • 

oleate, vi. 1642 

oxalates, iv. 7332 

oxide, iv, 1852 

, kiln for dead burning of, iv. 1862 

oxyi^orides, iv. 188r 

perhydrol, i. 6922 ; iv. 1962 

permanganate, vi. 6242 

peroxide, vi, 624f 

phosphates, iv. 1922 

phosphide, iv. 1922 

pierate, v. 2892 * 

, pigments containing, v. 2992 

platinocyanide, v* 3362 

potassiiun carbonate, iv. I91r 

chloride, iv. 188r 

sulphate, iv. 1942 

, properties of, iv. 1842 

, separation of from other metals, L 36U 

silioatea, iv, 1942 

sUioide, Ir. 1942 ; vi. 97r 

sodium carbonate, iv, 19ir 
»-*-«-^peoial reaetioiia d, i. 239f e 

— 0 t 6 tet«» iv, 675r • 

auboxid^ iv, 1871 ^ 

. last % 
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lUgiMMdbm salivate, speoifio gravity of aalatiooB 
( odtttaltting various amounts of, Iv. 1041 
- — suiphkto, iv, lOOr 

— sulphite, iv. lOSr 

tartrate, vi. 600r 

titanate, iv. 194f 

— , volumetrio estimation of, i. 2781 
Hagnetio rotation, v. 3621 
Ha^tite, iii. d63r ; iv. 1961 ' * 

black, iii. 6771 

Masnus’ ffreen sa^^* A.n«) ifA HAriviif.ivAfi. v. Swttt* 
Maharukh, i. 88f 
Mahogany, Cameroon, i. 5591 

nuts, i. 5591 

Mahua or Mahwa flowors, iv. 196f 
Mailleohort, iv. 5301 
Maize, ii. 1371 ; iv. 196r 

, carbohydrates of, li, 1381 

germ oake, vi, 3781 

Maizena, vi. 380f 
Maize oil, iv. 196r 

proteins of, ii, 138r 

starch, das^oation of, vi. 3791 

industry of Great Britain, the, vi. 379f 

m^ufacture of, vi. 3781 

, microsoopical appearance of, vi. 387r 

Malachite, ii. 372r ; iv. 1971 

green, vii. 1851 

Malacon, iv, 197r ; vii, 603r and 1 
MalaJdn, vi. 615r 
Malaria, iv. 197r i <A, 600f, 6161 
Malates, special reactions of, i. 2431 
Male fern, iii. lOdr 

Maleic acid and its anhydride, iii. 2841 and r 

, dihydroxy-, vi. 686r 

Maletto red, vi. 6621 

tannin, vi. 661r 

Malio acid, iv. 197r 

d-MoMaiic acid, iv, 199r 

Malic adds, a- and /i-methyl-, iv. 199r 

— add, detection and estimation of in wincf 

juices, iv. 199r 

* , optical methods for the estiirmtion oi 

in the presence of tartaric add, vi. 696( 

— 1 rotations of various esters of, * 

Mallebrein, iv. 2001 - 

Mallet bark, iv. 200» 

Halonal, iv. 2001 
Malonhydrazide, tv. 2021 
Malonio add, iv. 2001 
, aldehydes of, iv. 2031 

m — c*..! nrv...tna t\t 

— , amino- and its derivatives, iv. 2061 

r *■» " ' ' — - ennilMiRAtion of with AlHflhvdoR. ii 

*2081 


eyano*, derivatives of, iv, 206f 
dihydrozy-, iii. 7311 
- halides, iv. 203r 
halogen, iv. 204r 
•>, hydrozides of, iv. ?02l 
-, bvdroxy-, vi. 700r 
mtrites of, iv. 202r 
tsonitroso-, and derivatives oi 

salts and ckters of, iv. 200f 
adds, substituted, and derivatives o 
203r 

~ anhydride, ii. 85r 
~ eiters, acyl, iv. 204f 

nitro-, and derivatives of, iv. 206i 


2071 


Ifsicnytcar b ainide (malonylurea), v. 4961 
mSUmfhaetk, nitro; ii. 5271 
MeloiUM, iv. 2001 
ICilt^l.070r 

sm 
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MiJtoaextvia, il. 4981; Vi. 3«4I 
MaltodMtriiMh zudtodexdl&A and otbw ftwob 
eonvenion products, vi. 3561 
MaHodextrinio add-A, and maltodextrinio add* 
B, vi. S56r 

ircMaltosazone, and hypothesis of starch trails* 
formation by Lintner and Dtill, vi. 354f 
Maltose, ii. 481 ; vk 3541 o 
wcMaltose,'' ii. 491 ; vi. 354r, 3561 and r 
Maltose, and maltose octa*aoetato, heats of com- 
bustion of, vi. 362r 

isoMaltoso, preparation of, and constants of, vi. 
365r 

Maltose, reducing values of va^ing quantitiee of, 
tmder standard conditions, vi.' 469r 
Malt, varieties of, i. 675r 
Malvidm, i. 340r 
Malvin and salts, i. 3441 
Manaccanite, iv. 2091 
Mandarin G, i. 463r 

orange, oil of, iv. 6411 

Mandelic acid, iv. 2091 „ 

Mandelyl-p-phonetidmo, vi. 6l6r 
Mandelyltropeine, vii. 218r, 219r 
Mandioo and Manioc, vi. 3821 
Mandragora root, iv. 2101 « 

Mandragorine, iv. 2101 ; vii. 2211 ^ 

Manganese, iv. 210r>218^ 

, alloy of with cobalt, ii. 2971 

, alloys of, iv. 213r 

^ of with zinc, vii. 6801 

arsenides, iv. 214r 

, assay of, i. 417r • 

black, IV. 216r ; v. 2981 

blue, and manganese violet, v. 2981 

p bog, vii. 3271 

borate, iv, 216r 

bronze, production of on cotton, ii. 5901; 

iv. 213r 

brown, iv. 2151 

carbides, iv. 2141 

carbonate, native, v. 688r 

dioxide, iv. 2161 

, adulteration of with coal dust, v. 21 

, employed as anodes in electrolytic 

manufacture of caustic soda, vi. 226f 

use of to colour glass, iii. 386r 

, electrolytic estimation of, i. 32 Ir 

, estimation of, iv. 212r 

, ^avimetric estimation of, i. 2471 

, influence of on corrosion of iron, ii. 38 Ir 

linoleate, iv. 2l6r 

lithium phosphate, vii. 216r 

metasilicatc, native, v. 688r 

ore, hydrated, vii. 310r 

oxalate, iv. 21 6r 

oxides, iv. 214r 

peroxide, colloidal hydrated, vi, 6261 

phosphides, iv. 2141 

picrate, v. 2891 

, pigments contalhmg, and manganese green 

v. 297r 

' , properties and detection of, iv. 2 1 If 

, recovery of in Weldon's process, ii. I86r 

, red, V. 646f 

, sep^aiioii of from iron in alloys, 1. 259r 

silicidoB, iv. 2141 and r }tvi. 96r 

soaps, vi. 1541 

spar, V, 688r 

, special roaciions of, i« 2391 

sulphide, iv. 216f 

tetroxide, iv. 2161 

— «trioadde sod heptoadde, iv. 215r 

tungetate, vii, 2571 

, volumetric estimation ol, i. 2781 

Hangsata, iv, 5801 


Mani^ta, iv, flUr, 2181 
Maaiaaoiite, iv. 218r 
M:aagaiiotaAtiAte, vi. 6701 8721 
UmMutm ehtodds. iv. 2181 
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H^aganaut oxide, iv. 21^ ^ 

M 215* • 

7" — to^to, vL eMr 

Manflel-wiinMl, L 56Srj| iv. 218ri m also Map 

Maag-kouder, iv. 894f, 395** 

Mango, iv^ 219* 

Mangolds, u 663fi iv« 218f«; see aUo Mangel 
wonseL • 

, composition of, li. 422f 

Mangostin, iv. 219* 

Mangrove bark, iv. 219f 

tannin, vi. 682*’ 

Maniot or manihot, iv. 219f 
Manjak, iv. 219f 
Manjeet, iv. 397* 

Manna, ii. 64* ; iv. 21 9f 

, use of term for various substance 

d«Mannite, ii. 43r 
Mannitol, ii. 43f ; iv. 220* 

, fermentation of, iii. 163r 

, nitro*, iii. 86r 

d-Mannoketoneptose, ii. 37r 
Mannonio acid, ii. 41* 
d-Mannose ii. 35f ; see also Mannitol. 
Mannotetrose, ii. 62r 
Mannotriose, ii. 51f ; iv. 220* 

Manqueta or manquatav iv. 220r 
Manures, see also Fertilizem. 

,ui.Jl71r-192* 

, anal^is of potash suits, and determinat* i 

of potash in, iii. 189f 

, determination* of total phosphate ' 

188f • 

1 dried blood, hi. 176* 

, farm yard, ui, 172* 

, fish, iii, 174r 

, hoof and horn, iii. 176f 

— , observations on preparing samp 
analysis, iii. 192* 

, oiloe^e, iii. 176f 

phosphatio materials used for, iii« 1* 

, relative value of, iii. 182r 

, speoia 

Map4, IV. 21 
Maple, iv. 220f 
Maqui, iv. 220r 

Maranta starch, microsoopioal * 

387f 

Maraschino, iv. 140* ; vii. 47 8r 
Marble, iv. 220r 
** Marble,” vi. 68* 

Marble, ammonite, iv. 22 Ir 

, BardigUo, iv. 221* 

, black, iv, 221r 

Carrara, iv. 221/ 

, Cipollino, iv. 221* 

dust, V. 299* 

, enormital, iv. 221* 

, forest, iv. 221f 

landscape, iv. 22 Ir 

, lumaohella, iv. 22 Ir 

— , luna, iv. 221* 

madrepore, iv. 221* 

pariau, iv. 220* 

, pentelio, iv. 221* 

Plymouth, if, 221* 

Purbeok and Sussex, iv. 

— rosewood, iv. 221r 

rum, iv. 221r • 

stalagmitio or onyx, iv. i 
varieties of antioo, iv. 22 
Kwrossits, iv. 2221 
Maroisot, vi. 625* 

Mass brandy oil, Ui. 2891 
MMitiiiA, V. 48U * 

MMOtiM. 

llmMtllii.tv.1t88* 

Uinnrio Midi iv. 888 


iv. SSlr , 

l(«goM,i.4S«r . 

Margueritts's salt, vi. 246* s 

ManaUte, chloTide*, sulidiates and oarbodate, vl. 
53f 

Mariool, iv. 225f 
Marigold, African, i. 85* 

Maripa fat, iv. 225r 
Marjoram, iv. a25f 
Marksaol, i. 600r ; iv. 225f 
Marking nut tree, i. 219* 

Marl, iv. 226* 

, composition of, ii. 123r, 289* 

, granular, locally known as ** horsebeana,” 

“ fiag,” and “ shaggy metal,” vi. 200* 

, shell, iv. 226f 

Marlstone or marl-rock and marl-slate, iv. 226f 
Marmatite, vii. 6012 
Marmolite, vi. 69* 

Marmorosis, iv. 221* 

^aroon, alizarin, i. 125* 

— , Immedial, bordeaux and violet, vi. 604f 

— lakes, iv. 21r 

examine, i. 480f 

Mamibium, iv. 22 6r 
Marsala, vii. 478f 
^arsh gas, iv. 313* 

— -xnallow root, iv. 226r 
~ rosemary, iv. 226r 

t^a, iv. 108f 

Martensite, iv. 227* ^ 

Masopin resin, v. 678* 

Mass action, laws of, ii. 160f 

relation of to catalysis, ii. 168* 

Massecuites, estimation of water in, vi. 481* 
Massicot, iv. 77* ; v. 293* 

Massicotite, iv. 142* 

^^astic, V, 311* 

— resin, v. 678* 

tree, the, vi. 606*, 666f 

Mat, vi. 625r 
Matoziette, iv. 227* 

Matches, iv, 227*-246r 

, double tip, iv. 244f 

, friction, iv, 227* 

, making of boxes for, iv. 237* 

— — , manufacture of — 
iv. 235r 

in America, Japan, and Norway, iv. 24 If 
m Belgium, iv. 240* 
in China, iv. 242* 

in Germany, France, and Austria-Hungary, iv 
241* 

in Holland, iv. 240r 

in India, iv. 242r • 

ordinary, iv. 235r * 

in Sweden, iv. 239f 
wooden, iv. 237* 

, materials for stems of, iv. 232* 

, older methods of manufacture of, iv. 245* 

— ^y[>repiaration^ of dipping oompioeitioii, iv, 

, safety and nonpoisonous, iv. 2312, 243r 

• statistics ancL legislation relati^ to, iv. 

234* 

, substitutes for white phosphorus in, iv. 

231r • 

, Vesuvions and “ book,” iv, 244* 

, wax, iv. 2422 

Mat4. V. 78* 

Mateoerio acid, iv. 246f 
Matezite, iii. 634f i iv. 247* 

Matezodam^se, iii. 634* ; iv. 2471 
Matlookite, iv. 87f, 247* 

Matrass, iv. 247* 

Matrine, iv. f47* 

Matte, production of in blast fumacs, Iv. Sin, 
lAu^aniline, iv. 2471 . 

Mauve, aso, B, i. 486* 
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Ifuit&av. MK 

li*jNir*a for oUnloidi, i, 1411 

^ib^aaf TCdiB, V. 67Br 
Mwovt, iv. S471 

nSr; iv. 2471 
Meadow aafroo, ii. 3S3r 
Kealies, iv. 195f 
Mealy root» vi. 3822 
Meat eztraotB, iv. 2471 
•“ — m^ods of analysis of, iv. 2602 
■ , method of manufacture of, iv. 2482 

meal, iii, 1762 

Meooa or Opobalsam oleo-resin, iv. 69df 
Meoonidine, iv. 7192 
Meoonin, iv. 172 

meoonoisin, and meconic acid, iv. 7l9f 
Medieinal produoto, vi. 6082-d43f 
Medinal, iv. 2622 ; vi. 620f 
Medlar, iv. 2522 
MeduUio acid, iv. 2522 
Meeraehaum, iv. 2522 ; vi. 66f 
Megadyne, iii. 222 
Megass, i. 500r 
Mnier, iv. 252^ 

Mekmite, sulphate* and carbonate-, vi. 63r 
Mekooyanin and salts, i. 342r 
Melaconito, ii. 368f ; iv. 252r 
Melampyrin or melampyrite, ii. 44r 
Melanin, vii. 251r 
Melanterite, iU. 680f ; iv. 2632 
Melantfaerines, RO, i. 4822 ; BH, 4832 
Meldoineter, iv. 2532 
Meleoa, vii. 438r 
Melesitoae or melidtose, ii. 52f 
Meliatm, iii. 4132 
MdUbioae, ii. 502 
Malilite, iv. 2532 
Mehnit^ iii. 30r 
iv, 253^ 

Mdiade add, iv. 263r ; vii. 437f, 4362, 4392 

Mdiarin, vii. 437r 

Meli^yl aloobol, vii. 437f, 4392 

Malitoee, ii. 522 

Mditeiom, ii. 522 

Mellitie acid, iv. 253r 

Mekss, iv. 2542 

lielooite, iv. 254r 

Meirohin, iv. 254f 

MMtingopoint, iv. 2552 

— uipanitiis for determining, iv. 2552 

, electrioal methods of determining, iv. 256f 
Melting^pomta of chemioal elements published by 
Unlfcad (totes Bureau of Stands^, iv. 2572 
MMsMn, iv. 267r ; vi. 515r 
KMitrite, vii. 3092 

Mamlffanes, aeini*p«nneabie, and of copper ferro- 
fljanide, vL 2S2lv 
Mendeleaifllte, vii. 261f 
Mendipile, iv. 87f, 257r 
Mendojdte. I. 1792 
Menhaden oil, iv. 257f ^ 

Meollte, iv. 7061 
MMme, the, vi. 3082 
Menimmine, iv. 258f « 

Ifamiw, V. 2031 
MeiMeal, iv. 258r i vi 0182 
' • m.Meiitltadiene.2*oiie, tU. 7242 

, iU. 7232 
v, OSr 

A* t Mwtlnwnii.. iii. 7XSr 
iii. 7S41 

4»A*-|>-M4«4hMi t omi, v. BOBl 
“ vi. 747r 

.v.tir 

ii ll* 

Mirtbwilirtn. iv, tMrl vi. 4l?l * 
Mwil i ii lbo w d. , iv. SMr , , 

^ fv.SMr i vidtW * • 


Menthyl tovaleSate, hr, 258r i vi. 631r 
MeroaptMa and^meraiutoto, iv, 259r 
Meroaptans, ii. 5582 ilv. 258r 
^ , aromatic, iv, 2592 

of the anthraoene seHee, iv. 2592 

of the anthraqulnone series, iv, 2692 

MeroapUdes, iv. 260r 
Mereerisinv, iv. 261/ 

maoKnes for, iv. 2632 

Merooohinol, vi. 626f 
Merooid, vi. 6262 
Mereurio acetate, iv. 2802 

azide, iv. 2802 c 

benzoate, iv. 2802 

bromide, iv. 2772 

chloride, iv. 276r 

double salts and additive compounds 

of, IV. 276r 

, as a precipitant for alkaloids, i. l40r 

, melting- and boiling-point and m{de- 

point pressure of, vi. 419 

use of as a disinfectant, p. 545f 

cyanide, ii. 4d7r ; iv. 2792 

solution, Kipp’s alkaline, vi. 4702\ 

fluoride, chlorofluoride, and oxyflaorido,'iv. 

2782 

formate, iv. 279r \ 

fulminate or fulminating mercury, iii. 281r i 

iv. 2802 

iodide, iii. 6532 ; iv. 2772 ; v. 293r, 

solution, Sachsse's alkaline, vi. 470f 

, use of as a disinfectant, ii. 546f 

lactate, iv. 102 ' 

nitrate, iv, 278r 

nitrite and hyponitrite, iv. 278f 

oleate and stearate, iv. 2802 

oxide, iv. 2722 

oxycyanide, iv. 2792 

p.phenolsulphonate, iv. 280r 

potassium tnymol sulphonate, vi, 6262 

salicvlate, vi. 222 

sulphate, iv, 2782 

ethylenediamine, vi. 6262 

sulphide, iv. 272r ; v. 292r 

sttlphozyohloride, iv, 274f 

thiocyanate, iv. 2792 

Merouriocololeo, iv. 2642 
Merouriol, vi. 6262 
Merourochrome, iv. 2642 
Mercurol, vl. 625r, 627r 
Merourophen, ii. 5462 ; iv. 2642 
Mercurous acetate, iv. 2802 

bromide, iv. 276f 

chloride, iv. 274r 

fluoride, iv. 2782 

formate, iv, 279r 

hydroidde, iv. 2722 

iodide, iii. 652r ; iv. 2772 

lactate, iv, 102 

— nitrate, iv. 278r 

nitrite, iv, 278f * 

oxalate, iv, 2802 

oxides, iv.*871f 

sulphate, iv. 2782 

Mercury, tee aUo Quicksilver, 

iv. 2642U381r 

aoetylide, iv. 278f ^ 

aUoy of with bismuth, 1. 5961 

, alloys of with poteasiuiu, v, 3711 

— al|dia*fanuiobhtvniite, vl. 525f 
amalgams of with*-* 

carintn, v, 5181 
cobalt, ii, 2972 
cine, vii, tMr 

ainino eompouuds and , 

oompoondi . ^ ^ I 85 dnugi, vi. 8MI 

, am mon i aca compo imdi A lv^W9l 
amounta psodiihMl tedhil ywsnv ^ 

I7lr 
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tmmf of. {. 4181 
—*► Atoaert, Vi. estf. «41r 

oarbidi^ iv* 87^ * 

1 oompott^ of emi^oyed as drugs, vi. 6261 

, V— — of with antipyrin; msrourio iodid 

aatwyrin, v. 487r • 

cfeiivatives of aliphatic oompoonds, alk- 
dorivatiirM, iv, 280r 

- — of aromatc cdmpouilds, aryU mercur 
oonmunite, iv. 2811 

— detection of by means of spot test. vii. S'! 

of in explosives by Bpe< 

vi* 3181 • 

diiiftlo-p-phenel-sulphonate, vi. 626f 

diphenyl, iv^ 2811 

", eleotro-dejposition of, ii. 62 6r 

, ele^rol^ic estimation of, i. 317r 

— — , estinmtion of in ores, i. 263r 

flouring or sickening of, iii. 462f 

— fuln^inate, iii. 791 
gallato, iv. 280r 

, gravimetric estimation of, i. 247r 

, green iodide of, iii. 662r 

guaiaool sulphonate, vi. 626f 

, horn, iv. 2641 

— • hydroxyquinoline sulphonate, vi. S25r 

iodooantharidate, vi. 62Sr 

monophenol and other mercurial i 

septios, and mercurials,* vi. 6261 

nitride, iv. 278r 

nosofflien, or tetra 

626r 

nucleate, vi. 62l!g, 627r 

nuelsoproteid, vi. 626r 

organic compounds, classifii ;6f 

, organic denvatives of, iv. 

oxychlorides, iv. 276r 

— peroxide, iv. 272r 

phenate, jv. 28 Ir 

piorate, v. 2891 

— ", poisonous effect of vapour of, iv. 2711 

— potassium iodide, employment of f^'** ific 
gravity determinations, vi. 

— — p«nitrophenot sulpl 
™, properties of* iv. 270f 

, punfloation of, iv. 270r 

— , red iodide of, iii. 6631 
—— oxide of, iv. 2721 

— saUoyloarsenate, vi. 626i 
— • salts of organic acids, iv 
~ soaps, vi. l64r 

— sodium disulphonate, vi 

— soot, iv. 2701 

— sosoiodol, iv. 281r 

— special reactions of, i, 236r 
suoeimmide, vi. 626r 
tannate, iv. 280r ; vi, 626r 

, types of furnaces for treatment 

> use of in pigments, v. 292r 

, uses of, iv. 2711 

volumetric estimation of, i. 27^ 

-sino oyaaide as a disinfectant, 

Mecgal, iv. 28lr i vl. 626r 
HscMin, iv. 281r i vi. 6261 
Moriquinonoid compounds, v, 6871 
Msrlusaa, iv. 281f ; vi, 6261 
Ifmohliiol, iv, 281f 
Msiroquinens, ii. 262f 
ltouxsn», iv. 3611 
MmMtB, ill. 4601 • 

** Mssoal buttons,’* iv. 369f 
ii. 434r 
MMritat iv* Sftir 
|iMitylioa,ii, 4341 
diamiiio*. i. 104f 

asstessfViS • 

rUi 421 
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Mesoxaldialdehyde, iii. TSzr 
Mesoxalfb acid, iU. 7311 
Mesoyohimlnne, vii. 6611 
Metabensdioxyantfaraquinone, i. 130r 
Metaoetone, iv. 2821 
Metaoetonic acid, v. 448r, 

Metadiasines and their derivatives, v, 49h 
Metafulminurio acid, iii. 283r 
MetagalUo acid. vi. 6511 
Motahydroxytoluate of eserine, ii. 6471 
~Iotal, anti-friction, i. 3601 

Argentum, i. 36“' 

, Ashbury, i, 360f 

— , Babbit’s, i. 4991 

, bearing, i. 3601 5 vii. 68 Ir 

, bell, i, 664r ; vii. 631 

Metaldehyde, i. 108r 
Metal, gun, vii. 68 Ir 
Metallography, iv. 4821-3051 
>ta], Misch, v. 6181 

, monel, iv. 3911, 6301 

, Muntz, vii, 6831 

Metals, amorphous theory of, iv. 2991 

, antagonism of to germs, ii. 644r 

, classification of for electro-analysis, i. 31 

, cooling curves of, iv. 2841 

, corrosion of, ii. 377r 

, of non-ferrous, ii. 384r 

, cutting of with oxygen, v, 19r 

• ddformatioD, fracture, and fatigue in, iv. 

3031 ^ 

, methods of taking and recording thermal 

curves of, iv. 283r 

, microscopic study of, iv. 286r 

MetcJ, Prince’s or Prince Rupert’s, v, 4461 

, speculum, vi. 336r 

Metals, protection of from corrosion, ii. 3881 

, separation of by electrolysis, i. 324r 

, of in ores and alloys, i. 263-2621 

, special reactions of, i. 2361 

, typical micro-structure of, iv. 288r 

, white bearing, vii. 64r 

Metal, type, i. 360r ; vii. 64r 

, yellow, vii. 682r, 684r 

Metonilio acid, iv. 3061 ; vi. 493f 
Metaphosphoric acid. v. 2061 
Metaproteins, v. 464r 
Metastyrene, vi. 4171 
Metathioformaldohyde, iv. 326r 
Metatungstates, vii. 236r, 237r 
Metatungstic acid, vii. 236r 
Metavanadic acid, vii. 2981 
Metaxylylauramine, i. 432r 
Metellagio acid, ii. 629r ; iv. 305r 
Moteloidine, vii. 21 6r, 221r 
Methaoetin, iv. 306r ; vi. 6161 
Methtcmoglobin, vi. 3261 

, absorption bands of, vi. 325r 

Methaform, vi. 6191, 637r 
Methal, vii. 4561 
Methanol, iii. 236r 
Methane, iv. 3131 * 

, bacterial production of, iii. 1621 

, bromo*, iv. SlOr « 

, catalytical prepaaration of, ii. 1701 

, ohloro-, iv. 310r • 

, dibromo-, iv. 324r 

, dichloro-, ohlorobromo*, chlorofluoro% ohlor- 

iodo- and diiodo*, iv. 3261 

, diohlorodibromo-, ii. 701 

, difluorodibromo-, ii. 70r 

disttlphonio acid, iv. 325r 

, fluorotribromo-, ii. 70r 

, hydroxy-, iv. 306r 

. oxidatioBLof by bacteria, iii. lOOr 

• tetrabroinb*, it. 701 

, te4raolilon>% ii. 70r 

ttoujodo*, ii. 72r 

^ tribromo*, i* 604r 

, UiMotth, iL 3221 m 
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Metbaite, triohlofobmiiio-. ii* 701 
trioh]oroiiitro*» ii. 2271 

• . tiiiodo., iii, 6ff5f 

ICflthanoiyBii, iii. 570i 

Methaathrane, iv. 228r * 

Methenylamidine, iii. 2i2f 
Methoi;yiM)etyl-flpiaiaool, vi, 632i 
— •p-phenetidiiie, vi, 61 6f 
«-M6thoxyb6nzaldehyd6, v. 09r, e 
3-Meth<Mcyben2aldehyde, 4-hydroxy*, vii. 303/ 
Metiioxsroateehol, iii. 460/ 

Methoxyl, estimation of, i. 296/ 
a-MethoxynaphthoIene, iv. 466r 
Methoxyphenoxyooetio acid, i. 659f 
Methoxyphenylquinoline carboxylic acid, vi. 634r 
m-Methoxysalioylio aldehyde, vii. 306r 
Methosmalol, vi. 617r 
Methoaui, iv. 30Sr; v. 187r 
Methyl, iv. 305r-326r 

acetanilide, vi. 616/ 

acetate, i. 27f 

aoetoacetate, I. 32/ 

acetylene, i. 60/, 161/ 

Methylacetyl sidicylate, vi. 618/ 

Methyl acitrin, vi. 634/ 

Methylacridinium chloride, diamino-, vii. 222r 
Methylal, and derivatives, i. Or ; vi. 619/, 628r 
Methyl alcohol, iv. 306r 
•— — — , detection and estimation of. iv. 307r 

, of in ethyl alcohol, i. 961 

impurities of, iv, 310/ 

, manufacture of pure, from crude wood 

alcohol, vii. 499r 

properties of, iv. 309/ 

purification of, iv. 307/ 


^ table showing percentage of in aqueous 

solutions, iv. 308/ 
a*Methylalizarin, iv. 333f 
Methylamine, iv. 317f ; v. 481/ 

**- mono*, sacchorinate of, vi. 6/ 

, pbytosynihetic production of, v. 266/ 

~ pnrpurate, iv. 399/ 
Methylammoaoetocatechol, iv. 319f 
4*Mi0tliylainino*3-ammoto]ueoe, vii. 169/ 

, l^nitro*, vii. 169/ 

2«Methylainino*4*aminotolueiic, and 2-amiiio-4- 
methylaininotoluene, and their derivatives, vii. 
1661 

Methylaminoanthraquinones, iv. 319r 
Methylaintnocamphene, iv. 320/ 
Methylaminoooumaiins, iv. 320/ 

Methyl m-annno-jp-hydroxybenzoate, vi. 27/ 

— p*aniino*fii*hydroxyl)en 2 oate, vi. 27/ 
2«MeMylamino*8*methoxyquinoline, iv, 320/ 
Methylainiiiothiaxolee, iv. 320/ 
,t*Methyl6iiitiiotoiaene, 6*ohloro*4*ainino*, vii. 169/ 
2 : 4*Methylaminotohiene, 3 : 6*dmitro«, vii. 166r 

4-Methyhiminotoluene, 3 : 6-dinitro-2-aroino-, vii. 

166f 

5-nitro-2-amtiio*, vii. 166r 

6-Mmylamino*m*xylene, 6-aitro-, vii. 648/ 
Methylanunonium oobaltiniiSrite, iv. 323f 
Methyl ii*ainyl ketone, iii. 71 If 

aniline, iv. 326f . 

a-Methylaothraceiie and its derivatives, iv. 328/ 
^Methyianthraeeiie,4v, 330f 
4fo*lletliylaiitliraeene, iv. S38f 
Methylantliraeene and other alkyl derivatives of 
anmaeene, tv. 327f-364r 
, derivatives of ocoumng in nature, iv. 360r 
f-MethytathragBllol, iv. 334f 
aMbyl anthraiulate, and methyl metbylantlirani* 
tite^v, 1011 

MethylanihraaUie add, i. 196f 



l^kiniiio*, i. 108/ 

•ittitio*, iv. 28%* ^ ^ 
and derivaH^ hr. 8081 
and derivatives, iv. 88lf 


8*Methylaiithraquiiioiie, iv. 864f 
Meihymthraqutnone, diamiao^, and deriveUves 
of, i^ I32r 

2-Meihylaathraquinone, m-dibroino*, iv. 8861 
^ethylimthraquinone, dihydroxy*, iv. 338r 
" 6 : 7*dihydrQxy«, iv. 888r 

xy.,iv. 884/ 

6*, or 7 : 8* ; 4 • 6*, or 7*di* 
hydroxy*, iv, 336r 

1- Methylanthraquinone, 2-hydroxy-, iii. 428f 
, 3-, and 4-hydroxy., iv. 329/ and r 

2- Methylwthraquinones, 1*, 3*, and 4*hydroxy*, 

2-Methylanthraquinone-l -mercaptan, iv.^ 836/ 
d-Methyianthraquinone, mispellaneous dyes 
derived from, iv. 336/ 

Mothylanthraquinone, trihydroxy*, vi. 643/ 
2-Methylanthraqumone, 6:6: 7*trihydroxy», Iv. 
334r 

Methylaspirin, vi. 618/ , 

Methylat^ spirit, see also Alcohol and ^thyl 
alcohol. 

, i. 96f 

, industrial, i. 901 

mineralised, i, 961 


\ 


Methylauramine, i. 432f 
Methylbonzanthrone, iv. 360/ 

Methylbenzene, vii. 87f 
Methyl benzoate, iv. 31 Or 

boride, iv. 310f 

bromide, iv. 3l0f 

butyrate, i. 720f 

isobutyrato, i. 72 Ir 

a-Methylbutyrio acid, vii. 290r . 

j8-Mothylbutyric acid, vii. 290/ 
y-Methylbutyrolaotone, iv. 14/ 

Methyl carbtmide, iv. Slir 
Methyloarbithionio acid, vii. 30/ 
Methylcarliostyri], and methylpsmdooarbostyril, 
spectroscopic evidence on constitution of, vi. 
328/ 

Methyl carbylamine, iv. 312r 

chloramine and dichloramiiie, iv. 3l9f 

chloride, iv, 310f ; vi. 6351 

chlorosulphinate, iv. 316f 

cinuamate, ii. 281^ 

Methylcresoltoniiin, oxy-, vi. 631/ 

Methyl Mccyanate, iv. 3Ur 

cyanide, iv. 312/ 

- — Mocyanide, iv. 312f 

cyanurates, iv, 31 Ir 

4 -Methyl-4 : 6-diamino-m-xylene, and derivatives, 
vii. 660f 

4-Methyl-4 : 5-diamino*m*xylene, and its deriva- 
tives, vii. 660/ 

2-Methyl-2 ; 6-diamino-p-xylene, and derivatives, 
vii. 663f 

Methyl 3 : 6*dibromo-6-hydroxy-l-benxoal«, vi. 
6l7f 

diethylglyoylamlno-salicylate, vl. 637/ 

MethyldiUturio acid, ii. 627f 
Methyl dimethylaminoaociate, /l-diroethylamlno* 
ionate^ and y-dimothylaminobutyrate, iv. 


7-Methy1-2 : 6-dioxypiirine, Ul. 616/ 

2-MethyI-9 : 10-diphmylanthraoene» iv. 348/ 
Metliyl dipropyl carbinol, iv. 622/ 

— diseieniae, iv, 81 7f 
l-Metbyldivinyl, iii. 686f 
Methylene azure^i vii. 281 
Metbylenebipbenylqiiinones, v. 684r • 

Methylene blue dver, vi. 626f 

Vromide, Iv. 824r 

chloride, vi. 686/ 

> ohloroliromkle, ^iloroAiioride« end 


dhlofoicdide* ivi 826/ 
ctderot ri bi o ino#, ii. 701 
— -dtmritofUee^^ vi 6181 
oeSBiXMiiids oi iv. 82lr 
eteocote, vi. 4881 
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iMkjfkia k Iv. S 84 r 

— — duntismia. v. 4Mr * 

---- dioottSn, vi. 6991 

aoetylated, vi, 6311 
MetAiyleiie dunathyl^her, vi.d6l9Z 
— — ■ liisaUoyUo iodide* vi. 62^ 
ditannin* vi* 0291* 633Z 

green* iv. d66r ; vil. 281 • . 

pasta* vii. 281 

guaiaool* vi, 6321 

Methyianeguaiaool* aoetylatod, vi. 6201 
M^hyl^e iodide, iv. 8251 

numic acid* silver compounds of, vi, 626i 

— - protooateohuio aldehyde, v, OOr, 3081 

-quinonee* v. 5921 

— ~ eulpliides, iv. 325r 

— sulphonio acid, iv. 326r 

tannin carbamide, vi. 6331, 05 If 

y mrea, vi. 6331, 651f 

, tetrabromo*, ii. 701 

— — , totrabromo-, dibromido, ii. 701 

— totrametliyl, tetraethyl, and tetraproi 1 
diamines, iv. 326f 

thiocarbonate* iv. 326r 

thiocyanate, iv. 326r 

Methyl eosin, vu. 207f 

estimation of, i. 290r 

ethers, chloro-, iv. 3461 

Methylethylaniline, iv. 3271 
Methylothylbonzones, o-, m< 

Methyl ethyl oarbinol, i. 71 
— ~ ketone, id. 7111 * 

Methyl fluoride, iv. 3131 

formamide, iv. *3131 

formate, lii. 2451 ; iv. 

Mothylgluoosidos, ii. 321 
Methylglyoocyamidine, ii. 4 
Methylg]yoooy|tmine. ii. 41C 
Methylgiyoxal, iii, 732r 
Methylgranatonme, tii, 7251 
Methyl green, vd. 104r 
Methylguaniduie, iii. 4761 ; v. 4811 
Methyl^aniiioacetic acid, ii. 4Uh’ 
2-MethybA*diept«ne«6-oii«^, lu. 7 1 Ir 
Bfethylneptonone perozoiftdes, v* 33r 
Methyl hexyl oarbinol, iv. 62 Ir 
isehexyl oarbinol, iv. 6221 

— hydrostimsde, i. 1851 
•— hydrate, iv, 305r 
hydrazine, iv. 3241 

hydride, iv. 3131 


hydroxyethyi ketone, id. 7111 
and letfiylhydrozylamine, 


a-mei yl-jS- 


othylhyciroxylamino, and ojS^dimotliylhyd >xyl- 
amme liydrochlorde, iv. 3241 
9 • Methyl • 9*hydroxy • 1 O^met houcdihydroa »hra* 
oene, iv. 3471 
3«8feUiylindole, iii. 626r 
!•* and 2*MethyUndolos, di. 6261 
Blethyl indone B, K, i. 4631 
iodide, iv. 3141 

ketol,i.33l 

Methylmalonainido, vi. 4271 
Methylmalonic acid and its propcrtien, vi. i 36f 
Methyl menthyl ether, chloro-, vi. 6291 
Bleihyl mustard oil, iv. 3171 
a«MeUiylnaphthalendl its homologues and eriva- 
Uvui, iv* -3671 

homolggues and ertva- 

MMyi atommiiie, iv* 319r 
~^fiikrateiiv. 3i4r • 

nteltei iv* 314r 

MMiylo) carbamle, vi, 6291 • 

iv. 31lr» 733r 

v.Vtr 


MethyltdienylaiithraiMfl, iv* 348r * . 

Ifothylptoyi ether, L 3321 
Methylphenylbydraeine, iii* 686r * 

Methyiphenyl-pyrasoloiie, iodo*, vL 039r 

6- ^^yh2*plmylquinol^-4-oarboigriic acid, v 

Methyl phosidiates and phosphites, iv. 3151 
picrate, v. 289f 

!•* and 2«methyiplperidine, lower critical aolutio 
temperature of, vi. 281r 
Methyl piperonylatrophan, vi. 634r 
Methylpropane, i. 7l3f 
a-Methylpropime, ^-dihydroxy-, i. 7181 
Methylpropiolio acid, v. 4481 
Methyl propionate, v. 4491 
Methylpropylaoetic acid, ii. 201 
MethylwopropylacetiC acid, ii. 201 
p-Mothylwopropylbenzeno, ii. 47 6r 
M^hjrhn-, and methyl-iao-propyloacbinol, 

propyl ketone, iii. 7 Ur 

1-Methyb7*isopropylphenantlirene, v. 683^ 

7- Methylpurine, 2 : O-dioxy-S-'Hw'n^hvlAm >a- 
3211 

5-Methyl purpuric acid, iv. 3991 
Methyipurpuroxanthins, iv. 333f 
3*Methyl-5*pyrazolone, 4 • bromo • 4 - idtro • 
bromophenyl-, and its derivatives, v. 485r 
Methylqumizarin, iv. 3341 
2*Methylqumolme, v. 5451 
4-Methylquinolme, v. 5461 * 

Methylqumolimc acid, i. 633r 
Methyl rhodm, iv. 359r ; vi. 6171 
Methylsaccharm, vi, 6r ; vii. 170f 
Methyl salicylate, iv. 3151 ; vi. 201, 0l7r 

ddodo-, vi. 6281 

seienide, iv. 3171 

stannic acid and methyl stannic bromide, 

681 


stonnoxylio acid, vii. 681 

Methylsuccinio acid, in. 426r 

Methyl sulphates, and derivatives of, iv. 3151 

sulphides, iv. 3161 

sulphite, iv. 316r 

sulphonal, vii. 18 if 

sulphonio acid and ils chioro-derivatives 

316r 

tartrate, rotation d^gpersion of at diflei 

temperatures, v* 368r ^ 

tniocyanate, and isothiooyanate, iv. 317i 

Methylthionaphthenequinone, v. 5841 
Mothyl-o*toluidme, and its derivatives, iv. 31 
vii. 1351 

•m-toluidine, and its derivatives, vii. 141 

•p-tolmdme, and its derivatives, vii. 149i 

•o-toluidine 4-sulphonio acid, and its der 

tivcs, vii. 153r 

2*Mothyl-2 ; 3*toluylenediamine, 6*ohloTO«, 
1551 

Methyi-p-tolylanthraoene, iv. 348f 
Methyl-p*tolyloxanthranol, iv. 348r 
l-N-Methyltyrosine, vii. 2511 
5*Methyluracil, v. 4951 
a-Methylvaleric acid, ii? 201 
y*Methylvalerio acid, ii. 201 « 

^•Methylvaleric acid, a*amino-, iv. 115f 
y>Methylvalerio acid, a*amino*, iv. 112f 
Methyl violet B, vii. 1931 
5 B, vii, 194r 

7*Methylxanthine, iii. 6161 
Methyl-ui^-xyhdine, vii. 64ir 

•o-3-xyliduie, its aoetyl* and nitmo dm 

tives, vii. 6421 

•p«2*xylidine and derivatives, vU* 662r 
•m«4-xylidiie, and its derivatives, vil, & 

— •p-2«oi;yhdiue, 3 : 6Hlinitvo* vii* 662r 
~-^«iis«6«sylidiii6, 2 ; Oniinitro*, vil* 6181 . 

— ««i«6«lylidinsi 4t 3*dinitro», 4 rMrtiii 
2*broiiio*4:3-diiiitfUs aqd 4*hl«8Mh4tt 
iiitro«, vii* 648r 
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5<iiitro-, and its nitfasaminai 

f VU. 04dr 
Metol^iv. d59f 
Metoquinone, iv. S69r 
Metramine, iv. $2Srp SS9r 
Jdeymaoita, vii. 2d4r 
Mesoatine, i. 327i ; iv. 360i, 360r 
Mssereon resin, v. 678r 
MUurgyfite, iv. 3601 
Hibogffa» iv. 394i 
IfioaT^. 860r 

Mioanite or mioanite doth, iv. 361f 
Ifioa-porphyrite, v. 368r 
IGohler’s ketone, iii. 716i 
tficroddin, iv, 3621 ; vi. 632r 
Miorocoooiis urea», vi. 27 Ir 
Miorooosmio salt, iv. 362i ; vi. 27r, 244r 
Miciolite, iv. 362i ; vi. 672i 
Microscopes, metallurgical, and vortical illumi- 
naton of, iv. 287r 
Microsol, iv. 362/ 

Microsublimation in examination of drtica, vi. 

4231 

Middletonite, v. 673/ 

** Hiddlinget,** i. 652/ 

Miemite, IV. 362/ 

Mkiraite, iii. 657r 
Migraonine, v. 480/ 

Migralgine, iv. 362/ 

K , iv. 362/ ; vi. 616r 
V. 362/-381f« 

, afanormal, iv. 363/, 364r, 370/ 

, adulteration of, iv. 376/ 

, amounts of urea in oowa and goats, \ ii. 274r 

, analysis of — 

iv. 370/ 

i*s process for, iv* 370f 
1, iv. 3781 
Qerber’s acid method, iv. 37 If 
Gottlieb’s method, iv. 370/ 

Keusol method, iv. 372r 

*• Sinacid ” and ’’ Sal ” methods, iv. 372/ 

sour, iv. 37df 

Store’s method, iv. 371/ 

— , artificial, from Sova beans, vi. 290/ 

, ass’s, goat’s, sow^s, sheep’s, and buffalo’s, 
iv. 381r 

blue, stringy, red, and bitter, iv. 370/ 

diangBS occurring in, iv. 364r 

■ , dtrio acid and other salts present in, iv. 

368r 

coagulation of by acids, iv. 366/ 

, — - of by rennet, iv. 366r 

— composition of mammalian, iv. 380/ 

condensation of without addition of sugar, 
* iv. 878r 

, oottstiiution of, iv. 367/ 

detection of citric acid in, ii. 283r 

- of Soya bean milk in cow’s milk, vi. 

29br 

determination of — 

pfoteitts in Kitthansen's and Almon’s methods, 
iv. 373r 

ptoleioa in, Tdmatscheff’s and the aldehyde 
metlioda, iv. 874f 

^ suipur^i^l^aviinetiHoally and by polarisation, 

0 **^ ettiination of lactoee in, by the polarimeier, 

gases ol» iy. 369f 
Sninen, iv. 880/ 

taste’s, iv. 3811 

latoescopie charactem of, iv. 363f 
. •-M, normal ecmstitiienta of, iv. 363/ 

powder, and typical analysso of, iv. 879f 
ptesigvntion mod oondanaaiion of, iv. 377/ 
of, sad natuie of organic in* 
edvedTi^Mk* 

>«-*p^eoya bean, vi* JfiOlatid r 
“ ^^eMgMtiitoliefiaelo^ 

a m 




Milk sugar, ii. 46r 

— ^ maaufaotim of by German system, iv. 

381r 

^ of by Swedish system, iv. 382/ 

, vitamins in, vu. 324r 
MiUerite, iv. 382/, 526/, 531r 
Millet, analyses of, iv. 382r 

, composition of, ii. 139 

, great, v. 646/ 

, varieties of grasses to which name applied, 

iv. 382/ and r 

Millon’s base, its salts, and iodide, iv. 279r 
Milossin, vii. 559r, 56d « «• 

Mimetite, vii. 293/ 

or mimetesite, iv. 383/ 

Mimosa dysetuff, v. 443/ 

tannin, vi. 662/ 

Minasragrite, iv. 383/ 

Minelite or 06, iii. 20/ 

Mineral black, v. 209r 

caoutchouc, i. 601/ 

cotton, iv. 383r 

indigo, iv. 383r 

kermes, iv. 383r 

lake, vii. 62/ 

pitch, i. 406f * V. 300/, 309/ ^ 

tallow, i. 601/ ; iv. 383r \ 

waters, artificial, i. 80r \ 

, doioction of hydrogen sulphide in, vi. 

536/ 

fermentation ooourring in, i. 84r 

, metallic impurities in, i. 84r 

^ natural, i. 80/ ; Vii. 876r, 378/ 

, presence of iodine in, iii. 641/ 

^ preservatives in, i. 84/ 

principal saline constituonte of, i. 81 ; 

vu. 3781 

Minervite, iv. 383r 
Minette, iv. 383r 
Mimte, iii. 46f 

Minium, iv. 78/ ; v. 42f ; 203/ 

Minjakdagom olco»restn, iv. 700/ 

Minolito antigrisouteuso, iii, 16/ 

Mirabilite, iv. 384/ ; vi. 250/ 

Mirbano (myrbtmo), esHOuoe of, i. 577r \ iv. 38ir 
Misch metal, v. 518/ 

Miso, vi. 290r 

Soya bean, vi. 291/ 

Mispickel, iii. 680/ ; iv. 384f 

Mitragynine, iv. 384r 

Mitraversine, iv. 384r 

Mochi and Mochvlio alcohol, i. 503f 

Mookorunge, v. 319r 

Moddito, ill. 78/ 

Mohawkite, li. 572/ 

Mohri, i, 67/ 

Moir4e m4tallique, iv. 3861 
Moissanite, iv, 38M 
Molascuit, vi. 440r 
Molasses, vi. 437/, 446f 

ash, composition of, v, 396r 

— , beet ana cane, polarimetric examination of, 
vi. 460 • 

, composition of, vi. 4711 

estimation of water in, vi. 481/ 

Molaasinc, vi. 437/ 

Moldavite, iv. 3851 

Molecular phase hjmotheqji, the, and deduetlcma 
therefrom, vi. 881r 

weight doUthxmMonm, lactoni governing^ Ii, 

430r 


Molerm, iv. 3851 
Molybdate, Iv. 388r 
Mblybdenite* iv. 3831 

MolybdMMna, Jknr ol wttli tv. Bllr 

— — MMy of, i. Im 
— — bhio or iwUgp, tv. Wh 

^.•flMofioilMl.tv.fiir 

rimtioyrtodyimtton of, i. Itlr 


« 



I p.. 

MolybdentiiBt gravimeido acrtimation ol» j. 247f 
himMm and otlmr oompousub, iv. 9^62 
— — oaddtti^ iv* 3871 

, Bepaarfttion ol from other elemente and fror 
ito ores, i. 2562 

Bilidde, Vi. 98f • 

— silver (^anamine, vi. 1242 
special reactions of, i. 2382 

- ai&i^deB, iv. 3882 
^ tannate, iv. 388r 

voluxnetrio estimation of, i. 2702 

- xanthate, vii. 508r 

Midybdjp acid and Molybdenum molybdate, r 

Molybdite or molybdio ochre, iv, 386r, 388r 

Momordica fat, iv. 3892 

Monachit, iii. 172, 28f 

Monarsone, iv. 3892 

Monasite, ii. 1442 s iv. 3892 

Monazites, analyses of various, iv. 389f, 3901 

Monazite sand, extroetion of radium from, v. 63J 

Monel metal, iv, 3012, 6302 

Monite, ii. 339^ 

Monoformin and its dinitro derivative, lu. 24ol 
Monomotiiylommonium hexabromoplaiinato, 1‘ 
323f 

Monopole oil, ii. 681r 
Monotah, iv. 391r 
Monotal, vi. 631r, 6322 * 

Monox, vi. 86r 
Moiitauio held, vii. 4302 
Montauin, ii. 6432 ; iv. 392/ 

Monton, or montaiia'^vax and inoniuni 
391r • 

Montonyl alcohol, vii. 4302 
Montioellite, iv. 194f 
Montmorillonito, iv. 3922 
Montroydite, iv. 2642 
Moon-stono, iii. 127r 
Moraviie, vii. 462 
Mordant dyes, ii. 58 1 r 

— — , acid, ii. 6832 

, motachrome, ii. 6832 

Mordants, acid, ii. 6812 

, basic, ii, 578r 

, colour acids, and fatly, ii. 685r 

, tannin, ii. 6862 

Morganiio, i. 6862 

Morin and its derivatives, iv. 6922 

Murinda oitrifoliu, iv. 3932 

— ^ dyeing properties of, iv. 39 

— • longifiora, iv. 3942 

umboliata, iv. 394r ^ 

, dyeing properties of, iv. 3i 
Morindin, iii. 4132 ; iv, 3932 
Molindone, iv. 364r. 392r. 3932 
Moronal, vi. 624r 
Morphenolquinono, v. 6801 
Morpliigenine, iv. 395r ^ , . . 

Morphine bensylethor hydrochloride, vi. i 

, detection and estimation of, iv, < Hi 

dtaoetyl*, vi. 6222 , . . , . 

dihydro- and its hydrochloricif , vi. 622r 

glucosamine, iii. 406f 

, its s alts and derivatives ; araoun 
{Mine manufactured in 1923, vi. 622f 

methobromide. vi. 622r ^ 

methyl and etlyl ethers, vi. 6222 
. preparation and properties of, iv.^ 

- leaoiions and oonstitutioiaof, iv* 1 
McNndiol Mid morplwnoli v. 160r 

MSphol<!«itoone.v.l«hr 

iv. 3»6r { vi. «2*^ 

Mcwa,,iv.lMr ... 
ll«»logoWi,i.«3rj ui. 4 
lloMloun i* 0»r' 

>*«»»*****?» ‘Yji*®' 

>SSMl7iv.W5r>jl.m 
Mmn, XMlMidi iu> OSi 
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col 

, .ii. ail 

StoMJteYvi.^'nv 

Mothetdiqupr. iv. 395* 

— » •ot'pearl, iv. 89Sr 

Motoh* VI* 16f 

Mbttramite, v* 472r ; vij. 203f, 2942 
Moulds, fermentation produced by various. III. 
169f 

Moulmein oedaii^,u. 1062 
Mowrah flowers, i* 557r 

seed oil, i. 667r 

Moyasohi, vi* 152 

Mucio acid, ii. 422 ; iv, 3962 and r 

Mucilage, iv. 396r 

Mucin, iii. 4202 

Muoonio acid, iv. 396f 

Muguet, V. 10 Ir 

Mulberry, iv. 396r 

paper, iv. 396r 

Mullito, vi. 1082 
Mdldghddd, iv. 3962 
Mum, iv. 396r 
Mummy, v. 3002 
Mundic, iv. 396f 
Munjeei, iv. 3972 
Munjistin, iv. 178f, 397r 
Muroxan, v. 4982 
Muroxide, iv. 397r 
— , constitution of, iv. 3982 
— , dj^eing properties of, 398r 
— reaction, tlie, vii. 286r • 

tost, the, vr* 

Murexoin, iv. 3992 
“ Muriate,’* iii. 042f, 646r 
Murlins, i. 1 12r 

Muscarine, i. 1832; iv. 399r, 4002, 737r 
Muse baur and moschus, v. 1022 
Musooue, V. 1022 
Muscov.ula, IV. 1002 

Muscovite (Muscovy glass), iv. 3b0r, 36lf, 4001 
Mushroom, iv. 4002 
Musivum, vii, 63r 
Muskaldohyde, v. 1022 
Musk, IV. 400r ; v. 1022 
Muskono, ii. 287r ; iv, 400r ; v. 1022 
Musks, artificial, constituents of, v. 1024 
Mustard, adulterations of, and their detection, 
401r 

, analysis of, iv. 40 Ir, 402 

gas, u. 6822 ; iv. 4032 

oil, ii, 6702 ; iv. 640r . 

seed, essential oil of black, antiseptio pi 

iierties of, vu, 476r ^ 

, standards of purity of, iv. 4034 

, i»iiito and black, iv. 4014 • 

Mycose, li. 60r . . i 

Mycosterol, and its identity with yeast sterol, i 

&S62 , 

Mydriasine, iv. 4032 ; vi. 638f 
Mydrol, iv. 4032 ; vi. 638r 
Myoctonine, i. 68r 
Myokynine, i. 5882 • 

Myosm, ii. 138r . 

Myrbane or Mirbono, i. 677r, iv, 384r 
5-Myreene, iv. 4032 

Myrica Nagi, iv, 403r •. . * 

Myrioetin, dyeing properties of, and vano 
sources of, iv. 404r 

, its salts and derivatives, iv* «i3r 

Myricin, iv. 4062 ; vii. 4372, 4391 
Myrioyl aloohol, iv* 4052 ; vu. 437f, 4391 

palmitate, v* 62r 

Myristiea canarica, iv. 4062 
Myristio add, iv. *062* « 

— - — and its mothy' and < thyl «i' 
physioal cKim^ants of, iv. 67 
Myristloa fats, iv. 40M 

avMabariea, fat from, iv* 

— surinamensis, iv. 406f 



HyrA inyrrha^ ili 4S3r 
“ leTiii. m 




< ^,faise.iii. 4821 

Hyrtiodloiiii, iL 6Sdf 
*MyrMll|dln» L SiOt 
HyittlliA and chloride, i. 343f 
Mytilotoxine, v. 479r, 48l< 
Myrtle oil, iv. 4072, 640r 
— waa^ iv. 407r 
Myrtol, iv. 4072 
Mytilitol, m 407r 


N 


Naoarat, i. 4602 
Nafhlan, vi. 620r 
Naftalon, vi. 620f 
Nagyogite, iv. 4072 ; vi. 720f 
Nafto, vi. 200r 

NoQgkiA or leather brown, vii. 1902 
Napelline, i. 662 ; iv. 4082 
Naphtha, iv. 4082 

Naphthame and dihydronaplithacene, iv. 4082 
•diquinone, v. 6832 
Naphthaoene^tunone, v. 680f 

, derivatives of, v. 681r-6832 

Naphthaoridine, i. 70r 
Naphtha, green, v. 742 
Naphthahydroqoinones, iv. 4982 
Ni^thalene, iv. 408r-6162 

, abbreviations employed for names of firms 

xnanufaoturing, iv. 408r 

, addition compound of with picric acid, v. 

285r 

— > amino-, see dlao Naphthylaminos. 

, -, derivatives of, iv. 4362 

— /3-amino-, iv. 449f 
— aminodihydroxy-, derivatives of, iv. 6062 
— , aminohydroxy-, derivatives of, iv. 4842 
and its derivatives, constitution of, iv. 41 If 
— , aso* and diazo- compounds of, iv. 4172 
, bisulphite reaction of, iv. 416f 
carboxy-, derivatives of, iv, 612r 
Napbthaleneoarboxylic acids, dihydroxy-, iv. 
6152 

Naphthalene, chloro-, derivatives of, a-chloro- 
naphthalene, iv. 4192 

— , a-chloro-, disulphonio acids of, iv. 420r 

— , , trisulphonic acid of, iv. 420r 

comparison of properties of with those of 
quinoline, v. 6412 

— , course of reaction in the hydrogenation 
of- 

(1) Reduction with hydrogen in presence of a 

catalyst, vi. 749r, 7602, 7622 

(2) Reduction with sodium and an alcohol, vi. 

762f 

— ^ diamino-, and derivatives of, iv. 469r 

, disiilphonic acids, tabulated list of, 

tv. 464 

— , — monosolphonio aside, tabulated list 
of, iv. 463 

— ^ trisulphonic acid of, iv. 466 
«— di«, and ietracbloridis, iv. 410f 
diaoo-oxides of„iv. 41^ 

«. Naphilialenedtcarboxylic acids, iv. 6162 
Mi^jhthalene, 1 : 8-dihydroxy-4-Bulphonic acid, vi. 

~***dioaofiide, v. 362 
Haphtbaleiiedisulphonio acids, Iv. 423f 
^Itmthalsna, hydiogsoated, dioorboxylic acids 
Avi7a0r 

bydsuigr*, derivatives of, iv. 466f 
telattoa, purification and properties of, iv. 
40fir • 

laws of aubititutiem in naphthalene series, 

ftr puifioation of b«Eof#b]4r4m« 
eata)rat, vi, 7632 

Npn wIsoiibHr compounds ol, iv. 410f 


ihonto 
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Natditlbihms, u«iiitros iV. 4U2 
iv. 423r 

— nitro, derivatives of, iv^ 427r 

l-nitt080«2 : 7*dUwdvoxy«, v. W7l 
> perchloro-, iv, /(Ifir 

— , phyriologioal action ol hydrogenated deri<* 
vatives of, vi. 7842 

, react^fons of, isr. 4102> 

reooveiy of from ooke maaufaotuie. ii. 
3292 

, removal of from ooal gas, iii. 384 

, resolution and optical, woperties of hydro- 
genated derivatives of, vi. 7 84r • 

Naphthalenes, ohloronitro-, iv. 434f 

, diaminodihydroxy-, iv, 666r 

f diamino-, sulphonio acids, iv. 462r 

, dichloro-, iv. 419r 

, , constants of, iv. 412r 

, dihydroxy-, iv. 4982 

, , germicidal properties of, ii. 68jr 

, , production of aso-dyes from au 

acids of, iv. 601f , 

, , sulphonic acids of, iv. 6012 

, tabulated list of disulphonic acids of, 

iv. 603 \ 

, , tabulated hat of monosulphonio ) 

of, IV. 602 

, diniiro-, iv. 432f 

, , disulphonio acids, iv. 4342 

, , monosulphonio acids of, iv.,433r 

, nitro-, disulphonio acids of, iv, 430r 

, a-nitro-, monosulphonio acids of, iv, 428f 

, nitro-, trisulphonic ocltis of, iv. 4322 

Naphthalene, speotroseopic observationsf on, 
333r 

Naphthalenes, tetrahydroxy-, iv. 606r 

, tetranitro-, iv, 434r 

, triammo-, iv. 4662 

. tricbloro-, constants of, iv. 41'2r i 

, tnhydroxy-, and sulphomc acids of, iv. 

6052 

, trmitro-, iv. 4342 

Naphthalene, substitution m naphthalene series, 
IV. 412r 

, suitable plant for sublimation of, vi. 422r 

-a-sulpbomo acid, iv. 422f 

-j8-sulphonic acid, iv. 4232 

sulphonic acids, methods ol preparation of, 

IV. 420r 

, tests for, estimation and uses of, iv. 41 12 

tetrachloride, iv. 41 9r 

Naplitholenetetrosulphonic acids, iv. 426f 
Naphthalenotrisulphonic acids, iv. 426f 
Naphthalene, trivial names employed for sul- 
pbonio acids of, iv. 4172 

yellow, iv. 474f 

Naphthalio acid, iv. 6152 
semi-Naphthalidam. iv. 4612 
Naphthalidine or naphihalidam, iv. 436r 
Naphthaphenazine, i. 439r 
Naphthapurpurin, iv. 61 Or 
Naphthapyrogrilol, hr. 5062 
l^aphthaquinels, tv. 4982 
1 : 2-NapDthaquinono-l-oxiino, v. 606r 

2-oxiin6, V. 606r 

— -1 -oxime, 7-hydroxy-, v. 6072 
Naphthaquinoneoxinies and tlcrivativei, iv. 51 U 
Naphthoquinones, iv. 607r ; v* 6782 

, hydroxy-, iv. 608f 

NaphthaquinoneAdphonic adds, iv. 5112 
Naphtha, solvent, vil. 5182 
Naphtbasultam derivatives, iv* 447r 
Kaphthssiilione, tv. 47^ 

-8<«ttlphoiiio acid, itr. 471f 

— «4«eulplKmio acid, iv. 4722 
•5-su$boiiio tMt iv, 472f 
Naphtha, wood, iVr306f 
Naphthaisaihi and 44enanhthd3ariit, iv, 503f 
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wiv«d tM>l^ 


trisulphonic acids o 


iniennediate prodmei,’* 
lug mattefs, iv« 510r 

mbltf tiie» iv- 5101 * 

Kaphthaanrine B, i. 4861 
1 1 2 « Naphthindandioiie and perinaphthin 
daadione, iii. 7261 
Naphthindone, i. 4631 • • 

Ni^hthine v, 606r • 

Kaphthionio acid» iv» 4401 
Naphthooyanole, v. 2291 
8*Naphthoio acid, 1 -hydroxy-, iii. 6761 
S-Kaphthoio acicL 2-hydroxy-, iii. 6761 
Naphthoic acids, iv. 612r 
— , hyditoxy-, iv. 6131 
a-Xaphthol, iv. 4661 
fi-Xaphthol, iv. 4761 
Naphthol, amino-, 
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}I-Naphthol, antiseptic properties of, ii. 6611 
— , chloro-, iv, 483r 

a-Naphthol, , colour reactions, tests for, an 
estimation of, iv. 466r 
Nanhthol, dinitro-, iv. 2091 
i9*Naghthol, dinitro-, and its sulphonio acid, i 

8-Naphthol-2 ; 4-disulphonic acid, 1-amino-, vi, 

— -3 : 6-disulphonio ^cid, 1 -chloro-, ii. 226f 
a-Naphtholdisulphonic acids, iv. 4701 
/3-Naphtholdisalphonio acids, iv. 4811 
a-Naphtholmonosalphonio acids, iv. 4681 
d-Naphtholmonosulphonio acids, iv, 47 8r 
Ni^^lml, nitroammo-, sulphonio acids c* ' 

a*Naphthol, 2-nitr6so-, v. 606r 
/}-Naphthol, l-nitroso-, v. 606r 
a*Naphthol, nitro-, sulphonio acids of, iv. 4' 

— picrate, v. 2861 
d-Kaphthol picrate, v. 2861 
Nanhtholsalol, iv. 6l6r 


jNapnt 
iv.*493 


Is, amino-, iv. 484f 

uisulpuuiixo acids, i*uuuiutcd lisv 


monosulphonio acids, tabulated ’ >t 
of, iv. 490 . , 

— , sulphonio acids of, iv. 487r 

a-Naphtliols, chloro-, ond their sulphonio ac i, 
iv. 473r 

Naphthols, diamino-, tabulated list of, iv. 49( 
a-Naphthols, dinitro-, iv. 474r 

, nitro-, iv. 4741 

/J-Naphthol^ nitro-, iv. 483r 

a*NaphtholB, nitroso-, iv. 5111 

/S-Nii|^tho]8, nitroso-, and sulphonio acids of, ir. 

a-NaphthoIs, tetronitro-, iv, 476r 
— trinitro-, iv. 4761 
S-Kaphthol-4-salphonic acid, 1 -amino-, vi. 11 
a-Naphtholsnlphonio acids, iv. 4391, 467r, 4681 
B-Kaphtholsnlphonio acids, iv. 477r 
N^aphtholsulpbbnio acids, a-amino-, iv. 4391 
/{•Naphtholtetrasulphonio acid, iv. 4831 
^•Naphthol, tribromo-, vi. 632r • * 

n^Naphtholtrisulphonic aoids, iv, 472r 
B<«Ka{ditholtnsalphonio acids, iv. 482r 
Naphthol yellow, iv. 474r 

S, iv. 4* 

Naphthopierio acid, iv. 4761 
Kfmhthorubin O, i. 467f 
a-Naj^thyl acetate, iv. 4671 * 

^Kafdstl^l acetate, iv. 477r 
Naphthylaininet see also Naphthalene, amino 
ft^Kmlithylainine, iv. 485r • 

j^Kaphthylamine, iv. 449r 
acetyl*, iv, 4591 

a-Ka]^htl^i^ne, acetyl*, eild formyl derive m 

idldrl derfviiivBa ol, iv. 4371 

8llEyl derivatives of, iv. 41 i 
^Ni^tbylssldii*, aryl derivatives of, W 


a-Napbthylamiuo, chloro-, tv. 4481 • 

d-Naphthylainine, chloro*, iv. 4591 « * 

a-Naphthylamine, dinitro*, iv. 4491 ^ 

g-Naphthylaminedisidphonio acids, iv. 4431 
jS-Naphthylaminedisnlphonio aoids, iv. 455r 
a-Na^thylamine, formation of earbamides of, iv. 

a-Naphthylaminemonoealphonic acids, iv. 439r 
a*Naphthylamines, nitro*, iv. 448f 
^-Naphthylamines, nitro-, and nitrosulphonio 
acids, iv. 4691 * 

l*Naphthylamine-8-su]phonio acid. vi. 11 
a-Naphthylcuninesulpbomo adds, iv. 437r 
j3-Naphthylamine8ulphonio acids, iv. 46 Ir, 4631 
jS-Naphtliylaminetetraanlphonic acid, iv. 458r 
a-Naphthylaminetrisulphonio acids, iv. 4461 
jS-Naphthylaminetrisulphonio acids, iv. 467r 
a* and jS-Naphthylauramines, i. 4331 
d-Naphthyl benzoate and salicylate, vi. 632r 
Naphthyloarbinyl-o-hydroxy-m-toluio acid, /5* 
hydroxy-, vi. 6311 

Naphthylone-1 : 8-diazoimine, ii. 613r 
a*Naphthyl ethers, iv. 466r 
fi-Naphthyl ethers, iv. 4771 
Naphthylhydrazines, iii. 6361 
/3-Naphthyl lactate, vi. 632r 
2-a-Naphthylquinoline-4-carboxyUc acid, v. 54S 
a-Naphthyl salicylate, vi. 211, 617*’ 632 
d-Napnthyl salicylate, vi. 211, 61 ir 
Naphthenes, tabulated lisi of typical, wit 
physical constants of, v. 77 
Narceine, properties, reactions, and constitution o 
iv. 71 7r 

Narciesine, iv. 616r 
Naroodeon, vi. 622r 
Naroopin, iv. 616r 
Narootine, vi* 623r 

— |>reparation, estimation, and propf-rties o 

, reactions and constitution of, iv. 7171 

Nargentol, vi. 626r 

Nargol, iv. 6l5r ; vi. 133/, 626r, 627f 

, from yeast, i. 6831 

Naringonin and naringenic acid, iv* 61 5i^ 

Naringin, iii. 413f ; iv. 616r 

Nari oil, i. 5691 

Narki, vi. 6771 

Narrawood, iv. 616r 

Narrin, iv. 5161 

Natalite, vi. 440r 

Nataloemodin methyl ether, i. 1541 
Nataloln, and homonataloln, i. 1641 
Natalolns, i. 1531 

Natroborocalcite. vii. 2541 « 

Natrolite, iv. 61^ ; vii. 5661 « 

Natron, iv. 6161 ; vi. 193r 

Naumannite, vi. 126r 

Nealpon, iv. 51^, vi. 622r 

Neat’s foot oil, iv. 6161 

, hydrogenation of, vL 2911 

Neb-neb, i. 4991 ^ 

Nebulium, iv. 616f 
Needle ore, i. 6941 ^ 

Nees, i. 326f • 

Nelli, i. 198f 

Neoarsenphenamine or neodiarsinol, iv. 5l9r 

Neoarsphenamine, vi. 6411, 6421 

Neooerotio acid, vii. 4391 

Neooeryl alcohol, vii. 4391 

Ndodiaraenol, vi. 6411, 6421 

Neodyxnia, ii. 143r 

Neodymium, iv. 617/ 

**— , absorption sp^trum of, iv. 6l8f 
acetylaqatonate, iv. 618f 
—*—* osrbide, IV. 5181 
•**— carbonate, iv, 5|8r 
«-*3^*eh88mte, iv. 518r , 

ootM4tieysiiide, iv. 5l8r 

‘ d phosphate, tir.518r 
iv, 5181 
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mvsx. 


Neodymium hydroxide aad oxide (neodymie), iv. 

nitrate, iv. 
oxalate, iv. 61 8r 
— sulphide, iv. 5181 ■ 

Keofoim, iv. 518f 
Neogen, iv. 61 fir 

Neohea^, iv. 61fir ; vL 6fi4r ' ' 

Keokharsivan, vi. 6411, 6421 
Neoleptol, iv. 61 fir 
Neon, iv. 41fir 

Neonal and Neonal No. 1, iii. 491 
Neonite, iii. 752 
Neopine, iv, 619r, 719f 
Neopyrin, iv. 619f 

Neosalvarsan, i. 8fi6r, 3927; iv. 519r: \i. 64 W. 
6421 

Neoytterbia, ii. 1442 ; vii. 6632 
Neovtterbium, vii. 6632 
Nephelite or nepheline, iv, 619r ; vi. 1662 
Nephelometer, Bioor’a, iv. 6232 

, Brigooe*8 and Little's, iv. 6232 

, Kleininann's, iv. 623r 

, Kober’s, iv. 6222 

, Marshall and Banka, iv. 5232 

Kicharda*, iv. 6202 

, Weinberg's, iv. 623f 
Nephelomeiry, iv. 5202 
Nephrite, iii. 690r 
Neponite, iii. 3042 * 

Neraltein, vi. 6162 
Nerol, iv. 6262 ; v. 972 

, B, i. 476r ; 2B, 4762 

Nerolidol, iv, 526r 

Nerolin, iv. 4772, 626r ; vii. 5532 

Neroli oil, iv. 6412 

-X— , synthetic, v, 1022 

Nerol tetrabTomide, iv. 526f 
Neryl diphenyl urethane, iv. 5252 
Nesuer solution, iv. 277r ; vii. 3962 
Neuridioe, v. 4fill 
Neurine, ii 2322 i v. 4fi0r« 

Neurodlne, vi, 6|82 
Neuronal, iv, 525r ; vi. 6202 
Nenroloi^, vii. 1762 
Neurotpiiiie, vis. 2fi8r 
Neuwestlalit, iii. 161 
Nevraltesn, iv. 625r ; vi. 6162 
Nevyanskite, iii. 5622 
Ncmdrkite, tv. 2152 

Newton Ooocmtittee, summary of report of, on 
smokn pfovention, vi. 142r 
KieooUte, iv. 626r 
Nkflmnne, iv. 5262, 5302 
Kldcel, iv. 6261 

alloy of with cobalt, ii. 2972 

of ^th manganese, iv. 2l3r 
, attosps of, iv. 629r 

• of with chromium, ii. 2342 

- arsenide, iv. 630r e 
assay of, i. 41fir 

- borm, iv. 530f 

- bromide^ iv, 6311 * 

- carbonate, iv. 6312 

- eaibonyi, iv* 630^ 

- chloride, iv. 6312 

colloidal solutions of, iv. 5302 

- eysnide, iv. 6212 

, aeteetkm and estimation of, iv. 631f 


eieeUo-ds^tion of, ii. 6232 
eieetrotyiio estimaiion of, i. 320f 

smntion of from copper, i. 324r 
, emsrakGii. 5662 i 

iv. 5311 

avimstrio astimailoii of, U 247r 

c. 

,iv.52l| 

^ UiA ii4ine« iv, 53U 
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Nickel, onides of, iv. 6d0r 
— oxide, use of to colour glass, iii. 3371 
-V — phosiikide, iv. 630f 

piorate, v. 2892<. 

, pigment containing, v. 2972 

, preparation of for oatalyais, iii. 6472 

— , preaepce in hydro^aied fate, and offocia 
of on human system, iii. 6062 

, properties of, iv. 628r 

— separation of from cobalt, i. 2602, 820r 

of from cobalt by means of a 
xanthate, vii. 5082 

silicide, iv. 6312 ; vi. 992 

silver, iv. 6302 ; vii, 6812 ' 

, applications of in eleotro»platc trade. 

vii. 5812 

soaps, vi. 1542 

, special reactions of, i. 2392 

steel, characteristics of, iv. 629r ‘ i 

suocinimide, vi. 4262 \ 

sulph-aniimonide, vii. 2642 , \ 

smphate, and ammonium sulphatfi, 

68 If \ 

sulphide, iv. 531r 

tartrate, vi. 690r 

, uses of, iv. 62^ 

, volumetric estimation of, i. 2702 

yellow, V. 2977 

Niool prisms, v. 3422 
Niooteine, and nicotimine, iv. 53 Ir 
NiootelHne, iv. 5322 
Nicotianin, vii. Sir *“ 

Nicotine, iv. 53ir i v. 32ir 
isoNiootme, i. 6312 


Nicotine ammonium molybdate, iv. 3fifir 

, estimation of in tobacco, vii, 832 

, lower oritical solution temperature of, vi. 

281f 

, preparation, estimation, and properties of, 

IV. 6322 

, reactions and constitution of, iv. 532f 

, some data respecting optical rotation of, v. 

357r 


Nicotinic acid, i. 6d2r » 
isoNicotinic acid, i. 6317, 632f 
Nicotinic acid, oa'-dimethyb, i. 6312 

methyl betaine of, vii. 1812 

Nigella se^s, iv. 532r 
Niger seed oil, iv, 5332 
Night-lights, ii. 18r 
Nightshade, woody, u. 5712 
Nigranilinc, ii. 588r 
Nigrisin, iv. 6332 
Nigrophor BAbF, i. 457r 
Nigroeines, ui. 628r 
Nigrotio acid, iv. 6152 
Nim, i. 435r 
Niobium, ii. 3532 
Niimine, ii. 263r 
iso-Niquine, ii. 2642 
Nirvonine, iv, 633f ; 4^. 6372 
Nirvanol, iv. 633r ; vi. 620r 
Niton, iv. 533r 
Nitral, iv. 5342 

*’ Nitranilic sold,'’ v. 1781, 5722 
Nitrate of soda, see Bodium nftrate. 

** Nitrate of tin," vii. 032, 661 
Nitrates, oolorimetrie eetimaiion of, i. 2831 

, detection add determiiiation of In preesiice 

of nitritee, iv. 6061 

— , direct jproduoiion of from gases containittg 
onides of iSmogan, Iv* 604r 
, special reactions of, 1. 1421 
, volumeirlc eaUmatkKn of, i. I73r 
Nltratlnc, IV. 5342f fi. 2361 
Nitration, Iv. 5361 
NHraaoi a L 4572 V 

r 


Nitre, iv. 5362 i v. 4002 
“MUrs^loal(e,*\vl. 2501 and 
iritm,cabl4^vl.222» 
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Iffitre, definition of it 

5|SJ» pwifioation of lot gunpowder, iii, 2r • 
Nitrio aoid, iv. 550/ • 

- — ^ halides of, iv. 663/ 

as a disinfeotant, ii, 539/ 

. Ofttal^j^icalVrepaihtion of,«ii. 170/ 

• ohemioal properties of, iv. 561/ 

» opnoentration of, iv. 588/ 

. ,* detection of free and oombinod, an» 

detepmnation of, iv, 606/ 

— . estimation of, i. 25 Ir 

> fuming, iv. 562r 

manufacture of, iv. 6631 

» physical properties of, iv. 660r 
» preparation of from ammonia, iv, 59f 
~ vacuum process for manufacture o, 
IV. 5fi5r 

anhydride, iv, 556/ 

ether, ii. 662/ 

oxide, hr. 549/ 

oatrf 3 ^ical preparation of, ii. 170/ 

^ , equilibrium yields of in air, iv. 583/ 

, estimation of, i. 302 f 

» ^jubility of in water, iv. 550/ 

T** Tr*T* table of velocities of decomposition o 

, — • table of velocities of formation of frc 

air, iv; 584/ 

Nitrides, hydrolysis of by water, vii. 363/ 
Nitrification, iii. 165/ 

Nitriles, iv. 53^ ^ 

— ^.properties of alipliatic and aromatic, i , 
535f 

Nitrites, colorimetric estimation of, i. 283/ 

— — * detection and detoriiunation of in presen i 
of nitrate^, iv. 606/ 

presence of m leaf of plants, v. 264r 

, special reactions of, i. 242r 

— volumetric and colorimetric estimation < , 
i. 279r 

Nitrobutanes, i. 714r 
Nitrooalcite, iv. 530r 
Nitrocorbazole, ii. 24/ • 

Nitro compounds, influence of in synthetic drui , 
vi, 61 2r 

Nitroethylene, ii. 680r 
Nitroferrite, iii. 16/ 

Nitroform, iv. 640/ 

Nitrogen, iv. 640/->568/ 

, absorption ooeffleient of in water at varlo s 
temperatures, vi. 278r 

, action of— 

on acetylene, ii. 463/ 

on alkaij metal carbonates and carbon, ii. 4 r 
on alkali metals and carbon, ii. 469r 
on barium carbonate and carbon, ii. 460/ 
on carbides of metals, ii. 462/ 
steam on, vii. 364/ 

active, iv. 544r 

, atmoBpherio, utilisation of, iv. 568/~606f 

bromide, and loiUde, iv. 546/ 

•, chemical properties of, iv. 544/ 

> chloride oi^ fluoride, iv. 545/ 

- chlorophosphide, v. 199r 
— • compounds^/ with silicon, vi. 04r 

phartosynthesis of, v. 264/ 

, detection of in organic^mpounds, i. 28 I 
, determination of m fertilisers, iii. 191/ 

— ^ estimation of— 
hf Dumas’ method, i* 288r e 
by ffieldahl’s method, i. 200r * 

by Wfll and Varrenirapp’s method, i. 288/ 

— ^ fixation of— • ^ 

at mnidii. iv. 57ir 
assStHdiSt iy.JI74l 
to aia ptoesssriv. 6311 

to BIrMaiid and ll^e prooess, iv. fifiir * 


NitroAn, fixation of (eoMf/misd)— • 
to n liiiwnr tifooeaB4 iv. 605r * 

by Moscidki, and other fiimaees, iv. 5931 
by Pauling are flame, iv. 590/ • 

by Sohdnheir arc furnace, iv. 589/ 

hexoxide, iv. 555^ 

iodide, iii. 65lr ; iv. 546/ 

, Linde separator, iv. 541/ 

, melting- &nd boiling-point and triple-point 

pressure of, vi. 419 
— ^ — , optical activity of, sr. 340f 
Nitrogenous compounds, table of general selieme 
for phytosynthetic pr^uotion of, v. 267 
Nitrogen oxides, absorption of in are process for 
fixation of nitrogen, iv. 59 Ir 

, oxides and oxyacids of, iv, 547r 

, , estimation of, i. 304/ 

— of and ozone, absorption of in the 

infra-red and their quantitative estimation, vi. 
320r 

I>cntoxide, iv. 555/ 

peroxide, iv. 552r 

as a disinfectant, ii. 530/ 

estimation of, i, 302r 

— ^^preparation of by chemical methods, iv. 

, properties of, iv. 643/ 

, quantitative determination of in organic 

compoimds, i. 288/ 

, revision of atomic weight by density deter- 
mination, vi. 294f • 

, separation of from the atmosphere, iv. 640 

, of oxygen from liquid, v. 12/ 

, specific gravity of liquid, and of solid, iv. 

543i* 

sulphides, and other sulpho- derivatives of, 

iv. 546/ 

tetroxide, iv. 662r 

tsoNitrogen tetroxide, iv. 666/ 

Nitrogen, theoretical considerations involved in 
fixation of, iv. 583/ 

— ; — trioxide, iv, 661/ 

Nitroglycerm, see Glycerin, nitro*. 

Nitrolim, products from, iv, 581/ 

, uses of, iv. 580/ 

Nitromagnesite, iv. 605r 
Nitromagnite or dynamagnite, iii. 44f 
Nitron, iv. 606/ 

Nitronee, iv. 607f 
Nitrophenols, see Phenols, nitro-. 

Nitrosamino red, i. 457/ 

Nitroso colouring matters, v. 605r 
Nitrososulphonio acid, Rasohig’s theory for the 
existence of, vi. 590r 

Nitrosulphonic acid, existenoe of in solution in 
sulphuric acid, vi. 558r • 

Nitrosvl bromide, iv, 557r 

chloride, bromide, and sulphate as diaxo- 

tiaiixg reagents, it. 508/ 

and fluoride, 

Nitrosylselenio acid, vi. 63r 
Nitrous acid, iv. 556r 

acid halides of, iv. 657/ 

reaction# of with sulphurous acid, 

658/ 

Nitrous anhydride, iv. 651/ 

— , estimation of, i. 302r 

tension of dissolved in sulphuric s 

at different temperatures, vi* 668/ 

oxide, iv, 547r 

, use of as an ansesthetio, i. 22U 

Nitroxysulphurio, and nitrosylous sui^urie an 
Divers’ theory lor the existenoe of, vi. 691/ 
Nitryl bromide, chloride, and fluoride, iv. 6681 
Nix Alba, vifl 686/ 

NiriUt vi. 626/ ; vii. 696r 

8{iaye butter and oil, i, 659) • 

Njimo iv. 613f • 

Nomara» iU. 876/ ^ 

Noiia,ii. 1681/ iv. 892f * 



ift<9^onal4ah]ni«i v, 98r 
iv/eiil 

I w adaen to te or Konodeoolo aoid, iv. 6141 
^onoio Adda, iv« 6141 
M<mtromte« iv. 6141 
Ko|wl» iv« 61d 
Noratfoi^, viL 216r, 22lr 
Noxdenraidldiiie, vi. 404r 
Kordmarkite, vi. 6081 
Nofeksat&talaae, vi. 3fil 
Norokaantalol, vi. 64r ^ 

Komi|»ttone, ii. 689r 
Norbyoapyamine, vii. 216r, 221r 
Noritf ii« 484r ; vi. 446r 
Norway apraoe resin, v. 678r 
NoflOfihea, iii, 666r ; vi. 6281, 6311 

aodioni, vi. 630r 

Kaomeite, iii. 3041 
Nomngou oil, i. 5601 
KovaeuUte, vii. 4611 
Novaine, Kutadier’a, it. 8dr 
Novargan, vi. 626r 
Novaiaenobenaol, vi. 6411, 6421 
Kovaepirin, vi. 6171 
Novatophan, iv. 614r ; vi. 6341 
Kovifomi, iv. 61 4r ; vi. 6251 
Novooatne, iv, 61 4r ; vi. 6371 
Novocol, iv. 6i4r 
Novoiodin, iiL 6571 ; vi. 6281 
Kovojodin, iii. 6571 ; vi, 6281 
Novolak, vii. 3001 and r 
Noyau, iv. 1401 
NOo acid, iv. 6151 
Nucin, iv. 5001, 61 4r 
Kucite, iii. 634r 
Nucleic aoid, iv. 61 4r ; v. 4681 

— , {ram yeast, i, 6831 

process for isolation of, and raactio 

of, vi. 627r 

adds, inorganic salts of used as drugs, i 

6271 

Nudein. vi. 627r 
Nudeoprateins, v. 4641, 4681 
NneleosU, from yeast, i« 6831 
Nuloid, vii. 3001 
Nun, iv. 6151 
Nona, iv. 3951 
Nutmeg, iv. 6151 

— butter, iv. 4061 

^ Papua, IV. 405r 

oil, iv. 6f5r, 6411 

Not oil, vii. 3271 
Nutraae, Ii. 941 

Nui^ average composition of edible portions I 
, iv,*616l 

Nux vomica, iv. 6161 
Nycantbes arbor^tristis. Iv. 610r 


Oak applec, iii. 2991 
— , bark and leaves of, i v. fiiOf 
— ... tannin, vi. 662/ 

vi. 6a2r 

wood tannin, vi. 6631 
Oala, iL 1361 

Oaa aliisob, microseopieal appearance of, vi* 1 

Obsayuin, iv. 6201 

Ob^laii, iv. 6201 

Ckiduaioii, iv. 620r 

Mtoao fat, iv. 406f 

Qoino, Iv. 620f 

brown, and ydtow, in. 677r ; y* 
M^,|nMan«v. iff, 2951 
^JSSmL V. 4|r, 2961 

fed or aeariaO and tmmt, iii. 677r If 
. JhMMii# 6961 


Ootaidtloro-aiUeopropano* vi. 91r 
Ckdabedrlle, i« 8261 
Oetabydroni^tbalene, vi. 766r 
nfOctaldebyde, v. 68r 
Octane, o-obloro*, iv. 6231 
Ootanea, iv. 622f 

amino*, and derivatives, iv. 625r 
— a- andfl-hydrcxy-, ir. 621r 

secondary and tertiary chlorides of, iv 

623r 

— iodo*, iv. 6241 
2:4:6; 7«Ootanetotrone, iii. 7211 
eyeloOotanone, iii. 7251 ^ 

Ootitol CgH.gOg, li. 45r 
y-Octodecylbutyrolaotone, iv. 14r 
Octoio acids, iv. 6211 
Octylammes, and derivatives, iv. 625r 
Octyl, and octyl alcohol, iv. 62 Ir 

, benzene derivatives of primary, iv. 626r 

bromides, iv. 623r 

chlorides, iv. 6231 

Ootylene hydrate, iv. 622r ^ 

Octyl, ethereal salts of primary, iv. 624f 
of secondary, iv. 6251 


‘ ethers, normal, and mixed, iv. 024< 


n-Octyl fluoride, iv. 6231 
Octyl hydride, iv. 622r 
tsc-Oct>lhydrocupreme dihydroclilonde, ii. 269/ 
Octyl iodides, iv. 6241 

sulphides, iv. 6241 

, thiophen derivatives of, iv. 0271 

, toluene derivatives of primary, iv 6271 

Odontolitc, vii. 2491 
Odorme, i. 627r ; iv. 627r , 

Odour, and chemical constitution, iv. 627r 
Oellachorite, iv. 3611 
CEnanthic ether, iv. 630f 

QSnanthol, conanthaldehyde, or eenanthie ale 
hyde, iv. 630r 
CEiiidin and its salts, i. 34 11 

or a*nin, iv. 63 Ir , vii. 474f 

CKnm, and salts, i. 3441 ; vii. 474r 
(Kiiocyanin, iv. 03 Ir 
GCnolm, iv. 6321 
CKnomoter, iv. 6321 
Oenotannin, vi. 603r 
Oerstcdite, vii. 6031 
Oil, acorn, i. 691 

• action of nitno and nitrous acids on, 

C60r 

, adjap, 1 . 5691 

, ajowan, iv, 636r 

of allspice, IV 6421 

, almond, i. 1 621 

of amber, i. 1841 ; iv. 6371 

, ananas, i. 326/ 

, anda*us8u, i« 3261 

Dlls and fats, edible, li. 6121 
Oil, animal, i. 627r 

, anise, i. 33Ir ; iv. 6371 

, arochis, iodised, vi. 628f 

, organ, i. 370r 

— , artist's, ivi 1271 

, Bassia, i. 557r 

, bone, I. 627r 

, bean, vi. 2901 

, beechnut, i. 5631 # 

, behen, i. 564r 

, Ben, i. 564r 

, Bcnisced, vi. 691 

, Bergamot, iv. 6871 

, bhen btfk, i. 6931 * 

of bitimralmoiids, 1. 1621; 6661; iv. 63ir 

black, V. 399r 

blue ahclCf mphyod ia piuparalkMi of gi 

boiled# iv. I27r» OOlir 
— « — f bona, I. 927r ^ 

boftfela4iOis, I. tOlf 
iv, Uft 


mm 


on, fNaoluqrs, IfexiMui. It. 9Mt 

tnmUiig, T. lui t 

— eaAalot, i. 7231 

of <Md«, iU. e94r 

Okjnpat, iv. fl87r , 

Ottko, vi. 8781 

OHwJwi, M fertiluera, Ui. 178r 
Qu$ <kalamu8, iv. 637r * • 

, oaonelmeT ii. 21 * 

oaiiaiiga» iv. 644r ; vii. im and r 

, oandle^nut, ii. IM 

oarapa op oarap« ii. 23Z 

, ootaway, iv.ddSTr 

, oardamom, ii. 1621 ; iv. 637f 

# oaaoarilla, iv. 6301 

— - — caasiu, iv. 6381 
— , oaator, ii. 96f 

, Cebu sun-dried, ii. 3141 

, oedar-wood, iv. 6381 

, Ceylon, ii, 3141 i 

, chaulmoogra, ii. 1621 

— — , ohemicai tests lor mineral lubricating, 
1441 

, oherry laurel, iv. 6381 

cinnamon, iv, 6381 and r 

, citron, iv. 638r 

— clove, iv. 638r 

, ooclxin, ii. 3141 • 

, coco-nut, ii. 3121 

, cod4iver, ii. 3161 

— — , — — , identification of, ii. 316f 

— oolsa, V. 6441 

, copaiba, iv. 633r 

copra, ii. 3141. 

, com, iv. 196r ; vi. 3781 

, cotton, V. 314r 

— — > — -seed, ii. 404r, 4061 and r 
— — , crude wood -tar, vii. 6031 and r 

, cubeb, fv. 6391 

, Cummin, iv. 6391 

dead, ii. 4821 

, definition of absolute viscosity of, v. 143 

, dUl, iv. 6391 

, Dippel's, i. 627r ; v. 316r 

, dodder, ii. 21 • 

, esaeniifid of aides, i. 1661 

t — of black mustard seed, antisef 
power of, estimation of in wine, vii. 47 6r 
— —— of Stirlingia Latifolia, vi, 403r 

estimation of in fee<Ung stuffs, in, 124r 

— eucalyptus, iv, 6391 

fair marketable Manila, ii. 3141 
— , fennel, iv. 630r 

— — , Hashing-point of heavy mineral, v. 146r 
— from salvia seeds, vi, 27r 
— — — shale and cannel coid, testing 
materials, v. 1621 

fuel, V. 1471 

gas, iii. 3561 
Qaulthena, vi. 201 

, Qingelli, vi. 691 

gynooardia, ii. 162r 


hardened or hydromnatcHl, iif. 6001 
homp-seed, iii. 6141 
I——, herring, iii. 6161 
hofic*foot, iii. 526f 

hydrojgcnaiedi constants of typical, iti. C 61, 
505 

— , Jamba, iii. 591r . 

K.o«, vi. 551 
Kusum, vi. 561 

Laguna, ii, 3141 • 

fignaloe, iv. 6431 
lima, iv. 640r 
KnidcMi, iv, 0431 ^ 

linseed, iv, 1251 • 

lubdeaiibm lllr 
^maeamar,v# 551 

matae, iv« lOOr ^ 

-w* «l nMmdsrta orange, iv* 5411 


Oil. mechanical testing of lubricating psopar^ 
of mineral, v. 1431 * 

— , menhaden, iv. 357r « 

, mineral, properties of as a (ud, vi. 142r 

, monopole, ii. 681r 

, Mowroh seed, i. 657r 

i mustard, ii. 6701 ; iv. 640r ; vii. 475r 

, nari, i. 5691 

, neot*s*foof,*iv. 6161; vi. 2911 

,• hydrogenation of, vi. 2911 

, noumgou, i. 6691 , 

“ Oil nut,” IV. 406r ; vii. 3271 
Oil, nutmeg, iv, 616r, 6411 
— , oitioica, iv. 6021 
Oil, olive, various types of, iv. 7021 

, orange flower, iv. 6411 ; v. 1021 

, origanum, iv. 6441 

of osmitopsis, iv. 7261 

, palm, V. 631 

, palmarosa, iv. 64 Ir 

, palm kernel, v. 62r 

, parsley, iv. 641r 

, Patchotthc, iv. 64 Ir 

, Pecan, vii. 3271 

, pelargonium, iv. 639r 

, pennyroyal, iv. 04 Ir 

, pepper, iv. 64 Ir 

, peppermint, iv. 64 Ir ; v. 931 

» perilla, v. 1041 

, petitgrain, iv. 6411 

, pimento, iv. 6421 • 

, pine, iv. 6421 and r, 6431 ; vii. 2481 

, wood, vii. 2481 

, polymerised, iv. 6561 

, porpoise, v. 3691 

, Portugallo, V, 3691 

, potato, iii. 2891 

, Provence, Aix, Nice, Var, Bari and Riviera, 

iv. 7021 

pulp, i. 174r 

, purging nut tree, v. 4741 

, rancidity of, iv. 129r 

, rape, v. 6441 

, red, vi. I Ir 

, brown, i. 462r 

rosin, vii. 49 Ir 

, rue, iv. 6431r 

, safflower, vi. 8r, 9r 

, saffron, vi. 8r, 9r 

, sage, iv. 043r 

, sakoa, vi. 15r 

, salad, iv. 1971, 7021 

, salmon, vi. 271 

, sandal wood, iv. 643r 

Oils and fats, acetyl vedue of, iv. 6691 * 

^ determination of iodine value 

of— 

by Hiibrs method, iv. 6661 
Kw Wild* method, iv. 66 V 
I — rin of hv ehemi 

I 51 

of by physical methods, iv. 

6631 

, Reichert (Reiohert-Meissel, 

Reichert-Wollny) value fbr, iv. 6671 

^ saponifioation value of, iv. 6541 

^ systematic examination of, iv? 

5021 

Oil, sansa-songa, vi. 33f 

Oils, animal, table of phydcal constants of, iv, 
590-691 

, , tabulated list of with properties, U 

527 ; iv. 649 

Oil, saidine, iii. 591r ; vi. 50r 
Oih^ blown, a%d boiM, iv. 657r 
Oil, seal, vi. 681 
— r*«JMa*¥mlf liver, vi. 68r 
— S-Tseid, vi. 59r 
I — , seneca, vi. 551 
,Mnin«.U,Slt vi.«8r 



OiUjBdfifi, iodised* vi* 628r * 

^Ms, essential, iv. WMiSi 
— detection of adulterants in, iv. 6861 
t examination of, iv. 638r 

— , prinoip^, iv* 6S6r 

— , undasaided Obnstituents of, iv, 6381 

— (fixed) and late-— 
iv, 6451-691r ^ 

aotion of iodine, sulphur dilohde, and sulphui 
on, iv. 669f 

aotion of osohe, , hydrogen, ohlorine, and 
bromine on, iv. 6691 
Baudouin*s colour test for, iv. 672f 
Beeohi’s colour test for, iv. 6731 
bromide test for, iv. 6721 
determination of in raw material, iv. 6461 

of unsaponifiable matter in, iv. 670f 

efieots of light and air on, iv. 666r 
— of moisture on, iv. 6661 
examination of unsaponifiable matter in, iv 
6S4r 

extraction of by solvents, iv. 6621 
Haiphen’s colour test for, iv. 6731 
LieMrmann*Storch colour test for, iv. 673r 
methods of olassifioation of, iv. 646f 
nitric acid colour tests for, iv. 6731 
oxygen abeorption test of, iv. 6711 
qua&tative methods of analysis of, iv. 6711 
refining and bleaching of, iv. 652r 
soluhihty of, iv. 664r 
sulphuric acid odiour test for, iv. 673r 
tabulated list of with their properties, iv. 64 
teobttioal {imparation of, iv. 646f 
variables in estimation of acid value, ai [ 
glyoerol in, iv. 6761 
Oil, shale, industry of, v. 651 
— , Shanghai, vi. 79r 
— , shark liver, vi. 79r 
— — , Siam lat^olium. vi. 136f 
Oils, mineral, 4uwiAuaMi«u; au*, v. j 
O il, sod, ii. 4S6r 
— , soluble, ii. 68 If 
— , extra cone., !. 467f 

^ Soya (Soja) n ; Soy-ljo»n ; beai ! 

bean, vi. 2901 

— — bean. ebeiniu.Z vv.jijuvjeiv#v*i« i. 
290r 

hydrogenation of, vi. 26 li 
— , nieaniiint, iv. 6441 

, 1^, iv. 640r 

Spikemurd, vi. 8371 

— , Squalus acanthios liver, vi. 339f 
Oils, some nsadings obsoryed for various, n 
lefraetometer, v. 6601 
«Oi]ltoiie, vU. 460r, 4611 
Oil, stvophautbus, vi. 4161 
Oi^^ipgeiable, chemical changes on drying of, 

table of physical constants of, 

686-687 

tabulated list of with properties, r. 

646 

vttleenised, iv. 6601 

wool, various gl^es of, vii. 6071 

— xsiiilioxyhim essential, vii. 6141 
ptl,Taifushi. vi. 643r 
— tamgon, iv. 6441 
— , tea seed, vi, 720r 

, Tael, vi. 661 

ibyiiie, iv, 6441 

, Thymui oapitatus, vii. 471 
— — , tobseoo<«eed, vii. 86r 
TObskn, vii, 871 
— , tops^Bvir, vii. I78r 
— To«ilp|mii4 vii. 1781 e 

— ^ tmhi, vU. 4686 

vii, 827 

B|i4i4of,vU,8261 


Oil, turkby red, ii, 681f ; iv. 6611 
— — aetioiis of hydrodhlorilo aeUU 
eaustio Aiwua ^ earths, f ^ n d 

f aromatic bases on, iv, 6621 
— — , turmeric, and Ate derivatives, viL 2461 
— — , verbena and Indian verbena, iv. 6441 

, viscosity and setting-point of mineral, v, 

1471 r 

walnut, V. S66r ; vii. 3271 

, whale, vii. 4691 

adulterations in, and usee of, vii. 4601 

► , right, southern,- and finner, vii. 4691 

, , No. 0, No. 1, No. 2, No. 3, orfd No. 4, 

water white, whale bone oil, and carcase oil, vii. 
469f 

, wintergreen, iv. 644f 5 vi. 201 

, wood, IV. 698f 

, spirit, oomx>osltion of, vii. 4991 

, wool, V. 314f 

, wormseed, American, iv, 644f 

— — , wormwood, iv. 636r, 644f . 

, ylang-ylang, iv. 644r 5 v. l/)3/ : vii.\ 660 

and r 

Ointment, Cred6*s, vi. 120r 
Oiticioa oil, iv. 6921 

Oiuologbo, iv. 3941 \ 

Okonite, v. 22f, ll6f \ 

Okra, iv. 6921 

Olanin, i. 627r 

Oleander leaves, iv. 694r 

Oloanodyne, iv. 6961 

Olefiant gas, ii. 674r 

Olefines, iv. 6961 ^ 

, estimation of, i. 302f 

, tabulated list, with physical constants < 

V. 76 

Oleic acid, detection, separation, and approj 
mate estimation of, iv. 683r 

, methyl and ethyl estetn, chemical ai 

physical const tints of, iv. 6761 

ozonides, v. 33f 

tsoOleic (para-oloic) or solid oleic acid, Iv. 6771 
Oleic ocid perosonide, v. 341 
Olcocutio acid, ii. 1161 
Oleomargarine, iv. 2221 * 

Oleo-resin diptcrocarpi, iv. 698f 
— — , luhan meyete, or luban mati, iv. 696f 

, Mecca or opobalsam, iv. 699r 

, Minjak-lagam, iv. 7091 

, opobalsam, iv. 699r 

Oleo-rosins, iv. 6961-70 if 

allied to elemi, iv. 6981 

, oharacteristice of, i. 6301 

, Taoamaliac, iv. 698r 

, tur|)entme, vii. 2471 

Oleum animalc Dtppelii, v* 316f 

gyn'ocardlw or oleum chaulmoogrw, 1 

643f 

iapidis oalaminarts, vij, 688r 

theobrotnn, ii. 810r 

Olibanols, iv. 701 r 

S libanum, lit. 4861 
tigoelsse, vi/t661 
Olive, iv. 701 r 

, indantJireno 0, vii. 3l7r 

Oitvenito, tv. 7031 

Olive oik, various types of, iV* 7021 

Olivine, iv. 194f, 703r 

Omeire, Iv. 703r ^ 

Omnopon, iv. 708r j v« 64f t vi. 622r . 

Omorm, vi. 626f 
Ouegite, iti. 4601 

Onion, dyeing propertlni of skins o) ^ iv- 7 
O^frite, iv. 2641, mil vi. 89r 
Ononk rooL Iv. 7041 
Onoanui m&Mm iv, 7641 
C^Xpi. 87ri V. 829r . 

, MmImii, Iv. ftir 

Mr 



nr" 


yaafiottt kinds ol, Iv. 705Z 
Oriuojloite, iv. 221r j vi. m • 

Ophiokte, vi. 60{ • 

Ophiotoxin, vU. 1762 
Ophite, vi. 6S{ , 

Opianio aoids, iv. 705r * • 

Opianyl, iv. Ill - • 

Opianrin, iv. 705f 
Opium, iv. 70e^-720i 

, exports of fmm* Persia in 1913, iv. 711r 

imports of id 1923. vi. 622f 
— I — , — _ of into the United Kingdom, nnc 
exports of from India, iv. 712 

1 physiological action and uses of, iv. 712Z 

— , production of in — 

Asia Minor, ar»A #1iu4'«iA4-4a 

iv. 7071 
China, iv. 710/ 

£gypt, iv. 708i 
India, iv. 709/ 

Mozambique, Algeria, Australia, Europe, nn 
North America, iv. 711/ 

Persia, iv. 708r 

— varieties of poppy grown in India for pr< 
duction of, iv. 709r 
Opobalsam oleo>resin, i\^. 699r 
Opodeldop, iv. 720/ 

Opoponax, iii. 485f 
Opsonins, i. 618/ 

Optical pyrometry, stnd Kirchofl’s definition < ‘ 
the aheolutely “ black body,** \i. 326/ 
Optochin, vi. 623/ * 

Orange II., i. 463f 

III., i. 460/ 

IV.. j. 460/, 641/, 720/ 

A, i. 46gr 

G, i. 463r, 460r 

00, i. 466r 

GHX, i. 463r 

OX. i. 463f 

L. i. 464/ 

MN, i. 460r 

N, i. 460/, 4641 

P, i. 463r 

R, i. 463r, 466r, 470r 

RN, i. 463r 

KR, i. 462r 

T, i. 463r 

TA, i. 479r 

- — , acid, i. 463f 

- Acridine, i. 71/ j NO, 71r ; II Extra, 72J 
• alizarin, i. 125/ ; H and 2K, 470r 

, alkali, KT and GT, i. 484r 

— , aniline, vii. 321/ 
antimonv. v. 294r 

, azidino. Q and R. t. 484r ; D2R, 491/ 

, benzo and benzo K, i. 480/ 

— , brilliant O, O, and KO, i. 463f ; R, 46 ' ; 
O, 479r 

eerezine, 0, i. 462/ , 

— — , eerotine, i. 469r ; O, 462/ 

, Chicago, O, i. 401/ 
ohlonmine G, i. 491/ 

— , ehloropbenine, i. 49 Ir 

— chrome, i. 4for ; ii« 244f ; v. 296r 

— eibaikone, iv* 336/ 

Congo, Q and B, i. 479/z 

, cotton, G, i* 4611 ; B, 471f 

, oroodiie, H, OR, and V, i. 463f 

dianil, N, i. 484r * 

, dlidienyl, RR, i. 4911 

-,dix^a,i.4S4r,4912 
ji — R and Y, i. 484r^ t 

t extra, i. 468r 

^ fast, i. 457N O. 464r ; O, iedr 
^ ikrmat ei|« iv« 6411 / v. 1021 , 

fold, <16^ 469r i fcnr cotton, 46lr 


Orange, ingrain, i. 468/ * 

, insoluble aniline, i. 462/ 

juice, amount of vitamin in, vii. 324I* 

, Kermestn, i. 463r # 

lakes, iv* 26f 

leaf oil, iv. ^1/ 

, Mars, V. 296/ 

, metachrou^p, B, i. 470r 

, motanitramline, i. 457/ 

methyl, i. 58/, 460/ 

, mikado G to 5R, 3RO, 4RO, 5RO, i. 491/ 

, nulling R, i. 470r 

minerid, v. 293r 

, moti R, i. 462/ 

2R, naphthamine, i. 491/ 

— neutral, and Penloy’s neutral orange, v. 
zvu 

, nitro-o-toluidine, i. 467/ 

, oil, i. 462/ 

, osage, li. 691/ ; iv. 726f 

, oxydiamine, G and R, i. 484r 

, palatine, v. 49r 

K, permanent, i. 464r 

, pigment, R, i. 457/ 

, Pluto, G and R, i. 484f 

III., Poirrier’s, i. 68/ 

, pyramine, 3G and 2R, i. 481/ ; R, 484/ 

RT, 484r 

* dyranthrone or indanthrene golden, G, vii 

317/ 

f P5^onal, i. 462/ * 

, pyrotine, i. 463r 

, rouol G and R, i. 484r 

, salicylic, vi. 23r 

, spirit, i, 462/ 

, stilbene 4R, i. 491/ 

, tannin R, i, 462r 

, thioindigo R, vii. 315/ 

, thioxine and thionol, vi. 604/ 

, toluylene, RR, i. 478r. R, 484f 

, tuscaline G, i. 462r 

, xylidmo 2R, i. 464/ 

Orangito, iv. 720f 
Orcein, i. 369/ 

Orchil, i. 369/ ; ii. 690f 
j3-Orcin, i. 688r 
Orcinol, v. 173/ 

, nitro> and dinitro-, iv. 6l2r 

, trinitro-, iv. 613/ 

Ore, coral, iv. 264r 

, feather, lii. 117r 

, horseflesh, i. 700r 

Oreido, iv. 722/ 

Ore, lake, iii. 664/ 

Orellin, iv. 722/ 

Ore, n<^le, i. 694/ 

, poncil, iii. 495/ 

, tile, ii. 436/ 

, velvet, iii. 460/ 

, wheel, cog-wheel, i. 66 Ir 

Orexin, iv. 722r • 

Organotherapy, vi. 643r 
Orichalcum, iv. 722r : vii. 38 Ir 
Oridino, iv. 722r • • 

Origanene, vi, 736/ • 

Origanum oil, iv, 644/ , 

Ormosine and ormosinine, iv. 722f 
Ornithines, salts and derivatives of, iv* 722r, 728 
Oropon, iv. 97/ 

Orphol, i. eoOf ; iv. 723f i vi. 625/ 

Orpiment, i. 385/ ; iv. 723f $ v. 421, 204r 
Orrellin, i. 332r 
Orris root, iv. 7241 * 

Orseilline 2B, i. 47ir 

OrselliniQ aoiaand its derivatives, iv* 7241 
Orsttdan, iv, 725/ ; vi. 640r 
OtRhluninophcnylauraiu^ i. 422r 
Oi^aniSwe, i. 381r * 

Orthin, iv. 72iU a 

Ortbitc»ii. U4i; iv. 726/ 



Ortho fteriae L 46ffr 
Oxthoehiotitos, vii, 4Sr 
^Ortbo^toxo T, V. 22^1 
- Oithoeia8e-pox|iliyry» v. S68r 
Oxthoform, iv. 72fir ; vi. 2% 636f 
— » now, vi. 271, 336r * 

floli^onated, vi. 271 

OxthopkoBphoxto add, v« 2031 
— . , table of speoifio graidtiee of varion 

e on oeatffationa of eolations of, v. 2041 
Orthoeilidc add, vi. 8^ 
ot in 


87r 


» preeenoe of in Portland cement, vi 


Orthovanadio aeid, vii. 2981 

Qitiion, vi. 624r 

Ortol, iv. 726r 

Orysanin, iv. 725r 

Osage orange tree, ii. 5911 ; iv. 7261 

Oasaonee, iu. 640r ; iv. 7261 

Oecine, vi. 56r ; vii. 2211 

Osmio add, bactericidal action of, ii. 6461 

Oemir^ium, iii. 6621 

— , oompoeition of crude from various source 
V. 326 

Osmitopsis, oil of, iv. 7261 
Oemiam, iv. 7261 

, halogen derivatives of, iv. 727r 

nitrate, iv. 7281 

— , oxddes of, iv. 7271 

, spedal reactions of, i. 237r 

sulphite, iv. 7C7f 

tetrasulphide, iv. 727r 

vohunetrio estimation of, i. 2801 

Osmoii^reB, iv. 7281 
Osmosis and related properties, vi. 2861 
Osmotio pecMnxre, and its determination, vt. 28 
— — views on the origin and mechanism 
vi. 2881 

O ss dne , iu. 4l8r 
Os aepiai, vi. 66r 
Oswm, vi. 380r 
OtavSe, tv. 7281 
Otoba butter, iv. 7281 
Onabale add, iv. 728r 

Ouabain, and its pharmacological action, vi. 4 m 

Ooabalo, iv. 7281 

Ovalbumin, ii. 613f 

Ovpi^obttiin, lii. 613r 

Ovomucoid, ii. 6141 

Owata beans, v. 83r 

Owla, L 108f 

Oxalate blasting powder, in. I2f 
Orai a tee , npecial reactions of, i. 241r 
Oxalic »oidl detection of, iv. 7321 

estimation of, i. 2621 ; iv. 7321 
— r— , lermentatioa of, iu. 1701 


— - — > normal solutions of, i. 6lf 

— ooourrenoe and preparation of, iv. 

, properties of, iv. 7311 

Oxilyl bcDxnkle, iv. 7341 
Oxalylesrbainide, v. 631 , 

Oxaiyl chloride, iv, 7341 
Oxoione oolonruig matters, iv. 734r 
Oxadnea, quinonoid rearrangement of, v. 606 
Oxidst, Stxmish rod, vi 42r 
> Oxides, table of heats eff hydration of, vii. 36< 
Oxiadot^ h 1971 
OxxMiit0,lii. 23r 
Oxpoione, v. 27r 
fh^aeantlima, iv. 738f 
Oxyaeids,lil. 5711 
Omanthine, i. 584f 
a^hiyoavhitiil, ^ 

9L 2251; and on 
fthem, vi. 822r 





V, Mii vi. 620r 

U.mi 


.evtdonas on for 
lulift of laotaxn 
c 


tad 


OxsTgen,' absorption ooeffloisnt of, in Mbr at 
varioils temperatuies, vi. 278f 
— absoxpti^ of by platinum, v, 3311 
applieations of, v. 9r 
, ooeffident of aehibiUty of, v, 5f 

p cost of production and ptoperties of, v. 5r 

, effects of inhalation of, v, 81 

, employment'of in ^as analysis, i. SOOr 

— industrial production and uses Of, v. 181 

, influence of dissolved on solvent action of 

water, vii. 393r 

, liquid, V, 61 

, metal outtmg by, v. 19r‘ 

, methods of testing and jostimation of, 1. 

302r ; v. 8f 

, occlusion of by silver and other metals, v. 


ooourrenoe and preparation of, v. h • 
preparation of on industrial scale, v« i 
production of by electrolysb of watj 


— , of by liquefaction of aia. v. 10 

, quantitative determination of in 

compounds, i. 293r 

, separation of from liquid air. Clam. 

cess, v. 161 \ 

, of from liquid air, Lindens process, V. 

121 

, volumetric estimation of, i. 2801 

Oxyhcemoglobin, absorption bands of, ^i. 326r 
Oxymdicanin, iii. 6031 
Oxybquit, in. 241 ; v. 20r ^ 

Oxyli^, V. 20r 

Oxymethylcne tannin, vi* 632r 

Oxynarcotin, iv. 718r 

Oxynevrme, i. 686f 

Oxynitro zauibeletti, vi. 6261 

Oxyphenine, v. 20r, 4401, 443r 

Oxyphenylquinoline dioarboxylic acid, vi. 6341 

6-Oxypirme, 2*axmno-, iii. 476r 

OxyproUne, v. 446r, 4681 

6-Oxypunne, iit. 6801 

Oxyquinaseptol, v. 6421 ; vi. 630r 

Osobmizene, v. 34f 

Ozokerite, i. 6011; v. 20r, 116r, 3171 

and ozokerite pitch, their electrical qualities, 

V. 3171 

, North Americcui or Colorado, v. 21r 

vaseUno, v. 22r 

Ozone, as a disinfectant, Uu 5361 

** Ozone carriers,’* v. 321 

Ozone, detection and determination of, v« 281 

, heat absorbed in formation of from oxygen,"’’ 

V. 271 

, industrial preparation and appUcations of, 

V. 291 

, preparation of, and the Baemens induction 

tube, V. 22f 

1 preeenoe of in atmosphere, i. 4261 

, properties of, v. 251 

water, oompositioii'of, v. 261 

Qzonides, v. Sir 

pieparatica of, v. 32f 

, properties of, v. 331 

Ozonisers, Siemens and Halski, Audreolh snd 
Otto, V. 28r 

Tin4ai-de«Frise, Abral]ium*llannier, QiO» 
nair, Elworthy, Howard Bridge, Vosmasr, and 
^ Qmafd, V. 3& 


Paebnolafe. y. 351 « 

Faehwsi, I* oOU 

Faeiclongt hr. 5201 1 y, 251 f vIL U9k Wl| 
Faektoiqb 22 $ Fackfoiig, ^ 
T»ao«tgm — 


« . 



Jit». i. 88f 
raints, v. *«i^9r 

•>»ti*fonling, tutU-oonoaive, or mwervativi 
^ bottonw, oto., if 

blaok» V. 47r 

— • blue, V. 471 • . 

- — oomposition ol, v. 46r ' * 

siccatives ior, v. 4($r 
— , wm and eictenders, v. 41Z 

* »re*proof, v. 48^ 

» g<^d, V* 49{ , 

— , grease, v, 49i 
— , green, v. ill 

• finding of, v. 38r 

, uteraiure of, v. 49f 

— , luminous, v. 47r 

, media or vehicles for, v. 45r 

, mficing of, v. 39f 

— , oils employed for dryuig, v. 481 

^4^^^*^^ 4ners for, zumatic, and Guyemer* 

— , r^ and brown, v. 471 

selection of palates for oil, and for wate 
colours, v. 451 

, silver, V. 491 

, water and washabU^. v. 48r 

water «proof or damp-resisting, v, 481 

" » white, V. 46r 

, yellow, V, 471 

Palau, V, 49f, 50r 
Paluian<}er wood, v, t9f 
Palludic chloride aijd trichloride, v, 61r 
Palladium, v« 49r 

— ---, absorption or adsorption of lu'drogon b , 
lit. 548r} vi, 280r 
— — , alloys of, v. 60r 

, aminotfla salts of, v. 60r 
— cldoridc, use of in estimation of iodine, i . 
654f 

— electro-deposition of, ii. 625r 

, electrolytic estimation of, i. 318f 

*' Pallium hydrogen,'* v, 611 
Palladium iodide, iii. 6531 
— , Qooluston of by oxygon, v. 71 

, oxides of, v, 511 

— — red, v, 42r 
— — silicides, v. 521 ; vi. 991 

special reactions of, i. 237r 
Palladodiammino, v* 51r 
FftHatliTfftmiiiinfti v. 51r 
Palladous ohioridc, v. 5ir 

oyaoide and thiocyanates, v. 521 
siitrata, v. 621 
Belenkies, v. 521 

-'--^sulphate, sulphides, and tluosulphatec v, 

Palsuarosa oil, iv. 64 Ir 

Palmatine, v. 521 

Pahnaiisine, i. 651, 691 

Pahniaool, v. 521 ; vi. 63lr 

Palmira root flour, raw, vi. 6451 • * 

Palmitic acid, v. 621 

and its methyl ami ethyl es ra, 
ciiemical and physical constants ol, iv. 67* 
Palm harael oil, va 52r 

*m,> m III y, 031 

use of as lubricant, iv. 1641 


Palyimklta* i. 395f 
PamibiCils^ Iii, 


23f 


Pmids«mita» i. 643f s a. 3351; v. 54f 
PanMiitiiia^ v. 54r ^ 

•*Pimsalt8^’irl.350r • • 

PMlidfpiiil, fv* V* 54r ; vi. 632r 

Pipalai V. 34f« Ml 

Paj^vammlna and ]^topapaveriiie» iv. 7191 


“ 701 

Pa^mesine, reaetioiui and constitution sof, iv. 

Papayitt, v, 841 * • 

Papayotin, v. 54r 

Paper, v. 54fw62r • 

, bleaching of material employed in manu* 

faoture of, v. 571 

, boiling of materials employed in manu* 

faoture of, v. 55r 

-, cleaning of raw material employed in manu- 
facture of, V. 551 

-coal, V. 62r * 

, estimation of starch in, vi. 3961 

, hand, and machine made, v. 601 

making, boating of bleached pulp employed 

in, V. 501 

» calendering, web-glazing, and friction* 

glazing, V. 61r 

colouring of pulps enmloyed in, v. 69f 

esparto boilmg, v. 66* 

, loading, v, 591 

, recovery of soda in, v. 61r 

^ sizing, v, 691 

straw boiling, v. 60r 

mulberry, i. 696r 

, parchment, ii. 114f 

, recognition of esparto fibre in, ii. 648r 

, Swedish, ii. 112r 

Papers,, Willesden, ii, 3691 
Pappili-ohakka, vii. 3191 
Paprika, v. 921 • 

Parabanic acid, alkyl, aryl, and subotituted deri- 
vatives of, V, 63r 

and its salts, v. 631 


Parabismut, vi, 6251 
Paracodein, v. 641 ; vi. 622f 
Paradol, v. 641 
Parafactis, iu. 1151 
ParajOui, v. 641-781 

, aualvsis of scale of, v, 1461 

, employment of as an insecticide, v. 3221 

, estimation of oil in scale of, v. 144r 

, of woter and dirt in, v. 1451 

, liistory of, V, 65r 

Parafiinic cwjid, v. 781 

Paraffin, melting-points of, v. 1441 

, refining of, v. 75r 

, separation of solid, from products of 

distillation, v. 751 

, shale oil industry, v. 651 

Paraffins, tabulated list of normal, and physical 
constants of, v. 76 

Paraffin, testing of oil from shale and connel coal, 
V. 1521 

, uses and production of, v. 64r • ^ 

Paraform, ii. 647r , 

Piwafonnaldehyde, ii. 547r 
Purafuuhsin, constitution of, vii, 1841 

, preparation of, vii. 187f 

Paragonite, iv. 3611 
Paraguay tea, v. 781 
Parahopeite, vii. 5961 
Piuralactic acid, iv. 101 
Paralaudin, vi. 622r^ 

Paraldehyde, i. 1081 * 

Paraldol, i. 1121 

Paralysol, vi. 6311 • 

Paramagonta, vii. 187r 

Paraminoplienylaurazaine, i. 422r 

Paramol, v. 78f 

Paramorphan, v. 641 ; vi. 622r 

Paranaphthalene, i. 344r 

Paranil, i. 4571 . 

Paranisidine, i. 8321 

ParapropiUd^iyde and metapropaldehydct v« 447f 
PararosanUine derivatives prepared by 
method, vii. 1951 m 

I i^b>Mormad.hyd.. iv. SXH 
I Paratophaa, v« 73f ; vi. 634r 
I Paratungi^ aoid* vii. 3361* 
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vii. 318r , 

Pai^nithiiie, v. 78r 

( — 8<<dbUofo« and other derivatives of* v. 79f* 

, dalts of* V. 791 

^ l^araaone* iv. 92di i v. 79r 
Parasenes* v. 79r 
Parohment* v. 79f 

paper or vegetable parohmont, v. SOr 

— , properties and uses oft v. 81i 

$ vegetable, ii. 114r 

Pareira root* v. 64i 
** Parfait amour*” iv* 140i 
Parigenin, vi. 51r 
PanUm, in. 415r ; vi. 61f 
Parisite, v. 81r 
Parsley, v. Sir 

, foors, i. 861 

oil, iv. 641r 

Parsmp, v. 831 
Paiting* V. 831 
Partmium, v. 8.3r 
Parvoline* v. 83r 
Pasooite, v. 83r 
Patchouli alcohol, li. 91 
— — oil, iv. 641r 
Patina* v. 83f 
Patrimte, i. 5041 
Patronite, v. 83r ; vii, 2941 
Paueine, v. 83r 
Pawlownia oil, v. H3r 
Pawpaw, v. 841 
Pnyena oil, i. 5691 
Payta bark, v. 531r 

Paytine and pay tamine, ii. 279f ; \ . 1*321 
Pasham, i. 1551 

Poa,)Uid oomposition of various vitiiotiosof, v. 841 

and r. 


Peach* v. 851 

, and peach brandy, v. 851 

Peachwood* i. 6581 ; ii. 600r 
Pea*nut* v. 84r 
Pear* v. 85r 
Pearoeite, v. 3641 
Pearl ash, v. 85r 

barley, it* 1371 

— ~ -hardening, v. 85f 
PearHie* v. 861 
Peaiis, V. 861 

f culture and mutation of, v. 86r 

Pearl smter, v. 861 

, amok^, iv. 3961 

white, i, 6001 and r ; v. 861 

Pear* prickly, v. 438r 

Pba stareh, microscopical appcviraiioc of, \ i. 387r 

Peat, oomposition of and uof^ of oh fuvl, iii. 253f 

Pebble* Brasilian, v. 529r, 5391 

Pecan oil, vii* 3271 

Pectin and peetie acid, v. 871 

PeelooelliiloM, ii. 1 16f 

I^Clargonetiim L 3421 

Pelac^nic add, iv, 6141 

Pelargoiitdin and derivatu’cs, a 3381, 34 Ir 

Pdar^onui and lU chlondc, i. 34If 

Pdargottium oil, iv. 639r 


PeUstienne, v. 871, 3661 < 

^ iiepeUetierine, ai|d motbyl-prllctierine, v 

7Wi v. 3M 

vi. <nsr 

PeUBory ledn, v. 678r 
PdMa# iv, 360r 
ldlotiiie,L 32711 iv. 3601 

^ spying or indelible ink, ii. 373f 
Tod, iv. 64 If 
ne, V. 681 

I V wiladeeatote peniadecoic acid. V. 881 

vi. mi 

iMNwHiiyim diamine, v, 4801 « t 

J t tlkAM A 

I i iii* 7261 


Pentane, y-hydroacy«8-meihyl-yvetbyl-, iv* 6221 
d-hydroxy-jSW-trimethyl-, iv* 6221 

, g.5M>thyl.y5Syl., iv, 6231 

ggy-trimethyl-, iv. 6281 
£.pentimone, iii. 711r 
^cloPentanone, iii. 7221 
Pentasilane, vi. 901 
Pentathiomo acid, vi« 65(d 

^ reactions of, vi. 55 Ir 

Pentines, i. 511 
Pentlandite* iv. 5261 ; v. 881 
Pentoio acids* vu. 2901 
Pentoses and pentosans, ii. 381 

^ estimation of, vi. 472f 

^ Krobor*8 table for estimating, vl. 

473r 


, formula of, ii. 26f 

, methyl-, u. 391 

Poomdin and its salts, i. 3401 
Peoiim and its salts, i. 3431 
Pepper, v. 88r 

, bird, ti. 20r 

, cayenne, V. 0 If 

^ ^ oomposition and odulteraiiou of^ and 

detection of adulteration in, v. 921 

^ ^ Qffi( ml Bttmclards for, v. 93r \ 

• chemical anal>HM of, and average com^bst- 

iion of usli of, V. bol ^ 

, comrioBition and (uluUcration of, v. 891, 
679r 

PeppoTotto, v. 891, 679r 
Popper, Jamaica, iv. 6421 

, long, v. 911 

Peppc'rmuit, v. 93r, 3081 

cordial, iv. I40r 

oil, IV. btir ; v. 931 

Pepper oil, IV. 64 Ur 
resin, \ , 8791 

, I'nitcd States htandaidM for, vw 911 
- wood, VII. 260r 

repein, or |m pHiiiiisc, at. 1 tOr ; v. 93r 
PeptfiM^s, 111. 1401 
Pcptidw», v. 464r 

PcptoiicH, V. 46 If » 

Feras, 313r 
PerboratCH, i 849r 
PtrlMirax, 1 6l9r, v. (Ml 
i^ercarbonates. v. 941 
IVrchloratCH, estimation of, i. 2761 

, special nwu tioiis of, i. 242r 

l^crclilorethone, i. 49/ 

Perchlorethyleno, t. 491 
Pcrcliromic acid, ii. 2451 
Pcreiro bark, 94r 
PorcAone, v. 94r, 577f 
PerfumcK, s^nthotio, v. 954>-l03f 

aldehydos employed as, v. 98r 
aromatic acid enters cmpkiycd ha, v, 
981 


, — aloolmls occurrmg in, v. 97f 

, — , - al4h4i>di«s employed in, v, 99r 

~ , — , compounds containmg nitrogen cm* 
ployed HA, v. 1011 

, ^ lutty esters employed as, v, 97r 

, — , ketones employed as, v. 1001 

— ...... , Jactoite and oxide employed tm, V* 

1011 

— , ^ olefinie terpene alAhols occurring in, 

V. 95r 

, ahlohydes employed ae, 

m 

— seequiterpene alcohol ocourring in^ 
V. 971 

•**•',^00 of synthetic cntistaiieM In the bi endin g 
of, V* 1911 
Pfwgen, iv, ? 

Pemydrit, U* 63W I id, 924r 
PcHiydrol, v, 193r f vi 9i4r . 

^^Pei^aea, iv* tsitf | v, t99r 
riMdoteDiv. IMr 
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BttrtdbUte, V. 1041 

PeHkMl, V. 3Sar * 

^Iald«fa9<d6, V. 1041 * 

IPevilU oil, V. 1041 

Bcffiodfttei, special reactions of, i. 242r i 

Periodic adds, iii. 6011 • 

Perkitaltin, v. 104rl vi* 6431 
Perieterite, iU. 127r 

Permat&ganates, disinfectant pfopertie»of, ii. 0441 
Per m anganic acid, iv. 2181 • 

Amnidan, v« 104r 
Parmolybdio acid, iv. 3881 
Permon^, v. 104r * 

I, or Clestelhs-pormonito, and permonite 

SGB, ai. 211 . 

Permutite, and uses of, vii. 4231, 066r 

proceea for softening water, i. 6231 

Permutito, vii. 422r, 4231 
Pernambuco wood, i. 6681 
Pernitriaaoid, iv. 662r 
Perocide, v. 104f 
Perofiskite, vii. 701 
Poronino, v. 104r ; vi. 6221 
Peroxidase, iii. 1411, 1421; iv. 7301 
Poroxols, ii. 5391 ; v. I04f 
Poroxydases, iii. 1411; iv. 7301 
Pony, V. 80f 
Penieito], u. 40r 
Pereeulose, ii. 381 * 

Persian berries, ii. 5011 1 v. 1051 

.• dyeing properties of, v. 106r 

Persimmon, v. 106f 
Poreis, i. 3601 « 

Perstannio acid, vii. 62f 

^ oxide, vii. 601* 

Persttlphates, vi. 0521 
^ , as hand disinfectaniB, ii. 5401 

, special reaoiiona of, i. 240r 

PonstdphurloAcid, vi. 05 Ir 

— mono-, vi. 063r 

— — — volumetric osiimjUioti of, i. 281r 
Pertantalio acid, and its potassium salt, vi 
670f 

Pertits, iii. 30r 
Periungstates, vii. 236f, 237f 
PeruranatCB. vii. 26^ * 

Peruraiuo acid, vii. 264r 
Pervanadio acid, vii. 290f 
Pcrylene, v. 106r 
Petalite, v. 1071 
Petaroe, t. 4r 
Petitgratn oil, iv. 6411 
Petit granit, iv. 22 Ir 
Petron^teur, iii. 191 ; v. 1071 
Petroklastit or holoklostit, iii. 131 
Petroicne, i. 4O0r ; v. 309r 

modern stgniilcanco of term, v. 3101 

Petroleum, v. 1071-163r - . , , 

bemene, solvent propt^rtics of, i. 204r 

, Burmese, V. 1171 

, burning quality of, v. 1361 , 

Burton aid Hitimoii proocsses for orackii; 
of, V. 1481 

Canadian, V, U 81 

character of products, and utiiistdion < 
Aixiaricaii* v« I lOr 
cracking of, v. 147f 
dednition ofterm, v. I24f 
dfiiectiona for-- 

afijpIS^ the flashing-test, ir. 127r 
dmwlttg of i&mi^ of, and prepanug it 

tltslilftgi '“r I3il* 

tcst^gn^Gurcs of, v« 128f o ^ 

h}’<lrooiirboDa iOi 

litr • «. 

— — filwr. MtvMit fCoiMrUM ol, i, S04r 

AaMwStMf V. ftol 


Petroleum from (eoitlfiiiied)— 

Barbaidos, v. llOr ! , 

Bolivia, Honduras, Costa Rica, and auatenlkU,, 
V. 1201 

Borneo, v. 116r • x 

British Quiana, v. llOr 

Chile, Morocco, Algeria, Tunis, Madagascar, 
West Africa, Newfoundland, Alaska, and 
New Zealand, v. 120f 
Colombia, v. 1201 
Ecuador, v. 1201 
Formosa, v. 117r • 

Java, V. 116r 
Papua, V. 1211 
Sumatra, v. 1161 
Trinidad, v. 1191 
Venezuela, v. 1201 

, fuel oil, iii. 264r 

, Galician, v. 1161 

, German, v. 117r 

, Hall process for cracking of, v. 148f 

, Hungarian, v. 116r 

, Italiau, V. 118r 

, Japanese, v. 117r 

» light, or i»etroleum other, v, 1 lOf 

, methods of distillation of in America, v. 

1101 

' — , Mexican, v. 1171 

, occurrcuco of American, v. 1071 

, Persian, v. 118r 

, Peruvian, v. 117r 

, physical and chcmidhl properties of 

American, v. 108r 

pitch, V. 3171 

, Roumanian, v. 116f 

^ Russian, v. lllr 

— » — , specifications of apparatus for testing, v. 
126r 

spirit, v. 1221 

, table for correction of flashing-point for 

variations in barometric pressure, v. 133 

, testing of crude, and of petroleum products, 

V. 1211 . , 

^ Trinity House, specification for mineral oil 

used in liglithouso lamps, v. 137r 

^ well-drilling methods, and refining and 

manufacture of American, v. 109f 

, world’s production of crude, v. 1121 

retroUie. iii. 121 
PetroBulfol, vi. 629f 
Petunidin, i. 340r 
Petuuin and its chloride, i. 3441 
Pe-tun-tso, ii. 1771 
Petzite, V. 163r ; vi. 720r 
Pouoedanum, v. 163r ^ 

I’ewtor, vii. 641 • 

Pharaoh’s serpent’s eggs, iv. 2791 • 

Pharbitis seeds, iii. 6951 
Phoseolin, iv. 1091 
Phasoolunatin, iii. 4131 

I^haseosajionin mid phaseosa|K>genm, vi. 0*f 
Phellandrene, vi. 3341 

. a-, P-, and pseudo-, i. 16:^ 

Phellonic and phloioiiic acids, ii. 376r 
Phenacetin, v. 1551 1 » vi. 6|61, 6161 

, alkyl and otlier derivatives of, v. 156r 

, chemical specification for pure, v. 16W ^ 

^ impurities and adulterants of, v, low 

, iocUi-, vi. 6281 

■ urethane, vi. 6161, 6181 

-voronal, vi, 620r 

Phonooetolin, i, 68f 

Phonaoyl chloride, in. 712r 

salicylate, vi. 211 

Phenakite or phenacite, v. 1671 
PheiMigin, v*l«i 

Pheaaimne. V. 1511 . . 

Piia»aiithr*iiftphtluwii»e, i. 4«W ■ 

PhaMitlhr^phRnwino, i. 4^ . 

PbwMatliraq«»non»> v. l^i 
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3 : 4*P^enaiitliraquinoii«, v, 3801 
Fhcmaathraqumone, bromo-, nitro*, wid amiiio«i 

derivatives of, v. 1831 
— , hydrox7*i derivatives of, v. 188r 
^ Phenantfarene, ^ 1671-1842 
— » additioa oompoond of with piorio aoid, Vt 
3881 

Phenaiithreneoarboaqrlio adds* v« 1621 
Phenaiithrene, oonautution and. syntheses of* v. 
1681 

, dihydroxy-* derivatives of, v* 160f 

diosonide* v. 361 • 

hydrides and sulphonio adds* v. 168r 

, idationship of to opium and oorydaUs 

alkaloids* v. 1681 

Phenanthxwes* amino-* and thoir derivatives* v. 
169r 

, hydroxy-* v. 1601, 1611 and r 

, , from opium alkaloids* v. 160r 

nitro-* V. 1691 

Phonanthrols, v. 1601 
Phenanthrone* v* 160r 

4 : 6-Phenanthrylone oxide* 3-liydroxy-, v. 160f 
Phonazine, 3-ammo-7-hydroxy-* i. 1081 
Phenasone, v. 1641 

Phenasonum, vi. 61 6f 
1 ; 3-Phendiol* ii. 08r 
Phonegoi, ii. 616f ; vi. 6261 
0-* and m-Phenetidme, v. 1651 
p-Pbenetidme, v. 1641; vi. 61 &f 

aoeto-eolohiniiie* lodo-* vi. 623f 

p-Phenetidin, brom-MO*valcrylaimnoaoeto-* i. 606r 
Phenetidine citrate* mono-, vi. 616r 
p-Phenetidine, derivatives of vitli medicinal 
properties* v« 164r 
— ,lsctyl-, V. 164r 
Phenetidine* p-propiunyl-* vii. 181f 
p-Phenetidtne suipnomc acid* and ethyl sulphono* 
V. 164r 

tartrate, vL 6161 

Pfaenetole* v* 1661, 168r 

, alkyl-, halogen-, nitro- and other deriva- 
tives of, V. 166r 

* p-amiuo-, v. 1641 

Phenoeoll, vi. 61 6r* 6161 
Phenocyanines VS, TC, and TV* iv, 737r 
Pheno-m-diaaine* v. 6391 
Phenoform* vii. 3091 
Phenol, ii. 641 ; v. 1661-1781 

, addition compound of with picric acid* v. 

2861 

, p-amino-t L 198r 

— 2-ainiiio-4'«ttlphonic acid, i- 198r 

* antiseptics containing phenol nuclei* vi. 

Phenolaaea* iii* 1421 
P&snolax* V. 1781 

Phenol* compotuids of witli metals* ii. 67r 

—* condesiiMition product of with saccharin* vt« 
61 

2 : 6«diaiiiino*4-8ulphonic acid, it« 4981 
3 : 6-dioiikiro-2 : 4 : 6-triifitro-* v. 2901 
4 : 6-dfiijtro-2-ainino-. v. 2901 
em|ilo3nnetit of aa an snseoticide* v. 3221 
eaten and cthen of, vt 168r 
eatimation of* ii. 66r 
. , bexiahydrio-, v. 1781 

Pliaiiiiliii,vi.83ll ^ 

1 1 Jt-Fhanol-fastli^lol* vi. 18f 
IHmoI* Ph, and p-mtro-* iv-^ 608r 

* 44iitro*2-amiim->8*acatammo*, iv. 6101 
IHritfcao-* iv. 613f 

fhtmSoUUiL^m 

tliiniofi^ahdn* i- 68r i vii. 206f 

of aa a dnn* vj.^31 
*1 — lawnthyi aatar ol* vi. 84w 
20^ . 

--<^,,4a«imMo*| M. mt, 8311 


ol, oadBCT an oa of In 


PhBHoia,»and derivativea 
esaential oils* iv. 8361 
-— «-* as constituents of gluoosides, id. 407f 
*— * colour reactions of* and oxidation proddtta 
^ of* V. 1871 

dihydrio, v. I69r 

* dimtro-* iv. 8091 

— — * dinitroamino.* iv, 609r 
, general properties of the mota-dihydriO| v. 

172f 

, monohydrio* v, 1661 

, nitroumino-f iv. 609f , 

, mtro-, and their homologues, iv. 807r-8l31 

, , qumonoid rearrang«ent of, v. 69W 

, , spectroBoopio evidence on oonsiitution 

of* vi. 328r 

Phenol* special reactions of* i. 243f 
Phenols, pentanitro-, iv. 809r 

, reactions of orthodihydrio* v, 1711 

, tetrahydric-* v. 1771 

, tetranitro-, iv, 609r 

, tnhydric* v. 1741 

, trmitro-* iv. 6091 

Phonol-o-, and p-sulphonic acid, ii. 661 
p-Phenolsulphonic acid, diiodo-* vi. 291f, 62| 
Phenol, tribromo-, vi. 630r , 

, symtrinitro-, v. 2831 \ 

* 2:3: 6-trmitro-4-aoetamino-, iv. 6101 

Phenosafranino, i. 4371, 4471 
Phenosol, vi. 6161 
Phenostal, v. 1781 
Phenoval, v. 1781; vi. 6161 
Phenoxydihydroxypropane* /i. 6l8r 
Phenyform, v. 1781 ; \i. 6291 
Phenyl, v, 1781 
Phenylacetaldohydo, v. 99r 
Phenylaoetamido* i. 352r ; v. 1821 
Phonyiacetio iictd, v. 1811 
ammo*, i. 1971 

, 2 . S-dihydroxy-, v. I82r 

^ salts, esters, and chloride of, v. 181f 
Phenyiacetyi saiic> late, p-anuno-* vi. 20r 
Phenylacndine, i. 701 
S-Phenylacrj’ho acid, ii. 280r 
Phenyl aootylsalicylate, vi. 211* 6181 
Phenylalanuio, v. 4681 
dl-Phenylalanino* v. 184r 
PhenylalanincB, v. 1831 
Phenylalanine, p-hydroxy-, vii. 2491* 

1- , and d-PhenylaUimu», physiological aotion of, 

and derivatives of. v, 1841 

3- Phenylazmno-4-amino-toluone, O-chloro-, vii. 
I69r 

4*Phonylamiiio-4'-hydroxydiphoiiylamine* v. IBiw 

2- Pheuylanuiw>-4-niothylammotoluwic, 3 : 6-di* 

nitro-* VII. 1671 

d-Phenyl-o-aminopropionie acid* v. 1831 
* p-hydroxy-, vii. 249r 

4- riieiiylaminotolueiie* 2-anuno-* vU. 1671 
Phenylantliracone* tv. 347r 
I’henylantliranol and its diohloro-derivative* iV* 

3481 

2dPhenylauihraqtiinoae, iv. 3461 
Phenymuramine, i» 432f 
Phenyl aKoimide, v* 179f 
Phenyibarbital* vi. 620r 
Phenytbensylhydrasiiie, iii. 63ff 
Phenyl borate and diphenylboric add* t. 6601 
Womide* v. 178r 
Phenylearbtn^* Vt ISO! 

Phenyl carbonate* proparatloii of* vii* 871f 
Phenyloarbylamioe* Iv. 6371 
Phenyl ohloribe* v. 178r 
— — -chlorolorni* vii* 061 

PbM^taiaolKmie mU. 4«riv*tjvM of MapliqrMl m 
<lnugi,TL4S4loaAr 

oekli vf. AS4f oiiil r 
PhwiyMioq ro ii rtOi IW 
ePlMiq^ oranido, tv. SMr 
tv. tnt 
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lmwldihydroaaiiuu»l^ iy^ 722r . i 

loPhttayl-fl : 2HUinet]iyl«5-pyr«asoloiiaA v. ^6r{ #«6 ; 
a«p AnUpyrizi* 

^eaiyldiixiAthylpyrazolone, vi. 616r 
Fnenyldimethylaulphaminopyrazolone benzoate; 

vi* dldr » 

Phenylena blue, iii. 687r 

, homolojsuee of, iii. 5882 

^ tetramethyl derivatfsre of, iik 688Z 

Pbenylene-blue, Witt’s, ui. 6882 
o^Phenylenediamine, i. 193r 
m*, and p-Phenylon^iamino, i. 193r } v. 186f 
m*Phenylenediamiiie, nitro-, iv. 6132 
Phenylene-o-diazoimine, ii. 613r 

— violet, Witt’s, iii. 6882 
Phenyl«ethyl alcohol, v. 97r 
Phenylethylamine, v. 4802 

* p-hydroxy., ii. 6412 ; v. 4802 

Phenylethylbarbituric acid, vi. 620f 
Plwn^letljylene, its properties and reactions, v 

W-Phenylothylhydantoin, iv. 633r ; vi. 620r 
Phenylglycino, 1862 

— -o-oarbo3^1io acid, its properties, reaction 
' and derivatives, v. 1872 

— , conversion of into indigo, v. 186r 

, derivatives of, v. 186r 

, technical method of preparation, properti 

and reactions of, v. 1862 
Phenylfflyoollio acid, iv. 2092 
Phenylhydrazine, iii. 6332, 6352 

, acetyl-, v. 6032 

, p-bromo- and p-nitro-, iii. 6362 
, reactions of witn carbohydrates, ii. 272 

— -p-sulphonic acid, iii. 6362 
^Phenyihvdrazones, formation of, iii. 539r 

a*PhenyIhydroxyaoetic acid, iv. 2092 
N-Phenyl-4-hydroxyoarbostyril, v. 6472 
/^•Phenylhydro^ylainine, iii. 67^ 

, nitroso-, iii. 676r 

aa*Phenylhydroxypropionic acid, iv. 1 12 
l-Phenyl-4-hydroxy-2-quinoline, v. 6472 
Phenyl iodide, v. 179r 

l«Phcny]*3-mcthyl«2-othyl pyrazolone, v. 4892 
Phenyl methyl ketone, i. 382 ; vi. 619f 
Phenylmethylnitroamine,«trmitro-, vi. 7912 
l-Phenyl-6*mothyl-3-j^yTazolone, v. 484r 
S-ij^henyl • 4 • methylquinolino and 2:4- am o* 
phenyl-4-ni0thylquinolme, v. 646r 
Phenyl mustard oil, v. IBOr 

-o*naphthylamino, v. 187r 
1 •Phony lnaphthylamine*8-Bulphonic acid, v. 1 7r 
Phenyl-ftio-nitromethane, vii. 1082 
Pbenylon, v, 187f 
Phenyloxanthranolohloride, iv. 3482 
Phenyl picrate, v. 289f 

PhenylpropioUo acid and o-nitrophenylpr< lie 
acid, V. 448f 

Phenylpropyl alcohol, v. 97f 
l•PhCnyl•8•pyratoloue and its carboxylic aev v. 


Phenyfpymvio acid, iii. 7292 
2 : Phcayiqainoline-4-oarboxylic acid, v. 648r vi,, 
6342 

Phenyl^rosanilines, monov vii. 198r 
Phenyl ealieytate, vi. 20r, OlTr 
Pben^ etilphurous acid, I. 679r 
Pbenylthiocarbimidoe V. 180r 
Phenyl thiocyanate, v. 1812 
Phenyl Wothtocyanate, v. ISOr ^ 
PlMmyHhioglytKiWeMrboii^^ a<»d, v. 187r 
3Plbeayl«e«IOiraidine and its derivatives, vit. U I 
«fMhtolttidine and its derivatives, arii. 14^ 
•^•tolttidine and iu derivatives, vii. 161 
'n, V* I67f ; vi. 6l6r 
MdU* U 70Or s V. 1881 ; 5662 ^ 

Emiiiiteiito. ▼. iMt ^ * 

^^jpfiWwa Mit. yi Mtr 

'JRiikMirilM mwt” ^ 89U 

M«, «S« , 


Phlolwtimiiina, vi. «'*- 

Phlogopfte, iv. 8612 <> 

Phloraspin, iii. 1942 

Phloretm, v. 1881 * 

-dtazobenzene, v. 1892 * 

Phloridzin, iii. 4i3r 
Phlorogluoinol, iii. 726f ; v. 1762 

, edtemative formula for, and speotiosoopid 

evidence on saige, vi. 327r, 8281 
— , desmotropism of, v. 1762 

, nitro-, iv. 6132 

, oxy-, V. 1772 • 

, purification of, vi. 4732 

— , trinitro-, iv. 6132 
Phlorol, iv. 61 If ; v. 1892 
Phlorone and its derivatives, v, 5762 
Phlorotannin red, vi. 659f 
Phloxin, vii. 2082 
Phoconic acid, v. 1892 
Phoenicite, v. 1892 
PhGsnin and phoenioein, v. 1892 
Phonolite, v. 1892 

Phorone mono- and diozonides, v. 33r 

Phosgene gas, ii. 73r ; v. 189r 

Phosgenite, v. 189r 

Phosote, vi. 6322 

Phospham, v. 196r 

PhoBphamidio acid, v. 1972 

Phosphate, African, iii. 1792 

, Belgian and Somme, iii. 1782 

, Bordeaux, iii. I78r ^ 

, Caribbean, iii. 1782 

, Christmas island, iii. 1792 

, Florida, iii. I78r 

, Nassau or Lahn, iii. I78r 

, Pacific, iii. 1792 

— , precipitated, ii:, 17?’ 

— , rock, v. 189r 
Phosphates, alkaline pyro tests for, vi. 2462 
, analysis of — 

citric -oxalic -magnesium process, iii. 1862 
direct ma^esium precipitation, iii. 1862 
method of Jorgensen, iii. 184r 
method of tUlmann, iii. 1862 
raw mineral, iii. 1842 

, determination of ferric oxide and alumina 

in, acetate, and Glaser methods for, iii. 186r 

, direct determination of alumina in, Lasne 

process, iii. 1872 

, function of in alcoholic fermentation, iii* 

1602 

Phosphate, South Carolina or Charleston, iii. 177f 
Phosphates, special reactions of, i. 2412 

, percentage composition of those employed 

for manufacture of superphosphate, iii. 179 ^ 
Phosphatol, V. 189r; vi. 631r 
Phosphin, vi. 6392 * 

Phosphine, i. 72r ; v. 189r, 196r ; vii. 190f 

G, now, i. 462r 

Phosphines, patent, i. 72r 

Phosphites, and hypophosphites, special reactions 
of, i. 2412 • 

Phosphodiamida, v. I96r 
Phosphomolybdic acid, iv. 3881 
Phosphomonamide, v. #972 , 

Phosphonium bromide, v. 2002 

iodide, v. 2002 

Phosphoproteins, v. 464r 
Phosphoramide and phosphamide, v. I96r 
Phosphor bronze, v. 1962 ; vii, 672 
Phosphorescence, and its relationship to absorp- 
tion, vi. 3332 

, literature on, vi. 334f 

Phosphorettod hydrogen, v. 195f 
Phosphoric acid, amido* and diamido*, v. 1972 

— dime^yl-, a solvent for rare eaithSt ii 

I46r 

.. i . M , estimation of, i. 63r, 9522 


#Hitimation of in mona ai t e» iv. 39lr 
glaeial, v. *6061 ^ 
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PhcM^^>rio add, ortho*, meta*, aikl j^yro*, ▼. 

, separation of from metals, L 268f 

. & , of from ores, i. 267r 

> anhydride, v. 202f 
^ ether, ii. 663f 

- oxide, V. 202/ 

*• employment of in glass making, iii. 

385/ 

Phosphorite, v. 189r 

Phosphites, Canadian and Estremadura, iii. 1781 
Phof^orogene, vi. 3P0/ 

Phosphorous add, v. 202r 

— anhydride, v. 201/ 
oxide, V. 201/ 

Phosphorus, v. 190r-205r 

asymmetric, v. 341/ 

, Bddwin’s, i. 743/ 

, carbide of, v. 196r 

chlorobromide, v. 198f 

cbloroiodide, v. 199/ 

, compounds of with selenium, v. 198/ 

, of with silicon, vi. 96f 

", conversion of yellow into amorphous, v. 

194r 

, detection of in organic compounds, i. 283r 

determination of in vanadium ores, vii. 296/ 

diamide, v. 197/ 

di-, and triiodides, v. 200/ 

dichloride, v. 198r « 

, employment of in gas analysis, i. 300f 

, estimation df in iron and steel, i. 264/ 

heptosulphide, v. 197f 

, manufacture of, v. 191/ 

nitride, v. 196r 

oxybromide, v. 200/ 

oxychloride, v. 199/ 

ox^uoride, v. 200r 

pentachloride, v. 198f 

— pentafluoride, v. 200r 

pentasulphide, v. 197/ 

pentoxide, v. 202/ 

, poisoning by, iv. 230/ 

properties of yellow or ordinary, v. 192f 

quantitative determination of in organic 

com^unds, i. 293/ 

, ^ or amorphous, v. 194/ 

, reducing action of amorphous, v. 194r 

, scarlet, and light red amorphous, iv. 232/ 

subiodido, v. 200/ 

— sulphoxides, v. 197f 

table of solubility of yellow in various 
solvents, v. 193/ 

— tetroxide, v. 201r 

— thioiodide, v, 200/ 

- — , treatment of crude, v. 191f 

— trifluoride, v. 200/ 

- triduorodibromide, v. 199r 
tri* and pentabromide, v. 199f 

trichloride, v. 198/ 

— trihydride, v. 195r 

use of in gas analysis, i, 424/ 

, uses of, V. 195/ 

— , volumetric estimation of, i. 280/ 

Phosphoryl bromid^ v. 290/ 

— bromodiohloridej v. 199/ 

chloride, meta* and pyro*, v. 199/ 

' dibromochloride, v. 199f 

't*'***- fluoride, V. 200r 
.•it**** nitride, v. 197/ 
triamide, v. 197/ 

PhoBifliotriaiiitde, v, 197/ 

Phoioeatalysis a^ photooatalysts, v. 261/ 
VlMdXMdMiiiioai prooesses, dines of research sug* 
^fMled bv, V, 263/ 

mucesses. v. 209f a 

^ ami (nofacoiM printing, ▼. 

oollotTp, and broatfil j^riifring . 

^ %a 1411 


Plmto^phio prooesses, ehrcunium printing,' v* 

collodion emulsions, v. 211/ 
iron printing, v. 242/ 
platinotype and palladiotype, v. 242/ 
the gelatine emulsion, v. 2l2/ 
true to scale and carbon printing, 

v. 242f 

various methods of washing, v. 219/ 

, wet and dry oollodion, v. 210/ and r 
Photography, v, 206r-256f 

accuracy of rendering, v, 226/ 

, colour, V. 243/ 

, combinations of colour compodnds em* 

ployed as sensitisers in, v. 229r 
•, constant density ratio, ' and the factors 
which determine the blackening of the plate, v. 
236/ 

— , correction filters, filter yellows A and K, v* 
230/ j 

— , definition of terms fog, speed, and soositive- 
ness, v. 212r \ 

desensitising the exposed photonaphio 
surface prior to development, v. 239r 1 

— , development factor or gamma of a pB irte, v. 
236/ 

of the exposed sensitive surfaM, v. 
23'7r _ ^ , 

efiect of temperature on sensitiveness of the 
dry plate, v. 233/ 

, emulsifying agents, v. 216/ 

, gram m images, v. 224r 

, halation, granularity of image and imperfect 
resolution, v. 222r 

, Hurter cmd Driffield systems, v. 234/ 

, influence of moisture on speed of emulsion 

film, v, 232/ 

, of wave-length in gradation, v. 239r 

, intensification and reduction of developed 

images, v, 240f 

, irradiation, and turbidity constant K, v. 

223r 

, light standards, v. 236f 

, materials employed in dry plate manu- 
facture, V. 220r 

, molecular configuration necessary in ben- 
zene denvatives for them to function as a 
developer, v. 208r ^ 

, neccHisary qualifications for gelatine em- 
ployed, V. 220r 

, negative making methods, v. 209f 

, photographic dry plate as a recording 

surface, v. 22 Ir 

, photometric constant, the, v, 233f 

, positive or print making processes, v. 24 Ir 

, preparation of drawmgs and of photographs, 

V. 256/ 

, quantity of silver salt necessary for a given 

area of dry plate, v. 23 Ir 

, reciprocity law, the, v. 232/ 

, recovery of silver from residues, v. 221/ 

, resolution, v, 225/ 

, selective absorption of the image material, 

V. 226r • 

— , self -screened or non -screen colour-sensitive 
plates, V. 2301 

, spectral sensitiveness of the material, v- 

227/ f 

Photo-mechanioal processes, collotype in colour 
and relief probcNMes, v. 251r 

“ , •,^photosinoogsaphy and photo* 

algraphy, v. 250/ * 

, Jntaglio, surface, and relief, v. 224r 

, mvert haU-tone intaglio printing, and 

rotary printing of invert haU-tone, v* 247/ 
photogravure, v. 2461^ 
colour, V, 246/ 

V photo4ithography, v, 246r 
in tone, v. jttOr 

mrintinv. v. 2BI2 





♦ nr: 

n^«in0ebi»iieal. production of relief Idook of t 
line or ** broken tone** drewinff* v. 259i 

» rotary printing of Rotogravure, v 


247r 


V.2G6f 


, three-colour printing by relief blocke 

, tone processes and production of half 
tone negatives, v, 2544 • 

— » Woodbury type, the, v. 24^- 
Fhotophone, construction of, Vi. 60r 
“ Photosalts,’* vi. ISOr 
Photosantonic acid, vi. 371 
Photos 3 mthejns an^ ptiytosynthesis, v. 256f-2681 
— , definition of molecular quantum of eneru 
V. 2601 • 

— , reactive and nonreactive phases of mol 
cules, V. 2601 
Photoxylin, v. 2681 
Phthalaldehyde, v. 277r 
Phthalanii, v. 2761 
MoPhthalanil, v. 276r 

Phthalelns, qumonoid rearrangement of, v. 603 
orlAo-Phtholic heid, v. 2681 
MO- or metoPhthalio acid, v. 278f 
Phthalio acid, catalysts used m manufacture < , 
V, 270r 

chloro- and bromo-, v. 276f, 2771 

MoPhthedic acid, chloro- yid nitro-, v. 2791 
Phthalio acid, esters of, v. 2711 

— y^nitrogen derivatives of, v. 2761 

— acids, nitro-, sulpho-, and hydroxy- ! 

acid, seminitrile of, v. 276f 

tetraohlor<»>, vi. 7491 


— anhydride, v. 2691 

, derivatives and condensation i 

of, V. 2711 

techni 


Phthalide, iv. 171 
Phthalimide, v. 274r 

, reactions of, v. 2761 

Phthalin, v. 2721 

Phthalonio acid and its anhydride, v. 2781 
Phthalonitrile, v. 276r 
Phthai^aminocaproic acid, iv. 1141 
Phthalyl hydrazide and ^micarliazide, v. 27< 
Phthalylhydroxylamiiie, v, 2761 
Phulwa butter, i. 5691 
Phulwara, i. 5591 
PhylliDsoitannin, vi. 6641 
PhylUte, vi. 1361 

Phylloxera, ravages of to vines, i. 664r 
Physoiol, t. 430r 
** Physio,” vii. 631, 661 
Physostigma seeds, alkaloids isolated from 
721r 

— , nonalkaloidol constituents of, iv. 

Fhysostig^e, ii. 646r 

— its salts and properties, iv. 7211 

Physovenino, iv. 72 Ir 

Phytin, iii. 634r ; v. 2811 

Fhytol, V. 2811 

Ptytosterol or phytosterin, v. 2811 
— gluoosides and esters of, v. 2891 
a-PhyScsterol or sitosterol, v. 28 Ir 
Phytosterolins, iii. 41 3f ; v. 2821 
Phytosynthesis, v. 256r-2681 
Piauaita» v. 6781 . 

PSoamar, v. 2821 
Pioea, V. 282r 

Pioain and piceol, pi. 413f ; v. 3631 
Picane, v. 2831 • 

PiooUne, i. 633r 

mono* and dioarboxyho acids, E 633f 
PlooUnie acid. L 632f 
Plootita, vi. SS6r 

Piai«acmilbia, i. 6^ • • 

PtevaMo acid, iv. 602r 1 v. 2901 
ffotimmto add, ivtfilOl 

«» aOAl 


Pioratoh v. 2831 ; vi, 626f 

Kcrio add, v. 2831-2001 * 

, addition compounds of, v. 285ff 

adulterations of, v. 2%7r 

a precipitant for alkaloids, i. 140r 

detection and estimation of, v, 286f 

, diohloro-, v. 2901 

— , ethera of, v, 289r 

,' from*aoaroid balsam, i. 633f 

germicidal properties of, ii. 5521 

, manufacture of^iii. 28r 

preparation ctnd manufacture of, i 

properties of, iii. 301 ; v. 284f 
-, reactions of, v. 2861 
-, salts of, V. 288r 

of employed as explosives, ii 


283r 
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uses of in industry, dyeing, tanning, 
and explosives, v. 2881 
Picrinit, ui. 30r 
Pioroorocm, vi. 9r 
Picrolite, vi. 68r 

Picrolonic acid, a precipitant for alkaloids, i. 140r 
Picromerite, v. 2901 
Picronitrate, vi. 62 6r 
PiororMza, v. 290r 

Picrotin, its benzoyl and acetyl derivatives , 
a- and jS-picrotinio acids and other derivatives; 
V. 2911 

Picrotoxin, and its derivatives! v. 290r 
Picryl bromide and sulphide, v, 2901 
— chloride, v. 2901 
Piedra de yjada, ui. 690r 
Pierornente, iv. 1941 
Pierres de croix, vi. 397r 
“\gments, v. 2921-302r 

— , approximate order of instability of, v, 3021 
— , black, v. 44r 
— , blue, V. 43r 
— , brown, v. 441 
— , classification of artists’, v. 45 

— , of coal tar colours used as, v. 301r 

composed of lakes, v. 3011 

containmg — 

aluminium, v. 294r 
antimony, v. 2941 
arsenic, v. 294r 
barium, v. 2991 
bismuth, V. 2941 
cadmium, v. 2941 
calcium, v. 2991 

or consisting chiefly of carbon, v. 299r 
chromium, v. 2961 
cobalt, V. 2971 
copper, V. 293r 
gold, V. 294r 
iron, V. 2951 
lead, V. 2931 
magnesium, v. 2091 
manganese, v. 29'i^r 
mercury, v. 292r 
nickel, v. 2971 
silicon, V. 2991 ^ 

strontium, v. 2901 
tin, v. 294r 
titanium, v. 294f 
zinc, V. 2981 
, green, v. 431 

. . aud white containing titanium, 

721 

, Griffith’s patent aino white, and others, vii. 

594r 

— , grinding of, v. 371 

, injurious interaetion of when mixed, v« 80lr 

, lakes ooimiig within category of, v. 8011 
— metals oooasioncJly met with as greeMv. 

* 

r— I ****** useless ^ emjployment in 
faetura 42l w 
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HgmeiiitB of organic orig^» v. 8001 
r origin* olasaifioation* and ebaraoteriatioa of, 

V. M, 292f 

— red, V. 42? 

— stability of imdw various oonditions* v* 801r 
white, V. 39r 

— , yellow* V, 41f 

, rino carbonate, vii. 598{ , 

PQohard oil, v. 302r 

Pilocarpine and Mopilooarpine, iii. 6891 

Pilolite, V. 3031 r 

Pilosine, iu* 689r 

Pilukt ahw €t ferri, i* 164r 

Pimelio acids, v. 303r 

Pimento, v. 3041 

oil, iv. 6421 

, uses, adulteration* and analysis of* v. 304f 

Pimiento, v. 921 

Pinabietic acid, pinabietyl chloride, and pins- 
bietene* v, 3051 

Pinachiome* pinaverdol, and pinaoyanol* v. 2281, 
552r 


Pui6K;hron^ and pinat3^, v. 3051 
Pinaoyanol* v. 562f ; vi, 66r 
Pinaflavol* v. 2291 
Pinakol, v« 3041 

Pinakryptol and pinakryptol green, v. 2401 
Pinaveraol* v. 3051 ; vi. 66r 
Pinchbeck, v. 3051 
PinooBSn, iv. 1801 
Pindars, v. 851 * 

Pine<»apple, v. 3051 

Pine ne^le, or pme leaf oils, iv, 642f 

oik, iv. 6421 

tar oils, iv. 6431 

wood oil, vii. 2481 

a-Pinene and Isevopinene* vi, 736r 

J8-Pmene* vi. 7371 

MoPmene, vi. 739f 

Pinioortannic acid* vi. 6611* 6641 

Pimtannie acid and oxypinitannic acid* vi. 6641 

Finitol or pinito, in. 634r 

Pink* algo] R* vn. 317f 

f bcmao fast 2BL* i, 477f 

* bonzoyi* i, 4641 

~* cobalt, v. 2971 

** Pf^ catting liquid,*’ preparation of* vii, 661 
Pink* Dutch, Iv, z3r 
Ekiglish, iv. 241 
— , Itanan, iv. 241 ; v. 421 
— , rosophenine, i. 469f 

salt* V. 294f ; vii. 65f 

!Ktan 3B, i, 4701 

Pinol, V. 305f 
Pihole, vi. 736r. 747f 
n-Pinolsne* vi. 739f 
Ptnolene* vii. 491r 
Pintadoite, v. 305r 
Pinos* pinaa* vi. 7401 
Pipe clay, tl. 280f 
Pipeooltne* v. 305r 

Piperarine, ii. 679f ; v. 305r ; vi. 633r 

• dtbroiDo* ; -a • 2 ; 5 • dimethyl* { -a- 

dimethyl tartrate; h«n«>ate; aalicvlate ; 
tarirste; citrate i qninate; and cacodylate, 
. V. 306f 

— iebthyolate, vi. 629r 
*'^~* meroorie oitfate ; mercuric acetate ; tbeo* 
^I'Uine ; cincfaonate ; and anthiaquinone* v. 

altmo*. V. 3071 

phoephatea* arsenatea, aad glyccrophoa* 
v* 807l 

«^<~* propertlea of* v. 3061 
— — qoinate, vi 6381 
npwldlM*. i. «w * 

eateehel, iU toil 

coloitrifig jnatccm derhad lrom*X 686# 

phj^tiNtyntlMm* v. 266r 4 


Piperinc, preparation* propertisa* isaotiona, and 
constitution of* v. 80?r 
Piperitone. iii. 7241 ; v, 169r* 3081 
ifipemo* vii. 179r 
Piperonal* v. 99f, S)P81 
Piperonaldehyde* v. 99r* 3081 
Piperonal* properties and reactions of* v. 308f 
Piperova^e* v. S^8r « 

Pipitzahoic acid and pipitzol, v. 94r, 577r 

Pirn* V. 308f 

Pisang, vii. 453r 

Pisangoerio acid* v. 808r 

Pistaimia tannin* vi. 6641 « 

Pitch* V. 308r-317r 

•* applications and uses of Coal«tar* v, 3181 
Pitchblende, v. 317r ; vii. 264r 

, extraction of radium from* v. 63 8f 

* looalities in which found* v. 3191 

•* varieties of* v. 3181 
Pitch, bone*oil, v. 315r 

, Burgundy* v. 678r 

, Canada* v. 6751 

, coal tar* v. 31 Ir 

, * ultimate percentage composition 

of, V. 312 \ 

Jew’s, i. 406r V 

, method of ascertaining suitability 01 for 

artiiicial fuel, v. 3131« 

, mmeral, i. 406r ; v. 3001, 3091 

, palm, V. 3l4r 

, palm-oil, V. 31 5r 

, petroleum, v. 3171 

Pitches denved from the distillation of fatty sub* 
stances, v. 314r ^ • 

technical 'processes, artificial| 

pitches and coal -tar pitch, v. 31 Ir 
Pitch, Stockholm or wood -tar pitch, v* 3161 
Pitchstone, v. 319f 
Pitch, testing of, v. 3121 

, Tnnidad, v. 309r 

, wood, production of in Russia* v, 816r 

wood-oil, V. 3151 
Pito, i. 881 
Pit-ite No. 2, iii. 461 

Pittacal, ii. 6891 ; vii. 2p4r * 

Pitti* vii. 3191 » 

Pittosporum undulatum, v. 319r 

Pituitary body, the, v. 3201 

Pituri and piturmo* v. 320r 

Piun or pioury, ii. 4]r ; ui, 5991 

Plancheite, 11. 530r 

Planosarcine ur(^» in soils, vi. 271f 

Plant sprays, detergent washes, v. 324r 

, and sprays containing solids in auspsn* 

sion, v. 320r 

, fungicides, v, 3231 

, Rases, V. 324r 

insectictdes, v. 8211 
liquid* V. 3211 
Plasma* v, 529r 
Plasmon* 11. 941 ; v.'825l 
Plaster of Pans, composition of, i. 7511 
-* manufacture of* i. 7601 
stone* sU. 494r 
Pissteryl, v. 3251 
Plsstomemte* iii, 78f 
Plastrotyl* iii. 281 . 

PIsiinie ehlorids* a predpmnt for slfcaloidi* i 
I40r 

Platiniehloric a«4d or ohloroplatinic sdd and it« 
salts* V, 83r * 

Platinio hydroxida or platinio add* v. 831 
sulph&e* V. 335r 
Platin4miism* v, 825f ^ 

-^* oompositkMi of emda from vaiiomi soaroiii« 
V* 326r<^ ♦ 

Platinits* iv. 5801 

PUiktOf V. 885yi a 

PIsHtiosymite add tfei# pfs tfr if ly f 
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natiaoid. Iv, SSM « 

Htttiiioiift and ^tinio bromidM* v. 8341 

— oompouoibt chief types of, v* 384r 

— hydroxide, v. 332r 

SEsathate, v. 8301 • * 

Platinom, v. 825M3df 
— ~ absorption of hydrogen by, vi. 280f 
— other organic oon:)ponnds of 

, alloy of — • 

us^ as anodes in electrolytic manufacture o 
caustic soda, vi. .2261 
with Oerium, v.«0181 
with cobalt, ii. 2971 
, alloys of, V, 3321 

menides, arsenite, silicides, tungstates 

molybdates, and tellurides, v. 335r 

, assay of, i. 418f 

— , oUorophosphorous acids of, v. 3331 
— ? — 9 composition of crude, from various sources 
V. 326 

diarseni^e, vi. 336f 

dioxide, v. 3331 

» electrical method of determining purity oi 
V. 3301 

, electro^deposition of, ii. 625r 

, electrolytic action of in promoting solutioi 

of metals, v. 331f « 

f estimation of, i. 318r 

, expansion of by h^t and resulting employ 

ments of, v. 3301 

, fulminating, v. 334r 

— , ^avimetrio eadmation of. i. 24bl 

, haloran derivatives of, v. 3331 

•—metals, facts with rt)gard to separation c , 
V. 327r 

— - mono- and disulphides, v. 335f 

monoxide, v. 332r 

— , nitrog<^ compounds of, v. 334f 
— , occlusion of by oxygen, v. 71 
— , organic compounds of, v. 3361 
—— phosphides and platimo pyrophosphate, . 
333r 

^MP^otions for testing “ nommally pure ’* or I 

commoroial, v. 320r • 

— , selling price <H in recent years, v. 332r 
— , separation of from gold, i. 2561 
— , — of in ores, i. 2661 
sesquioxide, hydrated, v. 3331 

— silicides, vi. 991 

— special reactions of, i. 237r 

tetrachloride or platinic chloride, v. 333f 
— filfc and other salts of, v. 335f 

— trioxidc, V, 3331 

use as oatal^ing agent, and adsorption >£ 
gSM 1^, V. 3311 

uses of, and substances which attack it, ^ 
330r 

nattnarite, iv. 861 
Plotyophthalmon, vi. 4021 
Plceavol, V. 3361 
Plum, V. 3361 

Plumbago or black lead, iii. 465r4 v. 3001 
— , nature of, i. 57f 
Plombio iodide, iiL602f 

— sulphate, iv. 89f 

tetroxido, ish 781 

Pliimisridat 1. 881 

Pnaumin, v. 386f ; vi. 631r. 6321 
Psnisimcfan, v. 336f * 

Podopliyllttm emodi, v? 386r 

dyeing and mcdioinal {^opertics i v, 
88Sr • 

— ^ resin, v. 679r 
BmM bark» f- 15Sr ^ 

Ponmtae, vii. 2031 and r 
Poliim vU. I73r 

piriMMi eH. lT8r 

PMfMla* v. 89L 672r 

J M i rtw n t e r , I44r 


Polarimeter of Schmidt and Haenach, v. 347f 
Polarimeters, special lor sugar analysis^ vi. 447r 
Polarimetry, v. 3d6r->3631 e 

— apparotus employed in, v. 3421 

, oombmation of aotive solSte with inactive* 

solvent, V. 3611 

, determination of density, v. 348r 

, effect of double bonds upon rotation, v, 8521 

, of ntixed solvents on rotation, v. 3011 

, influence of temperature-change upon 

rotation in solution, v. 3561 

, magnetic rotation, v^ 3621 

, mathematical expression of relationship 

between rotation and temperature, v. 3531 and r 

, methods of expreasmg rotatory power, v. 

348r 

, muta-rotzition, v. 361r 

, optical activity of vapours, v. 3551 

, ordinary and extraordinary images, v. 3371 

, piano of polarisation, the, v. 33 7r 

, polarimeter tubes, v. 3481 ; vi. 4521 

, rotation and chemical con^itution, v. S49r 

dispersion, v. 3681 

, in solution, concentration effect, v. 

3561 

of active salts in solution, v. 360f 

, source of light, v. 346f 

, various methods of obtaining optically 

active compounds, v. 3411 
, views of Le Bol and van*t Hoff on asym- 
metry, V. 3401 ^ 

Polianite, v. 3631 
Pollucito or pollux, V. 3631 
Polonium, v. 36.31 

, discovery of, v. 6121 

Polyamyloses, ii, 631 
Polybasitc, v. 3641 ; vi. 1091 
Poiychrest salt, v. 3641 
I*olychroit, vi, 9r 
Polychromine, v. 4401 

B, i. 4911 

Polycrase, ii. 144f ; v. 3641 
Polydyimte, v. 3641 
Polygalic acid, vi. 65f 
Polyglycerols, lii. 4471 
Polygonin, iii. 41 3r 
Polygonum cuspidatum, v. 364f 
Polyhalile, v. 364r 

, method of formation of, v. 3751 

Polymignite, vii. 603f 
Poiysacchandes, ii. 531 
Polysciasaponins, iii. 4161 
Polythionic acids, vi. 5401 
Pomegranate, v. 364r 

tannin, ““ 

Pomelo, iii. 4651 

Ponceau, brilliant, GO, i. 4€ .. . 

469r ; 4R and 5R, 4701 

2G, i. 4641, 466r 

4GB, i. 463r 

R, 2R, G, and GR, i. 4671 

3R, i. 4671 • 

4K, i. 4671. 4701 

5R, i. 4731 _ 

a», i. 460r, ilfa . 

4RB, i. 473r 

6RB, i. 4741 

lORB, i. 474f 

, cotton, i. 477f 

, crystal, i. 466r 

Ponoeaux, double, R, 2R, 3K. 4R, i. 4641 
Ponceau B extra, 3BB, i. 4741 

BO extra, i. 4731 

^ fast, B, i. 4741 

. fat, R, i. 467r. 4731 ; G, 472f 

— Q and S lor silk, i. 4652 

— R for jute, i. 4641 , 

iujmliible naphthylamine. i. 462r 

, xylidinc» L 462r 

oil. i. 4721 ^ u 
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Fonoeaw, spedal, i. 470Z 
PonfiteBt V. 688r 
Monolith, V. 298r 
, Poplar buds» v. 3652 
^ Popiichukai, vii. 3192 
Poppy -eeed oil, v. 3662 * 

differentiation of from walnut 

oil, V. 366r 

Populin, iii* 413r ; v. 366r 
Porcelain, aee aho under Pottery. 

, dental, v, 366r ^ 

, Qennan, for chemical and electrical ware, 

V. 3672 

, Keaumur’s, v. 646f 
Porpezite, v. 3682 
Porphyry, i. 166r 

Poi^ 3 rrite, orthoolaso- and hornblende-, v* 368f 
Poi^hyroaine, i. 166r 
Porph 3 TOxine, v. 3682 
Porphyry, v, 3682 

, j[uartz cmd orthoclase, v. 368r 

Porpoise oil, v. 3692 
Portland powder, i. 394r 

Port, tawny and ruby, Spanish or tarragona, 
definition of terms port and Madeira, vii. 4782 
Portugallo oil, v. 3692 
Posidonia fibre, v. 3692 

Potash, see aiao Potassium hydroxide and 
Potassium carbonate. 

— alum, i. 176r 

caustic, V. 3992 

— , , manufacture of, v. 399r 

, chloride of, ii. 2092 

— • determination of in fertilizers, iii. 189r 
*' Pot-ashes,** v. 3902 

Potashes, analyses of commercial vinoase, v. 399 
— , — of various commercial, v. 396 
Pota^, export figures of from Alsace during 
recent years, v. i84r 

from felspar and other rocks, v. 393r 

- wood ashes, v. 3942 
, manufacture of from suint, v. 398f 

9 muriate of, v. 371r ; see also under Potassium 

chloride. 

, percentage of in ash and wood of plants, v. 
394r 

, of in sugar beet ash, v. 3962 

preparation of from beet-root vinasse, v. 

89«r 

— — , — of purified carbonate of, v. 3962 

9 sudorate of, vii. 6062 

, yellow pnissiate of, ii. 4492 
•• Potame/* in. 61f 
** Potasse B,** iii. 622 
Potaa(riam, v. 3692*4041 
acetate, i. 262 

, alloys of, V. 3712 

^ of with magnesium, iv. 184f 
antimony tartrate, i. 3632 

arsenate, v. 4041 

aisenite, 1. 3842 

biperboraie, i. 649f 

— bmratea, i. 646r 
hfomide, v. 3872 

* carbonate and oommerctal soured of, v. 

^ 3902 

oarbonate, ess also Potaah. 

os a 1^-product of the manufacture of 
pigdron and of fenous alloys, v. 3942 
V emptosnnent of os flux, iiL 2352 
, hydrated, v. 393r 


r.tW 


V Leblanc process lor manufacture of, 
ktion of from sulphata, v. 39lr 


pmaration of from sulphi 
•-~»earbcnyiferroeyun^ ii. 4602 . 

^ PoiMaiiim esiboxidc,** v. 1782 * 

I btnmjum earfehamln, mono-, vi. 81 

jU. a • • 

elictioQr^ 

. IL sill O M 

% 


Poiaasiueti bhlorata, employmant of in axploaive 
mixtures, iii. 1^ 

— magnesia process for manulbotuxe oi; 

^ii.212r ^ 


>, uses of, iL 2132 
> chloride, v. 37 If 
‘ from** 


Alsaoe, y. SSSr < 

blast-fumaoe gases, v. 3862 
cemant, v. SScr 
felspar, v. 386r 
kelp, V. 385r 

lake brines, v. 3862 « ' 

mother-liquors in manufacture of sea-salt, v. 
384r 

, manufacture of at Stassfurt, v. 876f 

^ of from sylvine, v, SSOr 

occurrence of in nature, v. 869f t 

*, purification of, v. 3792 


chloroplatinite. v. 333r 

chromates, ii. 240r 

— — chromeyanide, ii. 2462 , 

chrome alum, ii. 239r 

chromipyrophosphate, vi. 246r 

compounds employed in glass making, \ iii. 

3862 \ 

copper nitrite, ii. 3722 ' 

cyanate, ii. 4722 , 

cyanide, ii. 4672 

, manufacture of, ii. 45 Ir 

use of 08 a flux, iii. 2362 

, decomposition of alkaline chloride of by the 

galvanic current, v. 3912 * 

dichromate, ii. 2422 

euxanthate, iti 699/ 

ferric sulphide, iii. 679r 

• tartrate, and potassium tartrate, vi. 


688r 

ferricyanide, ii. 4492 

ferrocyanide, ii. 439r, 4492 

manufacture of from products of coal 

distillation, ii. 441/ 

- of from sulphooyanido, ii. 4442 

formate, iii. 245/ 

fulminurate, iii. 283r 

, gravimetric estimation of, i. 2482 

^aiaool sulphonate, \*i. 6S2r 

hydrogen tartrate, vi. 687r 

, changes of solubility of in water 

in preaenoe of other acids, vi. 6882 

nydride, v. 371r 

hydroxide, v, 390r 

employment of in gas analysis, i. 300f 
■*, normal solution of, i. 61r 

- hypochlorite solution, ii, 2092 

- iociate, iii. 6512 

- iodide, Iti. 66 If 

preparation by means of — 
cuprous iodide, v. 3882 

potassium hydroxldn, and by means of iron, v* 
S87r 

iron alum, iii. 6832 

— , isolation of the metal, v. 3702 
manganate, iv. 21 6f 

— manganipmphosphates, vi. 246r 

mercuric iodide, a preoi^tant lor alkaJoldit 

i. 1412 t 

mrttastaaiiaie, viL 62r 

methvl xanthkte, vii. 6081 

nitrate, v, 40W 

^ ae a fertUtser, &L I76r 

, nupiufaoture of ffom aodfum idtiolf# 

V. 4Wf 

oeeumnoe of 2a the eefeiable ktofdkxtti, r* 
869r 

olsale, iV. 878r 

oTslates, Iv, 73Sr 

— oxide, V. 87Ir 
psUadonHriie, v* $U 
pardblondeii 21, 1141 
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PQtmittm p«rittai^[aiiate» iv* 2171 ^ 

, employnieist of in bleaching, j. 610f 

— pertantalatie, vi. 675r 

— • peruranate, and emplo^^ment of for colori* 
metric test for uranuim, vii. 260r . • 

peroxide, v. 871f 

— ^ phosphate, v. 404f 

— picrate, v. 2891 , 

— platiniohloride, v. 334i * • 

— propylxanthate, suggested use of as a 
reagent for cobalt and nickel salts, vii. 508Z 

rhodioyanide, v. 687f 

mthenate, v. 721f 

salicylate, vf. 21f 

, salts of ineea water, v. 389r 

selenooyanide, vi. 63Z 

, sejparation of from sodium, i, 261f 

silicate, and its composition, v. 400r 

silver thiocyanate, vi. 124r 

sodium tartrate or Rochelle salt, vi. 689Z 

, special reactions of, i. 240/ 

—.spectroscopic estimation of in blood and 
animal tisSlies, vi. 319/ 

stannate, vii. 61r 

strontium phosphate, vi. 411/ 

sulphate, v. 388/ 

, occurrence of in nature, v. 369r 

— , preparation of from Sclioonite, and 

from potassium chloilde, v. 389/ 

— sufphocyanide. ii. 473/ 

— — tannate, vi. 661/ 

taiitaloliuuride, vi. 67 6r 

uranate and djprannte, vii. 266/ 

— uranyl carbonate, vii. 268/ 

vanadite, vii; 297r 

, volumetric estimation of, t. 280r 

— sirconoiluoride, vii. 606f 
Potato, v. 404/ 

— — ~ group .of starches, characteristics of, and 
zntcroscopicul appearances of, vi. 387/ and r 
oil, iii. 289/ 

Potatoes, commercial valuation of, relationship 
between specific gravity and starch content of 
tubers, v. 406/ 

JJ oomposition of, ii. 422f ; v. 405r 

, culinary valije of, v. 406r 

, estimation of starch m, vi. 394/ 

— , manufacture of starch from, vi. 369r 

, solanino in suspected, vi. 274/ 

Potato starch, method of determining the 
viscosity of, vi. 347r 

^ technical method for estimating water 

in, vi. 396/ 

Potatoes, sweet, i. 560/ 

Potentito, iii. 64f 
PotosI silver, iv. 630/ 

Pot stills, modification of, i. 664f 
Potstone, vi. 644/ 

Potter’s stone, iii. 494r 
Pottery and porcelain, v. 406/~421/ 

— — ageing of prepared olaj’s, v. 

408r 

— ohemioal oomposition of modem 

species of, V. 410/ • 

— — . — classification of, v. 406/ and r 

, of material used in menu* 

fOotm of, V. 406r 

Coloured glases, v. 417/ 

colours of, v, 4l7r 

-, compositio% of some typical lead 


Pottery and pomelain, percentage composition 
of-*- e, 

more important pottery bodies after firing, v* 
414 • ^ 

most important varieties, v. 4p0r ^ 

, regular kiln colours, v. 419/ 

section of enamelling kiln, v. 

-.under- and on-glase colours. 


420f 


conditions which influence shrink- 


fluxes employed for, v. 418/ and r 
Poudre B, iii. 73/ 

J, iii. 76/ ^ 

pyTosyl4e, iii. 76/ 

Powder, Ajax, iii. 49/ 

of Algaroth, v. 294/ 

, amide, iii. 13r 

> Argus, iii. 12r 

, atlas, B and C, iii. 46/, 47r 

BN, iii. 76/ 

, Castellanos, iii. 49/ 

, Chilworth. Nos. 4 and 6, iii, 21/ 

, cube, iii, 74r 

, Dreadnought, iii. 16r 

, Du Pont, iii. 78r 

, earthquake, iii. 12r 

, 15. C., iii. 73r, 74r 

, elephant-brand, iii. 12r 

, empire, iii. 76/ 

, English, i. 113r 

, Essex, iii. 52/ 

, Faversham. iii. lor 

, fuse, iii. 9/ • 

1 giant, ill. 47r 

, No. 1, iii. 44r 

, No. 2, iii. 46r 

, Greener's, in. 78r 

, Hebler, iii. 14/ 

, Becla, iii. 47r 

, Hercules, lii. 47r, 48f 

, Judson, iii. 46f 

, Kynoch's smokeless, iii. 78r 

, lightning, iii. 74r 

, Maxim's, hi. 78/ 

, melling, iii. 17/, 49/ 

, M. N., or Maxim-Nordenfelt, {ii. 73r 

, mica, iii. 44r 

, N. E., iii. 78r 

Powders, Negro, iii. 16/ 

Powder, Nobel Ardeor, iii. 44r 

, normal, in. 73f 

, pebble, iii. 7f 

, Peyton, hi. 79/ 

, Pheonix, iii. 48/, 63/ 

, picric, iii. 31r 

, prismatic, iii. 8/ 

, red star, iii. 78r 

, mby, iii. 78r 

, safety nitro, iii. 47r 

, St. Helen's, iii. 18/ 

Powders, Schultze, iii. 74r 

, smokeless, iii. 66/ 

^ containing picrates, iii. 79/ 
Powder, sraokeleSs diamond, in. 76/ 
Powders, smokeless* military, iii. 67/ 
Powder, S. S., iii. 18r ^ 

Powders, smokeless, spoitmg, lu. 70/ 
Powder, Stamford, iii. I6f 

, swolo, iii. 49/ 

, Troisdorf, iii. 74/ 

, upleee, iii. I6r 

Powders, U.S. Army, and Naval, in. 76/ 
Powder, vieille, iii. 73/ 

, Von Forster, iii. 74/ 


, vulcan, iii. 4*7/ 
iii. 76/ 


oae on fixing, V. 41 3r 0 

effects of firing on, v. 4lfi/ 
glaxes and glaxing, v. 414/ 

-,hafd-kilno»lour8,^v- 411^ 

— IttstMS and application of ooiouw, 

^ mwufiwtttw 

off V* 4111 e ^ 


W. A., 

Wolsmde, iii. 73r 
Wetteren, iii. 74/ 
Withnell, iii. 17/ 
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^ssolana, analyaia of various* vii. 226f 
^ase* y. 520r 

^ramaymia* ii. 143r; v. 421f 
^aseodymium* v. 421f 
— , absorption Bpootrum of, v, 421r 
< carbide, v/'421i 

fluoride* chloride, and hydroxide, v, 4211 

oxide and peroxide, v. 421r 

, purification of, iv, 51 7r 

sulphate, nitrates, carbonate, oxalate, and 

dimethyl phosphate, v. 421f 
]^ten8ol and its acetyl derivative, ii. 298r 
Ptatol, ii. 293r 
Precious stones, v. 42 If 

— , range in composition of, v, 4222 

Precipitation, electrical, v. 4221-438f 

, commercial installations for, v. 4242 

» , of cement kiln dust, v. 432r 

, removal of arsenic by, v. 437f 

- — , theoretical considerations of, v, 4232 

Precipjtins, i. 6192 ; vii. 176r 
Pl'ehnite, v. 438f 

Premier Jus, iv. 36r ; vi. 6452 and r 
“ Preparing salt,** vii. 60r 
Press feed, vi. 378r 
Preston salt, vi. 137r 
Priceite, i. 643f ; ii. 3352 

Prh^verose, primeverin, and primulaverin, v. 

PrhmrM, vii. 207r 

— soluble, vii. 207r 

P rimuline and its depvatives, v. 4392 

4 ^, ^ingrain process of colour production, v. 

, manufacture of, and of dehydrothiotoluidine 

sulphonio acid, v. 440r 
Princess Blue,** vi. 155r 

Prisms, suggested use of whewellite in construc- 
tion of, vu. 4622 
Pristane, vi. 79r 
Procaine, vi. 6372 
Producer gas, iii. 267r 

^ Chapman floating agitator, iii. 2712 

, Duff producer, iu. 269f 

•>, George feed, and Morgan producer. 


iii. 270r 


Keiperley producer, iii. 2712 
Mond producer, iii. 2702 


Proferrin, v. 4452 
Proflavine, v. 4452 ; vi. 6392 
Pr ogress i te, iii. 14r, 172 
Proumunes, v. 4642 
ProUne* v. 4462, 4582 
2-, and dl-Pxoline, v. 4462 
<i*Prolina, dimothyl betaine of, vi, 8412 
Pkoli^e, bydxoxy-, v. 446r 
— synthesis Of, v. 445f 
PMndtbOe, iii 232 
Plopadiene,i 150f 
Priipnirin, v. 447f ; vi. 6372 
Pri^fuddsfayda, and its detection, v. 4472 
Propane, v. 4402 
dnemPkopana, v. 4572 
Propane, a-ainiiio*, v. 4552 
— * , a^bromov v. 440r 
— , jS^boromo*, v, 4502 « ** 

-7“, a- and jMiloro*, v. <5412 
i^Miainiao*, v. 4562 
<^<diainino<', v. 4562 

j94ibioaio% V. i50f 
os* and od-dldhloro*, v. 4512 
> miA 8fi^4kihk^ v. 451r 

% ny-dibydroxy% v. 453f 
1 1 f^ydioarar*8*iodo«, vi. 626i^ 
and »4fiodo-,ir. 4522 


Propan^ a#«heptaohloro*, ii, 732 
— a-l!ydroxy«, v. 452r 
, j9-]iydrosys v. 4532 
— — , a-hydroxy*fl-methyl», i. 7112 
y ' " -O-ol, 1:3 diiodo* 6262 
Propanolonet i. 83f ir 
Propanonio acid, iii. 728r 
Propargyl alcohol, v. 4482 
Propar^lifi acid, v. 4482 
Prop^yl alcohol, iii. 4302 
Propiolio acid, v. 4482 
alcohol, V. 4482 

aldehyde, and propiolamide, v. 4481, 

compounds and alkylpropiolio acids, v. 447r 

Propion, v. 448r 
Propionic acid, v. 448r 

, j8-aceto, i. 382 

— — , a-amino-, v. 4582 , 

, o- and fl-amino-, salts and deriilatives 

of, i. 892 \ 

, a-amino-fl-hydroxy-, vi. 672 

jS-^ino-a-hydroxy, vi. 682 


4-(or 5) Propionic acid, 2-a-amino-,3-glyoxalino«, 
iii. 5182 

Propionic acid, antiseptic properties of, ii. 54^ 

/f-disulphido-a-ammo, ii. 477f j v. k58 
a-hydroxy., iv. 52 
jS-hydroxy-a-amino-, v. 4582 
, fl-para>hydrox>phenyl-a-amino-. 

4582 

, j3-iminazolo-a-amino-, iii. 5182 

j3-phenyl-a-amino, v. 4582 
Propionitrile, li, 669r 
Propionyl*p-phenotidine, vi. 6162 
Propolis, propolis resin, wax^ and balsam, v. 
4492 

Proponal, v. 4492 ; vi. 620r 
Propewoto, V. 4402 
Propyl, V. 4492 

alcohol, V. 452r 

isoPropyl alcohol, v. 4532 

, a-dichloro-, oarbamic acid esters of, vl. 

6202 

Propyl alcohol, effect of addition of salt on its 
solubility in water, vi. 28lr 
woPropyl ^cohol, trichloro*, iii. 686r ; vi. 6192 
Pr^y {amine, v. 4552 
MompylominoB, v. 455r, 4562 
Propyl p*aininc)l^nzoato, vi. 6372 
Propyltenzenes, normal and iso-, ii. 4332 
Propyl-, and isopropylbenzenes, o- and p-amiiio*^ 
ii. 434r 

Fnmyl bromide, v. 449r • 
isoPropyl bromide, v. 4502 
Propyl butyrates, i. 7212 
Propyl isobutyrates, i. 72 Ir 
isol^pyl carbimidc, v. 4542 
Propyl carbinol, i. 7i0r 
iso-Ptopyl oarbinol, i. 7112 

chloride, and isopropyl Florida, v. 4612 

cblorosulphinate and propyl sulpburio arid, 

V*. 454r » 

isopropyl isocyanate, v. 4541 
Propyl cyanide and iso-piopyl cyanide, v. 4541 

isooyanide and isopropyl isooyanido, v. 4541 

Propylene, v. 4562 
— - diamino, v. 4562 

dibromide, v. 4%02 

diohloride, v. 4512 , 

diiodide, v. 4522 

Propylsneglyool, v, 4531 
n-Ptopylene glycol, v. 453f 
i^soPropvM^athanalbenssDe, vii 820r 
F-Jfg. il.1. MMM A .. 

4Mr 

dibrosiid*, v. 

■■ r.UU 
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iodide, aad ifopropyl iodide, v* 452i 

-ZS"^ -d i«t«.pn »-w« 

d^iMBropyW-inethyl-c^prolaotone, iv. 191 
Pr^yl mustard oil, v. 4641 • 

fsoJmpyl mustard oil, v« 4d4r 
Propyl nitrate and isopropyl nitrate, v. 4561 
*— nitrite and isopropyl norite, v, 4661 

propionate, v. 4491 • 

isoPropylsuooinio acid, v. 393r 
Propyl sulphate and isopropyl sulphurio aci ' 
4661 


n-PropyJ 
differs 


Siil|>hide and iiopropyl sulphide, y. 464r 


tartral^, rotation dispersion of 
eient temperatures, v. 358r 
Pr^yl thiooarbimide, v. 4541 
iMPropyl tliiocarbimide, v. 454f 
Propyl thiocyanate, isopropyl thiocyanate, an 
propyl isothiocyanate, v. 4541 
isopropyl isothiocyanate, v. 464r 
Propyiveronal, N-dibromo-, vi. 020f 
Prosai>ogenin, iii. 4161 
Protaotiniudl^ v. 457r 
Protalbio acid, v. 467r 
Protamines, v. 463r 
Protan, v. 457f 
Protargol, vi. 1331, 626r 
Proteans or metaproteins, v. 46 Ir 
Proteases, Ui. 139f * 

Protein, Bence- Jones, i. 6201 
Proteinchromogon, vii. 222r 
Protein, Dr. Reigel’s milk, ii. 941 

endogenous metabolism of in body, vi 

285fv 

— , exogenous metabolism of, vii. 2861 
Proteins, v. 467r-470i 

biological reactions of, v. 467f 

, obenucal constants of, v. 4671 

— , ohief natural, vegetable and animal, v. 4C 

physical properties of, collodial natui 

of, V. mi 

— , classidoation of, the simple proteins, v. 461 
, coagulated, v. 464r 
— ,«oolour reactions of, v. 46 Ir 

^ conjugated, v. 4641, 4681 

, crysUdlisation of, and other physical pn 

peHies of, v, 4631 
, derived, v. 464f 

^ ^ and the hydrolysis of by enzymes, 

4691 

— , identification of, and physical constants 
V, 466r 

Protein silver, vi, 626r * . . 

Pkoteins, monoaminoearboxylio acids, die 
boxylic aei^, diaminomouoearboxylic aci 
and Merooyolio compounds isolated as hyd 
lysis products of, v. 4581 

percentage yields of the hydrolysis prodc 
of certain typical, v. 460 
— preeipitation reactions of, v. 400r, 467r 
• qusntitfl^ve estimation of hydrolysis f 
ducts of, V, 468f 

reactions of, v. 4601 

jji^fc|>aj*ation and identification of natui 
separation of from one another, v* 4661 
solubility of, and the salting out of £i 
aolurione, v* 462f 
Pioteol, iL 647f * 

Proteoeee, V. 464r . 

Pfoteue vulgare in eoUs, vi, 2Hf 
Pvotooateebuie Md, v,«4701 
Protomiaa and protocuranne, il. 436r 
pioton, o, *71f ^ , 

Pkotepiaa, ii. 8961 f iv. 7191 \ v. 471f 
PMoSoTVi* 6l7r 
Prntoiil* 4721 • 

pMti(mindridiaa« II* liSr 


Pmiaoraam, iii, 4141 • 

Pnmasin, iii. 408f * 

^unetm^a^ pnmeiol, their acetyl ai!d other 
derivatives, v. 4721 ^ * 

Pninicyanin and its chloride^ i* 342r 

Pninitrin, iii. 4141 

ProBsiate black, v. 3001 

Prussian blue,*u* 437r 

Prussic acid, see also Hydrogen cyanide. 

•, ii. 463r 


f. 


I; 


m 


Przibramite, ii. 460* 

Pseudaconine, i. 68r 
Pseudaconitine, i. 661, 68r 
Pseudohyoscyamine, vii. 22 Ir 
Pseudomonas radicioola, vi. 270r 
Pseudopapaverino, iv. 718r 
Pseudotropme, vu. 2221 
Pseudotropeine, benzoyl-, vii. 22 If 
Psilomelane, iv. 2151 ; v. 472f 
Psittacinite, v. 472f ; vii. 293r 
Psychotrine, iii. 668r 

, o-methyl ether, iu. 669r 

Pteroesurpin and homopterocarpin, vi. 321 and r 
Ptomaines, and ptomaine poisoning, v. 479r 
Ptyalin. ii. 5031 
Puce, benzidine, i. 457r 

, tolidino, i. 467r 

Puohente. v. 4731 ; vi. 401r ; vii. 293r 
Pulas,* i. 700r 

Pulogone, li. 8r; iii. 722f, 743r; vi. 74 7r 

Pulmoform, vi. 63 Ir, 6321 

Pulque, i. 881 

Pulvis algarotbi, i. 113r 

Pumice or pumice stone, v. 4731 

Pumpkin, v. 473r 

Purgatol or purgatin, vi, 642r ; vi. 6431 
Purgen, v. 4741 ; vi. 6431 
Purging nut tree oil, v. 4741 
Purglets, vi. 6431 
Purgolade, vi. 6431 

Forme, 6-axnino-, and its derivatives, i. 761, 727r 

derivatives, employment of as drugs, vi, 

633r 

, 1 ; 7-dimothyl-2 : 6-dioxy-, v. 78r 

, 6-dioxy, i. 7281 

, d-oxy-, i. 727r 

l\irine8, v. 4741 

— — , naturally occurring, v. 4761 

, relation between stmetwe and physical 

properties of, and physiological action of, v, 
4751 

, salts and derivatives of, v. 476r 

Punne, 2:6: 8-trioxy-, vii. 279r 

Puriri, vii. 326r • 

Purple, cotton, 5B, L 4851 

, ethyl, 6B, vii. 1961 

— ... — , Hessian, N, i. 489r, brilliant, 4901 
lakes, iv. 2lr 

of the ancients, Tyirian and Byzantium, n* 

6881 ; iii. 623r ; v, 2921, 4761 ; vii. 249r, 314r 

of Cassius, iit. 4601 ; v. 294r 

, pigment A, i. 4571 •• t am 

— — — , spirit, or regina spirit purple, vu, 1991 
Purples, regina, v. 666f ; vii- 198r ^ 

Purple, Thionol 2B and Thiogen, vi. 50^ . 

-Tyrian, ii. 5881; in. 623r; v* 2921, 47611 

vii. 249r, 314^ 

Purpuric aoid, iv. 897r 
fso-, and metoPurpuric acids, v. 477r 
Purpuric aoid, salts of, iv. 3991 
Purpurin, i. 1331 
iso-Purourin, i. 1321 
MeudePorparin, iv. 177r 
Purpurine, brilliant, i. 486r 
Purpurin, 3-cMoro-, i. 138r 

— .3 t S-disulphonic acid, i, 133f 
-r-s presence ot in munjeet, iv. 8971 
Purpur^Uin, v. 4781 

_____ At V. 4*lgl* 
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Piii|miOMlli&, dyeing propertieB oip 479i|: 
IHuppioxanthin, i. i83n iv. 1781 
!(— oarbozylio aoid» iv. 17«f, 897f 
rapuxdzanthin, diohloro-, i, 188r 
«Pairee, piuri, or purrea Arabioa, Ui. 6991 { v. i'll, 
3001 

Purrenone or purrone* iii. 699f 
Putrefaction, lii. 167r ' 

bases, v. 479f 

containing a oarbozyl group, v. 480r 

, definition of term, v. 4801 

Putresoine, i. 71 7f ^ 

— % aouroes of, v. 4801 
Putrine, v. 4811 

Putty powder, v. 418f ; vii. 69r 
Puaaolana or puzzuolana, vii. 2261 
Pyknometer, modified forms of Sprengel by 
Perkin and by Davis and Pratt, vi. 3001 
Pyknometers, Sprengel, and other forms of, vi. 
299r 

Pyraoetosalyl, v. 481r 
Pyramidone, i. 185r ; vi. 616f 
MoPyramidone, v. 489f 

Pyramidone, detection of in antipyrine, v. 48 Ir 

. estimation of, salts of, and reactions of, v. 

4881 

— — salicylate, vi, 616r 
^Pyran or benzopyranol group, v. 481 
JPyranthrene, iii. 6941 
l^rantimonite, iii. 7021 
P^rantin, v. 482f ; 615f, 6161 

Tyrargyrite, v. 482r j vi. 1091 
Pyrazme, i. 4371 
Pyrazole, v. 482r 

syntheeis of alkyl derivatives of, v, 4831 

Pyrazolidines, v. 4841 
Pyrazolidone, v. 4841 

Fyrasoline, and its hydrochloride, platmichlorid<s 
and piorate, v. 4841 
Pyrazolone, v, 481r 
3-Pyrazolone, v. 484f 
Pyrazolone colouring matters, v. 489f 
6-Pyrazolone, 1 -phenyl -2 : 3-dlmethyl-, v. 4861 
literature of, v. 486f 

— , and l-phenyl-2-niethyl-6-pyrazolone, and 
l-phenyl-3*inethyl-6-pyrazoione, v. 4861 
Pyrmlones, l«ai7l-3-, 6-halogen methy!-2-, ond 
4-dialkyl-3-pyrazolone, v. 484r 
— , genm preparation of, i. 32r 
— sulpho- and other derivatives of, v. 4861 
Pyrene, v. 490f 

k^ne, iii. 7281 
— -quinone, v, 584f 

Pyrethrom, employment of as a plant-spray, v. 

3211 and r 
• — •* root, V. 4911 
Pyretol or pyrethron, v. 4911 
P^z glass, V. 491f 
P^it, iL 6431 
Pyridine, j.630f 
amino-, i. 6321 

— , antiaepric properties of, ii. 668f 
Pyridineoarbozylio acids and hydrozyoarbozylic 
acids, L 632r 

pyridine, colouring nu^n derived from, i. 636f 
derivatives of, tuid some phjrioal constants 
* ,of, V. 49lf 

dioafbozylic acids, I. 632f 
— , ganeral preparation of, t 32f 
— , Balo|i»n derivatives of, i. 6331 
bomologiies of, i. 633f 
hydrozy derivatives of, L 6321 
acid, i« 6331 

/P andj^msthyis i. 63^ 

Cl*, AAdT BniiiiUiyl-y-earbozyiie adds, i. 633f 
t4ne|hyl-6-etliyl-, 1 634r c 

:z)3SSSa'3’'^“^"T. 

•t«im4cdUd£ viL M 9 

, |W6laifirim3tlio adds, i, 6831 


Pyridine, tricarboxylic adds, i. 683f 

, trisijsthyl-, i, 684f 

a- and v-Pyridones, i. 6321 
Pyridyi ketones, iii. 716r 
P^midine, v, 4921 

, 6-ainino*2 : 4 : o-triozyhezahydro-, v. 4981 

2 ; d-diozytetrahydro-, v. 493f 

, 6-methyl-2 : d^iozytetrahydro-, and its 

salts and 'derivatives, v. 4961 and r 
2-ozy-6-amlno4lihydro«, v. 492f 
Pyrimidines or metadiazines, and their deriva- 
tives, v. 49 Ir 

Pyrimidine, 2:4: 6-triozyheuhydro-, v. 496r 
Pyrites, v. 600f 

analysis of, vi. 664r, 566 

, arsenical, i. 3941 ; iii. 6801 

, determination of arsenic in, vi. 6661 

, mag^tic, iii. 679f ; v. 5261 

, quality of necessai^ for employment in 

manufacture of sulphuric acid, vi. 663f 
spear and cockscomb, iv. 2221 
Pyropseudaconitine, i. 691 
Pyrobromone. v. 602r 
p 3 rrooatechm, ii. 98f ; v. 1701 
Pyrocotechol, li. 98f ; v. 1701 

-o-carboxylio aoid, v. 4711 

Pyrochlore, v, 602r 
I*yrocre»H)ls, v. 602f 
Pyrodialite, in. 201 ' ' 

Pyrodm, v. 6031 
Pyrofnlmm, v. 603r 

Pyrogalloi or pyrogalhe ocid, v. 1741, 603r 

, antiseptic properties of^ii. 6511 

carbonate, v. 506/ 

, dinitro-, IV. 0131 

disaheylate, vi. 617f 

— — . employment of in gas analysis, i. 300r 1 V. 
174f 

, etliers of. v. I74r « 

, mono-, di-, and triacetyl derivatives of, v. 

5061 

monoBulphonic acid and other derivatives of, 

V. 504f 

, nitro-, IV, 6131 • 

Pyrogollolphthaleln, i. 571 
Pyrogaliol, properties of, v. 5041 

, spedal reactions of, i. 243r 

suocineln, and benzein, v. 505f 

Pyroglyoenn, iii, 341 
Pyrolndaoonitme, i. 67f 
Pyroiapaoonitine, and pyrojapacotime, i. 681 
Pyroligneous aoid, vii. 4901 and f, 4911 

, treatment of crude, and apparatus for 

diHtiUing of, vii. 496r, 4971 and r, 498 
Pyrulusite, iv. 2161 ; v. 506f 
Pyromocazone, v. 6841 
Pyrometer, Lo Chatelier, vi. 326r 
Pyrometers, optical, v. 6121 
Pyrometer, sp^ific heat and electrical, v. 6091 
Pyrometers, radiation, v. 6i6r 

resistance, v. 616r 

, transpiration, v. 608r 

use of base metals m thermo-electric oouplsc, 
V. 610r 

Pyrometer, Wanner, vi. 3271 

optical for low tcmperatufc, v. I13f 
Pyrometry, v. 6071-815f 

aiitomatio reoording rMstance tfasimo- 
meters, v. 611r . 

eicctrieal rstiOanos ihennqmeterB, v. 6111 

E.M.F. developed ior pbimum^lliodiiiin, 

and platinum-iridium tbennooemplis, v. 609r 
general^expaasion methodi, v. 6061 
meltliig-pointe of virioui snbstaiiees need 
as staaderas, v, 609ri 6161 
— metfaoi! of obtdaiag temfstriiiirs of 
Ing body, v* 6121 
optical, vi« IMl 
lecoidwa, w- 616r 
y y mittoiybltii v, 6l6r 


V 
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^yvonmoio alcMiyde» iii* 284f * 

^voxxAl, r* 61(U 

dyestuffii, v. 517f 

Oj^yrone or CSoumarin group, the, v. fil6Z 

general preparation of, i. 32f * 

Pyronine colouring matten, v. 51 7r 
-- — O, constitution of, v. 482, 5l7f 
Pjnrope, iii. a03f • • 

^orophan, v. 518f 
PSn^opbanite, v. 5181 
l^nnophori, v. 71 
Pyrophoric lUloys, v. 5181 
Ps^pHorus, denaition of term, v. 518r 
g^phosphorio acid, v. 2061 
Pyrophosphorous acid, v. 2031 
grrophyllite, v. 525r ; vi. 644r 
Pyxoraoemic acid. iii. 728f ; v. 6271 
Pyroretin, v. 673r 
Pyrosal, vi. 616f 
Pyrosid B, vii, 207r 
Pyrostibitc, iii, 7021 
Pyrosulphurm acid, vi. 654r 
I^foaulphur^ chloride, vi. 638r 
6»iSoPyrotartario acid, iii. 4271 
Pyrotartario acids, iii. 4261 

anhydride, iii. 4271 

Pyrotechny, v. 6181~626r 

, devices introduced during grout war, v. 6261 

, formula for calculating weight of com- 
position required to load a rocket, v. 623r 
— — , formulai for constructing comet, and stars, 
V. 5201 

, loading coses In, v. 5221 

, manufacture of oases in, v. 520r 

, mixtures employed for Kockets, Homan 

candles, and Tourbillons, v. 510r 

^ _ used in, v/ 5191 

— , port-fires, v. 5261 

— , touoh^aper, slow-match, quick-match, and 
loaders, v. 624f 
Pyrovansdio acid, vii. 298r • 

Pyroxene group of minerals — 
monoclinio and triclinic series, v. 6261 
orinorhombio series, v. 626r 
Pyroxenite, v. 6261 « 

Pyroxylio s^it, v.*6261 
Pyrrhosiderite, iii. 4601 
P^botine, iii. 679r 

Pyrrholite or pyrrhotine, iv. 6261 j v. 6261 

Pyrrol black, v. 626f 
Pyrrole, i. 6281 ; 

— — , carboxylic acids of, i. 6301 
— , colouring matter derived from, i, 6361 

, dimethyl-, i. 6301 

ketones, iii. 716f 
PymUmc, i, 7021 

Pyrroles, halogen derivatives of, i. 6301 
Pyrrole, tetratodo*. vi. 6281 
Pyrtt>Uduie-2-carboxylio acid, v. 4461, 4581 

, hydroxy -derivative of, v, 446f, 4681 
Pynivic acid, iii. 728f 

end ite properties, v. 5271 • 

, production of in alcoholic fermenta- 
tion, iii- r53r 

tests for, V. 527r 


Quaatum theory, the, Vi. 33lr 

— - UiMi, mwte aod (loorU tube^ pro- 

BwilM Ott V. MM . 

OMrtUM. ▼. MOi * * 

QnMitiilt. w. noi 

QlilUt,. nodM «f(» 


Quartsi smoky, rose, milk, Avanturife, and 
saoDhtre, v. 620r * 

— varieties of, v- 5291 • * 

Quassia, v, 630r ^ 

, detection of in beer, v. 53iZ 

— — , use of as an insecticide, v. 321r 
Quebrachamine, v, 63 Ir 
Quebraohlne, v. 53 Ir ; vii. 560f 
Quebrachitol oNquebraohite, iii. 634r 
Quebracho alkaloids, v. 53 Ir 

Colorado, v. 6321 ; vi, 6691 

resin, vi. 669r 

tannin, v. 6321 

detection of in presence of other 

tanning agents, v. 632r 

Quercetagetm, and derivatives, i. 86r j v, 632r 

, dyeing properties of, v. 633r 

Quercetin, v. 6341 ; vii. 669r 

, commercial, v. B37r 

, derivatives of, v. 634r 

, dyeing properties of, v. 6361 

, glucosidcs of, V. 637r 

, some sources of, v. 638f 

Quorcic or quercinic acid, vi. 6631 
Quercimeritrin, ii. 4031 ; iii. 4141 ; v, 6381 
Quercia, vi. 6631 
Quercltannic acid, vi. 6621 
d- and 1-Quercitol, iii. 6351 
Quercjtrin and quorcetone, iii. 4141 ; v. 6361 
isoQuercitrin, ii, 403r ; iii. 4141 ; v. 6381 
Quercitrin, dyeing propertie%of, v. 636r 

, presence of in tea plant, vi. 7161 

Quercitron bark, ii. 6911 ; v, 633f 

-yellow lake, iv. 23r 

Quercyito. v. 1901 
Quicksilver, see also Mercury. 

, IV. 2841-28 If 

, bom. iv. 274r 

Quietol, V. 6391; vi. 62 Ir 

Quillaia bark and its saponins, v, 6391 

Quillaio acid and quillaia sapotoxin, lii. 415r 

Quillajio or Quillaio acid, iii. 416rj vi, 1661 

Quinaform, v. 6391 

Quinaldio acid, v. 5481 

Quinaldine, v. 5461 

mothiodido or metbylquinaldiniom iodide, 

V. 549r 

, preparation, properties, and reactions of, v* 

545r 

, tetrahydro-, v. 5491 

Quinalizarin, i. 136r 

Quinamine, its derivatives and salts, ii, 2751 
6-Quinnnisole, v. 5441 

Quinapbenin, ii. 176f, 268/; v, 6391; vi. 6231 
Quinaphthol, v. 6391 ; vi. 6231, 632r • ^ 

Quinazoline, v. 6391 ^ * 

Quiiicoual, v. 539r 
Quinone and apoquinone, ii. 2631 
Quinoonal, see Chineonal. 

Quinic acid, ii. 262r ; v. 648 
Quinirine, ii. 2641 
a-iVoQuinidine, ii.*269r 

Qutnidine, its derivatives and salts, lu 2691, 27CM 

sulphates, ii. iW9r 

WO-, and /MrewdoQuinine, ik 2641 
Quinine, acid dibromosaKcylate of, vi. 6231 

, antiseptic properti^ of, ii. 5531 • 

curbopnenetidide, ii. 2681 

chloride, ii. 262r , , , . 

■ , derivatives of employ^ as drugs, Vi* 622f 

dibromoguaiacolate, vi, 6321 

diethylbarbiturate, vi. 6231 ^ 

diglycollio ester, sulphate of, vi. 6231 

esters, ii. 267r 

— , estimation of. ii. 2661 . ^ . *^*1 

— , B-eUiotyphenyloarbonio ester of, vi. 6231 
- ethyl oaf bonate, ii, 267r a 

^togen 


ami uses oU 
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Qoiiiiiiecliydrohalo^ doriviatives of. iL 

insolabld of employod ao drogit vL 
* 6281.. 

its derivatiyeB and aalta. ii. 261f 

^ lygoamate. v, 589r 

jf-naphtholsolphonate. vi, 6231 

fi-naphthyl monoaolphonat^*. vi, 632f 

aalioylato. vi. 22r 

salicvlio ester, vi. 6232 * 

1 soluble salts of. employed as drugs, vi. 6232 

sulphates, ii. 2642, 266r 

, tests adopted for by pharmaooposias, ii. 2662 

— various mts of, ii. 2672 
Quininic acid, see Quinio add. 

Quininone, ii. 2632 
Quinisarin, i. 1272 

3:6-, 3:4-, 4 : 6-, 5 : 8-, 6 : 6-, and 6 : 7- 

diehloro derivatives of, i. 127r 
, 2-nitro-, i« 127r 
- sulphoxiio add, i. 127f 
2 : 4'-QuiQooyaniQe8, v. 652f 
4 : 4'-Quiiiooyaiiine8, v. 5522 
Quinocyanines and quinolones, v. 5502 
Quinodimethanes, and their preparation, v« 5932 
Quinoform, see Chinoform. 

Qninol, v. 1732 
Qu^lacetic add. v. 182f 
Qninol, antiseptic properties of, ii. 5512 
Quinolcarboxyhc add and its 5-meihylether, v. 
4711 and f 

Quinol, hydroxy-, v.,1752 
Quinoline, v. 539f*655r 

f alkyl derivatives of, v. 5452 

Qttinolinecarbozylio adds, v. 54 7f 
Quinoline chlorometliyJiodo-chloride, vi. 6282 
— , oomparison of properties of with those of 
naphthalene, v. 541r 
— - , constitution of, v. 5412 
—— derivatives, uses of, v. 541f 

, halogen derivatives of, v. 5422 

, 8-hydrozy-, normal, vi. 630f 

— , iodoohiorohydroxy-, vi. 6282 
tsoQuinoline. isolation and syntheses of, v. 5542 
Quinoline leones, iii. 716f 
~ meroi^-sodium chloride, vi. 625r 
methiodide, v. 549r 

p snethoxy- and ethoxy derivatives of, v. 5442 

isoQuinoline, preparation, constitution, and 
impeitiss of, v. 554r 

Quinoline, prof^ios and reactions of, v. 5462 
• qnatemi^ ammonium compounds of, v. 
549f 

iefoQuinoline, reactions, and physioloflical action 
of, V. 5552 
— fed, T. 556r 

Quinoline, salte d/md detection of, v. 546f 
Qmiiolinei. 2*. and 4-oyanoquinoline, v. 547f, 
5481 

. Bmra! propaMtion of, i« 32r 

hydroxy-, sad derivatives of, v. 5432, 5442 
end r 

bvdroxytetfabydro. derivhtives of, v. 549f 

^,mtro-. amino-, ai^ quinoline siilpbonic 

acids. V. 542f 

Quinoline stennl-iodi^ via. 662 
— -fl^eulphonic add. o-hydroxy-, vi. 634r 
-iHmlj^sio add. 3-iodo*4-hydroxy-. vi. 6262 
tetrabydio* and laethyltetndiydro. deriva 
lives of. V. 5462 
-yellow. V. 5582 
QitiiioUiiieadd.L682r 

hyctoxy-. i. 6832 

Qqfnoauimn eompoonds and methylquinoUnium 
MMe»ir«546r 
.5561 

etonee. v. 5472 
ir.5962 




Quinons derivatives of naphthslene, iv« 506f 
— -diimine and dio^xodiimine, v, 5681, 5642 
methyl, phenyl, and other decivativee 
of, V. 6642 

-dioxime, and ite derivatives, v. 5652 
p-Quinone. formulw proposed for. iii. 583f 
p-Quinoneimide and -diunide, chloro- and bromo« 
derivatives of, iiiir5842 ' 

Quinone-limne, and -ohloroimine, v. 562f 

-methyl-, -phenyl-, -p-tolyl-, and -p-aaisyl- 

imines, v. 5632 

monoxime, its derivatives and transforma*^ 

tion products, v. 564r / * 

Quinoneoxime dyes, v. 605f 
Quinones, v. 556^605f 

, addition compounds of, v. 5872 

CnH^-SO., v. 5582 
C«H,n-14Cfg. V. 5782 

, C»Hgfi-180. V. 578f 

, CnH,ft-20O„ V. 579r 

.CnH^-220,, CnH^.240„ CiiH^-260j 

580r 

, CnH, 11-320, . V. 683r ' 

, C«H,»-380,. CftH,n-40O„ v. 6842 
from heterocyclic compounds, v. 5842 

, heteronuclear, v. 5852 

, faomonuclear, v. 5572 

, hydroxy-, v, 669r , 

, intermediate, v. 584f 

, list of addition compounds formed by. end 

reforonoes for, v. 590 
Quinonoid compounds, v. 5912 
homiquinoid, or 4emil>enzenoid com- 
pounds, hydrocarbons of, v. 594r 

pMoudophonols, v. 5952 

, pseud oquinols, v. 595r 

reactions of, v. 596f 

rearrangement, the, v. 597f 

of acridines, v. 6042 

— of auraminen, v. 0032 

of asmes, v. 6042 

of azo -compounds, v. 6012 

of hydroxyaldehydes and hydroxy- 

ketones, V. 602r i 

of mtrophenols,.v, 5992 

of oxozines, thiiudnsh, and-iminaxolium 

compounds, v. 6052 

of phtholelns, v. 6032 

structure, rearrangement of to aromatic 

structure, v. 005r 


658r 


Quinophenol, v. 544r 

Quinophthalono and Isp^uinophthalone, v. 
Quinopyrin, v. 608r 

Qttinosol, ii. 177r, 552r; v. 5422; vi. 630r 

Quinotannic acid, vi. 6642 

Quinotropin, ii. I77f ; v. 608r; vi. 6832 

C^novatannio acid, vi. 0642 

Quinovio, iii. 414r 

(^noxalinos, i. 4362-45 Ir 

2 : 3-Quinoxanthone, 15-hydroxy-, v. 5842 

Quisqueitc, v. 608r 

(^itanldine. ii. 269f 

Qaitenine, il, 2622 

Quitenol, ii. 262f 

Quoits of Van Helmont, vi. 66r 


B 

Racemio compomidh. mdtiug-poiiite of^, aud of 
* pseudoraoiiiiic mixed ert^oils# v. 6102 

ne^bodi of mtilngqiahtog of Imi 
iiilx|iim» vrOOOr 

, physical propmilss of. v. 606t 

, physlolomoal pfopsrtisi of. v« 606r 
, idttUlitlsiofi aM of lOMttiOft 6l6r 


— — ilqui^ 



Bfkokacock and raokarook speolal, iii. 9tfl 
Raddle« aw Baddla, « 

Badioaotivity, diseovery of, v. 611f 
Badiodead, v. 362lr 

Radiology* V. 611r-684f • , • 

— absorption of X-rays'^by matter, v. 634f 
floattering a^ nature of y-rays, v. 
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628r , 

— — , application of powder method* to chemical 
analyeis, v. 627f • 

— Bragg’s ionisation method of oiystol 
analysis* v. 625r 
■■•'"“fScry otal 8timoCuro*~* 

V, 625f ^ 

of alloys* v.«631f 

of compounds, v* 627r | table of, ▼. 630 
of elements, v. 627r 

diffraction of gamma rays, v. 633Z 

, disinteccration series, v. 6Hr ; tables of, 61 

,• theory, v. 613r 

f emission of heat by radioactive bodies, v. 

6171 

, heat Jliotion of the atoms, v. 633f 

, ionisation of different gases by jB-raya, v. 

6221 

^ _ produced by an a-particle, v. 620r 

— , loss of energy in /5-particle in traversing 
matter . the /5-ray spectra, v. 62 Ir 
— - , magnetic defleefion of /B-rays, v. 6211 
— , Moseley's law, and atomic numbers, v 
638r 

nature 6f emanation, and induced activity 
active deposits,^. 6131 

— — fpenodic arrangement of radio-elements, v 
616 

system and radioactive elements, v 

6l5f 

— , powder method of crystal analysis, v. 6271 
, radiations omitt<*d by radioactive sub 
st^oes, V. 6171 

— , radioactive emanations, v. 612f 

, X-ray spectra, v. 631r 

— , STx<iotrosoopy, and diffraction of X 

rays, v. 623r 

— o-ray, and the nature of, v. 617r 

— -, track, V* tJlOl 

/5-ray, and velocity of d-porticles, v, 620r 
—I y-ray, and general properties of, v. 6221 
, relation between range and velocity o 
a*partides* v. 6201 
— , scattering of a-raya, v, 619r 

— separation of ratUoaclive products, v* ol4i 

— — K, L. and M seri^ spectra of the elements 
632r 

- ■ stopping power of metal foils on a-rnya 

v* 618f 

— — , stnieturo of organic crystals, v* 63 Ir 
BsdioteUunum, v. 3631 
Rsdiotborium, vii. 42r 
Badish. v. 634r 
Bsdium, v* 6361-6431 

^ |P y 3631 

bsrium selenate, radium barium tellijratc 

radium barium tellurite, oild radium souiui 
ssftshstSi vi« <0461 f 

-•-IP- . siiamicsl and physical estimation of, v, 64. 
disocvsrv of, v. 6121 
silvscilot ^ 

mlaerato of the titsno-niqliate type, v. 6401 
aacaiiiits sand, v. 639r # 

-J^t^oiSSodofi^ if accidentally droppec 


IteiBiMMe,(»tiiiMti<no( ta be®# produete by th# 

Oetmt metbodt vi 4Mr ..... • . 

— beat of oombuetlon ot w. S#w 

— — , molecular structure of, v# e4o* 

Baisin-seed oil, v. 6431 ^ 

Baktapita, vii. 3101 
Bamalio acid, v. 6431 * 

Rammelsbergite, v. 643f 
Bamp, i. 394f, 

Rancidity, iv. 120r 
Randanite, iii. 44r 
Rape, V. 643f • 

oil, V. 6441 

Rapic acid, iv. 6771 
Rare earth, carbides, ii, 146r 

, carbonates, ii. 146r 

earths, the. ii. 1431 

acetates of, ii. 146r 
acetylaoetonates of, ii 

liiAI 


li6f 


chlorides of, ii. 1461 
extraction of, ii. 144r 
— , ffuorides of, ii. 1461 
— , formates of, ii. 146f 
— , metals of, ii. 147/ 

— , nitrates of, ii. 1461 
— , nitrides ot, ii. 1461 
— , oxfdates of, ii. 146f - j -j 

properties of, and _ their hydnaes, 


oxides, and hydroxides, ii. 145f 

— . , salicylates of, vi. 22f 

sulphates of, ii. 1461 




Raspberry, v. 6461 
Raspite, vi. 4051 ; vii. 229r 
Ratafia, iv. 140r 
Havison oil, v. 646r 
Rayon, vi. 101r-l07f 

Reactions, influence of temperature on cnemicai, 

ii. 1601 

— — , velocity of chemical, u. 167r 
Realgar, i. 3661 ; v. 42r, 294f, 646r 
Receptor groups, the, vii. 177r 
Rectification, v. 846r 
Red, acid alizarin B, i. 4671 

, acidol doth G, i. 473r 

, acridine 3B, v. 6181 

, alizarin, B, and WS, i. 126f 

, amidonaphthol 6B, i. 468t 

, aniline, vU 188r 

, anthracene, i. 4841 

, acid, 3B, i. 487f 

, antimony, Hi. 7021 

, Apollo, i. 46 Ir 

, atlas, V. 444r 

— , autol, i. 462f ; BGL, 4571 

, ozidme brilliant, 8B, i. iSuV 

, fast, F, i. 4801 

, azo acid, i. 467r 

, azo, A and N extra, 1. 4701 

, azogen, i. 4671 

, nzophor, i 4571 

B, oil soluble, i. 467f 

“ Bed base,” vii. 1891, I92r 
Red. Bengal, vii. 208f 

, l>enzamine fast, i. 48(W 

— , benzo fast.!. 4^01, 48^ 

, ben/oin fast Al^l. 46^ 

HrilUant dianil R, i. 48oi 

fast O, i. 4661 

lake, R, i. 4711 

— , — sulphone, i. 4691 

— , cardinal, i. 4651 
carmine, ii. 30.3r 
— . oeraacine, i* 472r 
J,Clime8e,UH244l ; v. 29ar 
cblorantine 8B, i. 483f 
^ chromazone. A, i 4681 
-;ohX.v.42r 29(Jr 
_ . Cibft, B. vii. 816r 

, B piwto. V. 57»t 

I^a»yton M»8r 
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INDBZ. 


Bed, doth, i 4701 i B, G, 78{ i B, BA, 

BB, Or G extra, GA, 8G, SG extra, 8GA, and O, 
473f 

^ oo2>dt, V4 297r 

s , coohineal, \ i. 4707 

I , Congo, m I 485r ; R, 48H 

—— , copper N, i. 465r 

, oorcdlin or aurin, vii. 203f 

, ooeinoB, i. 481Z 

cotton, 8, i. 4707 ; B cone., 4B, and C, 4817 ; 

B, 484r ; 4B, 6B, BP, and D, 4857 ; lOB, 4887 

, Crompsal) direct i. 4807 

- — , Derby, ii. 2447, v. 42r, 296f 
Reddish sulphide dym, vi. 604f 
Reddle, iii. 4957, 677f ; v. 295f, 646f 
Red, diamine, fast F, i. 4807 ; 4B, 6B, B, and SB, 
4857 ; lOB, 4887 

, dianil, fa^t PH, i. 4807, 4817 j 4B and 6B, 

4857; lOB, 4887 

— — dianol 2B and brilliant extra, i. 483r S feat 
F, 4807 

— , diphenyl 8B, i. 483r i diphenyl fast, i. 4807 

, diiect, fast F, 1 . 4807; C, 4817; 4B, 4857 

dyestuff C 2 tHieN 3 Cl, i. 446r 

, emin, v. 4457 

, eriochrome B, v. 490f 

, ethyl, V. 552r 

— , , as sensitiser in photography, v. 2287 

, fast, BT, i. 4647 ; A, AV, cone., and 0, 4657 ; 

B and P extra, 4677 ; EBB, 4687 ; C, 8, and 
VR, 4697 ; D and NS, 4707 ; milling and silk, 
473r ( 

— , Columbia F, i. 4807 

— — , , graphitol, GAERR, i. 462r 

, , hello RL, i. 462r ; v. 437 

, Hessian F. i. 4807 

, Florida, R, i 487r 

, hemlock, vi. 661f 

, Indian, iii, 698r ; v. 42f, 295f 

, ingrain, i. 4587 
, B, Janus, i. 474f 

. lakes, 0 and P, i, 464f I D, 4717 ; iv. 267 

lead, iv. 787 ; v. 42r, 2937 

• as a flux, iii. 2357 


— , light, v. 42r, 295f 

hquor, i. 174r 

lithol, B, V, 42f 

, lithol, R, i. 465r 

, magdala, i. 4487 
— , magenta, vii. 188r 

mafotto, vi. 6627 

Redmanol, vii. 3097 

Red, Mare, G, i. 46971 v. 2967 

— , methyl, i. 587 

, millW, G and R, i. 477r 

— moti, G, i. 462r ; 2R, 472r 
Na^ iv 4077 
, naj^thamine, H, i. 4807 
Mphthol, BB and OR, i. 469f 1 0, 0, and S, 

naphthylamine, G, i. 4707 

— , L, new, i. 4747 

, nitrosamme, i. 4577 

Redo, VI. 454f 

Bed, oak, vi. 662r 

— — , Ooaba, vii. 452f • 

^•yElad^>il,” vi. Ur, 47r * 

JMIf oil 0, L 472f 

oxamine, i. 480r 

, — fast F, i. 4807 

P 1566, L 4737 

, patathio. A, and ohrome, i. 4677 and r 

, jpevaoitfaBiline, i. 456r ; v. i2f 

taofm N, i. 456r 
, Pasii^ V* OIr, 2937 
MUMHMt 4B, i. 463r 

' ,a.U4lt r.itr,i»8r ‘ 

' .vL« 08 r 

(7Ii lMBL.4«9r , 



Bed, prin^iline, i. 4581 

, nyronal R, i. 462f ; B, 472r 

Moqtiinoline, v. 555f 

— p., ^ preparation and propertiee of, v. 555f 

Rodruthite, v. B477 
R^, St. Denis, i. 4791 
— , salicine, Q, i. 4847 

, salmon, i. 481r ; v. 

, salol, vi. 277 

, sandel, vi. 30r » 

, scarlet, vi. 547 

, sensitol, v, 228r, 552r ; vi. 66r 

“ Rod short ’* in mete^, v. 646f < 

. silk, R, i. 4737 

, sitara, i. 4577 ; sitara fast, i# 462r 

, sorbine, i. 4677 

, Stanley, i. 466r 

, thiazine, G and R, i. 469r ; GN, 4707 j 

, thiogene dark, GR, vi. 5067 * 

, thiomdigo, iii, 6247 

, , B, vii. 314r, 8157 

, , BG and 3B, vii. 3157 

, tolane, B, i. 468r f 

, toluylene, i, 483r 

, tormentil, vi. 6667 

, triazol fast, C, i. 4807 

, trypan, i. 4847 ; vi, 6397 ; vii. 222r ' 

, Turkey, v. 42r 

Reduoase, in. 142r, 163r 
Reduction, definition of term, v. 6477 
Red ultramarine, vii. 255r 

, Vandyke, v. 42r ; v. 293f 

, Venetian, v. 42r ; v. 29fr } vii. 318f 

, Victoria, ii. 2447 

, wool, SB, i. 467r ; extra; 4707 ; B, 473f j 

G. 480r 

Kefraotometer, v. 6477 
, Abbe, v. 648f 

, Amagat and Jean's oleo- ; and the Tombe's 

apparatus, v. 65 Ir 

. butter, V. 649r 

, dipping or immersion, v. 660r 

, mterference, iii. 635r 

, , uses for, m. 638f 

, Lowe's interference for liquids, iii. 6367 ' 

, Pulfrich, V. 647f , 

Rayleigh's mterference for gases, iii. 6367 

, supply of water at constant temperature 

for, V. 662r 

Refractories, or refractory materials, v. 6537-663r 

some general propertiee of, v. 659 

table of moan — 

specific heats of botweeh different temperatures, 
V. 660 

thermal conductivities of, at various tempera* 
tures. v. 661 

Refrigerating and ice-making machinery, v. 663f 
— - machines, two principal types of, v. 6647 
Refrigeration, uses of, v. 6667 
Regianin, iv. 5097 
Regulus, V. 666r 
of Venus, i. 3817 

Reheating, deiOnition of term m metallurgy, v« 
6fl6r 

Reiehardtite, v. 666f 
Reinite, vi. 54r ; vii. 229r 
Rend rook, iii. 467 
Rennet, or rennin, iii. 1447 * 

Renol corinth B, i. 486f 

O, I. 481f , 

rubtne extra, i. 4Slr » 

Kesaoetophenotie, iii. 7137 
ReeaJdol. v. 6671; vi. 5827 and r 
Resaettrin or resaaoin, v. 6677 
Baatn, v. 657r"682f 

, aoaroid, i 57, 5333 

aloiielu or aluehi, v. 5687 
, aluohij amioa, end eapalMiiVL v. 6657 
, anigto, i. 3277 ^ 

v« 6671 


I 
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INDEX. 


Aennit bmngdla* v. 679f 

Botany Bay, 1. 52, 5832 * 

— , Bnuterort, v, 5732 • 

, Buoanunanga, i. 6992 2 v. 6782 
— , oaatoreum, common, v, 668r * 

cerate, i. 557r • • 

, oharaoteristios of, i. 5302 
— , oopal, iik 6982 ; v, 6702 

, ouapinole, v. 67W • • 

dammar and dragon's i)lood, v. 671r 

, detection and estimation of when used as 

an adulterant, v. 6702 

, estimation, of, .V. 6812 

Aioalyptusf V. 6722 

export of in 1921-22, v. 68lr 

, fossil, V. 5722 

, guaiaoum, v. 673r 

, hemlock spruce, v. 6752 

, Highgate, v. 6732 

, India hemp, v, 6752 

R68mi&, i. 500r 
Ream, Jalap, v. 675r 

, KamaU, v. 676f 

— , Kosin, V, 6772 

, masopin, v. 6782 

— , mastic, V. 6782 
, Maynas, v. 678r 

, Mezereon, palm-wax, and pellitory, v. 678r 

— , Norway spruce, u 700r ; v, 678r 
Resinoids, vii. 309f 

Resin oil, or spirit, v. 68 Ir 

— , me^ocis of detecting in fixed, volatile 

or mineral oils, v, 669f 

Resin^tannol, i. 5311 
Resin, palm-wax, «v. 678f 
— pepper, v. 6792 
— , podophyllum, v. 679r 

, propolis, V, 4492 

— , quebracho, vi, 669r 
Resins, clarification of, vii. 306r 

— employed in spirit varnishes, artificial and 
synthetic resins, vii. 3092* 

. — , formaldehyde phenolic, vii. 3092 
. formaldehyde-urea, and ooumeurone, vii. 

ogW* 

Resin, solubility of, vii, 306f 
— , Val d'Arno ^periore, v. 673r 
— , Wars or Waras, v. 6812 

, Weissonfels lignite, v, 67 3f 

Resite, i. 500f 
Resofiavino, v. 682r 
Resorcin, v. 6832 

blue, iv. 7382 ; 

brown, v. 682f 

- from braatlin, i. 658f 
Reeoroinoform, v. 682r 
Resorcinol or resorcin, v. 17 If, 6832 
— , dinitro-, iv, 6122 
dioitroso-, v. 6062 
— green, v, 6062 

— — hexamethylenetetramine, vl, 634r 
homologuos of, v. 1732 
»■, nitro-, iv. 6122 
— tetranitro*, iv. 6121* • 

— — trinitro*, iy. 612f 
— use of as an antiseptic, ii. 6512 
a* and iS-resoroylio adds, v. 4712 
Retaimne, v. 68Sr 
Retene, v. 68Sf 

Retenequinone and its deri^^ives, v. 5802 
Bet^ asphalt, md retinite, T. 673r 
Rexlte; m. 47f, 492 ; 4. 6842 
Rexol, iii. 28r 
Regntan* vi. 6332 
R|ia1bdisto,vii. 2932 
Bhabdopbane, v. 6842 ^ 

fjffRhaiiinirliti i vii. 559f ^ 

BiUHUirtiB. towlUMddwivativw} riwin^j 

rflMMMin it. Metyl dwiv»tiv«> v. lOfr 
WtomninM., riMmaoM, aad rhuoudtiM, v. lOM 


Rhamninose, ii. 51f ; v. 1062 
Rhamnodtrin and its acetyl derivative, is 6982 
Rbamnoemodin, i. 698f ^ 

Rhamnolutin, i. 698r ^ ' 

Rhamnonignn, i. 698r ^ ^ 

Rhamnose, ii. 39f * 

Rhamnotannio add, vi: 664r 

Rhamnus cathartious, v, 6842 

frangula, colouring matter derived from, 

Rhaianine, i. 3272 
Rhatony root, v. 6852 ^ 

tannin, vi. 664r 

Rheadine, iv. 7192 ; v. 6852 

Rheio or rheumio acid and rheum red, vi. 664r 

Rhein, v. 6852 ; vi. 662 

• and its derivatives, iv. 3632 
*, constitution of, iv, 3642 
Hheonine, i. 712, 732 
Rheotannio acid, vi. 664r 
Rheumatin, v. 686r ; vi. 232, 6232 
Rhexite, iii. 47r 
Rhigolene, v. llOr 
Rhinanthin, v. 685r 
Rhizoninio acid, i. 624r 
Rhodaoene, v. 685f 
Rhodaform, v. 685f ; vi, 634f 
Rhodallin, i. 151r 
Khodamin B and S, vii. 2092 and r 

Cf» 3B, and 6G, vii. 2102 

12GM, and rhodin 3G, vii. 210f 

Rhodamine B, constitution ef, v. 482 
Rhodeine, v. 685r 
Hhodeose and epirhodeose, ii. 402 
i^oRhodeose, ii. 40r 
Rhodeotetrose, ii. 40f 
Rhodmol, v. 685r 

Rhodium, v. 686r • 

, ammoniacal derivatives of, v. 6882 

dioxide, v. 68 7r 

, electrolytic estimation of, i, 318r 

monosulphide, sulphate, and sulphite, v« 

687r 

monoxide and sesquioxide, v. 6872 

nitrate and nitrite, v. 687f 

, special reactions of, i. 237f 

Hhodizite, i. 6412 ; v. 68^ 

Rhodizonic acid, v. 572f 
Rhodochrosite, v. 688r 
Rhododondrin and rhododendrol, v. 688r 
Rhodolite, iii. 303r 
Rhodonite, v. 688r 
Rhodotannio acid vi. 664r 
Rhotanium, v. 50r, 6892 
Rhubarb, v. 6892 

, percentage of oxymethylanthraquinoMi ju 

commercial varieties of, v. 6922 • * 

root, v, 689r 

tannic acid, vi. 664r 

, valuation and assay of, v. 690ri 6912 

Rhyolite, v. 6932 
Rice, V. 6932 

, analysis ofVoken, vi. 3762 

, composition of, ii. 139 

gluten, prepamtion of, vi. 3772 

group of starches,* oharaoteristios of, and 

I microscopical appearance of, vi. 3872 and f • 

starch, manumoture of, vi. 374f * 

, wild, comparison of with cultivated, vii, 

470f ^ 

Eicin, ii. 982 

Ricinelaldio acid, iv. 678r 
Rioine or rioinine, ii. 972, 982 ; v« 694r 
Riokardite, v. 696( 

Riessling wine, vii. 479r 
Rifleite, iiijJSr 
Rime, v. 35f 
Rinkite, v. 6952 
Rifine^, V. 6952 
RioniW, V. 6952 ^ 
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Bi|>pite» ui, 59r V * 

RiateterT. 69ffl 
Biwleiol, vi. 63^ 

Rotunii^ peeudaoacia, v. S96i 
.Bofainiziy iii. 414fta. tr. 695r 
^RoburiteB» iit. iW 

Roooella fuoifomia, montagnei, tinotoiia» and 
other8)i iv* 1991 
Koooelline, i. 4651 
Booellio acid* v. 6961 « 

Rochelle salt, vi. 6891 
•* Rook,*’ vi. 411 
Rock<4ii7Bt^ V. 529r 
Rockets, mixtures employed for, v. 51 9r 
Rooks, porphyritio structure of, and ranges in 
chemical constitution of, v. 368r 
Rodinal, L 198r ; v. 6961 ; vii. 2611 
Roe-stone, iv. 704r 
Roghan, vi, 91 

Roman candles, mixtures employed for, v. 519r 

Romite, iii. 151 

Rongalite, v. 6961 ; vi. 454r 

C, vi. 5471 

Rope, white, i. 11 

Rosooiline, vii. 188f, 1891 and r, 192r 

colouring matters derived from, vii. 192r 

— > ^roup, sugp^ested use of compounds of as 
antiseptics, vn. 2111 

-sulphurous acid, v. 6961 

Rosanol 4B, i. 4791 
Bosaxiirine B, i. 485r 

G, i. 4851 , 

Rosooelite, iv. 361r I v. 6961 ; vii. 2941 
Rose, V. 696r 

, asophore. A, i. 4571 

Bengale N, vii. 208r 

~ de benzoyl. i« 4641 

,*4iamine, i. 468r ; v. 444r 

, dianil, BD, i. 468r 

Rosein or Rosaniline, vii. 188r 
Rose oU, natural and synthetic, v. 102r 

otto, or attar of roses, iv. 6431 

■ direct G, i- 467r 

•geranium oil, iv. 639f 
Rosebie, v« 696r; see Rosaniline. 

Rosein base, viL 1891, 192r 
Roselle, v. 696r 
Rosmaxy, ma»h, iv. 226r 

oil, iv. 6431 

— , wild, iv. I08r 
Bose, napht^l, i. 4571 
— or bhie-ted, nitrophenetidine, i. 4571 
— ~ pink, V. 696r 
Rosetta stone, i. 556r 
Rosewood oil, iv. 6431 ; v. 696r 
Roshydraaine, v. 696r 
t Roftin, V. 668f 

acids, gravimetric and volumetric estimatio 

of in soap, vi. 152r 

^ qualitative detection of in soap, v 

1521 

Bosinduline and its derivatives, v. 6971 
ueRosinduline and its derivative, v. 6981 
Rosin, cunployiiient of, in manufacture of soai 
vi. 1441, 149r 

— oils, and rosin coke, viL *491f 
j- — pitoh, V. 3l6r 
Bososyanuie, vit. 244r 
Boselana, i. 448r 
Besolie add, vit 203f 
Rosodisiiins lOB, i 4e9f 1 v. 44if 
i. 469r ; 4B, 4791 
Rotre hitk, vi. 664r 
Roetsnsteiie, v, 699r 
V. 42r, f95f 

BowiiflmiiNb, Romanita, or RmnSiiite, i. 1841 
Rovhliiviv, 3961 « 

. Mir... aaiw 

isoweppnse, ▼* ever 

JlsibSir; v/999a*7]4r # 

TOOlaadPr 


Rubber, qommerdal varieties of, v. 701r 
— diolonide of, v. 841 
— -*• goods, manufacture of-— 

V. 704r 

^buffeis, valves, belting, heels, and heel-pads, v. 

710r ‘ r 

hose, V, 7101 

rings, tubing, ebonite, and vulcanite, v. 7111 
sohd, and of pneumatic tyres, v. 709r 

, teohnioal examination of, v, 7l2r 

, guide to literature on, v. 7131 

, the hydrocarbon of, v. 7021 

, hysteresis of, v. 7121 • 

, India-rubber, v. 699r 

, plantation, v. 7011 

, properties of crude, v. 7031 ’ 

, of vulcanised, v. 7111 

synthetic, v. 7131 i 

, vulosnisatiou of — 1 

V. 703r; vi. 527r \ 

by cold process, v, 707r \ 

by hot process, v. 706r \ 

, waste, V. 71 li 

Rubellone, iv. 3611 \ 

Rubellite, vii. 173r 

Raber 3 rthrinio (or ruberythrio) acid, iii. il4r \ 
Rubesine, vii. 188r ^ 

Hubiacin, iv. 179r 
Rubiodin, iv. 1791, 354r 
Rubia Khasians, v. 7141 

Sikkimensis, v. 7141 • 

Ruhia tinctorial L ll4i . 

Rubichloric acid, ii. 1531 

Rubidine, i. 4661 * . 

Rubidium, v. 714r 

acetylide acetylene, v. 7161 

ammonia, v, 7161 

— - — chloride, rubidium limmonium bromide, 
iodide, hydrogen fluoride, and otheic salts of, v. 
716r 

copper nitrite, ii. 3721 

“ , oxide, peroxide hydrate, and hydride, v. 
7161 

■“;^^J>enta8ulphide, phosphide, and cyanide, v 

separation of from other elements, i. 2621 

, sp^al reactions of, i. 240r 

syngenite, v, 716# 

Rubies, reconstructed and artifloial, iti. 36i 

Rubijarvino. ii. I48r 

Rubine, azo acid, R, i. 469r { 2B, 4701 

, €k>ngo. A, and B, i. 481f 

— , cotton, i. 48 Ir 
— , pigment, R, i. 463( 

, Vwtoria, O, i. 470J 

Robtnglimmer. iii. 450# 

Rubitannic acid, vi. 6651 
Rubresetn, v. 7161 
Ruby, Cape, iii 30.V. 370r 

, oriental, iii. 370r 

, Siberian, iii. 370r ; vii. 173r 

spinel, or balae-ruby, vi. 338r 

Ruddle, iU. 4951, 677r ; v. 295r, 646r 
Rim oil, iv. 643f 

Rufioarmine and rafieocein, ii, 3Q3f 
Ruflgallio acid, i. 137f 
Rufi^lol, {. 127r 
Rttflopin, i. 1361 
Rum, V. 716e 

— olassiflcation Of Jamaioa, v. 717r 
Rnmex Eoklonjannsi v. 719r 
— — Kepsicnsis, v. 7201 ^ 

Ruin, Imitsiiom and ntm shrub, •nd Wfit Xhdl 
thru!), V. 7l2r 
Rnta-baga, vii. 246r 
RutMsrfsfna, II. 6481 , 

Ruthenia suldoata, v. 7ilr 
RuthsnluiiL V. 7201 

dis and tetraahloridss^^v* Till 
niCfosoehlofidss, v. 721v ^ 



^ftuthenium oxidea, mquloxula^ and ^oacidia» w* 


ML 


VSOr 

-~ailloid6, phcMiphoras balidat^ and tatheniiiiB 
organio dmvativas* v. 721r 
— — , special veactions ol, i. 

siSphide, V. 7211 o • • 

tetroxide» 721Z 

Butherforduie» v. 7221 

V. 7221 • • 

— , aoioular cmtals of in slate, vi. 1361 
Butin, iii. 41 4r ; v. 637f, 722r ; vi. 6681 
— — , dyeing properties of, v. 5381 
Bye, oompositiop oi» ii. 139 
— 6pui^, ii>6391 

-J. 1, •_.! • AMM 


8 

Sal>ad]Ua seeds, alkaloids of, ii. 147r 
SabadiXlme, ii. 148f 
Sabndine, ii. 148r 
Sabmene, vi^738r 

Sabinol, its acetate and phthalate, dihydrosabinc 
and strychnine sabinol phthalate, vi. 11 
Sabromin, vi. Ir, 6211 
Sabulite, iii. 181 
Saocharane, vi. Ir 
Saooharetin, vi. Ir • 

Saccharic acid, ii. 421 

Saccharides, di- and poly-, products of hydr 
lysis of, ii. 45I ; iii. 1661 
Sacoharimeteni, vi. 447r 

, ^ffect of concentration of sucrose solutioi i 

on reding of, effect of temperature on, vi. 46' r 
Saoo h a rim etiy, effect of different clarifying agon i 
on the powimetrio reading, vi. 466l 

table, showing* the relation between tl > 
Ventzke sugar scale, the French sugar sod , 
and degrees of arc (sodium light), vi. 4611 

, temperature coefficients of different suga 1 

of Venme scale, vi. 461 • 

. 1 Ventske or German scale, vi, 4491 

— verification of the sacebarimeter scale, i. 
iW 

Saocharm, vi. Ir • 

N«8aceharinaoetichcid, vi. 31 
Saccharin, condensation products of with phen< s, 
vi. 61 

, derivatives of, vi. 6r 

— detection and estimation of in wine, ' 11. 
4861 

, ethoxjr-f nitro-, akoino-, alkylnitro-, c id 
othar derivatives of, vi. 61 
Saocharinic acids, ii. 291 

^ para-, iso-, and meta-, \i. 6r, 71 

Saccharin, methyl- and ethyl-, vi. 6f 
preservative powers of, ii. 6601 
— , properties of, vi. 2r 
— pseudo-, and its ohloro derivative, vi. 61 
** Sagarins,’* ii. 29r ^ 

Saccharin, sodium, vi. 31 
— — soluble, vi. 6f 

, teste for 

Saoobarone, vi. 

Saccharose, ii. 461 

properties of, vi. 427f 

Saocharosee, by4|rolysiB of di-, and of poly-, 
566f 

Saffioiite, vi. 1371 
Saffiot^.^L Wf 1 vi.^71 

Selkon,'vi. 9r 

bastard, vi. 71 
Indian, vii. 241r 
oil, vi. 8f, 9f 
•nxfogate, vii. 3211 
oonrant, vi, 9r 

0a||Nuihie aeo-eoloiiriiiig matters, iii, 625f 
dkthyKh447r 


ii. 


Salraniae, a* /l-dimethyl-^ L 447r 
— tetramethyl- and tetraethyl*, i, 44V 
Safraninones, vi. lOr • 

Safranisole, L 8321, 4491 « « 

Safranol, vi, ll( iIm ^ 

Safranone, vi. Ill Ir • 

, apo-, vi. Ill 

, hydmxy, or safranol, vi. Ill, 5051 

Sa&ole or safrol, vi. Hr 
tso-Safrole or i6afrole, a- and S-, vi, 131 
Safrole, derivatives of, vi. 121 
iso-Saf)mle, derivatives of. vi. 13r 

t -Safrole, and its derivatwss, vi. 141 and r 
afrole, oxide and other derivatives of, vi. IS 
and r 

Sagapenum, iii. 4861 
Sage oil, iv. 643r 
Setgo, vi. 14r 

fiour, manufacture of starch from, vi, 3801 

, granulated or pearl, vi. 14r 

group of starches, characterisUos of, am 

miorosoopioal appearance of, vi. 3871 and r 
, Japem, iii. 6931 

, pearl, analysis of ; and Indian sago, vi 

385r 

, source of i granulated or pearl sago, w 

3861 

Saltan, vi. 151, 6311 
Sainfoin, vi. 151 
Sajodin, vi. 628r 
Sak4, vi. 

Sakoa oil, vi. 15r 
Sakuronin, iii. 4151 
Sal absinthii, vi. 16r 
Salacetin or saletin, vi. 161 
Salaoetol, vi. 241, 61 7r, 632r 
Sal aoetosellae, vi. 15r 
Salad oil, iv. 1971 
SalaoratUB, vi. 161 
Sal alkali minerale, vi. IS/' 

— vagetabUe, vi. 16r 

volatile siccum, or sal volatile, vi. 15| 

amorum, vi. 15r 

-ammoniac, i. 2121 and r; vi. 15r 

Salanine, v. 404r 
Salantol, vi. 241 

Sal aperitivum friederioianum, vi. 161 
Salargyl, vi. 161 
Salarmoniao, vi. 161 
Sal auri philosophioum, vi. 161 

cathartioum, vi. 161 

oomu cervi, vi. 161 

de duobus, vi. 161 

digest! vum sylvii, vi, 161 

duplicatum, vi. 161 

Salenixon, vi. 161 
Sal febrifugum sylvii, vi. 161 

fusibile, vi. 161 

Salhypnone, vi. 231 
Salibromin, vi. 61 7r 
Sslioaine, vi. 16r 
** Salioer," vi. 1591 
Salicin, iii. 4151 * 

, a-amino-, iii. 406r 

Salioreol, or salooreol, vi. 16r, 61 7r 
Salicyl olooho!, vi.46r • 

Salioylaldehyde, vi. 16r* 

, eleotroly tie preparation of i propertiee m 

derivatives of, vi. 171 and r 
Salicylamide, vi. 24r 
Salicylates, special reactions of, i. 2431 
Salioyleine, vi. 19r 
Salioylio acid, vi. 17r-271 

aoetamido-ethyl-, vi. 241 

aoetyl-,*and its chloride, vi. 2Sr 

, alkyl, aryl, and other derivativaa < 

' 231 6 

1 ......^ antiaeptio properUes of, iL 5901g 

^a-^ — ohief imparities ib, and method# 1 
pnriBeation of, jri. 191 ^ 



m 


\ 


vmoL 


Mildly d«rhrativea of, vi. 22r 
, detootea il, vi. 251 * 

- of Ui butter, i. lOQr 
• of in milk, iv. 875r 
, > fnd estimation of in winee, fruit 

juioee, and in beer, vi. 26t 

— , 2 • 5-diiodo* axtd monoiodo-, vi. 231 

esters of, vi. 201 

— ^ estimation of by voltunetric i and by 

gravimetrio methods, vi. 25r * 

— — , 3*, 4*, and 54odo«, vi. 241 
, isomerides of, vi. 26f 

— , 6*nitro- and 6«amino*, vi. 23r 

^ properties of, vi, 19r 

, salts of, vi. 211 

_ use of as a preservative, as a medicine, 
and lor the produotion of azo-dyes, vi. 201 

— glycerol formal ester, vi. 61 7r 

glyceiyl ester, mono-, vi. 61 7r 

— — glycol ester, mono-, vi. 61 7r 

methoxymethyl ester, vi. 61 7r 

methylene acetate, vi. 61 7r 

orange, and yrflow, vi. 23f 

tartaric ester, vi. 6171 

— thymyl ester, vi. 632f 
Salioylide, vi. 16f, 251 

— chloroform, ii. 224f 
Salicyl-a-methylphenyl-hydrazide, vi. 251 

monoglycoi esten, vi. 211 

Salieybaoeiic acid, vi. 23f , 

Salieylo-aoetoantipyrine, vi. 616f 
Salioylonitrile, vi. 24r 
Salicylosalicylic acid, vi. 24r, 6171 
8ali<^loyl disulphide, vi. 241 
Salicyl-p-phenettdine, vi. 61 5r 

propyidiozyisobutyrate, vi. 6171 

8ali<^lquinine, ii. 2681 
Salicylmphonio acid, vi. 23r 
Saligmlol, vi. 61 7r 
SalliEanln or saUgenol, vi. 16r 
Saliinenthol, iv. 258r ; vi. 61 7f 
Salinaphthob, vi. 211 
Bahnigrin, iii. 41M 
Salin, manufacture of, v. 306r 
Balipyrine, v. 488r ; vi. 22r, 616r 
— , constitution of, vi. 16r 
fialirelln and saliretone, vi. 16r 
BaUt, vi. 22r, 617r 
Batitaanol, vi. 24f 
Salithymol, vi. 632f 
Balitrales, vi. 1901 

Balkomdri's test for cholesterol, ii. 229f 
Sal lamerianum, vi. 161 

marine, vi. 161 

— ^martis, vL 161 

^nricroocsmicttm, vi. 161 
mlnabiie, and sal mtrabile parlatum, vi. 

161 

Balmott oil, vi, 271 

Sal narootieum vitrioli, vi. 161 

— nativum, vi. 161 
Saloereol, vi. 6321 

Baiotii. 560r$ vS.20r, 617r * 

*^kiral. vi. 271 

Balolohlofooarbonate, vi, 211 . 

Balol-xed, vi. 271 * ^ 

Balol, tribroaso*. vi. 6]7f * 

Biloiiiien, ii. 550r ; vi. 20r, 271, 6161, 6181 
Biloquinine, or saloobinm, Ii* 2681 ; vi. 6231 
sallcyl^, vi. 6231 
Bdoqoifione, vL 231 

INdyoliiwtiiin glaasri, vi, 161 
^■*~*-«^«eigoetiti, vi. 161 , 

promsilla, vi. 161 

•altind,id. 161 

isdvsiun f^iiibsti vb 161 
iidMviim bomlNi^ 

-mwdM 


Balt, bav. vi. 2081 

** Balt oa£e," see olio Sodium sulphate* 

Balt oaks*, vi. 162f, 2501 

manufacture of, ii. 2161 
-« — oommon, definition of term, vi, 2081 

, oompoBition of natural brinM, vi. 200f 

^ of from Btaasfurt, and other natural 

BourosB, vi. 196r 

, consumption 6f fuel m evaporation of brines 

vi. 202r 

— , diamm of triple effect evaporators erected 
by the^t Union at Weston Point, vi. 205 
. diagrams of typical multiple effect p|smt for 
evaporating brine, vi. 203 
— , employment of in insecticides, v. 322f 
— * Epsom, vi. 27f 
, fishing, vi. 2081 

— fusible, vi. 27r * 

• gardens, vi. 208r 

Glauber’s, vi. 27f 

, glazier’s, vi. 27r 

, hopper, vi. 2081 

, impurities found in natural brine, vi. 20^ 

— , list of most important patents for evap 
tion of brine, vi. 20]f 

, manufactnre of from brine, vi. 2001 

, miorooosmio, vi. 27f 

, occurrence of, vi. 1961 

of Amber, vi. 27f ' 

of lemery, vi. 27r 

of Saturn, vi. 27f * 

of Tartar, vi. 27r 

of Tin, vi. 27r ^ 

of Vitriol, VI. 27r « 

of Wisdom, i. 1 121 

perlate, vi. 27f 

Saltpetre, *ses also Potassium nitrate. 

. iv. 5351 ; v. 4001 ; vi.*27r 

— , artificial, v. 402f , 

, ChUe, iv. 5341 ; vi. 1991, 2381 

earths, artificial, v, 40If 

— , Qrough, iii. 2r* * 

, manufacture of fri>m natural saltpetre 

earths, and their composition, v. 4011 and r 
— , refining of, v. 402« • 

Salt, '* poisoning the pan ** in manufacture of, vi, 
2081 

, Preston, vi. I37f 

• rate of subsidence of land in brine pumping 

districts, vi. 20lf 

, rock, iii, 495f ; vi. 1661, 1961 

, , composition, of, vi. 199f 

, ^ metlms of mining it omployed in 

Oli^hire, vi. 198f 

, — , occurrence of at Stassfurt, v. 872f, 

875r 

f origin of deposits of, vi. 197r 

, ^.“the flag,^’ "horse beans,’* and 

"shaggy metal,” vi. 2001 
Balts, antiseptic smelling, vi. 137f 
Salt, sedative, vi. 27r 
Salts, hydroly^ of, Iii. 5591 

, smelling, vi. 1371 

Salt, Solar, ei. 208f 

Balts, table of vapour pteesnres dof hydrated, vii. 
306 

Balt, world’s output of, vi. 2091 
8alufdr,ii.5431; vi,27r f 
Balomin, vl. 62^ 

SatvarMui, or " 606,V I 3911i vi 27r, 64li 
6421 * * 

metslUe oompounds of, vi 6411 
■—- * sodium, yd, 6W 
Balvfanin and salts, i 1421 
Salvia ased, oil from, vi, 27r 
Bal-volatBs, i 2 Itr; I6f 
BalsbiinrvftiSd,^. $711 
Ssmanaarlbs ffn % ei 27r 

I 14Sr: fi.Slr * 

BasMBriuni, vi 261 and r 



abKMPptioiii spwk* aad aro Ipeotra of, 

aoetylaoetoao, and sawftriiim dimethyl 

phosphate, vL.29l • . 

carbide, carbonate, 'ohloridb, diohlorioe 
hydrate, anlphate, and the platini- and anri 
chloridee, vi. 28r 

Samarakite, ii. 144r ; ti. 291 f vii. 26V 
Sambnoine, ii. 61 8r • 

Sambunimn, ii, 618r ; iii. 4162 
Sammetbiende or aammeterz, iii. 4502 
Bamna or Samn,, i. 710f ; vi. 26r 
Samsohite, iii. 52r ; vi. 29r 
Samsu, vi. 20f , 

Samuela cnmeraana, vi. 29f I 

Sanagen, ii. 942 

Saaatogen, ii. 942 ; vi. 29r 

Sanatol. vi. 29r, 6312 

Sand, black sand, and gem sands, vi. 29r 

, Trent, vii. 1802 

, volcanic, coral-, glass, shell, sdolian, an( 

silver ; an^ysis of various, vi. 302 
Sandal-wood oil, iv. 643f 
Sandarao, v. 680f 

« Sandeiswood, or sandelwood, and sandelwood re 
ii. 590r; vi. 30r • 

Sandiver, vi. 32f 

Sandstone, argillaceous, micaceous, felspathi 
ferruginous, blue-hearted, green, and analys 
of vanous, vi. 332 
— , sand-rock and caloai 
Sanga-sanga oil, vi. 33f 
Sanguyiime, vi. 33f 
Sanitas, in. 558f . 
e Sonoform, vi. 232, 6282 

Sanoscent, ii. 562f • 

Bantal, i 656r ; vi. 312 and f 
Santalal, or santalaldehyde, and derivatives, 
34f * 

Sont^ene, a- and )J-, its dihydrochloride 
other derivatives, vi. 342 • 

.Santalin, ii. lOr ; vi. Sir 
wcSantalin, ii. lOr , 

#aootyl-. and its deoxy derivatives, ii. 112 

a- and jj-santalol, ii. 192 j vi. 342 and r 
Santalone, i.*556r 
Bantalwood, vi. 30r 

Santaiyl esters, and sontalyl carbonate 
chloride, vi. 362 
— — others, vi. 36f 
Santene, vi. 35f , 

, plyool, hydrochloride, tnbromide, mtro 

chloride, and nitrosite, vi. 362 
Bantonol, its acetate, phenyl -urethane, and sei 
t oartorone, vi. 362 
Santheose, vi. 362, 6342 
San ton, vi. 6262 
Santonica, vi. 362 
Santonin, vi 3Hr 

, constitution of, vi. 37f 
— , estimation of in wormseod, vi. 372 
Santyl, VI. 382 

“ Sap,** V. 6842 • 

Sapocarbol, vi. 6212 

Sapogenin from nuilisia bark, v. 6392 ; vi. 
Saponaretin, vi. 38r 

— — , ennea-ocetyl, vi. 88f ^ 

j!!.’ WBiJoyecl to, vi. tsi 

— mM prooew tor. v>. *9r 


a 1 


Mituetove **"> ’*• 

lUMBonto. vi. 4#ll 


BapoatfleaiiDn, to meaiu of ^ 

enimoM, vi. 481 * , 

hydroohlofio acid, vi, 442 • 

lime in the open vat, vi. 40r , t 

sulphoaromatio oompounds, Twitohell s re* 

be oonsidered in reducing the 

destruction pf organic matter when sul^uri' 
acid is employed, vi. 44r . -j 

, ferment, ferment-imlk, and forment-oil, vi 

, Hughes’ apparatus W, vi. 402 

, methods of Hoyer and Nioloux, vi. 462 

, mixed process for, vi. 602 

, Petrow process, the, vi. 46r 

without the assistance of catalysts, vi, 39r 

with the aid of— 

bases under pressure, vi. 41r 
catalysts, vi. 402 
Saponiner, Twitchell’s, vi. 462 
Saponin from sapindus makurosi, lu. 4X62 

— styrax japonica, iii. 4162 

Saponins, iii. 4152 ; vi. 60r, 1652 
Saponin, sapotoxin, sapogenin, prosapogenm, one 
allosapogenin, vi. 1662 

Saponins from yucca angustifolia and yucei 
radiosa, iii. 4162 
Saporubr^, iii. 41 6r 
Sappapwood, i. 6362, 6682 
Sapphire, artificial, iii. 3702 

spinel, vi. 338r • 

Saprine, v. 4812 
Sapropel. v. 682 
Saromo, iii. 6802 
Saroolactio acid, iv. 102 2 vi. 60f 
Sard, ii. 149r ; v. 629r 
Sardine oil, vi. 60r 

, Japanese, iii. 69 If 

Sarothamnine, vi. 512 
Sarpokarbol, vi. 612 
Sar^l, vi. 612 
Sarsaparilla, vi. 612 

saponm, iii. 416r 

Sorton, vi. 51f 
Sassafras oil, iv. 848f 
Sassolin, ae^ Sassolite. 

Sassolite, or sassolin, i. 640r i vi. 61f 
Satinite, iii. 494r ; v. 86r 
Satin-spar, i. 7492 

white, vi. 61f 

Sativio acid, vi. 61r 
Saumur, vii. 477f 
Saurul, vi. 622 
Sauterne, vii. 477f 
Savin oil, iv. 643f 
Saxifragiu, i. 646f 
Saxon blue, vi. 622 
Saxonite, iii. 62f } v. 1042 
Sayawer, ii 162r ^ 

Soup, formation of in hoileie, i* 62 If 

, prevention of in boilers, i. 622f 

Scammonin, iii. 4ftf 
Soammony, iii. 4862 
Soandia, ii. 143f ; v^ 632 
Scandium, vi. 622 • 

, hydroxide, oxidd*, sulp^e, ^ph^ 

selenate, nitrate, fluoride, wonde, btomum 
and aurichloride, vi. 632 , ^ t 

— , platinocyaaide, borate, oxalate, and aoetys 
acetone, vi. 63f ^ 

j[^ I separation and pnntioatio& of, vi* 

4BS, 7B8. i. 

, uidtoe. B, i. 488J 

, B. I 460. 4741 

B.dt,ol^u47ar 

BBB, oil wlabto. i. 4731 

lilrtVo*, 8BC I. 
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Bowrlet, JSlMkley, i ilU 

1 biSUant, f. 4701 ; v. 42f , 20S< 

-• — , brilliant wool* i. 457r 

, oerotine* 2^ i. 457^ 462ri G« 482r 

^ ohloraniaicUba* i, 4571 

Cibo, V, 5701 

5701; viLS15l 

cinnabar* BF and OB, i. 477r 

, Clayton doth, i. 4701 .** 

. I , Q. 4741 

, em^wal. 411. i. 4641 ; F8, 4e7r 

1 ootton, i, 47dZ ^ 

orooelne, 8BX, i. 46M ; 4BX, 4701 f 8B, 

47$r ; 7 and 8B, and 0 extra, i. 474i 
crystal 6R, i. 456f 
— , diamine B. i. 481i 
— p direct B, i. 4d9r 

— ,donl4e, R, L 4642, 4651; brilliant, 4651; 
extra 8, 469f ; brilliant SR and 6, 469r ; and 
4741 

BC, i. 4741 

— , eoain, eoein B, BN, BW, and Scarlet J, JJ, 
and V, vii. 207r 

— lor eilk, i. 4651 
— OR, i. 4641 

— , indwathrene O, vii. 3171 
— , induline, i. 446r 
— jute, i. 4641 

— lithol fast, R, and RPN, i. 462f 
— f milling, 4R, i. 487f 
— ,N,and 50, i. ^701 
— , Naaaoirs, O, i. 467r 

— 000, i. 4691 
— oil, i. 457r 

— • oxamine, B, L 48Sr 

— PR and 2R extra, oonc., i. 469r 
— k peiatine A, i. 467f 

naner. i. 4731 

— , pigmente, O, i. 464r j 3B, 4671 
— , pure, V. 2931 

— B, i. 4641, 472f ; 2R, i. 4671 

— red, V. 42r ; vi, 541 
— , rojral, V. 2931 

thiouidigo, iii. 624r 

— , G, V. 5791 

• R, and 20, vii. 3151 
» Thione brilliant LR, vi. 504r 
» Titan, i. 465f 
I Venetian, iii. 7021 
^ ViCtorit 4R, i. 4701 
Bcatole, v. 1011 

— acatole-acetio and soatole-oarboxylio acids, 
iii. 626r 

SohalenUende, vii. 507f 

8eheele’e green, vi. 54r 

Boh^te, vi. 54f, 4051; vii. 2291, 234f, 236r 

Sohleiclum fat, vi. 551 

Trijuga, vi, 551 

Schlempefcmde, manufactuie of, v« 396r 
Sohleretinite, v. 673f 
Echlieg, iv. 601 

Sohlippe^i ealt, i. 3621 ; vi. 551* 


Schnapps, iii. 374f 
Schoanito, v. 2901 


axtiOeial, preparation dl, v. 3881 
emnposttion oL v.«388f 
’ SehOBkoprs^^iv. 4^; vi. 551 
ScbOoite, tv. 1941 
Sobori, vii. 173r 
Sehoriomlte, vii. 701 
Behweitaar*s reaimt, ii. 2691 ; vi. 551 
Seillftoxiii, seilliatnieiiii, soillaltt, edUiptaiti, and 
aoiUitin, vi, 340r 
Maroprotaiiia, v. 4641 
SocperiiwLaodl; vi.55l 

and Ha hexaeetyl, hexabwsOyi* and oOtar 
^ S5I 

Sjj ^bw ttln e , vi 55r, 405r| vH. fl6r • 

tllf 


Soopoleria,iv. 191 
SoopoU^. 4161; vi. 561 
Soopoltne, vi. 55f , vii. 2211 
Soorodite, vi. 56f ^ 

S^vilUte, V. 68d « 

Scurvy, rdatiou of to diet, via. 322r 

variation in potency of dififorant varieiiM of 

Citnis in treatmeet of, vii. 8241 
Scutellaria altissimcL vi. 66r 
Scutellarin and soutdlarein, vi. 56r 
Scyllitol, or aoyllite, iii. 6351 
Scythe stones, s«e dUo Honea. 

, vii. 461f ; DevoniihiA» batts, vii* 431r 

Sealing-wax, vi. 571 

Seal ou, vi. 581 

Soa-wolf liver oil, vi. 58f 

Sebaoio acid, vi. 58r j 

84bonite, iii. 201 I 

Seoole aminosulphonio add and aecalonio adf , U. 

641r ' \ 

Seoootine, iii. 419r 
Secloheptose, vi. 591 

Secretage, vi. 591 \ 

Securite, iii. 161 \ 

Sedanolic and sedanonio adds, ii. 1071 \ 

Sedohepitols, a- and J9-, ii. 381 v 

Sedohepto^ and its anhydro* derivative, ii. 381 
Seeth water, iii. 6121 , 

Seid oil, vi. 59r 
Seignette’s salt, vi. 59r 
Selodonite, iii. 468r 
Sel de Satume, i. 26f 
Selenethyl, ii. 6d6r « 

Selenio add and thiooyanoselenions add, Vi. 62f 
Selenious add, vi. 621 
Selunitc, j. 7491 ; iii. 4941 ; vi. 59f, 5141 
Selenium, vi. 59r-651 

, asymmetric, v. 340f 

compounds, employment of 66 drugi, vi. 

629f 

> of with phosphorus, v. 1981 

, determination of m glass, vi. 64r 

, electrical resistance of, vi. 60r 

, estimation of, vi 661 \ 

, sravimetric estimation of, i. 248r 

, liquid,'* red crystallitrc, and metaliio, vi. 

60r 

, molecular weight of, vi. 53 Ir 

— — properties of, vi. 611 
— semioolloidal red amorplious, amorphous, 
and vitreous, vi. 601 

, separation of fro|n other elements, i. 256r 

of from ores, i. 256f 
special reactions of, i. 2381 

, substituted aromatic compounds of, vi. 63f 

, tetraSooride and selenium nitride, vi. 631 

trioxide, vi. 621 

, use of to colour glam, iii. 3671 ; vi, 611 

, volumetric estimation of, 1. 280f 

Selenoanttpyrine, sdesuurettcd hydrogsn and 
selenium oxide, vi. 61r 
SellaTte, iv 189f 
Seltser water, i,. SOr 
Semloarbadde, iii* 5371 

, m-bensainino-. ii. 4271 * 

— , m^olyb. iv. 2221 
Semioxainastde, iii. 537r 
Senarmontiie, ri. 651 
Seneca oil, vi. 651 • 

Senedfolidine, senddoninc, and gsnedna, vi* 66r 
Scnodfoline and the alkalddo of •encdo'SPP^ vi 
651 

Sancojo, alkalddi of, vi 651 
Senega root, \l 65r 
Senc^, vi, 66f 
Setteka, vi 65r * 

S^te, vf. 661 

Senna, of, vi 643r s 

leavse and vi* 661 
SfBiiallii vi 64$ 



n mt o L 


m 


temax, vi 648f 
Sennite, lii. 634r 
8en0ttiaoni, v. 227r 
Semritol green, vi, 60r 
red, Vi. 66f 

Benso, i, 69M ; vii. 771 
Sepia, V. SOOr ; vi. 66r 
Sepiolite, iv. ie4f, 2621 
SepBine, v. 481f> 

Septaorol, vi. 66r 
Sept^,ii.*128i; vi. 66 
Septioine and sepeln. v. 479f 
Septovinoe, vi, 6282 
Seq^uiatannio acid, vi. 6652 
Sencin, vi, 100? 

, hydrolysis products from, vi. 101? 

Sericite, iv. 36 U 
l^rme, v. 458? ; vi. 67? 
iroSerine, vi. 68? 

Serothr, iii. 41 6r 
Serpentary Rhizome, vi. 68? 

Serpentine, i. 895r ; iv. 194r ; vi. 68? 

, analjnsft of various, vi. 68f 

, noble or precious, vi. 68r 

Serpentinous marble, vi. 69? 

Serum, thera^utio uses of, i. 618? 

Service berry, vi. 69? • 

tree, iv, 396? ^ 

Sesam^ cake, average composition of, vi. 70? 

oib vi, 69? 

German, ii. 2? 

— iodised, vi. 628f 

— , the Baudouin colour reaction for, vi, 

70?* 

Sesamol, vi. 70? * 

Seshine-urushi, iv. 3f 

Setoglaueine and setacyanine, vii. 212/ 

Sewage, vi. 70r“78r 

, applieation of to land, vi, 73r 

, bio»aeration method of treatment, vi. 75? 

, contact-bed treatment of, vi. 74? 

constants for calculating the minimum 
cubical contents of percolating filters ; and of 
c^i^taot beds, vi. 77 

, effluent tanks or.filters, and sludge disposal, 

vi. 78? . • 


late, vi. 78r 

, jfirst steps in purification of, vi. 71? 

, percolating filters for, vi, 74r 

, purification of by intermittent filtration, vi. 

72r 

— , quantity of per he^ of population, vi. 75r 

, sand beds employed in purification of, vi. 73? 

— **, septic tank treatment of, vi. 71r 

storm overflows, screens, and storm-water 
treatment, vi. 76? 

— testa for sewage efSuents in relation to 
standards, vi. 78r 
, treatment of, vi. 76? 

Shaddock, iii. 465? 

•* Shaggy metal,’* vi. 200? 

Shaki^o, vi. 79? 


Shale, vi, 79? * • 

, oomposition of, ii. 123f 

— oil industry, v. 65? 

— , Fyfe, Bryson, Crichton, and 

Henderson retorts, v. 70? 

— , geology of, v. 67? 

, mining, v. 68? 

j., refinery optt'ations, v. 72r 

^ retort condensers, v. 71? 

•, retorting, v. 68r 
separation of amid paraffin, v. 
75? 

treatment of distillates, v. 74? 

, Young and Beilbyawtorta, v. 69f 

pitch, V* 317f 

Shales, vsrietieaof, v* 671 and r 

«h«fwWofl,vf.79r 

Shark Uvaroilii VI. 79r 


Sharps,” i. 652/ 

Shattuoldte, ii. 680r 

Shea batter, i» 558r • 

saponification of with mag n d ri a^ vt« 

43f s . • 

Shd«ohuang*tza, vi. 80?, 

Sheep wash, preparation of, ii. 488? 

Shellao, v. 677f ; vi. 80? 

, artifioial,*details of patents for piepttratioa 

of, vii. 308? 

Sheilite, iii. 22? 

Sherardising, process of, Vii. 578? 

Sherry, varieties and classifioation of, vii. 478? 

Shiboul and sbibuol, vi. Sir 

Shikazarin, vi. 81r 

Shikimole, vi. Hr 

Shikon and shikonin, vi. Sir 

Shikytan, v. 646? 

Shimose, iii. 30r 
Shinnamu, vi. 82? 

Ships, corrosion and fouling of steel and iron, and 
prevention of, ii. 390r 
Shiso, V. 104? 

Shoddy, as a manure, iii. 176? 

Shoe dressing, French, i. 602f 
Sho-ju, vi. 289r, 690? 

“ Shorts,” i. 652? 

Shoya, vi. 289r 
Shoyu, vi. 290r 
Siare^otannol, i. 531? 

Sibolite, vii. 309? . 

Sicaloln, i. 154r 
Siderite and siderit, vi. 82? 

Sid^rose, vi. 82? 

Sidonal, v. 307? ; vi. 82?, 633? 

, new, vi. 82?, 633? 

Sienna, raw and burnt, v. 44?, 295r 
SiHural. vi. 8U 

Silage, sweet and sour, ii. 634r 
Silane, mono-, vi. 88r 

, trichloro-, vi. 90? 

Silberol, vi. 626r 
Silfrax, vi. 821 
Silica, v. 299? 

, assay of, i. 422? 

bricks, v. 658? 

, chemical properties of fused, vi. 85? 

, compounds of with manganese, iv. 214? 

, employment of in paint manufacture, v. 41f 

, gelatinous (hydrogel form), vi. 871 

Silioal, its bromide and hydroxide, vi, 821 
Silica, properties of, vi. 84? 

** Silica skeleton,” vi. 245 
Silicate of soda, see Sodium silicate. 

Silicates, separation of from alkalis, i. 2611 ^ 

, specifiu reactions of, i. 241? * « i 

Silica, various kinds used in glass making,* iii. 
384r 

, velocity of transfonnati<m of one variety 

into another, vi. 85? 

-ware, fu^, vi. 85? 

physieal propertiea of, vi. 85r 

Siliceous sinter, iii. 374/ 

Silicic acid, estimation of, i. 252? 

, separation of jbom titanic aoid» 1* S66r 

, soluble, vi. 37? 

acids, stated ezistenoe of four, vi. 85f ^ * 

anhydride, vi. 84? 

Silicides, metallic, vi. 96f 
Silioo-bromoform, vf. 93f 

-butane, deoabromo*, vi. 93r 

-chloroform, vi. 92? 

-cyanamide, vi. 95? 

-ethane, heacgbromo-, vi. 98f 

Silioofluoric add, iii. 233? 

Silioofluoridea* special reactions of, L 241r 
Silioo-fluorofonn, vi. 91? 

•formic anhydride, vi. 88r, 92? 

• 4kydrfo chloride, vi. 92i* 

Bi]1^6.vi.S6r 



6ilioo«triohloron r- 


SUioolodofonn, vL $4i 
Emioo<4j2aCM>acalio add, vi, 921 * 

giliooiD 0 thane, vi« 66r, 892 
* — , bvomo*^ vi, 932 

r , noono-jand |iiohloxo-i vi. 92r 

, tribromo-, vi. 93r 

Silioon, vi. 82r-99r 

action of water on, vii. 8642 

Sib'oonamide and ailiconimide, vi.^962 
Silicon, amorphoua, vi. 82r 

a^ bromine, compounds containing, vi. >32 

chlorine, oom^unda containing, vi. 12 

and fluorine, compounds containing ; sib )n 

fluoride, vi. 902 

— hydrogen, compounds containing, 

88f 

iodine, compounds containing, vi. ( r 

carbide, vi. 962 

amorphous, ii. 882 

, czystalline, ii. 86f 

— ohlorQ*b«>mides, vi. 942 

ohloroiodides, vi. 942 

ehloroeulphydrate or 

oaptan, vi. 96r 
— , complex acids containing, vi. 882 

, oomi^unds of with— 

hmn, vi. 96r 
oatjbon, vi. 952 
nitrogen, vi. 94r 

phomhorus, vi. 95f « 

sulphur, vi. 962 

, erystalUne or aQamantine, vi. 832 

di« and mono-sulphides of, vi. 962 

dicarbide, vi. 95r 

dichloride, vi. 91r 

diiodide, vi. 942 

Siltoones, vi. 88r 

Silicon, estimation of in iron and steel, i. 2642 
— , graji^toidal, vi. 832 

— hydride, vi. 88r 
ffilioo«mtrogen hydride, vi. 952 

Silioon, mixed halogen derivatives of, vL 942 
— , niodifiaation of Moissan and Siemens, vi. € 

— monoadde, vi. 86r 

nitrides, the mononitride, vi. 94f 

nitrimide, vi. 952 

— , ozyoarbides of, vi. 95f 
— - oxydhlorides, vi. 92r 

— plmphate, vi. 9or 

— plmphide, vi. 95r 
— , pigments containing, ~~ 

—— aelmude, vi. 96r 

seaquinitiide, vi. 952 
«— subfluoride, vi. 90r 
sulphochloride, vi. 96i 

- lelrafaromide, vi 932 

- tetiaohloride, vi. 912 

- tetriodide, vi. 93r 

- thiobroinide, vi. 96r 
^thioehloride, vi 96r 
> thiooyaiiate. vi. 95r 

tri- and heza«boriide, vi. 95f 
SilkKMirtlioIbnnata, trietbyi vi 922 
acid. vi. 892 

and mlioo-inea^zalie aeid, vi 88r 
^-*-**- •nentaae, oetohrodb;, vi 93r 
tKlto|«opaiie, vi. 89r 
SMotimipitieadds, vii 2402 
8ili6oaiMonatei,vii0062 
mik,vi.99r 

artiflofal, 101r->]07r 

of denitration on stmngth of 
iol,vi 1022 

,inaohinofy used in manufaotiire of, 

Ti 108r 

mstliods lor iden t lflcati o nof, vi. 1042 
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praduetloo and output of, vi 2061; 
^fidativoidbaiaalo^ of fllamentaspl, 


Silk, dj^ of, ii 5772 
— , dyeing of with— 
addd^ii. 5842 
aniline bladw, ii. 5892 
sbasic dyes, ji 5952 
direct dyes, ii. 58iS 
mordant dyes, ii 582f 
sulphide dyes, ii. 5862 ; yi. 608r 
vat indigo, ii. 5872 
weld, vii 4592 * 

gum or sericin, vi. 1002, 1012 

, mordante for, ii. 5792, 5802, 58 

. tinting of, i 6l5r 

Sillunanite, v 659r ; vi. 107r 

bricks, mixture for, v. 6632 • 

Silo, ii. 634r 
Siloxicon, vi. 06f, 1082 
Siluinin, vi. 1082 
Stlundom, vi. 1082 
Silver, vi. 108r-1332 

acetate, vi. 1 322 

, alloy of with manganese, iv. 2< 

, alloys of with— t 

gold, iii. 4562 
platinum, v. 3322 

, amalgams of with zino, vii. 58i 

amide# vi. 1242 

p-aminophenyt-aiBonate, vl, 64 

— ammonio-nitrate, vi. *12^ 

— arsenate and arsenite, vt. 1262 
anphenamine, vi. 13^ 

, assav of, i 4192 

aroimide, vi 1242 , 

biphosphide, vi. 1262 

bromate, vi, 129f 

— bromide, vi, I27r 

— bullioYi, refining of, vi.^182 

Cabell-Whitehoad process of refining, t 

1182 

carbonate and colloidal silver carbonate, vi. 

122f 

, Chinese, vii. 2492 

— chlorate, vi, 129r 
chloride, vi 126f 

colloidal, vi. 127r ‘ 

chromate and silver diohromate, vi. 125r 

citrate, vi 1322 

— , coin, employment of as a solder, vi. 2762 

, colloidal, vi. 119r, 6272 

colloidal.gelatin, vi. 6272 

f colloidal preparations of, vi 626r 

, compound ot with acetylene, vi, 1332 

, compound** of with halogens, vi. 126r 

cyauate, it. 4722 ; vi, 124r 

oyanide, ii. 4682 ; vi. 1242 

, processos for extraction of, ii, 4382andr 

disulphide, vi. ]25r 

, Dore, vi. 1182 

eleetro-depoeition of. ii. 621r 

eleotiolytio estimation of, i. 3172 

, separation of from eoppeoPt U 325f 

erythram, ii. 64W 

, estimation of in ores, i. 2532 

— eactraetion bf from ores, vL l(KU 
lerrocyanide, vi. 122r 

— flwride, vi. I29i 

fulminating, lU. 28222 vi. 123f 

— fulminurate, iii, 288r ^ 

funuuate, vi. l^2r 

, Belatose, and c|geiil, vL 626r 

— , Oerman, vii 5812 • * * 

— ghmee, vi. 1252 

, gravimeUio estimation of, i, 249r 

, Mr, vi. 1092 

, horn, vi. 1092, 126r 

hyposttlpitiite, vi/4252 

Sflvecing, 1 ^ of, and priMpal et^ In opsmita 
ol, vl. 12tr . 

meeaa ol pred^Ulid ww clilovidit vi 

i • 
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BUver iodide. iH. i yi. 12& « 

abnormal ai^iuiion and oantraotion 
of when heated, yi* I28f 

lactate, iv, 101 ; vi, 1821 . 

iodate. vi. 129r * • • 

manganipyrophoephate. vi. 246f 
— meltingiipomt of, v, 609f 

, Nevada, vii. 6811 • 

nitrate, vi. 122f ^ 

— , germicidal power of, ii. 6461 

- solutions for volumetric estimations, i. 
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-, uses ef, 123r 


nitride, vi. 123f 

nitrite and hypooitrite, vi. 123f 

nucleate, vi. 627f 

— and protoinate, vi. 626r 

, occlusion of oxygen by, v. 71 

ore, vi. 1091 

* — , amalgamation of, and pan amalgama- 
tion process, vi. 109r 

, Augustin, Patera, Kiss, and Bussell 

processes Ibr extracting silver from, vi. 1161 

, black or brittle, vi, 401r 

, Boss system of pan amalgamation, the 

Washoe ana Rem river processes for extraction 
oC silver, vi. 1101 * 

1141 — * chemistry ^f the cyanide process, vi. 

r^, cyanide consumption on Mexican, and 

concentrations of cyanide solutions employed, 
vi. Il3f 

^ pracess, the, vi, 1111 

>, flotation methods of concentration, vi. 


1161 


-, flow sheet of treatment by cyanide 
process, vi. 116 • 

, furnaces used for roasting of, vi. llOr 

.Regeneration of cyanide, vi. 114f 

— , smelting of, vi. 11 Cl 

, Ziervogel process of treatment of, vi. 

114f 

organic antiseptics, vi. 6201 

— f, solts of, vi. 1321 

— ortho-, pyro-, ai^ metaphosphates, vi. 1261 
oxide, .employment of for colouring glass, vi. 

12lf 

oxides and salts, vi. 1211 

oxy quinoline sulphonato, vi. 132r 

permanganate, iv. 2181 

peroxide and peroxymtrate, vi. 1221 

persulphate, vi. 12y 

phenol sulphonate, vi. 132r 

phosphate, compound of with ethylene 
diamine, vi. 132f 
»— • phosphate*, vi. 126r 

picrate, v, 289r 

plumbite, vi. 126r 

— , production of, vt. I18f 
— , properties of, vi. lOSr 
— * protein compounds, vi. 626f 

— — quinaseptolate, vi. 132r, 626f 

residues, methods of workipg up, vi. I22r 

resinate, vi. 1341 

“Silveraalt,** VI. I34r 
Silver salts employed os drugs, vi. 626r 
- -aalvanuiiii^vi. 1331, 6421 
selenide, vl I26r 
special reactions of, i. 2361 
— , stainlessi vi. 118r • 

shb-bromide, vi#l30r ^ 

— sttb-olbioride and sub-fluonde, vi. 1301 

sub-iodide, vi. 130r • 

—— suboxide, vi, I29f - . 

subsalts, photosalts, and suboxides, action 
of %hl on haloid salts cfl, vi. i2#f 
sub-sulphtde, vi. I30f • 

II-*- snooinincil4p» vi. 4261 

com^und of with hexamethylene^- 
tsiiniiis^ ri, 132f • 


Silver golphantiatooitet vi. 410r^ 

—^sulphate, vi. 124r 
— sulphide, vi. 1261J 
— - sulphite, 1261 

suiphoiohthyolata, vi. 620# 

tartrate, vi. 1821 . 

— • thioohromate, vi. 126r 

thiocyanate, vi. 124r 

thiosulphate or hyposulphite, vi. 126 

ultramarine, vii. 2661 

, uses of, and alloys of, vi. 118r 

— — , vitreous, vi. 1261 • 

, volumetric estimation of, i. 2811 

Silvinite, composition of, v. 3841 
Simetite, i. 1841 
Similor, vi. 134r 
Simonyitc, vi. 1981 

Sinaibin, iii. 416f ; iv. 4011 ; vi. 134f ^ 

Sinamine, i. 150f 
Sinapin, vi. 1361 
Sinapoline, vi. 1361 
Sinigrin, iii. 416r ; vi. 1361 
Sinistrin, vi. 3401 
Sinodor, i. 261 ; vi. 136r 
Sinter, vi. 136f 
Siomine, vi. 136r, 628r 
Sipyiite, vi. 136f 
Sitosterol, iv. 7221 : v. 281r 
“ 606,** see also Salvarsan. 

,*vi. 6411, 6421 

Skiargan, vi. 6271 ^ 

Skimmia lauroola, vi. 136r 
Skimmin, iii. 416r 

Skins and hides, preparation of for tanning, iv* 
931 

, collagen of, iv. 92r 

, elastins and mucins of, iv. 92r ^ 

, epidermis and oonum of, iv. 90r, 921 and r 

, fats of, iv. 931 

, practical mioroBOopio examination of, iv; 

91r 

Skogbolite, vi. 6721, 677r 
Slaak,i. 112r 

Slag, production of in blast furnaces, iv» 59r, 601 
Slate, vi. 1361 

, analyses of, vi. 1361 

, black, V. 299f 

, Colly weston, vi. 136r 

, Stonesfield, vi, 136r 

Sloke, i. 112r 

“ Slop** or “ Swill,** vi. 378r 
Smalt, ii. 298r ; v. 297r ; vi. 136r 
Smaltite, vi. 136r 
Smaragdite, vii. 61 Or 
Smelling salts, antiseptic, \i. 137r 

, white and violet, vi 1371 

Smilaoin or smilasaponin, iii. 416r 
Smithsonite, vi, 137r; vii. 6961 
Smoke and smoke prevention — 
vi. 137r 

deposition of solid matter from smoke in various 
towns, vi. 141 

products escaping from a Are after addition ti, 
coal fuel, vi. 139r 

summary of the recqynmendation of Newton 
Committee on, vi.«142r 

germicidal properties of, vi. 1381 ♦ 

, losses through smoke and soot, vi. 139* 

methods that could be adopted for rsdufling 
the production of, vi. 1421 
Snake root, vi, 66r 

veoom, vi. 143f ; vu. 1761 

Snow, thermal conductivity of, vii. 353f 
Snuff, varieties of; and adulteration of, viL 863 
Boamin, i. 3901 ; vi. 143r, 640r, 641r 
Soap. vi. 143f-164r 

, “ adwmted ** or “ filled,** vi. 1481 

•bark and soap-root, vi. I64r 
. Mack. V, 299r • 

>, osstpr oil, fS. 163% 
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eMfioatton of, vi. I48r 

variatiM of, vi 148f 
Imp, oomposition of-* 
r muiiie potashpoop, vi. I4tf 
plat made horn ooconut oil, vi. 144f 
toilet, vi. U9f 
— , determination of— 
the carbon number ” of, vi. It^ir 
oomlwed alkali and free oauetio alkali in, vi. 
151r 

fatty mattw and total alkali in, vi. 150r 
, detormination in, of siibstances ihaoluble in 
alooiioI,and of water-soluble aubstanoea, vi, 1631 

, — of water in, vi, 1621 

different qualities of hard, ** settled** 

soaps, ud curd soaps, vi. 1471 
’ setimation of neutral fat, and tinsaponi- 
fbihle matter in. vi. 1681 

examination of fatty matter in, vi. 1621 

» organic substanoes, vi. 163r 

*- *, fitted *’ and ** semiboiled,** vi. 147f 

, mottled,** Marseilles, “ blue 

mottlM, Eschweg, Nantes, vi. 147f 

, ranine, theoretical composition of, vi. 146f 

» hard, soda soaps, vi, 1441 
soap-making by the cold process, vi. 1441 

Jpy double decomposition of lime eoaps with 
sodium carbonate, vi. 146r 

— by the hot process, vi, 144r 

— “figging,** vi, 1491 

^tty adds (soap stock fatty acids), vi. 

-from natural oils and fats with sodium 
hydroxide, vi 146/ 

Soap, marbling of, vi. 147r 

, marine, vi 144r 

located, floating, disinfectmg, sand, 
shredded, ground, diy, and textile, vi. 160/ 

— , ** neaV* vi. 146r 

— of Banda, iv. 405f 

— powdeiB Of washing powders, vi, 1601 

— , preparation of standard solution of, vii 400/ 
— , remelfed, milled, and transparent, vi. 14^ 

. sampling of, vi. 160r 

, “silver,^* vi, 140r 

- — . soft, or potash soap, vi. U8f 
fioapetone, v. 299f, ; vi. 166/, 644/ 

Soap tree, vi. 646f 
— , use of as a lubrloant, iv, I64f 
— , uses of as an inseotidde, v. 321f 
valuation and analyeis of, vi, 160/ 

various kinds of sp^, vi. 160/ 

, water insoluble, ra metallio, vi. 164/ 

— , soluble, ‘* hard,** and ** eoft,** vi. 143r 

-••wort, vi, 166/ 

’ Sbhmo!, vi. 726f, 747f 
Sobwfone, vi. 747f 

^ 108/; see oho Sodium carbonate and 
Sodium hydroxide. 

Soda alum, i. 179/ 

“ Soda ash,** vi I6«f 

-7^ , commereial LebUne,Vi. 174/ 

nmd in manufactoie of soap, vi. 

So^ best Soot€ii,vi. 191/ * 

r~tBoid«attx,v.224/ • 

— oaustie, eomuieraial forms of, and method 
for openly drums vi. 212/ 

— (Si$ obo Sodium hydroxide.) 

detached, powdera, and oonunsroial 
msthoda of aoalysies for, vi. 220/ 

— — , evaporation of— 

omtisissd liquor, vi. 221/ . 

to tiM MjntalliHtioD 4 ankidfoai 
ocwito ftoM Mwitia gHnohydntU, vi. ISTr 

i«4 


naiwiMhw 4 Iqr liMtMtythr 
th. Oloofan oall, deoMvtto oaAea 

. aad phtinra MwdM, 2MI 
toa,A^, HugntvwBird, ud HeboB odb, 
VI. 226/ 

the AUen^Moore, Gibbs, Unlay, 'bad mercury 
oathodaoells, vi'. 226r ' 

» , rraufaoture of— 

by cauBticising lieber and Wals's sodium 
carbonate, vi. 226/ 

diagram of triple effect evaporators, vi, 221r 
evaporation to 106* Tw., vi. 2241 
Keetner*s climbing film evaporator, vi. 222r 
from ^tum alununate and fl ake d lime ; from 
sodium sulphite and slaked lime ; and from 
sodium bismpbide and slaked lime, vi. 2301 

borato and slaked lime, and ^ 

sodium sulphite solution and sodium forrit 
from sodium fluoride and steam; fro 
sodium fluonde, magnesia, and water ; aai 
from sodium sulphate and strontium h^roxV 
ids, vi 229f ' 

chloride and slaked lime, vi. 228/ . 

— at a red heat and steam, vi.l 

228f ^ 

solution and lead oxide, vi. \ 

227r 

‘ ferrite and water (hot), vi. 230f 

1 — fluoride and slaked lime ; and from 

sodium fluosilicate and slaked lime ; and from 
sodium acid oxalate and slaked lime, vi. 229/ 
monoxide (crude; and water, 228/ 

— phosphate and staked l»«ne ; and 

from eodium carbonate and strontium 
hydroxide, ri. 230/ 

sulphate uid barium hydroxide 1 and 

from sodium sulphide (solution) and metallio 
oxides, VI. 228r 

sulphate and slaked lime, vi. 226/ 

— 7, , strengtift of oommerciiu prepara* 

tions, and evaporation to fused causti^ vk 
224r , 

, , preparation of by Leblanc proc c w 

vi 214/ * 

analyses of caustic lime mwf, and evaporation 
of oraticiaed black-ash liquor, vi. 217/ 
cuustieismg with slaked lime, loblano black-ash 
liquor, and purification of black-ash hqnor, 
vi.2l8/andr 

evaporation of oaustio liquor into either cream 
caustic or into fuseJ caustic, vt. 218r 

of red liquor to cream caustic and to Ittssd 

caustic, vi. 21 4f 
losses of soda, vi. 220/ 

methods of teeting caustic in the pot and of 
brmging to required strength, vi. f 191 
washing and uaing the lime mud, vi 216r 

» , preparation of— 

from Solvay ammonia aoda ash by e bik ed lime, 
the impuritwe in ammonia soda aah, vi. 2i20r 
from Bolvay crude bicarbonate, oontteiiotii 
' apparatus for, vi. 221/ 

, , pure by alcohol vi 21lf 

, * met of, vi 2l8r 

**Soda crystals,** vi. 168r; css olio Sodium 
oarbonate deoahydrate. i 
Soda, hydrate of, vi 21 Ir 
SodaUte, vi. 166f, 1 W 
— group, mmbon, and formuk of, Iv, |4f 
Sodami^ vi. 166r, I67t 
Soda, natural, sii 2161 

— nitrate of; or aoda nltfa, as used la teanu# 
faoturs of sulj^nrle acid, vi 666r 

7-. wa^ tL 1», 1771 laOr 
Soddite,vi:aor; viitOlf , 

Sodium, vL 180f»l64l SW ^ 

9^ itetmiimi m m nth hmmobh ti tiii 
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Bodtaaaoalata^ aswolMtan vtt. Sftb 
p-aoetyUuDinopheiiy! aanKmatof 
— — mtyMieykfce, vi* 2Jr 

al^te» iu. 64if, 6451 • . ^ 

— alloy of with potofleiuih, v. Sni 
— * alloys, 156f 

$ of Irith magnesium, ivt 184f 

aluminate, vi. 156r • • 

— ~ amalgams, vi, 156r • 

— amide,* or sodamide, vi. 1571 

4-ainmo.2-auripheiiol-l-oarbozylate, vi. 6271 

apimonia, vi. l*67f 

— ammoniumliydrogen phosphate, vi. 244f 

— tartrate, optical activity of, v. 3391 

— , analytical reacuons of, vi. 167f 

antimonyl tartrate, vi. 641r 

aauopwtacyanoferroate and aquopenta- 

oyanoferriate, ii. 4501 

agsanilate, vi. 641f 

p-arsanilate, i. 3901 

arsenate, i. 3851 

arsenioiltannate, vii. 61 

arsenite, i. 3841 

standard solution of, i. 2701 

arsenobenzol, vi, 1581 

azido, vi. 157/ • 

, employment of in estimation of nitrites, 

i. 4971 * 

benzene sulphochloroamide, vi. 6301 

— bidarbunate, vi. 1811-193f 

— , applications of, vi. 193f 

of the principle of the ammonia 

soda process to souium sulphate ; and to sodium 
nitrate, vi. 1935 

composition of commercial refined, vi. 

]93f 

manuiaeflure of by ammonia soda 
prooeear- 
vi.,1821 

8t^ I„ vi. 1851 
Sta^ II?, vi. 1861 * 

Stage ni., vi. 188f 

Stage IV., vi. ]89f 

Siige V., vi. i91r 

Stage VI., vi. H3f • 

diagrams *of filters, vi. 190, 191 

vanoua fomos of carbonators, vi. 189f 

— — , manufaoture of, diagrams of Solvay 
tower, vi. 188r 

— — — , preparation of by action of carbonic 
add, vi. 1811 . 

, properties of,^. 1931 

-, raw materials required for ammonia 
_ . rooess of preparation of, vi, 1841 

— bismuthpyrophosphate, vi. 246r 

— bismtithtartrate, employment of as a drug, 

vi* . . , , , 

bisulphato, application of the principle of 
the soda process to manufacture of, 

vi- WW 

.... as a disinfeetant, ii. 5401 
hisolphite, determination of sulphur diosde 
in, vi, 544f • 

^ borates, i. 645f 

— bromide, vi. 194r 
carbonate, vi. 1581-1811 

...... , onaiyfis of good brand of oommeroial 

•‘•odacrystaW' vi. 1781 
...... anhydrous, vi, ISgl ^ 

— appliq^tioQS of, vi. 180r 

expliuuitton of oommeroial terms 


**eoda ash,** “ammonia soda ash,** “ caustic 

between oommerdal so^ 
test and real perowrosa of NagO in pjodnot, vt 

nor 


Sodium earbonate, emdoyment of as a Sxxtf M* 

2S3i • 

Hat of various methods of piepsrationf 

with index to pages on wh^h desenbed, vi.^ 
1581aodf . • 

, manufacture of— 

blaok*ash furnaces, vi. 163f 

tests and properties, vi. 1671 

“ black salt“*vi. 1751 

calcining the monohydrate (black-salt) to make 
anhydrous sodium oi^bonate (soda ash), vi. 
172f 

oommeroial Leblanc soda ash, vi. 1741 
evaporation of vat liquor, vi. 171r 
from sodium chloride and slaked lime, vi. 2281 
liziviation of black-ash, vi. 167r 
purification of vat liquor, vi. 169f 
refined white alkali, vi. 174r 
testing methods for blaok-ash, vat Uquor» and 
tank waste, vi. 169r 

^ monobydrate, vi. 1751, 180r 

, raw materials required in manufacture 

of, vi. 102r 

, varying solubility of different hydrates 

of in water, vi. 1801 

, chemical and physical properties of, vi- 

236r , 

chlorate, ii. 2131 

^ , emplo 3 nnent of in explosive mixtures, 

iii. 201 

, solubility of in* water at various 

temperatures ; optical activity of, vi. 1951 

chloride, see also Salt. 

. vi. 1951-2101 

, properties of, vi. 2091 

qualities of required for manufaoture 

of sodium sulphate, vi. 250r # 

^ solubihty of in water at^ 

16^ in the presence of ammonia, vi. 1881 
various temperatures ; specific gravity of 
solutions of various oonoentetions and 
freezing-point of solutions of, vi. 209f 

, standard solutions of, i. 271f 

chlorite, vi. 2101 

chloroplatinite and platinothioeulphate, v. 

333f 

chloiopyrosulphonate, vi. 5391 

chromates, ii. 242r 

chrome alum, ii. 2391 

ohromipyrophoBphate, vi. 24.^ 

oolumbate and metaoolumbate, vi. 2101 

, compounds of employed in glass making , iii. 

3861 

cyanate, ii. 4721 ; vi. 2101 

cyanide, ii. 4671 ; vi. 2101 • ^ 

, manufacture of, ii. 451f « 

diaminodiphenylmercuridioarboxylate, vi. 

6261 

dichromate, ii. 2431 ; vi. 2101 

dihydrogen phosphate, vi. 244f 

dioxide, vi. 242r 

disulphide, letrasulphide, and other poly- 
sulphides, vi. 268f 

, electrolytic e^imation of, i. 322r 

— p-etboxyphenylamiilbmethane sulphonate, 
vi. 6161 

— eugenol oarbinol, vi. 632f • 

— ferrate, vi. 2101 

— ferric- 1-oximino-l : 2»naphtfiaquiftOfle-6- fttu* 
phonate, v. 607r 

•2-oximino-l : 2-naphthaquiiione-44nil'- 

phonate, v. 607f 
sulphide^iii. 679f 

— ferripyrophoephates, vi. 246r 

— ferrite, /.21« 

— ferrooyi^de, ii. 489r, 4491 

manufimture of— f 

> * ' Am^nr^ucts of oool distil|8tinii« iL 4411 
1. 4441 

vi. 2l0f, m 




m 


im>WL 


Godiumioniialie, iii. 24l» 

•gM thio0taphat6» iii. i58l 

^ — . mvimetrio eatinuition of» i. 248r 

* halides, luminesoenoe of, vi. 2111 

^ — -<• hexanmiinefebaltipyrophosphate, vL 2421 
— hydiazide, Vi. 21 if • 

h^rogeo fluoride, and sodium double 

fluondes, vi. 21Qf 

sulphate (sodium bisulphate), vi. 266r, 

2001 

tartrate andjKNlium tartrate, vi. 6S0f 

hydrosulphite, vi. 2111, 2321 

•— hydrozicfe, see also Soda, oaustio. 

,vi. 2111-2311 

>, action of solutions of on cellulose, vi. 


21Sr 

— * , ohanse of volume of on dissolution in 

water, vi, 2861 

, fieezing-points of solutions of : heat 

of solution of : and table showing influence of 
temi»rature on specific gravity of solutions of, 

-, hydrates and solutions, commercial 


forms, cream caustic, vi. 213f 

and solution properties of, and 


melting-pointB of various hydrates, vL 212r 

-, index to various sections of article on, 


• crystal, ii. 2101 

• solution 


lution, ii. 2091 


Sodium nftrate, use of as a fertfiiaer, iii, 17(2* 

— nitre; vi. 240r 

nitrite, and its teohnioel inanu|aotare» vi 

^240r • 

j prfipeitiee of, vi. 2411 
, uses of, vi. 241r 
nitropruaside, ii. 4601 1 vi. 241f 
nitro^trisulphenate, Vi. 2421 

— oleate, iv. 070r • 

oxalate, !«■. 7331 

oxides, vi. 2421 

— -V ozotungsten oxalate, vii, 240f - 

paratungstate and its use Ss a fire«relierder, 

vii. 2371 

perborate, i. 649r ; vi. 2421, 6241 

— — peroarbonate, v. 941 

perchlorate, ii. 2141 ; vi. 2421 

permanganate, iv. 2181 ; vi. 2421 

peroxide, vi. 242f , 

analysis of, vi, 2431 . 

derivative of with picric acid, v. 28tr 

1 ^ A ui — Y 


vi.«2111 

— f industrial pre])aration of — 

Leblanc process, caustic ash, and red liquor, 
vi. 2141; see alsp under Soda, cdustic. 
types of drums used for packing, caustic 
bottoms, vi. 21 9f 

^ normal solution of, i« 61r 

, properties of anhydrous, vi. 211f 

vapour tension of solutions of at 0* 


and 2^31 

— ~ hypochlorite, vi. 2311 

-, cells employed for electrolytic prepara> 
tion of, ii. 209r 


, uses of solutions of, ii. 209r 
- hypophosphite, vi. 23 Ir 
• hypowf^te, explanation of term, vL 2321 
vi 260r, 646f; see also Sodium thiosul* 

phe t**. 

— — iodate. vi. 2321 

— iodide, Ui. 652f ; vi. 2321 

— iridosulphite, vi. 2691 

list of patents relating to manufacture of, 

vi 235r 

Uthium iridochlotides, vi. 232r 
■ - -I- maiigaiiate, iv. 216f ; vi 232r 
^ joangsaipyrophoi^hate, and the com* 
todiag poteonum, ammonium, silver and 
fium salts, vi. 246r 
» manufaetoie of by-« 
ttnsr pfoesss, vi 2331 
Xhurling process, vi. 234f 
Bathsnau and Safer prooees, vi 8241 

metebisalpliite, id. fiBOr * 

mirffiittfl nn**^tTi vii 62 r 

— metl^l-|Mmiino<sn*hydroxybensenesi^ 

phonaie, vi. 271 • * 

— ^ methvlassonate, vL«641f 

nmlybdempyiophaapiiate, vi. 246f 

— monoxida, vi »7f 

— ^naphthol, vi 632f 
--^nitratek vi, 2381 

i applieatioiis of, vi 2401 

a^ieatioB of the prinelple of the 
ammonia soda process to manufaeture of, vi. 

^ daposita of in Chila and Pam, vi. 1991 
•^^jpiapMtioii of in nitttgen fixation 


pr|ssss, fr. 6881 


vi24«l 


vi, 239f 
in ^atar 


, employment of in bleaohj|pg, i < 
perthiooarbonate, vi. 263r 

? henate, vi. 243r \ 

- phenyl -2:3 -dimethyl • 6 • pyrazolone *44 • , 
aminometbane sulphonate, vi. 61 6f 

phospnates (ortho), vi. 243r 

, meta, vi. 2461 1 


• phosphide, vi. 2461 

• picrate, v. 289r 

• platinichloride, v. 3341 , 

> polyphosphate, vi. 2451 

- potassium carbonate, vfl 2461 

cobalt nitrite, v. 2971 

• sulphite, vi. 269r 


-.tartrate, vi. 2461 

— pyrophosphate, vi. 2441 

^ normal, vi. 246/ ^ 

— radium aelenate, \ i. 2461 
— — -saooharin, vi. 31 

— saocharinate, vh 6f , • 

— salicylate, vi. 211 

. — selenite, vi. 248f • 

- selonodithionate and ite tetrahydral% vi* 
246f 

separation of from potadhium, I. 261r 

— seequioarbonate, vi. 193r 

^ composition of oommerotal, vi. 196r 

of native from various sources, 

vi. 1941 

— sesquioxide, vi. 243r 

silicate, action of air on solutions of* vi. 

applications of, and analyses of, vi. 

2491 

silicatee and metasilioatss, vi. 246r 

— sUieate. solid, typical mixtures employed lor 
preparation of, vi. 247r 

solution, preparation of, vi. 2481 

iosoiodol, vi. 29lf 
— , tpscial reactions of, i- 24W 
— speotroaoopio estimation of, in blood and 
animal tissuaa, vi. 3191 
sate, viL 60r 

employment of In fendaring 


good# fiiepr^l, vU. 61r 
** ftxliam stannite,*' vii, 61f 
Bodiuro atearate, iv, 6761 

atfontium phoaphate, vi. 4111 

sulphate, ^TnSf . 28l)|.266r, 

•*, apph^oiui of; and proparlMS 


olf vi* 


266r 
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aanuftMstiire of (mi^kiiued ) — 
and raw ini^m^ required, 

hy ]&rmavee* and Robiiifloii*8 prooew, vi. 263f 
w Leblauo prooeee, ii. 21^ • • e 

«5<y m>m iron (or nearly so) : manufacture of 
from the,native scdt ; and purification of scdt 
coke, vi. 255r _ 

lUMhanioal salt cake furnaces,* Mactear’s 
furnace, yi. 253f * 

# liolubility of decahydrate in water at 

various temperatures, vi. 266r 


> technjpar methods for analysis of, vi* 

Zoor 

— sulphide, vi. 257i 

* applications of, vi. 2582 

hydrates of, vi. 2682 

, methods of analysis of, vi. 268f 


sulphite, vi. 2692 

tannate. vi. 6612 

thallipyrophosphate, vi. 246r 

theobromine-salicylate, vi. 22r 

thioantsnonate, vi. 260r 

- thiophosphate and di-, and trithiophos- 
phatw. V. 2032 

— thiosulphate, see also Sodium hyposulphite. 

, vi. 260r . ^ 

, double salts of, vi. 203r 

, hydrates of,*vi. 2622 

■■ * manufacture of by processes of — 

Losh and Schaffner. vi. 2612 
Schutz, Kopp, and Moody : with list of patents 
for its tecluiical^nanufacture. vi. 26 Ir 
■■■ “• — * properties and applications of, vi. 2622 

-*• standard solutions of, i. 2702 


• p-toluenesulphochloramide, li. 1822 

‘ trithiocarbonate^vi. 263r * 

• tungstate, vi. 26V 


of m production of colour resists 

..ti noAf 


fur aniline black, vii. 2362 

urana^ and diuranate, vii. 2662, 283r 

• use of to colour glm, iu. 386r 


vanadates, vii. 298r 

— Vanadite. vn. 297r 

,* volumetric estimation of, i. 2812 

f incatc., vi. 2642 * 

8od oil, ii. 486r 
Boils, vi. 2642-273f 

• ammonia-making organisms in, vi. 271r 

— , bacteria of, vi. 268r 
— ohemical analysis of, estimation of — 
ammonium salts, available phosphoric acid and 
potash, and soluble hiraus, vi. 2682 
nitrates, vi. 267r 

nitrogen, oalctum, and other earthy carbonates, 
vi. 2662 

potash, phosphoric acid, calcium, magnesium, 
iron, manganese, and sulphuric acid, vi. 266r 
denitrification, or reduction in, vi. 2732 
determination of — 

hygrosoopio moisture in ; and absorbing surface 
4n, vi* s68i* 

number of organisms present in. vi. 269r « 

total plant foods in. vi. 2672 

divisions obtained in meclianical analysis of, 
vi. 2662 

existing literature on soil organisms, vi. 273r 
genetic aiA other classifications of, vii. 

2641 

pouping of bacteria Hki and causes of 
4ve |WM6minanee ot different kinds, vi. 

2622 

liiiinua^nakiiig organisms in, ti. 2702 
lime requirements of, vi. 266r * 

ineohenksd analysii, and sampling of, vi. 
2661 and r 6 # 

^ tnethods for partial sterilisation of, vi, 2722 
» nftrifioati^iA* vi* 2722 
. , |dt«ogea-fij3ng organisms m, vi* 270r 
PI^ihM determinatlotii of, vi* 2661 ^ 

6 


Soils, proximate composition of, maphanicel 
ana^eie of, vi. 264f * 

reactione of, vi. 2682 a 

p soluble humus or mati4re noire in, in, 267f 

— varieties of, Laterite, ToUbrnozem, Podaol,^ 
and Tundra, vi. 2642. * 

Sola sauce, vi. 290r 
Solaoein, iii. 416r 
Solandrine, vii.*221f 
Solan^tine, vi. 2742 
Solanidine, v. 404r $ vi. 273r 
Solanine, iii. 416r ; v. 404> ; vi. 273r 
, Boloneine, and solemii^e, with list of publi- 
cations referring to them, vi, 273r 

amounts of m suspect^ potatoes, vi. 2742 

poisoning by, vi. 274r 

Solonum melongena, vi. 274r 
Solargentum, vi. 6272 
Solargyl, vi. 626r 
Bolaieon, vi. 274r, 641r 
Solatol, vi. 612 

Solder, brazing, oomposition of, vi, 276r | vii* 
682r 


, chemical, vi. 2772 

oopper-zino-tin, vi. 276r 

, effect of addition of cadmium to soft, vi. 

2772 

for aluminium, vi. 2772 • 

— ; platinum, small steel springs, German 

silvdr and alumimum bronze, vi. 276r 

, gold, vi. 276r 

, hard, vi. 274r, 276r ; vii. 682r 

, composition of a good for general use, 

vi. 2762 

, hard for brass, vi. 2762 

Soldering, cold, and autogenous soldering, vi. 277r 

, fluxes employed in, vi. 2762 , 

irons, vi. 2762 

, properties of soft-soldered joints, vi. 2782 

Solders, hard, composition of those for jewellers, 
and for general usO, vi. 2762 
Solder, silver, vi. 2762 
, spelter, vi. 276r 

Solders, soft, oomposition ef, vi. 274r, 2772 i vii, 
682r 


, tin-lead emd bismuth, vi. 2762 

Soldona, vi. 2782 
Solenite, iii. 782 
Solferino, vii. 188r 
Sohds, density of, vi. 303r 

, diffusion of, ii. 6232 

Solubility, vi. 27^ 

and miscibility, factors which determine vi. 

283r 

of liQuids in liquids, vi. 28()f ^ 

of solids in liquids, and forms of apparatus 

for determining it, vi. 2822 * 

** Soluble oil.” ii. 68 Ir 
Solupyrine, vi. 23r, 2842 
Solurol, vi. 2842, 633r 
from yeast, i. 6832 

Solution, change ol volume in process of dissolu- 
tion, vi. 28^ 

, density of, and additive character of density 

of dilute aqueous salt scjutions, vi. 2842 

freezing-point of, vd. 286r 

, hydrate theory, and theories associate 

with the names of van’t Hoff and Arrhenius, vi. 
287r 


molecular solution volume of eleotrolytes, 

and of nonelectrolytes, vi. 2862 
Solutions, electrical conductivity of, vi, 286r 
, isotonic, vi. 2862 

molecular elevation of the boiling-point of, 

vi, 2862 

^ ralation^p between conduoUvity of 
dielectric constant of, vii. 667r 
^ution, theones of, vL 2872 
BoluEisrI. 6312 ^ • 

Solvate Uieory, thc^vii* 3|72 and r 



m 


imaoL 


SolvML|Ti 0U 
Boiv^vi. 2m mi 
Cdsnatoae, vi. 2891 
Somlnwitet vi. 2892 
^Bonmal, vi. 2892 ^ 

Sontmi^e, vi. 2S92 
fiomnirol and somoitol, vii. 487f 
Somnolom, vi. 2892, 6382 
Soxnnopon, vi. 622r 

Soot, analyses of, from various aonroes, vi. 140 
black, V. 299f 

, composition of, dhd use of as manuie, iii. 

1762 

Sophol, vi. 2892, 626f 

So|^ra Japonica, and its d 3 r 6 ing properties, vi. 

Bophorin, v. 722f 
Sorbine i. 4672 
Sorbit, ii. 442 
Borbitannic acid, vi. 6662 
Sorbite, vi. 289r 
d-Sorbitol, ii. 442 
Sorbose, or sorbmose, ii. 37r 
Sorghum beer, vi. 289f 

, composition of, ii. 139 

** Soude,*’ iii. 61f 

** Soude douce,** vi. 1692 

B-sdodre, iii. 622 

Bozhlet tube, the, vi. 466f 

Soy, vi. 289f * 

Soya (soja) bean oil^ vi. 2902 

bean oil, chemical composition of, vi. 290f 

, fatty acids of, and hydrogena- 
tion of, vi. 2912 

' beans, black and yellow, vi. 290r 
Sosal, vi 624r 
Sozoiodol, vi. 291f 
Sozoiodolie acid, vi. 6282 
Sosoiodol, see Sozoiodol, lii. 6672; vi. 291f 
Sosoiio add, i. 3972 

Space isomerism, von’t Ho£f-le Bel conception of, 
ii. 262 

Spaniolitinin, iv. 1492 
Spanish flies, ii. 19r 
Sparassol, vi. 291r 
Spar, brown, ii. 6712 

1 deflnition of term, with examples, vi. 291f 

, dog-tooth, ii. 6702 

Greenland, ii, 4272 

, heavy, iii. 6082; vi. 6142 

, ice, ii. 4272 

, manganese, v. 6B8f 

pearly ii. 6712 

— , satin, iii. 4942 ; v. 86f 
Spaiteilene, vi. 2922 
•Spaiteme, i, 696r ; vL 2922 
— , estimation of, vi. 2932 
—•tests for; sparteine sulphate, hjrdro- 
diiorjde, hydriodide, and other derivatives of, 
vif92r 
Spsrto, ii. 648f 

Spartyrine, vi. 612 < 

Spearmint oil, iv. 6442 

Spedfle eonduotivity, definition of, vi. 2872 

~ gravity, vi. 293r-2062 » 

— — , density of— * 

« MSS and vapoms, vi. 2941 
SmifcvL29i2 
s^, vi. 208f 

— * determination of— 

^ by HofmsM’s sod Thom’s method, vi.296r 
d en s i ty hy Bleier and Kofan; Gibson, and 
Blaekman’s methods, vi. 2991 

density by Buaias*' method, vi. 2961 
— by Victor Meyer’s method, vi 2972 
V dfmlomelm, vi. 808r c 


Speoilfie eendni 



> fom balaiics, the, vi. 29M 

> fiydrometees, vi SOOr 
— , methdw ol deteiminiiig 4 

wa wJi ▼«# ee wi 


of— 


solids sombki in water, and of efBoiesetnt solids, 
vi.2042 

-a — — FyknomeMi, vi. 299r 

stereometer, and vohimsnometer,«vi. 

3062 

, of ]Kficholson’s hydrometer for 

determining the density of solids, vi. 8062 
resistance of an electrolytic solntkm, defini- 
tion of,vi. 2872 

Spectrophotometry, the laws of absorption and 
their application to quanutative anidyOis, vi 
3222 

, the Schultz corrector, vi. 828r 

Spectrophotometers, the Vierordt, Bflfioer, and 
Twyman instruments, vi. 8242 
Spectroscopy, vi. 3062-836r 

absorj^ion bands of oxybiBmoglobin, 1 
globin, carbon monoxide hemoglobin, i 
moglobin, hcBznatin, and hmnatop ~ 
vi. 326r 

' , speotra, vi. 8132, 320r 

, , and their interpretation 

reference to (^miool constitution, vi. 3272 

, of nitrogen peroxide in the visib^ 

region aiiid its estimation thereby, vi. 3212 \ 

, of oxides of nitrogen and ozone in the\ 

infra-red and their quantitative estimation, vi. 
320f 

, Angstrom and Rowland units of wave- 
length, vi. 306r 

, application of spectrcsoopic methods to 

analysis ; emission spectra, qucditative analysis, 
VI. 3171 

, arc pnd spark spectra, vi. Sllf 
— — , changes m absorptiop bands of same sub- 
stance in different solvents, vi. 3302 
, definition of term “ ooeffirienw of extinc- 
tion.’* vi* 322r 

, description of,, adjustable absorption cell 

employed by Hartley, vi, 814f 
, detection of blood stains by means of, vi« 
326r « 

- of mercury in explosives by mefhods 
of, vi. 3182 

, direct-vision spectroscope, the, vi. 3072 

, division of spectrum into sections for oon- 

venience of discussmg frequencies, vi. 330r 
, Edser and Butler’s method of approxi- 
mately determining the wave-lengths of lines 
Iromphotographs of prismatic spectra, vi. SlOr 

, Hmtley^s method of observmg the speotra 

of orcanio compounds, vi. 8142 
— — , Hartmann’s interpolation formula, vi. 310f 

, limits of transmission of various materials 

us^ in, vi. 320r 

, literature on, vi. 333f 

, method of Hartley and Pollok for invesii* 

gating fflpectra, also that of Krulla, vi. 2122 

, methods of ilhsaiination, flame spectra, and 

the Meeker burner, vi. 3112 ^ 

, observations made by Goblentz oonneeting 

constitution with absorption, vi. 8312 

, optioal pyrometry, ^ 8262 

, phosphorescent smctra, vi 819f 

— , pbot^aphy of the speotoun, vi. 1091 

qualitative and qnaatitalfva sstlmatson of 

bl^ by, vi, 824r 

, quantitative tmalysis by means of, vi 919r 

, — estimation of the nitrogen ei'blvad In 

the decomposition of gnn-ootton and nlMo- 
glycerin b^ vi 8212 

Vecognition of linm and detarminatiion of 

wava-lMtfas, vi. 809r 

, rotat&kg aectof photometer, vi. 8161 

—.spectra of gaam 
vi, 2& # 

— , spectrograph, Iha, ti 8991 
spaaltoiistsf » 



mam. 
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pi^eipal lines of the spark specftnim of gold 
and silver, vi. 8101 

UnM of the speetrata of a irahunm tube ooatain* 
• mg helifim, hydrogen, and meromy vapour, 
vi.809r*. 

Speculum metal, vi. . 

Spdss, production of in blast fumaoeS, iv. 59f 
Speltar, ses.oleo Zinc. ^ 

vi. 274r ; vii, 5671 

—7-, analysis of, ee^timation of — 
poi^and oadzmum in, vii. 698r, 5991 and r, 6001 
lead in, clamifioation of, vii. 5981 
“ ^ f produotidn of hia^y purified for special 

purposes, vii. 5701 
Spenoerite, vi. 336f ; vii. 5961 
opent oxide of ma works, composition of, and 
wgogmient^ of in manufacture of sulphuric 

Spermaceti, and constants of, vii. 454r 
vegetable, vii. 448r 
Sperrylite, vt. 386r 
SphoTosiderite, ii. 1511 
Sphalerite, vip 5921, 600r 
— phosphorescence of, vii. 593r 
Sphene, vi. 3371 ; vii. 701 • 

Sphragidite, iv. 1111 . 

Spiauterite, vii. 507f 

Spices, extraction of with carbon disulphide, ii. 
841 x' 

Spice tree, vii.*260f 
Spikenard oil, vi. 3871 
Spike*oil, iv. 640r 
Spilanthol, vi. 33^1 
Spinaoane, vi. 337r 

Spinacene and its desivatives, vi. 337f * 

Spinach, vi. 3381 

Spinel and*blue spinel, vi. 338r 

ruby, ui. 370r ; vi. 338r 

Spirmyl, i. 3911 ; vi. 3391 • 

“ Spirit,” see alao under Methyl and ethyl alcohols, 
md Meth^^lated spirit. 

Spii^t, colonial or Columbian, iv. 305r 
— , detection of furfural in, iii. 2851 

, estimation df fusel oil in — 

iii. 292r 

by Beckmann's method, iii. 293r 
— , greenwood, standard wood or prospmt, iv. 
305r 

— , Manhattan, iv. 305f 
— , methylated, eee ol^p Bfethylated spirit, 
i. 95r 

, pyroxylic, iv. 305r 

separation of fusel oil from, iii. 2911 
Spiritus vini Gallioi, i. 655f 
Spirit, wood, iv. 305f 
8pirooh»ta oytophaga, vi. 270r 
Bpirosal, vi. 2^ ; vi, 3391, 617r 
Spodumene, vi. 3391 
Sportsman’s cordial, iv. 140r 
Spfays, see Plant spravs. 

Spreng^alpeter, iii. 18/ ^ 

Spruoe-bfivk tanmn, vi. 6651 
Spruce, essence bf, v. 2831 
Sprudelstein, vii. 179r 
Spurred rye, ii. 6891 
Squalane, vi. 3381, 3391, 3491 
Squalus aoanthias liver oil, ui. 339r 
S^ai, vl. 3404 • 

M, vi, 3411 • 

Staohydrina, i. 587r i vi. 3411 
ii. 8Sr . . 

hwKt ot oomhmtim of« vi. WSr * 
8tdMito.v. 1901 
iv, SMr 

Btelkm vi. 34U 

.ohitSni. pn|wnitioa of. L SOSr 
Btonato Mid. vi. 841r 


StaoBip add,, a* or ortho*, tad odloiddi, ,di. Ml 

ohlor* uid oliloio*, vii. Mr •• , 

brosiide, vii. 661 

StannichlorideB or chJorostaimatea, vii 631 
Stannio chloride, uses of, vii. 6ir • 

fiuoride, vii. 671 , « 

hydroxide, v. 294r 

iodide, vii. 671 

and metaatannio nitrates, vii. 63f 

oxide, V. 481r ; viL 591 

selenide, viL 641 

sulphate, vu. 62r • 

sulphide, v. 294f J vii. 63r 

Staxmite,vi 341f, 404r 

Stannous acetate, oxalate, citrate, and tartrate, 
vii. 67f 

bromide, vii. 661 

chloride, vii. 641 

— , employment of in volumeCrie analyaia, 

i. 271r 

fluoride, vii. 671 

formate, vii. 67r 


iodide, vii. 66r 

nitrate, vii. 631 

oxide, vii. 68r 

phosphate and pyrophosphate, vii 59r 

selenide, vii. 64l 

sulphate, vii. 62r 

sulphide, vii. 631 

tartrate, vi. 6911 

Stantienite, i. 1841 
Starch, vi. 34lf-397r • 

, action of — 

acids on, ii. 341 ; vi. 3501 
alkalis on, vi. 3491 
bacteria on, vi. 3601 

chlorme, bromine, and iodine on, vi. 3511 
chloroform, chloral hydrate, and aj Kd on* 
vi. 3531 

diastam on ungelatinised, and table of eon* 
versions at various temperatures, vi. 3591 
dilute sulphuric i^d at different ten^ratniei 
on ; aim of various other acids at a tempera* 
turo of 150** C., vi. 351r 
enzymes on, vi. 3531 
formaldehyde on, vi. 352r 
heat on different varieties of, vi. 346r 
potassium permanganate on, vi. 352r 

, and starch hexa-aoetate, heats of combns* 

tion of, vi. 3631 

, approximate production of in tons, vi. 367r 

Arum, vi. 8851 

, cassava, vi. 6771 

f industrial applications of, trade in 

and imports into consuming countries, vi. 3841 

preparation of, vi. 3831 • ... 

oeUuJoae, vi. 3«)r . 

, ohemicalled and unohemioaUed, vi. 3791 

, classification of, and cbaraoteristijcs 

to each class, vi. 3871 

of maize, vi. 8791 

, colorimetric method for estimation of. rii. 

3951 

• , compounds of with cupric oxkla, 

g^ tBsshim ^ydrojades, and with 

, constitution of, vi. 3631 

Curcuma, vi. 384r 

detection of, vi. 3861 

esters, manufacture and pcopextias di 

starch nitrate, starch formate, and •tarch 
acetate, vi. 896r 
estimation of— 

by carried out in GulnaesB lahorat 0 i|r, 

by Bwer’n and O'Sullivan's metboda, vl. SMe 
in foreign m ooooa and cheoolain, vi. 9$4t 

in p.pn/vi. SfK 


I 
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XSTDEZ. 


Starob, Mtimation of (eonltnvetf)— 
liirMtatoes, vi. 3942 

^ by Lintner’s, and VVanglein’B metboda, vi. S88r 
by S&ohaae’B method, 3882 

» , Florida, vil: 6662 

, fonnationof in the livina plant, vi. 3432 

, gradeB of, green *’ ntar^ and ** superior *’ 

Btareh, vi. 3742 

granules, vi. 344r »' 

— , green, vi. 3742, 3792 
— , history of transfonnation of, vi. 363f 
, “ hmdlo,” vi. 374r 

- — , hydrolyBU products of, O’Sullivan’s divisor 
for ealoulating oonoentrations from speoifio 
gravity, vi. 4822 

— , illustrations of various varieties of grains 
of, vi. 389-391 

— , imports of into United Kingdom, vi. 368 
— , iooised or iodide, iii. 653r 

— , formula aseribed to it by various 

workers, vi. 361f 
— lichen, vi. 3862 

, maiae, manufacture of, vi. 3782 

mandioc, ii. 96r 
— , manufacture of — 

and general consideratioDS with regard to 
industry, vi. 366r 
arsowroot, vi. 380r 
for edible purpom, vi. 3802 
from potatoes, vi. 369f ' 

— sago floor, vj. 3802 

— wwat, vi. 3682 

— maranta, microscopical appearance of, vi. 
887r 

— • method of determining viscosity of, vi. 
347f 

, meihylation of by Haworth’s method, vi. 
36ir 

, mieroBoopical appearance of different varie* 
ties of, vi. 3872 
— — nitrate, vi. 360r 
— — , nitrat^ derivatives of, iii. 842 and r 
•—.nomenclature, and table of relative pro* 
portiona of starch per cent, in various plants, 
^.3422 

-, oocurrenoe of, vi. 341r 
— , percentage of in various substanoes, and 
yields of different varieties per acre, vi. 3672 
— , physical characteristics of, vi. 342f 
— , potato, iii. 1162 
— , properties of, vi. 3462 

rice, Berger, Ctolman, Rehe, and Hansford 
proesHsas for manufacture of, vi. 377r 

Jones method of manufacture of, vi. 

3772 

manufacture of, vi. 374r 
S solul^, and its preparation, vi. 3482 
— • sugar, ii. 302 
— — , suggested composition of, vi. 3662 
— , Mm of maadmum diameters of commoner 
varieties of starch granules, vi. 342r 

sliowtng the temperature at which 
granules of diffurent varieties of starch become 
parUyf and entirely swollen, vi. 349r 

of the action /of va» ous oonoentrations 
of aodium l^roxide t solution on different 
wnrieiiaB pi standi granules, vi. 3602 

taeimteal method for estimating water in 
p0^,vi3962 

tsn^Mwatufes of complete 
tmmomt varieties of, vi. 347 
— ^«^aifriboiliiig”aiid ’’modifled 
vLS79r 

theory ‘of Matthews and 

vi,36Sr 

!• »4r g 

vu# euo 


ilatinisation of 
groups of. 


Stassfort potash Industry, by^^produots of, v. 3811 
fftauroUM vi. 397r 
Stavesaore seeds, vi. 397r 
Steam, definition pt bodinig-point, and formulls 
•showing relations #hetween temperature, pres* 
sure, and latent heat of, vi. 397r « 

— , latent heat of, vii. 366 
— , prop^es of mturated, vi. 400 

, table of 8 pecifi 9 heat of unsaturated (super* 

heated) at various temperatures apd oonstant 
pressure, vii. 366 

, of speoifio volume, of superheated, vii. 

840 • • 

velocity of, vi. 398f 
Stearic acid, iv. 6762 ; vi. 4002 

, dihydroxy-, iv. 678r 

, hydroxy-, iii. 676r 

>, its methyl and ethyl esters, oonstanti 
of, iv. 6762 

-, separation from other addi^ 
estimation of, iv. 6832 
Stearin, vi. 4002 
Stearine, v. 314r 

Stearine ” and fish tallow, vi. 682 

candle material, vi. 602 

Stearine, whale, vii. 469f, 4602 
Stearooutio'iscid, ii. 1162 
Stearolaotone, iv. 14r , 

Stearoptenes, ii. 2r 
Stearosan, vi 4012 

Steatite, v. 299r ; vi. 4012, 6442 and r 
Steel, analyses of, iii. 676 

, and manganese steel, iin 6712 

, average composition of that produced by 

thermit process, and methods of weldmg of, 
vii. 8r 

, Bessemer, iii. 672f r 

, chrome tungsten and chrome molybdenum, 

11. 2362 * 

, electto-galvanislng of, vii. 6782 

, high-sp^ tool, and self-hardening, vii. 232r 

Steel! to, vii. 233r 
, collieiy, iii. 202 

Steel, manufacture of, hi. 67 Ir ^ 

, metallographic summary of the hardening 

of, iv. 3002 

, metallography of alloys of, iv. 2962 

, permanent standard solution for estimatioii 

of combined carbon in, u. 3402 

, reference to speoifio and latent beat of, vi. 

4012 

— — , Siemens, iii. 6742 / 

Talbot process of manufacture of, iii. 674r 

Steelyard, i. 612r 

Steenstnipine, vi. 4012 

Stellite, vi. 4012 

Stenoein, vi. 64 Ir 

Stephanite, vi. 1092, 401f 

Steroonte, vi. 244r 

Sterifoim, ii. 647f 

Sterisol, ii. 64 7r ; vi. 628f 

Btcthal, vii. 4662 

Stibiotantaliie, vi. 401r, 6722 

Stibium, i. 3662 

Stibnlte, vi, 40lr 

Sticfatite, vi. 4022 

Stick-lac, vi. 812 

Stiotaic add, vi. 402f 

Sttgmasierol, iv. 7222 

Stubene, and its pre)lsrstioii, vi. 492r 

— colouring matt^ i. 4902 ; vi. 403r 

Stilbeosdisulmioiiie add, diamliio*, it* 4982 

,dfiillro-,ii. 6302 ^ _ 

Stilbenl. propeities and reactiom of ; Isoitilbm { 
iHfrdtmtuibaiie t 2 : 2'*, and 4 1 4'*cUidtrc^ 
aUbena obMdsa aJU otbar daiivativea of, vU 
4032 . 



UUJJEX. 
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Ml de pain, iv. til 

8t|]^oiiie]aiie and atilpnoohlorana, vii,%6l 
Stirling latifolia, aamtial oil ef» vi, 408f 
StfasoloMi, Vi. 4041 • 

Stookhojlm tar, vi. 4041 * * 

Stokesito, vi. 404r 
gtoMte, vi. 404ri vii. 229r, 2871 
otoiM, Arkansaa, Ouachita, atid Turkay, vii. 461f 
, artificial manufacture* of from wateralaes, 
vi.249f . ^ 

, Atlas, i. 7001 

, Qcmiflh, ii, 176r 

— nadr and ndedle, v. 629f 
— , hard Yorlf:, i. 7001 
— , lithographic, iv. 1401 
, Lydian, v. 620f 

, moor, ii. 170r 

, Pentuan, i. 7001 

, rift or grain of, iii. 4641 

Stones, scythe, vii. 461f ; see aUo Hones. 

Stone, Thom's patent, i. 7001 

, Victoria, i. 7001 

Stonite, in. 401 

Storaz, i. 6321 

Stovaine, vi. 4061, 637f 

Stoving, i. 6141 ^ 

Stowite, iii. 62r 
Stramonium, vi. 4061 * 

Strawberry, and average composition of, vi. 406f 

root tannin, vi. 6661 

Straw, dyemg qf, ii. 678f 
Stromeyerite, ii. 373f ; vi. 1091, 4061 
Stnmtia, vi. 4071 * 

StrontLuiite, vi. 4061 

Stfontian yellow, v. 206f 

Strontium, vi. 406r->4131 • 

arsenate, di-, vi.Hnf 

— atophui, vi. 634r 
bromide, vi. 4101 

— carbide, vi. 410r 

— carbonate, vi. 410f • 

, ohlonde, vi, 409r 

— 5 and potassium chloride, eutectic point 

foathe binary mixture of, vi, 4071 

— ohlorosrsenobeheDolate, vi, 64 If 

— chromate and*dichromate, vi. 412f 

, detection and estimation of, vi. 412f 

dioxide, vi, 409f 

— fiuonde, vi 4101 
— , gravimetric estimation of, i. 2401 

hydnde, vi. 4071 

bydrosulphide, vi. 44Bf, 4121 

— hydroxide, vi 407f 

various processes for manufacture of, 

vi. 4081 

iodide, vi. 4101 

•<— mono-, and totrasulphides, vi. 41 Ir 
monoxide, vi 4071 
nit rate, vi. 4111 
nitride, vi, 4i0f 

— — ortho-phosphate, di*, vi. 4111 
^oxdite, iv. 7331 

oxychloride, vi. 4101 • 

pentasulphi({e, vi. 4121 
peroxide, vi. 624r 
— — perthiocarbonate, vi. 4l2f 

phosphide, qi* 4111 

— — ^ piorate, v. 289f 

— — pigment containing, strtmtium white, v, 2991 
—— pyrophosphate, vi. 41 If 
— — , separation of Iroih other elements, i« 260f 
silicate, vi. 41 If 
siUcide, vi, 971 

^.spaQialrsaotioniof,i.289f 

stearate, iv. 67^ 
sulphate, VI. 4121 

.1 -nr-" sulphite, vi* 4121 . a ^ 

Srtfste aodlsoluWmy of in water at Taiious 
iMqperatttrsi, ti. 689f, 8901 < 


Strontium trithiocarbonate, vl* 412f 

- i^iite, V, 411 
yellow, V, 421 

Strophanthidin, vi. 4141 and r 

and strophanthins, colour) reaqtionB oi, •vi*) 

4141 

Strophanthin, iii. 4171 vi. 413f 
a-Strophanthin, vi. 416f 
s -Strophanthin, ^vi. 4151 

k-Strophanthin, strophanthidin, and benzoyl ^ 

strophanthidin, subcutaneous lethal doses of, 
per gram of frog, vi. 4161 
— , crystalline, and amorphous strophanthin, 
vi. 4141 

Strophanthin, estimation of in seeds and tinoturei^ 
vi. 4161 

— , identification of, vi. 41 6f 
Strophanthobiose methyl ether, vi. 414f 
Strophanthus. vi. 4131 
~ kombe, vi. 413f 

- oil, vi. 416/ 

Strophantobiose, ii. 61f 
Striaverite, vi. 4161 
Struvite, vi. 4161 
Struxine, vi. 41 6f 
Strychnine, iv. 616r ; vi. 416f 
, constitution of, iv, 61 8f 

, properties, reactions and detection o^ iv* 

6l7f 

Stupp.iv. 266f, 2701 
Styphn'o acid, iv. 612f 
Stypticin, vi. 623f 
Styptol. vi. 4l6f, 623f 
Styracin, vi. 41 6f 

from storax, i. 6321 

Styraool, iii. 470f ; vi. 6321 
Styrene, vi. 4171 

, a-ofaloro-, vi. 4171 

— ^ from storax, i. 5321 

Styrenes, cD-ohloro-, ooi-diohloro-, etfU'^chbro-, 
ocicii-tnchloro-, bromo-, p-bromo-, and iodo- ; and 
iodohydrin of, vi. 41 7f 

, ceco-dibromo-m-nitro-, ris-ajJ-dilwomo-ffi- 

nitro-, o>-bromo-p-nitro-, cu-bromo-o-nitro- and 
actf-dicyano-o-nitro-, vi. 4181 

, ca-nitrodihydroxy-, o-, m-, and p-nitro*, 

and oi-nitro-; cu-wloro-poi-dinitro-, and 
bromo-m-nitro-, vi. 41 7f 
Styrogallol, yi. 4181 
Styrolene, vi. 4171 
Styrone, vi. 4181 
Subcutin, v • 418 1, 6871 
Suberic acid, vi. 41 8f 
Subenne and suberinio acid, ii. 376r 
Suberone, iii. 724r 
Sublamine, ii. 545f ; vi. 6261 
Sublimation, vi. 41 8f 

apparatus, i. 3661 

, definition of, vi. 4191 

of metals at low pressures, vi. 4201 

pressures, formula for calculation of, vi. 

4201 

Substance CisHiOf, vi. 81f 

CisHgOg, VI. 81f 

Si^HsOs, vi. 8fe ^ 

Si4a8.vi.96rr • 

8i,sr,a,. vi. 961 

Substitute, dark or French, iii. 1161 

, white, iii. 1161 

Suooinamio add, amino-, i, 4011 
Suooinanil and suodnanilide, suocinandde, Buodn* 
monohydrazide and cyclic eacdnhydvaddu, vt* 
426f 

Succinates, spedal reactions of, i 2431 
Succinic add, vi. 4231 

^ amino-, i. 403r ; v. 4681 

MO-Suednie alid and its piopertiM, vi. 426r 
Buodnio acid, detection and estimation of, salkl 
•%i94261 • 

L,dihydmiyNvi*678l 



CNioetnio add,«itei« of j «iui auooiiiio anharidbrido 
and nioamyl ohloiida, vL 429^ 
iioGKiiotamio aiad, eeteiB of» vi. 4271 
Unooinfe add, hydroxy •« iv. 197r 
^ MoSnodnio add,.A-hydroxy% iv. 122r 
Sdoemio add, ioao> vi. 424r 

— pmxide ahd persuodnio add. vL 42di 

aoid, properties of, vi. 42Sr 

Sucdnimlde, a^ sucdnimide potiywlnni periodido, 

vL 4261 

Suooinito, i* 183f and r ; v. 672f 
Suodnyl-disalioylio ao|(^, vi. 61 7f 
Sueoozy, ii« 1747 
Bttoramine, vi. 6r, 4271 
Snoraae, iii. 639** 

Snorose, see also Sugar, cane. 

u. 461 

1 employment of invertaae in eetiination of, 

vi. aOfiT 

— , estimation of, in presence of other sugars 
by the Clexget method, vi. 4611 

— , of, in presence of reducing sugars by a 

single obeeivation, vi. 469r 
— , beat of combustion of, vi. 362f 
— , method of estimating by double polarisa* 
tion, vi. 4661 

occurrence of, vi. 4281 

— -, properties of, vi. 427r 
« — -f specific gravity of solutions of — 
by different authorities, vi. 4821 , 

at 17*6^, with corresponding degrees Briz and 
Bauni4, vi. 482:r 
Sudan I., i. 4621 
n., i. 462r 

— III., i, 472r 

IV., i. 4731 

O, i. 462/ 

R, i. 4671 

Suffettll, vi. 691 
Sugar, vi. 427/-4921 

analws of mixtures of, eedmation of invert 
su^, VI. 4741 

" — analysis, qualitative reactions of the sugars, 
vi. 447r 

9 bagasse, molascuit, and natalite, vi. 440r 

beet, i« 663r 

analysis of, and sugar content of, vi. 


4661 


4661 


compodtion of, li. 4231 
■>, estimation of sugar in the juice of, vi. 


- gum, iii. 4911 
literature of, vi. 4371 
peroentsge of potash in, v. 3961 


— , beeiioot, iwciing of with strontium 
hydroxide, vi. 407r 

; — , beet, world's production of, vi. 4471 

bioohemioal methods of es t i ma t i ng, vi. 

478r 

—9 by-products of the beet sugar industry, vi. 
436r 

— — — of the refinery, vi. 446r 
— candy, propertice of, vi. %27r 
— f cane, esc omo Suoroee and Saccharose. 

— , ii. M 

— crystals, and refiP ed sugais, properties 
of, vi. 4721 

— , — , properties of. vL 427r 
— — ^ , raw products of, vi. 471r 

**, the, VI. 428r 


— , oommereisl eolutlons of, eetimation of asb 
frumthe decirioaloondiiotivity of, Kohlrauech’s 
telephone method, vi. 4801 

ccm^psrtson of densimetrio and ^efraoio* 
mstrls msthodi of analysis of, vi. 484f 

t w s w g Kuttlo o of eommereial, of raw beet 
piill gata, an ^ beet crystals, vi.il7Qr 
vp** adwerara, vi. 4401 
^dyftiction of dyas in, and use of stqoiRai 
to tafart aJhlr¥Md|to, vL 47 SF 


Sugar, dirsot estimation of aldoses la ] 

&t^vi. 476r , ^ 

, dry^ definition of terms gmaulatsd, omWh 

oastor, loaf, cube, and icing sugar, vt 4411 

equation fpr calculhSng neroentagBS ol 

* dextrose slid maRose in bmwiiqi C^oiis, vi. 

477r 0 

— , estimation of— 
as iiAmylosasones, vi. 4781 
dextrose by Allihn's method, vi. 467/ 
in blood, vi. 484f 

estimation of in blood by method of— 

Folin and Wu, vi. 486/ 

Hagedom and Jensen, vi. 480r 
Maclean, vi. 4861 
Ponder and Howie, vi. 486r 
Shaffer and Hartmann, vi. 4871 
estimation of— 

total reducing sugars and of sucrose in snixtunn, 
vi. 474r J 

water and solid matter in saccharine fftoduok, 
vi. 480f \ 

in syrups, molasses, and maaseouites, 

48K * \ 

, fermentation of, iii. 1441 j 

, grape, see dUo Dextrose aad.Gluooas, 

, , ii. 301 

, hea& of combustion of, \i. 362f 

, invert, vi, 4281 , 

, , Bertrand's table for estimating, vi. 

4701 

, 9 estimation of in the presence of cane 

sugar, vi. 4631 

•, , grades of suppKed to brewem, and 

analysis of each, vi. 4761 

, , Meissl's, and other methods ftwr 

estimation of, vi. 467r 

, iodimetric eetimation of, vi. 466r 

, literature of cane, vi. 44!0f • 

, loaf, vi. 444r * 

, Lyons, vi. 4271 

, manufacture of raw, from the beet— 

vi. 429r 

chemical treatment of the juice, vi. 431r, 
crystallisation of the sugar from the syrup, vi. 
434r 

separation of the crystals, VL 4361 

, manufacture of raw, from the s 

by-products of the cane-sugar Inaostry, vi. 
440r 

the ohemioal treatment of the iuices, vi- 4391 
the milling prooess, vi, 4371 and r 
the Periohon system, the Geerligs-Hsmaoker 
system, and the Hinton-Naudet process, vi. 
4391 

manufaoiuiv of white, from the sugar eano, 

the Batelle and the Steffen poceas, vi. 4401 

, methods for the polarisation of raw, vi. 

462r 

, of estimating by reduction, gravimetric 

processes, vi. 4661 

, of csOmaling by reducUen, votuspirio 

prooeases, vi. 4611 
— , milk, see. Lactose, 

, moist, definition of " ye^ow cryatals*’ and 

soft pieoes, vi. 4401 

, mtro*, iii. 86r ' 

, organisms capable of eaiiiing lactic femien^^ 

tation of, iv. 6r 

, percentage pf nitrogen in various eans 
pr^ucts, and hrbset proaucls, vi. 47^^ 

preparation of,— ^ 

cube, ri. %t6f 

granulated, oiystai, and caetor, ri. 4441 
idbog, yellow oryet^ and aolt a l ee a s , vL 4461 
— , pimuotion ol wbitki, fvom tne beiri by Ifae 
Norit MtonsntfSi. 4161 . . ^ 

|ffoduota,aitiinarionolfl^^ 

in, vi. 4701 ^ 0 

^ nto of 
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SttlitefoAoii, vL $IU. 641r 


Bertjaad's table lor eel^matingi 
Vi, 4701 • ® 

— 7*eflaiiig,vi, 4411 • * • 

72 li^rature ol, vi, 4471 

*— mraotoinetrxo methods of estimating water 

«od solid matter in.M. 483f • 

xmtive joeing powers of most commonly 
oee urringi vi. 48lr ^ 

removal of water from pure products, vi. 

~T*,^***?*® of various in 10 per cent, solution 
at 20*, vi. 4621 

' *olutfona, refractive mdex and water content 
of, vi. 4841 

, €fpe^o gra\ity method of estimatmg water 
and sohd matter m, vi. 481r 
'» Qtanek’e correction table for determining 
^ sugar solutions by tneans of the Ab^ 
refraotometer when readings are mode at other 
tem peratuys than 20® C , vi. 486 
• syrup, preparation of from photoohemioally 
activated formaldehyde, v. 263f 

ureides of, vii 2781 

world’s estimated output of cane, end of 
beet sugar, and chief sources of supply of, vi. 
446r • x'r' ^ • 

yellow crystals, vi. 4391, 4401, 4461 
Suim latifohum oil, vi. I36r 
Suine, VI. 4921 , 

Burnt, extraction of potash from, v. 398f 
Buiadi^b^i. 629f • 

Sulfogenol, VI. 629r 
Bulfoid, vi. 492r 

Sulphamide, and its derivatives, vi. 492r 
Bulphammomum, vi d92r 
Sulphamlic^id, vi. 492r 

, dyes and other compounds obtamed 
from, vi. 493f 

Bulpharsenel, vi 493f * 

• Bulpbatase, vn 493r 
** Sulphate,*’ see al$o Sodium sulphate, 

fiiu 646f 

Bulphated oil, ii 6^1r • 

Sulphate />f ammoma, see Ammomum sulphate. 
Sulphates, special reactions of, i. 240r 
Sulphaudes, phenylbenseno-, and o-tolylto1uene-, 
nd. 493r 

Sulphasono, and its denvatives, vi. 4941 
Sulphethylic acid, u. 6671. 

Sulphide blues, vi. 496f * 

browns, vi, 601r 

oolounng matters as vat dyes, vi, 506f 
— colours, the dyeing of, vi. 607r 
dyes, vu 4941-61 11 
black, vi. 496f 
, eonstitution of, vi. 6091 
— — — — dyeing of on wool, silk, and fibres 
other than cotton, vi. 608f 

histoneal summary of development of, 

vt.4,iU 

manufaoture of, vi. 6021 • 

namaaof firms engaged m manufaoture 
of, vi. 4961 

reddish, vi. 604r 
— — - gree^ vi. 6i0r 
Sttlpludes, estimation of, i. 2911, 264f 
epe^ reeetionB of, i, Ml 
use of as fungicides, v. Blr 
8iilpW^y«Uos«i,vi.603l 

6111 g 

apeoial rsaotioas of, i« 240r 
acid, 11.741 
ii. 47«r 

Iglp i PBjritilm, I* 4771 


Sukdic^, iiL 710r ; vi. 6111, 619r 
SuQiboiiai^thalio acid, iv. 422r 
Sulphonation, vi. 6121 

Sulpboncs, vi. 6121 , e * , 

6ulphonethylm0thane,.vi. 619r • 

Sulphonic adds, ahphatic and aromatic, general 
methods for preparation of, vi. 6131 
— , alijAatic and aromatio, properties of. 


metnods tor pn 
— — , alijmt 
vi. 6131 and r 


Sulphonmethane, vi. 619r 
Sulphophenate of silver, vf. 626r 


l-p-Sumhophenyl-3*inethyl-6-pyrasolone, vi. 5141 

.(^pyrazolone-3«oarfaoxyiic acid, vi. 6141 

Sulphosalioybo acid, vi. 23r 
Sulphovmio acid, u. 6671 
Sulphoxylato-salvarsan, vi. 61141 
Sulphur, vi. 5141-6541 
y-Sulphur, vi. 629f 

Sulphur, allotropes of ; a-sulphur, vi« 6281 
/3-Sulphur, and relationship between it and a* 
sulphur, VI. S28r 

Sulphur as a dismfectant, ii 5391 

assay of, i 4221 

asymmetric v. 340f 

, black, and blue, or green sulphur, vi. 6301 

bromide, vi. 6371 

compounds of with silicon, vi. 961 • 

, detection of in organic compounds, i. 283f 

di- and tetrachloride, vi. 6371 

dioxide as a bleaching agent ; and poisonous 

properties of, vi 5401 * 

as a dismfeotant, u. 6391 

^ commercial manufacture of, vi. 6421 

, decomposition of by vanous agents, 

VI. 640r 

detection of, vi. 54 Ir ^ 

detenmnation of m sodium bisulj^bite 

solution, vi. 544r 

employment of for production of low 

temperatures, vi, 54 Ir 

— — — , methods of estimation of| i. 302f, 3041 

— , ocourrenoe, preparation, and i«oper* 

ties of, \i 639r 

, oxidising properties of, vi. 66 Or 

production of m chamber process, vi. 

666r 

properties of liquid, vi. 6411 

, uses of, vi. 642r 

, employment of— 

as an insecticide, v. 3261 
as a plant-spray, v. 3211 and r 
m cements, vi 62R1 
— , estimation of m— 
coal and coke, i. 264r 

pyrites, i. 264r • , 

Smphuretted hydrogen, vi. 6331; see Hydrogm* 
sulphide. 

Sulphur, flowers of, vi. 5291 

1 forms present m coal, iii. 2671 

— , Frasoh process for preparation of, vi. 618r 

, halogen coinpounds of, vi. 6361 

heptoxide, vi. 6611 

. heamfluonde, and disulphur difluondot vi* 

6361 


>, hydridee of, 5^3^ 

‘ iodide, lu. 661r ; vi. 6S 


— ^ Japanese, Italian, and Sicilian • 

— hquid, vi. 630r 
— , liver of, iv. 149r ; vi. 6301 
vi. 6161 

— , milk of, vi. 527r, 6201 
— , mode of oombinaticm of, in orgmio 9md 
inorganic compouadSy vi. 632r 
— , moleoalar structure of, vi. 6311 

weight and vapour density ol, vl, SUt 

•— monochlmde, its pieparatm ami 
jvL 686r ♦ 

usee of, vt 5871 # 

^ niSieomi or |MbI, vl. M8 > * 4 



m 


anm: 


t4kdpbur, or oolloidal sulphur, si* 53(11 
Sulp|iti]( oxides dnd oxyaSds of, vi. 630f 
:T^f oa^halooen oompouiuis of, vi/537f 
— ^ pfoduotion of in Australia, vi* 530r 
, purifioati^of for gunpowder, iii. 31 
quantitative detem|nation of in organic 
compounds, i. 293f 

— recovery of from vat waste, vi. 620r 

, red, vi, 72Jil / 

feferenoes to literature of, vi. 6331 
rubjr, i. 3361 

— selfiiQide, or seleneulphur, vi. 59r 
sesquioxide, vi. 644r 

, specific gravity, melting-point and boiliim- 

point of, vi. 6221 

f heat, ignition temperature, phosphor- 
escence, heat of combustion, electrical con- 
ductivity and solubility of, vi. 622r 

thiocybnate, vi. 6391 

— , thioxone, vi. 6091 

, triolinic, rhombohedral, and amorphous, vi. 

6291 

trioxide, vi. 6401, 544r, 664r 

allotropio modifications of, vi. 661r 

. manufacture of from ordinary p 3 rrites 


gases by the contact process, vi. 6081 
, preparation of, properties of 
tions of, vi. 6461 


and 


uses of, vi. 626r 
— — , viscosity of molten, vi. 631r • 

Sulphuric add, vi. 664^604f 

■ , action of on various metals, vi. 661r 

as a disinfectant, ii. 640/ 

oatalytioal preparation of, ii. 169r 

density-concentration curves in solu- 


tions of, vi. 284r 

, employment of in gas analwis, i 

U _ * 


3011 


vi. 6601 


fuming, heats of sedation of, vi. 6611 
melting- and boiling-points of, 

physical charactem of, vi. 6691 ; 
specific gravities of, vi. 669r 

— — ^ specific heate of, vi. 660f 

gravimetrio estimation of, i. 262r 
— . of solution of, vi. 668r 

— , Knietseh's and Lunge’s tables of 

ftevdng-potnto, and of specim: gravitieB at 
various stages of hydration, vi. 6651 

— — manufacture of, vi. 662f 

— of by chamber process- 
tits for production of draught, vi. 

lor supplying steam or water to the 
diainbem, vi. 677r 

bunists for sulphuretted hydrogen and the 
, bumer gas proidaoed, vi. 6731 
* oonuMurison of brimstone and pyrites for em- 
* pioyinent In ; and the apparatus for intro- 
du&ig nitrogen oxides, vi. 6741 
eonesotration of the add, vi. 693r 
oonditions governing total quantity Of nitre 
required ui, vi. 686r 

exsimnation of the exit gas6s passing from the 
Oay-Lussac tower, vi. 6361 
Imna^ for galena, vi. 672r 

for dne Ideodervi. 

(hy-Jjume and (HoveV toweis, vi. 679r 
dead duuabere, vi. 6631, 6761 
insduMiieai small Immers. vi. 570r 
ptSMBtleal yield of sulphurie add and lossss 
dwrifig manufactuie, vi. 696r 
, lor diminishing ohamtier space, vi. 

porimsation of the aeid» and removal of aisenio 
from# id. 6i2r 

lemoesl of nitrous compoimdi, nitric add, and 
^ nciMncitaitfie teparities from pgpdoot, vi. 6931 
sinroglli of ths add, eolo^ of the 

Ihi s y ol^^ vi. 6661 <9 ^ ^ 


Bulphuric^d, maniliaotuie of-« 
contact substances, platinised aabestos, and 
revivification of inactive platinum oontlMt 
masses, vi. 601r a 
, fuming, aedve eatalytio agents emdoyed and 
details of prooedes, vi. 699r ^ 

-- — , oatalytio or contact prooesi^ vi. 6971 

, process of distillation of 'sulphates, vi. 

696r * 

plant used in the chamber process, vi. 666r 

pyrites burners, vi. 6681 

requirements of raw materials emfdojred in, vi. 

663r * . 0 

statistics of the production of, vi. 6041 
theory of the contact process, vi. 60^ 

, mono-, di-, and trih^rated, vi. 664r 

normal solution of, i, 611 

physical properties of, and da 


tion of, vi. 6661 

, Pick’s table of freedng-poiiMto 



specific gravities at various stages of 
VI. 6661 

, separation of from hydroi 

acid, i. 264r 

, specific gravity of, vi. 666 

^ heat of dilute, vi. 6671 

^tension of aqueous vapour emitted by 

dilute, vi. 667r 

variation of '’epedfio gravity with 

temperature, vi. 667 

, viscosity of mixtures df with water, 

vi. 6681 

, volumetric estimation of, i. 2811 

ether, ii. 6631 ' 

Sulphuring, i. 6141 • 

* Sulphurous acid, vi. 643r 

estimation of, i. 63r, 262f 

^ reactions of witl* nitrous add, iv, 6681 

volumetric estimation of, ^*.‘2811 

Sulphuryl fluoride and chloride, vi. 5381 
Sulvanite, vi. 604r 

Sumach, vi. 6661 ^ 

, Cape, vi. 6061, 6681 

, Russian, and sumach extract, vi. 606n 6681 

, Sicilian, vi. 604r * 

, , and adulterants einployed in, vi. 

, Venetian or Turkish, American, Vhginiia, 

and French, vi. 6061, 667r 
Sunflower, average composition of seeds, and 
products of Ameriosn-grown fiowees, vi* 606r 
Sunstone, iii. 127f 
8nper«C3ifflte, Nos. 1 and 2, iii* 53 
Super-exoelUte, iii, 171^ 

Superite, iii. 171 
Superol, vi. 607r 
Superpalite, vi. 607r 
Superphosphate, iii. 1771 

, analysis of, iiL 188r 

of, oiRcial molybdate method, iii. I88f 

— , determinatton of leverted phosphate in, UL 
188r 

, manufactuie of, iii. 179r 

Supnurenin, i. 77r 
Buranji, iv. 99V 

Surface tendon of certain solutioas, vi, 607r 
Sttrinamine, 1. 3271 ; vii. 2631 
Snrralpattai, vii. 3191 
Susaimite. iv. 901 ^ 

Suseexite, i. 646f 
Swedes, vii. 245f 

and turnips, dDnupodtion of* ii. 423r, '' 

— average oompositiotf of, and Isedisig value 
of, vii. 246/ and r 
** Sweet oorC’ ii. 1371 
SweSt water,’* iii, 432f i vi. 411 
Syenite, vi.^7r <% 

, homlSsiMle*, iitgile*, qiiaHc;«« and 
, lhMH,id.d081 
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ByivBtirttiM, dextirof and vi. 734* 
89lvliit,i.8r 

onida, ▼. 375r 
Sylvinite. v. 876f ; vL e08r 
Syivito, or 8ylvine» vi. «08r . • t 
SyMhoral, vi. 618*, 638f 

^ptaBe» ujsem 

Syndtte* iii. 58r 

Syngenite, vi, 60W ' • 

Syntans, iv. 98r 
Synthalm, vi. 609Z, 634r 
Synthetic drugs, see Drugs, synthetic* 

-- — y — or n^ieitial products, vi. 609^-64 
Syrgol, Vi. e2777&43r 
Syrmgin, iii. 4L7f 
Syrup, ffolden. vi. 44dr 


Taamya, vi. 643/ 

Tabbyite, vUUU 
Taoamahac Moo^resins, iv. 698r 
Taohardiacorol, vi. 81r 

Tachhydrite 6r Tachydrite, iv. 188r ; vi. 643/ 
Taohiol, li. 646/ ; vi. 626r • 

Tachydrite, aiv. 188f 
Tachylyte, iv. 620/; vX 643/ 

Tagerey.verey, ii. 96/ 

Tagetes'patulA, i. 85/ 

Tagua nut, vi..64.3/ 

Taifushi oil, vi. 643r 
Taiguic acid, vi. 643!r 
Taigu wood, vi. 643r 
Tai^iastase, vi. 644/ 

Ta«kong, vi. 644/ . • 

Talc, IV, 194r ; vi. 64W 
“ Talc,** iva361f 
Talipot, vi. 645/ 

Tallow, and commercial brands of, vi. 645/ 

, baybbrry, vn. 462/ * 

• ^ Borneo, i. 636f 

—^Chinese vegetable, or prima vegetable, i* 

, fish, vi. 58/ • • 

Japan; iii. 692/ ; vii. 449r 

, mineral, i. 601/ ; iv. 383r 

, mutton, vi. 646/ 

oil, and beef tallow, vi. 645f 

, table illustrating hydrolysis of, vi. 42f 

Talmi gold, i. 4f ; vi. 6461 
Ta-lou, vi. 646/ 

Tamarinds, vi. 646/ 

Tamanx, africana and gallioa, vi. 667/ 

Tambao, or Tombac, vi. 647r 
Tanaoetone, iii. 726/ ; vi. 646f, 747r 
Tanarean, vi. 633/, 646r 
Tatighm and tanghinin, vi. 646f 
Tanghinin, ii. 526f 
Tanguin, vv 646r 
Tatmage of sole leather, iv. lOlr 
Tanrialbm, vi. 633/, 647/ 

Tannase, vi. 647/ • * 

Tanneoortepinio acid, vi. 665/ 

Tannic add, see aUo Tannin, 

... , as an alkaloidal reagent, i. 141/ 

asper-? barbitamao*, and caffe- vi. 

660/ 

, callu-, and coca-, jp. 660r 

„ «« — , oorte]^-, jpinicor-, fill-, fraxi-, tnd 

galivvi* 661k 664/ 

.JL. , employment o! as a mogdant, ti. >811, 

pinioor., pim-, oanrpini-, q% no-, 

rhamno-i Kheo- or riuibub*, * 

rhodo-, vi. 66^ j 

ftihi..^eiuoia*. and so^* Ti. 

oUi 


Tannides, vi. 647/ . 

Tatmigen, vi. 638/, 647/ ^ • 

Tannin, vi. 647M70/, 650/ « # 

, aoer, vi, 657f 

albuminate, and tainnin ellver*albaminalie 

tannin albuminate, keratinised, vi, 633/ 

, anaohueta, atherosperma-, and beech, vL 

660/ 

— , antiseptik properties of, ii. -OSOr 

, artificial, iv. 98r 

, broach leaves, vi. 668/ 

, canaigie, cherry bal’k, and cola- or kola*V 

vi. 660f 

, chestnut, vi. 667/ 

, colorimetric determination of, vi. 649r 

, diacetyl ^ vi. 63.3/ 

, Euphrasia, Quarana, and Hemlock, vi, 661/ 

Tanning, bateing and drenching, iv. 96r 

, depilation, iv. 94/ 

Tannin -gelatin, bromo-, vi. 621/ 

Tanning, examination of lime liquors, iv. 96/ 

extracts, iv. 99/ 

material, exhaustion of, iv. 98r 

, myrobalans, divi-divi, sumach, mimosa 

bark, cassia auriculata, hemlock bark, gambler 
terra japonica, and cutch, iv. 98/ 

, oak bark and valonia, iv. 97f 

— , prejwation of infusion of, iv. 99» 

, queoracho wood, mangrove barks, 

mallet bark, and ulmo bark, iv. 98r 

, Si^rian or Badan root, vi, 668/ 

, preparation of skins ana hides for, iv. 93/ 

Tannin, hop, horse chestnut, larch, and maletto, 
vi. 661f t 

in cocoa nibs, ii, 31 Ir 

in wines, vii, 474r 

, mangrove, mimosa, and oak hark, vi.,662/ 

, methods of estimating in tea, vi. 71(|r 

, myrobalans and Valonia, vi. 668f 

, oak wood, vi, 667f, 663/ 

, oeno-, vi. 663f 

oxychloro-casein and a tannin gelatin oom» 

pound, vi. 633/ 

Tanninphenolmethane, vi, 647/ 

Tannin, pistachia-, phyllsesoi-, vi. 664/ 

, pomegranate and knoppem, vi. 669/ 

quantitative determination of, iv. 99f 

^ rhatany, vi, 664f 

Tannins, classification of, vi. 648r 

, divi-divi, algaroUlla, and quebracho 

Colorado, vi. 669/ 

, Group I., the Depside group, vi. 666/ 

, Group II., dmhenylmethylolid or ellagi* 

tannin git>^» vi. 668r 

, Group ni,, cateohol or phlobatanninS; 

669/ 

, method of estimating ; pathological 

physiological tannins • and methods of gn 
mg, vi. 647r 

p methods of isolation of, vi, 648f 

Tannin, spruce-bark, atrawbeiry-root, tea, 

666/ ^ 

Tannins, salts and derivatives of, vi. 651f, 66 
suggested constitutional formula for, 

666/ ^ * 

Tannin, syntiieticalrvi.«666/, 670/ 
Tanninthymolmethanc, vi. 670/ 

Tannin, willow bark, vi. 666r 
Tannismut, vi. 626/ 

Tannisol, vi. 633/ 

Tannobromine. vi. 670/ 

Tannooasum, vi. 633/ 

Tanno-oresoform, vi, 632/ 

*Tannofomi, vi. 629/# 6331 
Taimon, vi. 633/ 


Tannopb, vi J133/ 
’^---nopinio sAid, vi 666/ 
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TaBMt'i nagaat tm «lkali>M>, i. 1411 • 

Trtfi'inTrfyfWi. vi. 67/Kf 

tPaatoIip acid, and its sstimatioiiy vL 674r 
Tantalitef vi. 6702^ 677r 
c*Tantahim. vi. 67Cr-677l. 

— ^^absorptioirof hydrogen and nitrogen by, vi. 

, alloys of, vi, 673f 
— , ehemioal reactions of, vi. 67€r 
oommercial uses of, vi. 673r 
, determination of in minerals, vi. 6711 and r 
, electrical resistadce of wire of, vi. 678r 
, extraction of from ores, i. 2691 

, metallic, method of isolating, and its 

properties, vi 6721 and r 
— nitride, vi. 676r, 6771 
— - pentabromide, vi. 6761 

pentaohloride, its preparation and properties, 

vi. 676r 

pentafluoride, vi. 676r 

pentaiodide, vi. 676r 

siliolde, vi. 981, 6771 

, special reactions of, i. 239f 

tetrasulphide, vi. 6771 

, tetroxide and pentoxide, vi. 6741 

Tantiron, vi. 6771 
Tap cinder, vi. 6771 
Tapers, wax, iv. 2331 
Taphosote, vi. d32r 
Tapioca, vi. 3821, 6771 
Tapiolite, vi. 6721, 677f 
Taraxacin and tarafacerin, ii. 4801 
Taraxacum, taraxasterol, bomotaraxasterol, 
taraxacin, and taraxaoerin, vi. 6781 
Tar, Barbados, v. 119r 

1 coal, and estimation of phenol in, vi. 677f 

f composition of that obt^ned by distillation 

fro^ B^theim asphalt, v. 3091 
, crude hard wood, vii. 5031 
— , — pine, vii. 6041 
Stoeknofai^ vi. 4041 

1 Swedish kUn wood-, vi. 404r 

, ITmea, Skelleftea, and Lulea, vi. 4041 and r 

p vacuum, composition of, ii. 41 7r 

, wood, vi, 678# ; vii. 504r 

Tarbuttite, vi. 677r ; vii. 6961 
Tariric acid diiodidc, vi. 628r 
Tarragon oil, iv. 6441 
'• Tartar,” vi. 6801 
Tartar, analysis of crude, vi. 6841 
— — , eieam of, vi. 6781, 6801, 687f 

— of, production of in France, vi. 680f 

~ emetic, L 3631 ; vi. 6781 
— estimation of, vi. 694r 

, soluble cream of, vi. 688f 

Tartiffic add, vi 6T8^700r 
if^Tartarie odd, and separation of isomeric tar- 
taric adds from each other, vi. 679r 
l-Tartario add and its propertiee, vi. 6981 
Tartarie add, anti-, vi. 6981 

composition of lees, tl. 680r 

oonn^ration of ^omeiie forms of, 
and oompariaon of their constanta, vi. 678f 

detection of, vi. 692r 

of freein wmea, vi. 697r 
di*. vi. es^^aapd^ 

>, dihydfoxy^ ii. 626r; iil. 731f; vi. 


> double aalta of, vi. 6861 

methyl, dimethyl, ethyl, and 


othem, vi. 6911 and r, 6921 

, eatlmatfon of, vi. 6931 
oetiauition of lead in, vi. 6971 
- of total in tartar, vi. 894r 




laaa, aetlmation of, vi. 694r 
litpMi, vi. 698r 
indMs vi • 7901 ^ 

A sMK vi. 6861 and r 


681r 


Tartaric add, optioaf activity of, v. 888r 

nsethoda tor aadmation of kk 
presence of malic add, vi. 6961 
— - — , phyriolodoal action of, vi. 6791 

prspardt^ and manufacture ol« vl# 

properties of, vi. 684r , * 

-• punfioat;^n of Ices and tartar, vi. 687r 
racemic or paih<*, preparation of, vi. 

-, , properties of, and *aalta of, vi* 

rotation of various enters of, v.i849r 
sslts of, vi. 689r 

uses of, and constitution of salts of, vk 
volumetric estimation of in the 


6991 


687r 





t im mm m (j)f» vl liio 


presence of alkaline earth ohlorides, vi. 61 

anhydride, vi. 686r 

Tartarum, vi. 6781 
Tartrachromine OG, i. 4711 
Tartralic and tartrelic acids, vi. 686r 
Tartrates, special reactions of, i. 24^ 
Tartratoferrio add, and its sodium and pol 
salte, vi. 7001 

Tartrazme, and its preparation, v. 4901 
Tartrazinea, formation of, iii. 640r 
Tartronio acid, derivatives of, vi 70K and r 

, its properties 8nd salts, vi. 700r 

Tartronylurea. ii. 4971 

Tarwar, i 4351 * * 

Tasajo, vi. 7021 
Tasmanite, v. 673r 

Taste, vi. 7021 • . 

Taurine and its synthesis, vi. 7041 

, oompoimd of with cbolio acid, h. 2811 

, its skits and derivatives, vi. 704f 

Taurooholic acid, ii. 2311 ; fi. 7051 
Tautocmehomne, ii. 2721 t 

Taxioatin, vi. 706r ; vii. 5601 
Taxine, vi. 705r ; vii. 559f, 5601 
Tcha-lan, vi. 706f * 

Tea, vi. 7061^7201 

, amounts of theine or caffeine eontaincd ini 

tannin m, vi. 7151 and r 

, analysea of, vi. 7131'knd.r, 717 

, ash and essential oils of, vi. 7l6r < 

, botany of, vi. 708r 

, brick, vi. 6201 

p chemistry of, vi. 612r 

, cultivation of, vi. 7091 

— denaturing prooe» for, ii. 487r 

, Faham, Abyssinian, K&t or Kaat, Boer, 

Labrador, Qromwel or Bohemian* vi. 

, imitation, known aa lie tea,” vi. 719r 

, importo of Into the United Kingdom, vi. 

7081 

infuaion, and percentage amounta of con* 

atituenta dissolved, vi. 71w and r 

Jeauita or St. Baiiholomewa, v, 781 

Judging oommeretol value of, and methoda 

of aduitoration lonnerly common, vi. 7191 and t 
— manufacture of — 
and varietieo of green, vi. 709r 
black, Chineae methods, vi 7nr 

Jap ane se and In d i an methodo, vi* 7Ilk 
7121 

green, Chineae meiboda, vi. 710r ^ 

other planti^whoee leaves are uaad lor 
making, vC720r 

s^oi!, vi. 720r *' • 

South 4|fricaa buah, vi. 289r 

vi. 6651 

— , wietiw of UMk, tI# W®l 
TMlUte. 7$9i 

TMornia.LTSmrtlLl’m 

V. SMf 

IMd^kwi 
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TbiliiriQ aoidfe vL 72tf 
a2MWiiilo«dii,Ti.786f 
XeUttrMtemath, vU7id{ 

!r6Uiirio‘iUver,iii.61(» 

vi. 12U 

TcAorite, 

TMlurinsi, vi; 720r*730f 

allotropy and otflier prOMrties dl, vi. 722i 
atomio vrek^t of, vi. 722r 
— • black aad roiiated. iv. 4U7f 

oompoonds of with hidogens, tellurium d 
aa^tetraiodidM and the fusion of iodine wi' 
tellurium, vi. 7251 

of* with halogens, tellurium, tetra* ai 
hexafluorides, di- aim tetraohlondes, and 
and tetrobromides, vi* 724r 
—V detection and estimation of, vi. 727f 

, electrolytic estimation of, i. 319r 

, flame reactions of, vi. 7281 

, graphic, vi. 608f 

, gravunetrio estimation of, i. 2491 

, mon*,flnd dioxide, vi. 726f 

, organic derivatives of, vi, 728l^730f 

perchlorate, nitrite, and dioyanide, vi. 72 

, preparation of, vi. 7211 

, properties and pharmacology oi vi, 721- 

— — separation of from other elements, i. 251 

, of in ores, iS 256f 

, specie] reactions of, i. 2381 

sulphoxide and tellurium sulphides, vi. r 

tnoxide, yi. 7261 

, volumetric estimation of. i. 281f 

Telluflous add and fts^oop n. 

7261 

Teloidine, vii. 221f 
Temiskamite, vi. 730r 
Temper, vi. 730f • 

Temperatiwe, critical, vi, i 
Temper-carbon, vi. 730r 
Tenax, vi. 730r 
Tenorite, iV. 252f 
Tenosin, vi, 730f 
Terbto, ii. U3f, 14« i vi. 7311 
Teroiom, its occurrence, separation, and pur; »• 
tion, vi. 730f . * 

oxide, 'peroxide, sulphate, and ciuona vi, 
7311 

— spectra of, vi. 7311 
Terebene, vi. 737r ,, 

, germiddal properties of, u. 5521 

Terebenthene, vi. 736f ; 

Terebio acid, iv. J5i ^ j j 

Terephthalaldeh3rde and terephthalaldehyde nd, 
v.280r 

Terephthalio add, 2 : 54iohloro., v. 280r 
— or porafkhthalio acid, v. 279r 
Terlinguaite, iv, 2641 
Torpenes, vi. 731r-748f 

1, action of heat on, vi, 7421 

ands^quiterpenesioocanenoeof mes» itial 

dls, iv. 6341; vi. 7401 

1, bicyolio, australene a«pinene, and 

benthene or Usvopinene, vi, 736r ^ 

^ borayime, sabinene, and thuja 

fenehene and dextrofenohonw, . 

^-pidbne and oamnhene. vi. 7J 

«JS1— , a-pinolene, 
posed dA3-oarene, vi, 7S^o 
JL. .r", tricydene. VI, 7401 
— olassiflcotion or by means of i 

Md twwiltiiS; »*««» 
ol,’vi. 7«r, 74^, 74« 

j definition of tatm,viiP81r - 

onmotwMn, oflganon od 

W n wHon e, d«xti« ad 
li^o, vi* 7321 0 
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sup 


roso 


Teraenes. swmoeyolio, noriene, vi. 788r 
, - • sylvestrene, vl. 7S4r • 

tarpmene, pheUandrene> vi. 7 w ^ 

» — , terpinolene, vi. 783r ^ 

1 oxidM oompou^ ieiat§d tO| Vk 74^ , 

pioean ring, the,, vi*. 7481 ♦ , ' . 

— . poly*; disifioation of; oolophene, and 
oaoutwouo, vi. 7411 
— . sesqui-, Iv. 6841 ; vi, 7401 “ 

oarophyllene, olovene, humulana, 
oedrene, and oonimene, vi. 740r 
Terpenylio add, iv. 151 aifli f ; vi, 748r 
Terpilene, vi, 7331 
Terpin and terpin hydrate, vi. 7481 
Terpinene, vi. 7341 
Terpineol, vi. 747r 
Terpinol, vi. 747f 
Temnolene, vi. 733f, 748f 
Terra alba, in. 494r ; v. 2991 

cotta F, i, 47lf 

Terracotta H, i. 470r 
”'3rra di Siena, v. 41f 

— lemnia, iv. 1111 

— . roiraoulosa, vi. 748r 
■— muriatica, vi. 748f 

— ombra, v. 2981 
— ponderosa, vi. 748r 

rosa, V. 295f 

Terre verte, v. 431, 2961 
Tetanine and tetanotoxine, v. 4811 
Tetrallylammonium compounds, i. 1501 
Tetra-amylose, vi. 3611 and ^ 
a-Tetraamyloae, heat of combustion of, vi. 882r 
Tetrachlorethylene, i. 491 
Tetradeoachloro-silico-hexaae, vi. 921 
y-Tetradecylbutyrolaotone, iv. 14r 
Tetradecylmalonic add, vi, 7491 
Tetradymite, i. 5941 ; vi. 720r 

— , with table of composition of 
specimens of, vi. 7491 
Tetraethylammonium hjrdroxide, ii. 672r 
Tetraethylone triamine, ii. 6801 
Tetraethyltetrasone, ii. 6741 
Tetrahydrobonzene ozomde, v. 361 
Tetrahydrooolchioine, vi. 623f 
ac-Tetrahydrodimethyl-j3-naphthylamine, 
perties and derivatives of, vi. 773r 
or-TetrahydPoethyl-, and ar-tetrahydrodiethyl 
j^-naphthylamines, and their denvatives, Vi 

or.Tetrahydromethyl- and -ethylnaphthaleiMi 
and other ar derivatives, vL 779r 
oo-Tetrahydromethyl-, oc-totrahydrodiethyl-, an 
ae-tetrahydro-p-tolyl-J3-naphtnylamine> the! 
derivatives and salts, vi. 7741 
ar-Tetrahydromethyl*, or-tetrahydrodimethyl^ 
naphthylamwes, and their derivatives, ^ 
7721 and f 

ar-Tetrahydro-a-naphthaldeh^de, and 0o4ietra 
hydro-p-naphthafdehyde, vi. 7801 
Tetrahyoronaphthalene, vi. 749f-789r, 7631 

1 aminOH&rivatives of, vi. 766r 

fl-, or l:2:3:%-Tetrahydronaphthal6ne, con 
stants of, 7641 , 

Tetrahydronaphthalene denvatives, oobunn 
matters denvedflIbnL vi. 7821 

or-, •a*y ana .^-sulphonio ainds, ani 
derivarivee of, vi. 764f ♦ 

.1;8-, and 4 : 5-dicarboxyUc amdif ai 

tetrahydronaphthalene-2 : 3«dioarbox3dic flflk 
vi. 780f 

oo-Tetrahydronajdithalene, 2 : S^dihydroxy** an 
it* deiivatim vi. 754r . » « 

S j B.ol 

l»^roxy«» and its derivativas, vi. 755i 
XetralqrdronMihthalene glycol, and its der 
tives,vi.7Ar ^ ^ 

halogeiidcriTaitlvesol,in.7^ # 


typioa 


pro 


kgSoty deri^tira 774) 
*^tmo*dsriviivcia^vi. 7661at^ # 





INDEX.. 


praparalioii of, Vy x«* 
il'ucSton with hydrogen—- 
^in the praenoe of a oatalyet, vi. 7501 
iodide ; and with eodium, vi. 749r 
f — 7*, veaotioiui ofcwith aoid ohloridee^ vi. 781r 

, teehnioal preparation, of, vi. 768r 

Tetrahydronaphthalenee, types of, iv. 41 8r 
or«, and ao«Tetrahydro-a-naphthoio adds, vi. 7781 
and r 

or-Tetrah3rdro-j8-naphthoio add, vi. 778f 
ae-Tetrahydro*d*naphthoio add, and its deriva* 
tiv6s,vi 7791 ** 

-a-naphthol, vi. 775r 

ar*TetrahydroHi*naphthol, properties and deiiva* 
tives of, vi. 774f 

ae«Tetrahydro«^4iaphthol, and its derivatives, vi. 
777r 

or-Tetrahydro«^«naphthol, properties and deriva* 
tives of, vi. 775r 

iie-Tetrahydro^*naphthol, resolution and optical 
properties of, vi. 785r 

•d«naphthylainine, properties and deriva- 
tives of, vi. 772r, 773f 

— -a-naphthyiamine, properties of, and salts 
and derivatives of, vi. 769r 
or-Tetrahydro-a-naphthylamine, properties of, 
and derivatives of, vi. 7672 
^-^-naphthylamine, pro^rties of, and salts 

physiological 

oe-, and or-TetrahySro-naphthylamines, resolu- 
tion and optical properties of, vi. 7852 
or-Tetrahydro-l : 2-, and -1 : 3-naphthyiene- 
diamines, vi. 77 Ir 

-2 : 3-naDhthylenediamine, vi. 7722 

-/i-naphthyl methyl ketone ; and the oorre- 

SDCMing phMiyl ketone, vi. 7812 and r 
ae-Tatrahydionaphthylphenol, and its deriva- 
tives, vi. 756f 

Tetrahydropalmatine, vi. 789r 
l?etrahydrophthalie adds, v. 2742 
Tetrahydroisoquinoline, v. 5562 
Tetraketones, ui. 7212 
TetrakuaKo-colouring matters, ii. 537r 
Tetralin, vi. 749r-789r; see dUo Tetrahydro- 
naphthalene. 

— , physioloffical action of, vi. 7842 
— , technical preparation of, vi. 763r 
Tetralite, iii. 86r 

a-Tetralol, properties and derivatives of, vi. 
7741 

Tetramethylammonium, iv. 323f 
— — fonnat^ iv. 3242 

hydroxide and iodides, iv. 323r 

2 1 4 ( 6 : 8-, and 1:3:6: 8-Tetramethylanthra- 
* gene, iv. 3462 

1:3:6: 8-Teti«methylanthraquinone, iv. 3462 
Tetnunethylbenienes, ii. 4772 
4 : 4^-7fatriWthyMiainmobenghydrol, vi 7062 
4 : 4-Tetiamethyldiaminodiphenylinethape, vi. 
7002 , 

4 : 6-Teiraiiiethyldiainino-m-xy]^ vii, 550r 
Tl^etraaietihyldiarsi^ i. 386r 
TRetiaiiietl^ldipheiiomt^^ 585f 
Totmtnethylsiie, i. 7142 

i 717f ; V. 4802 
pfepamtkm of Iroiii pyrrole, I. 020r 
TsCvaAetoyl terocyanide, ii. 450r 
Tgtatonialhykoe glycol, i 7182 
tfieiiimettolhydim add, its chloro-, brono-, 
and other derivatives, iii 5702 
Tdinnnatihvlhiin iv. 32^ 
iTiToTf^^^iiBatlnd-d-iaandd^ 
iqrdfodUotldari^^ 

tto a arthy ^ iv. 3002 . 

TOwaai^^ oonstitntloii v, 432 

0 % * 


Xetraineth0l-2 : O-tohiylenediaiiiliia vii 1331 < 
Tdraaines, i. 104r i vi 7002 
Tetramyleliet i 218r 
Tetranes, i. 713r r> 

Tstranitrodimethylh^line. vi. 780f 
Tbtraphenol, iii. 2852^ 

Tetraphenylqumodimethane, and similar qa&o« 
noid compounds, y« 5042 
Tetrapropyuunmonium iodflie, v. 455f 
Tetrasdioylide, vi. 252 
Tetrasilane, vi. 002 

Tetrathionio add, preparation and properties of, 
vi. 549r / s 

, reactions of, vi. 551 

Tetrazo-oolouring matters, i. 4772 1 ii. 5372 

-salts, ii. 507f 

Tetrodotoxin, vi. 700r 
Tetrol, iii. 2852 
Tetronal, vi. 700r 
Tetroses, formulas of, ii. 2dr 
Tetryl, iii, 86r ; vi. 70it 
Thalenite, vii. 12 

Thalline, v. 541f, 540f ; vi 623r r 
Thallium, vii. 12 

^ alloy of with magnesium, iv. 184r 

• alloys and compounds of, vii. 22 

, complex salts of with copper, vii. 3r \ 

dimethyl fluoride, vii. 52 • 

, electrolytic methodaT for determinatioa of^ 

I. 322r ; vii. 52 

, estimation of in ores, i. 2632 

formate, vi. 3062 

, mvimetric estimation of, i. 2402 

, halogen compounds of ; 'thallio sulphide and 

sulphate, vii. 42 * 

, oxides of, vii. 2r 

— , specfal reactions of, i. 236r 

sulphite, selenides, tdiluride, nitrate ajod 

mercurous nitrate, nitrite, asoiSoide, and 
oxalate, vii. 4r 

, thallouB salts of mono- and dibasic normal 

aliphatic acids, vii."2r, 32 

, volumetric estimation of, i. 281r 

Thallochlore, vii. 52 V 

Thallous borates, vii. 4r 

chromate, piorolonate*, and otbgr salti, vii* 

52 * ' 

fulminate, iii. 282r 

— hydroxide, reactions of with sugar, vii. 3r 
picrate, v. 280r 

Thanatol, vi. 63 Ir 
Thapsio odd, vii. 52 J 
Thaumasite, vii. 5r 

Thebaine, propertiss and reactions of, iv. 715f 
Thebolactic acid, iv. 719f 
Theine, vii. 5r 

— amount of in tea, vi. 7152 
Thenardite, vi. 25<12 ; 62 

Thenard*s Uue, ii. 267f 
Theobromio acid, vii. 6r 
Theobromine, i. 72af ; vi. 6342 ; vit. 6r 

f action of as a drug, vi. 683f * 

— , amount of in cocoa nibs, ii. 3111 

barium-sodium salicylate, theobromine tali* 
eylato and theobromine litfaiutti, vi. 6342 
eonstitiitloii and synthesis of, L 7282 

— disodium acetate, vi. 6342 , 

— — formate, vi. 6342 

— — lactate, and dtrate, vi. 6342 

, esUmation of,u. 7272 

— lithium bansnate, an d ^icylate, vL 3141 

Theobromose, vi. 6342 ^ 

llieoein, vi. 3342 

— — etbylane diamine, vi. 3342 
Tbeocyleiis, vi. 3141 ; vii, 6r 
Tbsolbnn, vit623l s W. 6r 
Thaolactla, vi. 3341 
llisoph^, vi, 3342 c 
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iodiiun aiodtate, Ti. 6$ 
vii. dr 

TheoSalm^ vii» 6r 

Ther«pio add, ii. 315f » 

Tllarmiol» vii. 71 
Thefxnit, ooiiposition of, vii. 6f 
— prooeM/the, viio 7f • • 

— **** , toebnioal aptilioatioiui of, and prepara- 

tion of metals and mioys by, vii. 82 
— use of in foundry practioe, vii. 9r 
Thermodin, vi..6162, 6182; vii. 102 
TherlhometeiB,¥ee also under Pyrometry. 

vii. 102-182 

f alteration of aero-point in, vii. 14f 

, forms of air, vii. 112, 122 

for technical purposes, vii. 12r 

, inter-oompanson of high-temperature 

soi^efi, vii. 17r 

, liquids employed instead of mercury for 
low temperature work, vii. 15f 
— , no^astorement of small sources of heat, use 
of a comjflbnsated micro -calorimeter, vii. 182 

, mercurifid, and the methods of graduating 

them, vii.* 132 

, “ normal,” vii. 142 

, plat^um resistance, v. 6112 * 

— , , Beckmann, vii. 16f 

, resistance, employment of platinum for 

oonstructien of, v. 330r 

, thermo<^leotrtc, vii. 16r 

-, vajaour-pressure, and the thalpotassimeter, 

Thlmnonatrite, vii. 2162 
Tliermostats, vii. 182-27r 

and thermo regulators^ classification of : 

(1) those depending on a flow of heated or 
cooled *^quid, vii. ISr 

— — f olassincation of : (2) those utilising the 

latent heat of the alteration of the state of 
ag^gation or change of phase in a body, vii. 

-v, of : (3) those not automatically regu- 

lated, vii. 202 

, of . (4) self-regulating, vii, 20r 

depending upon the differential expansion 

of solid bodies, vii. 26f 

, electrically heated, with electrical control, 

vii. 262 

, gaa thermometer regulators, acting 

throu^ — , 

electriocd arrangement^, vii, 23r 
a liquid piston, vii. 232 
meonanioed arrangements, vii, 242, 272 

, mixtures of liquids of constant boiling- 

point for use in constant temperature heating 
teths, vii. 24r 

, self-regulating by electrical arrangements, 

vii. 21r 

, by mechanical arrangements, vii. 222 

^ vafbur tension thermometen — 

1*1) air and vapour, vii. 24r 

(2) vapour in contact with its own liquid qnly, 

vii. 262 • 

with meobanioal regjidatom, vii. 272 

Themiasia maorophylla, vii. 27r 
Thiarsol, vi, 6262 ^ , 

ThiMste colouring matters, vii. 282 
Thiasines, quinonoid rsorraagement of, v. 6061 
Thiasol dyestuffs, or thiohinsenyl dyestuffs, v. 

43Q2 • * 

Thiamlee, methylamino-, iv. 3202 
Thiet-sie, or thitsi, vii. 202 
Thigan, vii. 29r 
Thigsnoh vii.^ 20r ^ ^ 

Thliorier*B mixture, iv. I3w* 

Thioaoetamide, vii. 
libioacet^hM w- ^ 

Xbioaoetic acid, vii. 20r I 


Tbioantteyrine, vii* 861 
Thiobbnsopbenone, iff, 716r 

tetramethyldiaminov iff. 7162 
Thiooarbamides, vii. 276r 
Thiooarbonio anh^ride, ff« 741 , 

Tbiooarmine R, vii. 28r • * 

Thiocatechin, vi. 501#' * 

S, vi. 6022 

Thioohromogw, v. 4402 
Thiocol, vi. 6ft r, 632r 
Thiocoumarin, ii. 400r 
Thiocyanates, ii. 472f* ; uff. 80f 
— special reactions of, i« 2422 

, volumetrio estimation of, i. 273r 

Thiocyano^n, ii. 473r 
Thiodialur^ acid, vii. 30r 
o : o-Thiodipheno-quinoneanil, v. 586r 
Thioethylene glycol and thiodiethylene glyooh ff* 
681r 

Thioflavine S and T, v. 440r, 4442 
Thioform, i. 600r ; vi. 232, 6262 
Thiofurfuran, vii. Sir 
Thiogenol, vi. 629r 
Thioglycoilic acid, vii. 30f 

, derivatives of, vii. 812 


Thiohydantoins, iii. 630r 

acyl, derivatives of, iii. 6312 

Thioindiffo red, iii. 6242 

soariet, iii. 624r 

Thiqindoxyl, iii. 6772 

ccurboxylic acid, iii. 677r 

Thioketones, iii. 715r • 

Thiol, vi. 629r 
a-Thiolaoetic acid, vii. 30f 
o-Thiolbenzoio acid, vii. 342 
Thiohne, i. If 

fi-Thiolpropionic acid, a-amino-, ii, 478r 

Thiols, iv. 268r • 

Thiolsalicylic acid, vi* 242 

Thiomethyleno glycol, iv. 326f 

Thiomc acids, i. 240r ; vi. 6402 

Thionine blue, vii. 282 

Thionone corinth B, vi. 604r 

Tliionuric acid, v. 408r 

Tbionyl bromide and chlorobromide, vi. 6382 

— — chloride, vi, 637r 

fluoride, vi. 637r 

Tbionylmeth^lamine, iv. 31 Or 
Thioparabamc adds, v. 63r 
Thiophon carboxylic acids, thiophen aldehyde 
and thiophen green, vii. 33r 

diiodide, tetra-iodothiophen, sodium thio 

phen Bulphonate and other derivatives am 
homologues of thiophen, vii. 332 
Thiophens, i. 672r ; vii. 31r 
Thiophenol black T extra, vi. 4062 
Thiophosphoryl bromide, and meta- and*pym] 
thiophosphoryl bromides, v. 2002 « • 

chloride, v. lOOr 

fluoride, v. 200r 

Thio-pyrasoloues, tbio-antipyriiies, and thk 
pynns, v. 480r 
Tmopyrine, vii. d02 
ThioscMscharin, vii. 342 
Thiosalioylic acid, vii. 342 
ThiosemicarbaBid||Hiii. 807r 
Thiosilioio acid, ^ 881 
Thiomnamine, i. 151r ; viL 342 

— ethyliodide, vii. 701 

Thiosulphates, preparation and propeitieh w, v 
647r 

, apeoiai reactions of, i. 240r 

Thiosulphufic acid, vi. 6472 
_ — estimation of, i. 262r 

— volmndtrio estimatiQfi of, 1, 28lr 
2 : Thiothymine, v. 4061 

Thiomea ami its derivatives, vff* 8[76r 
Thiourethans, vii, 270r 

iv. 31 

Iv, 3r M 



m 


tsoaxt^ 


Thol«lcinii» Tii. Hr 
Hhamatmite. vii. Hr, HU 
ThoiSa, vii. 38r 

«c~-, a^Mmataon of in mcmaaite, iv. 300r 
indiiatrial applieation of, vii. 401 
iCtHioriiuiita, $6* 

Thorite, vii. BU ' 

Thorimn. vii. ZU-Hr 

, biolojg^oal action of, vii. 40f , 

_ bromide and platinooyanide,'vii. 38f 

C, Oj, and Cg, vii. 

— — * chloride and o^chloride, vii. S3i 
— — ^ colloidal, vii. 87r 
— — complex oarbonatea of, vii. 301 
— dioxide and peroxide, vii. 88r 

emanation and thorinm active depoait 
(thorium A, B, Ci, C*, D, and E), vii. 43f 
— » fluoride, and douUe fiuoridea, vii. 381 
hydride, carbide, aihoide, and nitride, vii. 37r 

— hydroxide, vii. 381 
, metallic, vii. 371 

— meta-oxide, vii. 38r 

molybdate, formate, acetate, oxalate, acetyl- 

aoatona, tartratea and complex tartratea, vii. 
39r 

nitrate, vii. 301 

— , form moat auitable for gaa mantle 

industry, vii. 36r 

aoceurrence of ; its separation from monaaite 
aa^, and from thorite, orangite, and thorianite, 
vii. 3«f 

— , predpitanta fot: and its electrolytic separa- 
tion from rare eartn mixtures, vii, 371 

, radio-activity of, vii. 40f 

— , separation of from— 
other dements, i. 250r 
uranium, vii. 3621 
ziro^um, vii. 36r 

— nlieide, vi. 981 

— apeoial reaotiona of, i« 238r 
— — sulphates, vii. 38r, 301 
— ^ sulphide and oxyaulpbide, vii. 381 

X., vii. 42f 

Y, A, and B, vU. 431 

Thom-appfo, vi, 4061 
Thorogummite, iiL 401r 
Thoron, vii. 44r 
Thortveitite, vii. 44f 
Thromboplartui, vii. 44r 
ThaiQg-h^liao, vii. 44r 
Tbuiene, vi. 738r 

Tht^in, thojetin, thujigenin, sad th^jetinio acid, 

Thuj^ ii. 8r ; iii. 7261 ; vi. 646r, 748r i vii. 461 
Thmia, ii. 143r ; vii. 461 and r 
Thulite, vii. 61(^ 

< Tliuliam and neo-thulium, vii. 461 

bfomata, oxide, hydroxide, chloride, snl- 
phate, nitrate, oxalate, and aoetylaoetone, vii. 
45r 

Thuaderite, iii. 16r ; vii 46r 
Thuringite, vii 46r, 461 
e Thuya oeridentalis, vii. 46r ^ 

Thyaiaeetoi vi. 632r ; vii. 471 
Thymatoi vi. d33r; vii. 471 
Tfaymofol, vi 6261 » vii.<471 
Thyme oiiiv. 6441 
Thymte, v. 403r, 4061 
TlMBoforBL ii. 0r 

TlqnBol.ii. tts r. ISSlMidr; vii. 471 

— — <» ffa oii. t> , ii. Ar ; vi. MAr 

, MtiiMWtott of ia iwenti.1 oOi^ iL 9r 
•-M, gataiaidtal wo p w rtl i , of, ii. 002f 
flaa&M, viL 471 
llqraMi fodUki, ii. Ar • • 

ImbmIii, «itK>*, iv. Allr 
llftpitWInmt vi. AAM . 

vi. ASai t 

‘ MlaawMditedMivativHi^ V. A7Ar ^ . 

rin<«i«Moll,vH.*7l - t • 


oompoundSo 
, iv. 184r ^ 


TlgrfeaolA vii. 47r 
Thyromifrn aiooumA vii 431 
Thyroid ^hnd, the, vii. 47r 
Th^xin, vii. 47f ^ 

Tiemannite, vii. 43r 
SQlerv oruenl, i.'" 1671 ^ 

Tiger-eye, ii. 421f ; v. 630f 
Tiglio acid, physiod constants of, iv. 97U 
rmtiki, viii 48r • 

Tile ore, ii. 4361 • * 

Tiliaoora aonminata and tiliaoorine, vii* 48r 
Tillie, vi. 691 
Tima, vii 48r 

Timber, oreosoting of, ii. 4171 

dry rot in, vii. 48r 

— , flre-proofing of, vii. 401 
Timlw, vii. 49f 
Tmder, Oerman, i. 1811 

Tin, see also Stannous and Stannic ccmpoun(|i. 

, vii. 49f-68f 

, alloy of with magnesium, 

alloys of — 

i. 3611 ; vii. 631 and r 
with cobalt, ii. 296f 

manganese, iv. 213f 

sme, vii. 680r 

, assay of, i. 4201 \ 

, brands of, and properties of, vii„62r \ 

, butter of, vii. 641, 661 

-cadmium and tiu-bismuth alloys, hardness 

of, vii. 661 • • 

— carbonate, vii. 67r 

-copper alloys, composition of principal, vii, 

— , history of and constitution of, vii. 661 

and r 

, corrosion of, it. 387r 

—— crystals, ii. 68Dr ; vii. 6#1 

, delicate test for, vii. 66r 

, detection of by means of spot test, vii. 671 

, electro-deposition of, ii. 6261 

, clectml^c estimation of, i, 310f * 

, refining of, vii. 621 

, separation of from antunony, i* 3361 

, estimation of In canned foods, vii. 68r * 

, mvimetrio estimation ofg i. 2401 

, hard-head, grain, refined, common tin, and 

block tm, vii. 621 
hydride, viL 671 

, occurrence of, Straits ”* tin and tin 

pyrites, vii. 601 

— ores, dry assay of, vii. 67r 
separation Of from wolframite, vii* 


4801 


world's production of in 1031, vii. 681 

, organic compounds of, vii, 67r 

oxides and hydride of, vii. 63r 

, oxychloride of, vii. 661 

, oxymoriate of, vii. 661 

phosidiidea, vii, 671 

— , pigments containing, v, 304r 

plate, employment of, ii. 3831 , . 

— — plates, history and pi^uotion of; vk. W 
— production of, vii. 60r 

•pyrites, 'vi,*34lf „ 

recovery of from dye4ioaee waste lv|aofS, 

vii. 69r 

— , reduction of, vii. 611 t 

''Tin salt" cw " tin eiystals," v, 304r ; dH. 661 

Tio,ialtof,vi.37r . 

salts snmloysdw mofdsiils, iL 660r 

— of with oiysoidsi vii 6|r * ' 

iefqiiiiulpldde,vii,64l 

^,i5^snSdaaMemiirists^^ ^ 

••~ smol^ to fik^illaad, s^ 
ipsolsl lenettoniLOf, i MTf 
Tfnsto^ ii M ^ 

stomm tiiif wood Ihii ood tood*i lOfib n* 

t m - ’ 


IMiMBCt 


Sa. wlwmrtrla wthwyHnn ^ fc Mir 

— white, V. Mte. • 

wood, and UMfc»ll. Mr ♦ 

«wwl, Vi. IMI ^ 

motim opU, apeoiw»tioii fo% Iv, 981 

binder, Gernurn* i, 1812 • • j 

^tometm, ii. 3402, 843r i r. 911 

tetnra porlos vinos, vii. 485r 

nodine, vi. e28r ; vi4 842, 902 

ntanio aoid, ortho- and vii, 782 

"7 •.separation of from silicio add, i. 264r 

litaniferoos iron ore, vii, 702 
Ktanite, iii. X6r ; vi. 8872 j vii. 702 
ritanfum, vii. 70i2*762 

aoetate,*i. 28r 

aUdjTsi of, vii. 70f, 712 

, applioations of, vii. 71r 

assay of, i. 420r 

oolorimetrio estimation of, i. 2832 

'~-~-,,oomplex aso-salts, and other orgamc com- 
pounds of, vii, 762 

— , compounds of, the monoxide and sesqui- 
oxido, 712 

diohloflde and other halosen compounds of, 

vii. 74f 6 » 

dioxide^ v, 7222 ; vii. 71r 

distdphate, vii. 762 

, estin^tion of in minerals and ^cks, i. 277r 

ferrocyamde, vii« 782 

, gravimetric estimation of, i. 249r 

green, mi. 782 

nitrides, carbide, j^oephide, thiocyanate, 
and other sMts and derivatives of, vii, 762 

^.oxide, preparation of for pigment, v. 412 

peroxide, vii, 73r 

, pigments containing, v. 294r 

— , reactions given by solutions of, .vii, 76r 

— salts employe^i in dyeihg -processes ; pre- 
paration of the lactate and oxalate ; titamum 
mordants, vii, 75r 

, separation of from other elements, i. 2692 

— • sesquisulphate, vii. 74r 

stlicide, VI, 982 

— IT. special reactions of, i. 236r 
— a. tannate, vii, 782 

tetrachloride, vii. 73f 

4nohloride, 4nd its uses as a reducing agent, 

vii. 742 • 

uses of as a pigment, vii. 702 

, volumetric estimation of, i. 2822 

, of in pigments, vu. 722 

white, vii, 702, 7ir 

Titanous chloride, empfeyment of in volumterio 
analysis, i. 2712 

^ volumetric estimation of dyes with, 

vii. 782 

sodium sulphate, vii. 74r 

Titanox, vii, 722 

Tiza. t. 8412, 844r 5 vii.-78r 

T.N.T., see also Toluene, trinitro-, 

“ T.N.T.,** i. 6782 ; vii, 109r 
T.N.T,, manufacture of, iii. 26r * 

Tdad’ venoms, vii. 78r 

Tobacco, vii. 772-86f . 

and tobaqfx) extract, denaturing of, ii. 4882 

brown trat, ^oa twist, and other varieties 

manufactured, vii. 862 , ^ 

, cake-, or#ut-Cavendi8h, vu 84r 

-eamphor, vii. Sir 

, olasnOcation of commercial, and principal 
kinds manufactured, vii. %4r 
oompoigtion oh vii. 80f 
culture of, vii. 76. ^ 

, estimation of nicotine In, vjR. «3t 

home-grown, varieties of, vii. 79r • 

.. — , Indian, iv. 15<^ ^ 

Sfaiiu. vii. 77r 

— I pwtentef. .ompoBl^ of ^“Lf * »• 

■iulpiNenti«* «>npMitiim of Mb. vU. 8S 


m 


Tobaiuo, pNpantiflB tor nuudut^ grading, tor* 
mett t awon, nd acBiag, vii. 7W ^ 

— • -seed oil, vii. 88r ^ 

, statistioB regarding pvoduorion of, jriL 81^ 

— , waste matenal produced in maimf actors of, 
and repayment of duty or3**diltwbaok*’ .cw 
same, vii. 88r * 

Toddalia aouleata, vii. 872 
Tofu, iv. llOri vi. 290r 
Tdhaku oU, vff. 872 
Tolamine, ii. 182r 
Tolene, i. 6832 . 

o-Tolidine, ii. 633r 

Tolidine, method for estimating, vii. 872 
Tolite, iii. 26r ; vii. 87r 
Toloctylomines, iv. 6271 
Tolu, 1 . 632r 

p-Tolualdehyde, and p-tolualdehyde a miponl a, 
vii. 1812 . - 

m-Toluoldehyde, ethylamino-, and oi-tolualde- 
hyde-o-sulphonio aoid, vii. 1812 

nitro-, dinitro-, iodo-, amino-, ohlofo-, and 

xnethylamino-, vii. 180f 

p-Tolualdehydc, 2-nitro-, and 3-mtro-p-tolual- 
doxime, vii. 181r 

o-Tolualdehyde, or o-toliuo aldehyde, and its 
p-chioro -derivative, vii. 1802 
Toluene, i. 6712, 6722 ; vu. 87r>1712 

aldehyde derivatives of, vii. 1802 e 

Tolqeneazoacetanilide - 3 • merourihydroxide, vi. 
826r 

Toluene, bromo-, derivative! of, vii. 992 

, o-bromo-, vii. 1002 

, m-bromo-, vii. lOOr 

p-hromo-, vii. lOOr 

, 2-bromo-3 : 6-dimtro -, 3 -bromo • 4 : 6-di • 

nitro-, 4-bromo-3 : 6-dmitro-, 3-bromo-8 1 4 $ 8- 
trinitro-, 2 ; 3-dibromo-6-nitro-, 2 : 4-dil||romo- 
6-nitro, 2 : 4-dibromo-8-niiro-, and 2 : 8-di« 
bromo-4- (or 8) nitro-, vii. 1182 
■ - — , m-bromo-o-iodo-, 2-bromo-6-iodo-, 3-bromo- 
4-iodo-, and 3-bromo-2-iodo-, VU. 1042 

, 8-bromo-2-iodonitro-, 2-broino-4-iodonitro*, 

and 3-bromo-4-iodomtro-, vii 1182 

, 2-bromo-4-iiltro-, 2-bromo-5-nitro-, 2* 

bromo-8-nitro-, 3-bTomo-2-nitro-, 8-bri>iiio-6« 
nitro-, 4-bromo-2-mtro-, and 4-broiiio-3*nitio-, 
vii. 116r 

, carboxylic add derivatives of, vii, I81r 

., o-chloro-, vii. 982 


— ^ m-ohloio-, vii. 982 
— , p-ohloro-, vii. 98r 
— , cc-chioro-, vii. 92r 
— , 2-chloro-3-bromo-, 
chloro-4-bromo-, and 
102r 

3-obloro-2-bromo-, 


2-chloro-6-bromo-, 2- 
2-ehloro-6-bromio-, vii. 


3-ohloro-4-bioiiio4 ggd'* 

3- ohloro-6-bromo-, vii. 102r • 

— , 4-chloro-2-bromo-, 4-ohloro-3-lm>ivo^ 

chloro-2-bromo-, and i-ddoro-dibromo*, vii, 
1032 . - 

— , m-chloro-p-bromo-, c-ehlorobromoiiitro-, di» 
chloro-p-bromonitro-, and trtehloi!0«p*bioiilo« 
nitro-, vii. 117r 

— , 2-obloro-3 : 4-dinitro-, vii. 1132 
— , 2-chloro-3 : Adinitro*, 2^dhloro-4 $ Miaitro*# 
and 2-chloro-4 : 6-dinitro-, vii. llSr 
— , 2-ohloro-6: 6-dinitro«, S-chlorptet: 4t 
dinitro-, 3-ohloro-2 : 6-dimtro-, S-ddoro-l i 8« 
dinitro, 4«ohloro-2 : 3«dinitio, 4«Qliloro*2 1 6 * 
dinitro-, 4-diloro-2 : 8-dinitro«, and 4HdikM« 
3 : 6-dinitio-, vii. 1142 

— — , 2-diloro-3-nitro*, 2«4ihloro«4-nitso*, and 
ohloro-O-nitros vii. 112r 

— , 2-diloro*fKinitro«, 3«oUoro*2«njjtro«^ SkMosn* 

4- nitro*, S-ddoro-S-nitro*, 8*diloiw-dml8^ dr 
6hloro-2«nitro-, and 4-cldoKO«3<«dt>o% vik UM 

— ^ chloiAodos vii. 1042 - . ,, 

3<ddoio«2:4:6.triidttonVtt, ♦ 

-^,llbroino«,|||ii. lOlr 4 ^ 



. ijmwL 


' Toluene, 8 : 8. end 2 : 4«dibioinos vti. 1011 
— 2jif5% 2 s 6-, 8 : 4-, and 8 : 5«dibrom5*, vii. 

~e — , 2<i O^libromo-S : 5<dmitfo«, 3 : 5-diliroiiio- 
2 : 4-dinitip*, 3 : 5«dibromo-2 : 6-dinitro-, and 
% 8 : 6«dibromo-2^ 4 : 6-Uinitro-, vii. 1171 
— , 2 : O-dibroifio • 3 •xiitrb-, 2 : 5 •dibromo - 4 • 
nitro-, 2 : 6-dibromo-3-nitro-, 2 : 6-dibTO]Xio*4* 
n|tro-, 3 : 4-dibromo-5-nitro*, 4-dibromo«6* 
nitro-, 3 : 5Hlibromo«2*nitro-, 3 : 6-dibromo-4- 
nitros and a 3 : 5«dibroinonitrotoluene, vii. 
116r 

, 2 : 4-dibromo-3 i 5-dinitro«, 2 : 5-dibromo- 

4 : 6-dinitro*, and a 2 : 6-dibromodinitrotoluene, 
vii. 116r 

, 3 : 5-dibromo-4-iodo-2-nitro-, and 3 : 6-di- 

bromo-2 : 4-diiodonitro-, vii. 1181 and r 

, 3 : 5Hlibromo-2-iodo-, 3 : 6-dibromo*4-iodo*, 

and 8 r 5«dibronio-2 : 4-diiodo-, vii. 104f 

, 2 : 3-dichloro-, vii. 98r 

(fi) 2 : 4-di-, 2 : 6-di-, and 2 : 6-diohloro-, vii. 

071 

, 3 : 4-di-, and 3 : 5-dichloro-, vii. 97r 

, oi-diohloro-, vii. 941 

, dichlorodinitro- and dichlorotrinitro*. vii. 

1151 

, a dichloronitro-, vii. 1161 

-p 2 : 6 - diohloro • 4 - nitro - , 3 : 4 • diohloro • 5 - 

nitto-, 3 : 4-diohloro-6-nitro-, and 3 : 6-dichloro- 
2-nitro-, vii. 114r • 

2 : 3 -diohloro - 4 -nitro 2 ; 3 -diohloro - 6 • 

nitro-, 2 : 4-diohlqro-5-nitro-, 2 : 5-dichloro-3- 
nitro-, 2 : 5-diohloro-4-nitro-, 2 : 5-dichloro-6- 
nitro-, 2 : e-diohloro-S-nitro-, vii. 114r 
, dihydrozy-, v. 1731 

— , 2:3-, 2:4-, 2 : 6-, 2 : 6-, and 3 : 5-diiodo-, 
vii. 103r 

■ " > diiodonitro-, 2 : 3-diiodo-4-nitro-, 2 : 5-di- 

iodo-3-nitro-, 2 : 5-diiodo-4-nitro-, 2 : 6-diiodo- 
6-nitro-, and 3 : 4-diiodo-5-nitro-, vii. 1181 
— dinitro-, i. 577r 

, 3 : 5-dinitro-, vii. 109r 

, (fi) 2:5-, 2 : 6-, and (y) 3 : 4-dinitro-, vii. 

1091 

W— , 2 : 3-, and (o) 2 ; 4-dinitro-, and the oom- 
meroial dinitro-oompound, vii. 108r 
— — , a»-dinitro-, vii. 108r 
— — , 2 : 0-dinitro-4«aiilphinio aoid, vii. 1191 

-2 : 4-di8ulphinio aoid, vii. 1191 

— — — -3 ; 5-di8ulphonic aoid, 2-ohloro- ; tolilbne- 
4 : 5<di8ulphonio add, 2-ohloro- ; toluene- 
4 : O-diaalphonio add, 2-ohloro- ; tolaene-2 : 5- 
diaulphonio aoid, 4-obloro- ; toluene-2 : 6-di- 
aulphonio add, 4-ohloro- ; toluene-3 : 5-di8ul- 
phonio add, 4-chloro-; and their ohloridee, 
^ ealte, and derivatives, vii. 124r 
— »3 ; 4-,, and -3 : 5-disufphonie adds, their 
ehIorides> amides, salts, and derivatives, vii. 
122r 


-2 : 4-, -2 : 5-, and -2 ; O-disulphonio adds, 
* their chlorides, amides, salts, and derivatives, 
vii. 12^ and r 

" ■ — ■ -3 : 5-di8ulphonic add, 2-b]romo- ; toluene 
disulphonio aokls, 4-bromo- and p-bromo- ; and 
their chlorides* sdts, and derivatives, vii. 1261 

«» ** ek. 


> disulphonio add, nitrd-, vii. 127f 
— % fluoro- and chloiro- derivatives of, vii. 911 
* hakiflen derivatives of, vii. 89r 
— o4oao-, vii. 1081 
— , in-, and jp4odo-, vii. 103f 
— — , 2«iodoni^-, 2 : iodo-3-nitro-, 2-iodo-4* 
aitio*, 2 : iodo-5-nitro-, 2*iodo-6-nitio, 8-iodo« 
2-iiitfo-, and 3-iodo-5-nitro-,,vii. I17r 
— S-iodonitSD-* 8-iodo-6-mtro, 4*iodo-2-mtro-, 
44odo*8*aitio«, 2-iodo-3 : 5-dinitro-, 8-iodo- 
4-dinitfO-* 3-iodo«2 :6*dinitro-, ftid 4dodo* 
t:Mi2teo.,viL1161 


os la-t and Hyloso* ; o aiidai4ddo»s^ 
a e S6 ^ 


Toluene, |Niodoxv*,*viL 1051 

p nitmion u 5761 

— — , nitre derivatives of, vii. 1061 . 

o-nitro-, properties and^eaetions of, vH» I06r 

* m-nitro-. properties and xeaotions of* vii* 

#1071 ^ ♦ 

p-nitro-, properties and reae^^ons of, ♦ii. 

107r 

-p-nitresulphontb addf iv. 61 Sr 

nitroso and nitrchderivativeB' of i 2*, 3-, 

and 4-nitro80toluene, vii. 1051 

, normal-co-nitro-, vii. 1081 

, pentabromo-, vii. 1021 • • 

, pentachloro-, vii. 991 * 

pentaiodo-, vii. 1041 

, purification of, properties and reactions of, 

vii. 881 

, sulphonation of, vii. 1191 ^ 

p-Toluenesulphondiohloramide, vi. 6301 f 

Toluene-o-, -d-, and -p-sulphinio aoids, andftheir 
derivatives, vii. 118r \ 

-o-sulphonio add, its chloride, amide, wts* 

and derivatives, vii. 119r, 1201 ‘ \ 

-m-sulphonic aoid, its chloride, amide, sUts, 

and other derivatives, vii. 1201 and r V 

-p-sulphonio add, its chloride, hmide, sfiAte, 

and other derivatives, vii. 120r, 1211 and r \ 

-4-sulpnonio add, 2-bromo- ; • toluene^O- 

sulphonic acid, 2 bromc^ ; and toluene-O-sul- 
phonic aoid, 2-bromo-, and their chlorides, 
salts, and derivatives, vii. 1251 * * 

2-sulphonio add, S-bromo-; toluene-o- 

sulphonio aoid, m-bromo- ; toluene-5-Bulphonio 
acid, 3-bromo- ; toluenesulphonio acid, bromo- ; 
toluene-2-8ulphonic add, 4-bromo- ; toluene-3- 
sulphonic aoid, 4-bromo- ; their ohloijdes, 
salts, and derivatjives, vii. 125r 
— • -p-sulphoni5 acid, o-bromonitro-, vii. 1281 

-o-6ulphonic acid, m-bromonilsb-, and 

nitro-p-bromo-, and their derivatives, vii. 
1281 


— m-sulphonio adds, o-bromoniSro-, and 
nitro-p-bromo-* and their derivatives, vii. 1281 

o-sulphonio aoid, 3-chloro-; toluene-24nil* 

phonic acid, 4-ohloro- ; toluene-3-sulphonic lAid* 
4-chloro- ; chlorides, amides, ^alts, and deriva- 
tives of, vii. 1231 and r * . / 

-2^1phonic add, 6-ohloro- ; toli!iene-34ttl- 

phonio acid, 6-ohloro- ; and toiuene-4-sul|dionio 
acid,'2-chloro-,theirchlorides, amides, salts, and 
other derivatives, vii. 123r, 1241 
— — ■ -p-sulphonio add, 2pohloro-5-nitro- ; and 2- 
ohloro-6-nitro-, and thhir derivatives, vii. 1281 

-5-sulphonic atdd, dibromo- ; toluene-3-sttl- 

phonic acid, 5 : 6-dibromo- ; toluene-4-sulphonic 
add, 2:3: 5-tribromo-, and their chrorides, 


salts, and derivatives, vii. 1261 

sulphonic acid, dibromonitro-, vii, 1231 

2 : 6-, 3 : 4-, and 3 • 5-diohloro-] 


and their chlorides, amides, salts, and deriva- 
tives, vii. 124f 


2 : 5-dichloro-, 


toluene-5-sulphonio add, 
toluane-p-aulpiionio acid, 


and .2 k3- 


2:Mi- 
2 : 5^ii- 

toluene-p-sulphonic « add, 2 1 6-di- 
their chlorides, salts, and derivativea. 


dichloro- 
chloro- ; 
chloro- . 
ehloiD - ; 
vii. 1241 

-44mlphonio add* 2 : 6-duii1to- ; 

phonic add, chloronitro- ; toluene-2-sdl|plionic 
add, 5-chloro-4-nhTO; toluene-2-sulphottie add* 
6-chloro-4-nitro- ; Toluene«o<aolphoiiio aefd* 6* 
ohioro-3-xutro-, and their lalta and derivativea, 
vii. I27f ^ , 

-- -4-saiphonic add, 2-iiitro- ; toluaoe*5HniI* 
phoniffadd,2-mt«o-s tolu^ 
nitro-; toluene-2-aa|photti| i 
their derivalLves, vii, 126i* 

-4-siilphoiiio add* 2 : S : 6-triel^yo* ; ^ 

tohieiia iidphonie 2: it INridiiofO*, tgd 
etbalr chloridai. salts* and dsrivitivai* iril* 125X 


« 

♦ 
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«iaori<fo, vii« ISR 

«~-,9tS:4:6., l^xS:4t6v and S:8s5:«* 
tatciOmmo**, vH. 1022 * 

~^t2:8:4}5.» jt:8:4;0., and 2:8;5:6. 
tatradhkmv vii. Mr • , 

, tetvadiloroiiitios derivativaa of, vii* 115f* 
,2}3:|^:0s 2!3;4:6s and 2:3:5:6. 
tetiraiodo*,*vii* 1042 

, truunuib-, vii. W02^ • • 

,2:8: 4-tribromo-, Via lOlr 
, 2 * 3 • 8*, 2:8: 0*, 2:4: 8*, 2:4: 0*, and 
: 4 : 5-tribronio-, vii. 1022 
Tolnaiiea, tribiomonitro-, tribromodinitro-, and 
totrabromonitro-, vii. 1172 and r 
Toluene, (d) 2^ 3 : 4-triohloro«, vii. 07r^ 

— 2 : 3 : 5-, 2 : 3 : 6-, and a-2 : 4 : 5-trichloro-, 
vii. 082 

— , 2:4; 6-, and 3:4: 5-triohloro-, vii. 98f 
' , triehloro-5-bromo*, and 2-ohloTo«3 : 4 : 5 : 6* 

tetaabromo- : and oi^r ohlorobromo deriva- 
tives, vii. 1032 

— — , trichloronitro- and triohlorodinitro-, deriva- 
tives of, ^i. 1152 

, 2:3: 4-triiodo-, vii, 103r 

, 2:3:5-, 2:3:6-, 2:4:5-, 2.4: 6-, and 

3:4: 5-triiodo-, vii. 1042 
— f trinitro- (see also T.N.T.), preparation of, 
vii. lOOt* 


o-Tol«|^iiie, 8* and 4-nitro-, and 5-ttitroso-, vii. 1882 
> 5« and OHoitro*, vii. 188r t. . 

>, reaotiona of and derivatives of, vii. 129f 
-, salts of, vii. 1291 • > 

. .3., .4., and -O-sulpbonio adds, vii. 152f 
- -5H^phonio add, 8-broino;, vii. 1532 
-4-sulphonio add, 8 ; 5-dibroino-, vii. 1532 
, 5-sulphonio add, 4-iodo-, vii. 1581 
— , 5-sulphonie acid, 3-nitro-, and o-toluidine 
4-sali>honio acid, 6-nitro-, vii. 1532 
— tribromo-, vii. 1322 and r 

, 2:3:4- and 3:4: d-trichloro-, vii. 131f 

— , o- and j8-tnohloronitro», vii, 184r 
m-Toluidine, vii. 137r 
— , 4-, 5-, and O-bromo-, vii. 139r 

, 6-bromo-2-nitro-, 6-broxno-4*nitro-, 5* 

broino-6-nitro, and 2 : 6-dibromo-4-nitro-, vii. 
1422 

, 6-chloro-, and its derivative^, Vii.* 1892 

, 2-, 4-, and 6-chloro-, and derivatives of, vii* 

138r 

, 6-chloro-2 : 4-dibronxo-, vii. 1402 

, 6-ohloro-4-iodo-, vii. 140r 

, 2-chloro-4-nitro-, and 6-ohloro-4-nitro-, vii. 

1422 

, derivatives of, vii. 138r 

• 2 : 5-, 2 : 6-, 4 : 5-, 4 : 6-, and 5 : 6-dibiomo-, 

vii. 139r 


, (a) 2 ! 4 : 6-trinitro-, vii. 1 102 

— ♦ ifi) 2:3: 4-, and (y) 3:4: 6-trinitro- 

iior 

i (f) 2 : 8.: 5-trinitro-, vii. 1112 

1 (c) 2 : 3 : 6, and (5) 3:4: 5-trinitro-, vii. lllr 

tr^itro-, liqiftd, iii. 272 

— , manufacture of, iii. 25f 

, molecular phase changes in connec- 
tion with, vi. 332r • 

, specifiotition for grades of, iii. 26r 

— — -2 : 4 : o-trisulphonio acid, its chloride, 
amide, and salts, vii. 122r 

, valuation of oommerdal, i. 575r 
Toluenes* isomeric trinitrof-, i. 5782 
a-Toluic acid, v. 1812 
o-%laio add, and its derivatives, vii. 161r 
m-xoluio add, and its derivatives, vii. 164r 
p-Toluio add, and it4 derivatives, vii. 166r 
Toluloadds, amino-, i. 196r 
p-Toluic sulphinide, vii. 170r 
o-Toluidme, i. 3311 ; vii. 1282 

, 6-bromo-, vii. 1322 

— , 3-, 4-, and 5-bromo-, vii. 131r 
— — , 6-bromo-3 ; S-dini^-, and 5-bromo-3 : 6 (?) 
-dinitro-, vii. 1352 * 

, 8-bromo-5-nitro-, 5-bromo-3-nitro-, 5- 

bromo-4-nitro- and 6-bromo-3-nitro-, vii. 134f 
, 4-, 5-, and 6-ohloro«, 3-ohloro-5-bromo-, and 

5- ^orD-3-bromo-, vii. 1312 

1 3-chloro-5-nitro-, and 8-chloro-6-nitro-, vii. 

1341 

— 5-ohloro-3-nitro-, 5-chloro-4-nitro-, 5-ohloro- 

6- nitro-, 6-6hloro-8-mtr6«, and 3(T):5-di- 
•bhloro-6-nitro-, vii. 134r 

— — — , 3 : 5*, 4 : 5-, and 5 : 6-dibromo-, vii. 1322 

3 : 5-dibromo-4 : 6«dmitra«, and 3:5:6- 

trifaromo-4*mtro-, vii. 1352 

3 : 5 -dtbromo - 4 -nitro -, 3 : 5 -dibromo • 6 • 
nitro-, vii. 1852 

, 3 : 5-, 4f 5-, 4 : 6-, and 2 : 4-diohloro-, vii. 

mf 

3 : 6-, and 4 : 5-diiod%* and 3 : 5-dibromo-4- 
iodo*, vii. 182r ^ 

1 8 : 4-dinitfO-, vii* 133r 

, 8 ; 5-, 3 : 6s 4 : 5-, 4 ; 6-, imd 5 : 6-dimtro-, 

vii, 1341 

* -8 ! 5-disiilplioiiio add, vii. 152r 
*4 ; 5-di0olplMi^ aoid> salts jmd derivatives 
oU vU. * 

5*1 6-lodo-, vii, 182r 
84o^*Aiitsov 84odo-8-nitros 6piolio-4t 
nitfOs and 54odo-d-«iitios vii. 18l|^ 8 


2 : 5-, 2 : 6-, 4 : 5-, 4 : 6-, and 5 . 6-dio8loio-, 
and their derivatives, vii* 1392 

, 2 : 5-, 2 : 6-, 4 : 5-, 4 : 6-, and 5 : 6-diiodo-^ 

vii. 140r • 

, 2 : 4-, 2 : 6-, 4 : 6-, 4 : 6-, and 5 : 6-dinitro-, 

vii. 141r 

, 2 : 4-disulphonic acid, vii. 163r 

, 2-, 4-, and 5-iodo-, and an iodotoluidtne, 

vii. 1402 

, 6-iodo-, vii. 140r * 

1 4-, 5-, and 6-mtro-, and their derivativeSr 

vii. 1412 

, 2-nitro- and 6-nitro8o-, vii. 140r 
, salts of, vii. 1 382 

— 2- and 4-Bulphonic acids, vii. 153r 

— 4-sulphonio acid, 6-ohloio-, vii. 163r 
, tetrabromo-, vii, 1402 

, 2:4:5: 6-tetra-iodo-, vii. 140r 

■ , 2:4: 6 -, 2:5: 6 -, and 4:5: 6-tribromo-^ 

and a tribromo-toluidine, vii. 1402 

, 2:4:6-, and 2:5: 6-trichloro-, vii. 1392 

, 2:4: 5-triohloTo-6-nitro-, and 4:5: 6-tri- 

ohloro-2-nitro-, vii. 1422 

, 2:4:6-, and 4:5; 6-triiodo-, vii. 140r 

, 2:4: 6-trinitro-, vii. 1422 

p-Toluidine, i. 3312 ; vii. 143r 
, 2-bromo-, vii. 146r 

, 3-bromo-, vii. 1472 , ^ 

, 3-bromo-2-6-d^tro-, vii. 149r 

— , 2-bromo-5-mtro-, 3-bromo«5-mtro-, asm 8* 
bromo-6-nitro-, vii. 1492 

, 2-, and 3-chloro-, and their derivatives, viL 

1462 

, 3-chioro-5-bromo-, vii. 147r ^ 

f 2-ohlorD-3*: 5-dinttro-, vii. 1492 

2-ohloro-5-nitro, and 3-chloro-5-nitro-, vi2, 

1492 

, 3-ohloro-2<#lQx>-, %nd 5-ohloTO-2-nitro-, and 

th^ derivatives, 148r • 

f derivatives of, vii. 1452 and r • 

, 2 : 6-, 2 : 6-, 3 : 5-, and 8 : 4*dibromie% vH* 
1472 

, 3 : 5-dibTomo-2 ; 6-dinitros vii. 149f 

— — , 3 : 5-dibroino-2-nitro-, vii. i49r 
— , 2 : 3-, 2 : 5-, 2 : 6-, and 3 : 6-diohlorQs and 
their derivarivq^ vii. 146f 
— — 2 : 6^iiolAofo*3-nitro-, vii. 1491 
— 2 ; 5- and 3 1 5-diiodQ, viL I47r 

k 2 : SgUnitio-, vii. 1481 # 

, 2 : 5s 2 : 6s 8 ; 5»| and j3^lklitrla«, vii* I48f 
9 --a — J: 5-disol|»iioiii6 add, and ltd salte, viL 184t 
5<diSttl|||M>nio m its saltsnviL i4|r 
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p^TobMimp S«» md 34odos vii. I47r * 

yiL 143r 

/method ol aeparatiog from aniline or o- 

(4olmdrne, vii. 143f, 144* 
r 3<nitro*^ and ita derivative!, vii. 1481 

2-nitro-, and ite derivativeB, vii. 147r 
— salts of, and reaotiond of, vii. 1441 and r 

S-snlphonio add, and its derivatives, vii. 

153r 

3*siilplionio aoid, its salts and derivatives, 

' vii, 1541 

— 3-, and S-sulphonio adds, faromo% vii. 154r 

5<eulpliomc add, 2-nitro-, vii. 164r 

, tetrabroxno*, vii. 147r 

^ 3:3: 5-tribmmo«, vii, 1471 

, 2:3: 6-tribrojna«, vii. 147r 

2:8: 5-triohloro-, vii. 146r 

Tolnidines. nitro-, iv« 613r 

Toloindarine, i. 4411 

Toluna^thazine, 1. 4401 

Toluol, vii. 87r-1711 

Toluphenadne, i. 439r 

5«, 7-, and B-Toluquinaldines, v. 5461 

Toluquinolines, v. 5461 

2 : 3«, 2 : 5-, and 3 : i-Toluquinones and their 
derivatives, v. 5731>575r 
Tolusalranines. i. 447r 
TolustillM^ine, I. 440r 

2 : 3»Toluylenediamine, 5-brozno«, and 5*nitro-, 
viL 1551 

and ite 6*diloro*, 4 : 6*dichloro*, and 4:5:6* 

triohloro* derivatives, vii. 1551 

•5*Bulphonio add. vii. 1551 

2 : 4-ToluyIenediainine, 5*aznmodiaoetyl*, vii. 1601 
m*, or 2 : 4*Tolnylen^iamme, and its deriva- 
tives and salts, vii. 1551 

2 : 4*Tolaylenediainine, 5-, and 6*ohloro*, and 
theie derivatives, vii. 155r 
— , 5 : 6«diohloro*, 5*bromo-, and 3:5: 6-tri* 
bromo*, and their derivatives, vii, 1561 
2 : 4*dimtrophenyl*, vii. 1571 
— nitro-, 6-nitro-, and 3 : 5-dinitro-, vii. 1561 
■' " ■ *5- and -6<«ulphonio acids, vii. 157r 
P-, or 2 : 5-Toluyleuediainine, and its derivatives, 
vii. 157r 

2 : 5-Toluylenediamine, chloro-, and 4-ohloro-, 
and 3:4: 6-triohloro-, and their derivatives, 
viL 157r 

4-nitro«, vii. 1581 

2 : 6-Toloylenediamine, and its derivatives, vii. 
1581 

, 3 ; 5.diiiitro-, vii. 1581 

sulpbiiac acid, vii. 1581 

d-mpbonio add, vii. 158r 
3 : 4-Toluyienediainine and its derivatives, vii. 
153r 


o-lVdyl^dtransthaiiA^ 5221 
o-TolyhiiteQinethaaie, a nitro-, and 44dtao-, vii 
S2Sb‘ « 

Tdylpyrine, v. 4881 j vi. 616^ 

— B^yUte. vi. 22r, 616r 
Tdyaal, v. 48^ ; vi. 22r, 616r 
Tomato, and oompodtion of, vii. 17lf 

— se^, oompodtion of, vii. 1721 
— stab^ty of vitamin oh vii. 3241 
Tonite, iii. 64r • 

Tonka bean, or tonquin bean, vii* 1721< 

Tonquin lao tree, v. 6811 
Tonquinoh v. 1021 ^ 

'Topaz, ooddental, iii. 370r 

, Sootdi, ooddental, and oriental, vu. 172r 

, Spanish, iii. 870r 

Tope-liver oil, vii. I72r 
Toppindli, i. 198r 
Tors, i. 961 

Torbemite, vii. 1731, 261r, 268r * 

Tormentilla, vii. 1731 

— - tannin and tormentil red, vi. 6651 

Torrefaotion, vii. 1731 

Toulouoouna, vii. 1731 

Toulouron oil, vii. 1731 

Tourbillons, mixtures employed for, 5i9r 

Tourmaline, vii. 1731 ^ 

• presence of boric add in, i* 645r« ' 

Tonmesol en drapeaux, tv. d49r 

en pain, iv, 1471 

Tous-les-mois, vi. 3851 ( vii. 173f 
Tons lea mois, mioroaoopioal appearance o 
granules of, vi. 3871 
Toxioodendrol, vii. 17dr • 

Toxin, anthrax, vii. X75r • 

— -antitoxin reactioa, vii. 1781 
— , diphtheria, vii. 174r 

— , tetanus, vifc l751 • 

Toxins and antitoxins, vii. 1741 a 

, the Danysz effect, vii. 1781 

Toxoids, vii. 1751 

Toxynone, vi. 6261 ; vii. 1791 * 

Traoh 3 rte, analyses of from various distriots, vii 
1791 and r • 

Tragasol, i* 6621 
Trappistine, iv. 140r 
Tranmatol, vi* 6281 
Travertine, vii. i79r 
Trayamana, i. 3971 
Treacle, vi. 446f 
Trehalabioee, ii. 50f 
Trehalose, ii. 50r 
Tremolite, i. 395r * 

Triaoetin, i. 30r 
Triallylamine, i. 1501 
Trianune ohromium salts, ii. 245r 


* — pr, 6-amiiiodiaoetyl-, viL 1601 
— ^ 5-brDmo-, vii. 158r 
— 2-obloro- and 6-chloro-, vii. 158r 
3 : ff-Toluylenediamme, vii. 159r 
— , 2-aoetylaimno-, vii. 1601 
— 2-diloro-, and 2 : 4-dinitxo-, vii. 159r 
-l-snlphonio add, 4-chloro-,eviL 1601 
— — , trinitro-, vii. 159r 
Tolylandpyrine, vi, 616r 
o-T61ylaariuadiio, i. 4331 * ^ 

S-Xdylauramiito, L 432r ^ 

Tolvlm-bliie, iii. 5S8r 

Tomen^iarnines, i. 1941; see alee Toluylene- 
ramine. 

o-Tfifygb«ine, vii. 1711 

Xk^r^bydfoxylamitke and its nitro derivatives, 

-at-hydioxylamuie, vii. 1481 
---<^^g»-hydro«yto sad M dferivatlves, viL 

XefaHdme ohkfride, vii. 519r a 

X^M^jfduivie, dsm^hyldiaminodi-o-, &, 526r 

odd, vi# ItIi 


Triamines, L 194f 

or-l : 2 : 8-, and or-1 : 2 : 4-Triaiiiinoteirahydfo 
naimthalene, their salts and derivatives, vL 772 
Triamylefne, i. 218r 
Triamvlose, vL 361r 
— , heat of oombastion of, vi, 862r 
Trianilino-silioobydride, vi. 921 
Triaeobensene, v. Jl79f 
Tribromhydrin, i. 1521 
Tribotylaminee, L 716r 
Trioaldum didlidde, vi* 971 
Trioal^L vii. 18^ ^ 

Trioarlan, vU. 1801 
Triohlorethylene, ii. 638r 
Triehlorodudo o^de^. 92r 
TriohkirosUioo-iiiethaae, vi. 921 • 

Trioblorotriamine dtromiom, iL 245r 
TrideooioaddTw. 1801 
Tridaoylid add. viL 1801 
T^ymite, vL |41jand §; viL 1301 
Trietbylamiae^U 6721 

lower sritieal solutioii temperwtSD^ oh ^ 

< 281r ^ 

Tilethyl Israii^ ammcmfam to dMOb tt« 372r 
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‘ yl borkto* ii, 657r 

,ii.68W 

,iLmf 

~~ tn^amiiie, ii* 6801 » 

l!^thyl«tiiethyl««iiiw iodide, ii. 6731 ^ 

TAathyloxamuie. ii. 678i 
Tri6thyl«propyl«aiiiinoidt^ iodide, ii. 6732 
Trj6thylailio& oxide, Vi 93f^ ' 

Triethyl Bul|diine, ii. 66111 • 
TrifiuoxiBilioomethaiie, vi. 912 
Trifolianol, iv. 7221 
Ttii^ ii. 293r ; Hi. 4171 
Trifomin and llotrifolitin, ii. 293f 
Trilolinm, ii.* 292f 
— — inoamatum, ii. 2942 
repens, ii. 2942 
THIormal, ii. 647r 
Triformin, iii. 2462 
Trigemin, vi. 616r 
Tri^minine, vii. 215r 
Tri^nella, iii. 129r 
Tri^nellin^ i. 6882 ; vii. 1812 

, its piSparation and salts, vii 1812 

Trihexoaan. vi. 362r 
Triketohydrindene, iii. 727r 
Triketones, iii. 7212 , 

Trilite, i. 1782 ; iii. 26r ; vii. 216r 
Trilithium ammomuxn. iv. 1432 
Trimethol, vi. 632f ; vn. 181f 
Trimethylaoetonylammonium chloride, iv. 3232 
Trimethylanijnd, iv. 322r ; v. 4812 
— — dibromide, iv. 322r 

s hydroohloridj, theory of decomposition c 

by heat, v, 397f 

oxide, iv 3232 

; 4-Trhnethyiaiithraoene, iv. 3442 
3 : 6«Trimethylaathraoene, i>^. 345f 
4 : 7*lhimethylanthraoene, iv. 3462 
2 : 4-Trimethylanthraoylene, iv. 344r 
2 : 4»Tnmethylanthraquinone, iv. 3442 
: 4 : ?• fmd 1:3: 6«Trimethylanthraquinone, b 
846f 

Trimethylazonium iodide, iv. 324f 
TAmethylbenzenes, ii. 433r * 

1*7: 7-Trimethyl [) : 2 : 2] bioyclo-2-heptanon< 
ii.^62 • 

Trimethylborine, iv. 310f 
Trimethyl-oarbinol, i. 7122 
1:1': 6 -Trimethyltsocyanine iodide, v. 3062 
Trimethyldehydrothiotoluidine diloride, v. 4442 
Trimethyl-4 : 6-diamino«m-xylene, and derivi 
tives, vii 660r ^ 

Trimethylene-diamine, v. 4662 
— dibromide, v. 46^ 

dichloride, v. 461r 

diiodide, V. 4622 

disaiicylate, vi. 24r 

Trimethyleneglyool, v. 463r 
Trimethylene sulphide, iv. 326f s v. 464f 
— - Bulphone, v. 464r 

or cvcfetrimethylene, v. 4672 
Trimethyl^tidine, i. 687r 
Trimethyl-d-hydroxyethylMuniponium hydrcodd 
ii. 231r 

Trimethylmethane, i. 713r 

TrimethylmethoiQrphenol, vi. 632f 

TrimethyloxadUne, iii. 3232 

A>4 i*l : 2-trim0thyl-6yri6-pentene, Iv. 39r 

Xrimyristin, vtt. I81r ^ 

liinitrin, vii. 181r 

Xrinol, iii. 28f ; vii.*810f 

TrioUte, in. 6792 . 0 

IVional, vi. 619r ; vii. 181f 

^xy^ethylene, ii. 647r i iii. 2412 * 

Xripalmitin, y. 6ar « . 

Triphan, vL 634r 
TriDhane, vi. 8391 

^tViphianylaarbiaolf vii. 1821 


Triplmyloasbinol, tri-p4ritro% vii. 182r 
Tritdienyldihsdxoantibraoeaie, iv. 349r % , 

9 : 10 ; lO-Tn^enyl-9-hydroxydihydroanthra 
oene, iv. 349r 

Triphenylmethane, vii. 1822 « 

— oolouring matters-^ , 
vii. I81r-216f 

add phthalein dye-stoffo, vii. 2062 
aurin groups vii. 202r, 2142 
basio phthalein dye-stufls, vii. 2092 
fuohsin group, diamino-triphenyl-inethane der 
vatives, vu. 2112 » 

fuohsin, the aurin, and the phthalein groupi 
and the ps^rone ring, vii. 184r 
manufacture of blues — 
vii. 199r 

English process for, vii. 200fi Germa 
process for, vii. 200f, 2012 
soluble in water, vii. 2012 * ^ 

phthalein group, vii. 2062, 2162 ^ 

triamino* derivatives, vii. 2132 
volumetric estimation of with titanous chlorid 
vii. 762 

, diamino-, derivatives of, vii. 1862 

, triamino-, derivatives of. vii. 187f 

— , trinitro-, vii. 182r 

Triphenyl-pararosaniline hydrochloride, oonstit 
tion of, vii. 197r, 1982 
TriphenylrosaniliuM, vii. 1992 ^ 

Tnphylite, vii. 216f 
Triplastite, iii. 282 ; vii. 216f 
Triple-point, and triple-point pressures, vi. 419i 
TripUte, vii. 216r 

Tripolite or tripoli, ii. 6062 ; v. 699r 
Tripropylamine, v. 466r 
Triquinoyl, v. 6732 
Trisacoharides, ii. 51f 

Tnsazo-colourins matters, ii. 637r • 

Trisilane, vi. 902 
Tnsilioohydrio bromide, vi. 93f 
TnsUicon octoohloride, vi. 91f 
Trisilico-tetranitride, vi. 962 
Trisodium phosphate, vi. 243r 

trihydroffen phosphate, vi. 244r 

Tristearin, mdting-point of, vi. 400f 
Trithionates, preparation and properties of, ' 
6492 

Trithiouio acid, vi. 6492 

— — , reactions of, vi. 66i 

Tritioum, i. 88r ; ii. 406r ; vii. 216r 

Tritolo, triton, or tritol, iii. 26r ; vii. 216r 

Tri-p-tolylrosaniline, vii. 199r 

Tritopine, iv. 7192 

Trixi^, vii. 2l6f 

Troohol, vii. 216r 

Trogerite, vii. 267r 

Troibte, v. 6262 ; vfi. 2162 

Trona,vi. 193r; vii. 2162 * 

Troostite, vii. 2l6r, 470r 

Tro^koooaine, iL 802f | vi, 636r, 636r ; vii* 21 

Tropssoline Q, i. 460r 
— O, i. 4632 > 

GO, i. 460* 

4-Tropeine, benzoyl-, ii. 302r 
Tropeines, vii. !^^222r 

action of as drdgs, vi. 636f • 

, estimation of total alkaloids in, vii 2181 

, pmparatioo of, vii. 216f 

IVgjE^ « 

Tropilene, ilL 7262 

Tropine, tmp8inea,aiidplie&y|(g^lyool|ylt^^ 
mandelyltzopeine, vii. 218r 
Tropineae, vi. 7372 
Trotyl, i, 5782; iii. 26r ; vii. 8222 
TruiBes, wMte and Mack, vii. 2281 
TntsilJiiieariL 302r ^ 

^ vii. 222r 
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t^Srpiia* or tryptm. iii. Iw 
T, 45$r; yjii« iksar 
vii. S124I 

»|i];Aa, oonsthuUcm of, and aynth^ of, vii. 

>, deteotuin aod aatiaiatimi of, vii. 224r 
propertioB of, vii. 229r 
reaotioiui of, and colour reactions given by 
eins due to presence of, vii. f24l 
-topfaan, salts, esters, abyl derivatives 
w, vii. 22St 

Tsobeffkinite, or tschewjdnit, vii. 226r 

Tschen, vii. 226r 

Tsohermigite, i. 179r ; vii. 226f 

Tse^bong, vii. 2261 

Tsi^ohou, vii. SlOr 

Tsing-lien, vii. 226f 

Tuba, vii. 2261 

Tuberoului, vii. 175r 

Tubocorarine, or paraourarine. ii. 435r 

Tuboouty, i. 4r 

Toff, or volcanic tuff, vii. 220f 
Tula metal, vii. 226r 
Tulucada, vii. 1731 
Tumeaol, vi. 629r 
Tung oil, vii. 226f 

varnishes, vii. 3091 

Tungstates, normal-, para-, and meta-, vii. 236f 
" Tmig-sten,** vi. 64f 
Tungsten, vii. 2291-240r 

, alloys of, vii. 233f 

^ of with nmngaaese, iv, 213r 

— aluminium silioide, vii. 2401 
arsenide and chloroameuide, vU« 230r 

, assay of, i. 420r 

boride, vii. 239f 

— bronzes, vii. 237r 
(^bides. vii. 239r 

, oomposition of specimens of tungsten 
minerals, vii. 230r * 

di« and trisulphides, vii. 239r 

— , emission of positive ions from hot, vii. 233r 
— estimation of in low-grade ores, and in 
tunnten-Bteels, vii. 230r 

mament lamps, iii. 530r 

, gravimetric estimation of, i. 249r 

-mUides, the hexa-, nenta-, tetra-, and di- 
chlorides, the dio3Eydichionde,and theozytetra- 
cihloride, vii. 2381 
— • bexabromide, vii. 2381 

— hexafluoride and oxytetrafluoride, vii. 238r 

iodides, di- and tetra-, vii. 238r 

Tongstenite, vii* 240f 

Tanisten, manufacture of, vii. 2311 
nitrides, vii. 2391 

, organic salts, and oaosalts of, vii. 2401 and r 

* — oaSdes and hj^droxide of, tungsten dioxide, 
we tungstic oxme, and tungrten trioxide, viL 
234f 

pentahromide and oxybromides, viL 238f 

jAtfSphides, vii. 2391 

powder, accepted standard specification for, 
« viL2321andr # 

preparation of ductile, and other highly 
pmAed samples, vii. 2321 
separatiim of, t* 209r ^ 

vi 98r ; vii. 2401 ^ 

spemal reaetiotts of, i. 236r 
ittblimarion of at low temperatorai, vi 
4201 

use of as winder lor electric fumaees, its 
snperiority to platinum, vii. 2341 
of. viim and r, 4891 
, volumetrio estimation of, i 2821 
Tmuwtic acid, vii, 2981 

..ecflloidal, vii 2361 
---^^aeidf , aoKtaio-, and their 
itat^ aiidimottiotun|itatee, MirooadluiigMm, 
ambo- and aliimino-pli^;aio^ and atsemh 



acid, use in broduetiOn o( : 

and of dlnfliarge ensott In dyemg 
vii. 23eir 

* anhydride, vii. 284r < 

Tungitio-ochre. vii«*240r 

Tnngstite, or tungsten oohre, vii 229r, 284^^ 
240r , 

' Turanite, vii. 2411, 293r 
; Turanose, iir 811, 82r^ vii. 2411 
Turbidimeters, iv. 6241 ' . 

of Audubert, Bower’s, Cb4neveau/ Denis, and 

Moyer, iv. 524f ^ ^ 

of Lambert V14s and de Wattevills, 

singer, and Sheppard, iv. 524r ' 

Turbmi, ii. 162r 
Turgite, iii. 677r ; vii. 2411 
Turite, vii. 2411 

Turkey red oil, ii. 681r; iv. 6611 
Turmeric, ii. 6911 

, Indian and African, vii* 124r 

. oil and its derivatives, vii. 2461 

, paper, vii. 2421 

Turmerme, v. 4401, 4431 
I Turner's yellow, vi. 169r ^ 

{ Turnips, average composition of, and 
value of, vii. 2481 and r 

' , composition of, ii. 423f 

; Turnip, whiie and Swedish, vii. 246r • 
Turpentine, iv. 7001 ; vii. 2471 

, action of on iron, vii. 2471 and r 

, Canada, iv. 700f 

, crude, and separation of froig pine tar, vii. 

6041 

, wood, vii. 491f i , 

oil, iv. 642/ • 

, oleo-resin of and method of obtaining, vii. 

2^71 * ^ ^ 

, production* of during ten years m France, 

vii. 2471 e* 

, Strassburg. i. 11 ; iv. 7011 

, spint of, vi, 7321 

varnish, vii. 248r ’ 

Turpentines, Venice, larch, China, and Jura, iv, 
7011 • 

Turpentine, wood, and gum, tests for adulteralloa 
in, vii. 247f • , 

— , , characteristics of refined^ ' end 

standard grades of, vii. 247f 
Turpeih or turbith mineral, vii, 248r 

root, tnrpethin and tuipethoUc 

add, vii. 248r 
Turpetbin, iii. 4171 
Turo^uoise, vii. 248f * 

Tuiw stones, vi. 671 
Tussol, V. 488f ; vi. 6l6r 
Tutenag or tutenague, vii. 2491 
Tutocauie, vii. 2491 
Tutol, iii. 461, 48r 
Mo. 2, iii. 47r 

Tyloai8in,vL6l7i; vii. 2491 
TyHithm,vi.6171j vii* 2491 
Tylmarin, ii. 660f ; vii. 2491 . « 

Tyinatrin, vii. 249r 

Tyndsllmeter of Mecklenburg and Valentiner, iv« 
6281 

• of Tolman and VUet, iv. 623r 
Typemetalti. 360f; vii. 64f 

l^rphoid fever bacUU, melhode oC aeiieh lev In 
water, vii. 4061 and r * 

lyphototlne, v. 4BIL* 

Tyramine, ii, 6411 } 4801 ; vii. 249r 

Tyrosinam, tu. 1421 ; iv. 7396aad r t vii. 26tf 
Tyroeme, v. 46M t vii. 240f 

diiddo-, %i. 628r 


eetimatkm of, v.>89r 

•alts, wiiia4oUing< memtry lali 6W 

lirooiunungitatas, — , prepanraoii end eynlM 


^ , salti and doirivntivni oi vi). j 
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A vmpiflWft . 

im 

Vyrotosdmi. v* 479f 
Tsmite. 1 ^. 254r 


ol ft00i loydiid 9»A v«liiid» 


VmioA, iil. 4791 - . 

uouhuba, W. 4062 ; vti. 

TTloo, vii. 2M 
X7)exite» i. 644r: vii. 2642 
inimmuiite, VU42642 
Ulmarane, vi}. 264f 
Xnmite, vii, 264f 
Xntraoyaaihes B, and B, iv. 737r 
mtrainarine, v. 442 ; vii, 254r 

f artifioial blue, vii. 254f ' 

ash, V. 2062 

- — p^heAt, aee Ultramarine, Ghan*a. 

, oompcaition, constitution, and formulae pro* 

posed for, vii. 2662 

— — , ethyl^myl, benzyl, and phenyl, vii. 2652 
— , Ghan^, ii. 297f ; v. 442, 297r 

— green, ponveraion of into ultramarine blue, 
and types of furnace employed, vii. 2692 

, preparation of, vii. 268r • 

,ned, and violet, v. 2962 ; vii. 266r 

— — , manufacture of-9- 
by indirect process, vii, 268r 
by lOvigatihg process, vii. 2602 
materiM empoyed, special mixtures for, and 

the direct and indirect processes used in, vii. 
2672 and r 

, metallic derivatives of, vii. 2662 

, native and artifioial, v« 442 

, properties of, vii, 264f . 

, uses of, testa Ibr, and analysis of, vii. 266f 

, varieties of, glauber salt or sulphate, soda 

ultramarine low in sulphur, and soda ultra* 
marine rich in sulphur and silica, vii. 2672 

, while, vii. 266f * 

• — yellow, V. 2962 ; vii. 260r 
Uifbelliferone, iv. 18r 
Umbellularia Califomioa, vii. 260r 
Umbellulic acid, iii. 6162 
Umtbr,* vii. 260r 

— , burnt, V. 442, 2982 ; vii. 2612 

, Cologne, vii, 2612 

, raw, Turkey or Levant, v. 442, 2982 

Umea tar, vi. 4042 
Unal, vii. 2612 ; 

2»Undeoaaone, iii. 71 Ir 

Undecatoic or hendecatoic acid, iii. 6162 

Unsaturation, definition of term, vii. 367f 

Upas antiar, i. 3622 

Uracil, v. 492r, 493r 

, 6-dimothylainino*, iv. 321r 

, 6-hydroxy-, v. 600r 

, salts and derivatives of, synthesis of, v. 

4942 

Uffooonite, vii. 269r 
Uralite, vii. 2612 

Uramil, v. 4982 ' • • 

Uramino-antip^rin, vu. 261r 
Uranates, vii. 2662 
Uranic acid, 2642 

anhydride; or uranyl oxide, vii. 2642 

fwdroxide, or uranic acid, vii. 264f 

Uranin, v. 2722; vii. 20^^ % 

Uraninite, v. 317r; yu. 2612 
Uronite or ufanium micas, vu, 

Uranium, vii. 2«i-270r 
- — , alloys of, vil. 2632 

assay of, i. 420f 

, atomic weight of, vi^ 2 J42 

osrbido, vii. 2671 - x. 

oompottiuto, meohanism of omdation and^ 


261f, 268r 


Uranium diO|^e, vii 2641 

- disintegratmarprodi^ vii. 269r 
eleotrolytio estimation of^ i» 3222 

- i^aas, vil. 266 r 

gravimetric estimation of. i. 249r 
green pxide of, vii.*264r • 

- mioas, vii. 261r * 

- minerals, treatment of, vii. 2622 
>, mono-, dj*, and sesquisulphides, vii 266r 

occurrence of, vii. 26lr > 

-oxides and oxyacids, the di- and trioxide* 
vii. 2642 • 

— pentaohloride, vii. 2662 

— per- and pentoxides, vii. 264r 
— , preparation of metrilic, vii. 262r ' 

— , properties of, vii. 2632 
— , red, vii. 266r, 2672 

— selenides, telluride, nitride, phosphide, 
arsenide, antimonide, and boride, Vti.* 2672 
— , separation of from thorium and rare earths 
in pitchblende, vii. 2622 

— , of in ores, i. 257r 

— , series of compounds of, uranous and pranyl 

8£dts, uranates, diuranates, and peniranates, 
vii. 2632 

— Bilicide, vi. 98r ; vii. 267r 

f special recustions of, i. 238r 

tetra- and hexafluorides-, vii. 266f 

tetrabroxnide and tetraiodide, vii. 2662* 

— y treatment of uranium minerals, prepara- 
tion of uranium, vii. 2622 

tri- and tetrachloride, uii. 266r 

trioxide, uranio oxide, uranio anhydride or 

uranyl oxide, vii. 2642 

tungstates, vii. 269f 

, volumetric estimation of, i. 2822 

X,, vii. 270r 

X, and its separation, vii. 2702 • 

y, and uranium V and Z, vii. 270r 

yellow, vii. 266f 

Uranociroite, vii. 261f 
Uranosouranic, oxide, vii. 264r 
Uranospinite, vii. 26 Ir, 267r 
Uranous arsenate and carbonate, vii. 267r 
bromide and iodide, vii. 2662 
chloride, vii. 266r 
fluoride, vii. 266f 
hydroxide, vii. 2642 
iodide, vii. 2662 
nitrate, vii. 2682 
' oxide and hydroxide, vii. 2642 
■ oxyfiuoride, vii. 2662 
> phosphate, vii. 268r 

- salts, properties of, viL 2632 

- sulphate, vii. 2692 
Uranyl bromide and, iodide, vii. 266r 
— ^ oaloium carbonate, vii. 2682 
carbonate, v. 7222 

ohlorate, chromate, oyaaate, iodate, and 

nitrates, vii. 2682 

chloride, vii. 266r 

compounds, vii. 2642 

fluoride, vil. 2662 

formate, acetate, arsenate, bensoate, and 

carbonate, vii. 267r 

hypophospbil^, yif. 268r 

icositetrahydrate, vii. 268f 

phosphate, vii. 268r 

salicylate, vii. 2692 

salts, and properties of, vM. 267r 

aelenide, vii. 2672 

sulphates, vii. 2692 and r 

sulphide, vii. 2672 

sulphite, rii.,269f 

thiocyanate, vii. 269r 

Urao, vi.,193r ; vH, 2162 and r, 27Qf 
UrapurgoUirii. 270r 
Ur«ri,i!.4ft2 


lep^rarina, Ui. 636r 
t uSaa,^ ako Osjbaml 


m c uuniw, 

Vna, U.74itviL mM77h 2 W 

'j and axyl darivativeB of, and itb aon* 

ddbaaUon deiivativaa witli lpiiiuddehyda» vii. 
a27« • 

ammo^^iaoal fermentation of, iii. 155f 
amounts piftsent m eow*B and goat’s milk, 
vii, 274r 

, bacterial fermentation of, vii, 2731 

Ureabromin, vii. 270f 

Urea, bromodiethylaoetyl- and bromowovaleryb, 

Vi. 6201 

• ohloxo*, nitio-, and other derivatives of, vii. 

275r 

, decomposition of, vii. 2781 

, detection of, vii. 2731 

, diphen;jrl derivative of, ii. 741 

, estimation of, vii. 273r 

, estimation of by Folia’s method, vii. 

2741 

, of in milk or urine by means of urease, 

by the Momer-Sjoquist and the Ffluger- 
Bleibtreu methods, vii. 274r 

, preparation of from oyanamide, vii. 2721 

, of from urine, vii. 272f 

, properties of, vii. 272r 

quinate, vi. 6331 

fsoUreas, vii. 276r 
Urea salicylate, vii. 2891 
psalta of, vii. 2751 

— scheme of formation of from cyanic ^dd, 
vii. 2711 and r 
Urease, vii. 285f ^ 

, method of preparation of, vii. 274f 

, methods of production of, and presence of 

two constituents in, vii. 2771 
Urea«8plitting orguiisms in soil, vi. 27 If 
Ureides, mono*, di*, and cyclic, vii. 27 7f 
Urethane, vi. 01 9f 

— , therapeutic properties of, vii. 278f 
Urethanes, vii. 278f 
Uric add, vii. 279f 
ptmdoVric add, v. 4991 ; vii. 2801 
Uric acid, colorimetric methods for estimation of, 
vii. 282r, 2831 

^ derivatives of, vii.^2831 

— , detection of, vii. 281f 

• of in blood, vii. 2821 


-, estimation of m urine, vii. 2821, 280f 
fermentation of, iii. 166r 

or add urates, diurates, and 


quadriurates, vii. 286r 

-, normal urates, add urates, and their 


salts and derivatives, vii. 283f 
_ ori^ of, and steps in formation of in 
mammals, 2871 

phystological properties, and detection 


,af, Vii. 281f 
— preparation and synthesis of, vii. 
279f 

_ of from urates, vii. 286f 

— propertieB of, vii. 2801 

quadriurates, vii. 2841 

special reactions of, i, 243f 

volumetric estamation of in urine, vii. 


2831 

Urinary ealooli, diffefent^vaikties of, vii. 2881 
J7rine, vU. 2S4r • ^ 

abnormal oonatituenta of, and urinary 
depoaita, vii. 267f 

eonstituento of, vii. 2841 
essential salt of, vi, 244f 
estimatiofa of**— 
ouMtiniM in. tt. 4iar. 4ISr 
homogentisio add in, v. 1821 
uric add in, vii. 2821, 280r * < 
fnaibia salt of, vl. 244r 
inoMMiio ocmstitnents of, vii. 2271 


— of estimating su^ in,by 
^ of# vii^287l 


of 


Urine, voltaiictric esfliaatkin of uric add 
2831 • 

Urinod, and its dinitvo-dMivative, vii. 28flf 
Urisol, iv. 325r ; vii, 288f ^ ^ 

Uritone or urouopine, iv. 8212* i vif. 288r* 
Xkobadllua pArteurif, vi, 271f 
Urobilin, vii; 284r ** 

Urooanio add, vii. 2871 
Urochrome^ vii. 284f^ c 
Urocitral, vi. 6341 r ' 

Urodonal, vii. 288r 
Urosenin, vii. 288r 
Urol, vi. 6831; vii. 288r 
Urolysin, vi. 623r 
Uropherins, i. 7271 ; vi. 6341 
Uropurgol, vii. 288r 
Urosin, vii. 288r 
Urotropine, vi. 634f 

, as a disinfectant, ii. 548r 

mono* and dichloral*, ii. 179r 

quinate. vi. 6331 

Urozanio add, vii. 2811, 288r 
Ursal, vii. 2891 

Ursol P, i, i98r ^ 

Ursone or urson, vii, 2891 
Uruoaba fat, iv. 4061 
Urushi, iv. 31 

Urushiol, iv" 41 ; v. 676f ; vii. 289f , 

“ Usa Sana,” vi. 33r « 

Usnio acid, vii. 289r 

Usquebaugh, vii. 4621 

Uvanite, vii. 289f 

Uvitonio add, i. 633r 

Uzara, uzarm, and uaaridin, vii. 289f 


Vacuum tar, composition of, ii. 4l7f 4 

Valamin, vi. 6191, 021f ; vii. 2891 

Val d’Amo superiore resin, v, 673f 

Valearin, vii. 2891 

Valentinite, vii. 2891 

Valerene, I. 651f 

Valerian, vii. 289r 

rhiimme, Indian, iii. 538r 

n*Valerio acid, 3-amino*, v. 480r 
isoValeric add, a*amino% v. 4581 ; vii. 290r 
n-Valerio add, a-amino*3*guanino-, 1 . 3711 
Valerio add, a-amino^-methyl*, and a-amino^* 
methyl*, v. 4581 

iso Valeric acid, tsobomeol eeter of, vi, 621f 
Valeric add, oo-diaminot, iv. 722f 
— — ' adds, n*, and im*, methyl and ethyl estem of, 
vii. 2901 and r 
Valerine, vii. 2901 
Valerobromine, vii. 290r 
8 *Valerolaotone, iv. 17f 
Valexolactonee, iv. 141 
Valeronitrile, i. 713r 
Valerophen, vi. 643r ; jvii. 290r 
Valerydin, vi. 6161 . ^ 

«€soVaierylaminoaoet-p-pbeaetiidinc, bromo> vi, 
W5r 

ffoValeryl-p-phenetidine, vi* 6161 r 
, a-bromo-, vi. 6161 
ifoValexylnhenoooll, vi. 6211 
Valeryl tnmethylammoninm dikdide, vii, 1881 
iio*Valerylurea, bromo*, vi, 6201 
— , a-bromo*, i. 69^ 

— , iodo-, vi. 621r,^28f 
Validol, iv. 258r ; vi. 621r < < 

Valinc,v. 4581& viL280r 
d-Valine, and nHa and d«rivativ«B of, vii, |82l 
and r ^ 

l-Valine, vii, f9lr « 
fM-VaUtie, its Ults and darivaliivea, vii. Mil 
Valine, separatiott of tom tyvosiM ml 
» Iv. 11« 

V(|laiaa,vL 8211 and** 



.^isesrt vitsw • 

, j tL mr 

VoM^o Mid* vi. aS42| idi. toCtf and r . 

_* salts 61, TO. 298Z and r 

astami attd otMr organic vanadium com- 
pounds, vii« 301r • 

Vanadina, Vii. 29ar . • , ♦ 

Vaiadinite, vii. 2931 and r 

Vanadiol, vi. j92(U 

Vanadious acid, vii. 297f 

Vanadium, vii. 293r-392I ^ • 

— — -^nlloys of, and indus&iid uses of, vii. 297/ 
dssay of, i. 420r 

—r-p |tomio weight of, vii. 302/ 

boride, ^b^de, and silicides, vu. 301r 

— , colloidal Solutions of, vii. 297/ 

, colorimetric estimation of, i. 283/ 

— — , detection and estimation of, vii. 301r 
•— <— di- and trichlorilie, vii. 300/ 

— , estimation of in minerals and rocks, i. 278/ 
—"■—I 4straotion of from ores, vii. 204/ 

— , gravimetric estimation of, i. 249r 

, hydrates of, vii. 297r 

•— hypocl^rite, vi. 626/ 

— ink, vim 299/ 

— arnica, V. 696/ 

— ^ mono- and dinitride, vii. 301r 

— — , and sesqui- or trisulphide, and vana 

diuis pentasulphide, vii. 301/ • 

— — , occurrence of, vi#. 293r 

- ores, determination of phosphorus in, vii. 

2961 • • 

— , oxides oi, vii. 297/ 

— ozytrichloride^i. 300/ 

fientoadde, vii.’297r 

, preparation of metallic, vii. 296/ 

, properties of, vii, 296r 

pyrophosphate, vi. 246f ; vii. 3Qlf 
— , separation of, i. 268r . , * • 

— 8e^i:dbilphate, vu. 301/ 

— - — silicides, vi. 981 

, special reactions of, i. 239r 

— Buboxide, monoxide, trioxide, and dioxide, 

* vii. 297r* 

• tetrcMhloride, vii. 299r 

— tribromide, vii 300f 
triiodide, vii. 300r 

— r— tH-, tetra-, and dbntafluoride, vii. 209r 

, ui^ 6f, vii. 299/ 

1 vdlumetrio estimation of, i. 282/ 

Vanadous sulphate, vii, 301/ 

Vanadyl di- and tribromide, vii. 300r 
and^riOuoridef vii. 299r 

— mono- and diohloride, vii, 300r 
sulphate, vii. 301/ 

— sulphite, vii. 301/ 

— - trichloride, vii. 300/ 

Vanilla, vii. 302/ 

— extract, adulterants of, vii. 303/ 

Vanillin, v. 99r ; vu. 303/ 
o-Vanillin, vii. 306r 

Vanillin, 2; ai^d 6-oitro-, benzaldi-, and the xnethyi 
eiher oirvii. 306r 

, dasivativsB of, bromovanillin, vii, 306/ 
methods of estimating; viir 304r * 

-p-phenetidine, vii, 306r 
— properties of, vii. 304/ 

synthesis of pure, vii. 303f 
Vanilla^ Smh* 

VanthS£e,*vii, 306/ 

Vapour density, see aUo SpwMc gravity. 

determination of by modifi^ Dumas’ 
and Gay-Lussao’s methods, vL 296/ 

Vapoun, density of, vi. 294/ • 

Vam, iii. 642/ 

VavMte, viiaHII 

Vaarnish, vti. 3oti m ^ ^ 

— ■*■'** » air«dryittg black enamels, vii* 906/ 
Vasnisliss, ISladi^ Japans and bituminous, vii, 308/ 
black aiurSTapana, proparsitioa of* v« 3l3r ^ 

va,— sr, f f ^ 


* 758 , 

Va rni s h es , cellulese acetate, vii, SlOr 
— > ooadhbnildeia’, boat, and decorators’, vii* 
807r, 

— coumarone oil and cellulose ester, vif . 30ik 
— lithographic, iv. 665/ « . 

— natural or lacquers, vii. SlOr * ^ J 

— nitrocelluloae, vii. 310/ , 

— 9 oil, vii. 306/ and r • 

— t solvents and resins employed in mAlrinff of, 
vii. 306r 

— , spirit, viia 306/, 309/ 

Varnish, stov^, vii. 306/ 

, turpentine, vii. 248r 

Varvioite, iv. 216/ ; vii. 31t)r 
Vasotonin, vii. 310r 
Vat dyes, vii. 310r-318f 

, anthraquinonoid, vii. 316/ 

* , employment of, vu. 31 7r 

, cibanon colours, vii. 317f 
, copperas vat, the, vii. 311/ 

, identification of in dyed printed 


fabrics, vii. 318r 

, indigo in printing — 

the ** chemical resist,'* vii. 314/ ' 

the discharge process and the resist process, vii. 


other than indigo, vii. 314/ 

, preparation of the hydrosulphite vat, 

vii. 311r j 

, wood vat, the, 313/ 

zinc vat, the, vii. 311f 


Vauqpelmite, vii. 31 8r 
Vauxite, vu. 318f > 

Vegetable casein, iv. 109/ 

ethiops, vn, 31 8r 

fibres, examination and estimation of con- 
stituents of, li, 119/ 

forms of, ii. 114r 

ivory, vii, 318r ^ 

spermaceti, vii. 448f * 

Vellum, V. 79r 

Venom, snake, viperme, and oolubrine, vii, 1764 
Ventilagin, vu. 310/ 

Ventilagomac^twpatana, and d3reing properties of, 

Veratreddehyde, vii. 306r 
Veratridine, li. 148r 
Veratrine, amorphous, ii. 148r 

, crystallised, ii. 148/ 

Veratrole, v. 171/ ; vii. 319r 
Veratroylbikhaoonine, i. 66r 
Veratroylpseudaconine, i, 68r 
Veratrum, alkaloids of, ii. 147r 
Verbenalin, vii 320/ 

Verbena oil, and Indian verbena oil, iv. 644/ 
Verberin, iii. 480/ 

Verd antique, vi. 69/^ • • 

Verde di Prato, vi. 68r , * 

Verdian, y. 43r 
Verdigris, distilled, i. 14/ 

, green, i. 24r 

. or vert de gris, i. 24r j v. 43/, 298r 

Verdite, vii. 320/ 

Veridian, or vivi^an, li. 237/ ; v. 297 / ; vii, 822/ 
Verjuice, vii. 320/ 

VermiUon, iv. 272r yv, 42/, 292r 

, American, #. 244/ 5 v. 42r 

, antimony, v. 42r, 294/ 

, Chinese, iv. 273/ • 

Vermilionette, iv. 26/ ; v. 43/ s vii, 3201 * 

Vermouth, iv. 140f 
Vernine, iii. 479/ ; vii. 320/ 

Veronacetin, 6i. 620r 
Veronal, vi. 620 / ; vii. 320r 
— — sodium, vi. 620r 
Veroneee earth, v« 296/ 

Veropyrin, vii. 320r 

, VmttoktM iii. l«i> ^ 

L TMb A oludb^ v. S97I 

8 0 
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Vert de Paris, ▼. 293f r 

emersnde. v, 2B11 

— Paul Veronese, v. 298f , 

VerTraift, vii. 320r 

** Very *’ lights^ v. 6262 
Ceealvkie, iv. 326f ; vii. 3212 
Vesipyrin, vi. 212, 6182 ; vii, 3212 
Veeoform, vi. 6^sf 
Veetae, wax, iv, 2332 
Veauvianit^ vii. 3212 
Vesuvine, i. 477f / 

B, i. 478f 

Vioianin, iii. 4172 
Vidanose, ii. 61r < 

Vioine, vji. 3212 

Vidal black, vi. 494r, 496f 

Vidry, i. 689r 

Vienna paste, vii. 321f 

Vigonte, lii. 28r« 472 

Vimopynn, vii. 32 If 

Vinasse-oixlder, znanufaoture of, v. 396f 

Vinasses, and utilisation of, ii. 4642 

Vinegar, aromatic or radicle, i. 142 

, date, i. 21r 

, detection of caramel in, ii. 22r 

, distilled, i. 212 

, glucose or sugar, i. 21f 

malt, i. 18f 

proof, i. 222 
■t, wine, i. 17f 
wood, i. 21f 

Vim, mployment of sulphur in fungoid dyieases 

Vinic etW, ii. 6632 

Vinoline, vu. 32 If 

Vinop 3 rrin, vi. 6162 

Vinyl ohlonde, i. 49f ; ii 678f 

s<re^Vinylene«2 :2'-qumocyanines, v, 662f 

Vinyl ether, dichloro*, i, 48f 

Vinylethylene, i. 7022 

Vinyltmnethylammonium hydroxide, ii. 2322; 
V, 480f 

Vioform, v, 6422 ; vi. 6282 ; vii, 321f 
Violane, vii. 321f 
Vioianin and salts, i. 848f 
Violanthrene B6 and R extra, vii. 3172 
Violet, acid afisarin, N, i. 466f 

7B and 7BN, vii. 197f 
• or guinea, vii. 1972 
R and B, vii. 1972 
alizarin, L 672 

« (^anol, R, i. 1282 
— ; alkaU, 6B, vu. 197f 

— and purpl^ sulphide dyes, the dyeing with, 
vi, 608r 

— , anthraoene chrome, B, i, 466f 
— ^,aztdiiie,R,i. 4802; D.V, 4822 
! — , aeo, i, 48^ 

add, i. 4782 

— , benzaldehyde, vii. 1862 
benzo fast, NC, i. 4822 
-,R,i.482r; 0,4882 
t benzyl, vii. 194f 

, ,7B, vii. 2182 • 

,BeRitliiWD’s,i,6852 

, Buffalo, 4R,i.48fr ^ 

^,4BN,eB, 7B,and^,V5ia972 

ebbraaol, B, L 4822 ; and R, 4832 

f ofafome, ii, 232r ; vii, 2042, 212f 

bordeaux, vii 212f 
— cobalt, V. 297f 
colouring mati 
CyRiiNAi4^ 
c^vtal, vii 1962 
-de Paris, vii 193f 
.,dla»in^N,i4S22 . 
^:SrB,i4822| BB,4882 


C 


and 


Violet, domingp. A, i. 4681 
— ethyi vS, 1962 

— ^ add, S4B, i. 4682 
faatWphone, 6B8, i. 468r \ 4R, 4691 
gallanilio, iv. 787f * 

Uo, ivc 737f 
>fma{p)’B,<vu, 1932 

, indanthrene, SB, vii 317f 

, , Ri RR, and B, vu. 8172 

lakes, iv. 272 

. lanaOyl, B, i. 261r 

, Lauth’s, i 1945 

, manganese, v. 2982 

, Mars, V. 2962 

, methyl, B, manufacture yu* 19S 

, , 6B, vii I94f * ' * 

, mineral or prmanent, v. 2982 

, modem and modem N, iv. 737f 

, naphthamine, N, i. 4822 ; BE, 4832 

, naphthylene, i. 478f 

, natural and synthetic perfume of, v# 

, ozamine, i 4832 

, oxydiamine, BF, i. 4832 

, palatine chrome, i. 466r 

, Perkin’s, ii. 232f i 

, phenylene, Witt’s, iii 6882 ' 

, regina, vii. 198f 

, sendtol, v. 228t 

, smriti or opal, vii. 1992 » 

, traogen, vB, vi. 608lr 

, thiomdigo, 2B and K, vii. 3162 

, thion, VI. 6062 ’ * 

, trisulphone, B, i. 4822 . 

ultramarine, vii. 266f 

Victoria, 4BS, 6B, SBft and h , !. 461 

, wool, 8, 1 . 461f 

Violin, vii. 3222 

Violine or violebi, vii. 3222 . 

Violonw, Vii. 322i. ^ 

Viohiric acids, v. 497f , 4982 *'1 

Vindtsn, v. 2972 ; vii, 3222 
Viridio add, vi. 666f 
Viridmine, v. 4812 
Vmdite, vii. 46r 
Viscometer, the 

the Arvine and the 

, the Engler, v. I41f 

the Mason end Borbbt, v. 142f * 

— , the Sayl^lt, v, 1402 ’ 

— , Cappenberu’s, vi. 3482^ 

Viscodty, deflniw>n of term, v, 1482 
Vitamin A, amount of varioua fata neoen 
supply a suffidenoy 9f, vii. 3262 
_ fat soluble acoeasoiy f4otor, com 

tion of in fata, vii. 324f 

biocatalyst, the, vii. 6662 

B, distribution of, vii 3232 

— water soluble or antineuritio 

propertisa of, vii 3232 

C, or antiooorbutio food footor, vii, 31 

» D, vii. 8262 

Vitamins, vii, 3222 . . 

— ontisoorbude power of varioui vsii 
vu. 324f • 

~«-,pQsdbiUty»of esisteiisa of fourth, vii 
Vitellm, ti, 138r, 614f 
Vitexiii,vi. 38f{ viL326r 
Vitiii,i690f 

Vitreodl. vi. 862 » s 

Vitriol, blue, i 6202; ii370r 

^,Q3^,ii3Jl2 t 

— , deflnitiim of Uftm^ with eaawmlia, v{ 
— , green, iii 480r 

^,o0of,vff.8202 

^,ssltof,^27f 

razbutt, 0,39122 lii 6012 


>, V, 1412 
[wood, V, 140i 


vmC blAi, Md, Md mw. 
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nviulto {&.«««{ vfi.8S« 
^otboriUto. va. 884^ 888r ; 
^olemitol. ii. 4Sf 
fotaMooinrter.11>4vi3(M 
" Vqo ehoon.** v. 88r 
£woby*Tite,i.88« 
r»Wo, vH. 32«- • 

vji.4(,'886r 

7xi]o^.v. 7111) vii.S8er 

(TulmnitA. vli 5l9A«i « • 


^adra&rodef 0 soIiUiioQ, vi, 5402 

Wad. I. 6201 j fi. 2e4r i iv. 2161 } vu. 3271 

“ Wito Ittbin,” i. 894f 
Wdl^vito, V. 873f 

invenion," the, v. 841f 

wwnower, ^low, cloth of gold, and eeparatioii 
of colouring matter from. vii. 6601 
Walnut hocAi, vU. 3271 
oil, Vli. 3271 • 

“i differentiation of from poppy •aeed oil 

V. 860r 

Wftlpurgitf, vii. 267f 

Waraa, wars, or wurriis, v. 6812 ; vii.* 3272 
Wash. VU. 327f 

Waahilig crystals, vi. 174t; MidUo Soda, wasbing 
— soda, ssis Soda, washing ; and Sodium oar 
Donate, deoahydrate. 

Watte, vii 827f^4«2 
•-r--, action of on- 
air or iron, vii# 3642 

load, sino, copper, and aluminium, supposec 
Muses of aotivil^o! BofttraterB,*and method 
for ittedestmotion, vii. 3032 dnd r, 3952 * 
aOrated or mmeral, manufacture of, i. 802 
a rtificial standards for estimation o 
organic matter in, oxygen or permanganati 
procsssfvii. 384 • 

as a hydrolysipg agent, vi. 39r 
average composition of sea, v. 373f 
bo^riology of — 

agglutination eiperiments and tests for patho 
gsmoHy, vii. 4082 

*w4ge bacterial content of London am 
Birmingham water supply, vii. 412 
comparative unimportance of searching for th' 
typhoid bacillus in crater, vii, 408f 
effect of storage on the pathogenio organism 
Mntained in water, vii. 4132 and r, 4142 and i 
416 

fcM^ streptoooooi in water, vii. 4l6f 
Ihfuuui and solid media, vii. 4052 and r 
4|Uaatitative determination of B. opli in watex 
vii. 4102 

xcmt methods for purification of water b' 
baoterxobffical methods, vii, 4172 


|Mtmdat*wlth ultra-violet light, vii. 4202 
vitaUty of the Spirillum of Asiteio cholera ii 
p^ble water, vii. 4152 . , 

— bulk elastioitv of, vii. 349r 
'"^cbaiiges in boiling-point attending smal 
wanM in ptessiue, vii. 320f 

amgeoMateoLvuid superheated, vii, 354 
cnaraoterisation of typhoid-like bacillu 
iKom raw river water, vU,i082 
-^•*afaSmioal analysis ov estimation of sus 
, psaded matter, and of total solids, vii. 395r 

properties of, motoeg^ constitution 
•BO evidence lor existenoe o^cmplex mole 
6nk», Vli. 86U “ 


meetionsof, disyo i mi o n and eynthesk 
lyoim of 


Water, elsesificction of bv B. eoli test, vii. 4112 
— , ooefBcient of diffusion of, vii. 352f 

, colour of and absorption of hght by, viL 

, 858# , • , 

— , oomposition of — 

deep wdl, from different formations, irii. 314»v 
. 3^ 3762, 382 , ^ 

drainage from manured land? and from sewage 
farms, vii. 372 ' * 

— from land unmonured and uncropped for 

eleven to gfteen years, vii. 371 ^ 

from land unmant^, but continuously bear- 
ing wheat crops, vii. 372 

various calcareous, and non-oaloareous 

strata, vii. 370 

Metropolitan water supply, January, 1911, vii. 
387 

shallow well, from different formations, viL 373, 
3742 

Burfaoe from cultivated land, vii. 371 
imland surface supphes, vii. 381 * 

York water supply, before and after filtering, 
vii. 387r 

, conclusions drawn from systematic baeterio- 

logtoal examination of, vu. 4202 and f 

, conductivity, prepasation of, vu. 3282 and f 

, contents of tofore and after various 

methods of filtration, vii. 390 

, corrosive action of sea, ii. 3802 

, cost of sterilisation of, v. 312 t 

, critical data for, vii. 330f 

— r crystals. Burton, i. 700f 

, crystallo-luminesoeno^of, vii. 3582 

, danger of galvanised iron tanks for storage 

of drml^g, vu. 675r 

— , of infection of by cholera-bacillus, and 

typhoid fever bacilli, vii. 4062 

, data for beat of formation of, viL 363f 

determination of— 

albummoid ammonia, and of mineral nitrogen 
in, vii. 3842, 3962 and r 

carbon dioxide, free and semi-oombined carbon 
dioxide, and sulphuretted hydrogen in, viL 
404f 

dissolved oxygen in, vii. 4042 
hardness of by means of soap solution, and 
table of hardness, vu. 3992 r 
organic carbon, and of nitrogen in, by combus- 
tion, vu. 4022 

matter in, by oxidation with potassium 

diohroxnate and sulphurio acid, vu. 401f 

in the Dittmar and Kobinson^s, 

Wanklyn, Chapman and Smith, and Kjel- 
dahl*B processes, vii. 403r 

— — in, Kubel's, Sobulse's, and tlia 
Forobhammer process, vii. 4012 

permanent hardness, the standard solution ofi 
soap, vii. 4002 * • \ 

, devitalisation of pathogenio bacteria ini vii. 

3832 

dielectric capacity of, and ionising potential 

for, vu. 3612 ^ 

, distinction between hydrates and hydrox* 

idee, and additive reactions of, vii. 8652 

, dnnking, dangers of polluted, and baoterio- 

logical excamination of, vii. 3802 

, efieetA an^mffurffof hardnem of, vii. 42it 

, eleotrolysir of, for production of oxygen, v. 

162 

, employment of in gas analysis, L 80t2 . 

^ of magnesia instead of lime In eoflMi- 

ing of, viL 392f 

— , erosive, and plumboaolvsnt aetkiui dL vli, 
393f 

— estimation of— 
i. 26af t 

ammonia, and <n albuminoid ^ 

8842, 8862 and f ^ 

. ^ 'nim, jHiiim , 
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Water, estimation of (cottfinttecQ^- 
ohloiine in, by Mohr's and by Volhard's 
methods, vii. 896f 

eo{>^, zinc, arsenic, barium, and iron in, m 
* ^^lead in, vii. 4001 

V nitrates and lutrites {n, by Crum's method, 
and the m^uiods of Sohulze-Tiemann and 
Schlosing-Reiohardt, vii. 3971 and r 
nitrates and nitrites in, the aluminium, and the 
< sinc-oopper couple methods, f^ii. 39^ 

— for industrial purposes— 
for sugar-refining, for tanning, and for the 
manufacture of psfper, vii. 391f 
for textile industries, vii. 3912 
— , freezing of in capillary systems, vii. 346f 

, Garuti method for electrolysis of, v. lOr 

gas, iii. 676r, 3612-366r 

j blue, manufacturing process of 
Kramers and Aarts, iii. 3642 

, calorific vdues of, iii. 3632 

, carburetted, measurement, storage, 
and distribution of, iii. 3432 

, comparison of with coal gas, iii. 366f 

, cost of manufacture of, iii, 364r 

, Dellwik generator, iii. 363f 

, Dr. Strache’s process of manufacture, 

iii. 3662 

employments of in welding, iii. 3662 

— ^ , industrial Miplication of, iu. 27 8f 

, Lowe and Tessie du Motay process of 

manufacture of, iii. 3622 « 

j manufactare of carburetted, iii. 3412 

^ old European generator of, iii. 3642 

, production of in retorts, iii. 325r 

♦systems introduced for manufacture 

of, iii. 361f 

, gases dissolved in 100 cub. ins. of water from 

various sources, and total solid residue in, vii. 
387 

Water glass." vi. 247f, 2482 

, harness of— 

i. 620r ; vii. 385f 

effect of Clark’s process on magnesian waters, 
vii. 3862 

finding of Rivers Pollution Commissioners with 
regm to, vii. 3862 

, heat of formation of, from its ions, vii. 

368 

, hydrol, dihydrol, and trihydml, evidence for 

ezistenoe of, vii. 361f 

, hydrolytic reactions of, vii. 364r 

influence of dissolved oxygen, and free 
•carbonic acid on activity of, vii. 393f 

of sodium bicarbonate, and of sodium 
bicarbonate with free carbonic acid on activity 
,of, yii. 3942 , 

-^in its economic and sanitary relations, 
dfinking and for domestic supply, vii. 368f 
— , ionisation constant K of, vii. 360r 
latent heat of, vii. 364f, 366 
—.magnetic and electrical properties of, co- 
efficient of magnetisation a^ electrical con- 
ductivity, vii. 3602 * 

. .optic rotation of, vii. 360r 
— , mechanical properties i>f, crystal form, vii 
3482 , 

Waten, mineral, see aUo Mineral water, afirated. 
Waters mineral spring, alkaline waters, sulphated 
waten. Hitter waters, iron or chalybeate waten, 
and aolphur waten, viL 3782 

eJassifieation of simple thermal 
waten, and of common salt or monated aalinr 
wateiHi vii 876r, 377 

earthy and oalcaieoai waten, 
vsL 3t6r < ^ 

number of micto-organiams preaeni in 
msimd and in mifiltsfed waten the same 
•o%n,idi.S88 ^ . 

tyewb avwi^e o iyiftiy of, vii 


Water of oryttfUisation, vii 8662 

^.optical ^perries of, table of abaotptkffi 

bands of water vapour in the in£ra-red, vii 358 

, organic matter in, and its dctermlhaticm, 

vii. 383r 

oxidising and raduoing action of, vii 363^ 

— , peaty taste ih^vii. 3842 . 

• practical effects and aacs of oompnssibuity 

of, vii. 3472 ‘ • 

preesure-temp^ature diagram of, vii. 330 

, Prculse-Tiemann'fi method of .estimating 

nitrites in, vii. 3992 
— , purification of— 
vii. 327f, 3292 ' ‘ I • 

by filtration, the Paterson giav\ty filter, vii 
424f 

, the Vicker’s drifting sanii filter, 

vii. 4262 ^ 

lime and aluminoferric, vii. 418 

mechanical filters, vii. 417f I , 

ozone. V. 30r V 

treatment with bleaching powder, 419 

the Arohbutt-Deeley, the permuti^, and 

the mangaiiese-permutite proces<tes, vii 392r 

the Oiilcium-permutite process, vii. 3932 

drinking, by boiling, Wi. 390f 

, by dHtillation, vii. 3902 

, on a large scale; the construction of 

filter bads, vii. 386r • 

for industrial purposes, fii. 39 Ir 
with lime, Clark’s process, and the porter^ 
Clark process, vii. 3922 

, necessary qualities of for brewing purposes, 

i. 668f , 

, quantitative estimation of hardness in, vii* 

42 If 

, rain-, snow, hail, dew,* and hoarfrost, 

contents of, vii. 368f, 369 

, rapid motliod for the estimation pf nitrates 

in, and the indigo method, vii. 3982 find r 
, relation of— 

pressure and temperature for steam, water, and 
ice, vii. 3292 ^ 

volume and pressure of, vii. 3462 * 

and temperature at* moderate prcssdbs 

for steam, water, and ice, vii. 3392 

, scattering of light by. and the polarisation 

of, vii. 3602 • 

Schuokert method for electrolysis* of, v* 172 
sea, carbon dioxide in, vii. 3802 

, volume of gas dissolved in, vii* 378r 

Water-softening, vii. 42l2-433r 

automatic plants fbr, vii, 4262 
boiler compositions, use of graphite for 
prevention of s^, and proportions of reagcnti 
used, vii. 423r 

, comparison of soda-Umc and zeolite pro* 

oesses, vii. 4332 

, Harris-Andeiton type of plant for, vii. 426r, 

431r 

Water, softening plant, i. 623f 
Water-softening, plants for, by Wright's Forge 
and Engineering Co. and others, vii, 429 ' • 

.purity of reagent# used, municipal and 

domestic water softening and filtration, vii 
4242 

>, reagents and reactions employed in, vii* 4212 
— , treatment of alkaline and ^d wa^, and 
the removal of plumbo*sol veno^, vii 4f3f 
>, zeolite plants for, vii. 432r 
Water, solution anc^i o nisatioo, vii. 3672^ 

— — , solvate theory, the, vii 3672 and r 
— , solvent pre^perties of, i. 294f * 

— , spring, imposition of, vii. 876r, 377 
— sterilisation of by osone, vii 4l7f* 4182 and f 

, of for drinking purpoiw With iihrsr 

salts. VI. 1^ . V* 

— , itorapsK vfl. 41lf . _ . 

— , idphurom a^ anlphurio jj^eUa oonMpad 
^In, vii* 3692 
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tuorfm taMion of; vii. 850C, S52 
■~ 7 » •yDthttri* and'deoompotition of by ultn 
vio^Ug^t. vii.863fand> * • 

tUbleof— t 

boiling-point of, at various barometrio prw 

• mm, vii. 836, 837 , * , 

ooeffloient of oompresejibility p ffir, vii. 346 

' of thdnnal expansion at hi^ presaurei 
vii. 848 

eonduotivity for heft at panoua 
vii. 354 • , 

degree of dissociation of pu », at varioi 

temperatusee, vii. 3681 
aeiAity of, at temperatures 0®-36®, vii. 341 

of.frem*80®-100®, vii. 343 

and specific volume of from 100®-32 

vii. 843 

dielectric constant of, vii. 360 

heat of hydration of oxides by, vii. 365 

ref^tive index of, vh. 359 

specific gravity and specific volume of below 

* vii. 340 

heat Of, vii. 357 

— — voliane of over a range of temperati i 
and pressure, vii. 347 

— of, from 0®~35®, vii. 342 

of, from 30®-100®, vii. 343 

surface tension in the interface between wa )r 
and some organic liquids, vn. 353 
vapour prossure of, from 0®-100®, vii 333, 33 

pf. from 100®-370®, vn. 336 

pressums of hydrated salts, vii. 366 

— ^ presstue of super-cooled, vii. 331 
variation of theaooefficient of compressibi >y 
for p, with pressure, vu. 347 
— of the Ugnperature of maximum den y 
of, with pressure, vii. 345 
— , temi^rary and^rmanent hardness, vii. * If 

ten^e strength of, vii. 3492 

— theory accounting for efficiency of s d 
filters, vii. 3861 

— thermal properties, thermal oonductr .y 
of, vii. 3532 • 

— y, triple-point pressure of, vi. 419 
— , typhoid bacillus in, method of sf h 
for; verification tests for, and results v ih 
are. ohacaoterii^c «of or which exolud< its 
presence, vii. 4062 and r, 4072 and r 
— , upland surface, from cultivated land vii. 
3692 and r, 370, 371 

— vapour, coefficient of diffusion of, vii. S >3 

— — , table of specific volume of satur »d, 

vii. 330 ^ 

, showing dissociation of at Jigh 

temperatures, vii. 86w 

, various kinds of filters for, vii. 389r 

^ — — methods of filtration, and typ 

filters, vii. 3892 

, velocity of sound in water and in 

vapour, vii. 349r 

— , visoority of at various temperaturei 
340, 850, 351 
" WatUes,'* iii. 4882; vi. 6622 
Wavellito, vii. 433r . . , 

Wax, Andaquies, vii. 4402 
— , Arjun, or white insec , vii. 

434r 

IBtelanophere, vii. 4352 
bees, yii. 4352; m Beeswax. 

' , berry, vii. 446f 

— blaiek, of Burma, viL 4102 

, Oamleiilla, bibliography of, vii. i 

. composition and uses ol, if 

oonsUnts of, vii. 4442 m i r 

Oape berry, physical and c pro- 

psities of, vii. 446r . 

, oamafiba, bibliograpHy «f, vii m» 
eomiXHiition of, vii. 446r 
— » or Jamahuba. exporta 


s of 
ater 
vii. 


Wax, camauba, produets obtained from, vii. 4882 
, China, vii. 439f 

, Chinese, or Chinese tree wax, vii. 448f 

, Co6hm China, and oonstanih of, vii. 4ftf 

, colouring of with turmeric, vii. 439s # 

, cow tree, vii. 4482 ^ .| 

, East Indian, iii. 3742 • 

, esparto^ass, ahd constaifte of, vii. 4482 

, fig tree, vii. 4482 

, Cbtah, vn. 4482 

, Ghedda, vii. 439f, 4402 

, Qondang, vii. 4482 

, Indian varieties of, yii. 439f, 4402 

, insect, vii. 448r 

' » uses of, vii. 4492 

, Japanese, vii. 448f 

, Japan, or vegetable wax of Japan, iii. 692i 

vii. 449f 

, , analytical values of, and compositk 

of, vii. 460r 

, , uses of, bibliography of, vii. 4512 

, Java, vii. 4482 

— , Kondang, vii. 44C2 

, laurel, vii. 4522 

, melipona. vii. 4402 

, Mexican myrioa, or Mexican myrtJ«. vii. 4£ 

, milk tree, vii. 4482 

, Montana or montan, iv. 301r 

, myrtle b«fry or mj^le wax, iv. 407fa; 

4522 

r, , uses of and constants of, 

462r ^ 

, ocuba, viL 452r 

, palm tree, vii. 462r 

, peat, vii, 4632 

, pisang, vii. 453r 

, propolis, V. 4492 

, Pwe-nyot, vii, 4402 

, raphia, and constants of, vii. 4642 • 

, rhimba, vii. 4642 

, snow brush, vii. 4542 

, spermaceti, and constants of, vii. 454f 

, , uses of, vii. 4552 

, sugar cane, vii. 4552 

, sumach, vii. 449r 

Sumatra, and constants of, vii. 4482 and 

, Vouhuba, vii. 456f 

, wMte insect wax of India, vii. 434f 

, white lac, vii. 434r 

Waxes, analytical values of, and charaoteria 
of, vii. 434r 

, animal and vegetable, vii. 434^-455f 

, proximate components of, vii. 4342 

V/ced idllera, vii. 485f 

, differential or selective poisoning 

vii. 4562 

, table of Veakest solutions of vhri 

salts found to have an injurious effect on* 
roots of seedlings, vii. 4662 

, use of fresh gas lime as, vii. 4562 

Wehrlite, vi. 7492 

Weighing, aj^mnt change in weight of ooo! 

— , determmation of pressure ooei&oienti ol 
glass ^obes, i. 5232 

, dineient c^thffdstif, i. 5252 

— vessels, ^oessary precautions fbiv L 

, precautions to be observed in refined,*!. 2tl5r 

, the telescope and its carnage, i. 5182 

Weinsohenkite, vii. 4571 
Weld, U. 590r ; vii. 4572 

, dyeing properties of, vii 4582 

Welding, m 45w 

, oxy-ssetylene, v. ISr 

Wells, Artesian, vii. 8762 
Welsium. vii 4592 
Wen|^M»ffBf|iii 17r 

a: 5482^ a 
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* improved, iii. llU 

. ^ vii. 45^s M« abo (Ml, whale. 

Wheat, (analysis and composition of, a. 181* 

^,*carbohydrate8 of, ii. 1831 

estimation of rye flour in wheat flour, vii. 


, oi star€h in, vi. 892f 

, fat oontentlof, ii. 1341* 

fllour, baking qualities of, ii. 134r 

, — rpoup of starches, oharaotefistios of, and 
their microscopical appearance, vi. 3871 and r 

, manufacture of starch from, vi. 3681 

, methods of analysis of, ii. 1361 

nutritive value of, ii, 1361 

, proteins of, ii. 1331 

straw, ii. 136f 

Whetstone, see also Scythe stones and Hones. 

, vii. 460r. 4611 

Whewellite, vii, 461f 


1 suggested use in construction of niool 

prisms, vii. 4621 
Whin, iii. 4621 
Whiskey, vii. 4621-4701 

, American, rye. Bourbon, and recipe for 

low*gr^e blended whiskey, vii. 468f, 469 

, artificial ageing of, substances added for, 

vii. 4681 


— deleterious effects of spirit drinking, 

•» ~-"f changes due to storage in sherry, and other 
casks, w. 4671 and r 

chemical changes which influenoe flavour of 

finished, vii. 462f ^ 

, distinclions between pot- and patent-still, 

blending, and “self** whiskeys, vii. 4671 

, izmtation, vii. 4681 

, Irish, claraification of, vii. 463f 

patent-still, resiflts of analysis of, vii. 
466 

•pot-still, results of analysis of, vii. 
464,466 

— • , m a nuf acture of Scotch and of Irish, vii. 4631 

maturation or ageing of, vii. 467f, 4681 

, percentage of nitrogen in new pot-still, 

vii. 463f 


, pot- and patent-still, vii. 4621 

, preparation of “ beading oil,’* vii. 468f 

.relative toxicity of, from pot and patent 

stills, vii. 4641 
results of— 

anal^m of high class, also of cheap Gfcrman 
spmt and silent spirit, vii. 4661 and t, 466 

of patent stui spirits of high strength, 

* vii. 467 


of spirits from pot-still distilleries, and 

of patent-still grain spirits, vii. 466 
investigation of deleterious character of cheap, 
suggested definition of term whiskey, vii. 

, Royal (Commission of 1008-9 on, findings 

‘"end conclusions of, vii. 4701 
— , Scotch, claasifioation of, vii. 463f 

— *• patcnt-etill, results of analysis of, vii. 

464 , 465 ^ 



— iScnt or neutral spirit, vii^ 462f 
“WW!»ash,»*vi. 161r 
W^tieartng metals, vii. 54f 
— , Beckton, v. 40r 

, Berlin, V. 2931 

“White IScaraC v.50f 
White, Chariton, v. 40r, 293r 
— Chinese or Snow, v. 40r, 294f, 2981 

, Caichy, ii. 2921 

— ennstant, v. 2991 * 



“ White iBh.bodA,>’vi.66r 
White, flake, iii. 206r^ v. 29$ 

, Qlld^ V. 2991 

QciflQith’s, V. 298r 

, Hamburg, Dutch, or Venice, v. 2991 ^ 

-f— , indigo, oatalytioal preparation of, iih 1701 

, kreipnits, v. 2931 . •* 

lead, V. 2931; eee Lead, white. 

, mineral, v. 2991 
Whitening, «v. 41r, 2991 r 

White, oleum, v. 298f< 

, Orr’s, V. 40r, 298f 

. Paris, ii. 1601 ; v. 41f 
, pearl, v. 2941 

— permanent, v, 2981, 2991 • ’ j 

precipitate, fusible and infusible, 279r 

, satin, v. 2991 ; vi. 61r 

, silver, v. 2931 

, strontium, v. 411 . 

, titanium, vii. 701, 71r ; 

ultramarine, vii. 266f 

, Venetian, vii. 3191 

, ssinc, V. 2981 ; vii, 6861 

* . properties and uses of, vff, 5871 

, rinc-lead, v. 298f 

Whiting, Gilder’s, v. 41r, 2991 
Wiikite, vii, 470r 
“ Wild ginger,** i. 394r 
Wilkeite, wf. 6r 
Willomiie, vii. 6961, 4701 
Williamsite, vi. 691 . 

Willow bark tannm, vi. 666r 
Willyamite, vii. 2641 
“ Windsor loam,** iv. 1711 \ 

Wme, vii. 47il-487r 

, ammonia, extractives, mineral oonstltnentSy 

and alcohol in, vii. 4761 

, analpsis of— • 

alcohol m, and detection of cider in,wii. 4301 
determination of extract, vii. ^Or 
ostimation of chlorine, of magnesium, of 
alkaline earths, and of sulphuric add In, vii, 
483r 

of free tartaric acid, total tartgrio 

acid, potassium bitartrkte and tartrates of 
the* alkaline earths in, and of malic and 
Buccinio acids, vii. 481r * * • 

of free, volatile, and fixed acids tn, vii. 4311 

of glycerol in, vii, 4321 

of ffum arabic, dextrin, tannin, and 

mineral matter in, vii. 4831 

of lactic and citry acids in, vii. 4821 

of phosphoric acid and dioaldum phos* 

phate in ; of nitric add, and the examinadott 
tor colouring matters in, vii. 4841 

of sugar in, vii. 482f, 4831 

, barsac, sautemc, graves, bommes, chhteau 

latour-blanclie, and cMteau Y’quam, vii. 477f 

, browning of, and methods oi arresting, vii. 

4741 

, classification of turbidity in, vii, 47 If 

. composition of, plastering of, vii. 472r, 473(» 

476f * 

— detection— 

01 oampeachy-wood in, vii. 4861 

of dtrie add in, ii. 283f 

and estimation of ooramel In, ii. 221 

of preservatives in, ahrastol, asapiol, 

boric add, fluorides, fluoborates,^aiid fluosUi* 
cates, vii. 4861 

of saccharin in, vii 4861 • 

of salicylic ahd snlplnifpiis adds 
in, detection of arsenio, copper, and msromy 
iiii vii* 484^ 

of fraudulent colouring matter in red wioa by 
dialysis, vii. 485r 
of free tardgic ashftii, vt. 697f 

oo( nwohiio uid K vL 
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Wkft,d«ttatiuin|;o(ii,i88< . i 
MtoM in md bouqneljof, vif. 47J»' 
*-~«l«niieiiti.tion: argol of argal, viig 472i 
— > ^nenoe of mfro on» vii. 472f and r 
mjnriona fermenta alfooting, vii. 4761 
logwood in, and its deteotion ; deteoUon of 
goal-tar ooloum in, vii. 484f^ • * 

p manufaotnre of Bparklmg, vii, 476f 

oil, vi. dSOf ^ 

, plaatering of and ilg injurious etfeotsi 

attempts to deplasfer.more injuridus* regula- 
tions regarding, vii, 478f* 

preservation . of by ebemioal means, and 
iuhitanoM employed for, vii. 4761 and r 
— ^removid a! added oolouring matter from, 
vii. 486f • ^ 

Saumur, vii. 477f 

—-(Selective absorotion of colouring matters 
in by mercuric oxide, and by lead, ferric, zinc, 
am} stannous hydroxides, vii. 4851 
-—.wources of colouring matters in — 
red, vii. 4741 and r 
white, vii. 473f 

, Bpari<^, and adulteration of wine, vii, 4871 

— sugar m, vii. 473f 

, — solution, chaptalising and gallising of, 

vii. 4751 

sulphuring of, vii. 4761 

, summary of analyses of musts^ of argol or 

argal, \ii. 4721 • 

, sweetoning of with jeropica, vii. 4781 

tannin* and albuminous substances in, vii. 

474f 

tent, vii. 4781 

Wines, um of oiP of black mustard seed in, 
estimation of in wine, vii. 476f 
Wine, vegetable* colouring matters in and their 
deteotion, vii. 4841 

— , vintage and vinificatioin vji. 4711 
— , — definition of term, vii. 4781 
Wines of Atlantic Islos, and Madeira, Malmsey, 
and Sercial, vii. 4791 

— of Australia and United States, burgundy, 
ohabliB, hock, nesslmg, hermitage, and oarbenet, 

479r 

of Austro-Hungary, moscato roso, maras- 

ch}nQ, a^ malvas^, vii. 478r 

— , * , street tokay or essentia, ausbruch, 

mastas,nnd oarlowitz, vii. 47 8r 

— of the Beaujolais, vii. 477f 

— of California, results of analyses of, vii. 480 
of the Cepe of Good Hope, Veldt burgundy 

and claret ; Wpiberger chablis, Schoongedcht 
hermitage; Tafelberg hook and Constantias, 
vii. 4794 

— of France, chief wine-growing districts, and 
official classification of produce, varieties of 
red wines, vii. 4771 

, white, vin de t5te, vin de milieu, 

vin de queue, vii. 477f 

of Germany, assmannshausen, vii, 479r 

liebfraumiloh, nierstein, sohar- 

ta^berg, and hoohheimer and Moselle wines, 
vii. 478r, 4791 and f 

of Italy^ barola, 'asti,* monte^ldiano, 

ohianti, lao^ma ohristi, and others of chablis 
character, vii. 478f 

qf Fortugpd, Buoellas book, vii. 478r 

— of Sidly, marsala, vii. 478r 

» of Spmn and Portugal, sherries and ports, 

varieties of. vii. 4781 • , 

results of analyses of EuroMan, vu. 479 

— rouBsUlon, muscat rivqsiutes, maocabeo, 
malvoisie, and pisfoule, ranoio6| di7 malvoisie, 

vii* 477f » 

, vins du Midi, hermitage, beatqolais, chablis 

or white burgundy end «i^|^e, vii, 477f 
Wintergreen oil, iv. 644r ; vi. 20f 


Witbaniol and withaaie add, vii. 487r 
Witberite, i. 5391, 5441 ; v, 2991 ; vii. 487f 
> uses of, vii. 4881 

Woad and the woad^vat, viL 4881 and r * • 
Wfihlerite, vii. 488r 

Wolfram, vii. 2291, 234r, 2371 • # 

, mechanical sepaf^ion of ^m4;instono andf 

other heavy minerals, vii. 230| 

Wolframine, tii. 234f 

Wolframite or wolfram, vii. 488r, 4891 

. separatian of from tin ores, and countries < 
producing it, vii. 4891 
WoUastonite, vii. 489f 

Wongshy, or wongsohy, Hi. 3031; vi. 101} vii. 

Wood alcohol, denaturing of, vii. 499r 
, bitter, v. 630r 

, oomparative value of various kinds of, for 

destructive distillation, vii. 4901 

, composition of, vii. 489r 

, cord, and seasoning of, vii. 4901 

, destructive distillation of — 

vii. 489r-604f 

crude hard wood tar, settled tar, and residue 
tar, vii. 5031 and r 

in brick kilns with fire gases in contact with the 
wood, vii. 4911 

in brick kilns with fire gases not in contact with 
the wood, vii. 4921 

in oontmuoiisly-working apparatus, vii. 694r 
steel mtermittently operated apparatus, vii. ^ 
• 492f 


pine, and cord wood, awd various forms of 
apparatus employed, vii. 4901-499f 
waete, or spent wood, apparatus for, vii. 496r, 
4961 

treatment of the primary marketable products 
resulting from, vii. 5011 
wood rich in turpentine and rosin, apparatus 
for, vii. 495r * 

, dyeing of, ii. 578r 

oil, iv, 698r 

, products obtained in destructive distillation 

of, vii. 490r, 4911 and r 

pulp, preparation of for manufacture of 

dynamite, iii. 631 

, removal of lignin from, vii, 4901 

spirit oil, composition of, vii, 4991 

, substances msd for fireproofing, iii. 200r 

tar, vii. 604f 

pitches, method of distinguishing from 

artificial asphalts, vii. 5051 

production of in Russia, v. 3l6r 
products of distillation of, y. 3161 . 
uses of as fuel, iii. 2531 
Woody nightshade, ii. 5741 
Wool, vii. 6061 , • 

, bleaching of by h^rogen peroxide, ifi. 5t7f 

, olasBifioation of, long, medium, and short* 

stapled, vii. 505r 

composition of, wool keratin and w>in^l 

constituents, vii. 5061 



, dyeing of— 

ii. 6771 • 

with acid dyes, ii. 583f 
acid-mordaq^ 4yestu£b, ii. 5831 

basic d. 

direct dyes, iu 5841 

fisetin, vii. 562r • 

in indigo vat, ii. 5871 ; vii. 312f 
with mordant dra, iL 5821 

purpurogaUin and its derivatives, 479r 

queroeta^tin, v. 583r 

— quercetin, v. 5351 

^ rutin, quercimeritrin, mi 

V. 6381 

— ;-8^jhi^d|^iL 5361} vi. 508r 
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Woollen meteriabt testing of indigo dyed. iii. 6151 
Wool, extraction of fat from, ii. 831 
fat. vii. 5071 

yidontifloat^on of dyestnfb on, ii. 503f 

kempe, vii, 506f 

Wj-, mercerised, vii, 508r 
I*—, methods of estii^ting amount of in 
materials mixeoWith cotton, vii. 506r 

, mordants for, ii. 5791 and e, 680r, 5811 

oil, V, 314r 

, scoured, the regain, vii. 506f^ 

waste, use of as manure, iii. 1761 

-ym, scouring of, i 613r 

Woorari, woorali, or wtforara, ii. 4351 
Wormseed, vi. 361 

oil, American, iv. 644r 

Wormwood, vii. 607f 

oil, iv. 638f, 644f 

Wrightine, ii. 357f 
Wu-tzu, V. 364r 

Wulfenite, iv! 385r ,» vi. 4051 j vii. 607f 
Wurtsite, vii. 607f, 591r, 5931, 6011 
phosphorescence of, vii. 593f 


Xametrin, vii. 5071 
Xanthein, vii. 507f 
Xanthrae colouring matters, vii. 5081 
Xanthio acid, esters of, and derivatives of with 
starch and other substances, vii. 508f « 

acids, vii. 5081 r 

oxide, vii. 508f 

Xanthine, i. 72f,*7281j vii, 508f 

, properties of, detection and estimation of, 

vii. 509r 

-, salts and derivatives of, vii. 5101 
— , Bjmtheeis of, and technical preparation of, 
vu.‘5091 * 


-, Welders test for, vii. 5101 
Xanthooarthaminic acid, vi. 8f 
Xanthooreatinine, vii. 510f 
Xanthone, vii. 5111 

, derivatives of, vii. 5121 and f, 5131 and f 

Xanthones, hydroxy-, vii. 513f 
Xanthonio acid, vii. 5121 
Xanthorhamnin, iii. 417r; v. 1061 
Xanthosterol, vii. 5141 
Xanthoxylum essential oils, vii 5141 
Xanthydrol, vii. 5141 
Xara, vii. 5141 
Xaxaquin, vii. 5141 
X^non, vii. 5141 
£notiine, ii. 1441 ; vii, 514f 
Xeroform, i. 600f ; iii. 6571 ; vi. 6251 
(Xylan^ vi. 349r ; vii. 5151 

and p-Xylene, i. 5711, 5721 

methods of separation of, 

vii. 515f, 5161 and f 

Xjjene, composition of oommercial, quantitative 
estimation of isomeiides in, and the aegradation 
of into lower homoloaues, viL 517r 
«— • use of for stripping iUomhating gas, vii. 
' 5l7r 


IsoXylaDe, vii. 5251 
oOCgfme, vii. 5181 


a»»bromo> vii, 5201 

4-bromo*, 3 : 4-, and 4 : 5-dibromo-, 


3*bfomo«5«nitro-, nitro*5-bromo-4-chloro-, 
2 1 Miolilofo-4*biDmo-6*nitro*, and 3-nitro- 
4 s 5i4tibroiiio«, vii, 5241 


■ *****'*^ 4*eh]oro4kbioiDO*, 4 1 5*diohloro-3*bromo . 
8 ; 5-djotdoin*4«lflKiino*, 8 1 5«dichlofo*6-bromo*, 
2 : 5*slfdilom4 1 6<dibroii^ •and 3:4:5«tri 
^ilofO«6-btomo«, vii. 521f 

and 3 1 5*di4hkiro^, and the 

hiximoride, vii. 519r V 


vk 583^ 

— — , 3 * 4% 8 : 5«, and 3 : 6-diamino*, vii, 543r 

• 4 : 5<diamino*, vii. 5444 

5Ndiamino*, vii. 548f i its acetyl* and 
4 : 5-d.ohloro«deriyativ8e, vii. 5441 
A (o-dibromo% vii. 520r « 

. 4 : IMiohloro*, 3 : 1 ; 6-, 8:5: 8-tri(diloxo*, 
and a triohioro-o*xylene, vii. 5201 ' 

, 4 : 5*(j;iohloro*3,i 5-dinitro% 3:4: 5-trioh)oro* 

6*nitro-, vii. 5241 . 

» 3:4-, 3 : 6% 4 : 5», and 4 : 6«diiutzo% vii. 
5231 

— ; 3 : 6-dimtro-4 : 5-dibromo-, vii. 5241 * ® 

, 4 ; 6(?)-di8ulphonio acid, viii 524r, 

— , iodo-derivatives of, vii. 5221 
— , nitration of, o>-nitro-o-xylene, vii. 46221 
— , 3-, and 4-nitro-, vii. 522f 
— , 3>, and 4-Bulphinio acids, vii. 5241 [ 

— 3-, and 4-sulpnonio acids, and their <|iloride0 
and amides, vii. 5241 and r ” 

— .6-sulphonio acid, 3-ohloro*l •5<s0ilphonio 
acid, 4-ohloro; -5-aaiphonio acid, 4*bi»mo*; 
-4-8ulpbomo acid, 6* or d-bromot; end *6* 
Bulphonio acid, 3-bromo-; their amides and 
chlondes, vii. 524r 

•4-8ulphonio acid, 3-nitro-| •5-8u]phonio 
acid, 3-nitro ; and •6*8ulphonio acid, 4-nitro*, 
vn. 6261 . • 

— , tetrabromo*, vii. 621f* 

— , 3:4:5: 6-tetrachloTO-, and , tetraehloro* 
xylylene oxide, vii. 5201 

— , ctf-tetracbloro-, and penta-o-chloro*, vii. 

— , 3:4: 5-tribromo*, vii. 5211 
— , 3:4; 6-tnbromo-, vii. 621f 
— , a>-ci)-oi'*tnbromo-,andsyfiMn-o>-tetrabromo* 
o*xylene, vii. 5211 , 

— , 3 : 4 :'6-trii|itro-, vii, 523f * 

; 3 : 4 : S-trinitro-, vii. 5231 
m-Xylene, vii. 5251 

, cc-bromo*, vii, 628f 

, 5-bromo-, 2*4*, 2 ; 5-, 4 : 5-, qnd 4 : 5* 

dibromo-, vii. 529r 

bromodiamino*, and 24iitro-4 : 5*diamiim% 
vii. 650r 

— , 4-bromo-, 2-bromo4-nitro*, f-bmmo^d* 

mtro, 4-bromo-5*mtro«, 5-bromo*6-i4tio*, and 
4-bromo-2 : 6-dimtro-, vii, 6321 
— , 4-bromo-2-nitro-, vii. 531f 
— , 5-bromo-2- (or 5) nitro* 4-snlphonio acid, vii. 
534f 

— , 4-bromo-2 : 5 : 6-trmttro-, and 5-bromo- 
2.4: 5-trimtro-, vii. 5321 ^ 

— , oi-chloro-, vii, 527r 

— , 4-<diloro-2-bromo-, 4 : 6-dichloto*2 : 54i* 
bromo-, and 2 : 4Kiioh]orD-5 : 6-dibromo^ vii, 
5301 

— 4*ch]orD*2 : 5-diamuio,« v^. 549r 
— , 5-ehloro*2> (or 4) nitro-, 4*chloro*64iitro*, 
4*^]oro-5-nitro-, and 4«chloro*2 : 5«dinitio*, vii. 
531f * * 

— , 4-ohloro*2 : 5 : 6-trinitro*, and 5*ehioto* 
2:4: 6-trmitto*, vii. 531r 
— -/sonstants ahd rdactipns of, vii. 5251^ 5261 
and f 

— , 2 : 5-diainino, and its derivatives, viL 549r 
— , 2 1 4-diamino-, and its d|rivitlv6|i vii, 
549r 

— 4 : 5<diamino-, viL 6501 
— , 4 : 6-diamino-, 441. 5501 
. ctf-dibromo-. viL 5291 
, 4 : 6-dibromo-2-nitio«, 4 1 54ihroiao*2 : 8- 
dinitio-, 4 1 6filibronio-2 : 54initro, viL 5321 
— , 2 : 4-, 4 : 5-, and 4 1 6-diehloroi», viL 528r 
— , cs-dldiloio-, vii, 5281 
— , 4 : 54idbJw-i s4Miis»lno-, viL 5561 
— — , 4 ; 6-didbSkfo-i * 5«dinitiOs 4 * 6-dWilofO-li<» 
(or 5) nitto-, and 2: MiehmMiMi^^ 
^ 531f . ^ 
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6«iiitro*2 1 i<4iftinino*, vU. Mdr 

4- and 5*oitro*9 a»-4*, ci»*6*, and 4*dlnitros 

• vH. dSOf • 

tti-nitio-, and 2-nftroi»*vii. 4301 • 

J add| ^ SBil • 

) add, vii, 532r 

:c add, e^romo- 5 ..4-8ulphonio 
add, 4*bromo*; and 4«6ulphonio add, 4- 
bmmo- ; ohloridei, anSdea, and other deriva- 
tives vii, 433f 

••--^•2-amphOnio add, 6-ohloro-; and 4:6- 
didiloro-ai,-^l9ne-6mulphonio add, 4-ohloro-, 
and 2 : 4«diduoro-m-aylene-6-6ulphonio acid, 
and 4-ohloro-m-i7]ene-2 ; O-diemphonio add, 
wieir amides, ohforides, and derivatives, vii. 
433r 

— r -O-snlphonio add, 2 : 4- (or 4 ; 5) diamino-, 
vd. 4502 

(^)ffi-XyIeiie, 2-8tilphonio add, and m-zylene-2- 
iBulpnonie add, vii. 532f 

M-Xylenoill-sulphonio add, 4 : 6-diamino-, vii. 
550f 

(a)m-Xylene, 4-salphonio add, and its chloride 
and amide, vii. 532r 

ai-Xvlene-6-salphohio acid, 2 : 4-dibromo- ; -2- 
smphohio acid, 4 ; 8-dibromo- » and -2 ; 6- 
disulphonic acid, l-bromo-, vii. 6342 

— — >-4-8ulphonio acid, 2 5 6- and 6 : 6-dinitro-, 
their amides wd chlorides, vii. 534f 

-O-sulphonio add, and -4 1 6-, and -2 ! 6- or 

2 : 4-di8iilphoi^ acids, their chlorides and 
vii. 6P 


^.4osulpho^o acid, 2-,*5-, and 6-nitro-, vii. 

, tetraohloio-,ivli, 628r . , 

, SKgi-o-tetraohioro-, hexachloFo-, and 4 
and 5-ohloro*, vii. 6282 

— , 2 : 4 ; 5- and 2:4: O-tribromo-, vii. 629f 

, 4:6: 6-iribromo-, and tetrabromo-, vii 

6302 . 

-, <tf-ci»-(tf'-iribromo-, ^aym-cu-tetrabromo-, 2- 
bromo* and 4-bmmo-, vii. 6292 
trichloro-, vii. 628f 


"r„4i 
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! 6-trinit9>-, vii. 631r 
. i 6-, dhd 2:4: 6-trinitro-, vii. 6312 
p-Xylena, vii. 634f 

1 : 4-Xylene, 2-amino- (p-Xylidine), vii. 6612 
p-Xylene, cu-bromo- and oi-dibromo-, vii. 6872 
— 2-bromo-6-nitro-. 2-bromo-6-nitro-, and 2- 
brottko-S : 6-dinitro-,^, 6392 

dilorobromo-, dicblorobromo-, trichloro 
bromo-, chlorodibromo-, dichlorodibromo-, and 
ohlorotribromo-, vii. 63^ 

— , tt-chloro-, «a-diohloro-, 2-«tf-(4-)dichloro-, 
ayiii-tetra-ctf-chloro-, ic-pentaohloro*, aad- 
ci»-hei:aohloro-. vii. 686r 

— — , 2-chloro-, z ; 6-diohloro-, and tetraohloro*, 
vii. 6372 

, o>-(4)-obloro-2-nitro-, nitro-oi-dichloro^ 2 : 6- 
• dichlorodinitro, vii. 6392 
— — , 2 : 3- and 2 : 6-diamino-, vii. 662f 

2 : 6-di^pdno- (Xylylen^-diamine), vIL 6632 
— , 2 : 6- and 2 : 6-dibmmo-, and tetrabromo-, 
vii. 6382 

: 6-di|fomo-3-nitro-, 2 1 8-dibromo-6- 
nitro-, 8 ; Mibromo-2-nitro-, 2 : 6-dibromo-3 : 6- 
ditdtro-, and 2 : 6-dibromo-3 : 0-dinitro-, vii 
6892« i 

6- (!) disulphonic add, ita chloride and 
amide, vii. 639r 

6^tro-2 : 3-diamino, vii. #63r 
— — — , o-, and 2-Ditro- ; j5-2 : 3-, v3 : 6> and 2 ; 6- 
didtXD-: o<nitronitroso-; trinitro- and 2 ; 8 : 6< 
Irittitros vii. 638f * • ,§ 

54iitio-2 : 3*dinitrDS0-, daorobromimitro-, 
and 3MBhlos>*8-bromo«t2 : 6-dinitr0>, vd, 6392 
44Ri]^tfn]0 asid, vii. 6392 ^ 

d A A 


p-Xylene-ealplumie add, 2-diIoro ; and p-iqrleae- 
6-Bi:d^nic add, 2-bromo-, vii. 689r 
-^-^wphonio add, 3 1 0-dibfomo-, 3-nitro-, 
6-nitro-, and 6-nitro-, their chlondsa and 
amides, vii. 6402 

— ^^-sulphonic addAlts chloride and dmidefrij^ 

ca-a)|-tribromo-, sym-^tetrabromo-, oi- 
hezabromo-,luad 2-broxno-, viL 637f 
Xylenes, vii. 6l62-563f 
, amino-7 vii. 6402 
Xylenols, v. 168f 

, nitro-, iv. 61 Ir 

0-4-, or t-o-Xylidme, vii.*642f 
o-3-Xyhdine, (if)-o-zylidine or e-o-sylidine and 
its derivatives, vii. 6412 
o-4-XyIidine, 6-chloro-, vii. 642f 
o-3-Xylidme, 4 : 6-, and 4 : 6-dibiomo-, vii. 641r 
o-4-Xylidine, 3 ; 6-dicbloro., G-bromo-, and 3 : 6- 
and 3 : 6-dibromo-, vii. 6432 
o-3-Xylidine, 4 : 6-dichloro-6-nitro-, vii. 641f 
o-4-Xylidine, 3 : 6-dimtro-, and its acetyl deriva- 
tive, vii. HZl and r 

6 : 6-dinitro-, and its acetyb derivative, vii. 
643f 

o-3-XyIidine, 4-nitro-, and derivative, vii. 641f 
o-4-Xylidine, 3-, 6-, and 6-nitro-, and derivatives 
of, vii. 6432 

o-3-Xylidine, 6- and 6-nitro- ; 4 : 6-, 6 : 6-, and 
4 : 6-dinitro-, vii. 6422 • ^ 

o-4-Xyhdine-6- and -G-sulphonic acids, vii. 643f 
o-3-XyUdine-4-, -5-, and -6-6ulphonic adds, vii. 

6422 • 

m-6- or s-m-Xylidine, its formyl and acetyl 
derivatives, vii 648f 

m-4-, os-m*, i-m-, or a-xylidine, and reactions of, 
vii. 6462 

W-2-, v-m-, c-m-, or £I-Xylidine, and derivatives, 
vii. 6442 

m-2-Xylidine, 4- and 6-bromo-, 4 : 6- and 4 : 6- 
dibromo- and 4:6; 6-tribromo-, vii. 644f 
m-4-Xyhdine, 2-, 6-, and 6-bromo-, and 2 : 6- and 
6 : 6-dibromo-, and their derivatives, vii. 646r 
m-6-Xyiidine, 4-chloro-, vii. 648f 
m-4-Xylidme, 6- and 6-cbloro-, and acetyl 
derivatives of, vii. 5462 and r 

, chloro-, and 2 ; 6 : 6-trichloro-, vii, 646f 

m-Xyhdine, dehydrothio-, ii. 4862 
m-2-Xylidine, 4 : 6-dichloro-, vii. 6442 
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APPLIED OHEMISTEY. 


THAiENIT£< Silicate of yttrium (Y jOj, SS - 
€4 p.c.) with^thc approximate formula 
H,{)'2Yj03-4Si0, 

Several other constituents are present in small 
amount, including l‘t-2‘5 p.c. of gas {nitrogon 
and helium) lilKifrat^'d when the mineral is heated 
or twfaied with acids. It is yellow to llcsh- 
red and , translucent with a greasy lustre; 
ftp.gr. 4'i 1-4*23; H. readily decomposed 
by dilute hydiochloric ac id until Bcparation of 
gelatinous silica. Mom*cUuic crystals and nias- 
ftive material occur uith,.Huocerite, gadolinite, 
and allanite in quartz at (Mterby in Sweden. 

L J. S. 

THALUUM, ►ym, Tl., al.wl. 21)4 '0, wits dis- 
covered spectroscopicjilly by CJrookos in 1801 
(Chem, Kew, 1801, 3/ 193) in a soicniferoua 
dej[K)sit from a sulphuric acid manufactory. It 
occurs in many iron and copper pyriiteR, in some 
micas, in zinc blen<l(jft, in the minerals mtreasik, 
hmiiUiUt crookmU (CuTlAglaSe, hrandite 
(TlAaSj), vrhaik TlAs^Sblf and in various other 
Smn and manganese ores#(lgelst.rom, Z. Krist, 
Slift. 1895, 25, 94; Antipoff, J. Ru«s. Rhys. 
Ohem* Hoc. 1896, 28, 384; Hartley and 
lUinoge, Chem. te. 'Brans. 1897, 533). It also 
occurs in »maU auantitios in various miners# 
springs, und lim? been Mnd in^volcanic cxlia- 
Utions. • 

Its presence has been observed in crude zinc* 
(Kosmatm) and in niatinum and ores (H. N* 
Warjpen, dom. News, 1887f 55, 241). 

Thidiium is prepared froja due dust by 
boiling it with dilute sulphu^ acid and pro* 
cipitating the chloride or Iodide by tr^tment 
wll^ hySocldoric or hydriodlo Jipid, alter which 
tlm can bo obtained by electrolytic deposi- 
tion, by the action of pobmium cyanide #r by 
(Bunsen, PM. Mag. m, (iv.] 29, 
idS; Foerftter, ISeitsoh, anoig. Chem. 1897, 15, 

, 71). Traoea of lead, tin, copper, #nd alumintum 
Qocur as impurities in commercial thallium 
(Mlock, Sci. Proc. Roy. Dublin Boo. 1909, 11, 
338). 

ThalUam is a biiusb^wHte, lead-liK crystal- 
lisa, eaitze2D«)y4K)ft mAd, jipU^bb, m of 

f I 


low tenacity. It exists in two modifications, 
the transition temperature being 226* (2353®, 
Pwichards and Smyth). Its sp.gr. is 11*85, its 
m.p. 303® (Petrenko? iloitftch. anojg. Chem. 
1906, .W, 133), its b.p. in vacuum 818® (Krafift 
and Knocke, Ber. 1909, 42, 202) ; at ordinary 
pressure 1515d:2® (Isaac* and Tammann, ibid, 
1007, 55, 58) ; but its b.p. should Be 1462® at^, 
760 min. It gives a monatomic vapour. For* 
its absorplloh spectrum, see W* Grotrian, 
Zeits. f. Physik, 1923, 12, 218-231 ; Kara- 
yan, frunnaiya and Rao, Proc. Roy. Soo., 
1914, A., 106, 596. It commences to volatilise 
at 174® mead. At a high temperature 
it may be distilled in a current tw hydrogen, 
Wlion" healed it bunw with a beautitol green 
i flame, and its flame spetrum is characterised 
by a Hingle gree.u line. The heat of solution 
o{ thallium in thallium amalgams of 0*0- 
I PIT p.c. thallium has been determined by 
Tk*odore W. RieharcU and Charles F. Snwth 
by the adiabatic method (J. Amer, Ohem. Boc, 
1923, 45, 1^6-1460). The following values of 
the heat of solution in joules at 20® of i gima- 
atom of thallium in amalgams of the eoinposi- 
tion stated are rewt€ed ; 0’92 p.c., 2706 ; 2*49 
p,c,, 2265; 3’81 p.c., 1917; 5‘21 p.c., 1590; 
op p.o., 1975 ; 8*76 p,c., 486; 10*43 p.c., 45; 
11*81 p.(j„ 234. Tiu^. values are contpored 
with those obtained by KicharcLs and Daoielii 
for concentrated amalgams, and found to be 
consistent with them (A. 1920, 4i. 34). A short 
extrapolation of the composition-heat of solu- 
tion curve above 0*92 p.c. gives a value for the 
I heat of solution of thallium In an inMte quanti^ 

I of mercury of 2970 joules, a value which is 
in fair agreement with 3220 joules, the value 
obtained by Lewis and Randall (Ohem. Boc. 
Abstr. t92i, il 241) by calculation from the 
E.M.F. measurements of Richards and Daniels 
lUct) of thaUiuiif amalgam eoncentraiiou oel» 
(Abfiti. J. Chem. Boo. 1923, 123, 124, ii. 536)* 
T^te tompew-ture of transformation of a* ^ 
d-thalhum was found by Asahara ^Chem. 9m> 
Abstl^w li. 483, 645) tq be 232^. 

Thallium oxidiaes before the B 

dissolves readily in dilute nitric sulpimrie 

* • 
a' ^ '■ ‘ : 




2 f • THALUtJM, ; 

aoid^f but lopre sftwly in hydrocblono acid> and fand it^dide ahojiy that no ^nbfe de^Agwattoa 


at a red heab decomposes water. 

ThaJH iim and its salts are veiy poisonous 
(C^ircL C^em. Zentr. 1896, ii. 999 } Swain and 
Bateman, J, Biol. (“Jbem. 1910, 7, 137). Thal- 
lium forms alloys with a large number of metals, 
and.jan amalgam with meicury, which has been 
proved ^ be useful in thermometry (Jfclntosh 
anS Johnson, J» Amer. Chexn. Boo. 1912, 34, 
910 ; Pavlovitsch, J, Russ. Phys. Chem. Soc. 
1916, 47, 29 ; Hildebrand and Eastman, J. Amer. 
Ohem. Soc. 1916, 37, 2452). The existence of 
a solid compound TljHgs has been established 
by Richards and Daniels (J. Amer. Chem. Soc. 
1919, 41, 1732), who have studied the electro- 
and thermo-chemical behaviour, densities and 
freezing^pints of thallium amalgams (r/. 
Richards and Smytli, J. Amer. Chem. Soc. 
1922, 44, 624). For references to alloys, see 
Masq rni C&ikashig^ (Zeitsch. anorg. Ohem. 
1912, 78, 68 ) i Kuniakov, Shemtschushiu, and 
Tararin (J. Russ. Pfays. Ohem. Soc. 1913, 45, 
300) } Rolla (Gazz, chim. ital. 1915, 45, i. 185j 
Di Capua, Chem. Soc, Abs#. 1925, ii. 787). 
For the electric resistance of thallium in the 
I temperature field of liquid helium, see 
H. K. Onnes and W. Tuyn (K. Akad. Amster- 
dam, Proc. 25, 1923, 9 pnd 10, pp. 443-450, 
Comm. Ko. 160A, from the Phys. iiib. I/odcn). 


occurs, but the followh^ 
formed,: TlNOwHgOl*, m.p. 2^*6 
Hga*, m.p. 105^ llNOjflgBr^. 
<Gf. Bergmaan, T. A. 


(Ai jG. Beiwaan, T. A. Henke, and F. M. 
Mafin, J. Rdss# Phys. Chem. Boa 1922, 64, 
466 1 see also J. Russ. Phys. Chegi, 1922, 64, 800). 

dflftdcs.— Thallium trioxide 1 (thallic oxide) 
TLO, is formed when an alkgline solution of a 
thallous salt is treated with ;?- 6 -p.c. ^olution of 
hydrogen peroxide. When the Jledpitation iar 
m^c in the cold, the oxide is brown, is readily 
soluble in acids, and has sp.gr. 9*65 at 2r, but 
when the solutions are hot, the oxide is black, in 
sparingly soluble in acids, and has the »p.gr. 
iOi 9 at 22“^. The brown oxide is partly reduced 
when Med with* water, but the black oxide 
remainn unchanged. At 100^' the brown ,slowlja 
changes into the black variety, and at 620’* this 
change is complete within 24 hours (iiabe, 
Zeitsch. anorg. Chem. ItHKJ, 48, 427 ; ibid, 60, 
158; ibid, 1907, 55, 130). Tlmllic oxide may 
also bo made by acting ui>on thallous sulphate 
with an alkaliue solution of potassium ferri* 
cyanide (r/. Bern, Cliem. 8 oc. Trans. 1922, 
3’91). The crystalfine oxide obtaii ed by heating 
the nitrate has sp.gr. 9*97 (Thofnas, Oempt. 
rend. 1904, 138, 1697; see also Fortini, Gaax. 
chim. iiai. ItHlo, 35, ii. 450). 'J'huiious hydroxide 


Compound^.— Thallium forms two series of | is readily obtained in good yellow, micro 


compounds— 

( 1 ) ThaJlic (TlXjj) compounds in W'hich the 
•metal is trivalent, corresponding to its jiosit ion in 
the duminium group. Like the con)j)ounds of 
aluminium, the thallic salts undergo hydrolysis 
in aqueous solution and form complex salts more 
readily than the corresponding thallous com- 
pounds (Spneer and Abegg, Zeitsch. anc^rg. 
Chem. 1906#44, 379). Metallic thallium reduces 
the thallic salts to the thallous condition. They 
are also reduced by hydroxylaminc in acid or 
alkaline solutions, by acid solutions of ferrous 
•ulphate, by sodium arseniie solution and, on 
boiling, with finely divided copiKjr ( Berry, (.liein. 
► Soc. Trans. 1922, 394). In the absence of 
oxidising agents, even in tlie presence of tliallous 
salts, thallic salts give the blue tploratioii of 
indophenols w*hen a-naphthol an3*dimcthyl-p- 
phenylene-diamiue oxa added to an alkaline 
solution of the salt (Maripo, Gazz. chim. ital 
1907, 37. i. 66 ). 

{ 2 ) Thallous (I7X) compounds in which 
thaliium is monovalent. The thallous salts 
closely resemble the salts of the alkali jnetals ; 
thus the hydroxide and carbonate are readily 
soluble and give an alkaline aqueous solution. 
Many of the tiSdious salts, like the sulphate, 
'phosphate, &c., are isomorphous with the 
corresponding potassium salts and give double 
salts with platinic chloride Tl^PtCl*. The aluui 
^ T 1 ^ 04 Al 2 ( 804 ) 11 , 24HgO *u 3 d other double 
» sulphates are also closely analogous to the 
corresponding potassium salts. The thallous 
halides and sulphides, on the othef hand, 
resemble the corresponding lead and silvrx salts, 
Thallous salts react with a cfear aqueous solu- 
tbtt d antimony chloride and potassium io^e, 
gb^ng a charac^teristic voluminous orange pre- 
^pute ol the compound SHUShl, (E^radm. 

anorg, Oiemf 1908, 58;363)., • 

^ Thsmal studies of the systems f<sntned by 
thallous nitr^ with mercuric cidoiMiSi bumidc, 


I* 


('ry.stallihy powder by adtling to thallous 
ethoxide in tlxi cnkl an equal volume of watra:, 
and diying the preeipitale «m poroite plates oat 
(J contact with air. A dcfcmmation of the 
h( 5 at of iiydration of th?illoui=f oxide b)" finding 
the dificrenw in the heat of isolation of tlie oxide 
and hydroxide in dilute hydrofluoric atjid gave 
a value 3 * 11 7 cal., compared with 3*331 cat 
four^d by Tliunnssf^n. The iK'iit of hvdration is 
therefore Viry far remov«*d from tKat of the 
oxides of the alkali met ah:, but thalions 
hydroxide is ricv('rtlic!c«s an equally j>owerful 
batse, and towaidji fet‘bb acjfL, plMJUOls, Ac., 
hhows even stronger basic projjertkjs thair the 
alkali hydri)xid<w, It can be estimated weidi- 
metrically usii^g phenolphthaliLin os indicator 
(K. ll<‘ Forciunti, (jonsjjt. rend. 1923, 176, 873- 
870; J. tiiem. Boe, i923. 124, ii. 420). 

The oxide djast>lve 4 J in concentrated hydro- 
cWoric acid without evolution of chlorine, 
forming thallic clJoridc. • 

• Thulium mfjnoxide (tliallous oxide) T \0 is 
obtained by h|^aidng ^Sne turnings of file nmtal 
with cold in a current of oxygen or by 
.heating the corre 8 |x>nding hydroxide at 150®- 
200“ in nitrogen. It is a black powdtsr, m,p. 
300^', readily niJ 5 s<d^ing in water with formatton 
of the hjfdroxiik TiOli, which ctystollises with 
2 molecules of w'ater in yellow needles, 
hydroxide is daiteund by fight, turns fcurmisric 
brown, %nd finely destr«.>ys the colouring matter. 

l^ith ^>henllphihahdn, thallous hydroxidie 
dves A yeUow colour which is dowty dise^gtd 
by moderately concentrated aqtteous roluthma, 
especially on worming, It dissolves isatld to 
form a deep purple liquid, the colour of which on 
warmmg with slight excess of the roagsnt 
changoft to yellow, due to the formation of a salt 
of isatic acid. Thallous salts m 
isomorphous with the salts of the 1 
(Thorp, J. 1876, 1869 ) 

fkUm iidli iTibKitiV MarMf 
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ikttye been !Ehe 


takuttie KnbliBiiin (Amnakn^ 

I26» 78} i» prepmd W adiiing tb&!iott£$ 
bydro^ soktion to vakno acid until tb 
lewtiott is faintly idktdine to litmus* evaporating 
the solvent, and rwrystallising xhe residuo fiom 
hemsene. !n»e ^t, m*p* 145®~147®, is very 
soluble in water* ethyl alcohol, or hot benzene, 
readily solub^ in%myj alcohol, and sparingly 
solubm in ki%g edber, hot light petroleum, or 
cM benhene. 4t is not readily thrown out <?f 
Bohition in ethyl alcohol |jfy addition of ether. 

The palmHate, prepared by adding 33 p.c. 
thall^ hydroxide somtion to a hot alcoholic 
soitttbn of |>almitic acid until the reaction is 
neutral to htmus, crystallises from alcohol in 
feathery aggregtSos, It is ttiadily soluble in 
r aicohol, insoluble in ether, and soluble in 
water, the solution being opalescent when 
dilute. On shakii^ a warm dilute aqueous 
Bolutaon a froth forms on the surface, which 
disappears on cooling, and is not formed on 
shaking the cold solution. It softens on heating 
at 116 -118^ but does not melt coxni^tely at 
170 ^ 

The okaie^iB prepared by atlding the theo- 
reikal amount of thallous hydroxide solution to 
oleic acid, dissoiviKi in alcohol, and evaporating 
the solution to dryness in a vacuum desiccator. 
The reskluai soap st^parates from ethereal 
solution in wliite needles, which are soft and can 
easily Ite bent. On <hying they cohere to a 
solki, soapdike mass. The salt is also soluble in 
perfectly iiry ether free from altjohoh It forms 
an opaiesetmt solution and. on shaking, a froth 
permam)nt in the cold (distmetion from the 
palmitaU')* It forma a jelly below the main 
bulk of tho solution, the volume of the? jelly 
being nmny times ga^ater than that of the oleate 
left undissolveii. 

The normal is pn iMkred by accurately 
neutraiising adipic acid with aqueous thallous 
hydroxide solution, using plmnolphthalcin as 
^ittdicatca'. The solution is evaporated to small 
bulk and the crude adipate pmcipitated witli 
ethyl alcohol, The salt is^issohtd in etiivkue 
glycol, in which it is very Kduble, and butyl 
alcohol added with contiolcd lieating until a 
faint doudiim k apimrent in the boiling 
luixtitie ; on coolmg, the salt separates out in 
ciyitallhH} leatiete. 

The normal piftMc k obtained by neutral- 

a an M}ueous solution of pimeiic acid with 
m hydroxide solution, using phenol* 
phthakdu aa htdioator and evaporating ilte 
scdutioii to dryness^ It is much score soluble 
h) water than the normal adf}mte, aud is almoirt 
ifwoiuble in e%i aiuohoi, but <yn be rccfyatal- 
iM from myl alcohol, in at the boUiog* 
point it is Bparir^y induble, separatum on epoling 
k long llio md pirn^nk h readily 

Bohlda in water, alino»| insolubib in ethyl 
aloobd^ atid tarpmdrn fiom amyl alcohd in 
~ prtoa,? 

fkaSm Boh b/ 4^ 

llhniitu ixeedka, in«it% at (decomp.), 
mdity aoMde k cold otiqd or methyi kdide, 
kkg deposited on standiM or 
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tartaric acids, and also of ctesob resorciuol, 
guaiacol, naphthol and vanilliu are described by * 
Christie and Menziee (J, Churn. Soc. 19^, 127, 
2309). 

QvalUaiive reactions of ag^ms (haJUm 
hydroxide. edhUions with eugari.^lo. conoen- 
tmted aqueous ’'Solution, fructose, glq^sa, 'ami 
xylose giife with thallous hydroxide solutionPin 
the eold yellow precipitates which, on heating, 
become reddish-yellow, and finally very daric; 
under suitable conditions mirrors are formed. 
With dilptc solutions no precipitates are formed 
with glucose and fructosd, but the same colour 
changes are observed on heating, and again on 
heating thallium mirrors are formed, provided 
only the thallous hydroxide is present in suffi- 
cient excess. Sucrose and mannitol can be 
boiled with 10 p.c. thalbus hydroxide solution 
without change other thau the appamnee of a 
faint yellow colour, but alter hydrolysis of 
sucrose with dilute sulphuric acid mirrors are 
formed on subsequent heating w'ith thalious 
hydroxide solution^ The formation of mirrors is 
favoured by addition of ammouium or sodium 
hydroxide. Good results are obtained by < 
hating a mixture of N-glucose and thallous 
hydroxide with addition of 4 or 5 drof^s of,K- 
sfHiium hydroxide sol\fliou in a clean test-tube 
for 2 minutes in a water- bath. The mirrors 
obtained can readily be removed from the glass 
by boiling with tap-w’at<fr, but are prmanent 
for some wrecks under cold air-free distUled ^ 
w^ator. On adding U'tra-methyl-y-fructose to 
thalh^us hydroxide solution, a brown colour Is 
developed in the cold, a small amount of a dark 
fioccubnt precipitate being also formed; on 
boiling this browm colour becomes darker and 
the precipitate dissolves. Xo mirro^ is formed. 

A standard solution of thallous hydroxide may 
be used for the titration particularly of organio 
acids. The thallous salts of organic acids are 
consideralilv less soluble than those of tlm* 
alkali metak, arc readily crystallised, and henoo 
can be umd as a oouwnient means of isolation , 
and purificatkui (Menrics arid Wilkins, Chem. * 
Soc. Trans. 11(24, 126, 1148). 

The car»de*(T10)*, probably is 

projiared by adding 176-200 gnns. of 20 p.t*. 
potassium hydroxide to 15 gnns. of a 10 p.c. 
aqueous solution of^tlwilioua sulpliate. The 
solurioa is fillcrcd, cooled to —15®, and 3*5 
f grins, of a 3 p.c. solutkm of hydrogen peroxide 
is added with constant « 0 haking. The oxide 
forms a biuLsh-bliR'k, iustrous precipitate, is 
‘quickly decomposed into thallic oxide and 
tbaiious bydivxide by cold watif and by dilute 
acids, it readily al^jrbs carlm dioxide, and, ' 
unlike thallous sails, k oxidised by a current 
of oxygen at ordinary tmnperature to thailio 
oxMie (Kabo, 2Irit«ch. anorg. Chem,. 1908, 68, 23). 

When a mixture of Qrallous sulphate, and 
oxalic acid is ekctrolysw^d at the ordinary 
tompcratire with a cun'eut of 3-4 volts and 
0T6-0‘2 the oxide TUO| or TlO^TJ^Oj 

is denoaited on thtf anode. When the dep<^i is 
dissolved in dilute hydrocldoric acid, chlorine is 
evolved and a yellow salt TiOlf^TICl is formed 
(6a^ and Ocmni, Atti E. Aom^ iUnerit, IMit 
Ivji7,ii 2m • . ^ 

The foUowmg com^x Mm of eoppey and 
thallluni s^deseribed by Q* {kumri (Oaias. ehies« 
itab 2!»}, via; 

^ d , ■ I " 
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THALITOM. 


. TljiChiCSOj),, a yellow powder ; 
mSOjiTljSO^ ciimabarised crystals 
to aqueous ammonia to^ blue solution ; 
®40*»(3 jO^)i> microcrystalline powder 

, iphm, hoc. Abstr. m% 124, u. 74). 

I for the balogen and mixed halogen com 
potihds «gif thallium, see Welk and fenfield 
(Misch. anorg, Chem. 1894, 6, 312) ; Meyei* (ibid, 

1900, 24, 321 ; ibid. 1902, 32, 72) ; Thomas 
(Oompt. rend. 1900, 131, 892, 1208 ; ibid. 1901, 
132, 80, 1487; ibid. 133, 735; ibid. 1902, 134, 
m; m. 136, 1051 ; ibid. 1906, 142, 838 ; ibid, 
143, 282 ; Ann. Chim. 1907, Iviii.j 11 , 204); 
Cusliman (Amer. Chom. J. 1900, 24, 222 : ibid. 

1901, 26, 505) ; Maitland and Abegg (Zeitsch. 
anoig. Chem. 1906, 49, 341); Stolzenberg and 
Hath (jZditBch. physikaJ, C^em. 10 JO, 71, 641). 
Thallium halides form double salts with many 
other metals (Meyer, Ic. ; Thomas, lx. ; Prati, 
iZIeitsch. anorg. Chem. 1895, 9, 19; Wells and 
foots, Amer. J. Sci. 1897, 3, 460; Kphraiin 
and Heymami, Ber. 1909, 42, 4456 ; Ephraim 
and Barteezko, Zoitsch. anorg. Chem. 1909, 61, 
238 ; Geweeke, Annalen, 1009, 366, 217 ; Bel4- 

, pine, Compt. rend. 1909, 149, 1072; Geweoko, 
S^tsch. anorg. Chem. 1912, 75, 272; San> 
donnini, Atti E, Aocad. Lincei. 1913, fv.] 22, 
iu 20; Scaipa, ibid. 1*912, fv.'l 21, ii. 719; 
Lunde, Chem. Soc. Abstr. 1925, ii. 941 ; Randal} 
and Vanselow, ibid. 1926, ii. 33). Thallous 
chloride darkens on* exposure to light and 
^becomes blackish-brown, due to the fonua* 
tion of a photo-thallous chloride and thallous- 
thallic chloride (c/. Renz, Helv. Chim. Acta, 
1919, 2, 704). When thallium is dissolved in 
hot dilute hydrofluoric acid, HjTlFg is obtained 
ciystallising in W'hiio prisms. On heating it 
evolves hy^fluorlc acid ; its aqueous solution 
is acid, but does not attack glass, tho fluorine 
ion being masked. It forms two tjqjcs of 
salts, KHTIF 3 and KoTlFj (Barlot, Compt. rend. 
.1920, 171, 1143). 

' ’ ThaUic svi^tide TljSg is formed when the 

, metal is fused with excess of sulphur. It is black 
* and above 12 ® is plastic, Jjut below 12 ® it is liard 
and brittle. When sulphuretted ^hydrogen is 
passed into a solution of a tliailoivwalt, thriUous 
sfdfhide Tl^S is formed as a black precipitate, 
which can be obtained in a crystalline fonn 
(Stan^k, Zeitsch. anorg. them. 1898, 17, 117; 
^ee also Loezka, Chem. Zentr. 1898, i. 657; 
Hawley, J. Amer. Chem. Soc. 1907, 29, 1011). 
Accordiug to P61abon*( Compt. rend. 1907, 145, 
118) the sulphides TlgS^, TlgS^ also exist {see 
H<^ann and Hdchtlen, Ber. 1903, 30, 3090). 
Double sulphidls with copfier and tin are also 
* known (Bruner and ZawacW, Bull. Acad. Sci. 
Oacow, 1909, 312; Hawley, J. Phys. Cliem. 
1906, 10, 054). 

ThaUivm sulphaies and their double salts arc 
' described by ^rtenbeker (Eec. trav. chim. 
1902, 21, 87); Kohn (Zeitsch. anorg. Chem. I 
1908, 59, 111) ; Piocini and Fortini {md, 1902, 
31, 451) ; liOclm (Amer. Chem. J. 1902, 27, 280) ; 
Marshall (Proc. Eoy. Soc. Edih. 1902, 24, 300) ; 
Meyer and Goldschmidt (Ber. 1903, 36, 238 ). 
Many double salts of ihailic and thallous 
sidphatee have been described, but according to 
B^valA and Eapenschied *(Zeit^h. •anorg. 
Ch^, 4922, 12 i, 361), only two exist, viz. 

and flTl.SOg-TIgtSO*}^, all 
others as mixtu]|s of ti^se^ For 


the reduction %f thaliio sulphate inV^psence of 
ferrous sulphate, m Berry (Cleni. Soe. Trana 
1923, 123, 1109). 

The solubility of thallic oxide, the basic 
sulphate, Tl(OIDSO*,2HjO, amd the acid sul* 
|di^, HTl(S 04 %, 4 Hg 0 , has been determined 
in sulphuric a<}id of various cor^entrations from 
10 p,c. to 90 p.c. at various temperatures and 
the stability diagram constriScted. It is shown 
that no other tWlic suljibate'^sle under the 
above-named conditipns, and « that the other 
tliaUic sulphates described in the literature 
are mixtures, the forifiation of which is due to 
the slowness of the change from one salt to 
another. I'he transition point of the two 
sulphates meutiqiiod above lies at about 40®. 
The corrfjsponding selenates •have also been 
investigated, and are found to be very similJic 
to the sulphates ; the main point of qiiference 
bcta^eeii them is that the transition pomt \m 
at 45'" (Julius Meyer. Rec. trav. ohim. 1921, 43, 
614-619; J. Chem. Soc. 1923, 123, 124, ii; 637). 

Thallimi sid^dtc is a white granular ciystal- 
lino powder (Seubert and El ten, Zeitsch. anorg, 
Chem. 1892, 2, 434 ; ibid. 1893, 4, 44). 

Thallium sdmides I'LSe and TJ^e, are known 
The existence of a third TloSe^ (P^Iabon), or 
TlgScg (Murakami) is doubtful. 

Thallium tellurkk is described by Bnikl 
(Monatsh. 1024, 46, 471, diem. Soc. Abstr. 1926, 
ii, 895). 

ThaUiwn nitrates arc described by Wells and 
Beardsley (Amer. (’hem. J. 1901,, 26, 257); 
Meyer (l.c,); Thomas ((kmipt rend. 1904, 138, 
1607) ; van Eyk (Zeitsch. physikal. Chem. 1905, 
61, 721). 

TMUum mercurous mVmle, m.p. 76®, sp.gr. 
5*3®, gives a clear mobile solution miscible with 
water and not reacting with sulphides. It 
forms a useful liquid for the sej^aration of mineral 
sulphides (Retgors, Jahrb. Min, 1896, ii, 183), 

Thallium nitrite forms double salts with 
cobalt and other metals (Przibylla, Zeitsch. 
anorg. Chem, 1898, 18, 44H ; Cunningham and 
Perkin, Chem. Hoc. Trans. 1909, 1569; Taiiatar * 
aiubPctroff, J.*Russ. Phys. Chem. Soc, 1910, 42, 
94). • 

For nilrous-nitrie eoinplexe.s of thallium, v. 
Gazz. chim. ital. 1919, 49, ii. 217. 

Thallous tetraborate Tl^BiOy, kexahofate 
Tl2BAp,31l20, octobhraU Tl4B-0ijj,4H*0, 


'l’l2B,20,g,7Hf0, have also been •prepared. 
Tfmlhus ferhoraite is also known. 

Thallium axaimide or nitride TlJSfa remains 
unchanged when heated to 340®, but explodes 
when heated morS strongly or when struck 
(Curtiufl and Ri^on, J. pr, (;bem. 1898, [ii.] 68, 
261 ; also Dennis mid Doan, J. Amor. Giem. 
Soc. 1^96, 18, 970; Franklin, J. Phys. Chem. 
1912, 16^682)4 

ThaUiwn orolofc ^ HT1{C0«)43H,0 is pm* 
pardS by treating the freshly precipitated 
hydroxide at 25® with a large excess of* a cold 
saturated solution of oxalic acid. When 
suspendfid in absolute alcohol, cooled to 0®, and 
treated with dry ammonia, the oompomiil 
T1(C08)4NH4(NH>), is formed: «fe a mgh^ 
temperature the compound ThCOjiKH* sepa* 
rates. The pyridme salt TlCOOJiHaH^ 
the salt Ti(u6j^KH4)a, as lOu as other 
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Imu aisol<te0tt olsbaiiMMi (Kabe and Stoinmetz, ^(CaBwmori, Oazz. cKinu 514 ; 24, ii« 

Bm. 1^.35, 4447), 437); m*p. m"-124®. The anliydride melta 

fkiUom aHtj/l oxidet (Chein. Soc. Abstr. at 71®, 

, , ■ Thapaio acitf is identical with tetradecane 

mMom tMftnah, nUrik, and cyanide^^ dioarboxylic acid obtained by this electrolysis of 
^ potassium ethyl azelate (Carmichael, Chem, Soc. 

Thmm chfismiU m practicallv insoluble m Trans. 1922, 121, 2545). , 

THAUMASITB. Hydrated eilicatJ, oarto- 
(^i?****°L f?*** estK^ion of nate, and sulphate of calcium, cryetallieed in the 

hexagonal system. This minoriis of interest in 


/-v jn 1 JL containing three acid radicles, and the existence 

^”l*w^"ioo/ i'ic ®“®h , compound, which has not been pro- 
iW 1^54,204; Chem.*Soo. Abstr. 1924, 126, akilicially, may possibly have some 

* ^-S!: u 1 J.1 i.1 11- bearing on the setting of plasters. Theformub 

CialilVCaCiO.'Calo. lSHA Since 13H,0 
Wrgis. Gaz* chan. ital. 1&94,_ 24, ,l 474; jJo^, an?l the remainder jn four- 

mavo^agen, J-n>r. Chem ''k h«lo'«' » «>d-hcat, conesponding to four 

ilply, t,ompt. rend 1894, 118, M.); Mauw, Iteal ),vdToxy] gioups, the formula may be writtMi 

[(CaOH)COj|(CaOH)SO,1[CaOH]HSi04-l3H,0. 
'^0 mineral forms snow-white, alabaster-like 
13, 441 ; ftocuu Md Slarmo .Jnf 1901, 27, M; ^ aggregates of small transparent 

re,n“?c u‘« hexagonal prismT It is very light, sp.gr. 1-88 ; 

readily d«omposed^bJdi4® hydro- 


13, 441 ; Piccini and Marino, ibid. 1001, 27, 62 ; 
Marino, ihU. 1909, 62. 173; Olauser, dUd, 


1910, 06, 437 ; Dennis and Doan, Ic. ; Wyrouboff, w * 4 . r«£iilv dacoi 

Bull. Franc. Min. 1896, 19. 219; Hawley, J. J^ and Sk 

A«^«e. /'a....*, iftn- <»A o/vh.T/ n-v- enmne acan, ann sii^ 


1910, ^,10/8. Buchtala, J, pr. (hem. IJU, found in considerable quantity with 

I'ois^v ^9oVo % y pectolite (llNaCajiSiOj),) and apophyllilc m 

o h anorg. Item, iu basalt at ‘WU I'atemn in New 

1910, 9J. 161) ; for photochemical motions of Another occurrence is as a filling o! 


compounds of thallium, m .Ihmrath, Zeitsch, 


small fissures in metamor})hosed dolomitic lime- 


wiss.- Fhotocho,.. 1U15, 14, 217; Benz, Helv. i S 

Chim. Acta, 1919, 2. 704; 1921,4950; 1923, ''‘"“e ® ^taM 

1 161 ; Goddard, Chem. Soc. Trans. 1921 , 672 ; , " ?f “■ 


1922. 36, 256. 432, 


Hmride TlMcaF and the cor- 


responding thallium diethyl fluoride and thallium i 
dipncn3d fluoride and similar comiKjunds arc I 
descrilK'd by Krauae and von (5 rosso, Bcr. 1925. 


WUkeUt is a similar complex comSination of ^ 
calcium salts, but containing in addition 
phosphate and a surplus of oxide, the formula 
being 3Ca8(P04 ) SCaSOi'CaCOa’CaO, 
The hexagonal crystals have characters near 
those of apatite, sp.gr. 3*234. They are pink 
in colour and are found embedded in the blue 


68 [B], 272, 1933; Chem. Soc. Abstr. 1925, L /“d embeds ui the blue 

378 1%2 oalcite of a cuntact-metamoiphio limestone at 

For‘ the coMUtntion of aqueous .solutions of Crestoote ^ R^'o^dc Co., C&lifQrma. 
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thallium salts, m Druckor, Zcitsch. Elwtiochem . ^ ^ u u . o. 

1922, 28, 463-467. THEBAIKE v. OntJM. . • 

Thallium may be determined by the electro- THElffB or Caffehhc r. Gatteiis'e. For the 
♦lytic dcjK2siiion' of IhalUc oxide as follows: extraction of caffeine by various solvcnt-s, see 
A solution contttiaLng 0*1~(J*5 gm. of thallous 11. E. Watson, K, M.»Khcth, and J. J. Sud- 
nitrate and 0*1 gnu. of fre4l nitric acid is plated borough, (jAlnd. Inst. Sei, lt>22, 5, 177- 

, .1 J'l.i' JJ 1- lAi-k . _ ^ 


in a roughened yilatinum dish, diluted to 100 c.c„ 2*)7), 

and either 10 c.c. of absolute alcohol or 5-10 c.c. The fact that theino (caffeine) exists in the 
of rectified awifonc added. The dish is made the leaves of the coffee plant has long been known, 
anodt> in the clectrolysia, and the cathode is a but it is only since the war that they have been 
disc of iridio-platiaum of 12 sq. cm., which is > commercially exploited to produce tliis drug, 
rotated at 300 rctvs. per minute, t The electro- The idea originated in Sumatra, where under the 
lysis is carried out at 60®-02^ directly from a present R^'stem of cultivation coffee is frequently 
luiigle accumulator. After 10 hours the voltage attacked by insects of the genus coociw. With 
is rakxi to 2"5-3*0 volts and a cuireni of 0*05 the failure of t he berry crop, the growers, seeking 
amp. passed for a short time. The dv|jo»il, a substitute for the ordinary caffeinejcontaining 
which i« finn, is washed with water and dried product, collected the leaves from which pure 
at l60®-470®, preferably in an elfXjtrically heatod theine was pi'e^mred. With the war the demand 
oven ; iu any case redmndg |ascs must not for theino so i^atly expamled that the proisesa 
come into contact with the deposit. When of extracting it from the leaves was resorted 
dry the dish is cooled in a dbedccdlor and to on an extensive scale by the Dutch factories, 
weighed rapidiv, einoo thesdojjosit is »ome3|lifl.t which pU|cha6ed them by the ton from the native 
hy^^seppie, ^The method is good, the nssults growers and pickers. So far, the process of 
beSg accurate to witto i:0*2 p.c. (W. Dieterlo; preparation has l^n kept secret-, but there is 
Mech. Ele^ohem. 1923, 29, 493 ; J, Soo. no gainsaying the purity of the product On 
Ghem. Ind, 1^4, 4$, 'B. 79). * the western side of the isknd of Sumatra the 

A name given by Knop producem, and, in fact, the general public, bavj 
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it is now looked Vpon as an absolute necessary 
of life. t 

During the past four years Germany has 
been importing enormous quantities of coffee 
leaves from Sumatra and utilising them in the 
same way ; and in some parts of Germany the 
infusion from the leaves has quite taken the 
place of "the berrj'’, tlio price of which has been 
aif obstacle to its ready sale, ('an'ful research 
work has resulted in proof that the extract 
obtained from the leaves has undoubted nutrit-ive 
properties. In addition, a vast number of 
analyses have been taken A^•hiell furnish data 
practically guaranteeing its safels' as an article 
of diet, with an entire absence of deleterious 
effeets. With a little builenl rice and infusion 
of the (foffee leaf a man will su]i])ori the labours 
of the field in riec-])lanting for ilaj’s and weeks 
suecessively up to the knec's in mud, under a 
burning sun or drenching rains, whiiih lie could 
not do by the use of simple watcT, or by the 
aid of spirituous or fermented liquors. Planters 
in Sumatra had opportunity of observing for 
4 twenty years the comparativ*.; use of the coffee 

leaf in one class of natives, and of s]hrituous 
♦ litpinrs in another, the native Sumatrans using 
the former, and the natives of British India 
(imj)orted labour) the Jatter. Records show, 
while the former ex])Ose themselves wdth im- 
punity for any period to every d(‘gree of heat, 
cold and wet, the latter can endure neither wet 
nor cold for even a short period 'without danger 
f to their health. Althougli the coffee berry can 
only be produced in certain climates and on 
soils containing marked peculiarities, the plant 
itself will flourish in any tropical country where 
the soil is sufficiently fertile, and in consequence 
the field for production of the leaves is almost 
unlimited, i As a means, therefore, of jiroviding 
caffeine for general consumption, free from 
deleterious qualities, and yet containing great 
nutritive propcities, the leaves a 2 »]K.*ar to be 
• eminently suitalile. 

Samples of the leaves grown in North 
■ Queensland have already been sliipiicd to 
11a mbu rg, W'here t hey ha> 'c been mo.-' t favourably 
commented upon. Tlx? shipments withstood 
the long voyage W’ell. "I’hcy dlselosid fairly 
regular fragments of shining leaves mixed with 
small pieces of stalk, all^of deep brown colour. 
The odour is described as exceedingly fragrant 
and something like a mixture of tea and coffee. 
An infusion in boiling water produced a trans- 
parent, dark-amber ^.o brown-colourcd liquid, 
which, used in the same way as ordinary coffetr, . 
with the addition of milk and sugar, was jiro- 
nounced by exjxTts as ex(!ellent. Tlie jirice 
of the leaves is only ab(jut one-half that of the 
berries for which they arc proposed as a sub- 
stitute (Pharm. J. 1924, 1J3, TjO). 

For the determination of thcinc in eoff(?c, m, 

• # ' Lucas (J. Soc. Chem. Tnd. 1024, 43, B, 489). 

THENARDITE. A mineral consisting of 
anhydrous sodium sulphate (Na 2 »S 04 )l (srystal- 
lised in the orthorhombic system. It is found as 
large crystals, 6 ins. or more* in length, on tJic 
shores of salt, soda, and borax lakes in arid 
regions, and sometimes forms Ixids of consider- 
able extent, together with glauberih*, &c. 
Sp.gr, 2 '68- 2 '09; H. 2-3. ' The . wa&r-clear 
If crystals absorb watisr from a moist atmosphere 

f and become cloudy. Localities arc: Borax 


Lake in San Btirnardino Co., California ; on.jthe 
Rio Verde in Arizona ; Rhodes l^arsh in*Nevada ; 
Tarapaca and elsewhere in the Chilean nitrate 
deposits ; Espartinas near Madrid ; the oasis 
of Bilma in French Sudan ; and the salt lakes 
iiortFi of the Caiiiiian. It is of rare occurrence 
in the German abiaum-salts and in the fumarolos 
of volcanoes * L. J. S. 

THENARD’S BLUE. CMi Uut v. Pig- 

MENTS. • • 

THEOBROMA CACAO r. CopfiA. • 
‘tHEOBROMIC AdiD Ci^HaoCOOH is oh- 
1 {lined from cocoa hotter and melts at 72°: 
it is jijipjirently identical with arachidic* acid 
[q.v.). 

THEOBROMINE v. Caffeine, Vol. I., 726. 
For the estimat-ion of theobromine in cocoa and 
its ])roducts v. Wadsworth, Analyst, 1921, 3?; , 
The theobromine content of nibs from 21 different 
producing areas varied from 2*2 to 3*9 p.c. 
calculated on dry, fat -free material, the varia- 
tion Vilipending ujxin the variety of the bean 
and on the degree of fermentation, a jirocess 
which considerably reduces the tlicobrornino 
content. In the shell the theobromine varied 
from 0*19 to 2*80 p.e., the alkaloid being carried 
by the sweatings from nut to shell. No theo- 
bromine was lost, from nibs or shells during 
roasting. In order to di'tenninii the amount of 
tlicobromine in cocoa, the cocoa is heated in a 
dry Kjeldahl digestion flask until the theo- 
bromine is sublimed and the cocoa completely 
carbonised. 4'he thciobromine is- extracted 
with hot water, the solution filtered, and the 
filtrate eva])orated to dryness orf the water-batli 
The residue is purified by extraction with abso- 
lute alcohol, treated with aqui'ous ammonia, 
and dissolved in chloroform. The chloroform 
solution is filtered and evaporated to dryness, 
the residue extracted three times with 3 c.e. of 
hot water, filtered, and the filtrate evaporated 
to dryness on a iviitch glass, dried at 100°- 
lO.V' C., and weighed. The whole determination 
takes about 2.1 lirs. The pnientage of theo- ^ 
]>romine in vjirious S5imj)les of commercial cocoa 
var.Jcd from 6*45 ]).c. to 1*17 p.e. (T. Ugarte, 
rj. Pharm. Ghiin. 1923, 27, 420 423; .1. Soc. 
(Jhem. Ind. 1923, 42*, ()75A). 

Theobromine may bo distinguisliod from 
caffeine by the differences in the colorations pro- 
duced w'hen the respective bismutho-iodidea 
’'are reduced by liydriodic acid. For the distribu- 
tion of theobfomine' during the fermentation of 
cacao, see. Knrtpj) and Wadsworth (J. Soc. Chem. 
Ind. 1924, 43, 124 T). 

THEOBROMOSE, THEOCIN, THEOLAC 
TIN, THEOPHORIN, THEOPHYLLIN, v. Syn- 
thetic DRUGS. , 

THEOCYLEKE.* Compound of tlumbromino 
and aspirin. 

THEOFORM. A condensation product of 
tlicobi'Gmino and formic acid. 

THEOPHYLLINE r. Caffeine. 

THEOPHYSEM. lodoethylallylthioxy-urea. 

THEOSALIN. Trade name for an addition 
product of theobromine sodium, and sodium 
suliihosalicylate. 

THERMAL PROPERTIES OF GASES. In 

J. Phys. Chem. Feb., 1924, 28, 97, Pickering 
reviews the consents of the nfore common gases 
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and c;iv^s the following value# as the moetl 
probable : — • 


Critical ! _ ’ . , 

Tempera- * Critical JJltical 
turo • Pressure l>e"isity 
' grf per 

°C. abs. atm. c.c. 


309-0 ? 

10-0 

0-231 

* 132-4 

37-2 

fU -356 

t 0 - 31 c 

4010 

— 

— 

40 .‘>-.') 

112-0 

0-236 

150-7 

48-0 

0-52 

40()-8 ? 

30-5 ? 

— 

420-3 ? 

3 . 5-7 ? 



304-1 

72-9 

0*460 

134-4 

34-6 

0-311 

4 ] 7 - 0 * 

70-0 

0-573 

401-4 

59-7 

— 

1 305‘2 

48-8 

0-21 

1 450-0 ? 

54-0 ? 

— 

! 2 « 2 -« 

50-7 

— 

: 5-20 

2-20 

0066 

' 33-18 

12-8 

0-0310 

1 303-5 : 

— 

. — 

I 321-5 ; 

83 - 0 ? 

— 

1 423-9 ? 

— 

— 

373-5 ■ 

89-0 

— 

210-0 

. 54-3 ? 

— 

190-0 

45-7 

0162 

410-2 

05-9 

0 - 37 ? 

44-7 

20-9 

— 

iso -0 ? 

71 - 0 ? 


120-0 

33-5 

0-,3310 

309-6 

71-7 

; 0-45 ? 

208-0 ? 

92-3 ? 


450 + 0-5 ? 



308-7 

45-0 


304-5 ? 

45 - 3 ? 


430-3 

77-7 

' 0-52 ? 

289-7 

58-2 

1-155 


Acetylene 

Air. • • ' 

Xllylene * . • 

Ammonia 

Argon 

Butane (uo) 

Butane (n) 

Carbon dioxide 
(Carbon monoxide 
Chlorine . . , 

Cyanogen 
fithane . 

Ethyl chloride . 
Ethylene . 

Helium . 
Hydrogen 
Hydrogen bromide 
Hydrogen chloride 
Hydrogen iodide 
Hydrogen sulphide 
Krypton 
Methane . 

Methyl ehloruh? 
Neon 

Nitric oxide 
Nitrogen . 

Nitrous oxide . 
Oxygen ozone . 
Phosg(mc 
Proi)ane , 
Propylene 
Sulphur dioxide 
Xenon , 


(Sci. Abstr. 1024, 27. 531). 

Determination of the normal hailing- points oj 
oxygen^ nilrogen, and hydrogen . — Henning and 
Ileuao’s (Zf'itiS. f. Phy^sik. 1024, 23 1, 105) final 
results reduced to the thortnodynamic scale of 
temperature are : 

Oxygen . . . ~I83-0()i'02 

Nitrogen . . -105-81:1: -02 

’ Hydrogen . . . -252'78±*02 

Over the range - 183^^ to^“ 205* the variation 
of the boiling-point of oxygen with pressure is 
given by the equation • 
log - 37ik05/T -0-00002 1 0T+ 1 -75 

log T-f-4-r)3ti30 (where 1=273-20+/) 
and for nitrogen by i 

log p^^=±-301•91/T-0-0(^J0272T+l•75 

logT+4-l7G43 

The resistances of two Pt thermometers used 
over a period of twelve yoais in this work were 
again measured at these lixed-point tempera- 
tures. The values have remaliK'd practically 
constant, the greatest obserVeef alteration only 
corresponding to a eliango of l^mpcrailire of 
0-02® (Sci. Abstr. 1024, 27, 045). • * 

THERMIOL. Trade • name for socyum 
plicnylpropiolato. 

THERMIT PROCESS. ‘In a thermit re- 
action a metallic compound {e.g. an oxide) is 
reduced by one or several metalb or metallic 
alloys in such a way that when the mixture is 
ignited at one place, the reaction continues to 
go on spontaneously with complete oxidation of 
the reducing element, a Iluid slag being formed, 
whilst the roducocmetal is ubtajpod as a compact 


uniform regulus ; if the oxide is used in excess, 
the reduced metal is free, or practically free, 
from the clement used as reducing agent ’ (H. 
Goldschmidt, Elcctrochem. and Metall. Ind. 
1908,6,300). 

In 1808 Goldschmidt (Stahl and Risen, 1898, 

18, 408; J. Soc. Cheni. Ind. 1898, l7„543,-584, 
040; Zeksch. fiir. Elcktrochem. 1898, 4, 4^4; 
1800, 0, 53) succeeded in reducing the oxides of 
chromium, manganese, iron, copper, titanium, 
boron, tungsten, molybdenum, nickel, cobalt, 
zireouium, vanadium, columbium, tantalum, 
e(‘riuTn, * thorium, barium, calcium, sodium, 
potassium, lead, and tin very conveniently by 
means of aluminium. Such reduction pro- 
cesses had been anticipated, owing to the 
fa(5t that measured with respect to Jtfie same 
quantity of oxygen, aluminium has a greater 
heat of oxidation t lian almost any other metal. 
lOarlier attcmipts to carry out such experiments 
luid, howev(‘r, ])roved very unsatisfactory ; 
cither the reactions would not begin, or they 
occurred with ex])losivo violence. Goldschmidt 
overcame the dilBeulty by mixing the finely- 
divided oxide Ultimately with powdered or 
granulated aluminium, and starting the action 
at one point by raising its tiunperaturo suifici- 
eiitly higli. The- reaction being once initiated, 
the enormous heat developed causes it to spread 
quickly throughout the entire mass, the time of 
reaction not varv’ing appreciably with the 
quantity of material emjiloyed, and being about 
30 seconds in the case of iron oxide and alumi- • 
niuin. To start the reaction at one sjiot, Gold- 
schmidt ])Iaccd a small heap of a mixture of 
powdered aluminium (or magnesium) and 
barium peroxide on top of the mixture to act as 
a fuse, and inserted therein a strip of magnesium 
ribbon. On lighting the latter, the fuse ignites, 
and tlie thermit reaction is started. 

Owing to the heat devedoped in these re- 
actions and the rapidity with which they occur, 
an enormous iemperaturo is produced, second* 
only to that of the electric an;. It has been 
estimated at 2()(H)°-3000®, and direct observation , 
with a Fcry radiation jfyrometer has shown that 
tlic tempera||ln’e of a stream of steel produced 
from iron oxide and aluminium, as it was poured 
from the crucible, was 3200^ (the melting-point 
of ste(d is approximately 1350°). At such 
temperatures the entire contents of the crucible 
remain liquid ; the reduced metal sinks to 
the bottom, covered Avith a layer of molten 
alumina. • 

Other metals have been tried for the reduc- 
lion of metallic oxides. Terldij (Faraday Soc. 
Trans. 1907, 3, 115, 170), and also Goldschmidt . 
have tried calcium, but the reactions are too 
A'iolent to bo of much use, wliilst the slag 
is difficultly fusible. Silicon (made in the 
electric furnace) has also been tried; but the 
reactions are too slow. The so-called mixod- 
raetal, wjiich consists essentially of cerium, has, 
however, been successfully employed in the 
preparation of puijo vanadium, columbium, and 
tantalum (Muthmann, Weiss, and Riedelbauch, 
Annalen, 1907, 355, 58 ; Weiss and Aichel, ibid. 
1004, 337, 370). ^ 

A i^imber of mixtures may be used in place 
of aluminium, ana some have been patented. A 
mixture of equal parts of cafe mm-therihit and 
sificoTi-thermit^ so that the aotiA^ elements, 
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calcium and silicon, are in the ratio of 2 to 1, is* 

, especially effective (Fr. Pat. 361197, 1905). It 
reacts like an ordinary aluminium-thermit, 
yielding a thin fluid having* approximately 
the composition 4Ca0‘3Si02, and molting at 
1426® (!^udouard, Iron and Steel, 1905, 352). 
The active mixture may be prepared either by 
mjxing (» alloying calcium with silicon (r. Fr. 
Pat. 388638, 1908). A mixture of ma-gnesium 
and silicon may also be used to replace alu- 
minium, giving a reaction like ordinary thermit 
(Eng. Pat. 3089, 1906; Fr. Pat. 364313, llKKi; 
tJ.S. Pat. 902871, 1908), whilst magneshim itself 
acts similarly to calcium in its reactions with 
metallic oxides. Magnesium-silicon thermit is 
best mixed in proportions which yield a slag of 
the composition 7Mg0*4Si02. A third mixture, 
viz, aluminium-thermit and ca/emw-therrait, 
gives very good results. The proportions may 
vary between wide limits, avoiding too large an 
excess of calcium, and the calcium aluminato 
slag is more fusible than alumina. A mixture 
containing 40 p.c. calcium-thermit produces a 
very fluid slag 3Ca0*2Al20j; and has a heat 
effect greater than that of aluminium-thermit 
(Fr. Pat. 361197, 1905; addn. Jan. liKHi; 
U.S.A. Pats. 875345, 1907; 875666, 1907; 
90()00i), 1908; Eng. Pat* 926, 19(Ki). See also 
Watts and Ureckenridge, Electrochem. & Metall. 
Ind. 1908, 6, 237 ; Weston and Ellis, Faraday 
Soc. Trans. 1907, 3, 17t> ; 1908,4,60,130; 1910, 
6, 144; and Skindcr, Chem, Zentr. 1909, i. 
f 629. 

TechnicalapplicatioTis.—AithoMgh the thermit 
reaction (Goldschmidt’s reaction only dates 
from 1898, it has acquired great technological 
importance, and the subject of ‘ alumino- 
thermics ’ has been extensively developed. 

Preparation of metals and alloys. — The follow- 
ing are obtain^ by reducing the requisite 
metallic oxides (or mixtures of oxides) with a 
slight deficit of aluminium ; chromium, manga- 
•n^e, molybdenum, ferro-titanium, ferro-vana- 
dium, ferro-boron, manganese-copper, manga- 
, ncse-zinc, manganese-tin, manganese-titanium, 
chromium-manganese, They are of great value 
in the iron and steel and other *pietallurgical 
industries ; chromium, in particular, is largely 
employed in the manufacture of high-speed tool 
steel and armour plate. %The metals and alloys 
produced are carhon-free. The crucibles in 
which the preparations arc carried out must be i 
lined with magnesia (Eng. Pat. 9610, 1905; 
Fr. Pat. 354597, lOOfi), one of the few oxides 
that aluminium is unable to reduce. The best . 
method of prqpedure to ensure a maximum 
^ yield of chromium or manganese consists in 
’ mixing 1-4 p.c. of higher oxido with the bulk 
of lower oxide to be reduced to metal (Eng. Pat. 
20004, 1906; Fr. Pat. 358071, 1905; U.«. Pat. 
895628, 1908). 

For experimental purposes, steel of any 
grade can be made by the thermit^ process, 
since the heat developed is sufficient* to melt 
thoroughly small portions of even the most 
refractory metals. The thermit steel is free 
from carbon, but may be converted into 
high carbon steel by the addition of cast-iron 
sfiot. ^ ^ 

The shg produced is also of icommercial 
value.. - It may be employed in the preparation 
of al|iminiu|i, or used in place of natural corun- 


dum. It is es^cially valuable for fijo in..tho 
manufacture of pottery, for which purpose it is 
mixed with clay and burned (D. R. P. 160780, 
1901). Corubin, an abrasive material for 
maf^g ornery wheels, emery qloth, &c., is pre- 
pa^ by crusMing the slag obtained as by* 
product in the manufacture of chromium. 

Welding iron and steely and^repairing broken 
sled castings. — The advantages of the thermit 
process for these applications ar^ that it is 
simple, rapid, requires no speejA s^h en- 
ables repairs to be made in situ, when any other 
process would necessitate a dismantling of 
a^iparatus. 

The mixture employed is composed of 
powdcKid aluminium and magnetic iron oxide, 
and wdien ignite yields half its weight of 
molten steel. Its registered trade name is 
‘ thermit.’ The reaction 

8Al+3Fe804=4Al20s+9Fo 
indicates that approximately 3 parts of alumi- 
nium powder require 10 parts of magnetic oxido, 
and produce 7 parts of iron. Early literature on 
the subject gives the reaction as 

2Al-i-Fc203=Al208+2Fe 
but examination of thermit with a magnet will 
show that the magnetic oxide is now employed, 
it is added in the form of granulated rolling- 
mill scale. 

The firing of a charge of thermit produces a 
pure mild steel of the following average com- 
position — 

Carbon .... 0‘05-0*10 


Manganese 
Silicon 
Sulphur . 
Phosphorus 
Aluminium 


0-08-0-10 
0*09-0-20 
0-03-0 04 
0-04-0-05 
007-0-18 


Two methods of welding are in use, (a) the 
reaction serving merely as a source of heat 
(Eng. Pat. 19328, 1899), and (6) the steel pro- 
duced bv the reaction being utilised as well 
(Eng. Pat. 10859, 1901 ; 20894, 1900; U.S. Pat. • 
729573, 1903)« In process {a) pure materials 
need not be used, ajid, if necessary, the thermit 
may be diluted witlj a cheap oxide, e.g. iron ore 
or sand, to lower the final temperature reached. 
This process is used in the butt- welding of pipes 
and bars. The ends arc cut square, smoothed, 
and clamped together. A mould is then clamped 
round the ji\nction« A charge of tjiormit is 
fired in an ordinary magnesia-lined crucible, 
allowed to stand half a minute so that slag and 
steel may separate (the volume of the molten 
slag is three* times* that of the iron produced), 
and then poured out so that the slag comes first. 
As the slag is poured in the mould on to the 
pipe, it forms a'hoA’d casing around the metal, 
and the liquid^ which follows distributes its heat 
uniformljr thr^gh this casing to the metal. In 
about a minute the pipes have been raised to 
welding heat. The ends are then pressed 
tightly together by means of screws arranged 
in ]K>sition beforehand. The mould is then 
removed, the* slag collar carefully knocked off, 
and the red-hot joint allowed to cool. Process 
(5) has been largely employed in welding together 
tram and railway line sections. The ends are 
brought together and clamed accurately in 
position. A ref|pctoiy clay mould is clamped 
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rqund fhe ends and the requisite charge of 
themiif fired iD|a cruoiblo placed over the pouring 
gate of the mould. At the end of the reaction, 
the crucible is tapped from the bottom' (see 
Pig. 1), and l^o liquid steel fiows intq the 
mould, passes upwards from the bottom *of the 
mould, surrounds the base and web of the rail, 
with which it fhses on account of its enormously 
high temperature^ and on cooling makes a solid 
steel joints . • 

• Tho.weldihg of rails is a typical instance of 
the application of process (b) above, which is 
also employed for all kinds of repairing work, 
e.ff, mending broken engine frames, driving rods 



Fio. 1 .— Tap-hole of Thkrmit Crucible. 

A, iron casing* B, magnesia lining; oJiollowcyliiKlriral 
magnesia stone ; d, conical magnesia tliimble ; E, iron 
tapping pin, with llattened end f; g, asbestos 
washer ; h, iron washer ; j, layer of sand. 

and spokes, crank shafts, rudder and propeller 
shafts, stern-posts, &c., in fact, in the majority 
of cases where it is cheaper to repair than to 
replace. .Where necessary, the fracture is 
opened out by drilling holes. A wax matrix is 
then built up Wer the break of the exact shape 
that the thermit steel collar to bo fused into the 
casting is to have. Over this, in a sheet iron 
box, is constructed a mould, having a pouring 
gate, a preheating gate, and a large riser (Fig. 2). 
A gasoline torch, fed with compressed air, is 
then directed through the ])reheating gate. It 
melts out the wax, dries the mould, and heals 




Sectional views throu g h mould 
Fiq. 2. , 

t 

the junction to bo repaired to a bright rod heat. 
Meanwhile, the crucible cont^ning the thermit 
is arranged over the pouring gdle. The auanlity 
of thermit required is given by t^e rule : Hake 32 
times the weight of the wax used, of 18 times 
as many ounces of thermit powder as tho|e are 
cubic. inches of surplus space in the mould. 
The crucible (Fig. 1) is designed so as to be 
tapped from the bottom (Goldschmidt, Zeitsch. 
Elektrochem. 1901, 7, 935; Ccfiin, J. Gasbo- 
leucht, 1901, 44). The gasoline torch is with- 
drawn when the junction is red hot, the pre- 
heating gate plugged with a sand core held in 
readiness, and the thermit fired without delay. 
After the reactiem is over, am^the molten liquid 


has stood 30 seconds to allow tho slag to rise, 
the crucible is tapped. Tho molten steel passes 
down the pouring gate, around tho fractured' 
joint, and up Into the riser. The ends of the 
casting melt into tho liquid steel, and on cooling 
one homogeneous mass is formed. The pro- 
jecting collar of thermit steel around the joint is 
left on wdicnever possible. •* , 

The average tensile strength of a ihefmit 
steel joint is about 30 tons per square inch cross- 
section. If the projecting collar of thermit steel 
has to be planed off, and the tensile strengtli 
of the joint is less than that of the body of 
tho casting, tho weld may be made stronger by 
introducing nickel into the composition of the 
thermit; 1 p.c. of nickel increases the tensile 
strength of the weld about one-thiyA For a 
1 p.c. alloy, 2 p.c. of nickel thermit may be added 
to tho usual steel thermit, or 5 oz. of metallic 
nickel may be added to each 100 lbs. of thermit. 

Thermit powder is supplied in 50 or 100 lb, 
drums. For use in repair work, about 2 p.c. of 
manganese and 5 p.c. of mild steel punehings 
are ^dcd. The^ormor acts as a purifier of the 
steel produced ; the latter serves to lower tlie 
final temperature of the reaction and so prevent « 
the contents of the crucible from boiling over. 

Use of thermit injomdry practice, — (a) The 
thermit reaction provides a ready means of 
introducing in an iron ladle a material which 
will stir up or pole thg entire contents of the 
ladle, and at tho same time produce an increase 
of temperature. For this purpose, tho thcrmH 
is contained in cylindrical cans with a sleeve in 
the middle, suitable for passing on an iron rod. 
The can is held by the iron rod under the surface 
of the metal, where the reaction takes place. 
This procedure prevents the iron from becoming 
too dull to pour (U.S. Pat. 733957^ 1903). 

(6) A convenient moans of purifying tho iron 
in the ladle, by reducing the presence of harmful 
nitrogen in the molten metal, consists in holding 
a can of titanium-thermit under the surface as 
described in (a). This thermit is a mixture of * 
pulverised aluminium and a titanium -iron oxide. • 
The titanium set frconn the reaction is sufficient 
to combinq'with the nitrogen in the ladle, tita- 
nium cyanonitride being produced. During 
this formation, the entire contents of the ladle 
arc stirred up, to gi^» the gases an opportunity 
of escaping. Tho iron is thereby rendered 
hotter and distinctly more fluid, and castings 
made from it are distinguished by their closeness 
of grain, being especially well adapted for 
withstanding pressure, e.g, cylinders, valves, 
&c. , 

(c) The enormous heat develojwd may bo 
utilised to decrease tho size of the risers of steel 
castings. Tho thermit, contained in suitable 
cans, is hold in the neck of the riser, which is 
thus kept in the liquid state for a longer time . 
than would otherwise bo tho case, thereby » 
facilitajing the proper feeding of the casting. 
The same principle is successfully applied to 
reduce the size o/ lost heads of steel ingots. 

(d) In foundries where it is of importance to 
occasionally make a steel casting in a hurry, 
burning down the requisite quantity of thermit 
with admixture of steel punehings affords %y 
far the easiest niothod of procedure. 

See also Hart’s Welding (McGsaw-Hill 
Book Co.). ^ 
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THERMODIN.* An acetyl derivative of 
}}*etho2y-phenylurethano. Used as an anti- 

* pyretic. 

THERMOMETERS. Changes *of temperature 
are measured by the corresponding alterations 
produced in one or other of the physical pro- 
perties of a substance. Thus the expansion of 
solids, liqpiids, and gases, the vapour pressures 
of liquids, the electrical resistance oi metals, 
and other properties have been utilised for the 
determination of temperature. 

In nearly every case the amount of change 
produced by a given rise or fall of temperature 
depends on the nature of the substance, and 
must therefore be carefully determined before- 
hand for the particular material employed. 

There is, indeed, only one known metliod of 
measuring* temperature which is theoretically 
perfect, that is to say, which is entirely inde- 
pendent of the nature of the substance; this 
method, proposed by Lord Kelvin, depends on 
the ratio of the work done by a reversible heat 
engine to the heat supplied to it, and the tem- 
perature, reckoned from absoiitc zero, may be 
defined as the reciprocal of Carnot’s function. 

• The method is not one, however, that is capable 
of practical application. 

It has been found tha^ within certain limits 
of temperature and pressure the ex})ansion of all 
gases is very nearly the same for equal changes 
of temperature. Henc^ it is possi})le to devise 
a method ot measuring temperature which, while 
ipractically independent of the nature of the 
(gaseous) substance employed, is at the same 
time fairly convenient for many purposes. It 
is important also to remark that the values given 
by an air or gas thermometer are in very close 
agreement with Lord Kelvin's thcrmo-d^-namical 
temperaturet. 

The relation of the volume of a gas to its 
temperature and pressure may be stated siinjdv 
as follows : The volume of a gas varies inversely 
as .the pressure and directly as the absolute 

* temperature, or 7 m=ct, wliere p is the pres. 

* sure, V the volume, T the absolute temjKTuture, 

* and c a coastant depending on the units ehf»M’n. 
If the volume remains constant t^c pressurcr 
varies directly as the absolute temperature, or 
P=c't, while if the pressure is kejd constant 
the volume varies directlyaas the ab.s(*lute tem- 
perature, or r=c"T. 

It is true that the co-efficients of expansion 
of different gases are not absolutely identical, 
and that the law holds^ood only within certain 
limits of temperature and pressure ; but under 
pre.s8ures not greatly exceeding tliat of the atmo- 
sphere the deviations arc extremely small in the 
case of nitrogen, hydrogen, helium, and M»me 
other gases, except at very low temperatures. 
Very accurate investigations of thr- j>ro|KTtics 

,of gases at extremely low lemj}eratuies have 

• been carried out by Kamerlirigh Onnes and his 
collaborators at Leiden, and their results show 
that the constant volume liydrogen thennometer 
gives nearly accurate results Jowii to --2o0'' 
and the helium thermometer to still lower tem- 
peratures. 

An ‘ air * thermometer may be so constructed 
tbit (1) the pressure remains constant ai^ the 
alteration of volume is measured ; (2) Uie volume 
remains, constant and the change of pn^sure is 
observed; (3^ both pressure and volume are 

• * 


•allowed to alter, and both are measuA^. The 
air or other gas is contained in bulb of glass, 
or for very high temperatures of some other 
material, connected by means of a capillary tube 
witL a mercury or sulphuric ^cid manometer. 
The milb is heated to the required temperature 
whill the other parts of the apparatus remain at 
the temperature of the room. Tf the pressure 
be kept constant the gas will expand, and at 
high temperatures a conliderablo pqi*tion of it 
will pass into the cold part of th| Apparatus and 
must be measured at tne ordinary temperature ; 
it is therefore usually considered better to raise 
the pressure so as to keep the volume of gas as 
nearly constant as possible. The vessel con- 
taining the gas expands, however, wKcn the 
temperature rises, and a correctien on account of 
this expansion must be introduced. • 

There arc also three sources of error vdiich 
are difficult to estimate, but they may be almost 
entirely eliminated by taking suitable yweeau- 
tions. The first depends on the fact that at 
ordinary temperatun's air condenses to a slight 
extent ks a sort of film on the surface of glaa.s, 
while at high temperatures this condensed air is 
conv(‘rted into gas, so that the apparent expan- 
sion Is a little greater than the rchl. If, how- 
ever, the bulb, aft(T thorough exliaustir)n at a 
high temperature, is tilled with air from which 
all moisture aiul carbon dioxide have been re- 
moved, the errt>r iK'Coines i)raetically negligible 
(Callendar, Phil. Trans. 17Sa, KU). 

The second is due to slight changes of volume 
which a gla4s.s vessel is liable to undergo after 
being strongly heated and allowed to cool again. 
The magnitude of the iKiSsihle error b(*come8 
extremely small, how’cver, if the bulb is heated 
for some hours to at least the high<«t temwra- 
ture which is to Ih‘ registered, Ixdorc its volume 
is determined. This pf)int will Ix' more* fully 
discussed when dealing with mercurial thermo- 
meters. The third source of error is due to the 
deformation of the bulb or to leakage ol gas 
through it wh(-n the temperature and tho 
internal gaseous pressure are greatly raised. 
This ditlieulty has b<en overcome by Day and 
Clenfrnt (Amer. .1. Sci.*2fi, I IMIS), w ho employeil 
a yilatinum-irklium b^lb containing nitnigen, by 
surrounding the bulb with nitrogen at the same 
jxessure us that within the bulb. Further 
pre(‘aution«j are dcscrilK'd l)y Day, *Sonman and 
Allen, Carnegie Inst, of Washington, (ii*ophys, 
I^b. I; Day ^tid Sasman, Amer. J.,S<’i. 33, 
ol7; and Kzer I iri Hit hs, Methods t»f Me^vsuring 
3’c‘m|xrature, WHH, 

Of the nuyjcnms forma of air thennometer 
which have Ix^en the three shown in 

the diagrams may serve as examples. The first 
(Fig. 1) renrewnfs a form of instrument em- 
ployed by IlegnaTiIt in his classical rosoarehos. 
The bulb A of tjie thermometer is conn<H;UMl by 
a capillar/ tubtf (|MMtHing through a perforation 
in thq screen B) with the mercury manometer 
7/<m', a front view of which is shown in Fig. 2. 
Hy addition of mercury to the often limb or 
by its removal by means of the »topf!m*k #, ilio 
mercury in tHi* limb of the manometer con- 
ue<*t(xl with the air thermometer may bo 
always kept at the same height, so Uiat ibero 
is no alteration of the volume of air oxoopt 
that due to the exynuuiion of^tho bulb wbeti 
heated. m • 
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The calculation of the tempprature is l}aseci 
on the* fact tl^t the mass of air remains con- 
stant, althougn its temperature, its pressure, and, 
to a small extent, its volume undergo change. Let 
V =volume of bulb A at 0® ; 
t;=Yolume*of capillary tube, togethef* with 


Hydrogen 
Helium . 
Nitrogen \ 
Oxygon . 


760 mm. 0*0036627 
700 „ 0*0036626 

760 „ 0*0036714 

663 „ . 0*003674 


If the volume of air be allowed to vary, the 


.1 Hi* # Jl A > AA VILU VVIUJASi;? WA a»AA AFV WAIV/TVVVt W V »A V * V1A« 

the small portion of the manotaeter ,j„b m of the manometer must bo graduated, 
aWe the mercury m m, also at 0»; g^^uld be surrounded by cold water of 

a coefcaenl^of increase of pressure of dry tnown temperature. In this case the additional 
air at. constant volume ; volume v' at the temperature of the water must 

s=po8ffi«ont of expaawn of gkss ; ^ brought into the ^nation. 

D=ma88 o! 1 c.e. of air at 0 and 70 cms. Sulphuric acid miy be employed rrith ad- 
pressure; . vantage in place of mercury, since it moves more 

P— observed pressure— that 18 to say, the fredv in a narrow tube, and, being lighter, allows 
barometric pressure, jrfua or nantw the readings ; or a smdl sulphuric 

difference of level of the mercury in m interposed between the thcr- 

k 1 1 • u* • u -1 mometer and the mercury manopibter. An 


difference of level of the mercury in i 

and wfc'. • 


tTTr j1 t If * 4 ft «.« • t •! AUUAAIUtl/A OUVX tUU AAl^i^JlAXjr AAAUIIVUAU WA • AA^IA 

\yhen the bulb is plawd in melting icc, while apparatus which can be employed either as a 
the capillary tube and manometer arc nt tlio aJistant volume or eonstaht pressure mano- 

meter has boon described by Callondar [Lc.) 

i'apiUaiy ^ 

^ M 70 >fpf f itrwMa t?'' 

/o Air ‘h^SSSSSSrnSSmmmrnJ^tltmt 

’fhemomefrr : |l or Open h the 

13^ ,nka« I i 


S i ' 

1 1 


. 








tompemfure of the room, thp tutal mass of 
air will be 

1 1-f-a* 

When the bulb is boated to the unknown tern- 
ficraluro x, the tomficraturo«of tlm capillar v 
tube and manometer being naw i' tiie mass of 
air will bo * 


I) p 'J ^ *'*’5 j. ^ ^ ^ •f*") I* 

‘ i 1 + ox l laf' • • 

Therefore 

i i-f of / \ i I ox • I t al' / 

an odualion in which everything is known but x 
Values of a for twveral gases for the tem^ra- 
tttfw range 0® to 100*" are given below, pu f>eing 
the iniUS prexieite (at 0^). 


and more fully by Ci^lcndar and Griffiths (Phil,* 
Trans. Ib’ii, 116). It is represented in Fig. 3. 

When measurement is to bo made at 
<*on>tant volume the mercury in A i-s brought up 
tu the zero point, amlthe stojK'ooks T, and Tj are 
elo.sttl. The level ox the sulphuric acid in the 
gauge i.s then n'gulatcti by means of an ordinary 
inert’ ury manometer, not shown in the diagram, 
ami the pressure is tjie algebraical sum of 
the barometric pressure, that reglsU^nni by the 
mei\*ur>* manometer, and the slight difference in 
level, if any, t>f the sulphuric oeW in the two limbs 
the gauge kk, divided by the s|X'cific gmvity of 
men ury compared with that of sulphuric acid. 

If tiio pri'ssure is to kept constant, the 
tulM' A is first tilled fnun the reservoir q until 
the level of the mercury stands at some point in' 
the tulio OK, recordwl by the scaIc 8, the pressure 
of the Air in the bulb being equal to that of the 
atm(»s[)liert*, as shown by the sulphuric acid 
gauge. (In this ^aae tlic tube M is not connected 
with the mt'reurj^ manomet#*r, but is open to 
tlic air.) \Wn the bulb is heaUMi, mercury is 
allowwl to escape' by the three-way tap T, itto 
the 'leigly'd bSaker. the tap Iwing dosed as 
soon as the sulpbviric acid gaug^ indioatea thal 
the pressure is again equal to that of the 
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I 

atmosphere. The increased volume is calculated 
from the weight of mercury expelled. The narrow 
‘tubes PS and fg are calibrated and provided 
with scales. For the advantagfts of the sul- 
phuric acid gauge see also Bottomlcv (Phil. Mag. 
1888 (Aug.), 149). 

Calendar has (Nature, 1891, 45, 212) 
^ described *«a modified constant-pressure air 
therinometer which appears to possess marked 
advantages over those previously devised, and 
gives extremely aceurate results. The pressure 
of the air in the thermometer is not adjusted to 
equality with that of the atmosphere, but always 
with the same constant pressure, obtained by 
connecting the outer limb of the sulphuric acid 
gauge to a glass bulb filled with air and kept in 
melting itc. 

The effect of changes of temperature of the 
connecting tubes on the readings is entirely 
eliminated by the employment of eomjxjnsating 
tubes of the same size, and thus the trouble- 
some and somewhat uncertain eorreetion hitherto 
necessary is obviated. The compensation is 
perfect when ( 1 ) the two soft of connecting 
tubes are of equal volume and at the same mean 
• temperature ; ( 2 ) the mass of air inclosed in 
the standard pressure-bulb is equal to that in 
the thermomctric and mercury bulbs ; (.* 1 ) the 
pressures are adjusted to equality. Urid(‘r th(‘se 
conditions, the temperature of the thermometer 
bulb (on the air-thermopicter scale) is given by 
the simple equation di~ri(?o'(Po~Vm). where 

is the volume of air in the tliermometer bulb 
at Vq and Vm are the volumes of air at 0 *' 
in the standard pressure bulb and the mercury 
reservoir (this being also surrounded by melting 
ice), and 6q is the temperature of melting ice on 
the air-thermometer scale. 

For moderate ranges of temjKTature, and 
when extreme accuracy is not required, the 
apparatus may be greatly Bim])lified, and may 
Ixj so constructed that the temj)erature.s are read 
directly on the sulphuric acid gauge 4 it is stat('d 


Ihouli be heated electrically or else rieptecii^d 
from gaseous combustion produpts, wmen are 
liable to pass throu^ the aUoy. Hol^ra 
and .Henning (Ann. d. Physik. 35, 4, 761) 
used Jena glass No. .59™ for nitrpgen, hydropn, 
and Ifrlium, and# quartz for nitrogen. Day 
and Bosman (Araer. J. Sei. 1910, 20) Tiaye 
measured temperatures to 1550°. • They describe 
special precautions required tonobtain a uniform 
temperatui‘e about the buff) {ibid^ 191^ 33, 617). 
Harker proposes to make bulbs ef rare earths* 
such as those used for Nernst filaments. • 

For very low temperature.^, the gloss bulbs 
should contain hydrogen or lielium. A very 
complete account of the hydrogen thermometer 
in use at the cryowuiic laboratorj' at Jj<*idcn is 
given by Kamerlin^ Onnes and ^'lay (Comm. 
No. 95c), and of the h(‘!ium thermometer by, 
K. Onnes and Weber ((.’omrn. No. 147//, 1915), 
and Fath and K. Onnes ((\>mm. 152fl, 191 S) 

As regards the theory of the subject and tho 
comparison (»f the temperatures registered by 
different gas thermometers with each other and 
uith the thermodynamical scale, ref(‘renee may 
be made to tho following memoirs and palters : 
D. IkTt helot, Sur les tb(Tmom 6 lres a gJl^s, Paris, 
PHKl; Anh. d. poids et mesures, 13/>, 3; 
Chappuis, Phil. .Mag. VMK 433; P.K)2, 3, 
234; Phil. Trans. HRHt, 191, 37, 131; 3. 
Phvs, 1994, 3, S33 ; Ann. d. ]wnds el mes. I1H>7, 
13o, 3; Kamerlingh Onnes, Ooinm. 97a and 
//. 102 // and d ; jI<»lborn, Ann, Physik. |vi.l 
2, 242 ; Puckinghain, Bureau of Standards, 1907, 
3, 237; Phil. .Mag. liMIH, 15, .520; Hdse-Innes, 
ibid. PMKS, 14, .301 ; Kamerlingji Onnes and 
H</lst, ('omin. I4I«; Report by Kamerlingh 
Onne.s at Third JntiTiialional (‘ongre.ss of Re- 
frigeration, 1913, section for Physics, (‘homistrv 
and Th(‘rinoinetrv ; Kzer Orithths, ic. ; C’atli 
and K, Onnes, (‘omrn. No. I5lia, 1922. 

Air thennometer.s for technical j/urjKxses am 
generally pn/vided ^^ith seal/'S which an* rali- 
Itrated enijurieuily by beating the bulb.s to two 


* that such thermometers can lie made to read to ! or thr<*e known teinj»eratun*.s, so as tf» obtain a 

• the tenth of a degree at 450^. Tlii.s form of j certain numb»T ti.xed j/oints. The sealcH are 
direct reading thermometer has been patented | then er,nstniet(*(H)y interpnUtion. 

and is recommended for technical purposes. I Therimnneters of (4)i.H < 1 ( 1*8 have In’cn de- 
Other fonns of air thermometer nave Ix-en j scribed by P. N lnsq^ I). H. P. 2034.5, |S82; 
descril/ed by Balfour Stewart, Phil. IVans. 153,! Witz, (oin}»f. n-iid. !♦!. HO; Beilbv, J. Soe. 
425; Oodazza, Dingl. |)olj% J. 210, 25.5; Jolly, j ('hem. Ind. IHH.5, 41 ; (olenian, ibid. IKS5, 43; 
Pogg. Jubelband, p. 82 ; Alitschcrlicli, Annalcn, Hei>ch and Folkard, and by Bristol (.Meeh. Kng. 
12, 146; Crafts, Ann. Chini. [v.J 14, 409 ; j l^KK), ('», 91(i). 3’hey e<ai8ist of a |Mirc4*lnin bulb, 
Andrews, Ber. 14, 2116; Pettersson, J. pr. | a cftpjxT eapiilj^rv, and a pn^nsure gaqge eon- 
Chem. (ii/j 25, 102; Cailletet, Compt. rend. I stnieted with ti^-o spiral luljt‘8 on the Ik/urdori 
106, 10.55; Berthelot, Ann. Chim. [iv.j 1.3, , princ iple. 3'}iey can 1 m* eonstrueted as m'ording 
144; Murray, J. J’hys. Chein. 1897, i. 714; / . iiiNtrunirmts. 3’he thermometer of Hei^ch and 
also Ezer (friffiths, l.c. A platinum biilli wa- ; Folkard ih verjt' .«im|*l<', and has l>c*en found by 
recommended by Pouillet (CVmipt. n nd, .3, ! Hurler (.1. Soe. Chem. Ind, 1H«6. 63.5) to give 


782), but it was ixjinted oul liy Bi*equere! 
(Ann. Chim. .58, 49) that at high tcm|K‘ratures 
^air passes through the platinum. A p(»reelain 
I bulb was employed by Weinhold (Pogg. Ann. 
149, 188), by Deville and Troost (Anii.^ Cliim. 
[iii.] 58, 265), and others. Aec(»rding to rfollx»rn 
and Day (Wied. Ann. 68 , 817; Amer. J. Sei. 
8 , 165; 10, 171), however, porcelain does not 
give satisfactory results at high temi/eraturcH. 
T^y recommend bulbs of Jena boro-silicate 
gins, No. 59™, containing hydrogen for^m- 
poratures up to 600°, and bulbs*of a platinum- 
iridium alloy (10 p.c. Ir) with pure nitrogen 
gas from to ISOO". The Pt Ir bulbs 


)) to givt> 

go<K| rexults. 3 'h# bulb A (Fig. 4 ) contains air 
under n*<iii<'e<l pr^hure, and there is a vatruutu 
over tlif^mereur^' in fin* manometer M. 

The. iti¥rrvri 9 l thmmtmeifr^ — For oniinary 
pur|K/w*H the mercurial ihernu/meter is tlio most 
convenient, for it may made of any ri>quired 
size, is easily ]K/rtable, and the bulb, if elon- 
gated, need^ not be wider or, indtMHl, so wide aa 
the stern. Tli«*4n8truineiit consists of a spherical 
or cylindrical bulb fumnl to a eapillaiy tubo of 
suitable lenglb. The bulb is tilWi with pm 
mercury, which must lie b</iltid for soma time to 
remove the film of gas or aqueo^ vapour whkh 


adheres obstinately to tl 


gliM. 


f 


t 
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If 'the f^mometer is required for low tempera- 
tures only, thire is uswly a vacuum in the 
stem of the thermometer, but for high .tem- 
peratures it is necessary, and for temperatures 
above 70° or 80° advisable, 4> fill the capillary 




temperature depends on the expansion both of 
the mercury and of the glass, and in each case ' 
the rate of expansion increases with rise of 
temperature. Moreover, different kinds of glass 
have different rates of expansion, so that two 
thermometers made of different materials-rTeven 
if the caj^illary tubes were perfectly cylindrical — 
would give different readings at the same tem- 
perature. The only really satisfactory method 
of correction of such a thermometer is to com- 
pare its readings cither directly with an air 
thermometer, or with another mercurial ther- 
mometer which has previously been standardised 
by means of an air thermometer. Or a series 
of fixed points may tje determined by im- 
mersing the thermometer in a nmnljcr of 
frw‘zing liquids (melting solids) or by heating it 
with the vaj)Our8 of a series of pure liquids 
boiling under knowm pressures. The following 
table contains a list of suitable .substances with 
their melting-points, transition-pfnnts, or boiling- 
jK>inls, and the variation of pressure curresi>ond- 
ing to 1'' at tht iKuling-poinls, temf>eratures 
outside the range of the mercurial tliennometer 
being included for convenience : — 


tube with nitrogen to prevrnt distillation of the 
mercur)', a small Imlb Ixing blown at the upper 
end of the lulx* in order that when tlu' merrurj- 
expamls and compreicses the nitrogen the pms. 
sure fliiall tiot rise too iiigh. 

An ordinary thennoiueter is graduate«l by 
placing it fint in the sti'am from water Ixuling 
under known pressure and then in melting ice 
fr. (riiillaume, Traite pratitpie de la Thermo- 
iiiMrie de l*reeUion, p. 112). The variation of 
the melting js ant of ice with the pressure is so 
minute that this fsant may ix* taken os al>so- 
lutcly lixwl, but the ls»iling js»int of water vanes 
considerably with the pressure, and therefore 
some standard pr»‘Hsure must b<' chos<*n. This 
is 7(H) mm. or 20 tt22 ins. of nu rcurv* lueasuretl 
at and at tlie latitude oi I’aris for the 
tVntignule si'iile, and ins. of mereurv at 

at the latitude of Lopdon fv>r the Fahn^u- 
hoit scale. 

The ixwilion <if llic mercury in the stem is 
marked off at the>xi twjo temiHratun's, and the 
Ixdw'tHm these two t'ued {Hunts is theii! 
usually divided into a certain nqruU r of tH{uai j 
Jjarta — lOt) on the Centigra<le scale, 1W» <ui the 
Fahrenheit, and on the Keaumur. On the 
Centigrade and Reaumur st'ahs, the melting- 
of ico is taken as thq zero iHiint, but on 
the Kahnuiheit the zero of the scale is placed 
32 divisions lower down, st» t4iat the melting- 
txiint of iiM) ut 32", and the boiltfig iioint of water 
212 ° 

A thermometer graduated iA thU manner 
doci not, however, register true temiK'raturco 
except at the two fixed {K»ints, for the fidlowing 
reaeone:--*!. It is impossible to ubUiii an al^ 
eolutely cylindrical ca|ullary tube, »o that the 
volume oorree^ionding to a scale division is not 
quite the same in all ^ts of the tulie. Various 
metbode have been devised for calibrating the 
stem (v. Brit. Assoc. Rejmrt, )HH2, 145-204, aU^ 
tittiilaume, 43-09), but when this is done 
there remain otter sources d error. 2. The 
position the meceury in toe stem at any 


T.mpcr.turc 
- 1S3 0‘ 

Fixed tx)int 

bj). of oxygen ; dp;df«7r)*9 
mra. per degree. 

-1590 


m.p. of wopentanc.* 

■ 120*3 


m-i). of methyl cycloliexane.° 

-118*3 


m.p.*of ethyl ethfr.^ 

-Jll-8 


m.p. of carbon disulphide.*# 

-95*1 


m.p. of toluene.* 

- 83*8 


m.j>. of ethyl acetate.* 

- 8:i*:» 


m.p. of chloroform.* 

- 4,5*2 


m.{). of chlorobenxene.* 

- 38*87 


m.p. of mercury. 

-22*9 


m . J). of carbon teiracldoride. * 

0 


m.p, of ice. 

32*38 


tr.p. of sodium .sulphate. 

40*2 


b.p. of carbon disulphide; 
(/pd/»24*8. 

i .70*07 


tr.|>. of sodium bromide. ^ 

j 78*3 


b.p. of ethyl alcohol; 

#=30*5. 

i 100-0 


b.p. of water ; (fp/(//=27*l. 

1 132-0 

• • 

b.i>. of chlorobenzene ; dpjdi 
^20*2. 

100-2 

\ 


b.a. of bromubenzene ; dpidt 
^19*4. 

1 1M*1 


b.{>. of aniline; dpd/~-l9*8. 

1 2l8t) 

1 


b.p. of naphthalene; dpdt 
-K*2. 

J 231*8 


iu.{). of tin. 

1 305*9 


b.p. of lHMi2^)phenoue ; dpjdi 

3201) 


m.p. of cadmium. 

350*7 


b.p. of mercury ; dp^dt^ I3'3. 

419*4 


m.p. (»f zinc. 

444 %75 


b.p. of sulphur : dp dt^l 1*1. . 

O30i) 


m.p. of antimony. • 

75t>'0 

• 


b.p. of cadmium ; dp/df-~8’l 
(calculated). 

910*0 

• *• 

b.p. of zinc ; dp'di^li) (cal- 
culated). 

WH)5 

, , 

m.p. of silver. 

1083 

• 

m.p. of gold. 


)< 

f 


le 

i 


y 


* 1|nmu*rmans. Van <ier Horst snd Ksiamertioffh* 
Onues. I'omai. No. li>7. ie2S. Hamplvs of the UquUls 
marStHl wiUi an osWrlsk sre supuUsU by the Bufwm 
KUlons plmltocliimiqttiw, Vnlvenit4, Rue dee 
Sols, Brussels. The m.pi. are stated tw be correct to 
01* IP Ui Lridco hdium thermometet scale. » 


« 14 


Temperature 
’ 1083 
1452:^2 
1549d:2 
1755:^6 
2910 
308tf 


Fixed point 
m.p. of copper, 
m.p. of nickel* 
m.p. of palladium, 
m.p. of platinum. 
m.p. (approx.) of tantalum 
m.p. (approx.) of tijngaton. 


For additional fixed points between 0 ° and 
V. Timmermans, Sci. Proc. Roy. Dubl 
Soc. 1912, and for a few very accurately deter< 
mined temperatures, v. T. W. Ricliurds, J. 

Amer. Chem. Soc. 33, 847 ; 36, 485, 1825 ; 40, 

89. Steinmetz {ibid. 1918, 40, 90) gives the 
melting-points of a number of eutectic alloys. 

A table .of melting-points of the elements has 
been publfthed by the U.S. Bureau of Standard.^ 

{v. J. Soc. (Dhem. Ind. 1919, 38, 67R). For the 
accurate calibration of short-range thermometers 
Richards and Sliipley {ibid. 30, 1 ) recommend 
a floating-equilibrium method, hollow floats 
of glass or quartz being immersed in solutions 
of known concentration ; 4 Richards and 
Thorwal^on {ibid. 37, 81) have cm])loyed, with 
• very satisfaetory results, a method based on the 
heat of dilution of hydrochloric acid ; and 
Richards and Tamaru {ibid. 42, 1374) describe 
a calorimetric method * based on electric 
energy. 

In this way a table or curve of corrections 

S be coi^tnictcd slfowing the error at any 
I reading of the thermometer. ‘ Normal ’ 
mometers may now be purchased ; they arc 
con^r^ with a standard thermometer before 
gradation, and nearly true temperatures arc 
registered by them ; or the thermometers may U* 
sent to the National Physical Laboratoiy’, the 
Reichsanstaj^, {v. Warburg, Ann. Physik. 1916, 

48, 8, 1034), or the Bureau of Standards, and the 
necessaiy table of corrections obtained. The 
calibration of thermometers, as carried out at 
the Physik-Tech. Rcichsanstalt, is described bv 
^ /• Warburg (Ann. d. Physik. 1916, 48 , 1034 ). 

’ correction of readings of mercurial 

thermometers to true air-tjiermometcr temi>era- 
tures have been published by variou* observers ; 
but as these tables mu.st nccessafiiy vary for 
^fierent kinds of glass— the further correction 
for unevenness of bore beiqg also required— they 
do not seem to possess much fjemral value, /t j 
may be u^ul. however, to give referiiice!,.- ! ,ure oi ii,e ela* 

and ll^mc 

Becknagel^ _ 

pratique de la Hermom^'trie de Precision. 

Even when the above corrections to true air- 
thermometer temperatures have been ma<ic 
there remain some sources of error, the mo.st 
impoi^nt of w’hich is the alterati<>ri of the 
• capwity of the bulb, and doubtle-ss also of the 
capillary tube after long-continued heating, and 
indeed, after any considerable change bf tem- 
perature. A vast amount of experimental work 
^ been done on tliis subject, Ud the explana- 
tion of the oliserved changes has given rise 
tea great deal of discus^i()n. The foll<iwinLr 
r^rences may made to the Jiteratu/e of the 
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and Nature, 41, 100, 227, 638 ; Young, ibid. 41, 
1.52,271,488; Tomlinson, tbtd. A, 198 ; Fernet, 
Trav^ux et M6m. du Bureau Int. des Poids et 
Mesures, i,, B. 62, and 1, 17 ; Guillaume, Trait4 
pratKfue; Morelos, Zeitsch. Jhysikal. Chem. 
1899, ‘29, 1 ; 1091, 37, 653, 606 ; Ezer Griffiths, 
l.c. The most important facl 4 regarding the 
alteration of zero point maj^ be shortly de- 
scribed as follows : — • 

1. If a thermometer be gra4uated shortl^i^ 
after the bulb has beeji blown,* the zefo point 
will rise with comj)arativo rapidity at first, then 
more and more slowly, and tiio elevation of the 
zero point may go on for many years. Joule 
(Scientific PajK'rs, i. 558) took observations with 
one thermometer ever a cours^ of thirty-eight 
years, and tlie change, which then amounted 
to almost exactly l^F., was still proceeding. • 
2. If a thermometer he maintained at a high 
temperature for a considerable time, the rise of 
the zero point lakes place with much greater 
rapidity, and so far as is known the hi^er the 
lemjjeraturc the more raj)i(l is the rise, and 
apparently the higher is the liual point n ached. 

A total elevation of over 20*^ in the case of 
German soda glass has in several cases been 
observed, while larger glass bulbs, after con- 
tinuou.s heating to 445^, or in one ease 511®, have 
Wen found by R(“gnault, (Vafts, and t'allendar 
and Griffitlis to suffer a eontraetion of from U'25 
to ()*,34 jier eent. Jn all eases the rise or con- 
I traction, wbieli is raj)id at tirst, Wconu's grndu* 

I ally slower, and it s<‘ems doubtful wbether at 
j any given temjKTature actual con.'.tancy c»f 
zero j»oijit or capacity has ever*lK*en attained. 

If, however, a thermometer has heated h)r 
many hours to u given high tem{»erature and 
then allowed to eoel wry slowly, suhsi^quent 
heating to lo’.ier t(*mjn*ratures has very little 
effect on the zero jK>iiit, and it is advisable to 
subject a thermometer to this j»roees,s Wforo 
determining the tixetl jK»int,s. According to 
Marebis (/.c.), a lluctuating high temj)t*rat ure is 
more effective t ban .1 stead \ (ioe in raining the zero 
jM»int. lieekcr j[ZMiHeh. f. Instniiiurntenkunde, 
ikib, 1‘8»1, 41) dese 4 iU*s a method of electrieai 
heatingjiiid she.^ Kilmg. Bbltcher (t^id. Iteib. 
llMt3, J#, 1,»1) ‘'Ial4n1h.it the thernunneter bulb 
shouhl b»' In aied for a slnirt time to a lemjjtTa* 
tnre .ibove the ini^al ht)fiening teiii|M«ra. 
^ure of ilic glass, and that slow c4K»ling im un> 
is diw uii<n‘d bv 


id. 69, 875, 1185; •Pegnauit ibid *69 ussc‘d bv 

J IKmoires, 21. 239; Vrahl’ Ibid K ’ ' 1. i'. IW'J 

cknsgel, Pogg. Ann. 123 ■ Guillaume i** “'’o nfommended. 

diqufd;,lu^rmom^iri;do pS ;’'"‘^ ]';^^^ J.l'trunu.menk. IWb. 3. 21 ; 


. . . ~ — J iiiu ijwittiufc OI tne 

subject :—lJeHjjrctz, Compt. tend., 4,*926* 
1^114; L(*grand, ibid. 4, 173 ! 
CHft«,«nd.91,291,370,4i3 ; 94,1298- iw' 
i6»d. 91, 471 J. AlilLi, T. Ed. 2(J, Pak 2, 587| 


4, 33) Htutofi that Ji-iia boro.silieat 4 ' glann *,59111 
t n rmoineK-is should W kept at 500^ for at least 
10 days, and that^low^ cooling is of comiiaratively 
small im|K»rtanc« ^ 

3. Not only in the zero point liable to change, 
but the Jii4ervuy>el ween the zero and 100® points 
may at tW mne time Ui iiiereased, for the oo- 
etticient of expansion of glass suffers diminution 
after prolonged heating. 

*i 1* /”^**’**^^ external gaseous presBoxo on 
tlie bulb appears to liavo iittlu or no mfludnee on 
the rise of zero point. 

C. If a themomoUrr— «vcn after ita wto 
ptmil luM been rendered as permanuit aa 
pogHiblo— heated and then cooled very 
»I«dlv, a Ml of the tero noiotlwill be obiervj, 
hut after a day A two the greater ^ oi thi. 
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fall^svill recovered, and the roiikainder after a | 
longer period. , The alteration of the zero point ‘ 
depends sreatly on the nature of the glass, and 
a social hard glass is used by Tonnolot of Paris, 
while Schott and Co. in Germany employ; ^wo 
kinds of glass, * normal thei^nometer * glass, 

16U1, and a boro-silicate glass, 50^, for the best 
thermometers. The latter glass is now generally 
used ; it has a very hieh melting-point and can 
be used up 6^®, the mercury bciing prevented 
from boiling 1^ the introduction of carbon 
dioxide under pressure {cj‘ Murric, J. Soc. Chem. 

Ind. 1885, 45, 180, 055). Glass suitable fur 
thermometers is now bi'ing made in England, 
and information regarding composition and 
properties may b(i obtained fnom the Institute 
of Chemistry, k is stated by Ezer Griftiths 
t]^at fused quartz is much NU[)erior to glass a.s 

’ regards changes of zero point. 

Other possible sources of error arc the follow- 
ing : — If the mercury in the stem of the thermo 
meter — or a jwrtion of it— is n<}t heated to the 
same tem]M!rature as that in the bulb, a Gorrcc< 


15 


depression of the freezing-point or the rise of the 
boiling-point of a solvent. Thermometers of * 
small range but great sensitiveness have been 
devised for these determinations, by Beckmann, 
and a full description of various forms of the 
instrument is given by him (Zcitsch. Chem. 
1905, 51, 329). The bulb is of large, size and 
the same thermometer can be used for different 
temperature ranges by transferring part of the 
mercury from the bulb to a receptacle at the 
other end of the capillary. The value of a scale 
division is thereby slightly altered, and the 
necc.s.sary coircctioas are discussed and a table 
is given by Grutzmachcr (Zeitsch. Instr. 189fj, 16, 
171, 200). 

Useful general information about mercurial 
thermometers is contained in the following 
pajH*rs : (’hree (Phil. Mag. 1898, 45, 205, 299); 
Kohlrausch (Zeitsch. Instr. 1898, 18, 76) ; Schetl, 
(ibid. Ikib. 1899, 9-13); Harper (Bureau of 
Standards, Bull. 8, 659) ; Coste (J. Soc. Chem. 
Ind. 1913, 32, 341 ; r. also Ezer Griftilhs, lx. 
Other methods^han those dependant on the 


tion U required, r. Dwtuxation, e. also Dimmer, ; use t)f the mecurial thermometer are in use for 


Akiwi. M iss. M'ein, Ber, 122, 2f/, 1 439. Wheeler 
(J. Soc. Chem. Ind. 1916, 35, 1198) gives a 
useful grapli,*based oii birmula, to 

facilitate this corn'etion. In onler to ascertain 
the mean WmptTalure of the uiiheate<l rolaiun. 
Guillaume (Compt. rend. 1891, 112, sMT) phuo 
a huppleracniary thennometer witlumt a bulb 
at the side of the thermometer stem. McKhiir a- 
tmiiH of this melhiHl have by 

Mahlke, ZeiVeli. Inntr. H93. 1.3, 58; 1894, 14, 
73 ; and by Adiwn, ^bui. 1’h» 7, 27, luj. 

The bulb is sliglitly eomj»re,sible, and e<»n- 
siderable changes of external pn^sure atleet the 
h^ingM to some extent. 


the determination of temperatures, but they are 
of varying degrees of accuracy. The method of 
determining the melting -(loints of minerals from 
the heating and coolirfg curves necessitates the 
use of a Considerable amount of material, whilst 
the mi<To.sco|»c method lacks accuracy. Borg- 
strum (Jahrb. .Min. 1816,1, ref. 9-11)^ has made 
u«* of a niethoil em|)l('yed for organic sub- ^ 
stances, the sulistance being enclosed in a 
capillary IuIm; of sitica-gb.*fs and immersed in a 
trau.<'}>{initt bath fused salts (mixtures cd 
st><lmm and {Mda&smm nitrates, sodium, po- 
tassium, and lithium chlorides, and sodium 
sulphate in varii'us }>r'q>»>rtiuns accorjling to the 


Mercury does iint move very freely in a ' temjKTaturv re^^uired). A cMumection is traced 
capillary tulie, and in delicate thermometers, j bctwtvn the meiting'p>>ints and the gt'ologieal 
when the leiujierature diangcs, the movement - occurrence td mineral 8ul»»tances, ibwe vrith 
of tlw' men ury may lake pUcc in jitLs mf<le.vl - higher mohing pants Uing found at greater 
of snuKithly. 'lln.*' may U* av<nd« d by tappnn: depths in the earth’s crasl (Chem. Abstr. 
the tlmfummeter (Pn kmug, Plul. Mag. I'sso, , 1916, n. 191). 

21). (Ireater Irr^dom o( motion attainetl j /’d/oiuw — The 

(Durittux and llaite Im, 3. Ph\s,*l9h‘. 9, , me,wiremenl^»d lemp uturx’' l»y the alteration 

by placing ddui*’ ^ulph^ft'lc S'ld over tie- of the nvii.-tmace to el-stnr.) id a platinum 
mervury, and electro iapillsry ripetH are pre- wire wa.'i sugge^cetl by Memern dUktiian 
veiiU’*! by means <4 a reee-ia lull «d menury at l.*vturr’, Pnv, Hov. S^c. I ''71?, but in lonM*- 
IIm? upjM'r end of the capi?tar\, the imr ur\ in quen v of an adver'se rep*r£ to the Bnli.>h 
recess and bulb U*mg ixlinot^d by a platinum , .Uv« uiion in 1874 this mefluHl was alianduiu'd. 
wire. Tile imTea-'C in »'nsifi\em^!»n WjW found •Subsequently, however, the Mibjeet was inve^ti- 
to bu IK) great that ViirMt(6n.<« in*the melting- gnteii by C'aliciuiar (Ihil.JTruns. 1887, 178 A, 
jMiiiit uf ice with m««lerale thange of pressure ' 161; Phil. Mag. 1891, 32, 104; 1899, 47, J9I); 
were readily ubs<Tve<i, t Gniluh.H {i’lul. Trau.s. 182 A, 43), and both 

For teiti[K'nitur(\s below the ftjje7,ing-|M»inl j authors (tbid. 182 .A, 119) with vft'y satisfactory 
of mercury, ~38*7h vurmua liquids have lx*en ! n'>ulis. In order to insure accuracy the ' 
suggested to take the plat'e of that metal. | platinum wirt> must bt' pure in the first place; 
Alcohol and toluene thermomclejs have Urn in j it mu.st Ik* prevented from alloying with silicon, 


use for many years, and, more recently, jagitane 
lias been found HiMvially suitable .for yry low 
temperatures (Kofdrauseh, Wied. Ann. 1897, 6th 
463; Baudin, C'ompt. nmd. IIH)1, 133, 1207 ; 
Rotiie, Zeiitadi. Instr. 1902, 22, 192 ; lloHmann 
and Rothe, ibid. 1907, 27, 265). Baudin and 
Rothe recommend ‘ technical ’ in yrtdercuce to 
pure ptmtane on account of its lower freezing- 
IKiint. The b.p. ii 25® to 33^ and the {icutaue 
thermometer can bo usinl between 30® and 
- 190 " 

The moleoutar ^weight of a dkaulved sub- 
itanee it very frequently calotiated from the 


cai'lHMi, tin, or other impurities, and it must 
not be subjected to strain— such as elonga- 
tion. When these conditions were fuliilled, the 
resi.'itanca of a wire was always found to be 
constant at a given temjierature. The form of 
thermometer recoftimetuleil by Callendar and 
Grillitbs is shown in Fig. 5. Two platinum 
wins are inter-wound in a double-screw thread, 
passing through holes in a thin mica plate Aid* 
Ikich s|^al i|^ provided with a double and siuj^e 
electroae, symmetrically arranged. The six 
oleoirodes aro insulated, and kept in Jilaoe 
by passing tltjough holes in thin Auica wads 


./ 
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(one of wHch is shown at c) which arc cut to 
nt the glass tube containing the thermometer. 
The electrodes are best made of platinum, the 
ends of the wifes being fused to them by the 
oxy-hydrogon flame. 

If Rq and Rj be the resistance at 0 ° and 
100®, a^ R that at any other temperature, 
the corresponding valilb of the 
' platinum ’ temperature pt is 
deduced by the formula 

p«=100(R-Ro)/(Ri-Ro)- 
To reduce the platinum resistance 
^ temperature to that of tlio air 
thermometer the following formula 
is employed 

the value of 8 , generally l*o, 
depending on the wire and being 
determined for each thermometer 
from observations at 0 ^ 100 ^. and 
444 'S®. The fonnula has been 
found to hold up to 10 ( 10 ® or 
1100 ®. To avoid errors duo to 
variation of the room temperature, 
compensatiiTg leads are used, and 
other improvements have been 
adopted from time to time. For 
further details, r. FYEOMETiiy; 
alsoJMueller, Bureau of Standards, 
191(), Bull. 13, 547 ; JSligli, J. 
Amor. Cliom. 8 oc. 1921, 43, 470; 
Roe buck, J. Opt. 800 . Aim*r. 1922, 
0 , 805 ; and Kzer Orifliths, l.c. 

For moderate temperatures, 
nickel is recommended in place of 
platinum by Marvin {Phys. Rev. 
1910, 30, 522) ; Jaeger and v. 
Steinwehr (Ann. d. Physik, 43, 8 , 
1105; 45, 7, 1089) have studied 
mercury resistance tliermomoters. 
They are much less sensitive than 
Fig. 5 . platinum yifrmomcters, but have 
the advantage that ^ preliminary 
determination of resi.stanee need* 9n\y be made 
at a single normal temperature. Metallic oxide 
resistance thermometer.'^ have been constructed 
and investigated by Brown (Phys. Rev. 5, 1 2 t» ; 
9, 205). Boron is recommended by Heraeu.? 
(1). R. P. 310410) (1. 4. 19) on account of its^ 
high temperature coaflicient. 

Dewar (Proc. Roy. Soc. 1904, 73, 244) states 
that platinum docs not give good rc'sults at’ 
very low temjiSratures and recommends gold or 
silver. Meilink also (K. Akad. Wet. Amster- 
dam, 1904, 13, 212, 221) obtained Ix^tter results 
with gold than with platinum. The re.^i.-itanco 
of gold, platinum, and other metals at low 
temperatures has been accurately determined by 
Kamerlingh Onnes and Clay, (Joinm. 99c and 
107c. Kamerlingh Onnes and Holst (Ck^mm. 
141d) found that platinum is unsuitable in the 
region of ^ 200 ®, and that ^t the lowest tem- 
peratures manganiu and constantan are more 
satisfactory t^n either platinum or gold; 
ibut Zernike (K. Akad. Amsterdam, Proc. 18, 
6 , 914) gives an inteqxthAion ,forimila for 
platinum which is claimed to be accurate to 
within at ail tcmi)eratures below — 200 ®. 
Th^ resistftce of mercury, tin, ^cadmium, con- 


stantan, and minganin down to the boilmg-point 
of helium has been determined , by K. Onnes 
and Holst (Comm. No. 142a), and of mercury 
with liquid helium {ibid, 142c) ; also of pure 
metejs with liquid helium by K. Onnes and 
Tuyn {ibid 160a and h). 

Comparisons of the platinum scale of tem- 
perature with the hydrogen, nitrogen, helium, 
or air scale have been carried^ut by Harker and 
Chappuis (Phil. Trans. 1900, 194. 37J at Sevres ; 
Meilink (K. Adak. Wet. Amst,1902, 10, 495)’; 
Holboru (Ann. Physik. 1901, [vi.J 2, 242) ; 
Harker (Proc. Roy. Soc. 1904, 73, 217) ; Travers 
and Gwycr {ibid. 1905, 74, 528) ; Kamerlingh 
Onnes and Clay (Z.c.); Holborn and Henning 
(Aim. Physik. 19J1, 35, 4, 7fil); Dickinson and 
Mueller (Washington Acad. Sci. 1912, 2, 176) ; 
Henning (Ann. Physik. 1913, 40, 4, 635)«; 
Kamerlingli Onnes and Holst (Comm. 141a) ; 
of the platinum, gold, and hydrogen thermo 
meters by Kamerlingh Onnes and Clay (Comm. 
95 c, d, and e), and of platinum, gold, and helium 
thermometers between — 218 "' and —246® by 
Cath, K. Onnes, and Burgess (Comm. 152c), 
eompleling the data from 0® to —258® ; v. also 
Timmerinaiis (l.c.) ; Moeller, J^offmann and 
Meksner (Zeitseb. Instr. 1912, 32, 217) give com- 
Tiarisons of mercury and ijlatinum scales from 
0 to 5.70 . 

Thtrmo-ckclm thermometers . — The first 
attempt to employ a thermo-couple for the 
I mcasureiii(*nt of liigh temperatures was made by 
I Becquercl in 1826, but he failec^ to obtain 
concordant results. Jn 1886, however, Lo 
Chafelier devist'd an instrument which gave 
good results and came into j>raetieal us(‘, 
and since tlien gre^at improvements have bt‘eii 
introduced. 

The tlu.rmo eleetric thermometer consists 
essentially of two line wires of different metals 
or alloys, fused togotber at one end, and (‘on- 
nccted through a galvanometer at th<‘ir other 
ends, the fused end ixfing ]»hvced in the source 
of lieat. An K.M.F. is developed, which is 
roughly proj)()rtional to the dilfenmtM* in tem- 
IKTature of t!ic twy ends of the couple. J^e 
Chatelier employed wire.suf Pt and Pt'Rh(lUp.e. 
t>f Rli), and this euif][)le may la* u.Hed up to I IRK)®. 
The other eiajpU-s which have been employed 
ino.st freqn.ntly arc l‘t and Pt lr (It) p.c. Ir), 
and Cu and eonslantln (a (hi-Ni alloy with 
40 i),e. Ni) ; the former may be used for tern- 
laTfitures as high 12tK)", the latter up to 600®. 
For full aect>unt of these thennometers v. 
Pyeometbv. 

A great •variety of couples have bei*a tried 
for both high and* low temjKratures. For high 
temperatures tj^e couples mentioned have llM*cn 
found to give, the la*.st results, but the Pflr 
alloy Jias the disadvantage that the Ir volatiliaea, 
very slpwlyeven at 90()®, and much more 
rapidly at 121)07 fcjosman (Amer. J. Sci. 1910, 
30, 1 ) has investigated the Pi.— Pt.Rh (10 p.c. 
of Rh)r thenno-elemont btjtwoen 0® and the 
of Pt, 1755®d:5®, and Adams and Johnston 
{ibid. 1912, ^3, 534) the Cu-constantan thermo- 
element between 0® and 360®, and they give a 
standard scale of temperature between 200 ® 
and 1100®. Hevesy and Wolfl (Phys. Zeitsoh. 
1910, 11 , 473) find that the Ag— Ni therflio- 
eiement gives good results ^tween —80® and 
920®. Kowalkl (Am. Electrochom. 800 . Trans, 
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1916, 29, fe6) considers the Co— constantan determined by means of a Pt resistance ther- 
element the best ; cobalt withstands tho action momctor. Stock, Henning and Kiiss (Her. 
of hot gases better than nickel, remaining 1921, 54 [B], 11 19]t give vapour^pressure tables 
malleable and ductile. For low temperature^, for measurement of temperature between 25° 
Holborn and Wien (Wied Ann. 1^96, 59, and —185°, and dcscril^ the apparatus they 
have recommended Fe— constantan ; Pellot employ. 

(Compt. rend. 1961, 133, 921), Fe — Zn; Dewar Tho following papers or memoirs ^on the . 
(Proc. Roy. Soc. 19(J5, 76, 316), Pt^Oerman subject of thermometry may be consulted ; Sur 
silver; whilst jtamerlingh Onnes and Clay les thermomitres k gaz, D. Berthelot, Paris, 
(Comm. iOlbi find that Ag— Au gives the best 1903 ; Kohlrausch, Zcitsch. Instr. 1898, 18, 16 ; 
results. At ab(f4|b —256° this couple is about Guillaume, Thirmomitrie dc precision ; Chree, 
twice as sensitive as one of constantan— Phil. Mag. 1898, 45, 205, 299 ; School, Zeitsch. 
steel. ' Instr. 1899; Callondar, Nature, 1899, 59, 494, 

Compatisons of tho thermo-electric scale of 519 ; Phil. Mag. 1899, 47, 191 ; Barns, Int. 
temperature with the air or hydrogen scale have Phys. Congress, Paris, Rep. 1, 1900. 148 ; 
been made by Holborn and Wien (Wied. Ann. Burgess, Chem. Nows, 1913, 107, 169 %pa 182 ; 
1895, 55, 95 ; 1896, 59, 213) ; Darker (Proc. Kamcrlingh Onnes, Third Int. Congress of 
Roy. Soc. 1904, 73, 217) ; and at low tempera- Refrigeration, 1913, section for Physics, 

^ ture8(— 59° to —259°) by Kamcrlingh Onnes and Chemistry and Thermometry; Ezer GritHths, 
Crommelin, Comm. 95a ; and with the platinum Methods of Measuring Temperature, 1918 ; 
resistance scale by Waidner and Burgess, Bureau Schcel, Zeitsch. angew. Chem. 1919, 32, 347 ; 
of Standards, Bull. 1909, 6, 149. White (Phys. Kayes, J. Amer. Chem. Soc. 1920, 42, 54; 
Rev. 1910, 31, 135) discusses the utility of Het Natuurkundig*Laboratorium der Rijks- 
thermo-elements and tho relative utility universiteit te Leiden, Articles on Thermometry 
of thermo-eleipcnts and resistance thermo and Manometry, Kecsom, p. 89, Crommelin, 
meters. p. 211. 

The question of the calculation of the true For the apparatus fqr the determination of 
temperature of the hot junction when the cold the heat of evaporation of liquids of high boiling- 
one is not at 0° has b(*en fully discussed by ix)int8, see Awbery and Griffiths (The Phys. 
Offonhaus and Fischer, Elcctrochem. Ind., New Soc. of London, 1924, 36, IJ93). 

York, 6, 1908, 362. .4» inler comparison of hgh4emperaitire scales. 

Vapour ^pressure (hermometcr.— ’This form —An inter-comparison has been made by 
of instrument was recommended by Lord Kelvin Forsythe (Astrophys J. 1923, 58, 294) of the 
(Pr. E, 1880, 432), and was introduced into high- temperature standards used in certain 
practice under tlie name of tho ‘ Thalpotassi- research laboratories in the United States of 
meter ’ by SchalTer and Budenberg (Dittmar, America and abroad by tho method of bright- 
J. Soc, Chem. Ind, 1885, 44). if the vainnir ness temwratures iis measured by^ the dis- 


pressures of a given liquid have been accurately appearing filament optical pjTometer, The 
determined through a certain range of tom- ‘ brightness tempe*raluro ’ of a non-black body, 
perature, any tenn)crature within these limits as determined by measuring the brightness for 
may be aftcrward.s determined by observing a given wave-length A with the pjTometer, is 
the pressure exerted by the vap(»ur of the defined as the temperature to which a black 
liquid.^ body must be raised to give the same brightness 

The method jK»8sesses tho great advantage for the same wave-length. Thus if the bright- 
that alteration of the capacity o( tho vessel ness temperature of a body is 15(X)'''K. for 
'containing the liquid and* vapour is entirely A«0'665^, ih^ for this* wave-length the body 
without influence on the pressure, which is has the same Drightness as a black body for this 
solely dependent on the tempdVature. same wave-length. 

l^bably the most serious objection to the ^weral tungsten lifmps which had been 
method is the dilliculty qf filling the ve&sel or carefully aged in the Nela Research Laboratory 
rwiervoir with the pure liquid en/iVeiy/rce /rw« ■were sent to the Bureau of Standards, the 
air, and if this difficulty be not overcome large National Ph^'sical Laboratory of Great Britain, 
errors may be introduced. For hiffh temjxTa- tho University of Wisconsin^ and the Research 
turca, a mercury vapour pressure fhermomoter Laboratory of tho General Electric Co., re- 
is sometimes serviceable (Ramsay and Young, questing that the temperatures of the lamps 
Chem. Soc. Trans. 47, 651). The mefcurv must should be measured for specifiea currents, fn 


18 sometimes serviceaoie ^ivamsay ana aoung, quesunc inat me temperatures ot toe lamps 
Chem. Soc. Trans. 47, 651). T]ie mefcury must should be measured for specifiea currents, fn 
^ well boiled to remove the film of air adhering each of the laboratories toe temperatures wem 
to the glass, but this may be done,without much measureil with a disappearing filament optical 
difficulty. A liquid oxygen vapour pressure pyrometer, using a plate of red glass as the 
thermometer is recommended for temperatures monochromatic scretm. The msults give not 
between —183® and —200° by SUjck and Niel* only a comparison of the brightness temperature 
son, Ber. 1906, 13, 39, 2066, and excellent results of tungsten but also a valid comparison of the 
have been obtained with such an instrument by high-temp6rature scale. In eacli laboratory 

1 13 1 - V 11’ 4. 1 .' U i. 4 I. i. J . " 


tnermometers and pyrometers nave been devised paiindium ( &.), [b) extrapolation by means 
by Fournier, and an account of these instniments of Wien's equation using u>r C| the valu^ 
is given by Marieni (Eloctricitk, Milan, 1908, 14350° p. Necessary reductions due to various 
30, 82). H. V. Siemens (Ann. Physik. 1913, factora such* as a diflerenoe in the standard 
42 , 4, 871) desoribes a modification of Stock temprature, or a different value of the constant 
and Nielson’s thermometer and tlie vapour Cg have been considered. A table is then 
preesuxes of CSg, COg, Og, ana Ng, wiiioh he given of^thewalues obtained at4he vaiiotts 
Vol.VIB-% .• 
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laboratories, the agreement being very good. 
Part of the table is given below : 


4 

1 

Lamp 

1 

•• 

c 

T-78-C. 1 

15-4 

20*4 

27-4 


o , £1 

1 CO 

.N ,©i 

hs ■ hs 

.4^ i §2 


rtcT ' i r 


§ I* M g 

< < 


0 0 

0 0 

1825 1825 

1826 1824 

2262 2205 

2206 i 2265 

2746 2757 

2753 ■ 2755 


*• 


1828 

2260 

2755 


(Sci. Abstr. 1924, 27, 527). 

Thf meas^irmcrU of small sources of heat: 
. The us^ of a compensated micro-calorimeter . — 
The instrument consists of a cell placed at the 
centre of a constant-temperature bath and 
separated from it by a thermal insulator. The 
evolution of the heat to Ixj measured takes place 
in the cell. A thermopile, joined to a galvano- 
meter, is connected by a scries of junctions with 
the cell and by another serifs with the bath, and 
serves to measure the difference in teiniierature 
of the two media. 

A second thermopile similarly placed is used 
to absorb, by the Peltiej effect, the heat evolved. 
Compensation is effected by adjustment of the 
galvanometer deflection to zero. It is suggested 
that the method mt^^ be suitable for following 
the progress of chemical reactions where small 
changes in heat take place or for calorimetric 
obsen^ations in biologv (A. Tian, Compt. rc*nd. 
1924, 178, 705; Sci. Abstr. 1924, 27, 627). 

S. V. 

THERMONATRITE t*. Natron ; Trona. 

THERjnOSTATS. A thermostat may Im* 
defined to be an apj)aratas so arrange<l ns to 
maintain the temperature of a space constant 
between certain definite limits. Previfuis to 
18G0, the forms of apparatus emjiloyetl were 
. comparatively few and simple, but during 
subsequent years refinement af physical and 
chemical experimental methods has Vd to the 
design of very numerous varieties of thermo- 
stats. Some few of these have yv" adaj»ted to 
technical u.se6; in general these applications 
present little complexity and do not call for any 
detailed description. They have mainly l>een 
applied to the terojicrature regulation of steam 


a uniform temperature by thermistats con- 
trolling the gas-heating system. Automatic 
fire-alarm devices are usually supplied with 
thormometric or electrical thermostats arranged 
fKh give warning by telegriphio or mechanioal 
signals. 

The thermostats and thermo-rcgulators 
suggested may be classified as ; — 

I. Thermostats depending a flow of heated 

liquid for the maintenance of 'a cgnstant tem- 
ix>rature. -* * 

II. Thermostats utilising the latent heat of 
the alteration of the state of aggregation or 
change of phase of a body : 

(tt) Change qf phase at freezing-point or 
crvohydric-j»oint. 

(h) Change of phase at boiling-point. 

(f) Change of phase at invorsion-point. 

III. Other thcrmo.stats not automatically 
regulated through meclianical or electrical 
means. 

IV. Self-regulating thermostats, inclu<ling— 

{(i) Mercurial or other single-liquid thermo- 
meters : 

1. Acting directly on thc^gaa supjily or 

ot he r heat source ; 

2. Acting (HI th(‘ source of heat through 

(‘h'ctrical arrangiuncnts ; 

:i. Acting on the source of heat through 
mechanical arrangements ; 

{h) (hi‘« thcrm('mctcrs : 

1. Acting on tlm gas Mipply by transmis- 

sion of pressure through a liquid 
column : 

2. Acting through efectrical arrange- 

ments ; 

I). Acting through mechanical arrango- 
menls ; 

(r) N’apour-leii'^ion thermometers: 

1. Air and vaijour ; 

2. Vapour in contio t with its own liquid 

only ; 

((/) Thermostats de pending on the differential 
expansion of sohd sulistances ; 

(r) Klec^ically hcat(sj ihcmuHtats with 
elect rica? (XHitrul ; 

( f } OtluT mechanical n-gulators. 

The limits of this article pnndudc the de- 
f‘^J^iplion of more than a few of the more typical 
I cxamj>lcs of each of*th(*.se class<M» ; details of 


and gas heating aysteniR and mon* recently io«j (tlhcr forms and refenmees may Ih' obtained 
the control of electrical heating. Among other | from : 'JVmfxratqre Hegulafors, J. T. Brown ; 
purposes the tempsrature control of incubators i J..ti'';>cyres, 1*c»gg. Ann. 1.72, H. Haintnerl, 


neat^ by gas or electricity, of o', ttylene heated 
germinating sioves, and of pasteurising appa- 
ratus used in the sterilisation (»f milk are note- 
worthy. The automatic regulation of the 
temperature of fermenting worts, <4 dy^'-vala, 
of evaporating pans and vacuum still.s, lias 


Carl h Uep. 18, lss2 ; K. Arndt, Zcutsch. Chem. 
Appuratenkunde 1. 255-263; Fr. (friiUmmdier, 
Zeitsch. Jnstniiiienlenkunde, 22, 184, 193, 201 ; 
W. C. (icer, .1. Flivs. (Vm. b, 85-105, H*U2, who 
gives a geiu't^l diAcassioii and a useful bildio* 
graphy ; IkKlcnslein, Zeitiwdi. physikal. 


resulted in improvementb in the sugar, spirit, ; t hcin. 1899, 3<», 113 139, who siipjilice a cleUtlod 


and dyeing industries. Similarly, thermo- 
regulators are extensively ada]it4‘d to ig*curc the 
more exact and (x;onomicai working M lacquer- 
ing, brazing, tempering, annealing, and roasting 
ovens and kilns. NumerotM systems for the 
central heating of public buildings and houses 
i>y steam, hot water, gas, and hot air are now 
automatically regulated l»y. t Im rmonfllric or 
electrical contnd apjiaratus. Hirmlar thermo- 
static arrangements are also use^l in conmnition 
with steam-Leating devwjes in railway earriogea. 
In gas-teaUig stations, rooms ar0 ma^taiiied at 
• * 1 •• 
•A 


account of Jlherimw^tats used in gsyi-reoidum 
n'Mtarchejj, and II. \\‘. Fischer and <), Bobertim^, 
ZcitH<‘h. Kh'ktnw liein. 1908. 14, 376. See aim 
(*umming, Trans. Fanwlay Hoc. 1912, 7, 263; 
BouMtiehi, 2r>0. 

1. Thertno^iU depending on a fitm of heated 
or cotdtd liquid for the matyiieaafice of a conehet 
tmperature. -'Uw fonn (d appartitui inmtad 
by V. Blauf us- Weiss nuiy bo idapUKi fw wm 
either as a jirwiauri* <ir temnenlurs ncifulaiar 
(I). It. R 43«r4, 1887). fa the kHar 

eapaeiiy, it ooiwista esseatittiy q| a oyliadiM 
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valve controlling the Rnpply of hot or cold thus raiHcd, and th 3 vessel or bath is sur- 
currents of either liquid or vaijour to a worm rounded by the boiling liquid, 
arranged in the vat to bo maintained at a uni> L. Meyer deviled an apparatus for deter- 
form temperature. The valve is formed by ah mining the boiling-point of aliquid at any pressure 
elliptical slit in a ^eet cylindershrMch pasw^ below that of one atmosphere. * 

half round the circumference of the cylindot, It may bo used to control a H 

and, when the Hitter revolves, is brought more constant-temperature bath (An- T1 

or less opposite to tqbes opening into the sides nalon, 15, 303). The apparatus A | 
of the drum, which serves as a valve-box. The (see Fig. 1) is a pressure control | 

space within the revolving cylinder is fumiKlicd valve. The mercury in ab cuts “1 1 1 

with tu^ pass^ through the head of the drum off the connection with the air- 0 A| I 

to serve as supply or exit pipes. The valve is pump through H as soon as | 

worked by the rise and fall oi a vertical piston, the pressure is reduced to the || ! 

actuated by the expansion and contraction of a required point ; CD is a mer- jj| I 

quantity of mercury, which is contained in a b<*ll- cury valve which admits air to | j ^ 

shaped vessel of which the wider end is applied the apparatus immediately the M 

to a small chamber w'hioh forms a side continua- pressure falls below that fixed i 

tion of the vat. The vertical movement of the upon. | 

piston is transformed into the circular motion of Brown has improved this j 
the valve in a horizontal plane by means of a apparatus, rendering it possible | 

pin working in a screw slot on a hollow cylinder, to use it for pressures higher, | 0 

A simple thermostat for use in connection as well as lower, than one atmo- j: 

with the rcfractometric examination of oils and ! sphere. A mereur^ manometer 
.fats, by T. E. Thor|ie (rhem. Soc. Trans. 1901, is so constructed that, imme- 

257), uses a constant current of liquid, under a diately the pressure falls below M 

defined pressure head, heated by passing throjjgh or rises above that determined W\ 

a coil in tiie \*ajMnir of a Ijoiling liquifl (r. vol. v, an electro-magnetic clutch, ft | 

662). actuating a suitable Btojx'ock, j 

W. Behrens (Zeitsch. Wiss. Mikrosk. ISO.*), 12, is placed in a battery circuit, | 

1 ) describes a neat air-worketl expansion valve and thus connection is ^made U 

for controlling a hot- water currei t Mipplied to between the reservoir and the w 

the hot stage of a inicroscojje. pump or outer air, as may be h 

Other forms using this principle are required for adjustment (Phil. Q ^ |\\ 


the hot stage of a inicroscojje. pump or outer air, as may be jB J 

Other forms using this principle are required for adjustment (Phil. \u^ |\\ 

given by J. Ph, Oriinig, D. U. P, 7riS82, ISO, 3 ; Mag. 1879 [v.| 7, 411). Jjj 

.1. iSchalkwijk,* Z<*it.sch. Tnst. lOtH, 21. 338; A. Fock has constructed a 
and T. Al. I./) wry, Trans. Faraday Soc. li»07, 3, very semccahle bath, in whi(‘h ^ ^ 
HO. * common iK'troleum is used a.s the Fig. 1. 

A thermostat for low tein|>eratures has Inen mixtiiro of liqukis of different 
dcscriUMl by Walton and Jmid, J. Phys. Cheni. lK)iling jx tints. A double cylinder ab (Fig. 2), 


J9I4, 18, 717. 


1 serving as a vaixtur-jacketed bath, is connected 


II. Themofitali vtUising the laitni hent of the i by means of the side tubesnaud^ with the reffux 
alteration of the state of mjijregation or change of \ H 

•phase of a hodg . — («) Kefereiioes to iyinoa using i |l 

the change of phas<' at the fi-eezing-jK»int and 
cryohydric point will be fouiifl in ^tH*r's hiblio- 

grapby (/.c.). To these may l>e added ’Travers C 

(ZciUch. physikal. (‘hem. IIKK), 52. 413), using * 

alcohol and carbon dioxide snow for low tom- 
peratures. 

(5) The eliange of phase at the lv)iIing.|Kunt ^ 

is mow generally utilised. The va|H)ur from a< j 

liquid boiling at the requif^'d tem|H'rature is i C 

caused to surround the oven or T)at h to U* ‘ -j l, . 

heated. Hero the tem|K'raturo* will vary — 5 — 

according to the pressure under which the ^ 

liquid is boiled. ^ 

The liquids used for this purpose are:— • J tjjr . 

Water, other, methyl and ethyl •alcohols, ben- [L ^ ^ 

zone, toluene, acetic acid, carlin disulphide, 

amyl alcohol, xylene, turpentine, aniline, naph- — 


thalene, glycerol, diphonYlaminc^ tho« mono A Ijl 

hydrate of Bulphuric acid, mercury, paraffin, jT 

sulphur, xinc. * r~>-3 ^ 

The temperatures so obtained lie between l K ] 

22^ and 1040®. At the ordinary* atmospheric * 

pressure one definite temiierature is obtained 

for each subsUuce used. Intemediate tempera- PiQ, 2. • 

tures may be obtained in several ways:— • * * 

(1) The pressure under which the vapimr is condenser 0 .* The tube 0 connected with the con* 
(ormsd is varied; (2) mixtures of lii|uids in denser communicates, through the stopcodi r 
various proportkais are used ;*(3) a solid is and tube d, with the r«servo& fiaak^t, A mix*^ 
dlssohud In a liquid, the bf^iog^pomt being turn of ii|uk^e,g. oonuuao petiolsim) is pk^ 

, '• Gi-i6%r,r' i • 


20 * , thermootats. I , • 

in the bath and distilled, the distillate passing Jnlien storage “ 

through the open stopcock r into the flask K. constant cui^t, throueh 

At the moment when the regnired temperature of the length of a J””, *" 2 r 

is attained, as indicated by the thermometer T, i#hioh the ourrent flows, bjr halanoe 

the stopcock V is closodf the distillate now «»d cont«)lle4 by moans of a Ti^om^n ^oe. 

returns through the tube h to the bath, lienee . Other ^ ,071' 

the temperature of b will remain censtani lor scrilicd by Mahlko (Acitseh. Inst, lot . , , )> 

any length of time (Ber. 1885, 18, 1124). 

Ramsay has used a vapoiir-batli in which the 

temperature is controlled by regulating the i ^ 1. 

pressure under which a selected pure liquid is a# { ( i * • 

Doiled (Chem. Soc. Trans. 1885, 040). [ZtiH 

J. Traube and L. Pincussohn (Zeitsch. Inst. O 

Beib. 1897, 17, 49) have also devised a simjilt* j;. « 

thermqstat using a boiling liquid under a eon- jj* 

trolled pjessure. For other forms see Geer (/.r.) ; t ^ ♦ 

F. H. Dupr4 and P. V. Pupr^ (Analyst, 191:1, M 4, 

38, 308); Field (J. Ainer. Chem. Soc. 1914, 

36, 72). Brame has described a constant 

temperature heating apparatus f(^r €‘xj4osivt*s / 

and experiments on the decomposition of nitro- 

celluloses (J. Soc. Oiein. Ind. 1912, 31, 159). KnJ. 1. 

An easily adjustable valour tliermostat has 

been contrived by Fletcher and Tyrer (Chem. Pulfrieh (Zeit. IS9S, IK, 4!>), nnfl Holho 


Soc. Proc. 1911, 28, 189). 

(c) Richards and Churchill (Zeitsch. ]>hysikal. 


{ibid. 143, 1899, 19). 

l\\ Sel f ’regulating thermostats i (a) Single- 


Chem. 1898, 28, 313) Ijave similarly used th(‘ \ liquid thermomfkrs (I) art ing directly on the gas 


change at inversion point .s. 


supjdy or other heat soure*. — 'riiernu'stats of thin 


III. Other thermostats not automatkally regu- and allied types hav(* U^en frequently utili.sed in 
lated» — ^Instruments serving as indicators only connection with tethnicnl proechses and heating 
have beqp devised by Hall (Q. J. Sei, 1818. systems; references to a niimlKT of the.se arc 
5, 52); Boyire (Ann. Chim. 1850, (iii.] 28, given at the end of this article. , 

5) ; A. PVasf'r (Jfuir. (Jas iteiehert’s form of regulator is essentially 
V ^ Lighting, 1881, 38, 798); that of a mercury thermometer, with a reservoir 

^ ^ ,1. Barnes (Chem. Soe. at the top of the column, 'fhe gas supply tulxj 

ii Tran.s. 1881, 39. 403); A. j is placed so that its coniraetcfl ojHmiug is ver* 
V. Hareourt (Proe. Roy. i tically (jver ami near to the surface of tlie top of 
Soc. 1882, 34, ItiO) ; I’, j the mercury column. The lea<ling tuU* takes off 

KreuslcT (C’hem. Zeit. 8, gas at the side of the reservoir. A small side 
1321); and (’. Winkh'r tube on the stem is suj)p|je<l with a screw' by 
— (Ber. 1885, 18, 25.33). ' means of which the mercury level may at any 

3 Bunsen’s thermo.Htat time be adjiLsted, and the tem|Kraiun' mam- 

J (Annalen, 1 11, 273) is his- tained thus altered at will ( Kig. 5) (ZiuUih. 

? • torically interesting. anal. Chem. 11, ;i4 ; Pogg. Aim. I-U, 407; rj. 

f Exner's thermostat is Fontaine, Aiyi. Chim. 

of* e.v{K*ciaMy^Iue, as it j Anal. 1911, 10,52; 

allows of constant tem|K- j Fander, Chem. Zeit. 
raturcs iK'ing maintained j 1913, 37, 49). * / K 

Fig. 3. belWn cr^ and H) (see , (hTliardCs modi- -m 1 ./ 

Fig. 3). It consists of an | heat ion j)erinits the 
inner fla«k, surrounded by two eoncentrif* i•lIlst^ument to Im* W 

glass vessels, with an air space lietweeii; the 1 lillwl easily wiih . . ■ 

three vessels are fastened abine to a zine I mercury. * |K^3B 

plate. A delicate thermometer and a tlu rmo- | Jb'gulatfffs of the ( 

element are pjpeed in the eenlr<' of the flask’; 1 same lyjie, hut vary- I 

the stem and w-ires pass through a leaden pi|»e ! ing sfuiK^wliat , in I 

attached to the zinc plate. Between tlie two I ff,rm, have l>i‘en eon- I 

surrounding vessels is coiled a (;<rman-.*.ilver 1 strueted l»y • Page I 

wire, the coils hanging fre<dy without contact | (('hem. Sov. ^Vans. A 

with either vessfd; wires jjass from the eojl to ! iHTtja 24), Fletcher H 

a battery through the leaden tube*. 3'he wholo ; (,7m/. U7ti, 488), and V 

is completely immer^fKl in melting h e, contained | Hnulin (Dingl. ik*1v ^ 

in a fourth vessel; the leaden tuU* Hone j.ro- ,J. 227. 2(13) • 

je^, and serve* to k«!p ihc wires from tot, i«.t Wliimkir ((Vni. .NVw«, l» 13 , 107, 242). Tlw 
I'l^inK &n ( Icciric current instrument rflcviwd by Uniilm if mid* (•! 


tphu jhTrvrK ‘’y /■ A* tbu nni ,»•»<; do»o 

.w' .1 ‘ho nl Ih« KM«up,>i.v tuU, the pm 

rnm tratron (Fig . 4) fhown the ,jomti. in which cbh unlv iwmI the bunwitib. bj Mtrini 

a. KMmmt torn ,1. i'-TS 

• . \ • • * 



T 


’ THERMOSTATS. * 21 

surface of the meroim A small tap ^ maintains aid of any form of pressure regulator (the 
a sufficient supply of gas to the burner to avoid gas pressure varying from 50 to 60 mm. of 

J c extinction of the flame by water), maintained* the temperature of a water- 

Wie complete interruption bath of 150 litres capacity diging 30 days 
f of the supply hd, • constant in a room varying considerably in 
, In the thermostatit; temperature. The greatest difference between 
battery by Bibdin and the extrenfe temperatures (observed at«fegular 
ir" 8f)fiith, in use at the metro- and frequent intervals) was 0*02^. A small 
* {K)litan gas stations, large part of the heating gas only passed through the 

J mercurial thermometers arc valve d, sufficient to heat the bath within a 

^ employed. The tubes by short interval of the required temperature was 
w'hich they communicate Hupplie.d direct from the main, 
with the supply tulx^ are Another convenient form of toluene regulator 
provid(‘d witli .stopcocks, so is described by Ixjwry (J. S^k;. Chera. Ind. 1905, 
that any One or more of 1033) ; there is a helical toluene reservoir tube 
them may be thrown out of coiled round a straight vertical stem containing 
action. They control the gas mercury; it is j)rovide<l with a wide bye-pass 
supply to the boiler con- but has no provision for ready adjustment of 

nected with the hot-water the temp^^rature, and the mercury and toluene 

pipes, arc in contact near the lower end of the helix. 

For more accurate work, Slator has descrilied (J. Soc. (Iiem. Ind. 1911, 


the mercury has been re- 30, 61) a modificat^n of the ordinary toluene 


jilaced by 30 p.e. 


regulator by which it can be readily adjusted 


chloride solution, alcohol, < to any dcsire<l temperature, 


l>enzoline, {letroleum, xylene, Hannay (Mon. Sci. [iii.] 16, 1021) and 
or tolueiie. The toluene F. W. Dah rt (Chem. Zeit. 1886, 52, 789) have 
n'giilator lias gained general designed thermostats belonging to this class, 
acceptance ; a simple and 


- easily constructed form, 

I- i- designed by H. Lunden and 

|y W. Tate (Zeitsch. (‘hem. 

Apparat. 11. 1, 1.3, 1907), is 
sh(»wn in the sketch (Fig. 7) 
Fto. 6. • with dimensions in milli- 

metre.>. The column of 
calcium chloride solution prevents contact of 
the toluene with the mercury and with the 
sto{)cook R, thus doing away with the slow { 


/I 

• i 

'[ • 






^ I U • ! Further references are given by Geer (J. Phys. 

5 i ( hem. liH)2, if„85) ; cf. l>avis (J. Amer. (hem- 

* ^ IT— .1 ^ j 37 ^ 1198). See aLlt> Starkey and 

I Gordon (J. Ind. Kng. (.Jiem. 1922, 14. 541). 

! ( 2 ) Thernui^Uits (icitmj on iJie sourte of beol 

j through electrical arrangements . — The usual typo 
CaCLSol * employs a menury thermometer 

^ t ^ with one |K»le of a battery permanently con- 

A ^ nect wi t h t he mere ury anJba second adjustable 

|M)le wliich completes the circuit at the desired 
maximum tetn{H*raturo. An e^xstro* magnetic 
^ V i * * arrangement in the circuit actuates a gas-cock, 

I ' g t^r w(»rks a gas valve either directly, or. by means 

i J • of a plunger, indirect Iv controls a mercury valve 

I I • of the usual typi>. Tliis form of thermostat can 

It * niiule very rapid in action and practically 

y..l • * iiuhqx^mlent of variations in the gas pressure. 

* r--.. Seheihler has constructed an elcetro-thenno- 

Toluefi0 ^ with^he usual form of electric thermometer 

, "** is provided with a leather pad, which works 

against the iHmtmuaUon of the |as-suppty laltp 
6, and Vith jt forms a valve which cuts off ilm 
evaporation of the expanding liquid and gas when tfie mercury comes into contaot with 
•Uowing iho use of ordinary luhiicants with the uppr platinum wire. The extineikMi of tha 
the stopcock prwrided to male temperature flame is avoided by having a small bole at s la 
adjiiitmenj^, This regulator, without the the tu^^, mflro or less <^sed bylneaiia of the 

t • * y - - * 
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screw d, through which a small stream of gas steam supply. The spring /«iMurM the return 
can escape into the box, and hence into the of the piston, the movements of which are 
burner tube (Zeitsch. Anal. Ohem. 1868, 88). recorded by the indicator I, which thus acts as a 
Kohlrausch adapted this principle to the yiermometer. • . 

remilation of the tcmocraturo of a hothouse • H’Arsonvrfl constructed a very delicate ther- 


regulation of the temperature of a hothouse 
(Dingl. poly. J. 389, 175). E. E. Reid (Amer. 
Chem.V. 1909, 41, 148-152) employs*a mercury 
valve worked by a plunger controlled by an 
electro-magnet. 

A high-temperature thermostat, capable of 
being kept constant to vithin 1® at 1000®, has 
been described by Hanghton and Hanson 
(J. Inst. Metals, 1917, 18, 173). 

A thermo-regulator for thermostats at 
temperatures close to ordinary room tcrajK'ra- 
tures has been described by Powell (J. Soc. 
Chem. Ind. 1914, 33, 899). 

An electrical contact vapour-pressure thermo- 
regulator has been contrived by Field (J. Amer. 
Chem. Soc. 1914, 36, 72). The regulator has 
proved sensitive to 0‘1°-0-005®. 

Other forms are quoted^by Geer (see iv. 1) ; 
to these we may add Clerget (Dingl. poly. J. 
134, 23), Pfaundler (Carl’s Rep. 18, 443), and 
Salet (Bull. Soc. cliim. 1865) ; Morgan (J. 
Amer. Chem. Soc. 1911, 33, 344) ; Bunzcl and 
Hassellring (J. Amer. •Chem. Soc. 1914, 36, 
949) ; Gouy {ibid. 1920, 42, 60). 

The sensitiveness of a mercury thermo, 
regulator operated f'lectricully is affected by 
the adherence of mercury to ch‘an platinum. 
Mansfield Clark (J. Amer. Chem. Soc. 1913, 35, 
1889) finds that by substituting a nickel or 
nichrome wire for platinum, the making and 
breaking of the circuit may be made to occur at 
temperatures much closer to one another. 


Aostat (Fig. 10) by surrounding his oven with a 



temperatures much closer to one another. screw or by a cork through which a lhcrmomct(?r 
For a description of a thermo-regulator with passes. Connected with this w'ater chamber is 
the characteristicvs of the Beckmann thermo- the .side tube* o, closed by a caoutchouc inem- 

raeter, su R. B. Harvey (J. Biol. Chora. 1920, brane. Near t«) the centre of the surface f)f tlie 

41, 9) in Abstract. Chem. Koc. Trans. 1920, ii. chaniber completely tilled with water, which is 
161. introduced through an ojx'ning r, clo.sed by a 

. (3) Tkemostats acting on the source of heat membrane the gas-Huj»ply tube terminates— in a 

through mechanical arrangements. — Randall's ap- small metallic valve- box, from which the gas is 
paratus (Dingl. poly. J, 224, 478) admits of led off to the burner by the tula^ d. The expan- 
direct technical applications, as is adapted to sion or coniraction af the large volume of water 
the heating of large masses of watef to a constant in the outer chamber camscs the caoutchouc 
temperature by the use of steam. In Fig. 9 6 is membrane to lessen or increase the distance 
A between the supply tulje and its o>vn surface, 

- thus forming a very sensitive valve, which con- 

trols the supply of |^as to the burner. This 
' ’ regulator is said to keep the temperature con- 
stant to gj,® (J. IMiarm. Chim. [iv.] 26, 474). 

To maintain constant higher temperatures 
than can be employed with water, D’Arsonval 
substitutes a brass iiilie (Fig. 11), containing 
|)etroleum or glycerol, for tlie surrounding water 
chamber. The membrane is replaced by a cor- 
rugat'd metaMic plate such as would be used in 
an aneroid barometer ; 5 is a leaden tube pro- 
longfng the brass tube ; it is hermetically closed 
after (Aargiifg the tube. The ciiambor at the 
back of the an(<roid plate communicate with 
the main tub(i by two small tubes m and n. 

Hevcral other forms of this regulator, retain- 
ing the same kind of valve, have been con- 
structed. The valve itself has been mounted 
t Fio. 9. separately on a stand, and provided with a 

funnel and stop-oock to adjust the amount of 
a thin-wallw tubular vessfd containing some liquid in the connected reservoir and the lower 
expansible liquid, the movements of the surface part of the valve, and with a bye-pass to insure 
of which are followed by the piston s. This that the flamed never quite dkting^hed. The 
putdii wor»^a valjp v, whiolf coiRi^ls the same type of valve has also been adi^ted to the 

• \ i 
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regulation of the fl^w of a cooling mixture, used 
for obtaining temperatures below that of the 
surrounding air. 

G. Dorian (Bull.,Soc. Ind. Mulhouse, 1000, 
71, 249) described a combined heat and moisturb 
regulator, in wh^ch the expansion of the liquid 
of a thermometer with a reservoir of spirally 
twisted tube controls a cock regulating the 
ciurent of heating fluid and a hydrometer 
regulator #or^ the moisture supply. T, S. 
Patterson (J. Sec. Chem. Ind. 1902, 21, 456), 
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N. A. llandol])h (Jour. Franklin Institute. 1883, 

1 10, 465), V. H. ^'oley (Chem. »Soc. Trans. 43, 370), 
and Nauraan (Dingl. i)oly. J. 226, 276), give other 
forms, an^ various technical adaptations will be 
found in the list given at the end of this article. 

(6) Oas thtrmmekr regulators, 

(1) Acting on the gas supply through a liquid 
piston,— A thermostat on this principle was 
devised by Kemp (Dingl. poly. J. 117, 352) and 
improved by Westly. ^ * , 

Bunsen's thermostat is a m^itlcation of 
Kemp's. The gas supply a^d exit tubes are 
arranged as show'n in h^g."l2 ; the supply tube e 
{ lasses through a brass cylinder h, which screws 
into the loose brass cap ». At its lower end is a 
slit, and it is provided with a minute orifice at o ^ 
the exit tube r is joined 04 to the side of the 
cylinder H, the latter being contihued by the 
gloss tube B to the same depth &s the supply 
tube. Tlie cap is fitted on a brass tube supplied 
with a slit in wliich the tul^p v can slide. A 
glass cylinder closed at the lower end continues 
tins brass tube. In the lower p^t of this glass 
vessel is a glass air<chamber opening downwards 
and closed by the mercury contained in the 
cylinder ; this air-chamber prefeoibly lakes the 
form shown at 0. The ex{)ansion of air in 
the chamber causes the mercury to rise in the 
cyli^cr, and thus partially closes the slit ; the 
{Kisition of the slit is regulated by.the screw cap 
until the rMuired temperature is attained. The 
minute orinoe 0 insures that the gas supply 
should never be completely cut off (Dingl. {wly. 
J. 143, 342). 

Bunsona low-temperature regulator has a 
larger air ohamhMr, and is provided with a side 
tube and itopoock, by means of which the 


amount of mercury present can be readily altered 
(Desaga’s Ckitalogue). Pontallie divides the gas 
supply after passage through a Bunsen’s regu- 
lator, using one part to heat the regulator only, 
the remainder heating the bath. As these quan- 
tities are in exact and determined proportion, 
the temperature of the bath is maintainqd con- 
stant when that of the regulator does not vary. 

Schorer separates the air-thermometer reser- 
voir from the valve to enable the instrument 
to be used for high temperatures (Zeitsch. anal. 
Chem. 9, 213). 

D’Arsonval adapted his thermostat for use 
at temperatures between 150° and 1200° by 
substituting an air reservoir for the jietroleum 
reservoir employed at lower temperatures. The 
reservoir was made of glass or porcelain. The 
aneroid valve w'a.s at the same thne furnished 
with a lever-arm and weight p, by means of 
which the pressure on the lower surface of the 
aneroid plate could be more or less compensated, 
and the amount of gas supplied altered at will 
(Fig. 13) (J. Pharm.^’him. [iv.] 26, 474). 

Although a number of varieties of this 
t3rpe have been used {see Geer’s bibliography; r 
J. Marlenson, Chem. Zentr. 1872, 513 ; Clowes, 
Chem. Soc. Tran.**. 24,^639; L. Saarbach, J. 
Amer. Chem. Soc. 18, 511, 1901), and the 
priiudplc has been technically applied in con- 
nection with furnaces of moderately high 
j tcm{K^rature for low temperature work the 
toluene thermometer forms arc to be 'preferred 
for accurate long period temperature regulation ; • 
all gas and vapour thermostats suffer from the 
d('fect of needing regulation with the changes in 
pressure of the air. 

(2) Acting through deetrical arrat^emenis , — 
These devices resemble the instruments in 



Fiu. 13. 


group iv. a (2). Haundler's apparatus (Carl’s • 
Ucp. 18, 443) is similar to Schcibler’a, the poinU 
of difference are sufficiently evident from tha 
annexed figure (Pig. 14), 

Solari (Bull. 'Soc. chim. 1923, [iv.] 33, 
1000) has described an apparatus which consists 
essentially of a differential air thermometer 
with meroury as the moving liquid. One biBb 
is maintaiffed at a constant temperature and 
tile other is placed in a small auxiliary lunio^ 
of copper turn connected in series with the main 
furnaoe^ The tube containing merepry is 
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provided with three ^platinum contacts so with which connection is mi^e through the tap 
arranged in connection with a resistance and b on a side tube (Ann. Chim. [iv.] 25, 386). 
a swinging commutator thajj automatic regtda- W. T. Richmond (Amor. Chem. J. 5, 287), 
iion of the current passing ilirough the furnace Bendix and Jiohso (J), R. 1^. 14242, 1880 ; Bcr. 
is secured. H Q be the thermal capacity, R f4, 2008), and Bochem (D. R. V. 18077, 1881 j 
the radiating power, and C the conductivity of Ber. 15, 1220) have also devised self-acting 
the tuhe carrying the heating coil of the main thermo-regulators of this typo.* 


furnace*, and. q, and c the same constants for 




Fig. 14. 


(c) Vapour -ttnaion therw^meim, 

(1) Air and iwpotir.—Andrese’s thermo-regu- 
lator is a Kemp thermoBtat in which the expan- 
sion of the air in the ri‘.sorvoir iaincreascd by tfie 
addition of a small quantity of some readily 
volatile liquid. Such liquids as other, alcohol, 
acetone, light iHjtroleum and water may bo 
emplc»yed for the purjmse. Ether is particularly 
suitable, on account of the rapid increivse of its 
vajKiur ten.sion with increase of teini)erature. 
A thermostat of this form will maintain the 
t<‘m]H‘rature of a water- bath constant within 
0*04 O'd.V (Wied. Ann. 4, lil4). 

JiOthar Meyer liiw also made use of the same 
prineij)Je 1 Her. 10, lOSS). 

The htllowing mixtures of liquids of constant 
boiling- j>oint, for use in constant temperature 
heating baths, have been suggested by A. 
(iolodetz ((‘hem. Zeit. IhU, 3S, 12.>3). 



the small one, then temperature eontn*! to ' 
within ±5^^ may be obtained by making Q 7 j 
very large, R'r verytsmall (but r must not be 1 
too great^, and C/c very .small (c may be very | 
large). ‘ ‘ : 

(3) Acting throwjh incflianical arrangaunth^--^ : 
Jeannel’s thermo.stat (Fig. 15) is an air-ther- 
mometer thermostat in which the air reservoir ! 
consists of a metallic vessel of e.c. < 

capacity. iThis is connected with one limb (»f a j 
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U-tube containing glycerol. In the other limb h-V' 
a float G carries a steel nmlle workiifg lf»ow lv 
in a fine caoutchouc tubr* 0. By a ri«* of the 
liquid in p, the float, guided Hv tiie «tw4 fi«*dle 
bnngs the flat upper surface of the w^aling wax 

w mounted, ne^r to the i 1 
mouth of the tulx; 0. thus forming a va!¥t* cron- 
filing the current of gas from the supply tufie j 
to the exit tube p, of which o is a continuatum. I26*» 
The pressure of the air in a is mcHlffiiHl at 
Ideaaqre by |;>eaiis of the caoutcipjuc i^ump n, 

• • A « - 


('(ims>o>itiou of li<}uhl. 


Water and ether (lieteroueiK’oii*^). 

Ali'ohul (It) and etliyl broniifie (97). 

I'arlMin (li.snipbide (87) and methyl 

alfoliid ( 1 in. ^ 

(’)irlKin (Intiljihnlc (71) and methyl 
urelat«* (251). 

Carluaidisulphhle (91) andalcuhol 

( 0 ). 

Methyl alcohol (12) and chloro- 
form 

Meth\l alcohol |20 (») and c«rlK>n 
tetr.H-hlonde (7{l‘4), 

.Moth>l ahohoi (ll^'4) and Umzimc 
(Ul(i). 

Aleoliul (ti) and ehiorofonii (94). 

Methyl ale.diol (47) and ethyl 
actuate (.711). 

Bon /.ene (74*1), alcohol (IKT)). ami 
auler (7*4). 

Alcohol f 112*4) uiid lH<n 7 .ene (07*t>). 

.Alcohol (IM ) ainl ethyl (O'l^tate (89). 

(;arhon*teiraehlt>rule (77*10) and 
ideohol (22 ’HO). 

Bermtie (900) and Mobutyl 
alcohol (9*5). 

Water luid toluene (luitefXtge- 
m’ous). 

liter (2h*3) tmd propyl uleuhol 
«(7I‘7). 

I'ropy) alcohol (53) Mid toluene 

• (17). 

•Water (41) luid pyrklitut (69). 

Water and turjicntine (helero- 

^ pefKMHM). 

\Vttter (7) and chloral (93). 

Water luid cthyloiiiUnc (Mere, 
gaiui^ma). 

Water anil dieUiyUmitifie (liet«n»» 
giuieous). 

'l*o)utme (70) and oijctic acid <80). 
Aoetio aeni (27) and xytons (78), 

Amyl oloohcd (36) and oltiylm 
dtbromhia (70). 

Amyl aleolml (62) and fa-xylana 

• (48). n 
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Benoit's thermoifegulator has the thermo- 
meter reservoir separated from the valve, connec- 
tion being made by means of a caoutchouc tube 
containing mercury. 

The reservoir consists of a UiinHube, drawn* 
out at one end fej; convenience in filling, which*’ 
contains a small quantity of air, and a few drops 
of some volatile liquid; the remainder of the 
space in the tube is occupied by mercury in con- 
nection with thc^crcury in the valve by means 
of the caoutchouoHube. The valve differs some- 
what from the ordinary form. It is provided 
with a side tube a (Fig. Id), by which a small 
amount of gas can directly ])ass from the supply 
tulMj X to the burner tube ?/. Mercury can fxi 
added by means of the side tube B, or withdrawn 
from tfie cock c to adjust the level within the 
• valve. The whole is mounted ujxm a sliding 
board, fixed by the clamp-screw u, at any con- 
venient height (Wied. Beiol. 4, 296 ; Guillaume's 
Thermom6trie, 130). 

(2) Vapour in coniad tcilk its own liquid only. 
—The instrument devisiMl in 1880 by G. \V. A. \ 


Consequent on the fall ofHhmperature, a portion 
of the vapour condenses, the valve is opened to 
a greater extent, andthe, temperature again rises. 
Those actions soon reach a point of equilibrium, 
and a constant temjierature is thch maintained 
(Bcr. 19, 2800). 

(d) Thermostats depending upon the differ- 
erUial expansion of solid bodies.-^Bpmemum 
(Dingl. poly, J. 10, 28o) and Ure (ibid. 42, 173) 
deviiid regulators depending upon the expan- 
sion of simple or com^mund metallic bars. 




1 Hipp’s thermostat U only available for tern* 

* [leratures between 30' and (see Fig. 18). It 
I consists of a ct)pi>er vessel k. surmounted by a 
I wooden box (\ having glass front and l>ack. A 
; system of lubes cm the walK of the oven com- 
! Ill un bate with the vesstd K, and sen^e for the 
I circulation of the water heated in that vessel. 
I They are provided with openings for tilling in 
j water, and to serve as esca{X!i vents ip case the 


Fiu. 17. 


Fio. 16 , 

• 

Kahlbaum Udongs U* this claa.H. Then* is thco 
usual mercury valve, the i^pply lubt* being 
bevelled off at the o[H*n end at an* angle, aiul 
having a small hole opjxMite the ^xit tube to 
provide against total extinction of the tlame. It 
may bt« adjusti^l aceording to, the GBuiHTature 
required by the rack and pinion shown (Fig. 17). 
The other limb of the Udubtt coiitains a liquid 
of boilii^-fiomt just below the tfin}M'raturt* rt*- 

5 1 in the Wth or oven. F«>r farilil^’ in 
ing the liquid, this end of. the luU'r is i 
by a tightly -fit ting eurk hehi in plaiH^ hy a i 
damp working against an india-rubUw seat lixtHl I 
on the collar of the gUsa tulie. i 

The temi^rature riaci just alkn'g the Uiiling- I 
point of the liquid x, a portion of this vfiUtilises, i 
and mercury is torml up the limb a ; the ores- i 
•ore on the liquid being now greater, its boiling- i 
point is raised, and the tem|ieratuie must in- l 
crease for further volatilisatkm to otvur. Oa ing i 
to the rise of msiciiry in a, Ui#gas supfdv is 
oiminhditHi. and hence the tomprature falk I 


I p 


4 

Fio. 19. 

water may be aecidentally ktltHl. The tempera- 
ture is amtrolled by a n*gulator ctinsbiing of a 
bent eomffbttud metallic bar tixi*d u^von tlu* back 
wall of the oven at a ; the fnv end ft is (H^nnected 
by a cop|>er wire Vith tin* lever A working a 
conical valv^ «; £ is a nqsulating s(*rew, by 
means id which any desired initial opening of 
the valfe may be obtained ; s is the ^-supply 
tulie, and t drum od gas for the huriier from the 
valve-box atUingl. ixdy. J. 191, 366), 

Lidhar Mey^r in 1884 devised a ssnstUva 
tsm|ierat|re n^lator cm tj^is prineifk (Fig«ll), 



26 * . THERMOSTATS. 


It consists of a long brass tube placed vertically 
in the bath, and closed at its lower extremity j 
in this tube a slightly longer glass rod is plac^. 
The tube supports a rod carrying a movable 
lever-arm a, from which depends a floating valve 
B. The valve may bo placed at varying distances 
along the lever-arm a, so that the difference be- 
tween, the expansions of the brass tube and glass 
rod may be magnified to a greater or less extent 
in the amount of movement imparted to the 
Valve. The supply tube is a narrow-bore tube 
passing up the arm x of the valve working in 
the glycerol seal tube w. The supply tube and 
seal may be adjusted to any required height. A 
l)reci<iply similar arrangement allows of the 
drawing off through o of the gas for the burner. 
The valve z is essentially a Bunsen mercury-and- 
slit-tube valve. The mercury vessel is adjustable 
to any required height (Ber. 17, 478). 

L. von. Babo arranged a gas regulator, in 
which the control valve depends for its action 
upon the unequal expansi^ of glass and copper. 
In Fig. 20, A is a copper tuBc, B a glass rod. The 



Fig. 20. 


• 

valve X, W'hich regulates the flow of gas from the 
supply G to the burner tube E, is fixed in position 
by the glass rod b, against which it is pressed 
by a spiral spring c. The screw D serves to 
adjust the position of the glass rod, and renders 
it possibli to obtain a greater or smaller supply 
of gas at will. As the temperature rises, the ex- 
pansion of the copper tube being greater than 
that of the glass rod, the valve x is pressed by 
the spring o nearer to its seat, and so there is 
less gas supplied; the temperature then falls, 
and the valve partially re-opens, and so on (Ber. 
13, 1221). 

Kohlrausch employed a Br^uct’s metallic 
thermometer to make and breal( «n electric cur- 
rent, w^hich heated a fine platinum wire (Pogg. 
Ann. 125, 620). 

E. qumlich (Zeitsch. Inst. 1898, 18, 317) 
claims, by the use of a nickel and brass Brequet's 
spiral governing the gas supply through inter** 
mediary electrical arrangements, to have main- 
tained a dry ovenjwitliin 0*4“ for long intervals. 

Rieth’s instrument consisted of a compound 
metallic bar yg)rking a cone valve, supplied with 
a regulator screw (Chem. Zentr. 1871, 615). 

In Taliani’s thermo-regulator (Ann. Chim, 
Applicata, 1914, 1,405) two bimetallic zinc-steel 
vertical strips are fixed at their lower ends with 
the more expansive metals facing inwards. 
The free upper ends are connected by means 
of a very thin copper wire, on the middle point 
of which rests the valve regulating the flow 
of gas to the lamp of the thepnostat. The valve 
is raised by the separation of the strips and 
lowered by their approach. By means of a 
glider operated from without the effective lengths 
of the strips, and consequently ^ho flonsUnt 
temperature obtained, may be varied. 

(e) EketricaUy heated thermostats with elec 
tricot confrol.— Thermostats of this type allow 
of more sAsitive agd rapid adjustment than 
• * • • • 


any other ; they are particularly suitable for 
accurate scientific work but are not without 
technical applications. 

^ Rotho (Zeitsch. Inst. 1899, 19, 143) gives a 
*foTy complete account (with illustrations) of a 
•thermostat designed for us§ in thermometer 
work at the Phys. Tech., Reichsanstalt. The 
same author (Zeitsch. Inst. 1902, 22, 14) adapts 
this principle to the construction of an instru- 
ment for use with very low ^mperatures. , A 
Dewar vessel serves to prevent conduction of 
heat from without ; the heating coil is of con- 
stantan wire wound on the ebonite ring of a 
stirrer, the stem of which is of glass tubing 
through which pass the leading wires for the 
current. 

W. C. Geer (J. Phys. Chem. 1902, 6, 94) 
claims for his thermostat a variation of 0’002® • 
only for a 9 hours’ run with a SC^litre bath. A 
somewhat simpler form, which i$ essentially a 
modified Geer thermostat, is described by 
P. A. Osborn (ibid, 1905, 9, 297). The accom- 
panying diagram (Fig. 21) shows its essential * 
features. The heating of the 50-litre bath is 
accomplished by means of aa iron wire oo 
carrying a current from the large storage 
battery b. The wire forms a layer of five turns 
against the sides of the bath, which latter is 
encased in a non-conducting layer of felt. B is 
a glass worm, 0*5 cm. diameter and 16 cm. long 
and holding 110 c.c. of mercury, serving a 
reservoir of a regulating thermometer with a 
capillary stem. The bath is stirred by a 
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mechanically-driven stirrer represented by D. 
A platinum fused-in wire permanently connects 
an electro-mrfgnet B with the mercury of ths 
tlieilnometer. B is connected through a storage 
cell B'*with a second adjustable wire p. When 
the required temperature is reached, the mer- 
cuiy completes the circuit with F and the main 
current is broken at AA by the movement of the 
armature. fl!he spring shown establishes the 
main circuit as soon as the mercury breaks 
contact with p. 

This form can be brought to the required 
steady temperature in 15 minutes and shows no 
change of a hundredth of a degree in 8 hours. 

Other forms are given hf S. W. Young (J. 
Amer. Chem. Soo. 1901, 23, 327)^ C. Marie 
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and R. Marquis (Compt. rend. 1903, 136, 8U), D. R. P. 67770, 72164, 1892 j Senff, Gee. lug 
who use an acetone thermometer with mercury 1901, 24, 393 ; Johnson thermostat control of 
make and break and current through platinum steam heating, Eng. i^c. 47, 277, 1903 ; Walker 
wire; R. A. Macuraber and C. G. L. Wolf (J.’ and Chambers, ibid. 47, 352, 1903; System 
Path. Bact. 1904, 10, 105); H. Dhrwin (PhiR Schultz, Ges. Ing. 27, 550, 1904; Narus-Gaye 
Mag. [vi.1 7, 408, 1904); J. P. Magnusson (J.* and Bloock, Met. Arb. 30, 99, 1904; Main- 
Phys. Chem. 1907, 11, 25); Regaud and holzer Zugr^gulator, Tech. Zeit. 21, 485, W04; 
Fouilland (Ann. Chim. anal. 1909, 14, 141) ; Ohmes, Ges. Ing. 27, 645, 1904 ; Goebel, ibid. 
L. Kolowrat (J. Phys. 1909, 8, 495), who de- 28, 41, 1905; Webster, Eng. Rec. 63, 9; 64. 
scqbes the ahto^iatic regulation of an electric 436, 1906; de Grahl, Ges. Ing. 29, 333, 1906; 
oven. • Mehl, Bingl. poly. J. 321, 698, 1906; Sc. Am. 

(/) Other mechaniml regulators have been Supp. G4, 212, 1J107 ; Pradel, El. Anz. 24, 1013, 
devised by J.W.Eichler and H.Hartig(D.R.P. 1907; Gold Car Heating and Lighting Co., 
5492, 1878), and by Appold, whose instrument Railr. G. 2, 536, 1907 ; Fulton, Eng. Rec. 7, 56, 
was a balance regulator 1907. « 

(Proc. Roy. Soc. 1866, 15, lucuhators and germinating Paul, 

144). Centralblatt Bakt. 1, 29, 129, 1901 ; El. Rev. 

The invention of G. J. N. Y., 1903, 43, 941 ; SchloBsing, Gen. Civ. 1904, 
Meurlin (1). R. P. 4703. 44, 368 ; Joffin, Compt. rend. 1904. 138, 817 ; 
1878) consists of a self- Rogers, Centralblatt Bakt. 2, 15, 236, 1905. 
regulating cone valve to con- Distillation or evajftoratUm, — Patterson, Chem. 

trol the pressure of a gas Ind. 21, 456, 1902; Bull. Suer. 21, 619, 1903; 
supply, and hence the tem- Foth (fermenting wx>rts), Z. Spiritusind. 27, 
perature of a space heated 257, 1904. 

by the flame. The pressure A number of dyes, belonging generally to 
of the gas in the chamber a the triphenylmethane class, such as methyl 
raises the cone h (Fig. 22), violet, malachite green,# and erythrosin, have 
partially closing the hole in the property of gradually and completely dis- 
the plate x, and thus re- appearing without residue when heated, the 
stricting the current. The time taken for disapixjaran^ie depending on the 
hole in the summit of the temperature, otlier conditions being the same, 
cone h prevents extinction of Such dyes can be used as heat indicators in a 
the flame. number of ways for the control of industrial 

Fig. 22. • A. Schwabe (D. R. P. operations, for instance, in cases where a certain 

93152, 1896) describes a de- amount of heat has to be applied during a 
vice by which an areometer works a chain certain interval of time, the disappearance of 
controlling the source of heat. the dye indicating the completion of heating. 

The choice of the type of thermostat most Another use is to determine the heat distribution 
suitable will be governed by the requirements in a heated body. The method may be applied 
in each special case. Technical applications in the annealing of glass, the burning of cements, 
of these instruments are most frequently or to detect overheating of electrical equipment 
adequately met by the use of the simple mercury (P. A. Kober, Ind. Eng. Chem. 1923, 15, 837- 
thermometer valve at moderate temperatures 838 ; J. Soc. Chem. Ini 1923, 43, 913A). 
and the air-thermometer mercury-valve at MisceHaneous, — E. Clarcnbach, D. R. P. 

higher temperatures, somejorm o^ differential 67146, 1892; Kramer, D. R P. 67146, 1892; 
expansion instrument being used when the lia- G. H. Stockbridge (Fire Alarm Telegraphs), 
bility to vibration or shock h(V9 to be provided Elect. London, 1896; E. Sartorius, 1). R. P. 
for. 100294, 1897 ; R. Janz, J). R. P. 114457, 1899 ; 

For accurate work, the reliability, sensitive- 0. Bohno, I). R. P. 133429, 1899 ; Fedeschi, 
ness, and independence of atmospheric changes Centralblatt Bakt. 1, 30, 969, 1901 ; P. Breuilh, 
are the most important considerations. Elec- *1). R. P. 150962, 1903; Regaud and Fouilliand 
trical thermostats with electrical control ajqK'ar (electric stoves), Zeit. Mikr. 20, 138, 1903 ; 
best able to fulfil the necessary copdiiions (see Casses (pasteurising apps.). Milch. Zeit. 33. 258, 
fleer, J. Phys. Chem. 1902, 6, 85) ; W. P. 11)04 ; Keller and Co., Tech. Rundsch. 5, 1904 ; 
Bradley and A. W. Browne (ibid. 1902, 6, Voss. Zeit. Beleucht. 10, 216, 19p4; Ginsberg, 
118) chum to have constructed a fhermosiat Zeit. Heiz. 9, 231, 1904; Sodeau, Chem. Ind. 
sensitive to one thousandth of a degcee. The 23, 1134, 1904; ovens, kilns, &c., Eng. News, 
toluene thermometer mercury-vake Qiermostat 51, 514, 1904 ; Systbme de Rougemont, G6n. 
has found wide use ; T. M. Lowry V- Soc. Chem. Civ. 46, 213, 1^5; damper regulator for 
Ind. 1905, 1030) discusses the conditions boilers, Eng. Rec. suppl. 12, 47, 1906; 
governing its sensitiveness and A. W. C. Menzies System Koeferle, Ges. Ing. 29, 293, 1906 ; Zeit. 
(Chem. News. 1W2, 86, 68), in dealing with the liirz. 12, 80, 1907 ; 1). J. Beaver and J. J. 
same subjedt, shows that this type is able to keep Beaver, Idd. Eng. Chem. 1923, 15, 359. For a 
a bath at 6° above room temperature constant modified thermo-regulator, see Hume ( J. Soc. 
within one hundredth of a degree. • Chem. Ind. 1924, 43, 260 T). W. T. 

The principal ways in which thermostats THESPASIA MACROPHTLLA (Blume) 
have been applied to technical purposes have [T, Lampas (Dabz.).] This is a small bus^ 
been mentioned; recent instances of such commoA to t)ie tropical jungles of India, Burma, 
ap^oations are to be found in the following, not and Ceylon. In Watts* Dictionary oi the 
otherwise readily aooessible, refe^noes. Economic Products of India, there is no mention 

OtnM hetUing\nd vesUilating nstems. — Con- of the use of this plant as a dyestuff, but, on 
Bolidated ^-heating Co., Wheeling, U.S.A., the otheriiand, the capsu^ and ^ers oi the 




J i THESPM4 MAOROPBmA. 

allied T, wptdrm (Solandr) are stated to give instead of dimethylanilinA It dyes tannio* 
yellow dye. mordanted cotton blue. 

According to Perkin fChem. Soc. Trans. . Thloearmlne R (C.) 

K)9, 06, 1860) the flowers of the T. macrophuUa , m «* 


According to Perkin fChem. Soc. Trans. 
1^9, 06, 1860) the flowers of the T. macrophylla 
yield (][uero6tin and some quantity of proto- 
cakchuic acid» 

With mordanted woollen cloth^the flowers 
produce fairly good shades, but are in no way 


•■iC(sX)' 


men moraantea woouen ciotn*tne flowers * ® i \X\o/\/\xt n tt nrr 

produce fairly good shades, but are in no way I S V ^N(CjH5)CH2 

superior to the better-known Indian natural CH2‘CeH4*S08Na 

■ TOmrSiro®* Tk Benzylethyl-p-phepylenediamhlBSuIphonic acid 

AfTmvA wAfTvcitie mu « oxidised in presence of sodium thiosulphate to 
THIAZINE ^LOURING MATTERS. The sulphobenzylethyl - p - phenylonediaminethiosul- 
thiazines are colouring matters containing the phonic acid; the latter is oxidised together with 

bonzylethylanilinesulphonic acid and the sulpho- 
• /\/^\/\ indaminethiosulphonate thus obtained is heated 

‘ j I I I to boiling. The dyestuff is an indigo-blue powder 

'v y I yL giving a pure blue solution in whter and dveing 

\g/ v ^ <1,7001 and silk from an acid batn in blue shades * 


• /\/ \/\ indaminethiosulphonate thus obtained is heated 

‘ j I I I to boiling. The dyestuff is an indigo-blue powder 

I yk y I yL giving a pure blue solution in whter and dveing 

\g/ v ^ <1,7001 and silk from an acid batn in blue shades * 

mi . 1 . 1* .... (Cassella and Co., Eng. Pat. 4596, u800 ; D. R. P. 

The eimplest member of this senes is thtonint ^pp, q ; Amer. Pet. 4344* ; see also J. 

yv y\ S®®' Chem. Ind. 1892, 11, 30; IJ. fo. Chem. 

f Y V\ 1907, [ii.] 76, 498). \ 

NhI I 1 L TolHldinebtaeO,2C„H„N.SCi^,ZuCl,: 

. ... 


the hydrochloride of which constitutes Lauth’s 
violet (see Mkthylenb'bltte). The tetramethyl 
derivative is methylene blue (g.t?.), which is by 




^NH,HC1 


far the most important dyestuff of this class. Dimethyl-p-phenylenediaminethiosulphonic acid 
The general method of preparation of these Methylene Blue) is oxidised together with 
colourii^ matters has already been indicated o-toluidine. The insoluble green indamine formed 
(see Methylene blub). w boiled with a solution of zinc chloride and the 

Oentlanine (Gy.), produced by oxidising resulting leuco compound is oxidised. The 
p-phenylenediamine and dimethyl-p-phenyleno- colouring matter is a dark green powder giving 
diamine with ferric chloride in presence of sul- * bluish- violet aqueous solution and dyeing 
phuretted hydrogen, is probably the zinc double mordanted cotton blue (Badische Anilin und 
chloride of a mixture of Lauth’s violet and Soda Eabrik ; Eng. Pat. 10314, 1888 ; D. B. P. 
methylene blue ; it dyes tannined cotton in ^7374 ; U.S. Pat, 416055 ; Meister, Lucius und 
bluish-violet shades. Braining, D. R. P. 47345). 


bluish-violet shades. Braining, D. R. P. 47345). 

By the oxidation of methylene blue with Kew methylene blue N (B), NSS (B.D.C ) 
acidified bichromate elimination of methyl yv 

groups occurs with the formation of methylene 

azure. This dye is the mixed chloride of di- /p tt vtttJ ) J 

and tri-methylated Lauth’s violet; on cotton w \ 

mor^nted with tarmjin and t^rt^r emetic it * CH| ® CHj ' * *' 

furnishes reddish-blue shades faot^to washing. i * i i j- • i.i.- i i. • -j i. 

Methylene green (S.C.L), Methylene grW Ethyl-j>-tolylene<jiammetluostdphomo wid, ob- 
paste (L.B H ) ^ * ^ " tamed by the oxidation of p-aminoethyl-o- 


(C,h.)h: 




%Ha(C,H,) 


^ * tolnidine in presence of sodium thiosulphate, is 

9 / N\/\v oxidised together with ethyl-o-toluidine and the 

I I < green indamine obtained is heated. The solu- 

V L J=:N(CH9)«*01 tion of the dyestuff in water is violet-blue when 
cold and ^we blue when hot, Tannin-mor- 
danted cotton is dyed in redder and fuller shades 
^ than those produced by methylene blue 

is obtained by treating methylene blue with 

sodium nitrite and nitric acid at 60®, the product ^ ^603 ; Amer. 1 at. 469320). A satis- 
being salted out and converted into double zinc discharge is obtained with glucose and 

chloride. It dyes in bluish-green shades on soda, • .... 

mordanted cotton, be^ the f^t green basic RrUUant alizarin biU6 (Bayer) ; Indocbromine 
ooloimng matter used in silk dyeing and printing ^ (Saudoz) 

and in oidico printing. bUgNa 

Thionine blue GO, 0 (M.) ; Tbionine blue 
B,R(By.) N I J 


N(CH3)2. 






... 

1 : 2-NaphthMuinone 4 : fl-disulphoiuc acid is 
condense wnh dimethyl-j^h^yleiiediamine* 
thiosulphoiiio acid. .The d^i^tuff gj|ee feat Idue 



• ^THIOACETIC Aijn)/ * , *29 

fibres on cllix>med voolf cotton or ^k, and is the^^eater part gradually dissolves; and on 
suitable for calico jiHnting (F. Bayer and Co., decanting the clear liquid from the insoluble 
Bag. Pat. 825, 1893 ; D. B. P. 83046, 86717 ; residue, and distilling oi! the alcohol, there 
Ft. Pat. 227675). • remains a venr tenacious gummy residue of a 


JDT. rai. ^z/D/o). I remains a veiy tenacious gummy residue oi a 

LeueogallothlonilieP (P.H.), a generic ternN? rich-brown colour, which undergoes no change 
covering a group of leuco compounds of the J of colour on exposure to the air, W very slowy 


following 
1803; 20 


r eral* formula (Eng. Pats, ouirz, nardens. contact with potassium hydreside, 
1906 ; B. PP. 189479, 73556) however, it blackens li^ the original substance. 


hardens. 1» contact with potassium hydrewde, 


CO*B' The residue, insoluble in alcohol, dissolves 

* / for the most part in ether, forming a dark- 

• ^\/\ brown solution, and leaving a light-brown solid 

11 11 resin. The ethereal solution, when evaporated, 

/I leaves a residue which, on exposure to the 

HClNBa^ Y air, instantly becomes quite black, and after a 

Au Bhort time nearly solid. This, then, ia the 

^ portion of the original substance to whjen the 

where B| are alkyl groups, B' is OH, NHa, or property of blackening on exposure to the air is 
some other substituent in the carboxylic group due. 

•of gallic acid. They are produced by con- The solid resin, insoluble in alcohol and ether, 
densing togete cw-dialkylated diaminoaryl- which forms but a small part of the original 


OH 


thiosulphonic acids such as 

N(CH3)2*CfiH3(NHJ*S-SOjH 
and gallic acid or a derivative such as gallamic 
acid. On chrome mordanted wool these acidic 


substance, is quite unalterable in the air. When 
heated with nitric acid, it yields a crystalline 
acid which may be sublimed and which exhibits 
the characters of succinic acid. For reports of 


r . value as a lacquer, see Bull. Imp. 

leuco-compounds dye with oxidation in violet r |qi« 15 42 ^ ^ 

aVia/laa rnof 4-/\ lirvl.4- om/I * * * * _ . 


to blue shades fast to light and washing. 

The G(diothionines are obtained in bulk by 


THIGAN. Silver thio^noL 

THIGENOL. Trade name for the sodium 


saU rf (conde;^to ^^xinotTf 

and a mercaptan of an^dialkykW-p-phcnyl- fonnaldehyde and iokthyol). 

. TfflOACETAMIDE fea tSOT. is prepared 
Ti p ^ hydrogen sulphide on aceto- 

11. it. r. xuj4/d) nitrile (Bemthsen, Annalon, 192, 46); or of 

SOaNa phosphorus pentasulphide on acetamide in 

I • benzene solution (Hantzsch. ibid, 250, 264 ; cf, 

y\ Hofmann, Ber. 1878, 11, 340). It crystallises 

I I in monosymmctric plates or prisms, m.]>. 107*5°- 

\ A y\ 108 '5°, and is readily soluble in water or alcohol. 


\/\J^\/\ 108’5°, and is readily soluble in water or alcohol, 

[ ^ 11 less so in ether. Acids or bases decompose 

I I /\/—N(CHg)8 thioacctamide, yielding acetic acid, ammonia 

^ NaHS 04 and hydrogen sulphide, whilst with silver 

iu nitrate solution, a precipitate of silver std- 

phide is obtained. It gives difficultly soluble 
resulting from the action of j8-naphthaquinone compounds with mercuric chloride and with 
4 ; O-disulphonio acid on (M-diethyl-p^henylene- other metallic chlorides (Kumakow, J. Buss, 
diaminethiosulphonio acid id alkaline solution. Phys. Chem. S^. 1893, 25, 613). 

Bright greeniw-blue tints are produced on THIOACETi^LlDE OH 8 *C(SH):N*C 4 H 5 or 
c^ome mordanted fabrics, tie colour being CH8*CS*NH(CeHj) is prepared by the interaction 
discharged with alkali chlorate and ferrocyanide. of acetanilide and phosphorus pentasulphide 
Urania blue (W.D.C.),, (Eng. Pat. 13118, (Jacobson, Ber. 1886, 19, 1067 ; Hofmann, 
1896 ; H. B. P. 90275 ; ) a bluish-violet acidic 1878, 11, 339), or of the chloride of acetani- 
dye with bronzy lustre, obtained by oxidising lide, CHj’CChN-CeHj and hydrogen sulphide 
with aqueous chromic acid a mixtare of ew- (Leo, ibid, 1877, 10, 2134). ft crystallisos from 
dimethyl-p-phcnylenediaminethiosulphonic acid water in needles, m.p. 75°. On distillation it 
and di - - naphthyl • m - phenylenediaminedisul- yields phenylamino-phenylimino-e^ane 


phonic acid. It dyes wool and silk* from an 
acid bath in pure a^nish-blue bhades. 

G. T. M. 


It is soluble in sodium hydroxide solution, from 


THIAZOL DYESTUFFS v, Piumulinb and ^ precipitated by the addition of 


ITS DEBIVA WVES. 

THIET-SIB or THITSI. 


resinouGb sub- 


acids. The sodium derivative 

CH,-CS*NNa(C4H3) 


stance used as a varnish by the Burmese. It is formed by the action of sodium ethoxide* 
exudes from a tree in the form of a light-brown, Thioacetanflide yields two series of alkyl 
very viscid liquid of the consistence of treacle, derivatives, viz, the normal alkyl thioaoetanilides 
but on exposure to the air for a few minutes CH 3 *CS'NB( 0 «H.) ahd the a%l isothioaoetani- 
beoomes quite black and hard on the surface. Udes CH.*C(SB) : N'CeH^. The former are 
The same change takes place instan^ in con- obtained by the action of phosphorus penta-, 
tact with potassium hydroxide. The resin sulphide^on alkylacetanilides, and the latter by 
spread in a thin layer on wood or other solid the action df alkyl iodides on the sodium 
body quickly forms a hard deep-black coating of derivative of thioacetanilide. 

Ipnat brilliancy. On digesting Ihe unalt^ THIOACETIC ACID CH 3 OOSH is best pie- 
imfaitace with alcohol of 80 p«o. at a gentle heat* pared by |sating gladal a^tic acidMth phos- 


M' 


THIOAOmO Am. 

f 


plionia pentasttlphide (Tarogi, Gazz. chim. itai. 
1896, 26, i. 273; Schiflf, Ber. 1895, 28, 1205; 
tf. K^kul 6 and Linnemamv Annalen, 123, 278 ; 
Kekiil 6 , ibid. 90, 3W). It may also be prepared 

tbe interaction of acetyl chloride and potas- 
sium hydrosulphide ( Jacquemin and Vosselmann, 
J. 1859, 364), or of lead acetate wd anhydrous 
sodium thiosulphate (Frohde, Zeitsoh. Ohem. 
1866, 543). It is an unpleasant smelling 
liquid, b.p. 93°, sp.gr. 1'074 at 10°, soluble in 
water and in alcohol: for electrical conduc- 
tivity V. Ostwald, Zcitsch. physikal. Chem. 3, 
182. By heating in a sealed tube with water 
at 180°-200° or by boiling with zinc and sodium 
hydroxide, the sulphur is removed (Schulze, 
Sieitscl^ physiol. Chem. 1898, 25, 16). Strong 
sulphuric or nitric acid reacts explosively wth 
thioacetic acid. Phosphorus pentachloride 
yields acetyl chloride, phosphorus thiochlorido 
and hydrogen chloride, whilst zinc chloride 
yields ethenyl trisulphide, C 2 H 4 S 3 , acetic acid 
and hydrogen sulphide. Thioacetic acid con- 
denses with aldehydes, ketones and ketonic 
acids in the presence of hydrogen chloride 
(il^ngartz, Ber. 1886, 19, 1934). It has been 
recommended as a substitute for hydrogen 
sulphide in qualitatiyo analysis (Sehif! and 
Tarugi, ibid. 1894, 27, 3437 ; Tarugi and Mar- 
chionneschi. Boll. Cliim. Farm. 45, 029). For 
ealis, V. Ulrich, Annalen, 109, 275; Tarugi, 
Gazz. q)iim. ital. 1^95, 25, i. 341 ; 1897, 27, i. 
316; ii. 153. 

Ethyl ester . — Prepared by the interaction of 
acetyl chloride and eth^d hydrosulphide, 1 )ut 
not from ethyl acetate and phosphorus pent a- 
sulphide (Michler, Annalen, 176, 182). Un- 
pleasant'^melling liquid, b.p. 116*0°-I16-2° at 
749-3 mm. (Beckmann, J. pr. Chem, [ii.] 17, 
461). 

Dithloaoetie acid, methykarhithhnic acid 
CHj-CS SH is prepared by the action of carbon 
disulphide on magnesium methyl iodide in well- 
cooled ethereal solution. The product is de- 
composed with ice and hydrochloric acid. It 
is a reddish-yellow oil, b.p. 37°/15 mm., sp.gft 
1*24 at 20 °, readily soluble in c»^anic solvents. 
It displaces acetic and formic Vids from their 
Bfdts. It is readily oxidised to thioacetyl di- 
sulphide by water an<f produces black spots on 
the skin. The alkali, alkaline earth, silver and 
magnesium salts are soluble in water, giving 
coloured precipitates with the salts of the Wvy 
metals (Houben imd Pohl, Ber. 1907, 40, 1303). 

Methyl safer.— ftepared as the acid, substitu- 
ting ammonipm chloride for hvdrochloric acid, 
^e product ft shaken with met%l sulphate, and 
the red oil so formed distilled; b.p. 1407760 mm., 
80°-81795 mm., 71770 mm.j sp.gr. 1-006 at 
2174 ° (Houben and Schultzc, Ber. 1910, 43, 
2481). 

TmOAMTlPYRINE or TmOPYBINE, 

0 |pHi|N|S. Prepared by treating the motho- 
or methiodide of l-phenyl- 3 -methyl. 



ole with potassium hydrogen Bul- 
ge soluble c^tals, m.p. 166° 
lelis and Bindewald, Ber. 1900, 2873). 

^ TmOBEMZEmDYESTHmu.PBiifnuKx 

AHP 1X8 DBBXV13IVB8. • 

^WIOBERZOPHENONE r. Kstonss. 
imOCHBOllOGEN t^. Primvunb and its 
vmviirnu* 

dOBOMUi V. Bwmno i>»i708.t 

^ • • t 


THIOCYANATES u. Cr. 


fANmvs. 
►f thiooy 


Kaufmann and Liepe (Ber. 1924, 67, JB] 923 ; 
Chem. Soc. Abstr. 1924, 126, 1, 839). 

• Additioii of excess of a ferric salt to the 
(Solution of a commercial ferrocyanide, followed 
by filtration, results in a l^(m-red coloration 
in the iUtrate if the ferro^anide is oontominated 
with thiocyanate. The quantity of thiocyanate 
may bo determined as follows : 10 grms. of 
ferrocyanide are dissolved in^%rater to 100 9.O., 
the solution is filtered, and 10 c.o. of the filtrate 
are introduced into a 300 0 . 0 . beaker, diluted 
with 50 c.c. of water, mixed with 25 o.c. of 
5 p.c. ferric chloride solution, and filtered 
through a pleated paper into a 500 o.c. cylinder ; 
the filter is washed with 0*5 p.c. potassium 
chloride solution until the latter passes through 
colourless, the total filtrate being then made up 
to 500 o.c. Into a similar 600 c.o. cylinder con- 
taining 10 c.c. of 5 p.c. ferric chloride solution, 
1 p.c. ammonium thiocyanate is run from a 
burette until the two cylinders exhibit equal 
depths of colour. The method gives satis- 
factory results (F. Perciabosco, Annali (^him. 
Appl. 1923, 13, 346 ; J. Soc. (Jhem. Ind. 1924, 
43, B, 252). 

For the prtKi action of thiocyanogen by 
electrolysis of alkali thiocyanates, sec Korstoin 
and R. Hofimaim (Ber. 1924, 57, [B] 491 ; 
Chem. Soc. Abstr. 1924, 120, i. 717). 

THIODIALURIC ACID 


obtained by 
hydroxido thiopsei 


^sing with dilute potassium 
fouric acid 


CO<iSJo>CHSc4« 

(Noncki, Ber. 1871, 4, 772), or jKdassiura tliio- 

cyanobarbiturate CO<|{{;[;[J>cH-SCN (Ta- 

cinski, ibid. 1883, 16, 1057); forms bright 
microscopic plaU‘i^ The potassium salt is a 
yellow crystalline compound, sparingly soluble 
in watiT. Thio(|[ialuric acid dissolves in nitric 
acid to form a pale red solutir)n, and on warming 
a violent reaction takes place and diliturio acid 
is formed. • 

THIOFLAVINE T S v. Primuuki axd m 

DBRmXI^S, • 

THIOF^RM and THIOGENOL, v. Stmtuxtic 

DBao.s. 

TH106LYC0LUC ACID, adkioh^k acid, 
*wa 8 first ]»repared by Carius 
(Annalen, 1862, 124, 43) by heating 3 parts of 
monc^hlormtic acid in coocentrateci arntmoiis 
solution with 6 parts of potaasiiun hydrogim 
sulphide. Thiodi^ycollio acid is formed 
the saSne time, thus : 


at 


{v. CJIaessci^ ibid. 1877, 187, 113). 

Thiodyoollic acid is also formed by Ueatimt 

^ph{whlo^^lchloride.SO,a<«a<^ 
tin and hydrochlorio acid (Biemons, Ber. 18^ 6 
669) ; by treating glyoxyUo acid with sidphtir* 
ett^ bydrogw iu pre^ of aUver atda, thb. 
%lyeolUo adkl aim bebg lormed in this aaae 
(Bdttinger, Annalen, 1879, 198. 216) t by Vffl fag 

a 


V imOPHBN. . *81 

thiohydautain or rl^danio acid with baryta 472); or by mising a concentrated aqueous boIu* 
(ibidreasoh, Bet, 187d, 12, 1385 ; Ginsburg and tion of somum chioracetate with an equivalent 
Bondzynski, ibid. 1886, 19, 117) ; or by treating amount of sodium sulphide, dissolved in the 
Baits of obloraoetic acid with alkali or alkaline smallest quantity of water.* The mixture is 
earth TOlysulphides and subjecting the products r ^Miidihed with sulphuric acid and ^e thio- 
thus formed to the action of reducing agents ,diglyoollic acid is shaken out with ether (Lov4n, 
(Kalle and Co., D. R. P. 180876). Ber. 1884, Ul, 2818 ; ibid, 1894, 27, 3059),, It 

ThioplycoUic acid ifl|,an uncrystallisable oil, forms rhombic tablets, m.p. 192°; gives metallic 
soluble in water, alcohol, and ether. It has a salts ; a dimethyl es^, b.p. 135°/11 mm.( Anschutz 
faint smell, acts as a strong acid and forms a and Biemaux, Annalen, 1893, 273, 69), and a 
nuihber of metalljp salts (Claessen, lx . ; Ber. dieihijl ester, b.p. 267°-268° (corr.) (Wislicenus, 
1877, 10, 1354). U). Also a cMoride S(CHaCOCl) 4 , an owAydride 


diethyl ester, b.i 
Ic,). Also a cm 


Thew ate general^ OTystaUine subBtftHces, B/CHi‘COxn moo Kn i«eo/m 
readily sohWe in water, W decomposing in ®<Ch|-CO>®’ “-P- 
aqueous solution especially in light, with pro- (Anschutz and Biemaux, Ic.), and amides, 
duction of a metallic sulphide (% 6 rs, J. Lab. THIOINDIGO DYESTUFFS v. Indigo^ Abti- 
Clin. Mod. 1921, 6 , 359). ncuL, asj> Ikwooid Dyb-stopfs; Vat Dybs. 

If a drop of ferric chloride is added to a THIOINDOXYL. Thioindoxyl carboxylic 


^slightly acidified tliioglycollate, a transient ocidt’.2*HyDEOXYTHiOKAPHTHEK-l*CAEBOxyLic 
indigo-blue colour appears, which changes to a acid. 
deep violet-red on adding excess of ammonia THIOKETOHES v. Kjbtokes. 

and shaking in air. On standing the colour THIOL v. Sykthetio drugs. 

disappears, but it is reproduced by shaking the o-THIOLBENZOICTtCID. TMosalkylkacid. 

solution with air (Andreasch, Ber. 1879, 12, THIOUNE v. Abietbne. 

1390). Thiodiglycollic acid does not give this THIONINE v. Methylene blue and 

reaction. Thiogiycollic acid reacts with aide- Thiazine coloubino hattebs. 
hydes yielding compounds of the typo THIONURIC ACID r. Pyrimidines. 

RCH(S*CHj-CO,H), THIOPHEN. THIOPHENE. Thkfttrfwan 

with ketones to form the compounds CH— CH 

R,C(S-CH,-CO,H)a C 4 H 4 S or tj • || ^ 

and also with kotonic acids (Bongartz, Ber. 1886, p ^ • 

19, 1931 ; ibtd. 1888, 21, 478). It also unites \/ 

with cyanamidcs forming hydantoJns (Andreasch, » 

MonateL 1881, 2, 735 ; ]^r. I 8 j^, 13, 1421). Discovered by Victor Meyer in coal-tar benzene, 
Thioglyeollimide CH,(SH)CONH| fornw thin whicli contains about 0*5 p.c. of thiophen (Ber. 
white m.p. 149° (Holmbcrg, J. pr. xm, 16. im; see also BuU. Soo. chim. 1900., 

Chem. 1906, [11.] 71, 264). 23, 384 ; ibid. 24, 357 ; Heusler, Bor. 1895, 28, 


Et^l CHa(SH)C 03 C,H* is 488 ; Witzeck, Chem. Zentr. 1903, i. 1053). In 

formed by boiling the acid with absolute alcohol order to extract the thiophen, a largo quantity 
in tho presence of a few drops of sulphuric acid of the be.st commercial benzene was shaken for 
(Claessen). It is an offensive smelling heavy gome hours with one-tenth of its volume of con- 
Oil, b.p, above 155 (decomp.), insoluble in water centrated sulphuric acid, the black acid layer 
and in alcohol For eomc o{ iu dcrivaUm, ,u roparated, diluted with water, and converted 
WmlMOonna, Annalen, 1868, 146, 145; Heintz, i,to tho lead salt of the snlphonic acid thus 
iM. 1865, 136, 223; I^tts and Colilb, J. 1878, obtained. Thisdead thiophen-sulphonate, which 
.xtu. , .w ^ww was contaminaCefi with lead benzenc-sulphonate, 

Sttolthk^yMllic add CHg^CjHjSlCOjH is dri^, mix^ with one-fourth of its weight 


foimea oeing nvarolyseQ with baryta water massed over which was purified by sh 
(Oiaesson, Bull. Soc. chim. [ii.] 23, 444). It is caustic alkali to remove meceaptans, 
an oil soluble in water, alcohol, and athcr, and calcium chlorWo and rectified. 


yields metallic salts and esters. Its amide 
CH,(C,H|S)CONH, 

has m.p. 440°. « 


K. £. Schulze (Ber. ISSoT 18, 497) recom- 
mends that the thiophen snlphonic acid, after 
diluting the crude acid with watd;, should 1 ^ 


Nft^UllogiyooniQadd(SR]CH(NO)(^ hydrolysed by steam-distiilation. Thiophen 
obtained, tog^er with cyanamMe and di- may ^so be completely removed from oom- 
cyanamide, by boiling nitfosothioh^naniom mcrcial benzene by treating the latter with 
roryta water. A number of its metdiic salts form- or acet-aldehyde or with idiihalio anhy- 
have boon prepared (Andreasch, Ber. 11 ^, 13, dride (D. R. P. 211239 ; FtdL 19(i^l910, 9, 96). 
601). Acoofding to SteinJeopf (Chem, Zeit 1911, 

Dtyil 9 gly 0 OtllO ( 6 GH«<X>tH)ft forms 35, 1098), thiophen may be very readily m- 


; by rine and 1 
; amdfClaMBen, 



droohloric add to tnloglyoollic separated from the other inoduots by fraetionsl 
ler. 1881, 14,410; Oinsbuig and distillation. Among the rnoduots ooonrs a^ 

^ . sttbstaiMMi GJSifip b.p. 36^-38° of gaiikaihr' 

to asM S(GHf<K)tH}g may be nneU which, when treated with alkalis, km 
atinn oakinm dtoaoetate with eome sulpht^ and also its nnpbasant midh ^ ^ 
Bsmhideinp r eii hoo dhyd^ Thiophen has been artifictally prepaied hf . 
dudber, J. Qm, ^ 13, nummous methods ; aiiioii||rt oUMva,||^ pam^ 



mMm 


TmOPHEN. 


phoepfcoruB pentasulphide, or better, sodium added and the whole w titrated 
Boccinate wi& phosphorus trisulphide (Volhard»4iammomum# thiocyanate dblution. To aUow 
and Erdmann, Ber. 1885, 18, 454; Friedburg,< the possibility of acetone in the methyl alcohol 
J. Sec. Chem. Ind. 1890, 1062) ; ai* in a similar a blank estimation is made*on 6 c.c. ol pure 


ClhOR^ 


= I >4-2H,0 
CH.CR/ 


also by the action of sulphuretted hydrogen in I litre of the benzene is given oy 
on diketones thus : 0*01 x 2000 X (n—nj)* x 0*14 

OT:CR0H Hv CH : CBv Thiophen may be estimated colorimotricafly 

L ? memims with ^ c.c. 

Cll:OBUll H'' CM: 1.14 solution (contammg 0*o grm. isatin in 

(Paaf, M, 367, 2251) ; or by passing a mixture 1000 grms. of pure cone, sulphijric acid) and 
of acetylene and sulphuretted hydrogen over 25 c.c. pure cone, sulphuric acid. To one of 
bauxite at a temperature of 320° (Eng. Pat. these 1 c.c. of the benzene to be tested is add^, 
109983 of 1916). to the other 1 c.c. of a test solution containing^ 

Liquid, with a faint smell. Boils at 84*3° a definite quantity (from 0*01-4)*5 p.c.) of 
(corr.), and sp.gr. 1*0884 070° (Thorpe and thiophen in benzene and the colours after 
Rodger). Gives with isatin and sulphuric acid shaking for 5 minutes are compared on a white 
a blue colouring matter, ^dophenin, CijH^NOS base (Schwalbe, Chem. Zeit. 19%, 29, 895). 
in presence of oxygen or oxidising agents (test When boiled with aluminium chloride, 
for thiophen in benzene) (Bauer, Bor. 1904, 37, thiophen forms an insoluble resin (Heusler, 
1244; ibid, 3128; Schwalbe, Chem. Zoit. 1905, Zeitsch. angew. (‘hern. 1896, 11* 750; Bodtker, 
29, 895; c}; Wray, Soc. Chem. Ind. 1919, Compt. rend. 1896, 123, 310 ; Haller and Michel, 
83 T). Tliiophen gives similar coloured con- Bull. Soc. cliim. 1896, 15, 1065). 
densation products with all compounds contain- Thiophen combines with mercuric chloride 
ing the group CO*CO (see Denig^s, Bull. Soc, and sulphate (l)imroth, Chem. Zentr. 1901, i. 
chim, fiii.] 13, 53S; ibid. 1015, 17, [4J 353; 450; Schwalbe, Bor. 1905, 38, 220«), and also 
Meyer, ]^r. 1883, 16, 1473 ; Liebermann, ibid, with tile acetate as above. 

1887, 20, 3231 ; Claisen, ibid. 2197 ; Ostcr, A small quantity of thiophen* mixed with 
ibid, 1904, 37, 3348). It gives an inten-sel}' red vanillin and concentrated sulphuric iw'id gives a 
coloration with lactic acid in the presence of green or bluish-green colour/ A green oedour is 
sulphuric acid and copper sulphate (Fletcher and also formed gradually when wockI is moistened 
Hopkin8,Chem.Z<?ntr. ltK)7,i. 1442), and various with 1-2 drops of thiophen and 10 times the 
colours with different aldehydes (Stcensma, amount of alcohol mixed with an equal volume 
ibid. 1908, i. 1492). of sulphuric acid is added (Ihl, Chem, Zt»it, 14, 

Thiophen may bo determined by shaking 1707). According to Thomas (Bull. Soc, chim. 

1 grm. of it with 15*15 grras. of mercuric acetate 1909, [iv.) 5, 182, 730), pure thiophen is not 
in 60 grms. of water when a white imsolubie reduct'd by Sabatier and Sendt5rcns* method. 
orystalHne powder separates, having the com- When treated with Ijydrogen fwroxide (1-^ 


position L:4JH4S(ngU*UU’i;W3)4, and which p.c. solution), thiophen yieitis art/iniopnen 
may be weighed as such. When heated with C4H4O4S, Jb.p. 130 \ and tetmtx^io^tn^ b.p. 
aqueous sodium cldofide this ^elds the corre- 158M60''. Both *have a pleasant smell, a 
sponding chloride, C4H4S(HgClf4, as a w*hile burning taste, and give a green coloration with 
insoluble microciy'stalline powder. When heated isatin and sulplfuric acid. If 25 p.c. hydrogen 
with alkalis, the chldro compound yields the peroxide is used the oxythiophens are decom> 
hydroxy derivative C4H4S(HgOH)4 which ex- posed forming sulphyric acid and yellow resiAOus 
|4odes on heating, metallic mercury separating products (Lanfry, (’ompt. rend. 1911, 153, 73). 
in the form of a mirror (Paolini, Gazz. chim. ital. Both in its ^diysicai Tm)perties and in ite 
1907, 37, i. 58). ^ chemical ^reactions, thiophen dowdy resembles 

Benig^ finds that basic mercuric sulphate benzene. €lenzene lioUs at 80°, thiophen at 
may be substituted for the acetate with advan- Like benzene it combines with certain sub* 
tage. The reagent is made by dissolving 5 grms. stances thiophen of crystallisation (Lieber* 
of mercuric oxide in 20 c.c. of concentrated mann, ^r. 1893, 26, 853 ; Prokoijeff, .1. Russ. 
Bidphuric acid and 100 c.c. of water, mixed with Phys. Chem. Soc. 1897, 29, 87). The hnJogeiity 
60 c.c. of absolute alcohol. In presence of nitric acid, W sulphuric add react with thio- 
thiophen this forms S04(Hg0)Hg*C4H4S. The ph#n, yielding suostitution producte 00m- 
wei^t of the precipitate multiplied by 0*1032 sponding with and very simOar in propertka to 
gives the weight of thiophen in the quantity of those of benzene, excepting that MtiopH en, 
the sample taken (c/. Spielmann ^and Jones, owing te its nnsymmetriool oonitituti^ forma 
J. Chem. Soc. Ind. 1919,38, 185 T; Spielmann two series of mono-iubstltution compoundi^ 
^ and Schotz, ibid. 1919, ^3, 188 T). Meyer a-compounds, in which a hydrogen atom ad* 
(^mpt. rend. 1919, 169, 1402) employs methyl jacent to sulphur is replaced, and ^compoandi* 


##!? examination m a stoppered aerodt^ J. pr. Oiem. 1886, 33, 150 ; Roaenbanr, 

mtle, The nurture is shaken from tmo to Ser. 1886, If, 650 ; Sehiekher. ibi£ 1881L» 
tteandftfterao^utesisiiterfl. 10 c.o. 3015; 
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74 \i^f MlrdnsaoUt 1893, 26, 2457; t duct ^tainad from the interAction of the v&poun 


Pdhl Bid Sohultz, «Md. 1894, 27, 2834$ ibid 
1895, 28, 2217 ; Eberhaid* ibid. 2385). 


of eulphtir and naphthalene at a red heat. The 
former orystalliBes in pearly yellow scales, melts 


Thh^hea dllodUt CiH^XtS forms mystalline .at 250*5° (oorr.), and Mils above 440°. It yields 
{dates, m.p. 40*5°, an^ is sometime^ used as a , a hexambromo derivative C|oH|Br|S, m.p. 


substitute for iodofmrm in sui^ 
In the presence of anhyc 


lal cases. ^260°, and a tetranitro derivative 

ms, ether« mag> m.p. 210° (ci^). Oxidation with chromic acid 


id bv Thomas (Con^t. rend, with sulphuric acid and isatin. From it 
s also Tschelinzeff, Chcm. tetrabromo derivative C,i^tBr 4 B 2 , m.p. 247' 


ketones forming tertiary alcohols, some of which boils at 345°. It gives the thiophen reaction 
products are desciibed by Thomas (Compt. rend, with sulphuric acid and isatin. From it a 
1908, 146, 642; %bb also Tschelinzeff, Chcm. tetrabromo derivative CiofliBriBj, m.p. 247°- 
Zentr. 1905, i. 146). 248°, and a tetranitro derivative C|oH 2 (KO|) 4 S|, 

TMni-iodotlliophen C4I4B is an odourless, decomposing at 300°, have b^n obtained 
tasteless, pale yellow, crystalline powder, m.p. (Lanfry, Compt. rend. 1911, 152, 92, 1254). 
198° (Pimiini and Bilbennann, Atti K. Accad. Other naphthalene thiophens have b^n described 


Lincei, 1915, [v.] 24, ii. 206). 


Sodium thiophen sulphonate C 4 H 38 ‘NaB 03 is 31, 925). 


by Oziewonski (Bull. Soc. ehim. 1901; [iii.] 


sa white crystalline powder which has b^n Dithienyl (C 4 HjS) 2 , m.p. 83°, is formed when 
employed in prurigo, being non-toxic and non- the vapour of thiophen is passed through a red- 
irritant: it has proved more effective than hot tube, just as diphenyl (CgHi), is formed 
8 -naphthoI. Kitrothiophen (Stadler, Ber. 1885, under th^ conditions from benzene (Nahnsen, 


Dithienyl (C 4 HjS) 2 , m.p. 83°, is formed when 
the vapour of thiophen is passed through a red- 


18, 530), like nitrobenzene, yields, with reducinj 
agents, the corresponding amino eompoum 


Ber. 1884. 17, 789). Tjph\ (ibid. 1894, 27, 665) 
obtained another dithienyl, m.p. 33°, by the 


(Btadler, ibid. 1490 ; 2316 ; Goldschmidt and action of anhydrous feebly faming sulphuric 


Schulthess, i 6 id. 1887, 20, 1701). 


acid on ice cold thiophen. A third dithienyl, 


HtmokgvM of thiophen are present in coal- m.p. 132°, was obtained by Auwers and Pr^t 
tar benzene and may be separated by methods {ibid. 1741) by heating btttane tetracarboxylic 
similar to those us^l for separating thiophen acid with phosphorus sulphide. 


(Messinger, Ber. 1885, 18, 563, 1636; Keiser, | 
ibid. 1896, 29, 2560). Many of these a- and j 8 - 


ThlophcB carboxyHe aeidf may be obtained 
by oxidising the corresjxindiifg alkyl thiophens 


homologues are known and may be obtained by and also by various other methods (Nahnsen, 
a variety of synthetic methods. By treating a Ber. 1884, 17, 2197 ; Peter, Ber. 1885, 18, 542 ; 
mixture of 2-iodo-thiophen and methyl iodide Messin^r, ibid. 563; Nahnsen, ibid. 2304; 
with sodium, 2>fMlhmhwphtn (thiotolen) can Schleiohter, ibid. 3015; Damsky, ibid. 1886, 
be obtained (Kues ana Paal, Bt^r. 1886, 19, 555 ; 19, 3282 ; Levi, ibid, 656; C'Hirtius, Chem. Zentr. 


Meyer and Kreis,i 6 »d. 1884, 17, 1558). 


1902, i. 457 ; HoUeroan and Voerman, Proc. K. 


(ktopAea may be obtained similarly. For various Akad. Wentesch. Amsterdam, 1907, 9, 514; 
homologues and their halogen and other de- Rec. trav. chim. 1907, 26, 293 ; Bchorigin, Ber. 


I rivatives, see Grunwaid (Ber. 1887, 2 U, 2585) ; 1910, 43, 1938). 
KZeliuaky {ibid. 2017; ibid. 1888, 21, 1835); m.p. 126°-127°; 


Thiophen 2 -carboxyiic acid, 
thiophen 3 *carboxylic acid, 


Thiele (Aonalen, 1892, 267, 133); Opolski m.p. 136°; and three dicarboxylic acids are 
(Chem. Zentr. 1905, i. 1255; ibid. ii. 1796) known. 

amongst others. Thiophen aldehyde C 4 H,S*CHO, a pale yellow 

is obtained by distilling oil, b.p. 198'’, having a pleasant smell, is ob« 
jS-benzoylpropionic acid or dienzoyl^uccinic tained by the diptillaiion ai a-thienylglyoxylio 
acid with pWphorus tri- or {x»nta-.<»ilphide arid (^HjS-COC^jH (Biedermann, i^r. 18^, 
(Kues and Paal, ibid. 1880, d9, 3142). It 19, 1 853) or by the action of sulphuretted hydro- 
crystallises in small plates, m.p. 40'^-44°, gen on cldorodiketojientainethyiene 


acid with phosphorus tri- or {x»nta-.<»ilphide arid (^HjS-COCkljH (Biedermann, Ber. 18^, 
(Kues and Paal, ibid. 1880, d9, 3142). It 19, 1853) or by the action of sulphuretted hydro- 
: crystallises in small plates, m.p. 40'^-44°, gen on cldorodiketojientainethyiene 

Z-PhtmyUhiophen is obtained by the inter- no — CHO 

action of thiophen and nitixftoaceiamlide. The nu* 

compound obtained by .Hohlau and Berger * * 

: {ibid. 1893. 26, 2001) from diazobenzen^ chloride (Hantzsch. ibid. 1889, 22, 2838 ; Hautzsch and 
and thiophen in the presence of iduminium Witz, ibid. 1901, 34, 811). Dn oxidation it 
;* 0 hioiido is a mixture of 2- and S-phonylthiophens y»eld« the a-acid. Many of its derivatives are 


f phioride is a mixture of 2 - and d-phonylthiophem . 

() 8 aiBl)erger. ibid. 1897, 30, 36), 3.Phenyllhio known. Thiophen ketones and a large number 
phen orystatiises in plates, m.p. 90°-90^5°, b.p. of other derivatives of thiophen have been 
|^°-260°. Benard (Compt. md. 1889, 109, prepared. 


N) describes another phenylthiojihan, m.p. 

10°, which was obtained by jj^ina a mixtm Thlopllttl grain 
[ the vaMun of toluene and sulphur through 

Iliwn tolie bMtod Wwdiim * Thii compound, which wm di»cove«d L E. 

Levi (Ber. W87, 20, 513), i» an uudogue ei 
lay be oMaiDed bf heating mti^ aliphatic ni*l«jhite green. Thelencobaee 
nnmtk ketonee m the prceeiioe d water and . , 

nmnaiiim eoiohite at 216* andef preaswe C!H(C,H,S)lC,H| 

mUlKodt and Seholtf, Qiom. Zmit. 1610, ie fiiet prepared Ity heating a mixtnie of one 
lOW), for Mdhot nidhod d obtaining the part d th^phttudoehyde, 2 parte d dinethyl- ' 
MHwllhk^Hni, «. BamiHUi and mmn aniiiiio with a.little aleohd, and 3 to 4 peiti; 
Ik 1 ^ 2001). d tiao eUoiide for 6 houia, adding tho iiM 

i jEmeM hiwie p I le n C|,H»8. ead ieadittw. ehlotida gtadnally, and, if the niaM beowM) j 
****MteedBMitMpiKK thiefcidihitiiigaliutly with water. Ihepiodtwt 


/C,H,8 

C(OH);fC,H,-N(CHJ, 


3t^ THIOPHM. * 

b Bwdt with oftostic Boda> gteun-db- 1 MDroSTAHHIC ACID v. iSrtr siMS akd 

erttaoM with ether, and the eTStallme on^. « 


Idlleu. rawoowu WIMl ouicr* »UU vuo vxtoww*im*w ^ 

vesidue which is left on evaporating the ether THOLAFORMa Trade ^me for a mix 

reorystaUised from alcohol. This crystalline . of menthol and trioxymethylene. 

ienoo base is then oxidised with mangane8e« THOMjg SLA G v* _|ai, 

dioxide and dilute sulphuric acid, when it yields THOMfiblOTE. .«ixx a 

thionhen green. The colouring matter is ex- the composition (Na„Ca)0^a^» 

tracted with hot water, filtered fr^ manganese crystallised in the orthwhombic ®yf 

dioxide, precipitated with ammonium chloride 2*3-2*4; H. 

and ammonia, and extracted with ether. It is, lifUomte, with a ra^y fib^ ^ 

as represented by the formula, the carbinolcorre- concentric bands of green, wo, ana wni^ i 
sponding with the Jeuco base. Like malachite occasionally used as a gem-slone. This owu» 
green, it forms a double salt with zinc chloride, in araygdaloidal basalt at Grand 
ft dyes aiik and wool a shade very much like that Minnesota, and is collects as water- worn 
of malachite green, but somewhat yellower. pebbles on the shores of Lake Supenor. 

W. Krause (Intemat. Monatschr. Anat. u. ™ i 

Physiol. 4, 2; J, Soc. Chem. Ind. 1887, 507) THORIANITE. A heavy, black mmeral 
recommends the use of the zinc double salt of consisting of thoria (51-80 p.c.) with \iranium 
thiophen green for staining sections, especially oxides (11-32*7 p.c.), &c. It is isomoynouii* 
as a complementaiy colour to carmine. It with pitchblende (j.r.) and very similar to tne 
dissolves readily in water, alcohol, and chloro- crystallised varieties of this in most of its 
form, but is insoluble in benzene. characters. The principal difference between 

Mwww^MWMtf.wwAwwwwri -r- ^CSv-vTti ^ the two minerals is in the relative amounts of 

THIOSAOCHARINC 4 L 5 <gQ^>NH, obtained thorium and uranium oxides, thonanite 

by heating an intimate mixture in equimolecular being essentially (Th,!))!)* and pitchblende 
proportions of saccharin and phosphorus penta- (U,Th)Ot. Thorianito is derivedprincipally from 
sulphide to 220® and extracting with boiling Ceylon, where it is found in the stream-beds and 
benzene. Crystallises in yellow needles, m.p. in the gem-bearing alluvial gravels at several 
180®. Has a bitter taste. Hydrolysed by spots in the Central, Sabaragamuwa, and 
water, alkali hydroxides and carbonates with Southern provinces. The heavy minerals occur- 
pioduction of saccharin and hydrogen sulphide, ring with it, and separated by the gemmers 
Soluble in ammonia solution from which it is from the alluvia by a simple process of washmg, 
piecipitat^ unchanged by acids. Heated with are zircon, ilmonitc, thorite, gold, &c. The 
dilute hydrochloric acid forms ammonium largest amounts have l>een obtained from the 
O'Sulphobenzoate (Mannessier, Gazz. chim. ital. Kuda Pandi-oya, a small stream in the Bambaia- 
1915, 45, i. 540). botuwa district, about 20 miles from Balangoda 

THIOSAUCYLIC ACID (o^Thiolbenzoic acid) in the Sabaragamuwa province ; but the 
8il deposits are of limited extent, and soon become 

«« , t j- exhausted. The occurrence of the mineral t» 

CO,H^^. (1) Formed by heating sodium pieces 

o-ohlorobenzoate with sodium hydrogen sulphide (Gampola and Maddegama) in Central province, 
and copper powder to 160®-250®, dissolving the a few cmtals having been found in pegmatite- 
product in water and precipitating by acid veins. Pros]x*cting for the original sources is, 
(Cassella & Co., D. R. P. 1892()0). (2) A mixture however, difficult, owing to the thick growths 
of anthranilic acid and strong hydrochloric acid of jungle. 

is diazotised, and thc^ solution jis mixed with a Two isolated crystals from an unknown 
cooled aqueous alkaline solution of sodium locality in ])rovince Betroka in the south of 
sul^iide containing sulphur in suspension. After Madagascar have been described by A. ^croix 
nitrogen ceases to be* evolved, the solution is (1914). This material is richer in thoria than 
addmed with hydrochloric acid, filtered, the the ()eylon thorianite ; analysis gave : ThOj, 
residue dissolved in sodium carbonate solution, 93*02 ; UOj, 4*73 ; FeJOj, 0*29 ; PbO, I *80=^:99*84 ; 
filtered from sulphur, and heated with finely* sp.gr. 9*33. The mineral has also been found as 
divided iron or zinc dust until no hydrogen water-worn grains in the gold-sands of the 
sulphide is evohred after acidification. The Boshogocha river, Transbaikal, Siberia. Analysis 
product is tl^n treated with hot sodium of this material gave : ThO^* 74*2 : UO|, 14*1 ; 
hydroxide sedution, filtered, and the thiosalieylic CeiO], etc., 6*3; Fo,0|, 3*1 ; SiO|, 0*8«98’5 
aoid precipitated by hydrochloric acid (Kalle A (S. D. lAiznetsov, Bull. Acad. St P4tersbourg, 
Oo„ D. B. P* 205450). Colourless or pale yellow 1912, 6, 361). It is recorded from Travancore, a 
oiystab, in.p. 164®-165®. preliminary • anahrais showing ThO|, 32*27 ; 

THIOSBlyiCAMAMDE e. Hypbazikss. UsOg, 39*86 p.c. (Rec. Geol. Survey, India, 1917, 
THIOBlIAMIlfE, aUyUhwurea 48,* 9). 


THIOBlIAMIlfE, aUyUhwurea 48,* 9). 

Thoriamie is found as small, simple cubes, 
^ usually only a few mm. across, and only ex- 

' ceptionally reaching2or3cni. Inierpenetrotjoti 

Formed by the action oi ammonia on ally!- twins, like those of fiuor-spar, are occasionally 


mustard oU 

^ C,»4-N;C!S+NH,«C,Hj*NH*CS*NH, 


A wMla emtalline substance, sparingly soluble brown with a tinge of green ; thin sections ai« 
itt whlmr. used in the treatment of lupus, and transluoent and optiomly isotropic. The hkh 

« 1 ^ IlKxl. 1 ^ A.tt . I 


met with. •The colour is jet- black, and, when 
the surface is not water-worn and didled, 
the lustre is bright and pitchy. The stredc is 


thin sections ai« 


ioar-tlsiim. With ethyl iodide forms | sp.gr. of ab^9'5 is a stwi 


is mdily soluble wator. 


mineral is i 


feature; hardness 
ubb in nitHc acid 
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’35 


«nd in inlphuAo acid, but is scaroely attacked 
by bydroobloric acid. Jt is the richest known 
source of helium, 8*2-r6 c.c. per gram being 
given oS when the mineral is heated or dissolved 
in acid. Its radioactiiftty is less than that of 
pitchblende, there being less radium but more 
radiothorium. Nipponium and some other 
possibly new elements, have been extracted 
from thoiianite (M. Ogawa, 1908: C. de B. 
Evans, 1908). 

Analysis 1 of yiorianite from near Balan- 
goda jW. R. Dunstan and B. M. Jones, Proc. 
Roy. ^c. 1906, A, 77, 540). II, same locality 
(Dunstan and Q. S. Blake, ibid, 1905, A, 76, 
253). Ill, ditto (Dunstan, Nature, 1904, 69, 
510). IV, ditto (E. H. Buchner, Proc. Roy. 
Soc, 1906, A, 76, 385). V, and VI. from Galie, 
Southern province (Dunstan and Jones, l.c.). 

I IP IIP IV» V VI 
ThOg 78*98 78*86 72*24 70*96 62*16 58*84 


UO. 

uo; 


i) 


13*40 


PbO 

FegO, 
CaO 
HgO 
Insol. 


i*03 

907 

1*02 


1 " 


19 13*12 


10*32| 

18*881 


32*74 


2*59 

0*46 

1*13 

0*20 


1*90 

0*51 

2*25 2*42 
1*92 2*05 

— 0*13 

— 3*20 
0*41 — 


1*84 0*85 


2*29 

1*11 

0*59 

1*05 

0*77 


2*56 

1*31 

0*19 

1*26 

0*45 


1*47 

2*54 
0*87 
0*91 
1*28 
0*47 

J Also He, 0'39. 

* Also ZrOa, 3*08 (due to enclosed zircon) ; SlOg, 
1*84; Bp.gr 8*08i 

• Also iSrO,. 0*23; SiiO„0 C5; SbjO4,0 ll; ALO,, 
0*15; etc. 

Thorianiie contains a higher percentage of 
thoria than any other known mineral, and it has 
been employed as a source of thoria for use in 
incandescent gas mantles. The amount ex- 
ported from (%ylon in 1905 was about 9 tons, 
which sold for £1600 to £1700 per ton ; since 
then, however, the price of thoria has fallen 
considerably. 

For local details of occurrence, Ac., see 
Administration Reports, Ceylon, Colombo, 
1903-4, Ac.; Colonial Repofts, Misdl^ll. Ser., 
Oeylon Mineral Surve}*, London, 1904-14, Ac. ; 
Bull: Imp. Inst. London, 1916, 14t 321. 

L. J. S. 

THORITB. A mineral consisting essentially 
of thorium silicate, ThSi 04 , crvstalTising in the 
tetragonal system and isomorphous wit h rircon. 
Analjw show ; SiO,, 12-19 ; ThOj, 4S-74 (the 
formula requires 81*5); UgO„ 1-10^ OcjO„ 
p-3; H|0, 6-10 p.c. The presence of water 
appm to be due to seoondaiy alteration ; and 
the fact that the mineral is frequently optically 
iaotropio and amorphous indicates that it is not 
fresh. The colour is yellow to dark |»rown, and 
in the orangite variety (c.v.) a bright orange* 
yellow ; the lustre is resinous ; sp.gr. 4*4*^^ 
Thu mineral ocouni as small masses and indisunct 
^tyirtals in the a^te-svenite on the Langesund* 


kJ, and a few other places 
in the south of Norway. It is also round, 
together with thorimiite, in the ma4uavels of 
C^lon. 8maU amounts are oolmcted for the 
^epmtakm of thorium compounds and us«l 
*ialhr for the mantles cd Inoandesoent 
hts. L J. a 

^ JMH9DH, By% Th. At,wt. mt 
which has tA %hest atomic weight of 

^ t ' 



the metals of the rare earth series, was identified 

S ' Bereelius in 1829 as occurring in the form of 
Icate in the mineral thorite, obtained from 
the island of Lov-on (near Brevig, Norway). 

I* Forwsition in the Periodic system, see 
Vogel (Zeitsch. anorg. Chem. 1918, 102, 177- 
200). • 

Occurrence.— Thorium occurs as a constituent 
of most rocks of volcanic origin to the extent ol 
2*3 X 10"» in acid, and 0*22 X 10"* in basic deposits. 

It is present as the main constituent in thorite, 
orangite, and their alteration products, mackin- 
toshite, auerlite, calciothorite, and freyalite, 
and in thorianite (Dunstan and Jones, Proc. Roy. 
Soc. 1905, 76 A, 2.53 ; 1906, 77 A, 546 ; Szij^rd, 
Compt. rend. 1907, 135, 463). It occurs also in 
yttrocrasite (Amer. J. Sci. 1906, |.lv.] 22, 515). 
The only source of commerical importance, 
however, is monazite sand, which contains from 
2 to 10 p.c. ThOg, 

Extraction an^ Purification. 

1 . Separation from thorite, orangite, and 
thorianiie , — ^These minerals are easily decomposed 
by the strong mineral acids when silicic acid 
separates, and the solution containing the 
metallic constituents is free& from lead, bismuth, 
Ac., by hydrogen sulphide. Thorium is then 
separated in the form of its octabydrated 
sulphate Th(S 04 )g, 8 H 5 j 0 , whiJh separates from 
aqueous solutions below 47®, by stirring info the 
cold chloride or nitrate solution (about p.c.) 
a moderate excess of cold 50 p.c. sulphuric acid. 
This salt is re-dissolved in water, anct oxalic acid 
added to precipitate thorium oxalate, which is 
then ignited to thoria and the cycle of operations 
repeated. For this purpose the thoria roust be 
attacked by concentrated sulphuric acid; the 
product is dissolved in ice and water, and the 
solution warmed to 20® or 30® to separate the 
hydrated thorium sulphate (Kriias and NUson, 
Ber. 1887, 20, 1665). 

Thorium salts may be separated from those 
of the cerite metals by solution in excess of alkali 
carbonate or oxalate. Bui this process brings 
into solution abb %mal! amounts of the cerium 
and )*ttrium earths, which, however, do not occur 
in thorium minerals excipt monazite to any 
large extent ; moreover, the extraction of the 
t|iorium is never complete. Solutions of thorium 
salts readily undergo hydrolytic change when 
boiled with sodium wio8ulj[)hate. a basic thorium 
thiosulphate Ikcing precipitate mixed with 
sulphur ; this operation separates thorium from 
all rare earth metals excepting scafhdium and 
zirconium, but the separation is not perfect if 
more than 2 to 3 p.c. of other earths are present 
(Bunsen, Fogg. Ann. 1875, 155, 379; Moissan 
and Rtard, (k>mpt. rend. 1896, 122, 573 ; Urbain, 
Bull. Soc. chim. 1896, [iii.] 15, 338; Brauner, 
Chem. Soc. IVans. 1898, 73, 951). 

2 . Separaif(mfromnimtziUBand,----yhmzit^ 
an orthophosphate of the cerite metals which 
contains varying proportions of thorium, is very 
widely diffused in earth's crust, occurring 
primarily as an accessory constituent of certain 
plutomc moks (granites, diorites, gneisses, Ac*). 
It is, however, •chiefiy in its seoondaiy form of 
monazite sand that the mineral is exwited lor 
the gas-mantle industry. Hie erosive action 
of rivers a||l tides on the ori^nalfmonai^ 
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bontaining rocks gires rise to enormous accumu- 
lations of monazite sands found in littoral and 
fluviatile deposits. 

Up to 1909 the deposits on the coast of Brazil* 
(6 to 7 p.c. ThO|), and since then the richer sand ( 
discovered on the coast of Travancore (9 to 10 p.c# 
ThO,) have been exploited to the extent of 1000 
to 20()0 tons annually. Attempts have also been 
made to work commercially the sand of Ceylon 
(Bull. Imp. Inst. 1910, 14, 321-309). Monazite 
is also found in Australia, North and South 
Carolina, and the Malay Archipelago. 

For an account of the Travancore workings, 
9U £. White (Pharm. J. 1922, 440). 

Xn addition to the yellow grains of monazite, 
the sand contains fragments of magnetite, 
chromite, titanite, quartz, felspar, hornblende, 
rutile, brookite, zircon, and small quantities of 
rare-earth minerals {e.g. samarskite, aschynite). 
The sand is concentrated by washing, followed 
by electromagnetic concentrations, until it 
contains 90 to 90 p.c. of actual monazite. 

The monazite sand i^ decomposed by heating 
with a minimum of concentrated sulphuric acid, 
and the product dissolved in cold wak^r, the 
residue containing the unattackod constituents 
of the sand, quartz, zircon, titanite, &c. Another 
way of effecting the initial breakdown of the 
monazite by fusing in an electric furnace yith 
carbon, lime, and calcium fluoride, slaking the 
prodyct with water and washing oil the lime 
from the residual heavy rare earth carbides, is 
recommended by Baskefville (U.S. Pat. 1087099, 
1914), but does not appear to be used. The 
acid solution is partially neutralised with 
magnesia, sodium hydroxide or ammonia, or 
suitably diluted with water, until precipitation 
of the phosphates of the rare-eartii metals occurs, 
when thorium phosphate, being the least soluble 
of this series, is concentrated in the first fractions. 
The use under varying conditions of acidity and 
dilution of pyrophosphoric acid (J. Amer. Chem. 
Soc. 1914, 36, 1134-11439; I). R. P. 286087, 
1914; U.S. Pat. 1182880, 1916; Eng. Pat, 
1123^, 1917) and of sodium hvpophosphate 
(Koss, Chem. Zeit.*]912, 3ft 686; Fr. Pat. 
444798, 1912; Wirth, CheA. Zeit, 1913, 37, 
773-774) have been ^iroposed for the separation 
of thorium at this stage. The phosphate is 
dissolved in hydrochloric or sulphuric acid and 
the thorium precipitated by oxalic acid. 'J'hp 
greater part of the pho.sphoric acid is thus 
removed. The ^sparing solubility of thorium 
oxalate in solutions containing excess of mineral 
acid serves also to separate thorium from the 
commoner* metals (iron, manganese, calcium. 
Ac.). Sometimes the separation with oxalic 
aicid is replaced by precipitation with hydro- 
fluoric acid. 

The crude, well-washed thorium oxalate 
when wanned with exce^ of aqueous sodium 
carbonate yields a solution containing the 
greater jpart of the thorium, togetlior with small 
quantities of the cerium and yttrium earths. 

The thorium in the filtered carbonate solution 
la precipitated either as oxalate by adding acid 
or aa h^roxide by adding caustic soda. Alter- 
natively, the oxMate may be coni^rted into 
sulphate previous to solution In sodium car- 
bonate* Final purification is effected by con- 
verting the tiearlv pure oxalate or hydroxi^ 
into mfliate an^ crystalliaiii^ r^atedly the 


octahydrated salt until it is free from di^minm 
and phosphate (Koppel and Holtkamp» Zeitach. 
anorg. Chem. 1910, 67, 266). 

I^re thorium sulphate obtained by the fore- 
going or ky a slightly modified process is in- 
verted almost exclusively, via the hydroxide, 
into thorium nitrate. For this purpose it may 
be dissolved in slight excess of ammonium 
carbonate, the diluted solution freed from iron 
and heavy metals with hydrogen sulphide and 
boiled until ammonia ceases tp he evolved, ^he 
precipitated thorium is washed and dissolved 
in nitric acid. 

It is customary to adjust the solution so 
that the finished nitrate will contain sulphate 
equivalent to 1 or 2 p.c. HjSOi, since in this 
form it is most generally suitable for use in the 
gas mantle industry. It is then cou^ntrated 
until it contains 48 p.c. ThO.,, and tigorousl/ 
stirred as it cools, when the granuW thorium 
nitrate of commerce is obtained. 

Few commercial chemicals attain such a 
high degree of purity as thorium nitrate, since 
an extremely i>ure product is essential for the 
manufacture of gas mantles. Didymium and 
other rarc^ earths must be entirely absent, 
phosphoric acid must not exceed 0*004 p.c, 
PgOj. and lead, iron, lime, silica and soda are 
not iiermissible except in the merest traces. 

Many processes for the separation of thorium 
from the other rare earths have Ijeen described, 
most of which have no commercial value. 
Hydrated thorium ])eroxide is precipitated by 
hydrogen jjeroxide from very sliglitly acid 
(preferably nitric) solutiofts of thorium salts, 
but in presence of ccrite metals a certain amount 
of cerium is co-precipitated. The ojx^ration 
must W rep<^ated several times to effect a com- 
plete separation (Wyrouhoff and Verneuil, Bull. 
Soo. chim. 1898, [ili.] 19, 219; Compt. rend. 
1898, 127, 412). 

A separation of thorium and zirconium from 
the cerium and yttrium elements is brought 
about by stirring thoroughly into a dilute solu- 
tion of tly) nitrates (containing tervalent cerium) 
an excess of freShly-prcpared lead carbonate. 
After 12 hours the hydraters of thoria, zirconia, 
and ferric oxfde are completely precipitated, 
the hydroxides of aluminium, chromium, and 
uranium are partu^ly de])osited, whilst cerium, 
yttrium, and other rare earth metals remain in 
.solution. The precipitate is n*dis8olved and the 
thoria ptesent is further purified (Giles, Chem. 
News, 1905, 92, 130). The sparingly soluble 
basic acetate (Bohm, Die Darstellung der 
selteneq Krden, vol. i. 40, 1290) and the chromate 
(Bor. 1900, 3!^, 2028) have been recommended 
for Hoparayng thorium from the oerite meti^, 
and the aeetatc method has been used com- 
mercially. The acetylacetone may be employed 
in pprifying small quantities of thoria ; the well- 
dried salt is extracted with chloroform, in which 
thorium acetylacetone alone dissolves (Urbain, 
Bull. Soc. chim. 1896, [iii.] 15, 338, 347 ; Ann, 
Chim. 1^, [vii.] 19, 184). Repeated pre- 
cipitation of thorium bv potassium azide is 
recommended as a mode of separation and 
pttrification (Dennis and Kortright, Amer. Chem. 
J. 1894, 16, 79; J. Amer. Ckm. Soc, 1898, 18, 
947). 

Thorinif is piwiiiiteUd qiwatiteti«il|)r a, 
iodftto &om em ■vmy dilute aolotlam to kdi. 
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Mid or potassium i^date in the presence of 
excess of nitric acid ; hydrochloric acid should 
be absent (Meyer, Zeit. anorg. Chem. 1911, 71, 
66-69)* 

Thorium in neutral solution 4s precipi-t* 
tated quantitatively by sebacic acid at the i 
boiling-point (D. K. P. 266469, 1912), by phen- 
oxyacetio and pyrotariaric acids (Smith and 
James, Chem. News, 1912, 165-109), and by the 
ammonium salt of nitrosophenylhydroxylamine 
(Tfiomton, Chenu News, 1916, 114, 13-14). 
Thorium can be determined lyolumetrically as 
molybdate (J. Ind. Eng. Chem. 1912, 4, 493- 
495). 

m-Nitrobenzoic acid precipitates thorium 
quantitatively as thorium ui-nitrobenzoate from 
neutral solutions of the rare-earth nitrates 
^derived from monazite, and a repetition of the 
process affords a complete separation from 
cerium, lanthanum, ne^ymium, and praseo- 
dymium, but the iiTst of these elements must 
be in the tervalent condition, otherwise the 
sparingly soluble yellow ceric wi-nitrobenzoate 
is deposited (J. Amer. Chem. Soc. 1904, 26, 
760; Zeitsch. angew. Chem. 1905, 18, 92). 
This method avoids the use of alcohol, which 
is required in the separation of these metals 
uith fumaric acid. 

Certain oiganic bases have a selective action 
in the precipitation of the hydroxides of the rare 
earths ; jCtoluidine separates thorium and 
zirconium from lanthanum, neodymium, and 
praseodymium, whilst hexamethylenetetraniine 
and the chloranilines serve to separate thorium 
from zirconium (Hah well, J. Amer. Chem. Soc. 
1903, 25, 1128). 

The separation of thorium from rare earth 
mixtures by the electwdj’sis of solutions with a 
mercury cathode (Dennis and Ray, J. Amer. 
Chem. Soc. 1918, 40, 174-181; U.S. Pat. 
1115513, 1914), and from tungsten by fusion 
with sodium carbonate are described (Ann. 
Chem. Analyst, 1913, 18, 257-260). 

For the estimation of thorium in monazite 
sand by an emanation meUiod, Helmick, 
J. Amer. Chem. Soc. 1021, 43, 2003; J. Soc. 
Chem. Ind. 1922, Oti A. 

Metaflie tlmrium. The isolation of the. metal 
in a pure state is a matter of considerable diffi- 
culty owing to its infusibility, and to its 
power of combining with nitrogen, hydrogen, 
carbon, silicon, and the metals. The reduction 
of thoria with magnesium is not * complete 
(Ber. 1891, 24, 873) ; the action of Silicon and 
alaminium on thoria or on potassium thorium 
fluoride leads respectively to th& formation of a 
sUicide ThSi|, and an alloy ThAl, (Compt. rend. 
1906, 142, 107, S^). Thorium ^an also be 
obtained by paoing the vapour m the iodide 
over a heatra tungsten filament (van Arkcl andde 
Boer,2Seitach. anorg. Chem. 1925,148,345; Chem. 
Soo. Absta. 1925, ii. 1 193). The pure metal is said 
to be obtained by the action of metallic calcium 
on the oxide (Fr. Pat 419043, 4909 ; U.& Pat 
108509^ 1914), and by the tmtmept at OOO^C. 
of the i^ydrous ehlome with sodium in a steel 
bqmb exhausted of air (Zeit anorg. C2iem. 1914, 
87, 20^228), So prepued the metal is leaden 
pvy in ooknm, ductile and in the coarse form 
uttpdtaeked by water. A rolled specimen of the 
metal obtained bmieduetimi meRed at 1450^ 
imdtmd4^.12*j4(B^*1883,W^ Compt. 


rend. 1883, 96, 346 ; Ann. Chim. 1906, [viii.] 8, 
182; Zei^h. Elektrochem. 1908, 14, 768). 
Electrolysis of thorium chloride dissolv^ in a 
’ fused mixtum of sodium and potassium chlorides 
Untamed in a graphite crucible affords a 
•product melting at 1700® (ibid, 1909, 15, 866). 
Alloys of thorium are obtained by reducing, 
with sodium or with carbon and sodium 
hvdroxide, mixtures of thorium salts with those 
of more fusible metals (8n, Pb, Sb, Al, or Co), 
and thorium fluoride heated with tin or lead 
gives thorium alloys of these metals (D. R, P, 
146503). The alloys of thorium with tungsten 
are of commercial importance (Grotthus Metall 
u. Erz. 1913, 10, 844; D. R. P. 2939532, 1^13). 

Reduction of thoria by amorphous boron 
leads to the formation of two thorium beridei, 
ThB|, prismatic crystals, sp.gr. 7*5 at 16®, and 
ThBg, reddish- violet mass, sp.gr. 6*4 at 15® ; the 
former is soluble and the latter insoluble in 
concentrated hydrochloric acid (Compt* rend. 
1905. 141, 191). 

Thoria is reduced It^ihorium by heating with 
tungsten, the tungsten oxide combining with 
unchanged thoria to form a thorium-tungsten 
bronze. 

Colloidal thorium is prepared by rubbing 
95-96 p.c. thorium with cold dilute hydrochloric 
acid and washing the mass on a Alter until a 
grey opalescent solution passes through; this 
liquid is stable to acids, but not to alkali§. On 
electrification the thorium particles are found to 
carry a po.sitive charge (Zeitsch. Chem. Ind. 
Kolfoide, im, 5. 191). 

Thorium hydride ThH| is stated to be pro- 
duced by direct combination of the metal and 
hydrogen at red heat, or by absorptiqp of the 
gas by a heated mixture of thoria and magnesium. 

It is not decomposed by water, but evolves 
hydrogen on treatment with hydrochloric acid 
(ier. 1891, 24, 873; Compt. rend. 1900, 131, 
891 ; 1901, 132, 36 ; Ann. Chim. 1907, [viii.l 10, 
130). Its existence has also been observed by 
Klauber and von Mellenheim (Zeitsch. anorg. 
Chem. 1920, 113, 306), wrho formed it by the 
action of waterier dilute dcids upon an alloy of 
tliorium and ma^gnesium. It was said to be 
dcH^oroposed by heat yielding metallic thorium. 
Its existence is denied by Schwarz and Konrad 
(Ber. 1921, 54, fB) 2122). 

• Thorium earbido ThCj, ytilow microscopic 
crystals, sp.gr. 8-96 at 18*^, prepared by heating 
an intimate mixture of thoria |nd carbon in the 
electric funiaco (900 amperes, 50 volts), is 
deebmposed bv cold water evolviM acetylene, 
methane, ethylene, and hydrogen (Compt. rend. 
1893, 116, 1227; 1896, 122, 573; Ann. Chim. 
1897, [vii.] 12, 427 ; Bull. Soc. chim. 1914, 15, 
367-^170). 

Thorium sUieide ThSi|, quadratic plates, 
8p.gr. 7*96/16®, produced by heating to 1200® 
a mixture of potassium silioo- and thoro- 
fluorides and aluminium (Chem. Zeit. 1906, 29, 
1031 ; Compt. mnd. 1906, 142, 157). 

Thorium niWo Th,N4, brown powder, ob- 
tained by direct union of its components at bi^t 
temperatures, rapid cooling of the |Nodiiot ^ said^ 
to cans# decomposition; by heatlni^ a mixtafo 
of thorium and ammonium cblorideB in Itydrogeti 
chloride, or by passing ammonia over ImSm 
thorium carbide ; it is dimmposed bv watar wiA 
evolution ff arnmonia (Ooi|^. 
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TO; IWK), 131,8^7; 1901, 132,36; AniLChim. powder, readily soluble ^ mineral acids or in 
1897, fvii.] 12, 427 ; 1907, [viil] 10, 130). aqueous alkali carbonates. It dissolve rowUly 
llmrlum stiphide IbS,, dark-brown lamell®, in less than its equivident of hvdroohlono cw 
mgr. 6*7 at 0®, and thorium oxysulphide ThOS,* nitric acid, forming solutions which are colloidal, 
yeffiiw crystalline powder, 8p.gr. 8*42 at 0®, art ( but which^readily revert to the no^al salts on 
produced by paasing hydrogen sulphide over a# boiling with a slight excess of acid. Thehydrwol 
mixture of thorium chloride and excess of form of this hydroxide is produced by dialywng 
sodium or potassium chloride at rod heat solutions of thorium nitiato or by adding thorium 
(Gompt. rend. 1908, 146,815; r/. Zeitsch. anoig. nitrate solution gradually to the well-wwed 
CSiem. 1W7, 53, 74), or at a temperature below ' hydrosol and boiling the mixture Mtil an 
that at which the chloride sublimes (U.S. Pat. opalescent solution is obtained. Thonum 
941071, 1909). hydroxide hydrogel is also converted into the 

fluoride ThFi, white amorphous hydrosol form by diluted (N/20) hydrochloric 
powder, resulting from the interaction of acid, or by solutions of aluminium 
hydnsgen fluoride and thorium chloride or chloride (Biltz, Ber. 1902, 35, 4436 ; 1904, 37, 
iffomide at 354®-400® (Compt. rend. 1908. 146, 1100; Muller, ibid, 39, 2867; Zeitsch. anorg, 
973). The hydrate ThF4,4H..O, a gelatinous Chem. 1008, 57, 314; J. Chim. Phys. 1W7, 6, 
precipitate, obtained on adding hydrofluoric 488, 495; kitsch. EIcctrochem, 1916, 22, 145-* 
acid to solutions of thorium salts, changes to a 161 ; J. Soc. Chem. Ind. 1916, 688; iemoine, 
heavy white powder, the insolubility of which Compt. rend. 1916, 162, 702-708). ^ 

in excess of the precipitant serves as a separa- The electrometric precipitation of thonum 
tion of thorium from zirconium (Bull. Soc. chim. hydroxide has been studied by Britton (Chem, 
1897, [iii.] 20, 69) ; doitble fluorides have been Soc. Trans. 1925, 127, 2116). 
pitted approximating to the composition The so-called thorium meta oxide is a soluble 
K^iF|,6H,0 and KThFsjHgO, and not to the modification of thoria, produced by igniting the 
typical fourth-group formula (Zeitsch. oxalate or hydroxide at comparatively low 

anorg. Chem. 1903, 35, 424). " tempraturea and evaporating the residue with 


anora. Chem. 1903, 3^424). tempraturea and evaporating the residue with 

Aorittm chloride ThCli can be prepared by hyc^ocldoric or nitric acid until a ayrup is left, 
the following methods, but unless oxygen and which dissolves in water to a milky solution, 
moisture are carefolly excluded, the product is appearing yellow by transmitted light ((.■leve, 
alwayg contaminated with oxychloride: (i.) Jahrb. Min. 1874, 161 ; Stevena, Zeitsch. anorg. 
heating metallic thorium in hydrogen chloride Chem. 1901, 27, 41 ; WyroubolT and Vemeuil, 


(Ber. r887, 20, 1665; Zeitsch. physikal. Chem. ibid, 28, 90; (.’ompt. rend. 1898, 127, K63). It 
1887, 1, 301) ; (ii.) heating thoria in carbon correspnds with the colloidal hydroxide 
tetrachloride vapour or in a mixture of carbon described by D. H. P. 2282dil, 1909. 
monoxide and chlorine (Compt. rend. 1901, 132, Thorium dioxide {thoria) ThO;, white {K)wdcr, 
36, 1908; 1946; Ann. Chim. 1907, [viii.] sp.gr. 10*220 at 17^, is obtained by healing the 

10, 130) ; (iii.) heating thoria in the vapour of hydroxide or the thorium salts of volatile acids, 
sulphur chloride (Bourion, Ann. Chim. 1910, It is ordinarily very resistant to the action 
[viii.] 20, 547 ; 21,49; c/, Compt rend. 1904, of even concentrated IiydnK*hloric and nitric 
138, 631 ; Ber. 1905, 38, 817 ; Zeitsch. anorg, acid.s, but parti<‘le8 reduced to siw^ Im than 
Chem. 1914, 87, 209-228); (iv.) decomposing Ifiare Kolubic in hydrochloric acid (J. (.'hem. ika*. 
the heated carbide with chlorine (Compt. 1917, 112, [ii.] 300). It melts and v<iiatilises at 
rend. 1905, 140, 1510). When purified by 2000 C. in the cathode ray furnace (ZeiUch. 
sublimation in vacuS (720°-750°) the chloride anorg, Chgin. 1914, 87, 129-l(iH). Advantage 
is obtained in colourless noe^es or prisms, istakenoftherefractory nature of the oxide for 
ip.gr. 4*59, m.p. 820®. * the making of cujiels, ic. (U.8. Ihits, 1121988; 


Chem. ibid, 28, 90; (.’ompt. rend. 1898, 127, K63). 


Thorium oxyehlorido ThOC^ is an inter- 
mediate product obtained in the foregoing 
operation (No. ii.) ; it crystallises from alcohol 


1121890, 1914). 

The resolution of thoria into three chlorides 
differing in volatility and containing respectively 


and absorbs 6H,0 from moist air. The hydrate three elements with different atomic weights has 
ThCl*, 8 H 40 is readily soluble in water or not been wnfirmed (BaskerviUe, ibid, 1904, 20, 
alcohol, and soluble hydroxy^hUmdes 922; Bcf, 1905, 38, 1444; ch R. J. Meyer and 

T1l(OH)a„7H,0 and Th(OH),Cl„5H,0 have Gumjierz, 1f5id. 1905, 38, 817: Elx^rhard, ibid, 
been isolated. 38, 826). 

Thorium® chloride combines with ammonia Thorium poroxlde is a gelatinous white pre- 
m additive compounds, of which cipitate, retaining acid anti of somewhat uneer. 

Tha4,4NH, alone is stable above 120® (Compt. tain compogiiion, formed by adding hyditMeen 
xend. 1910, 151, 387). Additive compounds arc peroxide to* solutions of thorium i^to; its 
ajsafonned with organic b^s and with alcohols, pesoxide character is manifested by the Mbenh 
ketones (Zeitsch. anorg. Clicm. tionsof iodine from pf^taHsium kiiBde (Coront, 
Ifly, 424 ; 1904, 37, 3662 ; Jantsch rend. 1898, 120, 340 ; Bull. Hoiu chim. 1898, 

19,219; Ann. Chim. l9O0,tviU.J6,44l ; 

tiMirto klUlllide ThBr 4 , transpai^^^ anorg. Caiem. 1900, 25, 378; 1902. 31 SMt 

leis needK sp.gr. 5*62, flnstablo in the light, B. Accad.,8cl Torino. 1911, 46, ik* 
evolving bromine, boils at 725® and sublimes tn chim. ital 1912, 42, ii 21-281 ^ 

thomiw pmnui from thorium nilplmto odd wMer to » 25 p.o, Mlution, wUoli te iwMt 

•IkNte 7h(0B)^ h,,,; white and jrielde belwieii Q* ftad 43* 
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or after iq^editw* monodiiiio prisms 
the tmahyimU A(S04)t»9H|0, and 
above the latter temperature needles of the 
klmhydnU$ ThfSO^lttiaiO ; these hydrates are 
isomorphoas with the oorrespondi^ nranon#] 
oompounds UfSOJ^OHjO and U(S04),,4H|0 
(Zeitsoh. Krist. 32, 250; 1901, U, 307). 

The odohydraU T)i(S04)|,8H|0, prismatic 
crystals, seMrates under conditions similar to 
those which favour the formation of the more 
sU*ble nonahydrale, and is the hydrate usually 
its production 


oipitate first formed redissolves or by dissolving 
ueous alkali bi4 


[carbonate, 
oxide, and precipitating 


obtained in practice. It owes 
to the existence of a metastable pha^ having a 
very low volooity of transformation (Bull. 
chim. 1901, Uii.) 25, 105 ; Bull Soc. Min. 1001, 
24, 105; Ber. 1887, 20, 1605; 1905, 38, 817). 
The oclo- and nonahydrates are very sparingly 
^ soluble in cold water and (in presence of excess 
of sulphuric acid) in mineral acids. For the 
solubility of the sulphate, see Wirth (Zeitsch. 
anorg. Chem, 1912, 76, 174-200; Bull. Soc. 
chim. 1912, 11, 645-648). 

The acid sulphale ThS04(HS04)2, needles, is 
obtained by drying in racvA at 130®, the product 
of the action of concentrated sulphuric acid on 
a saturated solution of the anliydrous normal 
sulphate (Zeitsch. anorg. Chem. 1904, 38, 322); 
a kydmkd add sulphate 2Th(S04),,Hj804,2Ht0 
((lazz. chim. ital, 1903, 32, ii. 523) ; and a basic 
sulphate Th0S04,2H|(3 (Compt. rend. 1883, 
1860; 1910, 151, 70; Ber. 1910. 43. 2776) 
have been described. The following double 
suiphiaUs have been isolated : K4Th(80|)4,2H40, 
sparingly soluble; ]^|Tb(SC)4)4,2H|0 ; thecorre* 
spending ammonium salt scries ; 

Rb,Th(804)„2H,0 

Oi,Th(S04),,2H,0 ; Na,Th(S04)„ 4 and 12 H,0 
(Bull. 8oc. Min. 1901, 24, 105; kitsch, anorg. 
Chem. 1903, 35, 424 ; Cazz. chim. ital. 1903, 32, 
it. 523). On heating the sulphate to 55®C. witli 
excess of water, basic sulphates, 

Th[HO4l,Th0,H3H,O 
and 6H|0 are formed (Barr4, Compt. rend. 1910, 
151J0-72). 

Thorium ethyhralpliate nas been described 
at intomiediato in the produidion of pure 
thorium nitrate (Fr. Pat. 414463, 1910). 

ThMfiBa nltiita Th(NO,)4, with 5, 6, and 
t2H|0, the dodeoahydrate oe^>arating in hygro- 
soome 
Cham. 

951), The eommereial product, which is not a 
ddltiite hydrate, but approximates tb Th(KO,)4 
wHh 4H|0, oontatns sulphate equivalent to 
1 to 2 p.e« and swells ^onsidarably on 

heating, ieaviiig a finely divided residue of mow* 
white thoria, Oommardial thorium nitrate 
ahoulil contain a minimuiti of 48 p.t, of ThO,. 

Thorium nttmlo unites with the nitratea of 
univalunt and divateut metals, forming complex 
uftmtei, having lespoetively the general formula 
R*T1i(»Od| and B^"rh(NOg)4.HH40, whkh 
<x)iTiqm<rwitli the double nitrates oontaiiung 
quadimtent scuiuiti. Hlmibr double nitrates 
(and ii^tea) am formed with organic bases 
(ZrilscAt, anorg. Chem. 1901* 27» m i 1908, 

im 

CMiBilin ihMtksim eniliBitiik Kormtl 
nM»» it Mt Inwirn. Init oempira 


saturated with carbon c 
with alcohol or by the interaction of thoria i 
l^oarbon dioxide under pressure (Gompt. rend. 
19j|l, 153, 66-68). 8(mum ihorUm caibanaU 
Na|Th(G04);,l2H|0 separates in prisnlatio 
cjystals ; the thallous smt TliTiqGOi)^ is pre- 
cipitated as a crystalline powder on adding a 
soluble thallous salt to a solution of anunonium 
thorium carbonate (Gleve, i.e. ; c/. Zeitsch. 
anorg. (Jhern. 1903, 35, 424). For the thorium 


fvpmi y •SHm h>bU> 
tjoem w Ibbo m uMir 


tl* fat- 


chromates, see H. T. S. Britton, Chem. Soc. 
Trans. 1023, 123, 1429. 

JHiorium molybdate Tb(Mo04)2, obtained by 
fusing partly dehydrated thorium chloride with 
excess of anhydrous sodium molybdate, forms 
tetragonal ciystals, a ; c~l ; 0*73566, d'^** 4*92, 
which exhibit mutual miscibili^ in the solid 
state with cerous molybdate (Ferruccio Zam- 
bonini, Atti R. Aocad. Linoei, 1923, [v.] 32, i. 
518-524; c/. A. 1916, ii. 249). 

Thorium fonnato* Th(HC04)«,3H20 and 
thorium aeetate Th(CH4*G02)|, crystallising 
respectively in leaflets and needles, are produced 
by dissolving thoria in the corresponding acids ; 
interaction between thorium salts and soluble 
formates and acetates leads to basic salts 
Th(0H)4(HC04)j and Th(0H)4(CH,*G0*)4,H40 
(Haber, Monatsh. 1897, 18, fi87). 

Thorium oxalate Th(C404){,6H40 is precipi- 
tated completely by adding oxalic acid to 
thorium solutions even in the presence of con- 
siderable proportions of minend acid (Brauner, 
Chem. Soc. Trans, 1898, 73, 951). Gomplex 
oxalates such as K4Tk(C40|)4,4H20 and 
Na4Th(C404)4,6Hj0 are produced by masolving 
thorium oxalate in concentrated solutions cn 
alkali oxalates (Cleve, he , ; and Brauner, I.C.). 
llie existence of double oxalates with ammonium 
oxalate 2Th(t\04)„(XH4),C40*,2H,0 and 7H,0 
is establish^ by solubility curves (James, J. 
Amer. Chem. Soc. 1914, 36, 1863-1866), 

Complex chloro-oxalates, e.y. 

mtC4O4)4TKCl4,20H4O 

have been described (Compt. rend. 1913, 156, 
1075-1076 ; ibid, 1913, 156, 1907-1909). 

Thorium aeotylMotoue Th[CH(CO*CH4)j4, 
m.p. 171% soluble in alcohol or chloroform, is 
prepared by adding acetylacetone cUssolved in 
aqueous ammoma to 13 p.c. thorium nitrate 
emotion. This salt can be ^iatilled in tacud^ 
(Urlmtn, Bull. Soc. chim. 1896, [iii.J 15, 1338; 
Biltx, Annalen, 1901, 331, 334 ; Zcitsch. anoig. 
Chem. 1904,40,218). 

Thorium tartrutoi and eomplox tmtratai, e. 

deve, Lc.; Haber, f.r. ; Rosenheim, Zeitsch. 
anow. diem. 1903, 35, 424. 

Thorium salts of other organic acids, r. 
Morgan, Pharm. J. 1904, [iv.] 19, 472; and 
Karl, Ber. 1910, 43, 2068. 

Thoriunf olcate has been employed thera- 
peuti^ly in ointment form for carbunclee 
acid otbet skin irdubles (Martindale, Extra 
l^bannacopceta). 

Fh4^acologt*^*al action of thorium, v. Soll*^ 
minn aid Brown, Amer. J. 1907, 18, 

426, 

Thorium compounds are used to lendor to 
iiitenial orgaiw opaque toRfintge^ W (B* P* 

* • 


thorium. 
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Bwkgkal adion of (Aonieiw.-Elementiil to 1-5 p.o. (wto dioxide, 
thosf^ inhibits the growth of certein micro- is selective and attains in the Wne 

oxganisms and alg» without endangering the region of the speotrom. Cto the other hand, w 
life of higher organisms (Amphioxus, kitsch.* h«skt radiation is remarl^^bly email, 
Elektrochem. 1911, 17, 816; Arch. Sci. Physf iraye of comparatively long wave-length. Oon* 
Mat. 1911,riv.]32. 347); the salts inhibit the* sequently the temperature attemed by ^e 
growthof cholera vibrio (Compt. rend. 1914, 169, mantle is comparable wath that of the name 
4}0~413). itself. The cenum dioxide colours the trans* 

Isdnirtrial application of Thoria «. Gas parent ground mass of thoria so tlmt an intense 
MimitBS, Gas mantles are generally w’oven in selective absorption is developed in 
eotton or preferably ramie fibre, but artificial silk region of the spectrum and, provi^ng wat the 
hisi^obeen employed, and formerly the thorium- amount of colouring oxide is small, this result 
cerium solution was added to the dissolved is attained without any appreciable increase in 
cellulose before it was spun into thread. The the loss of heat by radiation and consMuently 
present practice, however, with viscose artificial without diminution in the intensity of illumina* 
silk is te impregnate the woven stocking just as tion. ... , • r j 

in the case of ramie or cotton fibre. The rare One hundred parts of thonacan hold m solid 
earth nitrates may be replaced by the corre- solution 6*7 parts of cerium dioxide, and as the ^ 
sponding acetates or formates and, with artificial mantle contains only about 1 p.c. of the latter 
silk, the impregnated stocking is treated with oxide, it is entirely in the dissolved condition, 
ammonia or some volatile alkali such as hydrazine Owing to this intimate mingling of the two 
or tetraethyl-ammonium hydroxide in order to oxides, a very small addition of cerium dioxide 
produce within the fit^s the hydroxides of suifices to bring about the intense emission 
thorium and cerium. Hydrogen peroxide may of light waves whilst the increase in heat radia- 
also be employed as the precipitant. In either tion is too slight to act injuriously. If, however, 
case, the stockings are washed free from soluble the proiwrtion of cerium is raised, the greater lewis 
salts (ammonium nifrate, Ac.) or acid; the of heat by radiation leads to lowering of the 
head is hardened with a solution of magnesium, mantle teinpcraturc and con^queni diminution 
aluminium, zirconium, glucinum or chromium in luminosity, (’erium dioxide itself is stabl<» 
salt, and the mantle ‘ burnt off ’ and ‘ seasoned * in the Bunsen flame, but nevertheless the 

• it . # it * 


as in fjbie case of the ramie fibre. 


ignited mixed oxides, when treated with hydro- 


From a kilogram of thorium nitrate 600 chloric acid and potassium iodide solution 
to 800 mantles can be made ; hence each liberate an amount of iodine corres^Kmding with 


mantle contains about 0*5 gram of thoria. 


only a portion of the dioxide originally intro- 


Although in most instances the optimum duced into the mixture. This result suggests 
effect is attained by mixing the thorium and the |K>}}sibility of some chemical combination 
cerium salts in such proportions that the mixed between the wriiim and thorium oxides wiiich 
oxides of the mantle consist of 98*8 p.c. of thoria may be the chemical cause of the characteristic 
and 1*2 p.c. of ceria, yet owning to the yellow physical pro])ertieM of the Welsbach gas-mantle 
colour of the light produced by this amount of [cf. White and Traver, J. Soc. ('hem. Ind, 1902, 
ceria in inverted mantles, it is customary in this 21, 1012; Lewes, ('hem. News. 190A, 26, 62; 
form of illumination to reduce the proportion of Joum. Gas Bcleuchtigung, 1903, 46, 787, 974 ; 
ceria to from 0*5 to 0*7 p.c. R. J- Meyer and Ansrhiitz, Bt*r. 1907, 40, 2639). 

According to B. L. Swan (J. Chem. Soc. 1924, For the testing of incandescrent mantN, m 
126, 780) tfe catalytic activity of mixtun^s of Coste and, Pi*wmej, .f. Soc. Chem. Ind. 1911, 
ceria and thoria on tKb combin^on of hydrogen 30, 65. 


and oxygen at 450° reaches a maximum when 
the mixtures contains 1 p.c. of ceria (Welsbac^h 
mixture). The activity of pure thoria is the 


Rai)io%ctivitv of Thobiom. 

Thorium preparations, in genera), exhibit 


same as that of a mixture containing 9 p.c. radio-activity, yielding a-rays of similar intensity 
ceria. The light-giving powers of these are* but greater penetrative power than those of 
also equal. The author considers that the uranium. The long range of tinwie a-particles 
^ Wclsbach mixtuv represents the best illuminant was discovered by Rutherford and Wood (Phil, 
obtainable from the two o.xide8 in question, Mag. 1916, ‘vi. 31, 379-^), who aUte that th«w 
The ceria may act as a carrier of oxygen (f/ A, have greater vekwiity than any a-pariiclm 
« 19(n, ii. 557) or as a promoter of the elect ronio previously kno^n. The rays from thoriuai are 
emission from the thoria (Chem. Soc. Alistr, about one-tenth as intense as those from 
1924, 126, it 400). uranium, and have lew oenetratinu ^ 


A pure thoria mantle gives no emission in y*reys are n^aUvelv freble but vare'tmiietmtiiig, 
the visible region of the sijectrum and only a It dias been sUteii that the raiUtKacUvity^ 
sli^t radmtion of infra-red rays of short wave, thorium from moiiaaite U due to tiranituit 
lepgth. A <»nttm dioxide mantle gives a maxi- present in this mineml, and that mineral fm 
nmm radiation at the extreme red«end of the irom uranium yield inactive thorittmfEai^rvillfi 
visible spwtram, the intensity at first diminish^^ J. Amer. Chem. 8oc. 1904, 26. 1642} ZerbaiL 
in infra-red region an<f then increases again Ber. 1903, 3911 ; 1905. 36. 667L Dn^ 


I), and have leM 
^re rciativelv fee 


lor Of ioi«et ware-iengfli. in lU. other h«id,n»iiH>r*b be, bom 

.Buntfe then m tM whole, e roletively oon> found to mre heiiom ind thorivn tmtimthm 
eKta»We»«rfl»e*thy^t»n,theJaiiK^ (Strutt, Roj. SoTlSSV^wS 
tore. lem^ cmumtively loV and conee. 19074.80,50; Be^ Ber. IWMLltt.miL ^ 
Ihe^n of Hght my. i, only 
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tkorium and nwHo-iliorittm m in eq^ibiium. 
lb thorium saltB, where the radio-tnorium is 
largely removed, this constancy does not exist. 
Bdtwood has not succeeded in obtaining in- ^ 
active thorium (Amer. J. Sci. 1906, Si, 415, and^f 
433). . ' 

Thorium hydroxide precipitated by ammonia 
from a solution of a thcAium salt has no emanat- 
ing power and only a greatly diminished a- 
radiation. The filtrate retains the whole of the 
emanating poweri and the minute residue ob- 
tained on evaporation and ignition possesses the 
radio-activity which the precipitate has lost* 
The emanating powpr and radio-activity of this 
product, thorium X, disapmar in the course of 
a month, decaying to lialf ilieir original value in 
four days. The precipitated thorium hydroxide 
recovers the properties just as fast as they 


disappear from thorium X, and a second treat- 
ment of its acid solution by ammonia after one 
month leads to the se{»aration of anotfamr 
^quantity of thorium X having the same activity 
as the nrst fraction. Thorium X, a short-lived 
radio-active product of thorium, produces 
gaseous thorium emanation, and this in turn 
gives thorium ' active deposit,’ which imparts 
radio-activity ('induced activity’) to solid 
objects brought into contact with this dis- 
integration product (Rutherford and Soddy, 
Chem. Soc. Ws. 1902, 81, 321, 837 ; Phil. 
Mag. 1902, 4, 370, 569). 

Owing to the complicated nature of the 
dmintcgiation changes the radio-activity •of a 
thorium preparation is a complex function of its 
age. The sequence of these changes is indicated 
in the annexed diagram. All thorium emanations 



m condeniied at 5T. (Fleck, Phil. Mag. 1915, 
^,337-362). 

MuothoHlIIII 1 is sejiarated from thoHanite 
by adding 36 grms. of Uriiim nitrate to 1*5 
btini a slightly aetd solution of 600 grms. of 
the tnineml m nitric arid and by shaking the 
•oluyoit for an hour with excess of sulpliurie 
arid when the sulnhate of mesothorium 1 is 
iKHmoriritated with barium sulphate. The 
iiidikwmvo pieripitaio ts rsdueed to sul|ditde 
by hoaUng with earbon in a qnarla cntetble. 
Y$xkm mribodi aiv described for the reduction 
rif tiUa udin^aolivo sulpbalo. Hahn (Ber. 1907. 
Wi lltti fttOI) fsooumiends reduction with 
•^eamninaquariam^ Elder (F4ig. 

lllli ttl4b firiyowwRhcai^m carbi^: 
riri feM ri 4 miiglwp ri Ib^ 

. ttiMitti iqpMIe ti «g||est«d (hmA. anoff. 


(Wm. 191.1, 82, 14»-l.>8). Thejjiroduci is 
disJHdvwi in hydnx’hloric acid. The lead is 
pppcipitatiti from this solution by hydrogen 
«ul{ihidc and traces of iron and thorium by 
ammonia. The radio active chloride in the 
dltrate is crj’stallised out fractionally when 
mesiithoriunr 1 is conc'e.ntiuted in the least 
wduble ])ortions (Hahn, Ber. 1907, 40, 1463, 
3304). * 

From monaute jand, mesothorium 1 U 
isoktefi by adding O i p.c. of barium eartiooalo 
and heatii^ the sand (400 grms.) with 800 gnoa* 
of concentrated sulphuric arid. The product ii t 
thorouginy mixed with cold water when the 
sediment contains practically the whrie of ‘the 
mesothorium 1 and radium. Theae two arilrii 
components are concentrated from builuui , 
sulpMie pMidtate by eonfmtlng dm ptoduol . ! 


« • raOBIUM. 

'MM^vely into snl^iide and cMoiide, and | inoreasing aa absorption proceeds ; the y>rays 

fraotidnAtincr thA l&ifAr frAWi wjLfAr vtiAfi fhA rAfiAvnKlA fItrvaA aI nrA.n{iim JC. 


crystaia (Soddy, Eng. Pat. 25504, 1910 ; Chem. days (T), period of half-change, accurate to 1 p.o., 
Soo. Trans. 1911, 99, 75). * »696 days. *Is chemically identical irith tborituni 

In inaotioe, the radioactive residues from < and is only distinguished the latter by pre- 
monazite sand consist mainly of lead sulphate, paring it through mesothoriifioi 1 and 2* 
silica, and rare earth phosphates. They may thorium 1 is readily separated from thorium, and 
be boiled with a large excess of a mixture of when left to itself produces radio-thorium, which 
ea^tic soda and sodium carbonate ( 10 : 1), the is separated by precipitating a solution of the two 
residue well washed, and the treatment with disintegration products with» ammonia in the 
the preceding mixture repeated once or twice, presence of a trace of zirconium salt When 
when the silica and lead are almost completely first precipitated in this W’ay the radio-thorium 
removed and the barium, mesothorium, and will contain mesothorium 2, but this decavs 
rare^rths left as carbonates. The residue is completely in the course of 9 days, while tim 
extracted vrith hydrochloric acid and the clear formation of the next disintegration product, 
liquor precipitated with sulphuric acid. The thorium X, causes an increase in the radio- 
crude radioaictive barium sulphate may then be activity of the preparation over a period of 3-4 , 
transformed into carbonate by boiling uith weeks. The emanating power increases with 
excess of concentrated sodium carbonate solution the growth of thorium X , hut after a month the 
several times in succession, with intervening total activity and emanating power decay to 

WfliohiniTCI T AuMan 1A01 *’ 


washings (see Strong, J. Amer. Chem. Soc. 1921 
43, 440). • 


w, ™;. Radio-thorium can be prepared by evaporat- 

Another method for the separation of the ing to dryness the nitric acid solution of the 
radio-active constituents from monazitc without washed ammonia precipitotc from sidutions of 
the addition of barium salts is by the precipita- thorium X, freed from barium, calcium, irem, and 
tion of these along wi4h a small proportion oi the lead salts and pho.'^phates. The residue is 
thorium from phosphate solutions by dilution washed free from ammonium salts by a solution 
and boiling (U.S. Pat. 1084734, 1914; see also of sodium chloride frc*e from carbon dioxide. 

1914; D. R. P. 274874, Radio-thori?im preparations, csrwcially when 
1 . • moist, arc veiy suitable for demonstrating 

Mosothonum cannot be separated from the properties of the thorium emanation. When 
radium by fractionation of the double barium the air in the tube containing a radio-thorium 
salts, but in the fractional crystallisation of compound is blown l>etween two darkened zinc 
the picrates, bromafes, and ferrocyanides from sulphide screens with films turned inward, a 
M^hol or acetic acid mesothorium separates brilliant lumincKcrnce is olwerved, and the decay 
l^foro radium (Kunheim, D, R. P, 264901, and reproduction of the emanation can lie thus 
. illustrated (c/. Hahn. Ber. 1905, 38, 3371 ; 

On wcount of this complete similarity of Zeitsch. physikal. Chem. 1905, 51, 717; I»hil. 
chemical properties all radium comjxmnds Mag. 19Ufl, [vi.] II, 793; Elster and Geitcl, 
separated from uranium minerals containing Chem. Zentr. I1K)6, ii. 302). 
thonum contain mesothorium 1, and all meso- Radio-thorium emits a-rays which have a 
thonum preparations include the radium present range of 3'9 cm. of air (I^eslie, Le Radium, 1911, 
in the thonum mmerals. In fact, technical 8, 3^J). 

mwthorium p^u^ from Hionaate sand. Thorium X. Period of average life 6-3S 
to o^f ‘‘“r* P*"™* hall-cliange 3-7 days Reaemblto 

^ ^ P mesothorium I, and the metals of the 

earths* and nmains in solution when 
^mesothonum 1 {Hahn, Chem, 1911, 35, thorium is precipiuted with ammoma. The 

1 is. 1 J J* < s ^iduc Icft on evaporating the filtrate gives on 

9 ignition a small amount of an intensely rwlio- 

is ftftivc product, this activity being due to thorium 

d p®nod of half-change being X. If, Ifowever. thoriotir is weeiidtaiAd hv m 

M yearn (Phy, ^^h. 1918, 19. 257-263t carbonktoV phJSr 

gs£-3=is- 


ctpitation la repeated on the solTiiiAn nfiA** .. . Irouzi 


oipUatkm is ropeated on'^the solution after ^ 

•saat'ss.srtr.S'S: sssr-a-a!: 5; 
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ammonia (Sdifamdt and Moore, J. Fh]rB. Ohem. dpitate in sulphario acid and pouring into water 
1905t 9, 6^). wnen the thorium Y lemainA undissolved. 

Other methods for the preparation of thorium. Thorium omaiiaiion, period of average life 
X are the treatment with a solution of sodium \ 76 seconds, period of half-change 53 seconds, 
carbonate of the radio-active leld sulphatd radio-active constant 0*0131 (seo.T*'^ a-activity, 
obtained by the option of sulphuric acid in the range of a-rays 5*5 cm. of air. This emanation, 
presence of a lead salt, upon the minerals, which\ diifeih from radium emanation iif its 
dissolving the residue Ih hydrochloric acid, and short period and resembles it in showing a- 
precipitating thh lead as sulphide, leaving activity, is most conveniently obtained nom 
tbprium X In solution (Chem. Zeit. 1913, 37, moist radio-thorium preparations; it is absorbed 
1195-1106); by the dialysis of colloidal solu 


by -charcoal at the ordinary temperatpre and is 


tbns of thorium hydroxide prepared by digesting condensed on cooling, condensation starting at 
with a trace of thorium nitrate the washed pre- —12^^ and being complete at —155^ The 


cipitate formed by the action of ammonia on the molecular weight determined by efifusion is 
nitrate when thorium X passes through (D. K. F. between 200 and 210, the coefficient of diffiision 
276121, 1913); by extracting with a solution being about 0*1 (Leslie, Com pt. rend. 1911, 153, 
of common salt the filtered hydrated peroxide, 328). Thorium emanation, like radium emana- 
disinte^ted ^ standing, obtained by pre- iion (niton) and actinium-emanation, belongs 
cipiiaitng purified neutral solutions of radio- to the family of inert gases and is not absorb^ 


thorium with hydrogen pctfixide (D. R, F. 
2799:>6, 1913). 


or affected by chemical reagents. The induced 
radio activity imparted to solid objects by 


ITiorium X is more electro-positive than its thorium emanation la^s a few days, whilst that 
successive products and cannot be separated from radium or actinium emanation decays 
from acid solutions by electrolysis or by the completely in a few hours (Rutherford, Phil, 
action of metals, only the thorium * active Mag HKH), [v.] 48, 161). 
doposit * being de|X)sited. From alkaline solu- Solid thorium nitrate and oxide have a lower 
lions, however, ail the active substances may be emanating power than the hydroxide or carbon- 
deposited electrolyticalJy (von Lerch, Monatsh. ate, and in the latter case this phase of activity 
1905, 26, 609). is further reduced bv ignition. In these instances 


1905, 26, 699). | 

Thorium X exhibits an o-activity, the rays 


is further reduced by ignition. In these instances 
the molecules of emanation diffuse so slowly from 


having a range of 5*7 cm. of air; it ab>o emits the solid that the majority disintegrate twithin 
feebly pemrtrating ^-rays of low velocity, and iho substance and never escape. But when the 
in this respec't differs fntrn thorium and radio- thorium compounds are dissolved their solutions 


thorium (licvin, Phi|. Mag. 1906, jvi.j 12, 177). 
For the action of thririum X on the maturation 


exhibit the same emanating power. 

The amount of thorium present in a mineral 


ror the action ox thrmum A on the maturation The amount ox thorium present m a mineral 
of eggs, the germination of seeds, and the growth may be quickly estimated by passing a steady 
of plant#, «fe Avemeng, I>cla#, Jaloustrc, and current of air through the* thorium* solution 
Haurin (Oompt. rend. 1924, 176, 1491 ; Chem, and com]>aring the constant leak in an elect^ 
Soc. Abstr. 19*24, 126, i. 796). scojkj protliiced by the stream of emanation with 

Thorittm Y is described by Olaser (Cliem. that brought about by a similar volume of a 
Zeit. 1913, 37, 477-47H) as being obtained to- standard sedution of thorium mineral (c/. 
gether with thorium X by the treatment of Ramsay, J. Cliim. Phys. 1905, [iii.] 617). 
thorittm minerals at 250''C. with twice their Thorittm aetive deposit (thorlam A, B, €i, 
woight of conceiitJUUHi sulphuric acid, stirring C,, D, and E). For relative, activities, see Phil 
the cold product into 20 o^olumea-of water, Mag. 1913, 25, 333-359. ^For investigation of 
•opaiatixig thorium, thorium X, and thorium Y initial charged«rqndition, see Henderson, Trans, 


from the mterod solution bv dilution or neutral- Roy. 8oc. ifVinada, 19)7, iii, 10, 151-167; J. 
ising with magnesia, dissolving the moist |)re- Chem. iiikK. Abs. 1917, ii. 351. 


Foriod of average life . * , . • , . 0*: 
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Radtotion . . a* 

Rangfw of a rayti 

Poneiratiem fiower of^ rays (mm. of Al, half absorption) 
„ „ y-rayn (cin.sof lead, half absorption) 


TUA 

0*203 see. 
0*014 
O' rays 


TliB ThCj & ThC| TUB 
1 5*3 hrs. 79 mins. 4*5 mins. 
10*1) „ 55 „ 3*1 „ 

ff-ravs 2 arays j8- A y-rays 
_ /6*0aiM8*6l _ 

\ cm. of air t 

0*05 • 0*441 
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moital A, the first produoW of thorium | 
emanation* is very ahort-llved, bat*it>s existence ! 
ii indioaledi by the appearance of the double | 
aeiiitUiaUoiis on the ainesutnhide screen produced | 
by the pair of a-particle« emitted by the 
emanatloii, A disttnoi although very short 
tiinia interval aepatates the two members of the 
pair (RiMerfi^aiHl CIsiger, PhilJUag. 1911, 
[rim »h 1 Zeitaoh. physika). Oiem. 1910, 
iUi 191), (vl] 

tty Bi)* ' 

ttorhlltt Mt tha aecond product of thorium 
lanaihit^ ia {caeUeaUy raykai.eacept for a 
|mbll dOfi^iMiiUy#^ negatively 


powerful source of emanation (e^. radio-thorium) 
haa no very appreciablo activity one second 
after witbdirawal, but after a few hours 
ac^ui^^ a powerful activity due to thorium C| 

On healing the active wire to red heat 
thorium B distils of without any appreciable 
effect on the activity of the wire. The inactive 
suMimate (thorium B) acquires an aetivity 
which, alter reaching a maximum ia 4 hoiisi,^ 
deemys IHth a half period of 10*6 hours (PbiC 
Mag. 1905. Ivi.] 9, 6^8), 

^orium B hi insoluble in ddoioiorm and in 
methylene iodiido. Both thorium B and 
thorium QilMve In aquegimittetllna otai^ 

• a ' 


^ « 

l^$>!itEaxide8 and aoids, are difficultly Boluble in 
boiling wajter and in oiganic solventB» but more 
Boiulde in potassium iodide solution (Phil. Mag. 
1913, 25, 330-332). 

tborittm C is removed from a solution ofl 
thorium active deposit by absorption with 
Muifhal charcoal when thorium B*remain8 dis- 
solved. Thorium C is also deposited alone when 
the solution is electrolysed or shaken up with 
matiiJlift nickel. Zinc, however, deposits both 
thorium B and C, but not thorium X. 

Thorium 0 gives two sets of a-rays having 
different rangra, these being attributed to the 
presence in this active product of the two con- 
stituents thwium Cl and thorium C, ; these 
piodnots have not, however, been separated, 
and the two sets of rays are due to concurrent 
change (Hahn, Phil. Mag. 1906, [vi.] 11, 793; 
Ber. D. physikal. Ges. 1909, 11, 55), 

Thorium C|. When the thorium active 
deposit coating a plate or wire is kept in a 
va^um at the ordinary temperature, the 
powerful a-ray disintegrations of thorium C 
and Cj, one of which is the strongest known, 
cause a considerable proportion of thorium O 2 
to ‘recoil,’ i.e, to become projected from the 
plate or wire on to surrounding surfaces of the 
vacuous space, these receiving surfaces being 
kept negatively charged. 

According to von Lcrch’s rule the disintegra- 
tion of radio-active elements is accompanied 
by a regular increase in the electro-negative 
character of the successive products. But to 
this rule thorium 0$ is an exception, as it dissolves 
more readily in acids than the other products, 
and is moreover more volatile than its generators, 
being completely volatilised at 700'^C. from an 
active wire placed for 30 seconds in a Bunsen 
flame (Sitzungsber. Akad. Wiss. Wien. 1907, 116, 
[iia], 1443; 1909, 118 [iia], 1575; Zeitsch. 
phydkal. Chem. 1911, 12, 273, 378). It can be 
separated by volatilisation from thorium C, 
wmch sublimes at 780°C. (Wood, /.€.). 

Thorium C| is probably non-separable by 
chemical meth^^s from thulium, and like this 
element is co-precipitated withpi^assium platini- 
chloride (C]lhem. News, 1913, 107, 97). Barratt 
has found that thorium C undergoes dual dis- 
integration into tfurrium and thorium C; 
(Proc. Physical Soc. 1912, 24, 1 IjlJ. 

Thorium Of, which emits only and y-raysf 
is the last active member of the scries ; its decay 
is regular and complete, and the ultimate product 
{thorium D) is regarded as an element indis- 
tinguishabl<^ chemically from ordinary lead*. 

Thorium-lead, which is the stable end pro- 
duct from thorium (a-ray change) or from 
thorium C| (j3-ray change), has the atomic weight 
208, and is an isotope of ordinary lead and of 
the lead (206) deriv^ from radium. 

The relationship existing between radio- 
active elements and the ordinaiy elements of 
the periodic classification is iJlustrffted by the 
diagram on p. 41, in wt^ich can be seen the 
connection between the degradation products 
of thorium and the elements non-separaVle from 
> tlu^ products by ordinaiy prooesse^ (Soddy, 

BiMiopmyAy.— Koppel, Die demie dei 
^oriums ; Abegg, Hi^bnch der anorganischen 
Chemie voL iii. part 2; B5hm, Die Damtel- 
Ittog der^seltenei% Brden; %ifttboff and 


.THORIUM. 

Vemeuil, La Chimiedes Tones rares ; Truest, 
Lee Torres rares ; Rutherford, Radioactivity ; 
Soddy, The Chemistry of the Radio^Iemente, 
1911; Main Smith, Chemistry and Atomic 
l^tmcture, f924. 0. T. M. 

THORN APPLE t;.DATt7V- 
THORON. A term given to the emanation 
of thorium. This gas is an iso^pe of radem and 
actinon, the emanations of radium and actinium 
respectively. A number of springs in the 
Pyrenees and in the Central Plateau of France 
have been examined to ascertain their 
of radium and thorium emanations. The 
former occurs in various proportions in all the 
waters, but thorium emanation is found in 
traces only in those of the Central Plateau. 
Even in those cases in which thorium emanation 
is not detectable, it is probable that the water 
comes into contact w'ith this emanation, but 
that the time elapsing between the termination 
of this contact and the apijearance of the water 
at the outlet of the spring excjeeds 10 minutes, 
which is the duration of the life of thorium 
emanation (A. Lepape, Oompt. rend. 1924, 178, 
931 ; Chem. Soc. Abstr. 1924, 126, ii. 295). 

THORTVEITITE. A silicate of scandium 
with yttrium, dysprosium, and erbium 
( Sc , Y )./), -28102 

forming monorlinic prism.s, reaching a length of 
35 cm., of a givyish -green colour and somewhat 
resembling cpidotc in apficarance. I’w^ful as a 
source of seandia. It (M‘curs in some quantity 
in jiegmatite at Iveland andJCvje in S»terKdaleri, 
Norway, and is remarkable in bcung the only 
mineral containing scandium (analysis [.} as an 
essentia) constituent (J. Schetelig, (Vntr. Min. 
1911, 721 ; Norsk ikoi Tidsskr.. 1922, 6, 233 ; 
Vid.-Selsk. Skriftcr, Kristiania, 1922. No. 1, 49, 
In the last pajKT is given a history of the element 
scandium). 

A very simitar miniTal, as prismatic crystals 
10 cm. long and 3 cm. across, was discoverwl in 
1920, also in pgmatite, at Befanamo, Ma4ia- 
gascar; this gavt» analysis II. (Boulanger and 
Urbain, rend. 1922, 174. 1442) with 

traces of Gl, Mm Sn, 8b, and Pb. The figure for 
seandia includes about 0-5 n.e. of yttrium, neo- 
ytterbium, and lutecium. The mineral is only 
slightly attacked bV hydrofluoric acid, or by 
fused bisulphstes, but is decom|>osed by repeated 
fusion w'i|h sodium rarlionatc. 

The MiKlagascar mineral being rather riclu^r 
in seandia and w ith zirconia in pl^ of yiiriitm- 
earths, it is regarded by A. Laendx (Minctra}t]igic 
d« Maddfcasca^ 1923, 3, 311) as n preatmting an 
end-member of the thortveitite group, and for 
it the numo fefammite is protioscd. 


•SiO, 
I. 12-9 
n. 441 


Sv^Of 0, ZrO, Al,0| Feti Ign. 


37*6 

42'4 


17-7 


8-4 3*3 


2 1 0*8 0*4 

2*0 

_ L. 3. 8. 

THR0l|B0PLA8TUf« An cxlmet from tbt 
brain of cattle, dissolved in common latt solution. 
Used as an hmosiatic. 

TB81NG-H0A-UA0. A CWnese name for a 
eobaitifetout alumininm silleale used In the 
poweWnt also a|^ to a 
oobaltHerour mangiiMiee 01 # used for 
aUimooloiirQapoiueUn. ^ 

. 'M, 
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firoiOXt V. oxakteB and salphates. The latter salts are 

Probable presence of tbnjone in the essentisl heated with barium bromate in aqueous solution 
^il of artemisia herba alba. This oil, 0*9257, from which the rare earUi bromates are frac. 

a® l*4b63.oontainsl4*4p.c. offree, tionally crystaUised, After 15,000 operations 
Md 7 S9 p.o; of oombinod aloohob. (Uoultted >the aboorptio n i.poo^ andcy;»ntji«)^chM.ge. 
C,^, 0 . The prawioe of cempbor ha* been hrom^ Tm^Br0.)y9H,0, •»*»■ 

demonetrated, mu! that of thujone ia probable 0 ®"al pnsm|, !>*• ® 

kf. GrimaTchem. Soe. Abatr. 1904. ii. 805; ^ repeated omtaUwation of 

I Alinari, AnnaBChim. Appl. 1924, 14, 109 ^ «aitt 

Cljem.Soo.Abatr. 1924, 126:^764). • brom^, « more aoluWe erbium bioniMe. 

wntifivv «* "'If soluble than ytterbium bromate. 

TIIULlTfi V. ZoisiTB. Fractional crystallisation of the bromates of the 


•-wMMa.m. M. UTactional crystallisation oi the oromates of the 

THULIUM, 8 ym. Tm, At.wt. 109*4 f James yttrium earths gives a fairly rapid separation 
and Stewart, J, Amer. Ohem. 8 oc, 19^, 42, of thulium from its associates (C. James, Chem. 
2022). The erbium sub-group of the yttrium News, 1908, 97 , 61; 1911, 104, 7 . 3 ; J. Amer. 
metals contains the three elements, erbium, Chem. Soc. 1910, 32, 517 ; 1911,33,1332); 
dysprosium, and thulium; the compounds of Thulium salts are pale biuish-gredn, but 


the last of which have been liitherto studied their colour is readily masked by smallquantities 
only by few w'orkers owing to difficulties of of erbium, the hue changing to yellowish-green, 
isolation. yellow, white, and finally pink as the amount of 

OccMrrewe , — Thulium i« a very rare element, this impurity increases, 
the best sources b<.*ing euxenite, sipylite (a Thulium oxide (fWia), Tm^O,, a dense white 
columbite from Northern Nomay), yttersjjar powder with a greenish tinge, is preparedlby 
(Norwegian xenotime) and samarskite. It igniting the oxalate ; it is the least basic of the 
occurs in small quantities in the yttrium earths oxides of the eibium sub-group and dissolves 
from other rare minerals. slowly in strong acids. It exhibits a reddish 

Sopgratton, Oleve first indicated the exist- incandescence on heating. 


ence of the rare earth, ikulia (Compl. rend. 
1879, 89, 478, 521. 708 ; Thalen, t7nd. 1880, 91, 
376), and Leeoq de Boixltaudran, by dec^rap(»sing 


Thulium hydroxide is a white precipitate 
filtering readily even in the cold. 

Th^um enloride TmCl„7HtO, deliquescent 


fracitionally the nitrates of the yttrium gnnip, crystals very soluble in alcolfol or water, 
discovyixl thulium fractions between those of Thulium sulphate Tm|(S 04 ) 3 . 8 H |0 is pTecipio 
erbium and ytterbium (Compt. rend. 1879, 89, tated by alcohol from an aqueous solution of 
516). A mqiaration of erbium and thulium has thulium chloride and sulphuric acid, 
been effected by fractional ciy^staUisation of the Thulium nitrate Tm(N 0 ,),, 4 H 20 , ^cliques* 
ethyl-sulphates (Urbain. Ann, Chim, 1900, cent cmtals obtained from solution in strong 


[vii.JIO, 184). 

According to Am^r von Welsbach, spe^^tro- 
soopic examination indicates that thulium con- 


nitric a<dd. 

Thulium oulate Tm|(C\ 04 ),, 6 H 2 C>,*a green- 
ish-white )»recipitate, soluble in aqueous alkali 


aists essentially of thre<' elemenU. Of these oxalates to form double oxalates. 


three thulium 1 . and ihuiium Hi. cannot be 
isolated by the prestmt methods of purification. 
The salts of the wmier absorb my h in the extreme 
red down t*) ATOO, and Kh(»w chamc-teriiitic Unea 


Thulium aeetyiaeetone 

Tm[CH(C0*CH»)23„H20 
L^rysUlltsea from an alcoholic solution of thulium 


between 2700 and 3270 (aj»rk s|>eetnim). hydroxide in aeetyiaeetone; the absorption 
Thulium ill. exhibits a iffiara<'terfatic spark spectrum of this compound (Ufiers appreciably 
spectrum between 2800 and 3260. Tiiulium H. from that of* >he inorganic salts, nitrates, 
forma an almost white setupiiaxide. Its salts chlorides, Ac. Other organic salts of thulium 
are pale yellowish-green in daylight and emerald' have been described by James and his cu* 
graan in artificial tight, an^ exhibit the abst^rp- workers. 

lion spectrum hitherto ascribed to thulium. .46sDrption sperlriffN, t*. Clere, f.c., and 
The oxktiMi of those fractions whkh are richest ^Fowling, Bit. Sv. Vet. Akad. Handl. 1899, 24, 


in ihuiium II. and neo-ytterbium «exhibit a 1 , No. 7). 


G. T. M. 


characieristie phenomenon in the flame ; before THUMDERITE» An expIcuAve consisting of a 
hapomiitg actuMy incandeaceni the oxides give mixture of ammonium nitrate, trinitrotoluene, 
out a purfde light for a short time, pie sfiarii and fiour. * 

spectrum shows many strong* lines between THURillGITE. A member of the ehlorite 
AOO and 3800 {Monahdi. 191 1, 32, 373). Ac- group of minerals of some importance as an ore 
cording to Eder (Bitxungsber. K. {Akad. Wiss, of iron. The best crystallised members of this 
Vkmna, lla, 124) thulium h rontaim a ^ew grtmp and those containing the least iron havu 
dkuneni, dni^hitm; thulium 11. has sub- the comptisition H^MgiALSiiOii, as in clitio- 
stantially the same spectrum as the oAgtnal elilore and penninitiv The magnesium is, 
complex niitarlal, and ia suggested however, ispmorphously replaceable by ferrous 

as tm name for chief clemeiil present; iron and the alamtnium by ferric iron ; when this 
thuUttia III gavo an arc specUitm containing replacement b comidcte the formula moM be 
a set of lines whkh ate attributed to a new H*Fc^Fe^^>i,0|, with 50*7 p.c. Dept^; 

ehottsati **diih4iaia'* id. Itelson, l^ysikaL Ing on difibimieei in comporitkn and in physi^ 

ScHsch. Wlfti W9 3 Slh chaiactwrs»al«1Fwumberof8pedja 

Tim mina^ mtahilim have been disUi^ptislied by specim 

foe^ tar hy^ksodiiioifk or aotahitric acid; the fmmingdbtiiict cmtals or p^ 
leiaaimoxaMMjm^^ sritaisitorto, wh4d those foming 


tsftfi fivamttt 


inw { bmm« co|p>i9(l ol nknite toite O hm IM 





THURIKGITE. 


othMadlejN^odUortlM Like the micas, the ohlorites 
In the monoolinio system often vith 
fksendo-rhombohedral forms ; and they have a 
perfect micaceous cleayago parallel to the basal 
plane. The characteristic colour is dark green 
to blackish-green, hence the name, from xXorpTrir, 
a green stone. They are quite soft 2-3) and 
often greasy to the touch ; sp.gr. 2*6-^'5, dej^nd- 
ing on the amount of iron; decomposed by 
^drocblorio acid with separation of silica. 
They are of abundant occurrence as alteration 
products of silicate minerals of almost all kinds 
and are found in igneous rocks, metamorphic 
rooks (e.g. chlorite-schist), and as beds in 
sedimentaiy rocks. In the last case they fre< 
quently present an oolitic structure (compare 
glauconite and greenalite). The following arc 
the leptochlorites, all closely allied to thuringite, 
that haye been worked as ores of iron. 

ThvtifygUe HjgFe"8(Al,J'e'")8Sl«G4i is com 
pact with a hne scaly or granular structure 
an^in oliye-green to blackish-green colour, 
sp.^ 3*15-3*19. It occurs as beds in clay< 
slates of Lower Silurian age near Schmiedefeld 
in eastern Thuringia (anal. I). The main 
ore-bed is 15-20 metres in thickness, and the 
ore, consisting of thuringite with chalybite and 
oolitic chamosite, yields 32-40 p.c. of metallic 
iron. Thuringite occurs abundantly amongst 
the iron ores of the diabase and schalstein zone 
between Sternberg ‘in Moravia (anal. la) and 
Bennisoh in Silesia. It is also met with in the 
Lake St^rior iron mining district, and in the 
French Creek mines in Pennsylvania. 

Chamosite or Chamoisite (anal. II) is compact 
or oolitic with a groenish-grey or greenish -blue 
oolonr ; 8p.gr. 3-3*4 ; Fe 2M7 p.c. It forms 
thick beds in strata of Jurassic age at Chamoson 
in Canton Valais, and also at the Windgallen in 
Canton Uri in Switzerland. A chamosit^ ore 
is also extensively mined in Silurian rocks at 
Nu^o in Bohemia. Identical with chamosite 
is the so-called herthierine (anal. Ill, by P. 
BertMer, 1827), which occurs with chalybite in 
Jurassic strata at Hayanges in Dept. Meurtbe-et- 
Moselie and in Lorraine, and which by its altera- 
tion gives rise to the importahtf minette {(j.v,) 
ores of this district. Another similar oolitic 
ore is the havaliU in thS Lower Silurian rocks of 
Brittany and Normandy. 



I. 

la.' 

II. 

III. 

IV.* 

V.» 

BiO« . 

22*35 

24*50 

25*23 

12*4 

33*30 

17*34 

AlgUg . 

18*39 

18*45 

19*97 

7*8 

4*37 

— 

FegOg . 

14*86 

11*23 

.— 


44*38 

43*05 


84*34 

31*20 

37*61 

74*7 


30*27 

MgO . 

l*2fii 

2*86 

4*39 


1*73 


BgO . 

9*81 

9*93 

12*90 

6*1 

14*10 

9*18 


101*00 

99*59 

100*00 

100*0 

09*76 

100*0 


1 AlK>]fiiO, 0*07; CsO, 0*93; P|0., 0*44. 

* JUsolfnO, 0*84; CaO, 1*22; pjof, 0*37. 

• Also MnO, 0*16. 

Siil^nomdane H4(Fe,Mg)j,(Fe,AI)2Si80j| is 
present in the ores of the diabase and schalstein 
«Hie between Stembeiv in Moravia and Bennisch 
in Silesia. this dieirict several other 

closety allied minerals have been describfHl by 

Kieteeimier (1905, 1906, 1918), including 
moraviU H|(Fe,lig)g(Al,Fe)«Si70g4, andesfi/pno- 
Mmmi St4<^Mg)(AlJPe)i«Si.04« (anal. IV). 
Hie latter fomts shining yellow scales and 
resnki from the altemUon of thuringite ; it is 
foimd to l|i Iron ipines at Oebitiij^ near 


Sternberg. ViridUe HgFe/'SiiOnI and vMtkm- 
sUt H4Fe''^iSi07, he regains as end-members 
of the thuringite series. 

Cronstedtite H8Fe''4Fe'"4Si80*g (anal. \) 
is found togsome quantity in minerai-yeins at 
Kuttenberg and Przibram in Bohemia, and 
in Cornwall • L. J. S. 

THUS AMERICANUH e. Ebsiks. . 
THUYA OOCIDENTALIS. Thuya ocetden^ 
t(di» (Linn.). — ^In 1868 j^chleder and Kawalier 
(Wien, akaid. Ber. 29, 10) isolated from the 
green portions of the Thuya (Thuja) occidenialis 
a glucoside Thujin, which, when hydrolysed, 
gave a yellow colouring matter ihujetin, 

Thujin CjoHgaOjg. The plant is extracted 
with alcohol, the extract when cold filtered from 
wax, and evaporated to a small bulk. The 
residue is diluted with water, a few drops of 
lead acetate solution added, the preciplUted 
impurities removed, and the clear brown 
filtrate treated y^h lead acetate. The yellow 
lead compound is collected, extracted with 
dilute acetic acid, and basic lead acetate now 
added to the solution. The bright yellow pre- 
cipitate is suspended in water, decompowd 
with sulphuretted hydrogen, the lead sulphide 
removed, the filtrate treated with carbon dioxide 
in order to free it from sulphuretted hydrogen 
and evaporated in vacu6 over sulphuric acid. 
Ciystals gradually separate, and these are 
crystallised rc‘j)eatedly from dilute alcohol until 
when treated with ammonia a green coloration 
is no longer produced. 

Thujin is described by these authors os citron 
yellow microscopic ])risms sfunringly soluble in 
cold water. The alcoholic solution becomes 
yellow on treatment with alkalis, whereas with 
feiTic chloride a dark green coloration is pro- 
duced. When thujin is digested in alc<»holic 
solution with dilute hydrochloric or sulphuric 
acid it is hydrolysed with fonnation of glucoM^ 
and thujigeninf apparently an intermediate 
product, which readily takes up a molecule of 
water, with formation* of Ihujctin — 

Cj qH j jgOi 2 "f* N zjl 1 4II 1 1 G7 -f C4 Hj ,()g 

* ThuJIgeutu. 
C,4H„07+Hg0=-C\4H„0g 
TliuJilCDin. Thujetin. 

Thujeiin CuH.gOg, forms yellow crystals, 
and Is characterised bv the fact tliat its alcoholic 
solution is coloured ^lue-green with ammonia, 
and green coloured by potassium hydroxide 
solution. • 

With lead acetate it gives a deep red preci- 
intate. When thujetin is digested with bulling 
barvta w^ter it is convertefi into ihujeiink acid 
CggllggOji, whiah consists of ^llow microscopic 
ne^los, sparingly soluble to water, reaoiiy 
soluble in al^hol. 

Thujigenin CjgHijO,, crystallisea to fine 
ye1lov|r needles, soluole in alcoholic anunonto, 
with a blue-green coloration. 

The quantity of thujin which is present to 
the plant is very small; thus, from 240 lbs. 
Hochleder and Kawalier were svcomsfnt to jso* 
lattog a few |rams only, 

Perkin (Chem. Soc. Trans'. 1914, 105, 1406). 
wbo re-examined this iubleet and employed 
meibods almost identical with t^of Boahl^ 
and Kawalier, found that the gKiooi4iie eem- 
sponding toathuim pomeimdi the fbnn^ 
"^giH|tO||, melM at and when 
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hydrokied gaVe rhamnDsa and qaeroetin and 
M iolMitloid with thb of qnoroitron 

back. The plant also oontained a small amount 
of qaeroetin, and this also, prepared by the 
hydrolysis of the glutoside which ^ evi&ntly 
Oomsponds to the thvjetin of RochMer and 
Kawauer, dissolved, in alkaline solutions with a 
pale green tint, but failed to give the blue-green 
coloration with ammonia described by these 
authoTB. Daring a preliminary investigation 
of this plant (Chem. Trans. 1899, 75, 829), 
the samide then ei&mined gave a trace of yellow 
colourinff matter soluble in alkalis with a strong 
green coloration, the acetyl compound of which 
after frequent recrystaliisation melted at 205"^- 
206^ It thus seems probable that the thujin 
of Roobleder and KawaJier consisted of quercitrin 
contaminated with a second glucoside, possibly 
that of myrioetin. The quantity of this latter 
present in the plant may iMssibly vary according 
to i te y y ironment or with the season of the year. 

THYMACETOL* Condensation product of 
acetone and o-thymic acid. 

THYMATOU Trade name for thymol 
carbonate* 

THYME CAMPHOR v. Camphob. 

THYME60L Trade name for the mercury 
potassium salt of thymol-p-sulphonate. 

THYME OIL V. Gas, essentul. 

THYMQfE 0. PvMJODiNEs. 

THYMOL V, Camphobs ; also Pkekol and 

ITS HOMOLOOUBS. 

According to Howards A Sons, Ltd., and 
John William Blagdon (Eng. Pat. 21)0151) m- 
oresol is condensed with uopropyl alcohol in the 
presence of phosphoric mnd at a temperature 
of 70®-80^ If the reaction temperature is 
higher (e.g. iso'll, a oondennation product 
melting at 114^ and possessing antiseptic 
properties is obtained (J. Uhein. SSoc. 1923, 123, 
124, i. 1006). 

p-Cymone isolated from the crude oU ob- 
tained from the sulphite spruce pulp mill, after 
purihcatioiit is nitrated and the nitro-c;k7ncne 
reduced to cvmidine by means of iron powder 
and hydrochloric acid. Hulp]n>nation of <7>’mi- 
dtne gives a miEiure of o- and p-cymtdinc 
•ttlphouio acids, which, by diaeotisation and 
iubsequent treatment with ethyl alcohol and 
copper powder, arc succosstvjply converted into 
the corresponding diazocymenesulphonic acids 
and the same craene 3-suiphonic acid, the 
sodium salt of which yields thymol on fusion 
with sodium hydruiide (Max Plullips snd H. I). 
Gibbs, J. Ind. Eng. Chem. 1920. 12, 733-^734 ; 
SIS also J* Amer. Oiem. 8oo. 1923, 45. 1489- 
14931. 

ThY^ol in oil of thyme may be determined 
by sixitaoliiig the fdmnols by repeatid shaking 
sodittm hydroxide solution. On adding 
•tfong hydroohi^ acid to an alkmot par^ 
the eittaet the phenols separate. The ihyimd 
is obtahkid by enrstalllsatioii and weighed after 
oulbetioii tm t&ying (Mastbaum. Anal. ¥U. 
Quiim 19Mb ddh J. doe. Oiem. Ind. 1923, 
94 4Ab ^ 

TninlDllR* Tilde name for a mixture of 

^ Stranme mums. 

TSfim GAIRAm mk The fbwen 
md teavii of TO m w ii eefiteis, groHi In Sicily, 
|M1 oa dMWStaVsMii 1*9 p.e^ of an^ 


d^^O‘9682, nf «1*5106, o^ « -0*70", which 
contains 73-84 p.c. by volume of phenols 
(carvacrol) and shows a corresponding high 
solubility in dilute alcohol. These results agree 
ihoderately well with those given by PeUini 
(d* 1923, 858 A), and show that the figures given 
by Schimmef und Go. (Bericht, 1889, ii. 56) 
rmer to an oil other than that of Thymtta 
captaiM (F. 0. Palazzo and 0. Lutri, Ajuiali 
Chim. Appl. 1924, 14, 103 ; J. Soc. Chem. Ind, 
1924, 43 B. 537). 

THYRESOL. Syn. for santalol methyl ether. 
THYROGLOBUl^, THYROIODIN, THYRO- 
XIN e. TnvBOiD gland. 

THYROID GUND, Olande ihyrioide, Fr. ; 
SchUddrUse, Ger. In 1 891 Murray introdus^ the 
oral administration of thyroid gland in diseases 
where the natural secretion is defective (myxos- 
dema, cretinism), and the subsequent success of 
the remedy has been one of the greatest triumphs 
of organotherapy. Baumann (^itschr. physiol. 
Chem. 1895, 21, 381) discovered the io(U|ie 
content of the gland add obtained, by boiling 
with dilute sulphuric acid, an impure amorphous 
substance, iodothyrin (thyroiodin), containing 
9-10 p.c. of iodine, and Oswald {ibid. 1899, 27, 
15) se^iarated a protein (thyroglobulin), also 
containing iodine. 

The active constituent has been isolated by 
E. C. Kendall (J. Biol. Cheuv 1915, 20, 501 ; 
Proc. Amer. Soc. Biol. Chem., J. Biol. (Them. 

1917, 29, 29; Endocrinology, 1917, 1, 153; 

1918, 2, 81 ; Proc. Ajner. Physiol Soc., Am. 
J. Physiol. 1918, 45, 540 ; J. Amer. Med. Assoc. 
1918, 71, 871). It is obUined by hydrolysis of 
the gland w^ith alcoholic sodium hydroxide and 
fractional solution in various organic solvents. 
It represents that half of the iodine containing 
substances of the gland which is insoluble in 
acids ; the other half, soluble in acid, is also 
organic, but physiologically inert. Kendall lias 
naracHi the honnone thyroxin (from thyro- 
oxindol) and assigned to it the formula 

and the subjoined constitutiou ; 

m 


1H( 


■Ac., 


io 


IH(\ 

H ^ 

Tbyrtixin forms ciy'stals, m.p. 
soluble in alcohol, ether, water, acids amf sodium 
carbonate, reaclilv soluble in dilute sodium 
and ammonium bvdnuxides, with opening of 
the lactam ring, it is periiapa closely reUled 
to the important amino acid try|)tophan and is 
extraordinarily active. On cretinism and myxm- 
dema it has the full action of the entire gknd, 
in daily doses of a fraction of a miliimm. A 
dose of 10 mg. per day incieases u» basal 
metaUiiism ol an adult by 30 p.c*, and the total 
quantity present in the human oody Is estimated 
at 23 to 50 mg. Thh iodine content of the 
thyroid has generally been regarded as some 
measure of its activity. Hunt (Amer* J, 
Physiol. 1923, 23, 257) has recently found a 
close paraUeliam between iodine content aiid 
aotiviiy as tested by his aoetofdtrile metliod (m 
faebw), but on the oUier hand, Remeis (Afeh; 
t. Entwtekeitngsmech. 4 Oiym. IWlfm, 41^ 


THYROID GLAND. 


, i^pared from thyroid a crystalline iodine-free tionally corpulent, who are incapable otsuffi- 
aolitance, which accelerates the development of ciently oxidising fat. « G* 

tadpoleB. The estimation may be carried out by THYROXIN. See Thyboid owjtd. 
Baomann's process (fusion with sodium hy- TIE^NNITE. Jforcury selemde, HgSe, 
drtXKide and colorimetric comparison in chloro| crystallised in the cubic system with tetranedral 
{onn solution ; c/. Riggs, J. Amer. Ohem. Soc. * hemihedrism, and isomorphous with metacinna- 
1M»,31.710; 1910.32,692; Seidell, 1909, barite (HgS). Compact mnular ma^a^ is 
31,1326). Hunter’s method (J.Biof.Chem. 1910, more usual than crystals. Qreyish-black oolour 
7, 321 ; ^idell, ibid, 1911, 10, 95) appears to be with metallic lustre ; 8p.gr. 8-19~8*47 ; H. 2j. 
preferable and has been adopted by the United It occum in some quantity with barytes, calcite, 
States Pharmacopoeia. One gram of the dried and manganese oxide in a vein in limestone ^ar 
gland (corresponmng to about 5 grms. of the Marysvale in Utah; and Ibrge masws hw 
nesh organ) is mixed in a nickel crucible of 125 been found in the mercury districts in Laiw, 
C.C. capacity with 16 grms, of a mixture of Orange, and Santa Clara counties, in California, 
anhydrous sodium and potassium carbonates and Other localities are near Cladsthal in the Han, 
potsfesium nitrate in the molecular proportion of and the Sierra de Umango in Argentina. 


1 : 1 : 1 respectively. Five grms. of the salt mix- 
ture is spread on top ; the mass is fused, dissolved 
in 150 c.c. water in a half- litre conical flask and 
mixed with 50 c.c. of sodium hypochlorite solu- 
tion containing 2*4 p.c. Cl by weight. Syrupy 


L. J. S, 

TIERS ARGENT v. Ai-uminium. 

TIGER-EYE v. Crocioolite and Quabutz. 
TIGUC ACID v. Oils, FixxD, and FaTO. 

TIGUC ALDEHYDE, TIGUC ANHYDRIDE 


phosphoric acid, diluted with an equal volume v. Omiaenm, art. Resins. 
of water, is added until the yellow colour of TIKITIKI. A preparation of riee-jw>lishing 
free chlorine appears. Then 10 c.c. of tlie extract used in the treatment of lieriwri. It 
phosphoric acid solution is added in excess, contains a high percentage of antineiiritio 
the solution is diluted with an equal volume of vitamin, and is a cure for infantile l>eriberi. 
water and boiled down to 160 c.c. or for half an For a method of j)reparing it,^#f€ A. H. Wells, 
hour, to expel the extjess of free chlorine. After Philippine J. Sci. 1021, 19, 67 (in abstiai-'t J. 
cooling 10 C.C. of 1 p.c. potassium iodide solution Soc. (ncin. Tnd. 1922, 41, 77 A), 
is added, and the liberated iodine (corresponding TIL or TEEL OIL v, SESAM^^ oil. 


to 6 times that originally present, which was 
converted into iodic acid) is titrated uith N/200 


TIL or TEEL OIL t\ SESAM^^ oil. 

TILE ORE f. Cuprite. 

TILIACORA ACUMINATA (Miers). The 


tUosulphate, of which 1 c.c.=0-01058 mg. dried jjowdered bark by exhaustive treatment 
iodine present in the gland. Thyroideum with alc(»hol yichls quercitol, fumaric acid, an 
eiceum, U.S. R, should contain 0*17-0*23 p.c. alkaloid, lUiacoriM (.‘gjHjjjNUj, m.p. 260 -261" 
iodine. (= about 0*034-0*046 p,c. in the fresh (decomp.), ud— + 105*3^ a phytosU-rol, a solid 
gland) and should contain not more than 6 p.c. faiiy acid, m.p. 47' , a mixture of unsaturati'il 
of moiSture. It is also official in the B. P. acids containing oleic and linoicnic acids, with 
Seidell and Fcnger (J. Biol. Chem. 1913, 1 3, 51 7) some linolic acid, a resin, and dextrow\ Tiliacorine 
state that the glands of the shexjp, ox, and pig contains two methoxyl groups, bul no methyl 
contain from June to November about three imitle, or methylene oxide group ; no acetyl or 
times as much iodine as in the rest of the year, methyl derivative could lx* obtainexj. A wdu- 
Aldrich v( Amer, J. Physiol. 1912, 31, 162) finds (ion of iJic alkaloid in sulphuric acid fx*comt*s 
the ratio for these three animals as 5:7:9 first blue, and then gn'cn on treatment with 
lespectively^ The amounts found by Seidell oxidising agents (\'an llallie and Stwmhauer 
and Fenger were fo6 sheep, ox, and pig reHjH^c- pharm. •VVc*ekhlari. 1922, 69, 1381; J 
lively 0*08-0*24, 0*03-0 .33, and 0*16-0*44 p.c. Chem. Ind. 1923, 169 A). 

d^ weight. They remark that a standard JIMA. A «nicdicinul preparation im|ionwl 


lively 0*08-0*24, 0*03-0*33, and 0*16-0*44 p.c. 
it dry weight. They remark that a standard 


of 0*2 p.o. could only be obtained with sheeji’s from Tampico as a rcmwly for phthisis. i» 
thyroidii in the United States during a small prepared as a syrup by boiling the fruit of 
part of the year. In English sheep the amount Parmfntmn edulis flX’.) w-ith sugar, and mixing 
apparently does not fall so much in winter. • nroduct w it h almond oil i Arch. Pharm. I iii. r 


The physiological estimation of the hormone 
is more satisfadtoxy but complicated. Quanti- 
tative experiments on the rate of metabolism arc 


the product with almond oil (Arch. Pharm. I iii.] 
107, 

TIMBER AND DRY ROT. K. II. h3tii 

(Chem. News, 1923, 127. 4«2) describee the 


best, but wsry la^rious. In a simplified form Rmgvw Meruliwt hen/mam, to which this disease 
they may be carried out on tadpoles, which, in its dm*, ^ts method of gr(>wth and action upon 
a Bolution containing very little of the hormone, tinibc'r, and t he means a<lupU»d for it# ext^rmtim* 
have their normal gro^h reUided and their tioii. nih^fungiw is rarely, if ever, found upon 
(loss of tml and development living trw*«, but is common upon worked ttmm* 
rfI^tote) ^yMwtera.t«d (Gu(lc^b. ‘.Iiy M* wfe-rrin* to th« rowUtjon 

I Entwwke^mech. d. Oiisan. 1912-IJ, of ,(Se *o.hI uixm wliteh it gn>w« Md nut to Um> 
J- ! infecting organism. Infection of Um vood 
exp* Tberap* 1916, 9, 67). oft^n c^ecurs in the iimher yard, but is ratidy 

Thii method has been»propo«ed for the com- caused by the 8|>ores, which, although mnaifito 
meiulai etaadardiaation of thyroid preparations, alive for ^iverai years, appear to^bvelop um 
ReldHuiit<J. Amer. Med. Assoc. I9()7lii.] 240; sound timber with dMculty, Doritm Sv 
J. BioL Cliem. 1905, 1, 33) finds thad as little weather the pmtoj^uim of tlie fuiimii spawit 
•a Oi mg* of the gland may double the resist- {mycelium) breaks up into f i m tll bo^ fShMiL 
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netwofk lmuc4hm) within tho wood, followed I 
by tho well-known ^wth npon the snrfaoo, 
the form of whioh depends npon conditions such 
os moisture, tempeiwtnre, &o. Various ensues 
are product by the whioH cause the 

breasdown of certain constituents of the wood 
to' water and carbon dioxide, whilst the lignin, 
tannin, and calcium oxalate remain as a spongy 
skeleton of the original timber. 

Under fayourable conditions the fungus is 
canal^ of penetr|ting mortar, thus spreading 
infection to distant wood. Various human 
diseases haye been attribut<Ml to the growth of 
this fungus, but the impossibility of this is 
shown the fact that ‘ dry rot ^ is killed at 
blood heat (98®F.). Infection of timber may be 
preyented by avoiding contact with infected 
material, the selection of well seasoned timber, 
and storage of the wood both before and after 
use in dry and well-ventilated situations. In 
dealing with existing infection, timber may be 
impregnated with various antiseptics, among 
which the best are sodium (luoride, boric acid, 
magnesium silioo-fluoride, creosote and tar, but 
the process is costly. Treatment with po- 
tassium or sodium dinitrophenates or dinitro- 
cresylatcs is effective, and kiln-drying of the 
woo<) is also recommended. In cases of serious 
infection all damaged timU^r should be removed 
the exposed surfaces treated with formalin, 
followea by coating with an antiseptic, and 
precautions should be taken to avoid future 
access of damp (J. 1923, 29, 344; J. Inst. 
Brewing Abstr. 1924. 30. 123). 

TIMBER, FIRE-PROOFUfG. In the fire-proof 
ing of wood the methods of imprecation are 
closely similar to those umhI in apjSying wood 
preeervatives {m Cbem. IVade Journal and 
Chem. Engineer. Oct 5th. 1923, 39). The pres 
suree appli^ will depend on the structure of the 
wood, as an excessive pressure will tend to crush 
the cells. Too high a temperature during drying 
may lead to brittleness. In order to assist 
iie^tration, an initial vacuum may be applied, 
followed by injection under amut 170 lb. 
pressure, fn toe appHcatidn of u^ter-glass 
and its subsequent j^ipitation with hydro* 
chloric acid, salt is left in the wocal. To obviate 
this, it has been prop<^ to utilise pure silicic 
acid, prepared and impregnated by electro- 
osmotic methods (Eng. rat. 101205 of 1917). 
Many fibres, such as l^pok, have cuticles which 
are penetrated with dimculty by soluble salts. 
Tb nudlitaie penetration in such eases the 
matorial may be treated with alcohol or other 
volatile solvent or with a dilute solution of 
hydrofiuorio add (2 parts of tire commercial 
in 100 parts of water). Costing with metal 
W deciro-wposition is suggested a) a method 
Of fire-pfoofing aircraft linen without loss p! 
tetmifo strength (Eng. Fkt. 149745 of 1919). ^ 
l^r most i^otical purposes, the direct 
method of icstit^ the efficacy of a fire-proofing 
treatment—that is, by applying a fiame— 
dibuld be auffident. tn certain eases, notably 
for aircraft fire-proofing, some method of testing 
tb omnhaiaiive protective action is neoessaiy. 
Very Uttle informatioii is available, however, 
idia regild to the inflammabilHy of fire-proofed 
fafarim, atUmugh aome results of comparative 
kite with mipioofc^mateHals have been stede 
jNsMte (AerommtiAl Advisoiy Opmmittee 
Voum-w* 


Rmrt, No. 573 of 1918; Pharm. J. 1924, 
112,692). 

Magnesium ammonium phosphate, which 
decomposes on heating into magnesium pyro- 
phosphate and ammonia, has been patented by 
the fhi Pont Company of America for reducing 
the mflammpbility of cellulose-ester and pil* 
varnish films. In the latter case the boiled 
linseed oil is incorporated with about one-tbird 
its weight of the phosTdiate (U.S. Pat. 1316881 
of 1919). 

For fire-proofing and preserving wood, the 
material may be impregnated with a solution of 
the double ammonium magnesium sulphate or 
with cuprammonium sulphate. In order to 
lower the melting-point of the magnebium 
sulphate, sodium or potassium sulphatdi may 
be added, preferably in quantity to form the 
eutectic mixture— that is. tho mixture with the 
lowest melting-point (D. R. P. 306600 of 1914). 
Calcium sulphate or barium carbonate may be 
deposited in the body of the wood, the former 
by impregnation with ferrous sulphate followed 
by treatment with calcium chloride, the latter 
by treatment vrith a solution of barium sulphide 
and subsequent injection of gaseous carbon 
dioxide (U.S. Pat. 1346287 of 1920; Pharm. J. 
1924,112.691). 

TIMBO. The name of a narcotic medicine, 
the root rind of a variety of ConchoearpM. 
The rind appears in the fornf of tubes or rolls, 
is bright reddish-brown on the outside* and 
yelioaish on the inside. The outer and middle n 
rind break off short, but the inner rind has a 
long fibrous fracture and the interior colour is 
whitish. It possesses a weak aromatic taste 
somewhat like cascariila bark, but has n^ special 
odour. A cross-section shows an interruptref 
yellow zone near the outer side, whilst tho inner 
rind is faintly streaked in radiating lines. Some 
of the cells contain cr>^stals of calcium oxalate 
(Cbem. Zeit. U. 315; J. Soc. Chem. Ind. 

6, 560). 

TIM, Sym. Sn. At.wt. 118'71. Atomic 
num her 50. According to Aston, ordinary tin is 
a mixture of isotoiies-- eight in number, and of 
atomic masses 120? 118, 116. 124, 119, 117, 122, 
121 . The average atomic weight, in proportion 
to the intensities of the linis of the positive rays, 
agrees well with the accejited value (Nature. 
1922. 109, 813). The molecular weight of tin 
it different temperatures has been studied by 
Jouniaux (Bull. 8oc. chim. 1925, [iv] 37, 67 ; 
Chem. 8 qc. Abstr. 1925, it. 489). *Tin wu Ireown 
and prized in the earliest historic agea, for it ts 
mentioned without comment ae one Uf the com- 
mon metals in the days of Moses (Numbers xxsi- 
22). and was an important commodity in the fare 
at Tyre ; numerous bronze instruments of very 
early date have also been discovered in Assyria, 
and! particularly by Layard, in the ruins of 
Nineveh. Many of these bronzes are now pre- 
served in tbe British Museum. The tin so 
employed was obtained bv the Phrenicians from 
Cornwall and the Scilly lm$ in this country, and 
from the mountains of Spain, and there k m 
evidence of the occurrence of tin in thosh 
countrieaan which, in ancient tiffire, the meM 
was must largely used. Pliny appeals to have 
been familiar with tin, and sUtea Chat it ooeisti 
in grains, in alluvial soil, from whkli it te 
obtained washing. TlM^|iaiMS>itefm^ 
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ftates, «f6 blMk, and their metallic character tion of 2000-3000 tQiut» is derived from British 
jmtk only be rocognised by their great weight, possessions. The re-ex^rts in a normal year 
Though tin was regarded by the ancients as one are about 3000 tons of ore» and 40,000 tons of 
of the baser metals, its cost was greater in the unwrought tin. The balance, about 32,000 tons 
days of Homer and Pliny than at present^ of tin ore^togetherwiththe domestic production, 
for in the days of the latter of these writers which in 1913 was 8355 tons, was apparently 
ai^ avoirdupois pound of tin cost 8«. 7|d. sterling, sufficient to meet the dom^tic requirements of 
or about four times its present value. The uses the United Kingdom. Few new sources of tin 
of tin among the Romans were similar in many have been discovered in recent years, although it. 


respects to those of the present day. It was appears probable that the Belgian Congo is 
chiefly employed in the form of an alloy with likely to become an important producer imthe 
copper, on account of the hardness imparted not far distant future. It wolild seem that unless 
to the alloy by a comparatively small proportion really extensive deposits are discovered, tin will 
of tin, and some of the very earliest known be one of the first base metals to be exhausted, 
bronzes agree closely in composition with those The smelting of tin ore is concentrated in few 
u^ for similar pu^oses at the present day. hands, although the tin-smelting capacity of the 
Tin also used with lead by the Romans for world is well in excess of the annual supplies of 
the production of solder, and for tinning the ore. In this respect the Straits Settlements 
inside of copper and brass vessels, in which art heads the list with a capacity of about 58,000 
the Roman workmen appear to have attained tons of metal, Groat Britain following with a 
considerable skill. Alloys containing more tin, capacity of al^ut 34,000 tons, and the United 
corresponding somewhat to the modern specvltm States with a capacity of 30,000 tons, the total 
metal, were used by the aficients for mirrors, but world smelting capacity being about 175,000 tons 
the of tinning iron does not appear to have per annum (Sir R. Kcdmayne, .T. Soc. of Arts, 


been discovered until a much later date. 
Occurrence of (in.— Tin occurs in compara< 


1923 ; J. Soc. Chem. Ind. Apnl 27, 1923, 425). 
Promising reports arc received in connection 


tively few localities, never in the native state, with tin mining in Texas. In parts of Nigeria 
and in but few fonfts of chemical combination, tin occurs distributed over wide areas, but in 
The most important one is tinstone or cassitorite, relatively small proportions. The present world’s 
tin dioxide (SnOs), which is met with in output of tin is al)out 115,000 tons per annum, 
two principal forms, crystallised and massive. Production of /in.— The metallurgy of tin is 
The* crystals are of the regular prismatic or in its main features simple, but the mechanical 
tetragonal system, isomorphous with those of preparation of the ore involves more skill and 
rutile, and are frequently well formed and of labour than is the case with any of the other 
large size. Tinstone in the usual or massive common metals. ISo muc4), in fact, is this true 
form is a dark reddish-brown or slaty-coloured that success in the extraction of tin fre- 
vciy heavy mineral, which occurs in Cornwall in qucntly dej)end8 more upon the captain of 
veins hsually running nearly east and nest, the mine, who superintends the dressing of 
and in which the tin ore is associated with the ores, than upon the smelter. On account 


of the high price of lin, and the relatively high 


arsenical pyrites, copper sulphide, wol- of the high price of lin, and the relatively high 
fram, and a great variety of otW minerals, density of tinstone, it is found prac^ticable to 
Tin usually occurs in plutonic or metamorjjhic work ores which in the first place contain com- 
rocks, such as nanite, felspar, porphyry, or clay paratively little tin, ores which contain only 
slate, but by the action of denudation on these 0*5 p.c. of tinstone being sometimes profitablv 
older rocks grains of tinstone are frequently met worked. The principle adopted in the mechanf- 
with in the neighbouring alluvial deposits, and cal separation of< tinstone is very simply Ulus- 
this variety of ore, which is of epeeial purity and trated in the operation of ‘ vanning,’ which is 
now almost entirely exhausted in this country, frequently usfd in Cornwall and elsewhere as 
is known os * stream tin.’ The metal also an appniximate test of the richness of an ore. 
occurs in small quantities as fin pyrites (SnS|), A quantity of the crushed material is placed in 
The largest quantities of tin are now produced a miner’s shovel of special shai^, known as a 
in the i^d of Banca (‘ Straits tin ’). Small^h* vanning shovel, water is added, and then by 
though oonsiderabio quantities are met with in means qf a circular motion which is imparted to 
Britain, Gemuiny, Siberia, China, South Aus- the sbov^ by the hands, aided by a peculiar jerk 
tralia, New South Wales, Nigeria, and Bqlivia. of the w'rist, the ore is ultimately almost com- 
Among th^ newer sources of tin may be men- pietely separated from the earthy matter, and 
tinned the Waterberg district, to the north of can bs^dned^and weighed. On the large scale 
^toria, in the Transvaal, the present monthly the ore is first picked and assorted, and then 
output of which is valued at about £30,000, and broken by suitable stone breakers and rolls. The 
is lucely to increase. Cassiterite has been met roughly-^Vdered ore is carefully assorted, and 
with over an area comprising Helderberg, then fed into a mill containing a battery d 
between Stellenbosch and Somerset West, and stamps, of which there are many varieties in 
the Eults River Mills in the Koeberg District of use. ^h stamp weighs 3 cwts. or upwards, 
South Africa. The Malay States* are the chief the faoe of the stamp beitu either steel or chilled 
producer, contributing ower 36 p.o. of the world’s cast iron. By means of suitable cams on a 
outout ; tliem follow Bolivia and the Dutch East revolving^wheel the stamp is raised at regular . 
Inm, with about 20 and 15 p.c respectively, intervals, and allowed to fall upon the ore which 
At present the production and consiunption of is contained in the box or ooner of the stamp* 
tin appear to Salanee. Normally the United A supply of water flows through ilie boxes aiM 
Kingdom imports about 35,000 tons of tin ore, escapes tlirough perforations, emying away tl^ 
about 8000^4ons being from British possessions, finely-orusl)pa ore, wnile the larger pieces remidn 
and d whic]|L, wi^ the exoep- in the box to be farther dMbed by the ftamp« 
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Tho finely-powdeted ore nov passes to some with carbooi which operation may be performed 
form of puddlOi or & a concentrating table^ either in a reverberatory fumaoey as is the 
which more or less completely separates the custom in this country, or in small blast 
earthy matter. Probably the simplest form of furnaces such as are used to a limited extent 
such apparatus, of wlfiich there is an endless Qermany. Shaft furnaces also are used in 
variety, is the inclined plane with ridges or China, Sumatra, Nigeria, and by natives in 
* riffles* placed at right angles to its length. On many other localities. . 

such a plane the neavier particles naturally Tin smdtin^ tn ^np&njdf.— -The furnace em- 
lemain, the richer fragments being deposited ployed for the smelting of tin in this country, and 
principally at the upper part of the huddle, whibt in fact pretty generally elsewhere, is a reverlwra- 
tho**earthy matter^fc with some ore, passes away, tory, with a fireplace at one end and a stack at 
But such a simple form of huddle is now seldom the other. At the front is a single working door, 
used, and a considerable number of improve- while at the back is a tapping hole which is 
ments have been from time to adopted, closed during the smelting, but which when the 
Thus the inclined plane is made movable, and operation is concluded serves to convey the metal 
either a jerking or a rocking motion is imparted into a * float * or circular iron pot lined with fflay. 
to it, and this is found to give better results than The bed of the furnace is about 18 ft. 
the fixed form. But buddies of a circular shape 9 ft. broad, and slopes to the tapping hole. The 
have met with considerable favour in late fireplace is about 2 ft. broad, and the firebridge 
years, one form (Borlase's) being a circular con- is of firebrick and some 14 ins. high. The roof 
cave huddle fed from the outside and discharging is low, and slopes uniformly from the firebridge 
the slimes from the middle ; but the variety to the stack. 

generally preferred in Cornwall is that of a very The charge of ore, which weighs 20-26 cwts., 
flat cone, the water and ore being distributed is mixed with rather less than one-fifth of ite 
either by a revolving spout, near the apex of weight of anthracite powder, and spread uni- 
the cone, or by means of a smaller and more formly over the furnace bottom. If the ore is 
acute distributing cone. The waste liquid from refractory, a little fluorspar or lime is added as 
the huddle is led into a succession of tanks or a flux. The door is then hlosed and luted up, 
pools, where it is allowed to settle in order to and the temperature gradually raised for 6^ 
recover the finer portion of the ore, which would hours, when the door is opened, the mwa 
otherwise be lost, and the slimes thus obtained rabbled, and a quantity of pdWdered anthracite 
are worked over again in order to recover the or ‘ culm ’ is thrown on the surface of the charge, 
finely-dividod tin ores. After heating for about another hour, and a 

In dressing tin ores it is important that they further rabbling, the metal is tapped. Part of 
should not be too finely crushed, or the gangue the slag produced is thick and is raked out of 
will be removed with greater difficulty. The the furnace, while the remainder is more fluid, 
ore should be, as far as possible, separated into flowing out aith the metal, and is called * glass * 
parcels, the fragments in each l^ing of uniform by the smelter. The slag consists essenlially of 
size, and the method of treatment is varied with ferrous silicate, and as it frequently contains a 
the fineness of the material ; in no case should considerable amount of tin it is melted agam 
the ore cnished more than is necessaiy to wken the furnace is at liberty, 
separate the matrix. These facts form the basis As tin is a valuable metal any considerable 
of all successful ore dressiiig. loss in smelting would result in commercial 

Rlinctim of (in, — From the point of view of failure. The boiling-point of tin is high, in the 
the tin smelter, ores of tin may be divided into neighbourhood of 2()()()®C., so the loss by volati- 
two classes, first those of tolefable purity, which lisation is very small, l^tically the cmef 
may be directly smelted in the furnace, and source of loss, ifl the smelting process, is in the 
secondly a less important class t)f ores, which, slags. Tin oxide readily passes into solution in 
from the fact that they contain notable propor- fused silicates yielding enamels. Hence the 
tions of copper, arsenic, sulphur, or tungsten, slag should be as small in quantity as possible, 
require to be further treated, after dressing, and should not be oxidised. The first require- 
betore smelting. Ores which contain arsenic mentis met by employing ores of high concentra- 
or sulphur are roasted at a low temperature, tion, and by mixing thein so that the basic 
usually in oalciners with a bed *which is gangue of one will neutralise ihe acid gangue 
mechanically rotated in a horizontal plane, and of another, so far as possible. Thus the use of 
which is supplied with mechanical rabbles. The fluxes is kept at a minimum, and the bulk of 
greater part of the arsenic and sulphur is slag diminished. The slags are wllected, and 
thus remold. The mass is then withdrawn, are generally smelted in a water-jacketed blwt 
and, after being exposed for some lime to the furnace, for the recovery of the tin they contain, 
action of the atmosphere, is washed to remoye Small blast furnaces, which were previously 
the oxide of iron and other lighter matters ^m used in Cornwall, have survived longer m 
the heavy oxide of tin. Ores which contain southern Germany, and are also employed by 
much tungsten are heated with sodium sulphate the natives pf Inc^ The waste of metaJ is 
or carbonate in a reverberatoiy furnace, by much greater than in the reverberatory furnace, 
which means soluble so^um tungstate is pro* whilst the cost of fueklchamal) is a^ greats 
duoedi^ can be removed by wasnidlg from the than in England, but tne tin obtained is stated 
unaltem oxide of tin. This process (Ox]and*s) to be of excellent quality, 
is not carried on now to any oonsiderable extent. The te^xmg process consist « 

The ore haying been purified by one or other two parts, a preliminaiy liquation, find the re-» 
of these processes is ready for smelting in the fining pt<^. The liquation b conduced m a 
ordinary way. *S!h% reduction o# the metid furnace of similar shape to the reverberatory 
hm theoiekalw^s^ooomplirii^ furnaoeabqpedesoribed.an^ about IB tons ate 
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operated upon at once. The temperature is care* 
fiuk regulated so as just to melt the purer tin» 
wh^ gradually flows away into a separate jpot or 
* kettle/ while the impurities, consisting of iron, 
ftnenio, sulphur, and traces of many otheTi 
elements, together with some 20 p.o. of tin, 
remain in the form of a hard, brittle, white, semi- 
metallic mass known as hard-head. For the 
composition and properties of hard-head, set 
Lety and Ewen, Trans. Inst. Ming. & Metallurgy, 
1908-9, 466. The purer metal which has 
collected in the kettle (which is heated by a 
fimll separate fire) is now refined by plunging 
billets of green wood under the surface of the 
melted tin. A quantity of gas is evolved from 
the wood, and violently agitates the metal, 
gradually separating a scum which contains the 
imparities orinnally present in the crude tin. 
The same result is sometimes attained by ' toss- 
ing ’ the melted metal in ladles from a height of 
several feet and allowing it to fall into the 
kettle; in this way the metal is also exposed 
to atmospheric influences, and a scum separates 
as before. The refined metal is sold as 
gmm, rtfinedf or common tint according to its 
quality, though all tin met with in commerce 
has been more or Iqss refined. For refined tin 
purer ores are employed, the refining is con- 
tinued longer, and alter poling the metal is 
allowed to stand |ome time, and only the upper 
or purer portions are used. The second or 
ordinary quality, when cast in suitable moulds, 
is known as block tin, A simple test of the 
commercial quality of tin is to melt the metal at 
a moderate temwrature, and to pour it into an 
ingot mould. The ingot, if of good quality, 
should «be smooth, bright, and rounded, and 
should retain this appearance on solidification ; 
if impure it will have more or less sharp edges, 
and will ‘ frost ’ over on solidifying, while very 
impure metal will be tinged with yellow or 
purple, according to the amount and nature of 
the impurities. Orain tin is produced by 
heating blocks of refined tin to a temperature 
a little below the melting-point of the metal, 
at which mint it becomes veir brittle, and is 
broken either by dropping fibm a height or by 
a blow of a hammer For further particulars 
of the properties and metallurgy of tin, see H. 
Louis, Mewlurgy of Tin, London, 1011. 

Eledrdtfiic refining of lia.*— After liquidatiotv 
to remove iron, crude tin has been successfully 
refined on the«laige scale by electrolysis in 
solutions containing (a) 2U p.c. of hydrofiuo- 
silicic acid^O'l p.c. of sulphuric acid, and dp.c. 
Sn; (b] 5 p.o. of hydrofluosilicic acid, 8 p.c. 
of sulphuric acid, and 3 p.c. Sn ; (c) 8 p.c. of 
sulphuric add, 4 p.c. of cresol- or phenol- 
sulpbonic acid, and 3 p.c. Sn ; (d) 13*7 p.c. of 
sulphuric acid, 21*2 p.c. of c^stallised sodium 
sulphate, and 1*5 p.c. Sn. The electrolysis is 
preferably carried out at 35*^ with a current of 
10 amp* per sq. ft, at 0*3 volt. With electro- 
lytes (a), (b), (c), which contain the tin as a 
liannotts salt, an emulsion of 1 Jb. of glue and 
8 lb* of era^Uc add is added per bm of metal 
deposited, to assist in producing smooth deposits, 
and 0*3 p.e. of hydmhloric acid is %daed to 
bring abemt uniform corrosion of the anode and 
to make the slimes soft and porous. Electro- 
lyte (d) ^taittS the tin as stannic sulphate, 
aiid(k2p.lof Chiit(;aoaloesi8%dd«i to obUm 
• 
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a smooth deposit. The slimes from Bolivian 
crude tin containing 97 i>.c. Sn usually assay 
about 20 p.c. Pb, 5 p.o. Cu, 3 p.o. As, 6 p.o. Sb, 
20 p.o. Bi, and 30 p,c. Sn, together with 130 o». 
Ag per tois, and traces of Au. Two methods of 
treating this material have been used; the 
first involves fusion of thetslime with sodium 
hydroxide under oxidising conditions to obtain 
a lead-bismuth-silvcr bullion, which is refined 
electrolytically, and a soda slag from which 
crude tin is again obtained J>y reduction, win 
the second process the slimes are melted and 
reduced to metal, which is cast into anodes; 
these are electrolysed in 18 p.c. hydrochloric 
acid, which dissolves 90 p.c. of the tin and 
bismuth, 45 p.c. of the antimony, and 35 p.o. of 
the copper. The bismuth is precipitated by 
crude tin and refined by fusion with spda and 
sulphur, and the tin is precipitated by lime. 
The slimes arc smelted t<» give a b^ lead 
bullion, wliich is softened and desilverised 
(J. R. Stack, Trans. Amer. Electrocbem. Soc. 
1924, 46, 279; J. Soc. Chem. Ind. 1924, 48. 
B. 621). 

Brands of tin* In 1911 a committee of the 
London Metal Exchange drew up a new* form of 
contract for the purch^e of tin. This provided 
for the recognition of two classes of tin : Class A. 
includes Straits or Australian tin of good 
merchantable quality, and also refined tin of 
good merchantable quality, assaying not less 
than 99*7.5 p.c. of tin. Class B includes 
common tin of merchantable quality, and assay- 
ing not lees than 99 p.c. of tin * The ofticial 
brands include the following : St rails, Aust ralian , 
Banca, Billiton, English, German, and Chinese. 
In connection with this classification a number 
of brands and descriptions were assayed, and 
tabulated analyses prepared. 

It will thus be seen that some of the best 
brands of commercial tin are of romarkable 
chemical purity. 

Properties of tin. Tin is a white lustrous 
metal which exhibits a fibrous structure, and 
when lieqt emits a creaking sound owing to its 
ciystolline character. W' hen melted and idlowcd 
partially to .solidify, and the still liquid ^rtion 
poured away, fieedle-shaped crystals are formed 
in the remainder. The metal is deposited in 
tetragonal prisms wiien stannous <mlciride is 
decomposed by a weak elecitric current Tin is 
capable of existing in different allotropic forms 
depending u|K)n the temjierature. At ordinary 
teroperattfres it is in a metastable condition, 
but on exjKMure to great cold it falls to pieces 
forminfgi coarse grey powder. Between 1 8® and 
17(f the stablb form of tin is tetragonal, above 
170® it is rhombic. Tin has a 8p.gr, of 7*312 and 
melts at 232® (Heycock and NovtUe), It 
ei^pands 2*8 p.c. during melting. The change id 
denqjty of melted tin with temperature may 
be re]>resonted by the formula 

d*^7*01-.0*00074{<-232) 

(Hogness, jjf. Amer. Chem. Soc. 1921, 43, 1621). 
Tin sufiers little change when exposed to air, 
either dry or moist, at ordinary temperatures. 
When melted it slowly oxidises to the dioxi^. 
It is readily attacked by acids; hydnudildrie 
acid converts it into stannous chloride with 
evolution of^hydroN|en, nitqk add forms meta* 
itannk add* It omiolvee in aqueons edqthwni 
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of the alkelis vith *evolotiDn of hydrogen, 
forming meta^etannates. 

For posBiye tin, «ee Steinlierz (Z. Elek- 
teochem. 30, 279, June, 1924; ScL Abetr. 1924, 
27. 832). • 

Uses of (tn.— The manufacture of tin plates 
atorbs more tin thhn any other industiy, and of 
this a separate account will be given. Tin is also 
largely used for alloying with copper to produce 
brooze, bell metid, and speculum metal, while 
in combination with other metals tin produces a 
number of useful alloys, to be afterwards de- 
scribed, among which may be mentioned pewter, 
Britannia metal, plumber’s (or soft) solder, 
Queen’s metal, tyj^ metal, fusible metal, Ac. 
Though tin is comparatively brittle at ordinary 
temperatures, it becomes very malleable at al^ut 
1(W , and can then be rolled into thin sheet or 
foil, for which there is a considerable application, 
and which was formerly much used, in the form 
of an amalgam, for the ‘ silvering ’ of mirrors. 


Tin foil containing small uuanttties of aluminium 
gr^ually becomes brittle, owing to the slow 
oxidation of the aluminium. On account of its 
power of resisting atmoe^heric influences and 
the action of vegetable acids, tin is also used for 
the manufacture of pipes for brewers, distillers, 
and other purposes. For similar reasons laad 
pipes are sometimes tin-lined. Pots, pans, 
kettles, and other culinary utensils are frequently 
tinned inside. The process is very ancient, and 
extremely simple. The surface of the vessel to 
be tinned (which may be of copper, brass, or 
iron) is carefully cleaned and brightened, and a 
little ammonium chloride (patented for this 
purpose by John Bootic in 1768) is often rubbed 
over the surface. Some tin and a little powdered 
resin is now melted in the vessel, and is* wiped 
over the surface with tow. By this means a 
skilful workman rapidly produces a uniform 
coating of tin, which resists considerable wear, 
and yet weighs, according to the experiments of 
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Tin 

mOTy 

Bis- 

muth 

Copper 

Iron 

8>lv«! 

Banca tin . 

4 • • 

99 -<150 

i 

0*007 ' nil trace 

nil 

0*018 

' i 1 

0-045 i nil ; trace 1 

Billiton . 

• ■ 4 

99-9(50 < 0*006 : nil nil 

nil 

0*023 

• nil 

nil nil : 

Penang 


99*939 

trace 0*013 trace 

nil 

0*016 

0-028! nil i 0-004 i 

Singapore tin 


99-870 

0*008 0*045 0*034 

0*003 

0*062 

0*003 

0-006 • 0-005 

M. Bischoff 

• . > 

99*795 

0*005 ; 0*063 i 0*037 

0*005 

0*035 

0*042 

trace 0*008 

1 Pyrmonttin 


99-938 

0*017 0*019 trace 

nil 

0*022 

trace 

nil ;a-004 

j Irvine Bank 


99*680 

0-062 0-034 ,0-221 

0*026 

0*125 

0-002 ! 0-018 0-004 

: Williams Harvey A (’o., Xo. 1 

99*860 

0*015 0*040:0*004 

0*005 

0*047 

0-003 i nil ! 0-008 


. • No. 2 

99*560 

0*166 0*037 ; 0*162 

0*007 

0-050 

0*005 

trace 1 0^13 

i 

; M » 

Xo. 2a 

99*350 

0-245 i 0-065, 0-223 

0*015 

0*042 

0*016 

trace ! 0*013 

" 

No, 3 

99-200 

0-300 ! 0-037 ; 0-398 

0*007 

0*100 

0*013 

0-014 1 0-006 

i 

! »* * * 

No. 4 

99*941 

0*011 0*022 I trace 

0*001 

0*020 

trace 

trace*! 0*006 

1 Penpoll, No. 1 

. . • 

99*720 

0*118 0*054 0*041 

0*007 

0*062 

0*001 

0-009 1 0-007 

1 t* No, 2 

• • 

98*710 

0*569 0*042 0-546 

0*055 

0*103 

0*007 

0*016 0*004 

.. No. 3 


99*300 

0*325 : 0*050 ; 0 *212 

0*050 

0*088 

0*002 

0-021 ; 0-009 

! Redruth . 

. 

99-160 

0*178 0*053 0*177 

0*017 

0*445 

0*014 

0-006! 0-008 

1 Ih. Goldschmidt. No, 1 

99*860 

0*004 nil : 0*102 

nil 

0*043 

trace 

nil 1 trace 

♦» 

No. 2 . 

99-460 1 

0*015 nil 0-425 

nil 

0*069 

trace 

nil ! trace 

»* ' 

No. 3 . 

99*150 

0*122 0*046 0-143 

0*112 

0*352 

0*007 

0*003 ^ trace 

Chinese, Nt). 1 

f 

99*343 

0*031 0-040 0-434 

0*007 

0*052 

.0-010 

trace ' 0*011 

Wing Hong i ( 

0 ., No. 2 . 

98*662 

0*039.0*035 1*035 

0*(MSt 0-134 

0*014 

trace 0*011 


No. 3 . 

•95*280 

0*381 0*050 3-995 

1 

0*020 

0*106 

• 

0*028 

0-018 < 0-008 

1 I 


Bayun, less than a milligramme jwr square inch 
of surface. No wonder that Pliny statos, with 
surprise, that copjier when tm^*doe« not 
increase in we^ht I Tin salts are alio used for 
tinnina brass and copper wire, and as mordants 
in dyemg. 

I of ttn* Tbe alloys of tin are of great 
im]K>rUii<!«, and have Mturally at- 
traoted coniiderable attention, alihatigh accurate 
tufonnation is sUll wanted in respect of many of 
their phytiosl and other ptoperiiee. Fo^ con- 
veniencse of study the alloys of tin may be dirided 
into two eiisees, the first in which tbe properties 
of the reeiiltiiw alloy are entirely dlflfeieiit from 
the meanof theeMu ‘ 



ecmetituenti, while the second 
euMU momdes thoee alloys some of the most 
Importiiit propeftws of which agree veiy 
with what n^ht be antidpaM from the 
fWopenlM ol tlm ^e first 

tiftii is ^ 



Tin itself is weak, soft, readily fusible, and of a 
nearly white colour, while copper is strong, 
tough, moderately hard, and of a chaiacteristrc 
red colour. On adding tin to^jopper, however, 
in gradually increasing proportions a succession 
of allo)'^ is obtained with properties which are 
utterly diflenmt alike from those of each othev 
and from their constituent metals. Thus an 
addition of about 6 p.o. of tin to copper produces 
a tough strong mloy, wliieh still retains a 
fairly characteristic copper colour, but which is 
much harder than cop^r, and b suitable for 
medab or ooinage, but tbe hardening eflect of 
tin is so great already the practical limit 
has Iseen reached for coinage purposes, (fo 
adding & p.c. more tin we have an alloy whkh is 
itiU Imrder, so much so that it has to be oast 
insteadmf being rolled or drawn, and the allo^ 
possesses a rich yellow ceJour. With a littls 
mors tin an aUoy suitabte for the haideet heir^ 

^al^^is^for small^bells, iiA wUoh ii 
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Bonorons, but shows considerable brittleness 
when eol^ but thou^ it be worked at a low 
red beat. With still more tin an alloy suitable 
for the largest bells is obtained ; brittleness is 
mote marked, and the fracture is dull earth/ 
grey, and it is only when the metal has been 
worked or burnished that a yellow colour is 
visible. But on continuing the addition of tin, 
which is one of the softest of the common 
me^s, the alloys become more and more brittle, 
until with about 33 p.c. the alloy can easily be 
pounded in a mortar, and possesses a white 
colour, with a more or less pronounced blue 
idiade. This alloy is thus utterly different alike 
from its constituents and from either of the other 
alloys previously mentioned. As examples of 
the second class of alloys of tin, in which the 
properties of the alloy are approximately what 
would be expected from the characters of the 
constituents, the combination with zinc or with 
lead may be taken. Tin and zinc unite in all 
proportions, and the colour, hardness, ductility, 
Ac., of the alloys are what would be anticipated 
from a mixture of the two constituents. Tin 
and lead also unite in all proportions to fonn a 
series of alloys, all of which are nearly white in 
colour, and are soft, malleable, and it^adiJy 
fusible, like the metals themselves. Tin-lead 
alloys, however, furnish a characteristic illustra- 
tion of the fact tha^the melting-point of mixtures 
or alloys is very commonly lower than the 
mean calculated from the melting-points of the 
pure substances. This rule is very generally 
observed, both in salt solutions, with mixturt^j 
of salts, and with mixtures of organic sub- 
stances (Guthrie, Phil. Mag. [iv.] 69, 1, 206, 
266; 1, 49, 364, 446; 17, 462; 6, 36). 

Common, or soft, solder is an alloy of tin and 
lead, the l^st proportions being veiy nearly 
2 parts of tin to 1 of lead. The melting-point of 
this alloy, calculated from the melting-points of 
its constituents (Pb=327°, Sn=.228"), would Ix^ 
261®, but the lowest melting-i)oint in this series 
of alloys actually observed is 180" (Turner, 
B'ham* Phil. Soc. [iv.1 318), and the comjKJsition 
of the alloy was very fiearly 2 p^a of tin to 1 of 
lead. A number of investigators have examined 
alloys of tin and lead, including Kiipffer, 
Pillichody, Laurie (Chem. Soc. Trans. 1889, 678), 
nm more recently Rosenhain and Tucker 
(^IL IVans. ^ri^ A. 1908, 89), and the results 
of the determination of the composition of the 
pobit alloy vaiy from about 
: tin (62*93 p.c. tin, Roscnhain 


kind of type metal. Tig also enters Into the 
composition of Britannia metal, the proportions 
as follows (Greenwood), Metallurgy, 
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Britannia sSctal 

For For For 
spinning rotting casting 

Queen's 

metal 

Tin . 

. 94 

90 

84 

75 

Antimony . 

. 5 

7 

10 

8*6 

Copper 

. 1 

3 

4 

— 

Bismuth . 

. — 

— • 

2 

8 4 

Lead 

. — 

— 

— 

8*5 


bweet 
60 to 65 p.c. 01 


ana ^okerj^ There appears to be no indicatif>n 
of a defimte alloy of tm and lead in atomic pro- 
portions, though, on very slow cooling, there is 
evidw<» of the existence of a soUd solution, at 
the laM end of the series. There is also an 
tnvmioii at 150 with aljpys containing 18-63 p.c. 
of Ian. In addition to their use for scilders the 
ba*lM allovs have an important application in 
the ^ of pejrter, the toughest dnd hardest 
?* wJuch conteto/ibont 3 part* of tin 
to 1 of lead. The hardness of lead-tin allovs 
fa tttwd ^lani^ly by prolonged re-heating of 
alky (C. di Capua and M. Arnone, J, §wj. 
Chem. 1^ 1924, 43, B. 560; Atti R.^Accad. 
Li^, im, 33, i. 293). Albys of tin and 
io the same class as those 
and a mixture of 4 tkarts 
" 1 of hitimony fa *use<f for one 



A Birmingham manufacturer's mixture for 
Britannia metals is as follows: tin, 1 cwt. ; 
antimony, 12 lbs. ; copper, \ lb. 

Britannia metal has a somewhat considerable 
application on account of its white colour, and 
the fact that it takes a good polish and resists 
the iniiuenee of the atmosphere ; its low con- 
ductivity for heat also renders it very suitable 
for some purposes. This manufacture was 
introduced by Jessop and Hancock about 1770. 

Type metal varies considerably in composi- 
tion, consisting essentially of antimony and lead ; 
but for small tyi)e tin is commonly added, and 
in some cases considerable projkortions of tin 
are employed. 

The fullouing illustrates the composition of 
tyjX‘ metal of excellent quality, and suitable for 
different sizes of ty|)e. It will be noted that large 
is made (d a softer and cheaper mixture. 

Tin Lead Antimony 
Laiyc tyj)e . . 7*6 78 14*5 

Medium tyjH* , 9*0 • 73 18 

Small tyji . 14*5 57 28*5 

From 1 to 1 *6 p.c. of copper is also added in 
some cases to improve the wear of the tyi)e. 

White bearing metals for heavy maehinerv 
contain the same constituents as type metal. 
At least 10 p.c. of antimony is required ; with 
above 20 p.c. the alloy is brittle. Tlie limit (»f 
tin, on account of price, is usually about 46 p.c. 
(Hague, Bearing Metals, South Staffs. Iron k 
Steel Inst Jan. 1909; Hiorns, Anti friction 
Alloys, Birm. Mclaflurgical Soc. Feb. 1909). For 
siweial purpo.seH larger proportions of tin are 
empluvf^, as shown in the folbwing analyses 
(G. Hughes, Non-ferrous Metals in Railway 
Work, Journ. Inst, of Metals, Sept. 1911)— 

Tin 

Antimobv 
Oopjier ! 
licwi 

Alloy*B is unfairly tt'^ncal soft bearing mcUI. 
A and C are harder, the former being used br 
bearings, &<a, in steam loconiotivos, and the 
latter for hi^-class axle bearings on the pinion 
and commutator ends of electrical rolling stock. 

Tm is also a oonstituent of the various 
fwibh ol%«, one of the host known bdng 
WW’s alloy, which eonsfato of 4 parts of tin 
with 4 of lead, 8 of bismuth, and a Utile cad- 
mium ; it fuses at 63^ 

The tin-lead-bismnth eutectic metis at 94 ®. 
It can proparod by melUng tOfrther 4 piuli 
of tin, 8 of lead, and 13 of hfamnth. The aim 
with 4 of tin, 8 of lead, 10 of hfamnth, and 4 « 
cadmium me)to at about 71^ 

Fusible altoyii ate used^ddeay br teUnt 
»p)d impneskme of ot^eeie whuL ivottUfae. 

. i ^ 
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. 14*0 
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10 
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qn«titly be injured byitbe use of metal melting 
at a higher temperature, and also for safety plugs 
in steam boilers, &o. 

For the equilibrium! of the ternary system 
bismuth-tin^aine, m Sheikh D. MiAaffax (J. 
Chem.8oc. 1923,123,2341). 

Hardness of tfaheadmlum and tin-bbmuth 
aUoys*-~The hardness of tin is increased by 
addition of cadmium to a maximum for about 

6 me. of the latter. With further addition of 
camnium, the hardness falls rapidly until the 
eutectic point is reached at 2B p.c. of cadmium, 
remains constant over the region 28-97 p.c. Cd, 
and then falls to the value tor pure cadmium. 
This behaviour is changed markedly bv anneal- 
ing the alloys in paraffin wax at 150^ for 330 
hours, the two branches of the curve in the 
neighbourhoods of 0 p.c. and 100 p.c. of cadmium 
then revealing the 8r)lid solubility of each metal 
in the other; al)OUt 3 p.c. of tin dissolves in 
cadmium and about 8 p.c. of the latter in tin 
(cf. Bucher, A., 1917, ii. 211). 

With tin-bismuth alloys the maximum hard- 
ness corresponds with the eutectic point, but 
annealing causes the disappearance of this 
maximum and renders the curve normal, the 
maximum hardness being then shown by crystals 
of tin saturated with bismuth, and the limit of 
solid solution being extended from 4 p.c. to 

7 p.c. of bismuth (C\ di Capua, Atti R. Accad. 
Lincci, 1924 [v.] 33, i. 141 ; Chem. Soc. Abstr. 
1024, 120, ii. 414). 

Tin-eopper alloys, //ts/ory.— Copper is one 
of the few metals wlf^h have been known from 
prehistoric periods, and, like silver and gold, is 
in (ho pure condition too soft and ductile for 
many useful applications. The ancients, there- 
fore, prepared various hard copper alloys or 
bronm, wliich were used for many purposes to 
which iron and steel are now a])plied. The 
elements added to give hardness were arsenic, 
iron, or, preferably, when obtainable, tip. A veiy 
ancient Egyptian knife-blade (1400 b.o.) ex- 
amined by l)r. Percy (Metallur^, i. 504) con- 
sisted of copper with 2'29 of amenic and 
0*43 p.o. of Iron; such a material would, of 
course, form an indifferent cuttiqg tool 

The Hindoos have for many centuries pro- 
duced a Tariety of bronze for coins and statues, 
which was hardened by the presence of iron. 
Dr. Percy menUons an ancient Indian coin which 
ooniained 5*00 p.c. of iron, the remainder 
being copper (le.), while in the Binninjtham Art 
Oa)l^ there is one of the crartiest known images 
of Buddha, wliich is believed to lie 2500 years 
old, and which was found by Dqptel Korbes to 
contidn 91*50 p.e. of eopfier and 7*59 p.c. of 
hoA. With the introduction of 4in 1^ the 
Phomiciaiis came the use of broni^ in %,vpt, 
Asmia, Greece, and ell the important countnke 
of the anckmt world. Of these bronxes, numerous 
examplee are niecenred, and the oomposition 
mtommM for various jmrpoees was very 
ehttUar to that which is uaedfat the maent day. 
Xhue Wiftii states (Thomson, Hist. Ghem. i. 57) 
that fte tUimatts made their pans for boiling 
hrOitt a mixture d 100 the, of copper and 3-4 Ibe. 
of tin, while for statues to eveiy 100 lbs. of 
OQifur, cofiiMiig of mi^lotirth m copper and 
tt3£4ouirths new metal, 12^ ib^ of tin was 
addStL $iii»waiiDtlmowii,orat a^^ 
;wiSiio4in||^^ befoiethe 


Christian era, and the references to brass which 
BO frequently oc<mr in the Old Testament have 
to do either with copper or bronze, and not with 
alloys of copper and zinc. See farther on the 
tfSirly histo^ of copper and copper alloys, W 
(lowland, l^idential Address, Institute of 
Metals, 1912, • 

Constitution of co^]^4in attogs.— Previous 
to the researches of Matthiessen, it was cus- 
tomary to regard alloys as examples of 
chemical combination, and most experimenters 
prepared and studied alloys of definite atomic pro- 
portions. An example of this method of wormg 
is to be found in the researches of Mallet on the 
tin-copper alloys (Brit. Assoc. Rep. ix.. Construc- 
tion of Artillery, p. 82). The remarkable ^hange 
in properties which results when tin and copper 
are alloyed was used as an argument in favour 
of the view that definite chemical compounds 
were produced. The result of more recent inves- 
tigations, however, tends to show that although 
in some cases definite atomic combinations 
actually do occur, still these are comparatively 
few {see C. H. Desch, Intermetallic Compounds, 
Journ. Institute of Metals, vol. i. 227) ; while 
the other alloys, w'hich constitute the vast 
majority of those in u^, are either solid 
solutions of a metal in an excess of one of the 
constituent metals, or are simply mixtures of 
the two or more metals present in the alloy. 
The equilibrium of the co|>])er-lin series has been 
siudied by Heycock and Neville, Phil. Tfans. 
2(12A, 1 ; Giolitti and Tavanti, Gazz. chim. ital. 
1908, 38, ii. 209 ; Shepherd and Blough, J. Phys. 
Chern. 1906, 10, 630; Haughton and Turner, 
Jour. Institute of Metals, 1911, part ii. ; Isihara, 
(’hem. S(»c. Abstr. 1925, ii. 122; Stq^dale, 
Chem. Soc. Abstr, 1925, ii. 973. For a dis- 
cussion of the equilibrium diagram, see art. 
Metallookapb y. In the tin-copi)er series there 
is good evidence of the existence of a definite alloy 
('u,Sn containing 61*64 p.c. of copper, while 
there is considerable reason to wlieve tiiat 
IHiiSn, containing 08*18 p.c. of copper, also 
exists. Thus Calvert and Johnson (Phil. Trans. 
1858), in invest icat ing the tonductivity for heat 
of these alloys, &dnd a maximum conductivity 
corresponding to C^^Sn, ^nd a minimum con* 
ductirity corresponding to CH3|Sn. Some very 
interesting determinations by Riche (C!ompt. 
stMid. 55, 1862, and more completely Ann. 
Chim. [iv.] 30, 361) show two maxima, corre- 
sponding to (SijSn and (^u^Sn^ These experi- 
ments have also received strong sup^mrt from 
the induction balance curve of J^bcits-Aosten 
(Phil Mag. 1879, [ii.] 57). which •shows two 
distinct breaks corresponding to CHi^n and 
CHi^Sn. The determination of relative electric 
conductivity by Lodge (i6iel 1879, [il] 654) also 
show a veiy distinct maadmnm at CU|Sn and a 
minimum conductivity corresponding to Ca^^. 
Laurie examined these alloys from ihestand^int 
of the eWetTO-motive force produced in a 
standflgd cell, and concluded that there was veiy 
definite evidence of tfie existence of Oofiot but 
f^led in this way to obtain any pfooi of the 
existence of CkiiSn ((^em. Soc, Tnms. 1888, 109 5 
1889, 079). 

The evidence in favour of OigSn is therefoia 
exoeedingly strong, while that in favour of Oui^nt 
though not quite so coninlete, l%itiil good* ai4 
at piesenttherir is hardly«iafileienl eiridenqi 


in support of any other atomic combinations, a little of the tin replaqpd by ainc ; also for 
Further evidence on this point will be found in engineers’ soft gun metal or ‘ brasses. 

C. H. Ieoh’s paper on Intermetallic Com- 7 p.c. Slightly harder alloy; suitable for 
pounds. Journal Institute of Metals, 1, 1909, mathematical instrumoi^, &o. 

227, above oiM. These facts, when considered , 8*6 p.(< Rather haraer ; fit for wheels to 

in connection with the known characters of the be cut with teeth. 

twp alloys in question, give a key to the peculiar 8-12 p.c. Soft bronze statues of the ancients, 
characters of the useful tin-copper alloys. The These alloys are harder than the preceding, and 
two definite alloys are white, hard, and brittle, mark the extreme limit for coinage purpows. 
and practically all the alloys used in the arts. Also used for brass orckance, 9 or 10 p.c. oHin 
exoejit speculum metal, contain more copper being preferred. Medium eagincers brasses 
than Ctt4Sn=s68‘18 p,c. Cu. Hence the useful contain 10-12 p.c. of tin. 
bronzes may be regarded as mixtures of one 12-14*6 p.c. Hard bronze of the ancients, 
of two definite alloys with an excess of a solid used for weapons and tools. These proportions 
solution of tin in copper, and these tend to are also used for engineers’ hard bearings, 
seoarate more or less completely during solidi- 16 p.c. Soft musical bells. i 


separate more or less completely during solidi- 
fication. This separation is particularly marked 
with large castings rich in copper, as in gun metalt 
which was in rormer times largely used for 
ordnance. Microscopical examination shows 
clearly that at the copjier rich end of the series 


16p.c. Soft musical bells. . 

18-20 p.c. Chinese gongs and cymbal*. 

20 p.c. Small house bells ; Indian gongs. 

22 p.c. Large house bells. 

24 p.c. Limit for large churcli bells. 

About 33 p.c. Sj>eculum metal (v. Phil. 


of alloys the first constituent to separate out on Trans. 1840, 503). 

cooling the fluid alloy is a solid solution of tin About 66 p.c, ‘ Temp(*p,’ an alli»y used for 
in copper. TWs forms a dendritic, or fir-tree addition to tin and lead to harden pewter, 
like structure, giving cores which increase in tin It has already been mentioned that the 
from the centre outwards. This copper rich solid addition of a small quantity of tin to copper 
solution is called the a constituent, and is prevents it rolling well when hot, and the addi- 
relatively soft and ductile ; as the proportion of tion of a little more tin destroys its malleability 
tin increases harder constituents separate out, when cold. Bronze is t<»nn)ered by an exactly 
the first of them being designated by the symbol opposite process from that used in the case of 
p. It is harder ahd more brittle than a. steel, namely, the alloy is heated to redness and 

Copper retains a maximum of 13*9 p.c, of then rapidly c(X>Ied in water, 
tin in solid solution, but tin can retain <uily Admiralty bronz€ consists of 88 parts copjxir, 
traces of copper. The compound Cu^Sn exists 10 zinc, and 2 tin. It is a very useful and im* 


in two modifications: the a-form is stable up |K)rtaiit alloy, which has feceived considerabio 
to 676^, above which the fl-form is the stable attention in recent years. Its proj)erties are 
modification and melts uncuanged at 720^. The largely influenced by temperature of easting and 
existence of the compound CuiSn has been rate of cooling (^ee Cari^enter and Klam, J. 
definitely proved, and a new compound, (’u^Sn^, Institute of Metals, 1918, xix. 165), 
has been found in and isolated from alloys For the majority of purposes bronze is 
containing more than 60 p,c. of tin. It is stable melted in crucibles of fireclay or plumbago, the 
below the eutectic point at 225* in all alloys charge being about 90 lbs. For large eastings a 
containing more than 61 p.c, of tin (r/. J. »Soc. reverberatory furnace is often employed, tliough 
Chem. Ind. 1923, 42, 227a) (0. Bauer and 0. such work is sometimes performed by means of 
VoUenbruck, Z. Metallk. 1923, 16, 119-126, a large nqmber oi crucibles. It is re<‘,fimineu(ied 
19M96; J. Chem. Soc. 1923, 124, ii. 040). that the eopjxjr should be well melted and kept 


The production of bronze Hastings requires in fusion fur some time befortt the tin is add^, 
special precautions, which cannot be described if strong castings are required. Founders also 
For details, sd Mallet On the Construe- prefer to use some new metal in every cbaige, 
lion of Artilleiy, 1866; also Rejiorts of the and not merely to re-inelt scrap. The oxidation 
United States Chief of Ordnance, 1880, 126^ which takes place during melting removes some 


United States Chief of Ordnance, 1880 , 126 ^ which takes place during melting removes some 
189; 1884, 369. These latter reports contain 3 or 4 parts of copper to I of tin ; the result 
someimportantpbservations with regard to this is, therefore, that the alloy, which contains 
variety of bronze. It is stated that the best about 9 jfarts of copper to *1 of tin, te^ to 
proportion for such purposes is 91 of cop{)er to get pcx»rer in tin by remelting, and due aliowanoe 
9 of tin. *This is best cast in a mould or must be^ made for this loss, even though it may 
of oast iron, and 100 tests of metal so appear to be slight, as smaU difieiences in eom- 
mMJwd gave an average tensile strength of position often exert a most important infiiieiioe 
iH tons per square inch, the maximum being In tin-copper alloys. 

24*8 tons and the minimum 16*6 tons. It should , Bronze pearing mefaf.--According to Dudley 
be mentioned that these values are higher than (Jotv. Franklin Inst. 133* 81. 161 ; J. Soc. Chem. 
thoie usuaUj obtained in this country, where Ind. 11, 460), the {(^lowing oompoelikm is very 
the metal is jg^auerally cast in sand jnoulds. suitabb for bearings for locomoUvee and similar 

purpoiM: copper, 77 J tin, «; laid. IS. The 
The foliowiiw lift u backd on that even by prowinoe o( kwl in beeiiiMi very nw/k 
Halt»^fiet(llechuuoal llaiuimlation, i. 270). nuduwtiielowotaietiJot^bvinw.aBdnbo 
^ ^ quMitUy of tin i« raduoeitbehNwIheeUngefthejMnwIi. Hum. 


naea ny Me WHMui. lOT pMi, ua uKient abont 10 p.e.fiilaad.udtha«MifB«MHMite 
ieiiMa A timilw alloy ia now of the allodia idMIy aMwetod%iXian. ’ 

wed iMManwoo^li^te and niadalawaftan with pwtion of copper and tin to bad. TIwpmImm 
• f, - 

• . ' tf. 
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tin to nfioesiary in pt6nt to obtain a uniform Dry aimy of tin otm.'— H olman find* that 
aUoy, as load and copper alone do not unite well Winkler’s method of assaying black tin stone 
With too much tin ttie alloy wears more rapidly gives results averaging 65*96 p.c,, or 1*88 p.c, 
and becomes more heated. The presence of too low, the figures disagreeing amongst them- 
phosphorus and arwnio gives soliafty to the » selves up to over 3 p.c. The process consists 
castings, but with suitable proportions of tin and of reducing together 6 grms. each of cassiterlte 
lead, as above, alldys are obtained which wear and cupric oxide with 16 grms. of black flyx, 
even better than standard phosphor bronze with 1*25 grms, of borax, and a Uttle salt as a cover, 
the following composition ; copper, 79*7 ; tin, A similar experiment is conducted with- 
10; lead, 9*5; phosphorus, 0*8 p,c. out the cassiterite, and the copper obtained 

Phosphor hfouse to an alloy containing in the one case deducted from the alloy in the 
copper and tin in various proportions, and other gives the amount of tin. The following 
which also contains a small quantity of phos- modifications of this method were tried ; in- 
phorus, introduced in the form of phosphor tin. creasing the amount of charcoal using chalk- 


casting, to about 1*76 p.c. with hard alloys, and in some instances very variable, results. 

The results of the analyses and mechanical tests The iron method— reduction with h«matite, 
of 99 samples of phosphor bronze, as received charcoal, and potassium cyanide or fluorspar— 
by the British Admiralty, have been given by gave unsatisfactory results. The same may be 
A. Philip, Joum. Inst of Metals, 1, 164, while said when a mixture of ferrooyanide and cyanide 
the constitution and microstructure have been was used, and also when any of the Oomish 
dealt with by 0, F. Hudson and E. F. Law, methods were'employed. So far, with fairly pure 
doum. Inst, of Metals, iii. 1910, 161. This alloy cassiterite only two methods have proved satto- 
has met with considerable favour where special factory, viz. the German and the pure cyanide 
power of resisting wear (as with gearings and methods. Holman has attempted to prove which 
be^gs for quick-running machinery) to of the^c two methods gives'the best results when 
quired. Similar alloys containing manganese, the cassiterite to mixed with those minerals likely 
which is added in the form of ferro-man^nese, to be naturally associated with it. The minerals 
have also met with (*onsiderah]e application, used were quartz, felspar, \mca, tourmaline, 
and are known as matupiMse bronzes, iHUkon garnet, and columbite. Mixtures of the piftified 
brom^ made by the addition of eopjier silicide, cassiterite ore with varying proportions of each 
to used for eonductivity wire, though many of of these minerals w'ere assayed by both methods, 
these so.e^tlled bronzes contain very little or no the percentage of tin being calculated on the 
tin. They are usually alloys which clofsely cassiterite ore present. The charges were so 
nsiemble Muntz metiM In composition, and a*gulaUHl that the flux in the German a^y was 
contain about tiO p.c, <d copjvr, 38 p.c. of zinc, always equal to three times the quantity of ore 
and the remainder of specially added elements, plus\)w niincral, and in the cyanide assay to 
such aa manganese, and impurities, six times the quantity. In the latter case 4 

The structure of a till amalgam corresponding jiarts of cyanide were mixed with the ore; I 
approximately* with the formula Hg8n is fomul part was used to coat the crucible bottom, and 
to oonsi4t, like that of tin bronzes, of large 1 jiart as a cover. In all cases the cyanide 
granules which are built up of a crystalline meth<Kl gave more concordant, and less preju- 
sketotAQ solidifying at a lygher tepi}K>rature dictolly affected, results than the other. The 
and of a oomponent still liquid at the ordinary results of the German assi^'s fluctuated greatly 
tempmturs. The crystalline sj^eleton cotistote as the amount* df mineral present increased, 
of actcular, tabular,* and granular iiarticlos. Thus, in the case of quartz and albite the results 
which are comparatively Imxtely united and are were lower as the quantity of mineral was in- 
eompoaed of very small crystalline granules, Gen- civiMJed, the respective figures being, with 37*6 
trifugation of the amalgam allows of the stqiara- ^i.c. of each mineral, 60*7 and 60*2 p.c. ; the 
tionoftbelicmid oomponent from the crystatline corresiKinding cyanide figures being &*90 and 
skeleton (F. Hauser, Zelts. f. Phjwik. 1923, 13, 1 66 :10 p.c, (the real percentage of tin was 67*84), 
and 2, 1-6 ; 8(*i. Ahste. 1923, 26, 68(J”U8l). The tin buttons, moreover, in the Geman assay 


ho German assay 


Dstsetion tin ond msrenry by ffieaai> of n with albite contained iron, while those by the 
spot fs4.*-A black stain to pnwlucad if a cyanide process were free, the teof^caturs of 
tnerottiic chloride test paper to tn^ated 'with fusion being too low to cause decomposition of 
one drop of a solution containing ^nitous tin the albite. 

and then with one dnip of aniline. The With muwHivite, tounoaline, garnet, and 
•tannons ion to the only cation in the fire columbite the results with the German metl^ 
analytical groum that will reduce mereuric were very unreliable, being sometimes too high 
ohkme to metallic mercury in the preeenoe of and very ferruginous, and sometimes too low, 
anUinei, and the test oan therefore V used in varying from 82 p.c. with 50 p.c. of garnet to 
the presenioe of any of the ordinary metala I! 46 p.c. with 44 p.o. of tourmaline. The cyanide 
the If present in the stannic condition, it to method gave fairly gobd fesulte in all the above 
Brst,)wd|loed to the Itannous form by meant oases, very little iron getting into the buttons, 
cl mfgnssinm and hydrcmhloric scid^ By using except in the case of garnet, when the 
n Jest piper ioatted in a eolntioa of aiMnous result wA 69*89 p.c., with 37*6 p.c. of mineial 
^wQflfie, tite came reaction serves lor the present. With the same quantity of musootdtei 




of ttseemy iTaimnioY, Steiteeh. anofg. tourmaliiie, and columbite the eeiays wm 
H, m, ni$ Sd^Atoitr. 1984, respectively 63*3, 64*7, and 6641 p.e. «Me^ 

quently, wlmfe*anythiiig 10(0 a M nmill is 




HMjuifed the cyanide assay is by far the most to 184, 273 ; J. Soc. Chem. Jnd. 1024, 43» B. 540; 

relied upon, and should be employed in cases Analyst, 1024, 49, 402). 
w buying and seUiog, although in concentration The small quantities of tin pesei^ in oannea 
'trorks, where comparative results and large foods are determined volnmetrically by titration 
numbers of assays are required, the question d!< with standard iodine after preliminwjr igption 
cost must be considered, and the cheaper to remove organic matter and pecipitation as 
Gdhnan method might be adopted. sulphide. A special apparatus is us^ in whion 

Hofman emphasises the importance of pro- the tin is reduced to stannoim chloride by mnc 
perly preparing the ore for assay, and states and hydrochloric acid and titrated as such in 
that the ordinary method of crindine the whole an atmosphere of carbon dioxide. By means of 


ores of the Black Hills, chiefly on account of the taps the reduced liquid is blown by the caroon 
preponderance of mica. Hence a preliminary dioxide into anothp flask containinjg starch 
sizing is advantageous. The ore while being solution, the reducing flask is nnsea out oy 
pulverised is screened through a series of sieves water saturated with carbon dioxide, and the 
Nos. 90, 40, 60, and 80, the different-sized wash-water driven as before to the mam M)lu- 
screenings being then washed* This method tion, which is then titrated with Itaudard 
mves purer concentrates, and necessitates less iodine, the solution being kept “j™ by means 
loss of cassiterite, as the material has been of the gas content (E. J. B. Will^i jf- ooc. 

, washed without excessive grinding, which in the Chem. Ind. 1924, 43, 70 T. ; J. boc. Chem. ind, 
present process reduces the brittle cassiterite to 1924, 43, B. 273). ^ T. 1. 

a slime, while some of harder associated minerals Compounds* OF Tin. 

are only converted into sand. The subsequent ^ , j u,- It. /x, inia 

treatment of the concentrates mentioned in the According to Paneth and 1 urth (Ber. l»l. , 
first part of the paper is recommended, as the ’*^2, fB] 2020) an alloy of tin and magnesium 
roasting renders the cassiterite more friable and Mgi^n when acted upon by dilute liydiwnlonc 
more retuiily reducible, the assays in some cases sulphuric acid evolves mmute quantities oi 
showing a difference of 0*5 p.c. between the ^ gaseous hydride of tin which is decomijosed on 
raw and roasted ores in favour of the latter passing through a heated glass tube. Ihe gas 
(Part ii., H. 0. Hofman, Technol, Quarterly, 3, can be condensed by liquid air and re-evaporated 
261-280 J J. Soc, Chem. Ind. 9, 1154 ; v. Rennie without decomposition. - , c n 


and Derrick, ibid. 1892, 662). 


Oxides. A monoxide, atanrums oxidt SnO, 


For analysis of tin ores by wet methods, cf, * dioxide, stannic oxide bnO^, ^fch of 
Cpaig,J.Ind.Eng.Chem.l919, 11,750; Analyst, which gives rise to a distinct series of salts. 
1919,359. are known, ihe former acting as a base and 

The following figures, issued by the Imperial latter acting as either base or acid. 
Mineral* Resources Bureau, show the world’s Oxides of the composition bn.O*, SnO'3bnU„ 
production of tin ore in terms of metal and the 2 Sn 03 ,H 20 ,Sn 03 and others have also betm 


world’s smelter production of tin in 1921 


United Kingdom . . 
Nigeria . 

Swaziland ! 

Union of South Africa 
Southern Rhodesia . . 
India . . . 

Straits Settlements . 
Federated Malay States 
Un&derated Malay States 
Australia .« 

Bolivia . 

Germany 
IJnited Static . 

China 

Siam 

Dutch East Indies . 
Other Gauntries 


Output of 
tin ore. 
Long tons, 
679 
5,057 
234 
• 120 


Smelter 
output 
of tin. 
Long tons. 
U,(XK1 


^ Figures not available. * Kstimated. 

In the volumetric determination of tin, I 


said to exist, but it is probable that, with the 
exception of SnOj, they are mixtures of the 
other two oxides. 

Stannous oxide SnO is obtained as an olive- 
brown anin’drous powder, when stannous oxalate 
is heated out of contact with the air ; or as a 
white preoipitate of the composition 2iSiiO,H,0, 
with evolution of carbon dioxide, when stannous 
chloride and ai^alkaline carbonate or bydroxkie 
are mixed in solution. If tlie pn^cipitate is 
washed with air-free water, and the lixiviated 
product is heated in the absence of air, nearly 
pure dark grey stannous oxide is obtained 
(Enequist. Eng. A Mining J. 1895, 219; see 
also llant^h, Zeitech. auorg. Chem. 1902, 30 
289). 

It may also be obtained as a bluish- black 
anhydrous [lowder by heating a mixture of 4 
parts of stannous chloride with 7 of sodium 
carbonate, and lixiviating the resultant mixture 
of stannous bxido and sc^um chloride (Sandatl, 
I J. •pT. Chem. [i.] 254). The anhydrous oxide 
may •also be obtained from the hydrated form 
I as xollowB : (1) os a black powder by heating it 
out of contact with the air ; (2) in minute ouW 
by digestion with acetic acta at 56^; (3) of a 
brilliant scarlet colour, which becomes brown 


staimm f^oride solutions inay be titrated on rubbing, by evaporating a dilute solutmit 
, direimy with potassium bichromate, using of ammonium chloride eontainifut staniiotts 
dmheoylsmme sulphate ifldicator. chloride in solution untU the ehktride eom. 


of • Une ooloiirs or indiNotly in a &nilar 26, 172; 

ISW ii? tb 

f. 9n>0», Che«. IMm. 1924, ( 2jS*, dot 


TBtaUito (iMajr, Ben, 24, 122 s 
IL CMm. (lii] ll, 400) ; (4) at amali 
ferptak, iri^ vlim iMwlod to 
itoto Md finll lift, Witt {tmdMttift 



TIN. 


of soft olive^green lamto, by piolonged digestion 
with ft weak solution of caustic potash at the 
ordinary temperature (Fremy, A stronger 
solution dissolves the • oxide and j^ltimaiely 
deposits it in crystals, the deposit from a solution 
of 4 parts of potassium hydroxide in 10 of water 
containing ^tassium stannate and tin, the 
former produced by absorption of atmospheric 
oxygen. Fremy luso describes various red, 
black, brown« and other forms of this oxide. 

The following 4|thod is given by Fraenkel 
and Snipischsky (Zeitsch. anorg. Chem. 1922, 
125, 235) : Stannous chloride is dissolved in the 
least possible amount of hot concentrated hydro* 
chloric acid and sodium hydroxide solution 
added gradually until the solution reacts alkaline 
towards phenoJphthalein ; the resulting milky 
liquid is then kept boiling in a bath of saturated 
sodium chloride solution. In a few hours a blue 
lustrous powder is obtained which is washed and 
dried (J. Soc. Chem. Ind. 1923, 101 A). 

Stannous oxide becomes incandescent, and 
forms stannic oxide, when heated in the air. 
It is violently oxidised by nitric acid, and 
other oxidising agents. Carbon or hydrogen 
reduces it to met^ at a red heat. It (tissolves 
in acids, with production of stannous salts, 
and in caustic potash or soda, but not in 
ammonia. The soda solution Is employed in 
calico printing and dyeing under the name 
eodium stanniUt and is prp|)ared as described 
under tedium tUinnaie, 

Stannous oxide and tin salts are used as 
reserves under narapitraniline red and other 
diaso colours (Bull. Soo. lud. Mulhouse, 1900, 45). 

Stannous oxide is sometimes recommended 
for use in glass and enamel manufacture, but it 
is too costly, and the results are not very 
satisfactoiy. 

A 80 <caUed itsquioxidt Sn^O) is obtained as 
a slimy grey precipitate by the action of recently- 
precipitated ferric hydroxide on a sidution oi 
stannous chloride (e. Fuchs, Kastner's Archiv. 

« fiir Chemie und Meteorcdogic, 23, 308 ; J. pr. 
Chem. 5, 318 ; and Bt^rzeliu)!, Pogg. Ann. 28, 
443; Bon. J. 13, 1)0). 

This substance is r^ily soIuUe in ammonia 
and in oonoentrated hydrochloric acid. It does 
not appear to form deOnite salts. Its hydrochloric 
acid solution acta like a mixture of stannous and 
•tannic chlorides. An orange-yellow oxide of 
the eompoiition BaO’38nOs is obtained by digest 
ing metastannio acid in cold aqin^ous^stannous 
oUoride (Fremy, J. Pharm. [ii.] I, 344). 

Hydrated stannous oxide, at^cording to Ditte 
(Ann. Ohim. 1882, (v.] 27, 145), is pre]»ared by 
adding the hydroxides of sodium or iKttassium 
to a aohiiioii of stannous chloride^ and was 
described as a brownish-yellow poilder of the 
formula BnOJ2H|0 (c/. SehaSner, AnnaleU, 
)844» 51| 168}* Aoootding to Bury and 
ington (Ctoit* Soo. Trans. 1922» 121, 1998) the 
more {mbahle lormula is 3BnO,2HtO. It is 
stable at llO^and sbwiy loses water on standing 
uadeiMIsri foming stannous oxide. * 

osidb SaO| oeem as msmkriu or 
varielkNi of wUdh are known as mum 
mtd MTi Ink Dauhils (Ann. 

wdnied out that^ with the 
osesprion of quattii fte 
\ enmeiiMiwfihttiolemwin^^ 

Aiatmie oi|de Is bhliM i* w aAydiooh 


white powder of sp.gr. 6*7122 at 4® (Joul^nd 
Playfair, Ghem. Soc. Trans. 1849, 1, 128) when 
tin is heated until it bums in the air. Tim 
powder is converted into microscopic quadratic 
|^(6ystals resembling the native oxide when heated 
in a current of hydrogen chloride (Beville, 
Compt. rend. 1861, 63, 161; see alw Abel, 
Chem. Soc. Trans. 1858, 119). The oxide may 
also be obtained in trimetric cry^ls, and is 
therefore dimorphous (v. Dauhrie, rharm. Zentr. 
1849, 821 ; Levy and Bourgeois, Compt. rend. 
94, 1365.) 

It has also been obtained in oblong and 
rhombic plates of sp-g. 7*0096 and approaching 
the form of anatase (Emich, Monaish. 1893, 14, 
345). 

Metallic tin may bo heated electrically or 
otherwise to 1700® out of contact with air, and 
the resulting tin vapour is then burnt in a 
current of air or o^^gen. The stannic oxide 
thus produced is saia to be more homogeneous 
and in a better state of subdivision for enamelling 
than the ordinary oxide (Eng. Pat. 9231, 1900). 

Stannic oxide is obtained from its ores or 
from dross, waste, &c., by heating the ore or 
waste with or without an admixture of coke, 
chalk, or dolomite and acting upon the liberated 
molten tin with hot air or oxygen (Fr. Pats. 
392805, 392806, 1908 ; 370640, 1906 ; 409157, 
409485, 1909; also Eng. Pajs. 12910, 1899; 
28565, 1908 ; U.S. Pat>^. 695939, 1912 ; 780984, 
1905 ; 880873, 1908; J. Soc. Chem. Ind. llK)0, 
448 ; ihid, 1905, 197 ; ibid, 1908, 335 ; ibid, 
1909, 21 ; ibid. 1910, 352; see also ibid. 1904, 
1239; ibid. 1907,696, 1094). 

The dioxide may also be formed by electro- 
lysing a solution of sodium chloride using a tin 
plate as anode and a platinum plate as cathode 
(Lorenz, Zeitsch. anoig. Chem. 1896, 12, 436), 

Stannic oxide is reduced to metal when 
heated with hydrogen, carbon monoxide, carbon, 
ptassium, or sodium (Doeltz and Graumann, 
Metallurgie, 1907, 4, 420). It dissolves in fused 
ptassiura disulphate, but seprates from the 
mass when treated with water. When fu^ 
with sulphur, stappic sulpBide is formed, with 
evolution of sulphur dioxide. 

The anhydrous oxide is insoluble in acids, 
except in wneent rated sulphuric acid, vdth 
whicli it forms a syrup decomposed by dilu- 
tion, with precipitation of the oxWe. It 
dissolves in aqueous or fused alkalis, with 
formation of stannates. • 

Treated with hydrochloric acid in presence 
of tin both stannous and stannic ojddes form 
stannous chloride, and this is used as a method 
for the recovery of tin from the waste litpiors of 
the dve house (Vignon, Textile Oolounst, 18, 
333 ; *J. Soc. Chem. Ind. 1893, 762). 

With chloroform stannic oxide chiefly reacts 
thus: 

SnO,+2CHa,-Saa*+2CO+2Ha 

(Bens, Ber. 1906,39,249), 

When heated with hyj^hosphorous acid 
over a Bunsen flame for 30 mins., stanmms 
fdiespbaU^or pifrophosphaUf is formed; since 


these are^readify soluble in hydrochloric a^ 
ctMuik oxide ’«n thw eMOWtod tR» 
■iliw which i» not iJected by Oil tceotaMN^ 
(Dott, Phtm. Jr 1908, 81, 686). » , 

StuakWd^ in (ho foM «i fuft ftwh^ 
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' Wliieh is « mixture of tin and lead oxides^ or a 
stittnate of lead, is used as a polishing material 
for i^ass. To avoid any posslbilitv of danger 
from the use of this powder it has been recom* 
mended to mix 1 part of putty powder with 2 oft| 
metastannio acid (Gueroult, Compt. rend. 1892, 
115, 757). Stannic oxide is an important 
fMtor in the manufacture of glazes and of 
enamels, the latter assuming an intensely white 
colour on the addition of a small quantity of 
the oxide. It is also the best material known 
for making opaque glaze or glass, and is em- 
ployed in glaze brick and tile manufacture 
(Bnequist, Te. ; Burt, Trans. Amer. Ceramic 
1902, 4, 139). 

Tin oxide is also said to be useful for the 
purification of water (J. Soc. Chem. Ind. 1894, 
56 )., 

Piritannie oxide SnO,. W. Spring (Bull. 
Soc. chim. [iii.] 1, 180) has obtained a substance 
of the com^ition H 2 Sn 20 ;, probably a hydrate 
of this oxide, by dialysing the turbid solution 
obtained by ad^ng hydrated barium peroxide 
in excess to a solution of stannous chloride in 
hydrochloric acid, and evaporating the solution 
of the colloid on the water-oath. 

Stannic acids. Jwo isomeric stannic hy- 
droxides are known, each of which behaves as 
an acid and exists in various degrees of hydra- 
rion between the limits H^SnOj and H 4 Sn 04 . 
Thev are both colfoidal modifications of hydrated 
staimio oxide, only difiering in the size of their 
particles, the a-acid consisting of relatively 
small, the )3-acid of relatively large particles 
(Hecklenburgh, Zeitsch. anorg. Chom. 1999, 04 
368; 1912, 74, 207; 1914, 84, 121; see also 
Fremy, Ann. Ghim. 1844, [iii.] 12, 406; ihid. 
1848, 23, 385 ; Musculus, Compt. rend. 1867, 65, 
901 ; Vignon, ibid, 1889, 108, 1049 ; ihid. 109, 
372; Kieinschmidt, Monatsh. 1918, 30, 149; 
Kreis, Schweiz. Chem. Zeit. 1919, 389; Tian, 
Compt. rend. 1921, 172, 1402 ; Collins and Wood, 
Chem. Soc. Trans. 1922, 441). 

Stannic acid, a- or ortho-stannie acid H 2 SnO, 
Is obtained by precipitating stannic chloride 
with ammonia, or i>y addition of calcium or 
barium carbonate to a solutioR oSf stannic chlorido 
in quantity insufficieyt to precipitate the whole. 

It is also formed by treating an alkali stannate 
with a mineral acid (Kiihl, Pharro. Zeit. 1908, 

49) and by electrolysing an alkali chloride* 
mmte or sulphate solution, using platinum as 
cathode and tin as anode (Lorenz, Zeitsch. 
anorg. Chem. 1896, 12, 436), and by other 
methods (Engel, Compt. rend. 1897, 125, 051 ; 
Neumann, ^donatsh 12, 518 ; Coppadoro, Chem. 
Zeit. 1907, 31, Hep. 336). 

Itc composition varies with its mode of 
drying, and it is converted into anhydrous 
‘ 630^-655^ It forms a gelatinous 
voluminous, amorphous 
soluble in water and of acid 
spontaneously, it forms 
transliiceat lumps, resembling gum arabic. 

When boiledi with ^enosa^nine in the 
prsMoc of sodium sulfdiate, stannic acid forms 
an intense led lake ; metastannic acid under the 
same oondltlcHts only forms a paie^rose tint 
(Vignon, Oompt, mui. 1891, 1 12, 580). 

A tMdkudajstaiiiiie acid is known (e. Qraham, 
Phi. Tn^ 151, 213 ; Van Bemm^n, 
tiwY. 7, a7» fibhneideif Zeiiieh. anorg. 



Chem. 1804, 6, 83 ; ibid. J900, 23, 111 ; Letter- 
moser, J. pr. Chem, 1899, [il] 59, 489 ; Bilts, 
Bcr. 1902, 35, 4431). It can bo prepar^ hy 
the dialysis of an alkali solution of tin chloride 
or of a njrdrochlorio acid solution of potassium 
stannate. Colloidal stannic acid is the^ most 
important constituent of plUrple of Cassius (e. 
Gk)LD FUSPLS). 

Stannic acid forms a large and important 
series of salts, most of which are crystalline. 
The alkaline stannates are soluble, and may to 
prepared by dissolving the precipitated oxide in 
the alkaline hydroxide. The others are mostly 
insoluble, and are tost obtained by double 
decomposition. The potassium and sodium salts 
are the only ones of technical importance. The 
stannates have been investigated by Frowy 
(Ann. Chim. 1844, [iii.] 12, 462; 1848, fui.J 
23, 393). Moberg (J. pr. Chem. [i.J 28, 230), 
Marignac (Ann. de Mines, [iii.] 15, 277), Ordway 
(Amer. J. Sci. fii.] 40, 173), Ditto (Compt. rend. 
1882. 94, 1114; 1883, 90. 701 ), and Bellucci and 
Parravano (Atti R. Accad. Lincei, 1904, [v.] 
13, ii. 324. 339 ; ibid. 1905, 14, i. 4.57). 

According to the last •mentioned authors 
they are isomorphous with the plumbates and 
platinatos. 

Sodium stannate Na^SnOs usually occurs in 

six-sided tables of the comf)08itionNa.SnOj,3H|0 

(Moberg, Marignac, Ordway, l.c.), which leas 
soluble in hot than in cold water. According to 
Ordway, 100 parts of water dissolve 07*4 parts 
at O ', and 01 *3 parts at 20*. 

According to Bellucci^ and Parravano, the 
water is present not merely as water of erj’s- 
tall isat ion but in a more intimate form, namely, 
as Na 2 Sn(OH)«. 

Crystals of the above composition are de- 
posited from a hot alkaline wdution, but the 
salt may also be obtained with 8, 9, or 10 mole- 
cules id water. The form crystallising with 
9 molecules is said to to obtaiiuHl in oblique 
rhombic prisms by recrystallising the com- 
mercial salt (Jonas, Chem. Zentr. 1805, 607) ; 
while, according Haeffely (Dingl. poly. J. 144, 
66), crystals of the composition Na,BnOj,3H|0 
are deposited jfroin hot concentrate solutions 
of 1*3 Hp.gr., but re-dissoive on cooling to a solu- 
tion of 1 '35 sp.gr., from which crystals containing 
8 molecules of water are gradually deposited. 

Copper is readily tinned by immersion in a 
solution of the salt. 

Sodidin stannate Is largely used, under the 
name of '*pnq>aring salt,' as a mordant in dyeing 
and calico-printing, the fabric btdng first paased 
through a solution of the Stannate, and then 
through weak sulphuric acid, which precupitates 
the hydratud oxide on the Obres. 

For pit^ring this salt on the krge scale, 
the original processes patented by J. Greenwood# 
J. Mercer, and J. Barnes (Eng. Pat 10757, 1845), 
J. Young (Eng. PaU. 12359, 1848 ; 12744, 1849), 
and Haefialy (Eim. Pat. 1854), we still used 
with soma modinoaiions. A number of oitor 
processes are meiitionad in the list of patent# 
relating to tin salto {itdm)* 

The process of <ire^#ood, Mercer, and 
Bamm oonsiste in heating 22 Ito. o| oaustle 
soda in an iron cruetbie until evuUtlloii of water 
ceases, and teen adding 8 ito. of todtem aiteate 
^ € lbs. df sodium oMctUb, lotemtol, when 
ttomambneiwiyfiiiedl,by IBl^^fenteomd 
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iin^ wiUi eottiioitt stirring until deflagration 
OttMieB. Th» mixtuie \hen bec^mea white hokj 
ana pasty; and is wholly oonverted into the^ 
itannate. . • ' 

7or preparing sodium ^stonmfe* i mixture 
of 4 lbs. of sodium chloride 1 gsllon (13*5 lbs.) 
of oaiistio soda, 1 Ibio! sodium nitrate, and 4 lbs. 

(d tin is heated in an iron erucible, and the dry 
powder finally obtained is stirred so long as 
ammonia is evolved. 

Young's prooecges— -most of which are de- 
scribed l»elow*H)onBi8t mainly in the prepara- 
tion of the stannate directly from the ore, thus 
avoiding the cost of obtaining and re-oxidising 
the metal. 

By one process the native or prepared oxide 
is boiled in an iron pot with a quantity, varying 
with the tin value of the ore, of 22 p.c. soda 
lye, the temperature being gradually raised to 
about fiOO^F., at which combination takes place. 
When the operation is completed, which is 
ascertained by removing a portion and seeing 
how much dissolves, the mass is cooled in 
another vessel and is dissolved, filtered, or de 
canted, and recrystallued or sold in solution. 

In another process, the ore is heated to red 
ness with one and a half parts of sodium nitrate 
in a current of steam with constant stirring. 
The stannate is producech with evolution of 
nitrous fumes and nitric acid. The nitrate may 
be replaced by I prt of salt, hydrochloric 
acid being then obtained as the by-product. 

‘ Stannite ' of soda is obtained by heating the 
metal with its own weight of caustic soda, with 
constant stirring, oi* by electrolysing a con- 
centrated solution of s(Hiium hydroxide, using a 
rotating tin anode and a platinum cathode. The 
current must not be too strong, and the solution 
must be protected from oxidation by a stream of 
hydrogen (Goldschmidt and Kckardt, Zeitsch. 
physikal. (hem. 1906, 56, 385). The solution of 
the staonite may be used in dyeing and printing 
operations as it' is, or it way be converted into 
stannate, with precipitation of tin s^ a black 
]iowder, by boiling. ^ , 

The stannate may be obtained direct fnim 
the metal by beating a mixture of 20 parts of 
tin, 16 of sodiiim hydroxide, and j of manganese 
dioxide to redness, with t^iinstant agitation and 
free exposure to the air. The dioxide appj'ars 
to act as a carrier of oxygen, and is obtained 
unchanged at the end of the operation. 

In another process, calcium stannate is ob- 
tained by roasting in a reverberatoi^ funiace 
a mixture of the ore with slaked lime. The | 
product is treated with sufficient hydipchkiric I 
acid to precipitate the tin as oxide, but not to 
redissolre anv of it, and the precipitate is dis- 
solved in boiling eodn lye. The sak may also 
be obtained by boiling barium stannate, oh* 
talned similarly to the lime salt, with sodium 
eulphate, until all the barium is converted into 
sulphate. 

Raeflely's jproeess consists in the preimra* 
tkm of a solution of ' plumbatc of soda ' by dis* 
solvifig^ lbs. of red lead or 70-86 lbs. of 
Uthanm in a solution of 45 lbs, of caustic soda 
of 70^. Hie solution is diluted, and 16 lbs. 
of tin is sttipended in it while botiuig, »o that in 
4 Of 5 hoifrs the ItaCBfwbtained u a de{)osit, 
which may ha oxidised ftir te-use, while 
ibQiuoi Hhntiite toniaina In soUitjoiu 


The following process has also been em* 
ployed (Chem. Zeit. 0, 851):-— Ten boilen, 
arranged in horseshoe form, and each having a 
central tnbe, the lower end of which fonns a per* 
ierated funnel, are almost filled with granulated 
tin, and six of them are charged with soda lye 
of 15°B6. The liquor is drawn off from each, 
after a suitable amount of boiling, through a 
siphon passed into the central tube, and is 
passed from boiler to boiler until of 30*^34., 
when it is allowed to settle, in a tank. For 
preparing * sodium stannate liquor' enough 
common salt is dissolved in the solution to 
reduce the proportion of tin to 5 p.c. ; and for 
producing tne solid the liquid is evaporated and 
calcined, and mixed with enough sodium cl^ride 
to reduce the tin to 42 p.c. 

Sodium stannate is used in order to render 
cotton goods, such as flannelette, fireproof (W. H. 
Perkin). The flannelette is impregnated with a 
solution of sodium stannate of about 45'Tw., 
squeezed, dried on heated coppw drums, passed 
through a solution of ammonium sulphate of 
about Ifi^'Tw., in order to precipitate tin oxide, 
again squeezed, dried, and finisned in the usual 
manner. The tin oxide is probably present in 
actual combination with the fibre, for the fire- 
proofing is not destroyed iy repeated washing 
with hot water and soap. 

A eodium araeniO’Stanmte 

Na,0*6Sn0,*2As,0,'5Ha0 

occurring in shining needles, is sometimes used 
insU^ad of the ordinary stannate, and is said 
to give brighter colours and to be more eco- 
nomical. It is prepared by adding nitric acid 
to a boiling solution of sodium staunch and 
siidium arsenate, and treating the resulting 
precipitate of 2SnO|*As,Oj,lOHjO with excess of 
soda {v. Haeffely, Dingl. poly. J. 140, 290 ; J. 
Mercer and W. Blj'the, Eng. Pat. 12807, 1849). 
In the latter process a sodium phospho- 
stannate is also employed for the same purposes. 
Another sodium arsenio-stannate 

Na,8nOj5Xa|Asp4,60H,O 

has been obtained* by Prandtl (Ber. 1907, 40, 
2133), . 

Potassium stannato K^SnO, is obtained 
similarly to the sodium salt, and is sometimes 
smplovtHl in dyeing and calico-printing. |l 
crj'stallises from siwnlaneously evaporated sohi- 
ticffis in transparent oblique ^ombic prisms 
of the composition Ki$nO^ZHfi (Marignac, 
Ann,' de Mines, (v.) i.'i, 277 ; Moben, J. pr, 
Chem. (i ] 28, 230; Ortiway, Amer.Tl. 8ci. [ii,] 
40, 173). It becomes anhydrous when heated 
to redness. 

Potassium stannate is insoluble in alcohol, 
but dissolm in water to an alkaline solution, 
100 iiarts of water dissolving i06'6 parts at 10^ 
and 1 10*5 parts at 20"^ (Grdway, 

Cupric staimatc CuSnO, has been employed 
as a green pigment. It is prepanMi for this 
purjKisc bv preeipitaiung sodium stannate with 
copper sulphate, or by addition of a solution 
of fl8 imrta of tin in apM rsgwi to a lolntlofi 
of 250 pafts of copper sulphate, with subsequent 
addition of sodium hydroxide in exoess* 

eompamifls. A so-calkd 
tdiromium stannate or 'pink colour^ used Iw 
j^ucing # bio5d>ied colowr in potlty ghai» 
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is prepared by heating a mixture of 10 parts of It is also obtained by the ready isoiyierisation 
stannic oxide, 34 parts of calcium carbonate, 5 of stannic acid, as when 6 hydrochloiic or hydro- 
parts of silica, 1 part of alumina, and 3-4 parts bromic acid solution of the latter is allowed to 
of crystallised potassium chromate for several stand (Lorenz, l^itsoh. anorg. Ghem. 1^6, 0, 
hours in a closed crucible. The red compon^^ 376). e * 

produced gives a One rose-coloured product when It is insoluble in ammonia, except when 
uvished with dilute hydrochloric acid freshly precipitated from cold solution of a 

A substance known as ^iiural lake, possessing metastannate by an acid, but dissolves in alka- 
a fine lilac colour, is used in colounng pa^r line hydroxides and carbonates, with formation 
hangings' and for oil painting. It consists of a of metastannates. 

mixture of chromium oxide and excess of stannic A colloidal metastannio acid is known (v. 
oxide, and can be prepared by igniting together Graham, Phil. Trans. 151, 2ft ; Van Bemmelen, 
1 part of the former with 50 of the latter (Ley- Rec. trav. chim. 7, 87 ; Liebschutz, Chem. News, 
kauf, J. pr. Chem. 1892, 19, 127), or by dissolving 1910, 102, 213 ; Kreis, Schweiz. Chem Zeit. 1919, 
potassium chromate in 5 or 6 parts of water, and 389.) 

adding this solution to a solution of stannous TUhe meta- acid is said to have a tendering 
chlQride until precipitation ceases. The damp, effect on silk fibres (Heermann, F^rber-Zeit. 
washed precipitate is ground with half its volume 1908, 19, 318 ; Bayerlein, ibid, 1908, 1 8 , 241 ). 
of nitre, and dried, and the finely-powdered The salts of metastannic acid appear to 
mixture is thrown in small portions into a indicate that the acid has the formulae 
crucible heated to redness and containing some fiSnO ‘H 0 

The metaetaenate's are dffieultly eiyatal- 
«eto.^««««e6Sn0,K,0,4H,0iaa8tmngIy alka. 


dense and acquires the desired colour, ‘ 

A series of * pii^ ’ have been prepared by 
moistening equal poHioiis of calcium stannate or jP ^ * 
mixtures of tin dioxide and whiting wth varying Ahloride 
proportions of a solution of ammonium dichro- 
mate. The miiturcs arc then dried, fired. 


line salt obtained by dissolving the acid in 
potash. It is precipitated from aqueous solut ion 
by a neutral alkaline salt or by ammonium 
chloride. Sodium metastannate 
5Sn02,NaaO,4H,0 


cooled, and washed with hot water. The is a slightly soluble granular salt obtained like 
products alL contain a more or less constant the potassium salt. A hard gummy precipitate 
Quantity of chromium, and it is probable that of the composition Na.^SntOi 9 , 8 HsO is obtained 
tney consist of the colouring agent, chromium bv addition of caustic soda to a solution of the 
oxide, resting on a base of stannic oxide (Loth- above compound of hydrochloric acid and meta- 
biid^« Trans. Engl. Ceramic Soc. 190,V1904, 9 ; stannic acid, 
see iw Hull, Trans. Amcr. Ceramic Soc. 1 ^ 2 , Thiometastannates are also known. 

4, 230). Perstannic acid HSn 04 , 2 H 20 is formed when 


Stannates of many other metals and thio- stannic acid is treated with excess of 30 


stannates have also been obtained. 


hydrogen jwroxide and the mixture heati 


3U p.c. 
»ated to 


The powdery product of oxidation of tin with about 70". On heating to 100" it yields the acid 
hot nitne acid, commonly described os meta- HjSnjOyjSHjjO. The alkali stannates when 


stannic acid, is a nitrate of metastannic aeld, 
which on wa^ng with water gives rise to meta- 
stannic add as a secondary hydrolytic product. 


similarly treated form the salts corresponding to 
these adds (Tariatar, Ber. 1905,38, 1184). When 
conccntr&tcd alkifii stannates are electrolysed at 


Metastannic acid obtained by the action of nitric low tenq)eralurc vith a low current density 
add (sp.gr. 1'40) on tin and careful washing with they also forih iH'rstannates (€op])adoro, Gazz. 


water, £kd in air at ordinaiy temperature, has chim. ital. 1908, 38, i. 489, and Lc.), 

the composition 5 H 2 Sn 03 , 4 H 20 . It loses its Salts of tin with oxyacids. These salts, 


water in vaevS over sulphuric add. It is ay although numerous, are of little technical imjpor- 
amorphous powder, combining with hydro- tance, but a number of solutions containing them 
chloric and sulphuric acids with development of arc used* in dyeing and calico-printing. Stannous 
heat fopiing easily hydrolysable compounds, sulphate •SnSOi is obtained as a crystalline 
The action of hydrochloric acid on metastannic powder by evaporating in ^muS a solution of 
add yield# a stannyl chloride 5 Sn 02 ’ 2 HCl, 3 H 30 tin or stannous hydroxide in dilute sulphuric 
or Sn|0|(OH)gCls. According to Weiscr (J. add. )itann\c stduhate Hn(S 04 )t is obtained as 
Phya Chem. 1922, 26, 654), stannic and meta- a white salt, soluble in dilute sulphuric add but 
stannic acids are not acids, but are hydrated mostly pr^ipitated on dilution, bv dissolving 
stannic oxides, the composition and properties of the hydroxide in sulphuric acid. According to 
iriiieh are determined by conditions of formation. Ifitte (Compt. rend. 1887, 104, 172), a solution 
There are no definite hydrates of stannic oxide, of stannic fiydroxido in warm dilute suiphurio 
Hydrated stannic oxide adsorbs colloidal gold, acid ( 1 - 8 ) deposits, on concentration, first 
Mnrer, and platinum, forming puride masses, the radiating needles, then rhomboidal lamelie, 


Hydrated stannic oxide adsorbs colloidal gold, acid ( 1 - 8 ) de{ 
Mnrer, and platinum, forming purjde masses, the radiating need: 
most common of which iif the pui^le of Cassius, and finally hexi 
.^^lieation to purple of Cassius of Dobye all posseMing t 
and jfenerrer's X-ray method yields an impr^- He W obtainec 


and finally hexagonal prisms, all colourless and 
all posseming the composition 8n(80f)t4H|0. 
He has obtained the same product by the action 


ilon, analysis of which shows that thisarabstance of sulphuric acid on metastannic acid. The crys- 
does not contain gold in chemical combination, ials deliquesce to a clear liquid. The soluikm la 
but CK^wists of a mixture of colloidal gold and decompom, dn dilution, with preciidtati^ id 
ooUdMSdJtaiinio add (A. Huber, Phya Zoits. the hydroiide* A number of double tin aul* 
i924,l|p; Sd.^betr. 457). phates are known (Weji£nd and MU, m 




f 906f 99» 2951 i Zditsoh. miok* Ch^. 1907, 54, 
244). Sianmui m^^6Stt(NO,), is . obtained by 
dissolTing tin or sUmnous hydroxide in dilute 
nitric acid (R, Weber, J, pr. Chem. [ii.] 26, 121 ; 
Walker, Ghem. Soc. Prod 1893, 114 ; Ilngel. Lc , ; . 
Ktemachmidt, Monatsh. 1918, 39, 149). 

Metastannio nitrate 5Sn0|,2HN0„3H|0 or 
Sn 50 «( 0 H)g(N 0 «)t IS premred by the action of 
hot nitric acid on tin ; the compound obtained 
from tin and cold nitric acid consists of a mixture 
of stannyl nitrate SnOlNOg), and metastannio 
nitrate. * 

A basic salt of the composition 2SnO*NgOj is 
obtained as a white crystalline precipitate by 
adding a solution of sodium carnonate to the 
neutral salt in quantity insufficient for complete 
precipitation. It may also bo obtained by 
digesting the normal salt with stannous hy- 
droxide. It deflagrates at 100°, or on friction. 
Stannic nitrate SnlNOg)! crystallises in silky 
tablets from a solution of stannic hydroxide in 
nitric acid. 

It is also formed by dissolving tin in 70 p.c. 
nitric acid (Montemartini, Gazz. chim. ital. 1892, 
22, 384). Even at the ordinary tem|)erature it 
slowly changes into the meia-salt, and for this 
reason the white bulky precipitate which it 
yields with aqueous sodium hydroxide may not 
dissolve completely in an excess of the reagent ; 
at 45° the cnange in the stannic nitrate is so 
rapid that the solution suddenly gelatinises ; the 
transformation is complete by prolonged heating 
at 100°. 

ITje so-called ‘nitrate of tin’ or ‘physic’ 
used by dyers is amiixture of stannous and 
stannic chlorides (r. Stannous chloridct infra), 
A solution of tin in nitric acid is, however, also 
used in dyeing (v, Crookes, Handb. of Dyeing 
and Calico Printing, 1874, 527). 

Staimous sulphide l^nS is obtained as a tough, 
crystalline, bluish-grey fusible mass by heating 
tin with sulphur, or in crystalline scales by 
fusing the sulphide so obtained with stannous 
chloride and troatinn the product with dilute 
hydrochloric acid. The crystalline sulphide may 
also be obtained by heating the amorphous form 
in the oloctric furnace (Mouriot, Compt. rend. 
1897, 124, 768). It is obtained as a brown 
powder, which blackens on drying, by pre- 
cipitating stannous chloride with sulphuretted 
hydrogen. ^ 

Bt^nous sulphide is insoluble in normal 
ammonium sulphide, but dissolves in the yellow 
sulpliide and in alkaline [jolysulphides <e. Ditto, 
Compt. rend. 1882, 94, 1419), and, with evolution 
of sulphuretted hydro^n and formation of 
stannous chloride, in hot hydroohlori6 acid. 
Hydrogen chloride acts similarly on the warmed, 
but not on the cold, sulphide (l)itte,*t5t(f. 1883, 
97,42). 

Stannous sulphido is sometimes soluble, A 
other ittues insoluble, in sodium hydroxide, the 
cause of this variation being unknown (Perkin, 
.r.Soo.aiein.lnd. 1901, 425). 

Pttie stannous auliffiide has m.p. 880° 
(P^labcm, Compt. rend. 1906, 142, 1147). It is 
idkbtlySnMlioactive (Campbell, Proo. Cambridge 
Philos. Soc. 1906,13,2821. 

^{hrthorbombio oi^tals of stannous sulphide 
ai« Qocaslonafiy met with in tin furnaces, and 
were suppewed at one time to be an allotropic 

1921, 19, 113). 


sibnio sulphide SnBa cannot be prepared by 
simply heating tin and sulphur together, because 
the hbt generated is sufficient to reduce the 
disulphide to monosulphide, but it may be so 
q]i>toined when sufficient ammonium chloride or 
^otlier volatile substance is present to moderate 
the action. Woulfe (Phil. Trans. 1771, 61, 1 14 ; 
also Gmelin’s Hancock, 5, 79) describes 'a 
nflmber of methods oTpreparing this compound, 
which is used as a bronze powder for bronzing 
articles of gypsum, wood, &o. 

Various mixtures of tin chloride and sulphur, 
or tin, sulphur, and ammonium chloride, or tin 
amalgam or tin sulphide with sulphur and 
ammonium chloride, are heated in retorts or 
covered crucibles, at first gently for a few hours, 
then more strongly, but^ot quite to redness. 
On cooling the greater portion of the sulphide 
is at the bottom, but the purer and finer crystals 
arc found sublimed at the top. 

Crystalline stannic sulphide, sp.gr. 4*425, is 
often known as ‘ Mosaic gold,’ aurum mosamm, 
or musimm. For a reddish shade, 60 grms. of 
50 p.c. tin amalgam, 25 of crystallised stannous 
chloride, 35 of ammonium chloride, and 35 of 
sulphur are finely powdered together and 
ignited gradually in a glass retort covered with 
asbestos, in the flame of a large blow-pipe, which 
is moved about periodically. During the opera- 
tion the colour of the mass should be dark brown. 
If it becomes black owing to*tho formation of 
stannous sulphide, the flame should be lowered. 
For yellowish shades, 50 grms. of crystallised 
stannous chloride and 25 grms. of flowers of 
sulphur are employed. The ylpld is 57 p.o. of 
the theoretical (Langutt, Zoitsch. angew. Chem. 
1897, 557). F, Gold, mosaic. 

When heated, stannic sulphide subiimfls, with 
partial decomposition into sulphur and stannous 
sulphide. It dissolves readily in alkalis, but not 
in acids, except aqm regia. It fuses in a current 
of chlorine, and absorbs 6 molecules of the gas, 
forming a yellow crystalline compound of the 
composition SnCl4,2SCl4 (Rore, Fogg. Ann. 42, 
517). When heat^ with iodine in a current of 
carbon dioxide it gives a, brown, crystalline, 
fusible mass of the oemposition SnS j 4 (Schi^deT 
J.pr.Chem.[i.]79,419). . ^ 

The dirty-yellow preripitate obtained by 
passage of sulphurett^ hydrogen through a 
solution of a stannic salt consists of a mixture of 
stannic sulphide and stannic hydroxide; this 
dissolves in alkaline sulphides, with formation of 
thiostaunates (Kiihn, Annalen, 1852, 84, 110), 
and also in alkalis and hydrochloric acid. Ditte 
(Compt. rend 1882, 95, 641) describes several 
double sulphides ^or thiostaunates and also 
seleuiothio-stannat^. 

Hydrogen chloride or bromide convert the 
sulphide into the corresponding halide (Kelley 
and Smith, Amor, Chem. J. 1896, 18, 1096). 

When stannic sulphide is allowed to remain 
in contact with ammonia, filtered, and the 
filtrate acidified, a whit© mass of an amorphous 
stannio sulphide is formed. It dissolve readily 
in ammonia to an orange-red solution, and 
b^^mes yellow on drying (Schmidt, Ber. 1894, 
27, 2739 itCliem. Zontr. 1907, i. 397 ; Mateme, 
m. 1906, ii. 657; Lang and Carson, J. Soo. 
Ghem. Ind. 1902, 1018). When dried in air it 
loses a little sulphur and becomes dark brown* 
hard* and Iqj^tle^ This sulp^de like 
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OOUoidal sulphide. Colloidal stannic sulphide I 2Sn0,HCl,H20, which is also formed whw the 
has been obtained (Spring, Ber, 1883, 16, 1142 ; clear solution is exposed to the air. Mwlet 


Schneider, Zeitsch. anorg. Chem. 1804, 5, 83 ; (them. Soc. Trans. 


see also Biltz, Chem. Zentr. 1904, i. 1040). 

Tin sesqubulphide SniS, is obtained by gently 
ignition of 3 parts of stannous sulphide and 1 oi 


624) has observed a 


gelatinous deposit of the composition SnOg’HCl, 
to whichthe nas appli^ the term cWor-stonmc 
ocwf, in a solution of stannous chloride after long 


sulphur in a retort. It forms a yellowish-grey standing. Donath (Rep. Anal. (.hem. 7, 77) con- 
mass of metallic lustre (Antony and Niccoli, siders that this compound is produced, together 
Oazz. chim. ital. 1892, 22, ii. 408). A sub- with stannic hydroxide, by the action of light 
sulphide, Sn^S, of a grey colour, and crystalline, on aqueous stannous chloride, 
has been observed to occur (Epprecht, Chem. Keller (J. Amer. Chem. Soe. 1917, 39, 2364) 
Zeit. 1916, 39, 341). found a crystalline deposit of SnCl2,SnO, in 

Staraous selenide SnSe is obtained with in- cavities in a piece of tin found in an aboriginal 


stannous seieniue onse is obtained Witn m- cavities m a piece oi tin louna in an 
candesoenoe when selenium is heated with tin, cemetery in Florida. 

as a light-grey lustrous body of crystalline frac- R. Engel (Compt. rend. 1888, 106, 1398) has 
turn, jiot reducible by hydrogen It is obtained obtained a compound of the com|Ki«ition 
as a dark-brown pmcipitate, which becomes SnCl.,,HCl,3Hj{0 


as a dark-brown pascipitate, which becomes SnCl.,,HCl,3Hj{0 

ne^ly black on drying, by seleniurett^ j chloroxtcnnic acid, by p 

hydrogen into Btonnous c^oride solutio^n. It y ^ ^ Sn01..2U.0. 

plsmann, Annalen, 1860, 116, 124, P4Iabon composition, and depositing, when cooled to 

Manniii io —40°, slendci Silky ncedlcs which melt at about 

Stolde ^e^de Snbe* is obtained by p^ing According to Ditte (ibid. 1883, 97, 42). 

however, the liqufd contoine a chloruie.of the 


. 1 .. "'ll®*!. J ••.LX however, the liquid contains a cnioride oi me 

Mlution M a yeUowieh-r^ precipitate which Sa(1„H.O. which ie al«) formed 

dr^toabrown jK.wder, soluble in cauetioaikaiis y, ^ ; , ^’nei„Utcd hydrochloric acid 

Md alkal^ Bolplvd®, and forming etannoue > ^ , , j , s„f., gH.O. 


selenide when heaM in hydrogen. 

According to Little (Annalen, 18r)9, 1 1 2, 2 1 .3), 
it is obtain^ as a tin-white, lustrous, easily- 


I inr ciiuirifir 

Other basic stannous chlorides are 
3Sna2,riSn0,3H30 and 2Sn(l2,78n{OH), 


fusible mass, unaffected by hydrochloric acid, (Carson, J. Amer. Chem. Soc. 1 919, 41, 1969). 


bulreadily decomposed by nitric acid, by heating When stannous chloride is electrolysed 
tin in seianium vapour, Ditte (Compt. rend, crystalline tin can be obtained (8a|K>shmkoff, 

1882, 95, 641 ; ibid. 1887, 104, 174) describes J.^Russ. Phys. Chem. Soc. 190.>, 37, 153). 

some double selenides corresjwndmg with the Stannous chl()ride fowns crj'stalline double 
thiostannates (u. iS'tonme stdpAtde). chlorides with the alkalis (c, Benas, C'hem. 

A lelluride is also known. Zentr. 1884, 957, forming salts of the c^ra- 


Stannous ebloride SnCl, is obtained in the jiosition SnCIj'KCl.HgO and SnC^ ^KCMLO). 
anhydrous condition by heating tin in hydro- Similar compounds are formed with NH|t3 
gen chloride, or by heating a mixture of equal (Rimbach and Fleck, Zcits<jh. anorg. Chem. 
weights of ‘feathered* (i.e. granulated) tin or 1915, 94, 139). it absorbs dry ammonia, with 
filings and mercuric chloride ; and in monocUnic formation of a compound of the composition 
prisms of the composition SnO|,2H20(O.Heniy, SnQ^'NH,, and also SnCl2‘2NH, (Naumann, 
J. Pharm. 12, 134) by evaporating a solution of Ber. 1910, 43, 313). 


tin In hydrochloric acid. 


A third compound, 3SnCl2'2NH}, is formed 

At.. * X2 ..... 


Stannous or stannic chloride may be obtained by the action of gaseous ammonia on stannous 
as dlsriied by the following jffocess: Stannous chloride between 120^ and 300°C. It is a 
chloride, formed^by ^e action of a solution con- crystallino md^ of reddish-brown colour, ixiwer- 
taining chlorine on tin, is subjected to the aotion fully double-refractive, and appears to no the 
of a gaseous or fluid mixture containing free most stable of the compounds of ammonia and 


cidorine, hydrochloric acid, and air or oxyg^ 
(Young, J. Amer. Chem. Soc. 1901, 23, 1 19, 460). 
Stannic chloride is thus formed which w'hcn made 


stannous chloride (Sofianopoulos, Compt. rend. 
1911,152,865). 

Stannous chloride is soluble in alcohol and 


to react with tin reforms stannous chloride in ether, *the latter solution gives a brownish -red 
(UJS. ]^ts. 810464, 810455, 810466, 810897, ring when added to hydrochloric acid containing 
1906 ; IZ R. P. 184494). For other methods, i/50 qigrm. of arsenious acid (Jong, Zeitsch. 


see D. R. PP. 176466, 176457, 181876, 188018. 

The crystals melt at 40^, and at 100° lose 
most of thm water, together with a little hydro- 


anoig. Chem. 1902, 41, 59fl). 

Like other stannous salts, stannous chloride 
is a stronJI; reducing agent and is employed as 


chloric acid. When dried in vacuS, or over such, both for the reduction of organic and 

I iJ a 1 1 t 1 I fa • . — ^ 


Sttlj^uric acid, they become anhydrous. inorganic compounds. It is also used in the 

^e anhydrous ohloride fuses at 249*3° to an analysis of a number of substances (Hcmriei, 
oil whidi boils at 617°-^28° (Garnelley and Cbropt. rend. 1901, 132, 966; Weil, ibid. 19021, 
Garleton Williams, Chem. Soc. Trans. 1 879, 563), 134, 1 15). 

or, according to Biltz aid V. Meyer (Ber. 1888, A smi^ll quantity of stannous chloride b said 
21, 22), at 606*r. The anhydrous chloride is to increase tne yield of alcohol in fermentaUon 
sometimes called ‘ butter of tin,* althongh that processes ; it also accelerates the revivification 
term is usually applied to the hyditted tetra- of the yeast sown in must, and cultures taken 
chbride. Stannous ohloride is soluble in water from the yeast so formed retain a similar property 
and alcohol. On dilution, the ^ueous solution for a certain length of time(Oimel, Compt. rend, 
becomes turbid, from precipitatioii, with separa- 1908, 147, t324)« ^ 

tioft of ^ydioohkfic add, of»a basic chforide Stannous chloride amt other stannous salt* 


inorganic compounds. It is also tum in the 


I stannous chloride is said 


f 




TIN, 
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are largely used in Eyeing and calioo-pdntmg 
under tbe name Urn-salts’ or 'tin crystals^ 
(Drejher, F&rber.Zeit. 7, 146; Reisz, ibid, 221 , 
222 ; Binder, Bull. Soc.J[nd. Mulbous^ 1900, 92 ; 
Paterson, J. Soc. Dyers Col. 1906, 22, 188;' 
Coberti, J. Soc. Chem. Ind. 1899, 829). 

Stimnie chlorida SnCIt was first prepared by 
Libavius in 1605, who obtained it oy distilling 
a mixture of tin or its amalgam with excess of 
merouric chloride; he termed the product 
Spiriius argenti etei svblimati. It may also 1 ^ 
prepared by the action of chlorine (I^orenz, 
Zeitsch. anorg. Chem. 1896, 10 , 44; Beckamnn 
and Geib, ibid, 1906, 61, 96); or phosphorus 
pentaohloride on tin (Goldschmidt, Chem. Zentr. 
1881, 489) ; or by the action of chloroform on 
stannic oxide (Renz, Bor. 1906, hO, 249). 
Technically, it is generally prepared by the 
action of chlorine or hydrochloric acid on tin- 
plate waste or tin waste residues from dye works 
and a large number of patents have been rcgis> 
tered for this purpose (see Fr. Pats. 871067, 
1906 ; 392615, 401125, 405851, 406300, 1909; 
Heermann, Farber-Zeit. 1907, 18, 34 ; U.S. Pats. 
884756, 877261, 877248, 1908 ; 976990, 958986, 
1910; D. K. P. 222838; J. Soc, Chem. Ind. 
1907, 253; ibid, 1908, mt ; ibid. 1909, 21, 
1087 ; ibid. 1910, 424, 1105 ; see also U.S. Pats. 
883140, 883141. 1908 ; Fr. Pats. 386594. 388080, 
1908). 

Stannic chloride may also Im* pn*pared ly the 
action of sulj^hur dioxide upon stannous chloride 
in presence of strong hydroirhloric acid 

3Sna,-fSO|+6ilCl«3SnCl4-f2HaOfH,S 


(Smythe and Wardlaw, Proc. Durham. Phil. Soc. 
1914,6, 187). 

The chloride distils ov<*r as a colourless 
mobile liouid, boiling at lU'HO*" at 760 mm. 
pressure (Thorpe, Chem. Soc. Trans. 1880, 37, 
331), and solidifring at —33^ to small white 
crystals (Besson, \‘ompt. rend, 1889, 109, 940). 

The liquid has sp.gr. 2 2788 at (Thorp, 
/.£.), and, owing to its high refractive index, 
presents a very brilliant appearance. 

When exposed to the air, iPemits dense* white 
fumes, and is finally converted into a crystalline 
hydrate SnCltiSH^U (Lewy, Comfit, rend. 1845, 
21 , 369), which is also obtained, with evolution 
of heat, by mixing stannic chloride with one- 
third its weight of water. This hydrate is some- 
times known as * butter of tin,’ or, by the dyers, 
as * oxymuriate of tin.’ Hydrates of the com- 
mition SnCi 4 , 3 H |0 and SnCi 4 , 8 H|(P ait also 
known. For the 8 p.gr. of various solutions of 
this salt, m Heerman (Chem. Zeit. 1907, 31, 


On hydrolysis, it first forms the intermediate 
oomwund SnClgOH, and then stann& acid ; by 
aloobolysis it gives the csoiupoond SnCljOEt 
(Pfeiffer, Ber. 1965, 38, 24^ ; von Biron, u. 
Ross. Pbys. Chem. Soc: 1906, 37, 063). 

Stannic chloride forms crystalline doable 
> chlorides, sometimes called chiorthiiannaUs or 
ihnnkhloHdeB wiOi the alkaline chlorides 
(BeHnooi and Parravano, Atti R. Aooad, lincei, 
1904, .13, it. 307 ; von Biron, J. Rnss. Phys. 

Chem. Soc. 1904, 36, 489, 933; ibid, 1906, 37, 
963, 994, 1036 ; Weinland and Bames, S^tsch. 
anoig. diem. 1909,62,260: Druce, Chem. News, 
1918, 117, 193); thiii, 8tta«*2K0l Ind 


Vot 


8iiGI«-SNH,a 
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the latter forming the * pink salt ’ formerly much 
used by dyers. 

Stannic chloride dissolves phosphorus and 
iodine, and mixes with bromine and carbon disul- 
phide. It converts mercury into calomel, and is 
itself decomposed by nitric acid, with precipita- 
tion of metastannic acid. Among the substances 
produced by direct combination with other com- 
pounds may be mentioned SnCl 4 * 2 NH|, a soluble 
volatile solid (Rose, Pogg. Ann. 16, 63); 
3 SnCl 4 ' 2 PH 4 , a yellow fuming solid (Bose, ibtd, 
24, 159); SnCl^'NiOg, a yellow amoiphous 
mass ; SnCl 4 ‘SOt, a white solid (Bose, ibtd, 44, 
320) ; SnCl 4 ‘PCl 4 and iSiiCl 4 'POCl| (Casselmann, 
Annalen, 1852, 83, 257) ; Sna 4 - 2 (CaHs)gO, a 
white crystalline compound (Coldridgei Phil. 
Mag. [v.] 29, 383, 480). A yellow crystaliine 
substance SnCl 4 ‘ 2 SCl 4 , fusing below 30, is ob- 
tained by the action of chlorine on stannic 
sulphide (Rose, Pogg. Ann. 42, 517). 

When a cooh*d solution of stannic chloride in 
chloroform is treated with nitric peroxide, the 
compound 3 SnCl 4 * 4 NOCl is formed (Thomas, 
Compt. rend. 1896, 122, 32), whilst if such a 
solution is treated with nitrogen sulphide 
dissolved in chlorofonn, red . crystals of the 
substance 800 ) 4 * 2 X 484 are deposited (Davis, 
Chem. Soc. Trans, im, 1576). 

Stannic chloride absorbs large quantities of 
chlorine at low temperatures, sndth considerable 
increase in volume and lowering of the melting- 
jwint (Besson, Compt. rend. 1889, 109, 940). 

Stannic cliioride is used in dyeing as a 
mordant, and silk is weighted with it before 
dyeing (Froenkel and Fasal, J. Soc. Chem. 
Ind. 1898, 148 ; ibid. 1904, 899). Its use for 
this purjK>se is said to have been discovered by 
the Dutch chemist, Drebbei, in 1630, who found 
that cochineal gives a permanent brilliant red 
dye in the presence of dilute stannic chloride. 

A patent was taken out in England as early 
a.s i7<18 by 0. Pawl (Specification No. 630, 1748) 
for the use of tin dissolved in aqua foriis, with 
addition of ammonium chloride, for dyeing 
scarlet. 

The older m^hpds of preparing tin salts for 
this pur|x>se, whereby tin is dissolved in excess 
of hydrochloric acid, and the solution is oxidised 
by means of chlorates, have the disadvantage 
of producing a very impure product. The 
mordanting and weighting is due only to the 
stannic chloride and the impurities tend to 
weaken tlie fibres, to make the latter more 
sensitive to light, and to bring about the gradual 
detenoration in the strength of th% materi^. 
To avoid this, Speny has devised a special 
apparatus whereby pure anhydrous stannic 
chloride may be prepared by the treatment 
of impure tin-bearing materials with ordinaiy 
commercial chlorine (J. Soc. Chem. Ind. 1908, 
312, m, 628, 749, 978; Eng. Pat. 389188; 
U.S. Pats. 882354, 887538, 885391. For Fig. and 
description of apparatus, see J. Soc. Qiem. Ind. 
1 9(^, 313). From the pure stannic chloride thus 
prepared all the compounds of tin needed by 
dyers may be obtained in pure condition. 

Accord^ to Ficklcr and Mtiiler (Arch. Sci. 
phys. nat: 1916, [iv.l 42 123), the weighting of 
silk by steeping it in a solution of stannic chloride 
is due to a true chemical combination between 
the stannic chloride and the fibroin aqd its com* 
ponent anraio-acids, folIoi#d by nydrolysis 


during the washing process. After the hvdrolysis 
the sUnnic acid is precipitated in the silk and the 
fibroin is regenerated and is capable of taking 
up more stannic chloride. ^ 

A solution consisting of stannic and stannous' 
c]}loride, obtained by dissolving tin in aqm 
regiUt is used in the preparation of fuchsine 
under the name ‘nitrate of tin’ or ‘physic* 
(see above). 

It is now more usual, however, to employ the 
crystaJb’ne pentahydrate SnCl4,5H20. 

A solution consisting of stanniOfchloride, 
containing more or less stannous chloride, and 
used in dyeing under the name ‘ oxychloride of 
tin’ or ‘pink cutting liquid,’ is prepared by 
adding 1 part of stannous chloride to 1][ parts 
of nitric acid of sp.gr. 1*31 in portions, with 
constant stirring, to prevent boiling over from 
the violence of the action; or by dissolving 
337 parts of stannous chloride in 300 parts of 
hydrochloric acid (20®Tw.), with the aid of a 
minimum of water, and adding gradually 58 
parts of potassium chlorate. 

In small quantities stannic chloride may be 
added to the sizing mass for cotton warps in 
order to prevent the too rapid decomposition of 
the size (Textile Colbrist, 1893, 15, 7). 

For the detection of tin in mordanted cloth, 
see Paterson (J, Soc. Dyers, 1906, 22, 189); 
Silbermann (Bulk Soc. chim. Mulhouse, 1906, 76, 
357). 

A rapid and delicate method for detecting 
sodium chloride in commercial stannic chloride, 
consists in precipitating the former with 99*5 p.c. 
alcohol saturated with hydrogen chloride 
(Heermann, Chem. Zeit. 1907, 31, 27). 

Staimous bromide SnBr, is obtained in solu- 
tion by dissolving tin in hydrobromic acid 
(Balard, Ann. Chim. 1826, [ii.] 32, 337). It 
may be obtained as an anhydrous, pale-yellow, 
crystalline mass by heating tin in hydrobromic 
acid vapour and re-distilling the product 
(Freyer and Meyer, Zeitsch. anorg. Chem. 1892, 
2 , 1 ). 

According to Rayman and Freis (Annaien, 
1884, 223, 323), it melts a4 215'o^ to a pale- 
yellow oily liquid, of sp.gr. 5*1 17 at IT. Accord- 
ing to Cameliey ancf Oarleton Williams (Chem. 
Soc. Trans. 1879, 564), it melts at 259% and 
boils at 617^^-634% 

A hydrate 8nBr2,H20 separates in needles (A 
Uiin plates from the greenish solution of tin in 
warm ooncentAted hydrobromic acid. It loses 
its water in dry air, or when heated to 70?-80% 
It dissolvts in a little water, but is decomposed 
by excess, with precipitation of a gelatinous pre- 
cipitate (v, Benas, Chem. Zentr. 1884, 057). 
A hydrate SnBr|,2H20, crystallising in large 
monoclinic tables, is also obtained from the 
solution of tin in hydrobromic acid (Benas, l.c.), 

Benas, Bayman and Preis have also de- 
scribed compounds of stannous bromide with 
potassium and ammonium bromides. 

Stmmk bromids 6QBr4 was discovered in 
1S26 by Balard (Ann. Chim. [ii.] 32, 337). It 
is obtained by adding bromine drop by drop 
to strips of tin, the temperature (eing kept 
between 35^ and 59*^ (Lorenz, Zeitsch. anoig. 
Chem. 1805, 9, 366) ; or preferably, on account 
of idle violence of the action with pure bromj^ 
by gradmdly addw the tin^to % solutloA'^ 
bromine in carbon disulphide, or by psb^ 


the vapour of bromine over heated tin (Carnelley 
and O’Shea, Chem. Soo. Trans. 1878, 55). 

Stannic bromide forms a white iridescent deli- 
quescent (nass, which, by distillation, is obtained 
in small, well-formed, highly lustrous crystals, 
melting at 30*’ and boiling at 210*’ (uncorr.) 
(Carnelley and O’Shea, Lc.), or at 203*’ (corr.j 
(Rayman and Preis, Chem. Zentr. 1882, 773), and 
having a sp.gr. of 3*349 at 3*5*’ (Rayman and 
Preis, l.c.). 

It fumes in the air, and Hissolves readily in 
water. The solution deposits stannic hydrax- 
ide on heating or after standing. A hydrate 
SnBr4,4H20 is obtained in colourless transparent, 
fuming crystals, by exposing the anhydrous 
bromide to moist air, or by dissolving it^ a little 
water and evirating over sulphuric acid. Oxy- 
bromides Sn3Br40,12H20 and SnBr2O2,i0H2O, 
obtained from stannic bromide, and a conmound 
SnBr4*2NH2, obtained by absorption of an&onia 
by the warmed bromide, are also known (Ri^man 
and Preis, lc.). 

Stannic bromide unites with ether to form 
a deliquescent crystalline body SnBr4(C2H4)20 
(Nickles, (bmpt. rend. 1861, 52, 869). By 
evaporating solutions of the mixed bromides, 
Raymond and Preis (lc.) have obtained the 
following double bromides or stannibromides : 
2NaBr.SnBr4,6H20, in pale-yellow, soluble 
crystals; CaBr2*SnBr4,6Ij20, in slender deli- 
quescent needles ; MgBr2‘SnBr4,10H20, in pale- 
yellow, deliquescent tables ; MnBr2*SnBr4,6H20, 
in large, ^e-yellow, deliquescent crystals; 
FeBr2*SnBr4,6HgO, in greenish, granular crys- 
tals ; KiBrj 8nBr4,8H20, in apple-green, granu- 
lar, deliquescent crystals ; and 

CoBr2SnBr4,10H20 

in yellowish-red, deliquescent tablets (see also 
Lctcur, Compt. rend. 1891, 113, 540). 

Stannous iodide Snig is obtained by dissolv- 
ing tin in concentrated hydriodic acid. At the 
ordinary pressure solution is extremely slow, 
but it proceeds more rajudly in a sealed tube at 
120*’-ir)0‘’ (Wohbr and Diinliaupt, Annaien, 
1853, 86, 374). It may also be obtained in 
yellowish-red meedles, slightly soluble in water, 
and readily soluble in solutions of alkaline 
chlorides and iodides, and in hydrochloric acid, 
by addition of potassium iodide in slight excess to 
a concentrated solution of stannous chloride 
(Warden, Pharm. J. 1897, 58, 61). The aqueous 
solution T is decomposed by much water, with 
separation of hydriodic acid and a yellow, in- 
soluble body the composition of which varies 
with the amount of water present (Personne, 
Compt rend. 1862, 54, 216). 

The fofmation of the iodide may be used as a 
delicate test for tin. One c.c. of the solution 
fb be tested is treated with 0*5 c.c. of 5 p.o. 
potassium iodide solution and 0*5 of strong 
sulphuric acid added through a pipette reaching 
to the bottom of the test-tube. In presence of 
tin a yellow precipitate is produced at the pkne 
of contadt of the two layers (Heller, Zeitsch. 
Chem. 1922,61,180). 

Stannous iodide melts at 316*’ (Carnelley and 
(Oarleton Williams, Chem, Soo. Trans, 1870, 
564) and volatilises at a red heat. It absotbs 
dry ammonia, with form^on of a iriiite body 
having the composition dlH|‘SnI| (Ramm^- 
beig,]hgg.Ann,4S,160; Ephraiii and Schmidt, 
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Ber. 1909^ 42, 3856). • It unites with other i 
metallic iodides, with hydrogen iodide (Toung, I 
J. Amer. Chem. Soc. 1897, 19, 851), and with i 
stannous chloride. • i 

Stannic iodide Snl| is obtained in yellowish- 
red ootahedra by heating tin fili!^, preferably 
moistened with carbon disulphide or tetra- 
chloride, with iodine to a temperature abore 
50 °. 

It has 8 p.gr. 4*696 at 11° (Bodeker, Die 
Besiehung zwischeif Dichte und Zusammenset- 
zung, Ac., Leipzig, 1860), m.p. 146° and b.p. 
296°(Per8onne, J. 1862, 172), m.p. 143°, b.p. 341° 
(corr.) (Emich. Monatsh. 1904, 25, 907). It 
sublimes at 180°. 

It dissolves in carbon disulphide, carbon 
tetrachloride, alcohol, chloroform, and benzene. 
Water decomposes it into stannic hydroxide and 
hydriodic acid. 

Its formation under certain conditions may 
be used as a* delicate test for tin (Mazuir, Ann. 
Chim.anal. 1919, [ii.] 2 , 9). 

By the action of ammonia on stannic iodide, 
dissolved in carbon disulphide, a white substance 
8 nI|, 8 NH 3 , insoluble in water, is formed 
(Ephraim and Schmidt, lx.). 

Stannous fluoride SnF^ is obtained in small, 
opaque, white, monoclinio tables of sweetish 
astringent taste, by evaporating a solution of 
stannous hydroxide in hydrofluoric acid. 

Stannic fluoride SnFi is obtained in aqueous 
solution by dissolving the hydrated dioxide in 
hydrofluoric acid ; or as a hygroscopic, white 
crystalline substance by the action of anhydrous 
hydrofluoric acid on stannic chloride (Rufl and 
Plato, Ber. 1904, 37, 673). It has sp.gr. 4*78 
at 19°, b.p. 705°, but sublimc.s below this 
temperature. It combines with other fluorides 
forming a characteristic series of crystalline 
double salts, the Mannifiuorid^, which are iso- 
morphous with the corresponding fluorides of 
titanium, germanium, zirconium, and silicon j 
(Marignac, J. 1859, 110; Emich, Monatsh. 1904, 
25, 907 ; Ruf! and AlWt, Ber. 1905, 38, 55 ; 
Hall and Smith, Chem. Zentr. 1^905, ii. 1462). 

A number of mixed halogen compounds, such 
as SnCljBr, SnClgl*, SnBral, &c% have been 
described (Besson, Compt. rend. 1897, 124, 
683 ; Lenonnand, J. Pharm. Cliim. 1898, [vi.] 
8 , 249; ibid. 1899, 10, 114). According to 
Auger (Compt. rend. 1909, 149, 860), most of 
these comiH>unds are only mixtures, thus, 
2 I^Br|l 3 =::SnBr 4 +Snl 4 , Ac. , 

PlwBphidee , — ^Tin combines directly with 
phosphorus, forming a series of phosphides, 
which are used for the production of phosphor- 
bronze (Emmerling, Ber. 1879, 12 , 155 ; Natan- 
sonand Vortmann,t 6 td. 1877, 10 , 14005 Kiinzel, 
Dingl. poly. J. 1888, 270, 166 ; I). R. F. 103966 ; 
Stead, J. Soc. Chem. Ind. 1897, 206). • 

Tlfi phoipllille SuiF} has a silver-white 
oobur, crystallises in spangles, 8 p.gr. 5*18, and 
begins to dissociate at 480°. 

The phosphide SuP is also aciystalline sub- 
stance, sp.^ 4*10. It has ametallio appearance, 
begins to dissociate into phosphorus and Sn^Pi 
at and is attacked violently by fuming 
nitric acid (Jolibois, Compt rend. 1909, 48, 
Other phosphides have also been de- 
seribed. • 

tin hydride.--^Aoc6Fding to VauMl (Chem. 
Zeit 1924, 48, }51}, a 5 p.c. eolation of acetb ! 


add or a 1 p.o. solutiOn of ozaUo acid in contact 
with tin-plate containing rusi^ spots causes the 
evolution of tin hydride. 7%e same effect is 
produced with pure tin in contact with motallio 
hbn, but the amount of hydride formed is much 
smaller. It is sug^sted that the formation of 
tin hy^ide in solution may account for cases Of 
poisoning by eating tinned foods that show rust- 
spots (J. Soc. Chem. Ind. 1924, 43, B. 560). 

Tin hydride is formed invariably when 
nascent hydrogen is liberated in the presence of 
tin ; its production when tin is dissolved raj^y 
in hydrochloric acid accounts for the peculiar 
odour of the gas (Kastner, 1821). 

The compound obtained by the action of tin 
hydride on silver nitrate solution has approxi- 
mately the composition SnAg 4 . 

During the dissolution of polished tin in 
hydrochloric acid, a black powder is deposit^ 
which dissolves only very slowly even in the 
concentrated acid ; it is suggested that this is a 
peculiar modification of the metal which is 
reduced by the reduction of stannous chloride 
y nascent hydrogen (W. Vaubel, Ber. 1924, * 
57, (B) 515; cf. Paneth and Fiirth, Chem. Soc. 
Abstr. 1923, 124, ii. 41; 1924, 126, ii. 414; 
Paneth and Rabinovitsch, »Ber. 1924, 57, [B] 
1877; Chem. Soc. Abstr. 1925, 128, ii. 59). 

An unstable tin earbonate SniOOi is also 
known (Deville, Ann Chim. 1852, [iii.] 35, 4, 48 ; 
see also Moissan, Compt. rend. 1897, 125, 840). 

Quadrivalent tin and trivalent arsenic in 
dilute sulphuric or hydrochloric acid may be 
completely separated by treatment with hy- 
drogen sulphide after the addition of a little 
hydrofluoric acid. The separation is effected 
by treating the solution in a platinum dish with 
2*5 c.c. of 48 p.c. hydrofluoric acid, heating for a 
few minutes, and when cold diluting to ^ c.c. 
The solution is then treated with a rapid streaim 
of hydrogen sulphide for 30 minutes, when 
arsenious sulphide alone is precipitated. The 
separation is both rapid and quantitative (Le R. 
W. McCay, J. Amer. Chem. Soc. 1923, 45, 1187— 
1191 ; J. Soc. Chem. Ind. 1923, 42, 690 A.). 

ObGAKIC 'COMPOUNDS OF TlN. 

Stannous acetate, omlate^ citrate, and tartmfe 
are employed in dyeing and calico-printing, be^ 
generally prepar^ bv addition of an alka^ 
salt of the acid to a solution of stannous chloride, 
or by dissolving the precipitated hydroxide in 
the acid. Liechti and Schwitzer ^Mittheilnngen 
des T^h. Gew. Museums, 1886, 41) have indi- 
cated the value of some of these as |nordaats 
( putsch, Zeitsch. anorg. Chem. 1899, 20, 308 ; 
Rosenheim and Aron, ibid, 1904, 39, 171; 
Paterson. Ic. ; Henderson, Orr, and Whiteh^d, 
Chem. Soc. Trans. 1899, 555). 

The ancient Egyptians are belbved to have 
used basic tin citrates (prepared by the action 
of lemon juice or citric acid on tin), as a mordant, 
in dyeing the tap^tries discovm:w in the tombs 
of Antinoa (Gil)i4ron,, Bull. Soc. Mulhouse, 
1907, 77, 148). Basic tin citrate forms a very 
effleient moidimt for yellow dyes on wool, giving 
pure intent colours. 

Stannow formaU is prepared dissolving 
precipitated stannous hydroxide in dilute formic 
acid. It forms white anhydrous crystals, whifdi 
decompose a^ve 100° (Goldsohmidtf Cbem, 
Zeit. 1907, 3n 60^. • 





Tin foiiims a number of alkyl dexivativei of 
the tyro SnEi, SnE^R^E,*, d;o. (Letts and 
•GoUie« Gbem &c. Proc. 1886» 166 ; Pope and 
Peaohy, ibid. 1903, 290; Polls, Ber. 1889, 22, 
2915; Pfeiffer and Sohnurmann, ibid, 1904, 

319 ; Werner, Zeitsch. anorg. Chem. 1898, 17, 1 
99 ; Pfeiffer, ibid. 1910, 68, 102). 

MethylHrtannlo acid or metbyl-ataimoxyllc 
add MeSnO‘OH is formed when a mixture of 
methyl iodide, stannous chloride, and potassium 
hydroxide is allowed to stand for a day or two 
and the alkali is then removed by passing 
carbon dioxide into it. It can also be obtamed 
pure by treating methyl-stannic bromide or 
iodide with ammonia. It is an odourless white 
powder, insoluble in water and organic solvents, 
nut soluble in mineral and some organic acids, 
and in alkali hydroxides. With hydrobromic 
acid it yields methyl-stannic bromide or methyl 
stannibromoform SuMeBr,, m.p. 53^ which has 
also been obtained by other methods. The 
corresponding iodide or iodoform, MeSnI|, m.p. 
86% and the compounds SnMejBr^ ; SnMe^O ; 

* SnM6S*SH and methyl-stannichloroform, m.p. 
105®-107% b.p. 179'*-180% have also been pre- 
pared (Pfeiffer and Lenhardt, Ber. 1903, 36, 
1054, 3027 ; Poperand Peachy, Proc. Roy. Soc. 
J903, 72, 7; Chem. Soc. Proc. 1900, 42, 116; 
Pfeiffer, Ber. 1904, 37, 4618; Shukoff, Ber. 
1905, 38, 2691)« 

.« liie potassium salt of ethylstannic acid is 
formed by the interaction of stannous chloride, 
ethyl bromide, and potassium hydroxide : 

SnCL-f-C,HjBr-h4KOH 

=C,H4'SnO*OK-f2KCl-|-KBr+2HjO 

(hi treatment with dilute hydrochloric acid 
ethybtannic acid is formed as a white amorphous 
•gelatinous substance, becoming yellowish- brown, 
transparent and homy on drying. For its salts, 
see Druce, Chem. Soc. Trans. 1921, 760). 

The tin halogen compounds form a number 
of double Gompounds with aliphatic and aromatic 
amines (Cook, Amer. Chem. J. 1899, 22, 435 ; 

‘ Biehardson and Adams, ibid. 446; Slagle, 
Ibid. 1898, 20, 63$. » . 

Pyiifffne sUnni-iodlde (C«H5N),H,8uI, is 
formed uhen an aicoholic solution of pyridine 
hydriodide is added to stannic iodide cQ^Ived 
in aleohoUc hydrogen iodide. It forms bluish- 
black glistening needles. The analogous 
pdndline salt (CiH^Nj^BsSnlf forms black 
needles. Bdth these compounds decompose 
mdua^« liberating iodine (Eosenheipi and 
AlOn, l&itsch. anorg. Chem. 1904, 39, 170). 
Similar chlorides, bromideB and alkyl derivatives 
have also been prepared (Pfeiffer, Annalen, 
1910, 376, 310 ; see also Hayes, J. Amcr. Chem. 
Soo, 1902, 24, 360). 

A number of other organic compounds of tin 
hskte also been prepared (Fbcher, Monatsh. 5, 
426; Werner ioA Pfeiffer, f.e. ; Thiele and 
jbimrotli, Annalen, 1899, 305, 102 ; Pfeiffer and 
I.C. S Mtiiey, Ber. 1903, 36, 926; 
Ensstihbim and Levy, Ibid. 1904, 37, 3662; 

sad Sdinabei, Ibid. 1905, 38, 2777 ; 
WfitibrnA 'Mid Bames, l.e. ; Pfmff|r, imnalen, 
Xbmbe, Ohmn. Boc.^n8. 1921, 


According to Misk (Compt. rend. 1923, 176, . 
138) tin exbts nonnaUy m the human organism ; 
the liver has the hoghest content, lollowea the 
Btomao^, kidneys, lungs, and brain. 0<)3^ 
0*04 in 100 ffme, of human viscera is not 
excessive in amount. 

TINCAL e. Borax. 

TIN MORDANTS v.DYBiNa. 

TIN PLATES, Hlstory.-Althonffh the art 
of tinning brass and copper wm well known, to 
the Romans (e. supra), tne production of sheet 
iron coated with tin, or * tin plate,* is of a con- 
siderably later period. The art was probably 
of Cerman origin, and existed in Bohemia prior 
to 1620. About this time the manufactm was 
introduced into Saxony, and speedily densloped 
into a thriving industry. Unsuooessful at wiits, 
with which M. Ebaumur was connected vere 
made to introduce the manufacture into Aanoe. 
About 1670 an English company was foniM to 
start a tin-plate works in this county, an| Mr. 
Yarranton was sent to Cermany to leant the 
art. Works were started at Pontypool, \and 
met with some success, but were stopped, owing 
to the grant of a patent for the manufacture to 
£. Hemming in 1691. Works were, however, 
once more started in 1720 at Pontypool, and 
these were gradually followed by others, par- 
ticularly in South Wales, which gradually became 
the most important seat of the manufacture in 
the world, in the earlier processes of manu- 
facture the plates were hammered by hand from 
iron made in the charcoal hearth, while the 
surface was cleaned froip scale by immersion for 
several days in sour barley-water, instead of 
for a few minutes in dilute sulphuric acid, as at 
present. 

In 1728, the roUing of sheets was introduced 
by Hanbury, of Pontypool, while sulphuric acid 
was substituted for barley-water in 1806. 
The rolling of tin plates as they leave the tin 
pot, which saves metal and improves the surface, 
was introduced by Morewood (who took out 
many patents for coating metals) in 1866, since* 
which •time a mat varietv of maohines have 
been introduced for use in the tinning wcess. 

Pickling* machines have super^ed hand 
labour, while iron made in the old-fashioned 
open-hearth refinery (or puddling furnace for 


Drtiee, CSiem. Boc, Trons. 1921, 
•J38; Cbem. Eoc. Abetir. 1926, i. 798; Krons und 
Cbeitif, CtaBu Soc. Abitr, 1925, i. I3M; Earn, 

i, vm, 1254; im, 


second qualities) has been general^ replaced by 
steel. Siemens* steel was used about 1875, 
Bessemer steel about 1880, and basic steel was 
introdqced a few years later (v. P. W» Flower, 
Origin and Progress of the Manufacture of fin 
Plates, J. Iron and Steel. Inst. 1886 ; C, Vogel, 
Stahl und Eisen, 29, 1097). 

The McKinley Tariff, which came into force on 
July 1, 1891, led to a rapid develmimeiit of the 
tin-plate* industry in the United States, and a 
(K>rre8ponding depression in South Wales. 
markets for Welsh tin plates were, howevmv 
gradually found, so that the industiy has more 
than macb up for the ground lost. 

Production o/ tin pkile.— The metal used 
for rollkig into sheets waa fomeriy, as sktm 
stated, wrought iron of special qiuaEty, whleh 
was made in xefitmries using ouly Al 

present very mild steel Is employed, 
steel being iu slost demand m this puipoie. 

length to ledness, aaiSftSw passed 

thiotlg^ * irdis until is ahmit > 


w mTSa^,: . ": ea. 

iiud&, sd^mMI, tad Tfae n- fenit totbegieBBepot, whenitpAsaMtimnuft' 

baatii^ t(ddiag^^«Tcr, uid 8^ ii i^ted » pair of lolli, vluok Miieete off tiu exoe« of 
tiBtil a MMet of tli6 pft>p6c iludomf ifl ol>tam tan and improTe the suiface* Formorfy tho 
sometimes as many as thirty*two thlclmesses |^e remaii^ for about 10 mins, in the grease 
being loUed together as one piece in this ymy, pot, durine which time the excess ol tin drained 
The sheets are then cat to luse with shears and off. The plate was afterwards transfeired to 
sepwated, when they dionld part readily if the the ‘ cold pot,* after which the lower part was 
operation i^os far has been successfnlly con- inserted in the Mist* pot, which contains a 
docted. The * rough black plates ' so produced little tin at a comparat^ly hi gh temperature, 
dbould be free fromi streaks or * spilly ’ placra, and which rapidly removes the Uiick edge of 


and should be uniformly coated over with a tin which had accumulate at the bottom of 
black scale of oxide. This is now removed by the plate. The plates, after coating with tin, 


*nickium* in warm dilute sulphuric acid for are then cleaned ^m grease, usualfyby rubbing 
about 20 mins., and by subsequent washing and with bran and finishing with the woolly skin of 
robbing with sand and water. The sheets are a sheep ; they are alterwards separately ex- 
next annealed in wrought-iron boxes, which are amined for demcts, and, after classification, ue 


usually about 2 ft. square, but vai 
the upper part is in the form of a be! 


VBTV m size; 
bell for ready 


racked in the familiar fiat wooden boxes and 
»randed for market (u. £. Trubshaw, J. Iron 


removal, and to prevent the entiy of air the and Steel Inst. 1883, i. 262). 
joint is stopped by being covered with sand. For a descriution of the ^ 


For a description of the process of manufac- 


The annealing requires about 10 hours, and is tuie of tin plates in Germany, which does not 
conducted in a large furnace maintained at a materially (&er from tl^t above described, v, 
cheny-red heat. The pots are then withdrawn Dingl. poly. J, 250, 231. 

For the method of tinning cast iron in 


cheny<red heat. The pots are then withdrawn 
and allowed to cool, after which the sheets are 


cold-rolled, to improve the surface and give the Germany, t> Schott, Stahl u. Eisen, 1919,39, 119, 
smoothness and uniformity which is necessary in modem tin-plate worki mild steel bars aw. 
to produce a good tin plate. The oold-rolling reheated and rolled into ‘black plates’ hv 
renders the plates somewhat hard, and they are passing successively through two pairs of rolfc 
therefow annealed once more, usually in cast- for * roughing * and * finuhii^ * respectively, 
iron pots, as it is not necessaiy in the second in the United States sometimes only one pair of 
annealing to use so high a tei^rature or as long rolb b used ; or two pairs of finbhmg lolb may 
a time as in the first case. The sheets are now be served by one pair of roughing rolb. The 
finally pickbd in weaker sulphuric acid then was plates, after being separated, are pickbd in 
used in the previous f)iokling, and after being diluted sulphuric or hydrochloric acid with the 
again rubbed with sand are immersed in water aid of pickling machines ; they aw then anneabd 
pj^pjrotory to tinning. under cover in iron or steel boxes, cold loUed, 

The tinning apparatus, or ‘stow,’ varies some- re-annealed at a lower temperatuw and again 
what with the size and quality of the pbtes; pickled, this time in weoker acid. The plates 
with very brge plates the bath of tin is contained are then swilled in water and intfodiioed, 
in a basin-shaped pot, whUo for brge sizes and without drying, into the tinning maclilM. Of 
ordinary qualities the pbtes are manipulated g^ob machines there aw various modifioations. 
entiwiy by machinery during the tinning A typical form consists of two divbioiiB con- 


prooess. 

The form of apparatus whi(h was gqn<^nti in 
S, Wabs until nearly the end of the nineteenth 
century, and which b still oocasionj^lly employed 


nected with each other at the lower pan of tho 

t ot which contains molten tin. The tin in the 
rst division b coated with a tinning 
zinc chbride, while that in the secoho dhisioD 


for purposes whew a specblly good tin plate b » covered with hot gieasg. Tho pbte pasaes 
reauiied to withstand atmospheric and similar through the flux into and tiirou^ the tin, 
infiuenoes, oonsbts of five baths or pots, called emerging through the grease, and pasnag 
wspeotively (1) the grease pot, (2) the tin-man’s through rolb which wmove the surplus tm, a^ 
pot; (3^) the washing pot, (4) the dipping pot, give a smooth, bright, and even surface. For 
(5) ^^ grease pot. Formerly two other pots further details and drawings, see €»B. Hammond, 
wm used, but these have been wndered un- The Manubetuw of Tin Ates,.!. Iron and Steel 
neoesiiiy by the mtroduction of rolb. The Inst. 1897, 2, 24 ; abo papers by R. H Thosias 
grease p^contahiB melted grease, such as tallow (Proc. Inst Mech. Eng. 1906, 499) and T. L. 
or miliii oil, and in thb the sheets aw dipped Bailey (J. Soc. GhemTuMl. 1918, 114 T). 
imtil aU mobiure has been remove4»aad they The occurwnoe of blisters in the thin dieets 
are uniformly coated with grease. •They are of steel used in the manufacture of tin pbtes b 
naxl dfoped into the ^ pot, which containi not in^uently a cause of oonsideiable trouble. 

The ori^ ^ these has been studbd E. F« 
Istesr being now umiailyrepbo^ by a bath of Law (J. Iron and Steel Inst 1906, l,m), who 
i^ dhforideor ^kiM spirik* The sheet now I eoneludes that oxidised steel will sive rise to 


^kiM spi The sheet now concludes that oxidised steel will give rise to 
iMivus ifo first ooa^ blbtewd shsek and th^ defoot b more likefy to 

b perieujb «id to eomj^ iibe with Bessemer than wbh open hearth stsk 


art ta|% examined by tlw wlcmkii^ who wUed ‘notugolu brittieBW,' 

1id|M WTO tiM nitMo inift * hn^ tad to moH urodtag ot on inqpnpHr taapen.. 
TOM^ollfaMadHotthalaiadinfMkApititt tBie;orfartMl«»gatiBWi. • ^ A 

|Ial«w»tlw|pooadecflipMtmiittttjbii^ l,eg£tiafte&livor(8iaia.S^ 


m 


Ml 90(^) tlmieis no pfoof thnt molten tin mll^ 

li^ A metnlk^pliie sti^ of tinplate show* 
tint tlm is nlwsye a shasp demamtion lint 
betvieii lAe tin and iron. 

8m afapo CSministry in relation to Tinplate 
Ifanninetiire (EL J, Bailey, J. Eoo. Chem. Ind. 

T. T. 

fm FTR1TE8 0 . Stavnxts. 
im SAIilB or TIN CRYSTAL. Siannoue 
Oi tortfe v. Tin doUs and oxides^ art. Tin. 

HR 6TME» Native oxide of Hn v, Cassi- 


niTOHETER V, Colobimibtib. 

tip iraiTE COBALT. Stn^ine, Cobalt 

' nriMMitie. CoNALT. 

WRIlllE. Trade name for thiosinamine 
eRiS^da €A*NH<::S'NH,0,H«1 o. Thio- 

BINAIIXNB. 

TITAIIIC IRON-ORE e. Ilmenite. 

TITA NITE 0. Sphsns. 

irTANIUlL Sym.Ti. At. wt. 48i (Thorpe) ; 
47*9 (Baxter and Fertig, J. Amer. Chem. Soc. 
19291, 40, 1228). Expenments to determine the 
ratio TiQi| ; 4Ag gave a mean value of 0*43957, the 
extremes being 0*43|^ and 0*43967, which leads 
to the mean value 47*85 for the atomic weight 
of titanium, the extreme values being 47*89 and 
47*78 (Baxtw a^ Fertig, J. Amer. Chem. Soc. 
19^ 45, 1228>r233 ; J. Chem. Soc. 1923, 124 ; 
Alisti; iL 498). According to Aston, Titanium 
is sim^ Titanium is not found in the free 
state, out ooonis as oxide in three minerals of 
diffemt crystalline form : rutile, anataee, and 
•hminte. It is found as iUaniferoua iron ore or 
Umemte (FeTi)sO|, and in smaller quantities as 
spieneorfifainifeChpTiSiOi, perofekUe{CaFe)T^O^, 
mkoHomUe Ga(TiFe)SiO„ and ieiibauiie 
CaY(TiAlFe)SiO«« It occurs in magnetic iron 
ores, and is thus frequently found in slags and 
pig iron; and in otlmr minerals, in soils, clays, 
osirtiin mineral waters, and in the sun's atmo- 
raheiu (Barnes, J. Soc. C3iem. Ind. 1896, 421 ; . 
. Biehi^ ibid, 1908, 901 ; Becker, Zeitsch. Kryst. 
Ifitt. 1903, 38, 31T; Hall and Smith, Chem. 
Esntr. 1905, ii. 1161 ; H. E. Adam, J. S. Afr. 
tSwtt. Inst. 1923,^6, 3). The presence of 
titaiiinm oxide in clays oonsiderAbly muces their 
nfoctibiUty. Titamum is said to be diffused 
ilMRnqi^t all ludmitive granite rocks (Diealg- 
lidt). 

it has also^been found in human and in ox 
imk nod b(me (BaskerviUe, J. Amer. Chmn. 
Rsu. ISMIL 21, 10^) ; in the ash of many plants 

g ait. ibA. 1896, 18,402; Lippmann, Ber, 1897, 
3037) ; Mid in many peats (BaskerviUe, Le, 
892)^ It is more abundant in nature than has 
been snnpoeed, but it is only witMn the 
laelfeir^thi A the metal and many of its I 
eeaniouiiae have become important industrially. 

. Tieiiofls titaninm compounds have been sag- 
^,|Mtei liflr nee as pigments as far back as 1846. 

, has been utilised in the iron 

i Miliy eiaoe 189A and titanium white, a pig- 
Mgnt soip ii tinB e w wt i all y of titaninm diozide, 

mettkni een be extimoted fionf ite oxide 
lor ihetinlyiing a'eohitton of the latter in diy 
h a lng M i tefa el the aUmliimeerthmelab heated 
towdemleiivdiieiiii After eocdh^, the titaoim 
hi eepiMiU 4 . A> awi ll M dmkdljiU ^ IbMaticm 


with watM and with dihite tefdiodhbfie aM 
(Fr. Fat. 344099, 1904*; J. <3bm. ML 
1904, 1098; ef, also Motssan, Ei«. Fat 3073^ 
1895 ; Sternberg and Deutsoh, Eng. Fat 13117, 
1893; Ansohms, U.l^ Fat 93^, 1609; J. 
Soc. Chmn. Ind. 1909, 986). In a someudiat 
impure fmm it can be obtained by the reduotimi 
of potassium titamum fluoride with sodium 
(Weiss Mid Kaiser, Zeitsch. anoig. Omm. 1910, 
65, 345). Very pure titanium has been obtained 
in moderately large quantitiaei by beating pure 
titanium tetrachloride with about half its weit^t 
of sodium in a steel bomb to a low red heat 
(Hunter, J. Amer. Chem. Soc. 1910, 32, 330; 
Lely and Hamburger, Zeitsch. anoig. Chem. 
1914, 87, 209), or by pasnng the vapour of 
TiQ. over sodium hydride. Also by seating 
the dichloride at 1100® in hydrogen : ,;( 

2Tia,:^TiCl44*Ti 

Titanium in a very pnre state is obtained 
by passing the vapour of the iodide aver a 
heated tungsten filament. Thus obtained it is 
ductile (van Arkel and de Boer, Zettsoh. i^lorg. 
Chem. 1925, 148, 345; Chem. Soc. Abstr. 1925, 
ii. 1193.) 

Titanium has the appea^ce of polished 
steel. It is hard and brittle in the cold, but can 
be readily forged when raised to a low heat. 
It has 8p.gr. 4*50 and melts at 1800®<*1850® 
(Hunter) ; see also Moissan (Compt. rend. 1906, 
142, 673). 

For crystallioe structure (hexagonal), see 
Patterson (Physical Rev. 19^, [ii] 26, .56; 
Chem. Soc. Abstr. 1925, fl. 845). 

It is less ductile than thorium, zirconium, or 
uranium, and can be obtained in rod-form only 
with speml precautions, owing to its ready 
oxidisability. 

Titamum bums in oxygen, in nitrogen, and 
in the halogens, dissolves readily in sulphuric or 
hot concentrated hydrochloric acid, more riowly 
in nitric acid, and decomposes steam at 700®«- 
800®. 

Titapium readilv forms alloys with various 
metals ; some of those with iron bavins been 
employed for the manufacture of pencils for are 
lights (LadoflT, J. Ind. Eng. Chem. 1909, 711). 

Aluminium-titanium alloys with up to 30 
p.c. of the latter metal contain hard cryitala ot 
the compound Al^Ti, m.p. 1325®, and inuiiiaoibie 
with aluminium (E. van Erckelens, Metali and 
Era, 1923, 20, 206.) 

For Alloys with carbon and iron, ssiTaiiiant, 
(Chem. Soc. Abstr. 1925, ii. 787), 

Filaments of metallic titamum having a IdA 
melting-point and high resistance, and as vsedm 
incandesoyit electric lampa, are manulaetiited 
by treating titanic oxide with ammonia in 

cold. The product is heated In a vieiittni 
ho 1200®, and is then mixed with an oimiie 
Unding material sudi as a solution of eaimfa 
ammonia. The mixtm ft foramd ^ 
and then heated in an eftc^ ftmet lo 

i, VNd it MtUtBUmr, ii, Hfi. ' 
Mot to iMbiemMttgmiMftRimmm 

MsTVMMor. MiU Ld k 


mmffm, 


k tito max o! *Wtm krboit-titftkQiaf’ diome in hydrogen and ellovi&g the modnot 
oontaiiiing trom ^^&e.lH«aA4ooQi^^ to c»ool ia tli» gee. la sulphorio a(dd it loniis a 
mioioeoppiojpktiioie^ ^iet eolation^ this being the ohazacteziitio 

a mafero: of grey oast lim. When added to *<»loar of all the eohitioiat of tdval^ titaidiiia 
moltea steel Hie matrix dissolves and Hie oompounds. The oonesponding hgirwiit is 
titanium carbide is diffused through the mass obtuned by digesting a solution of titanie amd 
when it reacts on the oxygen, the titanium in hydiOc^oric acid inth meialho ocmper at 
oxide aotiug as a flux for silicates and other 20^-40^ or by treating the triohlonoe vith 
alaga. (For the effect of wear on titanium aUmlis. The sesq^uioxide and tlm coneigpcmding 
treated rails, m (Somstook, J. Soc. Chem. Ind. salts are readily oxidised to the dioxide or the 


19111, flS.) 


trioxide and Hmir salts (Manchot and Biditer« 


Alumimum-titanium alloys containing up to Ber. 1906, 39, 320, 483). 

30*7 p.o. of titanium consist of a mixture of hard, Tttanlm dIoxMe TiO. is the most important 
needle-ahaped crystals of Al4Ti in a softer of the four oxides. It is mmorphous, occurring as 
mund mass of aluminium. The compound the three distinct minerals mentioned abote. It 
AliTi melts at 1325'^ and forms neither eutectic can be obtained by the decompomtion of a^eous 
imr solid solution with aluminium. Addition of Htanium chloride by ammonia or by fusing 
titanium, in amounts not exceeding 1 p.c., to rutile with three times its weight of potassium 
aluminium removes the combined nitrogen and carbonate. 

oigrgen, and consequently improves the tensile Titanium oxide can be prepay by mtx^ 


pio^rties ; at the same time, the resistance of crushed ilmenite or other titanium ore with 
the metal to attack by salt solutions and by carbon mid beating to about 1800^ The 


organic acids is apprccial 
C&m. Ind. 1923, 721 A ; 


increased (cf. J. Soc. 
!ugen van Erckelens, 


Metail. und Erz. 1923, 20, 206-210 ; J. Chem. ( 

n Aft . •« I V 


resulting mass is craued and the iron is lemoy^ 
b^ ma^etic separation and treatmei^ with 


Soo. Abstr. 1923, 124, ii. 569). 

A protective coating on iron and steel is said 


921686, 1909; J. Soc. Chem. Ind. 


1909.657). • . ^ 

For the occurrence of Utaninm in Nile silt, 


to be formed by mixing a titanium ore with see E.6riffithsJone8 (Analyst, 1923, 48, No. 568, 
10-50 p .c. of asphalt, and if the product is to 3^). • 

be used as a paint, adding iuipentine. These The following results, expressed as percentm 

coatings can also be formed by heating the of TiO., calculated on the silt dried at 100^., 

metal to be treated with a layer of titanic mineral were obtained 

mixed with oarbonaoeous material in a furnace ^tiknm 

lor several hours (Johnson, Eng. Pat. 15500, FeraaSSl 

1893; J. Soc. Chem. Ind. 1M3. 1046). Uije eoHeoted from the rirer bank M 

The wo epectnim of UUnrarn hu been Maadi, new Cairo . . , T 8-85 


)d with the object of aaoertaming the sat from the RtwAtbw* taken 10 milee 
regniaritiea of this spectrum. . It is shown that „p,tream from the junctioa wtth the 
two different sets of multiplets of six or seven river- 

lines occur. Those sets have respectively the ™ gjlt o£ fine texture • 

differences 170*1 and 2*167, and arc similar to No. 2, a com sand 
the multiplets of the alkaliiie<«arth metals, from Nile at Hassanat Disohai^ site 
There aie also multiplets of eleven to thirteen 5 mHeg upstream from the 

UncMrith differences 42*0, 62«3, 81*7, und 100*2, junction with the Atbara— 

similirtothemultipletsof manganese, chromium, ^ fine siltf brown in colour 

and iMybdenum. The majority of the linw No! 2, fine silt, grey in colour . 
classified bekmu to Kina’s temperature dames I, 4 gamj, bioifh in colour . 


and 11*9 nlihouA a few belong to the classes in. ' * , 

mi ly. (Aatiiophjw. J. 1914, 39, 139). About Amorphoua titaidum dioxide is a 
10 me. of tlwatolw of titanium are thuadassi- 'tastelesa powd« which becomsa lewmjitmw 
fm, Long tabba of the claasifioation an dvon when gently heated, and Iwowh wm VHma 
in Uw vm* (C. C. Kbas and ButieUK. Kiess, strong^. It haa a sp.gr. >8M’8lk It * 
J. Wawngton Aoad. Sei. 19; J. Chem. Soo. inaotubb in water and duute ack^ reeembba 
19% 184, U. 696; 1984, 186, ii. 610; ms also aiUcoa dioxido doMly in cheiitiMl«{n»ortb% 
BehM, Zeittdi. wba. Phot. 1986, 8^ 326; and when fused with alknUs or dkaSiM^on^ei 
Chaai. Boo. Afaitr. 1986,11, 1100; Oraw. Chem. forms the titanetee. 

fl80,J)irtr.lM5,a.885). * IStaniumdfoxidefin&apdwfttoiiaaa^' 

CbaHMWMb o/ litoaMim.--r»laiiwia ^dr«* material and bexttacted on. the bq), ga b aoa 

innaiin to wdat, Wbn tin gaaea liw*a a xaibty of ifaneidto found near B gWWW . 
vbBton destoodi aio paamd throat a heated Borwiy. The oonoentiged oie ootttum 
jAMtotoadenoeHof titattinnbfoi^ 47-6 p.c. of titaniam oxide a wd need to w 

wAktobAblAm. The gaaeona hydride b powdw and mixed to a pa^ wito eeoMnawbd 

to l wA btorf to itoh|ii.aitobooBdMato anlphnrio add. On.hea^ the nuneial m 
. MqNMtom eT ab. Tttodnm tenm ewmrted ^ aohibb "rifhatM ti ^ 

Tha bowto* TIO fenw bfawk titaniam. On treating ^wate and to^ 
)pii—»Vriiiwid by heating the dioxide to the nearly tg hdling-pt^ ^ f iT 

le&srsL iysvTS*iG£ 


. «Mui. toad. lAl, lU. tOM; h ftb. Qwm. Itobfaim 
^ Tto V ii| to ea ito I<,q^(S<towb. « to * tito 


ito Mri aw* *1^ 


• 'fj ^-5 ; fif. 



, OTiuiDM.' , 

% , , ’ . • ' ' " ' • ‘ 

> of titanium diox^o fibrous asbestos supportiM, in tbe order men^ 

optotod mm a base of finely divided bistic^e. tioned, a Much layer of 10*mesh and a 6*iiich 
In cKdour It is farwUtor than white lead* but layer of amalgamated sine and a fi^inoh 


jtowear is twice that oi vdiite lead and is the reduoed titanium solution through a 8-holed 
Igoatest of any white pigment. Its inertness rubber stopper, which carries also an inlet tube 
towttds Tarnish liquids enables it to be used for carbon dioxide and an outlet tube joined to 
in oompositionB that can be kept without the suction pump* The reduotor is prepared by 
duiger of Dvering or thickening. 100 p.o. passina through it a little hot dilute sulphuric 
titanOx in oil dries very sbwlv to a soft acid fdlowed bv hot water, sufficient of which hi 


titanOx in oil dries very sbwlv to a soft mm, acid fmlowed by hot water, suffiobnt of which hi 
a fair quantity oi a metallic drier should left to cover the sine. The hot filtrate from the 
be used, while for interior work an addition of barium sulphate is now introduced, about 
about 80-^ p. 0 . of zinc oxide is advantageous, 100 c.c. of water being drawn from the reduotor 
causing it to give a firm dust-resisting film, into the original beiukor to bring the solution 
Titanox appears to be very resistant to sun- to about the top of the zinc ; the water with- 
Mght slid to all atmospheric conditions and to drawn may be acidified with 10 c.c. of sulphurio 
hydrogen sulphide fumes. Experiments on acid and kept on a hot plate for washinsjaft^ 
rabbits showed that titanox is non-toxic and the reduction. The titanium solutbn is Iwl' 
^ysiobffically inert (H A. Gardner, U.S. Paint the reduotor for 10 minutes, the receiving nask 
Jmuf. Assoc., Govt. No. 199, Feb. 1924, 256 ; being meanwhile connected with the reiwtor 


J. Soc. Chenu Ind. 1924, 48, B. 303). 


and the air displaced by carbon dioxide. 


, Green pigments containing titanium were reduction is complete the receiving flask is joined 
first manufactured about 1861. White titanium to the suction pump, and, with carbon dioxjdo 


mgments are now chiefly made in America and still flowing, the reduced solution is drawn out 
Norway, and are usually sold in two forms and is followed by the acid washing liquor and 
oontaininff 65-90 p.c. and 25-^5 i).c. TiO* three or four Quantities of 100 c.c. of hot water. 


lespeotivm. Ilmemie (FeO,TiO|, containing the zinc being kept covered. The suction is 
61 p.c. TiO|) is now the chief raw material used then gradually released and the flask discon- 
for these pigments, since it is cheaper than rutile nected, 5 c.c. of saturated potassium thiocyanate 
(containing 90-98 p.c. TiO|), which was formerly solution being added and the liquid titrated at 
used.* Pure white pigments are microcrystalline, once with the ferric ammonium sulphate solution 
and have sp.gr. 4*0 and refractive index 2* 1-2*3. until a brownish colour persists for at least a 
White titanic pigments are only soluble in tho minute ; the burette rea^ng is to be corrected 
oonoentratod acids and alkalis, and are inactive bjr an amount which each bperator must deter- 
towards the oils and pigments used in the paint mine by means of several blank tests. As the 


and varnish industries. The resinates and 


lition of titanium oxide is always very 


linokates of cobalt and manganese are particu- nearly 25 p.c. of titanic oxide and 75 p.c. of 
larly suitable siccatives for use with titanium barium sulphate, tho percentage of the pigment 
paintB, 0*2 p.c. of manganese or 0*03 p.c. of is obtained nearly enough tor all practical 
cobalt being recommended as suitable quantities, purposes by multiplying tho percentage of 
PaintB containing titanium pigments are elastic titanic oxide by four. If only an occasional 
and do not crack or seme after prolonged estimation is to be made, the following gravi- 


weatiiering. Titanium pigments have a high metric method is useful. The filtrate from the 
covering and oU-absorption power, and a ready- barium sulphate (sec above) is treated with 
io-uae paint oontains 52-^2 p.c. of white excess of*ammonia and filter^, the precipitate 
titaninm pigment and 48-38* p.c. of oil (E. 0. being dissolved in hydrochloric acid (1 : 1) and 
Baaaer, (iem. Zeit. 1923, 47, 469-461 ; J. Soc. again precipitated with ammonia. The pre- 
Qum, Bid. 1923, 42, 729 A). cipitatra titanium hydroxide is filtered off and 

The Irilowing volumetric method of estimat- washed with hot water, the filtrate being added 


fag titi^um in utanium pigments is not affected^ to that from the previous filtration* The 
by othor elements likely to be present, and is residue Is dissolved in hydrochloric acid (I : t)» 
oonvenient when a number of samples have to the volume of the solution, which is received is 


be ansjlyBed. 3lie reagent used is prepared bv 
dtosolving 30 grms. of ferric ammonium ‘suf- 


a 500 c.of beaker, being kept below 150 c«o* 
To the solution, heated to 50'’G., ammonhim 


pbite in 300 c*c. of water containing 10 o.o. of hydroxide is added gradually until the preolpt* 
■diphiirio add, adding permanganate solution tale formed just ledissolvos, ammonium car* 
^dfop by drop as long as the pink colour dis- bonato solution being then added, drop by drop> 
appaaiSv diluting to a litre, and standardising until a sli|bt permanent predpitate forms, 
is teems ^ iron; f)*5 grm* of the pigment is T^ is dissolved in hydroomoric add, and an 
idbmd 20 0 . 0 . of concentrated sulphuric emss of 2 c.o. of the add (1 : 1) added* thO 
' add imd T to 8 gnus, of sodium sulphate in a solution being treated witb •mphur dioxida gas 
J0O O.0* bealmr, which is heated on a hot plate or solution until it smells stroimiy, dffated to 


mm hamt of tu^ur trioxide are evolve 


about 400 c.c. and boiled ual 


imm boied over a flame for 5 minutes or until odour remains. The liquid is iUteiad whus 
antetkiQ Is oompteto. Hie cold Itoidd is mixed hot, and the piedpitate washed iriib hot 
'wkk 100 e.Q. cl water and boUed, the barium dri^ calcined at not lower ihin 201^1 lor 
auhiiateisidiiUcabe^ffiteiedoff 30 minutes, and weighed as TI0t« ^ 

ffA 5 p*e.adphorioacte solution. Asreductor With a mixed pkmmit ooiMatetf dtedte^ 


f mmC Im Ob H iateodaoid • pyme gm wiA 10 ftm ti mum 
fMM Ugmi » I'M mu Mid 40 cm. of M^teto mM (01 (Mk) 
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wx 90 toinntei, lukd iheii boiM for »boiit TetrAmeihyl laiattate prepmd fromaMtliyl 
iO mhmtmf oooki, dimfod to 300 o.o*, boiled aloobol, sodium, and titamum tetraoblorido 
for 30 minutes, and filtered while hot. The crystallises at 310^ and boils at 243^ oorr. at 
lesidiie is washed with^S p.o, sulphuric acid 62 mm. Tetraetiiyl*,tetraisopropyl*,aadtetra^ 
solution; it contains sili^ undefomposed a^tyl Istanates have also been prepared 
silicates aad all the lead and barium as sul- (Bisohofi and Adkins, J. Amer. Chem. ^ 1024, 
phates. The hot filtrate, oontaining the ti- 46, 256; Chem. Soo. Abstr. 1924, 126, i. 250). 
taainm, iron, aluminium, aino, and calcium, is Ohloro-aoetato compounds of titanium have 
treated with excess of ammonia, and filtered, been prepared from T2UI4 and aoetio add (Qina 
the precipitate being washed with hot water, and Monath, Zeitsch. anorg. Chem. 1025, 143, 
redissolm in hydmhloric add (1:1), and 383; Chem. Soo. Abstr. 1025, i. 531). 
a^ain precipitated with ammonia. The pre- Titanium peroxide TiOg (Classen, Ber. 1888, 
mpitate is filtered off and washed with hot water, 21, 370) resembles hyd^en peroxide very 
the filtrate being united with that from the first closely in its reactions in solution. Faber 
separation; if desired, this filtrate may be (Zeitsch. anal. Chem. 1907, 46, 277) has prepared 
tested for aluminium and used for estimating the hexaralent acetate and phosphate 


the caldum and sine. The predpitate is dis- pn 

solved in dilute hydrochloric add, and the I h 4 

titanium separated and estimated as described both of which are stable at low tern 


titamum separated and estimated as desenbed both of which are stable at low temperatures, 
above, the nltmte being used for estimati^ the but, particularly the acetate, are explosive on 
iron and aluminium (L. £. Barton, Chem. Trade heating. Hypertitanates of potassium and 
J. 1923, 357,-358 ; Analyst, 1923, 48, 403). sodium have also been prepared (Melikoff and 
For the volumetric estimation of titanium, Pissarjewsky, Ber. 1898, 31, 678). 
see also Morley and Wood (J. Chem. Soo. 1924, According to Billy (Coi^t. rend. 1921, 172, 


125, 518 ; Abstr. 1924, 126, ii. 351) ; Lundell 1411) all stdts of the oxide TiO. are really oom- 
and Jones (J. Amor. Chem. Ifoc. 1923, 45, 2620- plexes of hydrogen peroxide and prtitanio salts 
2623 : J. 80c. Chem. Ind. 1924. B. 39^. nnmtfmnndtmr with the nemxidA 


13; J. Soc. Chem. Ind. 1924, 43, B. 38). 
Titanium oxide is used as a mordant, and in 


corresponding with the peroxide TiiOg. 

HaXogen comp(mnds.---Ti&iiiam fotmelilorida 


at lout two cases it has an advantage over TiClg can be obtained readily by passing ^ 
idumina; thus alizarin yellow produces with chlorine over a mixture of the dioxide with 
titaniuni as bright but a much faster colour than carbon ; by passing the vapoftr of chloroform 
with alumina, whilst the scarlet obtained from over titanium dioxide (Rcnz,^r. 1906, 39, 219), 
alizarin orange on a titanium mordant is the and by heating the latter with sulphur mono* 
fastest scarlet that can be obtained on wool. chloride (Hall, J. Amer. Chem. Soc. 1904, 26, 


de (Hall, J. Amer. Chem. Soc. 1904, : 


For this purpose the titanium mordant must 1235 ; Bourion, Ann. Chim. 1910, [viii.] 20, 547 ; 
be freed from iron, and this can be done by dis- ibid. 21, 49), or by passing sulphur dioxide into a 


solving freshly precipitated titanium hydroxide, warm, strongly acid solution of titaaiiqp tri» 
oontaining iron, in tartaric acid, making alkaline chloride (Sm^he and Wardlaw). 


with ammonia and precipitating the iron by 
the addition of the requisite amount of am- 


Titanium tetrachloride is beri; prepared from 
industrial ferro-titanium by treating the latter 


monium sulphide. The filtered solution is then with hydrochlorio acid to remove most of the 
warmed until most of the free ammonia has been iron. It is then levigated to remove titanio 


expelled (Barnes, J. Soc. Chem. Ind. 1899, 15). anhydride, and after 


the mass Is intro- 


Aooording to Sabatier and Maiihe (Compt. duc^ into a porcelain tube, heated to dull 
rend. 1910, 150, 823) the dioxide forms a veiy redness, and subjected to the action of a ourrent 
effiolentoataiystintheesterifioiftionof aceticacid. of chlorine. The ferric chloride is separated 
According to £. L. Nichols (Physical Rev. by filtration, and *the filtrate is fractional 
1923, [ii] 22, 420), cathode rays Ifot not ultra- cUstUled when the pum substance u obtained. It 
violet lij^t from an iron spark excite a very boils at about 13o% is colourteas, and does not 
faint, orange-red fiuoreicenoe in titamum oxide, fume in air (Vigouroux and Arrivaut, Compt 
or, after funon of the surface layer, a fine blue ^nd. 1907, 144, 485). « 

fiuorcsoenee, with rapid fatigue. A thin layer The tetrachloride can also be prepared footn 
of the oxide, when Mted, gave a very feeble rutile by igniting the latter with fhimimiim and 
greyish-blue fluoreaoonoe up to 425^, strong red then heating the mixture in a cunent of «^hlofiiie 
m>m 426^ to 677^, and strong yellow from 677^ (Ellis; Chem. News, 1907, 95, 122). 
to 1000^. When the oxide is heatod directly It is a mobile, transmit, cofouilbia liquid 
with an oxygen-hydrogen fiame, two distiuot of 8p.gr. 1*7604 at 0/*’4^(^orpe),whieb8olidiifies 
phasee are ofiaerv^ according as the oxygen at -23^ and boils at under 760 mm. 


redness, and subjected to the action of a ourrent 
of chlorine. The ferric chloride is separated 
by filtration, and "the filtrate is fractional 
cUstUled when the pure substance is obtained. It 


with an 0; 
phasee are 
or the hyd 


tarihogen is In excess (r/. lAdiols and pressure (Thorpe). It is decomposed by an 
Chem. Soo. Abstr. 1922, ii. 105; 1924 exoeBsofwateryieklmgtitanfeaoidaidcoml^ 
1 21V. with ammonia, forming a nnmber of solid addl- 

nsuibfoaold, titanio add forms a number tion compounds (Rosenheim and 8difitta» 


Tamam^ 


lllil|Pliigib thetwooompouiuhi number of crystaUme eompounda with qte 

and |Li1Qa,4HiO daaermd by chlorides (Rosenheim and fieh&tta, In. ; Ml' 

and Ipaen, Ber. 1908, 22, 1777). Jto 
the trioMoride by he^ 
antimony^aMc^ 






,, MTAKICH. ' . ' 

A in eonoentmted hydroehiorio the idniiimm nietab« mereii^ 

dejMhSy on ernporation in the cM over aohitions of loHs, and reduoee mAi adA 
iW|4inne iazKe, ooloorkes, rhomboidal and idtratee to anunonia. It zednees lercio 
pMei of TiCl(0H),2H|0, decomposed in moist salts quantitativofy to the lerrons oon^|ilioii« 
(Gdlenberg and Sandved, IxA ^ xoaetsinthaffc^solntionillmstanimiiBc^i^^ 

' ^ tHiiiftHB tiidiloride TiOl. is formed when i producing oouoidal gold» anakffioos to purple of 
mmtnre of titanium tetrachloride vapour with Cassius, organic nitrocomponn£ to amines* givea 
hydfcqfen is passed through a red-hot tube characteristic coloured preoijdtates or cobra- 


^bozges and 8tlhler, Ber, 1909, 42, 3200; tions with many organic a^ or Mr salts. The 
St&hler and Baohran, Ber, 1911, 44, 2906), and intense violet coloration with solutions of alkali 
can be prepared by electrolysing a solution of citrates is a (^araoteristic and sensitive test, 
the tetrachloride and then evaporating the and can be employed in thb analysis of many 


eolation to the sp.gr. 1*5 at 60^0^ (Smnce, dyes (Knecht, Ber. 1903, 38, 166 ; Kneoht and 
U*S. Pat. 723217, 1903; J. Soc. Ohem. Ind. Hibbert, ibid, 1549; ibid. 1905, 33, 3318; 
1903, 495, 623 ; B. R. P. 154542). As prepared 1907, 40, 3819 ; J. Ohem. Soc. 1924, 125, 1537). 
by the latter process, it forms violet crystals of This reducing property has also been made use 
tie composition TCl|,6H,0, which decompose of in cloth printing (D. R. P. 138503 Sj Prdi 
into the tetra- and di-chloride on heating, the 1902-4,477). TitaniumMchloridefoimt double 
latter also being formed when the trichloride is compounds with the chlorides of rubidihb^ mid 
heated in hydrin (Georges and Stabler, /.c.). caesium (Stabler, Ber. 1904, 37, 4405), aril also 
Titanium bichloride may be prepared by with nitrogen sulphide (Davis, Chem. Soc. Tnuuu 
reduction of the tetrachloride by means of 1906, 1576). • ^ 

hydrogen, provided that the reaction products The use of titanous chloride in the titration 
m quicldy cooled and the hydrogen chloride of iron is discussed by Brandt (Chem. Zeit. 1^4, 
is removed by means of metallic titanium. The 48, 265, 270; J. ^o. Chem. Ind. 1924, 43, 
trichloride so prepared consists of large violet B. 460). 

crystals, which are fairly stable in the air. The The standardisation of titanons chloride 
rednetion is not direct, hut three reactions, solutions, using the potentiometrio method, has 
TiCL-fH,«TiCa,+2HCl;Tia2+TiCl4=2TiCl,; been studied by Zintl and Rauch (Zeittch. 
21^Gl|-H2HC]=2TiCl4-fH,, may proceed simul- anorg. Chem. 1926, 146, 281 ; (^hcm. Soc. Abstr. 
taneously (F. Mc^er, A. Bauer, and R. Schmidt, 1925, ii. 1003 ; stse also Tomidek, Chem. Soc. 
Ber. 1923, 56, 1908-1914; J. Soc. Chem. Ind. Abstr. 1925, ii. 243). 

1923,42, 1067 A). When titanium tetrachloride A brown polymoqdiic modification of ti- 
ls liMt^ with magnesium, zinc, aluminium, tanium trichloride, obtained by the action of the 
anmic, or antimony it is reduced to trichloride, silent discharge on a mixture of hydrogen and 
the remdion being accelerated by aluminium the vapour of the tetrachloride, has b^n described 
chloride. Phosphorus and sulphur reduce the by Bock and Moser (Monatsh. 1913,34,1825). 
tetrachloride only in presence of aluminium Titanium dicdUoridsTiCli, prepared as above, 
chloride. Reduction with aluminium and is a hygroscopic light-brown powder, 
aluminium chloride in absence of air is the best TUanium U^ahromidt (Ruff and Ipsen, l.c-)» 
method of preparing titanium trichloride. The and tribromide (Stabler, f.c.), the triiodidt 
tnohloride can be sublimed at 425^0. at 1 mm. (Stabler, /.c.), tetra-iodide and the diiodide 
preorare. At 475^0. it decomposes into di- (Defaeqz and Copaux, Compt. rend. 1968, 147, 
diiknide and tetrachloride. Titanium dichloride 65), the Mra- and tri^fwridu (Ruff and 
is a black powder, stable at least to 600'’C. in Ipsen, lx. ; Ruff, Plato and Graf, Ber. 1904, 37, 
absence of lur, but gatebing fire at once in moist 673), and a number of alkali tiUinofiuoiidetf 
air. It decomposes watea immediately with (Marchetti, Zeitsch. anoig. Chem. 1895, 10, 66 ; 


evolatioai of hyarogen(0. Ruff and F. Neumann, Piccini, i6td.*438; Ebler and Schott, J. pr. 
Zeitedli. anorg. Ghent 1923, 128, 81-95 ; J. Soc. Ohem. 1910, [ii.] 81, 552) have been piopaied. 
Ohem. Ind. 1923, 42, 1220 A). Titanium forms three ndphtdes TiSto Ti^|, 

Invostigatioa of the rednetion of the tetra- and (Miiller, Chem. Zentr. 1910| ii. 1195), 
eblondes titanium and zirconium by sodiuift and also a chlorosulphide, 
aael|uii, mimneeittm, ziiic, aluminium, tin, Tttanliim leiqiilsi^lMi TiiCSOAiAStO k 
arsenic, nhosimo^ etc., has shown that re- obtained when the metal is dismlvM in oBute 
daetkm by afomininm at about 250^ affords a sulphuric acid. It is decomposed by heat and 
eonveniest means for the ineparatkm of the forms alums and doable lelti with the al^ 
tilcMozidee, from which exoees of tetrachloride sulfates. 

alomiiihim efatoride can be removed by ^e eleotrolytie reduction of pmf mmie 
d&ftOlition. Tltaiiium trichloride thus pro- compound is grMy IlMiUtatcd tim adm 
is a bright vkdet, non-crystalline powder of a small quantity of a titanhim sail, iuA ai 
ftdMngal 4257<I mm. to form dark violet, Iho sulfate (D. R. F. 168278 ; 1^1)986*7. 

itievwyseneiiivetooxygen 115). Titanous is ilio fsriminieideia 


aiid^^ for detecting copper in dy^fiMei iSMd^^i 

tbeyri^tetischkifideandab^^ Soc. Dyers, 19041 20, OT). Tlm'eiSQltoiiro^ 

Iho dj^nde, wMdh is weiy reactive, takes fire titraticoi of ehton^ Woeude* igciate,and fcis^ 
|illiolst dr,aQddeoomp^ cyanide irith tltanew k 

M ^ ifitogm (0. Buff and F. Neumenn, Rendrixeon AtterrcK^ floe. 1988, H, 


diMHBU.nilQrB^ atHlttoStf k «idM «M ^ i» 




mmm. 
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in n lead-lia^cl rmdt tbe 
•notion beiag^ fixu^y Wii|Kn»ted to o ip.gri of 
M45» wlm toe jult oryiMiaes oot. 

It to 0 wworfiil todoeiiiff afl;ent« and ofto be 
oppli^ k m pMoiatioii d other titanoos salts 
(Peter Spe&oe and Sons, R. P. 149602, 1904). 
^ Ttta&m dliid9lil^ Ti(S04),,3H.0 forms 
double salts with the subhates of the alkalis 
•nd alkaline earths (Weinland and Knhl, 
2Seitseh. anoig. Ghem. 1907, 54, 252). A number 
of basic Bulj^tdf (^ondell. Bull. Soc. chim. 
1899, [iii.] 21, 262 ; ^seheim and Schutte, l.e.) 
and titanosttlphuric add {Roichard, Chem. Zeit. 


1904, 28, 16) have also been prepared. The 
preparation of solutions of titanyl sulphate 
TiOBO| is described by Weizmann and Blumen- 
feld (£. P. 209480, 210033 ; J. Soc. Chem. Ind. 
1924,43, B. 256). 

Titanium forms a number of nitrides and 
also a chloro- and bromo-nitride (Ruff and 
Riser, Ber. 1908, 41, 2250; J. Soc. Chem. Ind. 
1908, 809 ; Ruff, Ber. 1909, 42, 900 ; Ruff and 
TieMel, ibH 1912, 45, 1364). The mono- 
nitride Ti^Ki is a bronze yellow mass of 8p.gr. 
5*18, and is hard enough to cut rubies and 
diamonds (Moissan, Compt. rend. 1895, 120, 290). 

According to Shukoff, however (J. Russ. 
Pliys. Chem. Soc. 1910, 42, 40), titanium only 
forms solid solutions with nitrogen, but no 


Titanium also forms a earhide (Shimer, 
Chem. News, 1887, 55, 156 ; Moissan, U , ; and 
Cbmpt. rend. 1897, 125, 839); a carbide of 
titanium, m,p. 3400^-3500^ Abs. was prepared 
by Friederich (Z. Physik. 1925, 31, 813; Chem. 
Soc. Abstr. 1925, ii. 374); Titanium jforms a 
cffanonUride Ti(C^)i*3Ti3N4 (W5hler, Annalen, 
1850, 73; ibid, 34, 74, 212; Franck, Chem. 
Zeit. 1897, 21, 520; J. Soc. Oiem. Ind. 1908, 
809) ; and a iUicide TiSi. (Honigsmid, Compt. 
rend 1906, 143, 224 ; J. Soc. Chem. Ind. 1909, 


dttble double pyrophosphates of titanium 
and alkali are prepared by mixing together 
alkali pyrophosphates ana basic * titanium 
sulphate (Barnes and Spence, Eng. Pat. 

1908 ; J. Soc. Chem. Ind. 1907, 93). 

ff'thiiiiiim phiO$phid€ TiP forms a brittle 
mass with a met^ huire. It bums when 
he at ed in air, is a conductor of eleetricitv, is 
iaahbbie b dbte and in concentrated alkalis 
and acids (Ctowecke, Annalen, 1908, 361, 79), 
Titanic acid forms crystalline ikiocyanaks 
of the type K JiO(SCN) Ao and double salts 
mth mimiie (^N|H)4H^O(SCN)4, and ^mo 
line (Rosenheim and C^ Zeitich. anoig. Chem . 
1901,28,167]. 

Dcnfale fluorides of titanium * with some 
aftnlbids m described by Schaeffer (J. Amer. 
<aiy,Sim,190d 30.1862> * 

aao* sp^ m Utanium have been 
yiejtteffV Mamc^^ 
stSuMi. 1010, 4&k i, 066). Otter titanhim 
9011^1 are dsmbed BSthMr 
Ajiiielea,lOOOl84l,30Qk 
Land SohinM (Bur. 1905, 38, 2777), 


liMuerao* 
10,11. 


Belt, 1900, SO, 
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Bames in 1877. For the behaviour of titanic 
acid towards dyes, ms A. H. Horky and J. K« 
Wood (J. Soc. Dyers and OoL 1923, 399 100- 
105). The salts used axe: the snl^iate, 
qjMorides, fluoride, oxalate, tartrate, lattes, 
and the double alkali derivatives of these salts. 
The stdts for this purpose are obtained by 
the following process. 

The ore is melted with sodium hydroxide 
and the mass is lixiviated with water; the 
residue is then washed free from alkali, dksotved 
in hydrochloric acid, and the solution is treated 
with alkali to precipitate titanium as hydroxide. 
The product is tried from iron by &c addi* 
tionof sodium sulphide, the precipitale washed 
and treated with sulphurous acid. It is then 
converted into titanium oxalate by treatment 
with ammonium oxalate and oxalic acid 
(Erban, Chem. Zeit. 1906 , 30, 145; e/. also 
Dreher, Eng. Pat. 1835, 1903 ; J. Soc. Chem. 
Ind. 1904, 18 ; Spence, ibid, 1900, 246). 

The laciaU$ are conveniently prepared by 
dissolving titanic acid in hydrodaloric acid aim 
pouring the solution into a warm solution of 
an or alkaline earth lactate (Dreher, 
Farber Zeit. 1902, 13, 293; D. R. P. 149577; 
Frdl. 1902-4, 43 ; J. Soc. Chem. Ind. 1902, 
988, 1245; 1903,908). • 

The soluble salts of titanium, such as the 
oxalate, are very efficient fixing agents for the 
tannates of the basic colours, the results obtained 
being as good as, and in many cases better than, 
those obtained with antimony. For this purpose 
it is unnecessary to purify the titanium salts 
from iron (Barnes, J. Soc. Chem. Ind. 1899, 15). 

Titanium tannate washed free from sulidiate 
and chlorides, and dissolved in warm aqueous 
oxalic or tartaric acid, is an excellent Mye for 
cotton, the shade varying with the 8p.gr. of 
the solution. The solution of titanium tadnate 
can also be employed as a further fixing and 
modifying bath after dyeing, the colours beemn- 
ing faster and more yeUow after such treatment* 
It abo serves as an excellent fixing agent lor the 
Janus colours which have been dyra substan* 
tively. Very good colouip are also obtained 
with methylene blue, rhodamine, and aniline 
black (Barnes, U , ; Kearns and Barnes, Eng* 
Pat. 8589; J. Soc. C!h2m. Ind. 1899, 491; 
Erban, Chem. Zeit. 1906, 30, 145). 

A solution containing a titanium salt gives, 
fwith tannic acid, an orange precipitate; with 
gallic and pyrogallic adds, orange or brownish- 
yellow solutions ; and with salifylic add a pale- 
yellow coloration: a yellow to deep omiige 
colour is abo produced by hydrogea peroxide ; 
these colours are imparted to wool whmi the 
latter b steeped in the hot solutions (Bsmee, J* 
Soc. Chem. Ind. 1896, 420; 1897, 238; Kto g* 
Fnt.5712). 

The oxalate, tartrate, titanium sodium oxa- 
late, titanium taono-oxalate, titaxihun sodium 
sulphste, and titamms chloride can be used with 
results in dyeing, and mordantiiig silk. 
Tki titanium moiwts are abo usefol in the 
dteome devek^ colours, and. in the after 
treatment of siik previously dyed with aiitl» 
oene yellow or brown or alisarin cobiiii. Vor 
this purpose Utanium potsadum oaO^ m 
titaoittm sodium sulphate an heat used (HuNk 
J.ffoo*Dy«iS9imi9,105; Banm^UilM 



UTiKm 


Titanittiii salts unite with the tannin matter 
of leather to form on the fibre a yellowish^biown 
titanium tannate, 'which is very last to light and 
to the action of soap. On account of its chesfp- 
ness, potassium titanium oicalate is the mo^ 
applicable* It is exceedingly soluble in hot 
water and can be applied to tanned leather 
either in the dye-bath or with a brush. The 
mode of application and the previous and subse- 
quent treatment of the leather depend on the 
quality of the latter, whilst the shade of colour 
obtained, which varies from bright yellow to a 
reddish-brown, depends on the nature of the 
tannage and on the amount of titanium salt 
used. The basic colours especially give much 
fuller and richer shades 'with titanium than 
without (Lamb, J. Soc. Chem. Ind. 1901, 1111 ; 
U.S. Pat. 722857, 1903 ; I^her, J. Soc. Chem. 
Ind. 1902, 771; 1903, 294; 1904, 71; Eng. 
Pats. 9556, 1901; 27597, 1902; Stiasnky, J. 
Soc. Chem. Ind. 1902, 1329 ; Erbem, l.c.). 

According to Barnes (l.c.) titanium tannate 
can also be used effectively as a pigment in 
water-colour drawings, the colour depending 
upon the conditions of preparation of the pig- 
ment and varying from brick-red to almost pure 
yellow. Titanium spits are also said to bo 
employed in the manufacture of artificial teeth 
ana in colouring porcelain (Ladoff, Lc. ; Barnes, 
J. Soc. Chem. Ind. 1896, 421). I 

See A. H. A. Bbbinson on Titanium, Dept, of 
Minds, Canada. 

The titration of triphenvlmethane and azo 
dyes with ,N /20 titanous chloride solution is a 
satisfactory method for determining the strength 
of commercial dyes of these classes, and has 
been applied to the routine analysis of about 
30 members of the former and over 100 of the 
iMter class, giving results that could be relied 
upon to about 0*5 p.c. The concentration of 
sodium tartrate and of alcohol in the solution 
to be titrated and the temperature of titra- 
tion can be varied within wide limits without 
materially affecting the results obtained. In 
the case of the axo dyes difficulty was en- 
countered in the intense colour of the reduced 
BolutioD, which masked the* end-point of the 
titration. It was fou^ that this omour depends 
to a large extent on the nature of the solvent, 
and that by a judicious choice of solvents a 
direct titration is possible. Details are given, 
of a direct titration method and a black titra* 
tkm method Ua use with azo dyes. In the 
latter method the reduction products of the 
dye frequent^ serve as an indicator, but if not 
a 0*1 p.c. fomtion of reduced methylene blue 
mw be added. Water, alcohol, acetic acid, 
and mixtures of these wm used as solvents. 

ana^rsis of bsme brown dve-stnffs was 
poedlils the indirect method if the titanous 
"vras added at room temperature, 
laiheana^m of ohi^soidines the temperature 
had to be below 70^0. to avoid de^posi- 

tkd and oonseoumit low results (W. S. Gslcott 
aiid 1. L Ingudi, Ind. Eng. Chem. 1923, 16, 
Soc. Oem. Ind. 1923, 42. 

, \ Titsnlm terrii^^^ 

•Smmf ^ hydro- 

ebhtkt a^ mm been suggesled as a aubsbHnte 
< lor BohwcQifartb nrcCTi adhaO I 


pigments (Msner, Dingl.. poly. J« 906, 130 1 
^ntele, ibid. 140, 238). 

TIZA, A local South Ao^idcatt name for - 
ulexite ^.e.). , 

TJI.T. Trinitiolotuene v, ExrLOSZVis. 
f.NX* Trinitroxylene. 

TOAD’S EYE. Jfaiive wide of tin v. Tin 
eaUi and oasides, art. Tin. 

TOAD VEMOMS, Toads have loim been 
known to be poisonous, and in the eipteenth 
century toadskins were employed as a remedy 
against dropsy. This ap^cation now only 
survives in China. A scientific basis for this 
therapy has been supplied by the isolation of the 
following crystalline active principle having a 
powerful digitalis-like action on the heart, j 
Bufotalin C 2 tH,j.O|„C.HtO, m.p. 148% 
from alcohol, 20|f H 220 (, 04 £[ 20 |, m.p. 164 , 
ethyl acetate. In each case the solvenn of 
crystallisation is slowly lost in a high vacuum 
at 150°. On careful heating bufotalin sublimes 
at 226°-230% [o]j)=-f5*4% This substai^e 
was first obtained in an impure form from the 
skin of the common European toad by Faust 
(Arch. exp. Path. Pharm. 1902, 47, 278), and 
was subsequently obtained pure by Wieland and . 
Weil (Ber. 1913, 46, 3315; see particularly 
Wieland, Sitzber. bayer. Akad. Wise. 1920, 329 ; 
Abstr. Chem Soc. 1922, i. 199). Each toad skin 
yields about 10 mg. of bufotalin (and also 3 mg. 
of suberic acid). Of the six oxygen atoms, two 
are present as a lactone group, two as an acetyl 
group, and two are hydroxylic. Of the latter^ 
one is capable of acetylation (which yields acetyl 
hufokUin CjsHj^O;, m.p. 254%, the other can 
be oxidised to a ketone group (present in 
bufakione C 2 «H| 404 , m.p. 261). T€tmhydr<h 
bufotalin C 24 H 40 O 1 , m.p. 204°-205% and ou/o- 
udan Cj 4 Hs.O„ m.p. 198°-199% have also been 
prepared, the latter by the removal of one 
molecule of acetic acid and of water by the action 
of concentrated hydrochloric acid on bufotalin. 

Bufotalin is not present as such in the skin 
of the toad, but is a product of the decomposition 


land and Alfes, Ber. 1922, 55, 1789). Bufota- 
lein diffeis from bufotalan (above) by having 
four double bonds, and being yellow. 

The carbon skeleton of bufotalin, apart from 
tho acetyl group, consists of 24 carbon atoms, 
with four^ rings, and the same arrangement Is 
believed to be present in the bile acids. More- 
over, cholic acid has been shown by Windaui 
and Neukirchen (Ber. 1919, 52 [B], 1915) to 
differ from cholesterol by having an isopropyl 
group at tha end of a side chain 

irfioh in cholic ndd k lopw iento d by 
CO,H‘CHa-C!H,‘OHlb-~ 

In bsfotnlin thk lide ehaia k ptoteUy IWilnt 
oxMised to/k y-laetone 

,00; — q/ 

' ’ Bi^uUdiit 1$- ft wo^ 

ftahttuMk kon dw SaonMn.tMd. Oi^mO,^ 

mdi ftMitdirf etyitaSiMdoiiS Btli, ftb nir, 




viftcumn at ; 

iii(fc^a ®»|^ 217®— 218®, [ajj) 

aB+li®,oooiin ia tlie»fleex^tion of the parotid 
gland of the bige Oenttal-American toad ^u/o* 
agna (together nearly 7 p.c. of adrenaline), 
and was isolated Ahel and Madit (J. Pharma- 
ool. ei^pt. Ther. 1912, 3,319). Acooiding to 
Bhimizu (t&td. 1916, 8, 347) it is also present in 
the CBiinese drug ' senso.’ 

Bufo agua is nsed for the preparation of an 
arrow poison by South Amenoan Indians. 

Wi^nd considers that the formula for 
bufaffin may require alteration to 
which IS that of the methyl ether of bufoQin. 
The above toad venoms are pharmacologically 
similar to digitalis and strophanthus (^.v.). 
Bigitoxigenin is, according to Goetta (Arch. exp. 
Path. Pharm. 1920,88, 113),C24Hg|04,and stro- 
phanthidin (=cymari|enin, see art. STROfHAit- 
thus), has 23 or possibly 24 carbon atoms. All 
these heart poisons from animal and vegetable 
sources seem to be related to cholesterol and the 
bUe acids. G. B. 

TOBAOOO. The botanical order of the 
Boianoeeae includes many well-known plants 
which are extensively cultivated because certain 
portions of them arc of great utility to the 
human race. The tuber of the potato and the 
fruit of the tomato are food substances of great 
value and of almost universal consumption. 
Other genera of the order, however, afford in- 
stances of cultivation simply for the production 
of foliage ; the dried leaves of the thorn-apple 
{Daiwa Stramonium [linn.]) are sometimes 
smoked’ as a remedy for asthma. The most 
important plants of this class, however, belong 
to the genus Nicotiam, and their dried leaves 
are known as tobacco. The etymology of the 
word ^tobacco’ is somewhat obscure; the 
geographical origin assigned to it by tracing 
it either from Tobago, an island in the West 
Indies, or from Tabasco, an island in the Gulf 
of Mexico, is probably incorrect. When the 

a laniard drst visited San Domingo they found 
at the natives used a peculiar contrivance for 
inhaling the smoke of burning ttobacco leaves. 
T^s instrument was called a * tabaco,^ and was 
shaped like a Y with the arms so close together 
that they could be inserted up the nostrifi, and 
it is highly probable that the word tobacco thus' 


originated. 

Upwards of 40 species of the genu^ Nicotiam 
have been describe, but many of them are 
mo^cations resulting from the influence 
of souand climate on the chief species, i^icofiana 
fohacam (linn.), the most important member of 
the genuc, is a flue plant, indimnous to America, 
whme it grows from 6 to 9 ft. high. * The stem is 
idightly viscous, and the leaves, which are 
odhng or luaoeolate in ihape, are attached 
mmoMy, and surround the stem in the form 
a i^al <of which the ninth leaf overhangs 
thtfi^t^tei^ the second, and so on). The 
dlstanoe between the leaves is uauallv about 
2 ins. CauKracteristic soft downy e^mkdular 
hairs cover the stem and the under suihme of 
ffaeflaves, and these an of great servicO hi the 
identiftoatio& of tobacco by the microsccipe, 
tin BhWi have fomiel-dii^ coroUas; about; 
i las. long, of a rose or pinB sh ookwr, itod an 
hl^iige tMdiua dustersl the seed 


p(s^ have two valves, and Ihe seeds an veijr 
small and numerous. Modifleations in the t^^ 
have resulted in the production of sevem 
varieties of this species, differing chiefly in tlie 
eise of their leaves. The two principal groups 
uow leoctfuM are NkoHana Tabacmiip var. 
fimmphf/ua, or * Maryland tobacco,’ oompri^ 
stalked and stalkless forms, and NieoUana 
Tabamn, var. angwitifdiat or ' Virginia tobacco.' 
The finest growths of Cuba, Manila, and Turkey 
(Including Latakia), are now attributed to a 
form of the stalked Maryland tobacco. Under 
the name of &iraz tobai!^, JV. perstto, a very 
fine variety, is cultivated in Persia; but the 
plant is prol^bly a form of JY. Ta6aetMn, obtained 
by cultivation of seed derived from a Bwflian 
variety. Of the remaining species, NtcUiam 
rustica (Linn.) is the most important. It is of 
hardier constitution and dwaner habit than the 
preceding species, and the flowers are also of a 
lighter colour. It is cultivated largely in 
Germany, Hungary, and in the East Indies, 
and includes the common Hungarian and 
Turkish varieties. 

The use of tobacco for smoking purposes is 
supposed to have ori^nated among the North 
American Indians. When America was first 
discovered, and afterwards when fresh portions 
of the continent were explored, the practice was 
found to be prevalent among all the native 
tribes, and its introduction into Europe .very 
soon followed. The plant was first cultivated 
in Spain early in the sixteenth century, and was 
intr^uced into France and Italy about the 
year 1560. It attained consideiable fame as a 
medicinal herb, and was at first regarded with 
universal favour. Sir John Hawkins is said to 
have brought plants home in 1566, but Sir 
Walter Ealeigh, who learned the uses of the 
plant from Mr. Ralph Lane, Governor of Virginia, 
probably first introduced its cultivation. The 
habit of smoking soon became general, but tots 
use of toe plant met with a concoderable amount 
of opposition, not only in England, but also 
throughout Europe. Nearly the whole of the 
early literature oi^ the subject was written in an 
ant^nistic strain. Kings' counterblasts, Fcnes* 
anathemas, Sultans' decrees and even violent 
punishments failed to check the grow^ habit, 
and plantations sprang up, not only in m New 
England States, but also all over toe United 
Ki^dom. In the year 1604 toe tax on toe 
imported article was raised fron 2d. per lb. to 6c. 
lOd^ per lb., and English fdanters were loridddan 
to pi^uoe more than one huodiedt^lght of toe 
leaf. Shortly altwwards the pro^mpttoa of 
tobacco was made a royal monopolty, and toe 
King enjoined the pluadng up of au tobacco 
found growing in England and In the 

years 1652, 1660, and 166^ Acts were pMsed 
prohibiting the cidtivatibn of tohaooo in Blgkind 
and Ireland, and toese Acta were extended to 
Scotland m toe year 1782. The prohihitom 
as le^^ffds Ireland vaa removed in the year 
1779, but was subsequently leimposed in the 
year 1831. NotwItostandiDg theee measmei, 
toe Quldyatkm of tobacco in Bbidand did not 

S r eeise uatU the year 1782, when some 
an to toe iMe id Toto were impilioi^ 
toesmabtjitS^OOO. TtoiestrMtiveiegM^ 
ttobai nrads Ma&d wa^ 
ifbrOnetWMhtolOlQv^ 






iMtev.— H vb tofa«odo ^i&t, enaeii- 
lb[% tropical, can, smtable moifificaiioiui 
In tie omtaval detaiJb, be grown sncoesefulty in 
traiiperKte dimatos. It is cnltivated for con* 


WIfM pmoses in the Umte4 States, Cubtf/ 
WnaxQt Prasi], Paraguay, the Duteh Indies 
tAd North Borneo, Australia, India, CSnna, 
Bnnnah, the Philippines, Persia, the Tmnsvaal, 
^ndesia, Nyasatand, the Levant, Greece, 

. Butigaiy, Oernany, Kussia, Prance, and Hoi* 
taiid, and is mwn on a small scale in the United 
JUngdom, In Spain and Egypt its cultivatiQn 
» ptolubited. Cigar leaf is grown in Cuba, the 
But Indies, North and South America, Rhodesia, 
and Germany; tobacco for pipe smoking in the 
United States, the Levant, Germany, the 
it^ansml, Nyasaland, Australia, China, Java ; 
tobacco cigarettes in the United States, the 
LMnt, Greece, Persia, and other countries* 
Ia the United States, several types of leaf ate 
grown, of which the principal are the Seed Leaf 
, and Florida varieties of Cuba and Sumatra 
tobacro for cigars ; White Burley ; the Heavy 
Shipping or dark tobacco of Kentucky, Virginia, 


and Harriand ; the Yellow tobacco of Carolina 
and Vit]riiiia ; and the Perique of Louisiana. A 
mngled type of yellow tobacco is grown also in 
Ohio. Sero Leaf rMuiies a strong, highlv* 
uanmed soil, which will promote a rapid growth, 
•0 that the plants may be harvested when ex- 
pansion of the leaves ceases, and the process of 
gfanulation and secretion of the gummy sub- 
stances begins. White Burley flourishes in a 
li%hJy fertile disintegrated limestone. Heavy I 
Supping tobacco thrives best on ferruginous 
skyey scdk Yellow tobaccos need a sandy 
porous,* sterile soil, to which just sufficient ferti- 
nsers (snpu^osphate, potash, and nitrogenous) 
have been added to promote summer growth; iu 
the autumn the pknt's declining vitality causes 
the leaves to turn more and more yellow until the 
tint denied is reached, which is forwards fixed 
In Hm curing process. Perique is grown on low- 

a lands, black with humus, in the swampy 
its of Louisiana, dimate has a great 
Maence bn the davonr, bpt the texture of 
His leaf depends largely on the nature of the 
«O0 in which the pfimt grows. The northern 
fariatki, for exam]de, pknted in the Southern 
ftatoSg^nally change in character; the plants 
ripen eaiBer and the leaves assume a lighter* 
Innbnr, diminish in siro, and increase in thi^^ 
and sweetness. • Special attention must be paid 
id the lertiisnem used to ensure that the.pro* 
poriioiia nf anunoiiia, potash and phosphoric 
nriil most suitable for the type of leaf are em- 
floyed. Too mnch ammonia darkens the 
nolour of the leal and increases its nicotine* 
while too little ammonia retards the 
gdowrii; Alkaline materiab encourage the 
llUwlli ceflaia fungoid diseases, especially 
rooNoti md lime is therefbre much less used 
wim lofmeriy tile ease. 

The send is lewn im Febtnaiy, March, or 
K In seed IMs, eomposed of a light friable 

oil tim ground prior to fowkg to 
tfid insBOts. The youM rieiitf 
fijiripmlritherkl^ 


• they are tranin^ted ^ plou|^ jA 
B thrown up in ndges ; and if the wea^ Is 

I they are watered in. Asnaceoffrom 

* Msltewed between eariiquant in the tows, w^ 

!/ are i^e from 3 to 4 ft. apart The ooostaiit 

B removri of suckers from the plants (^surimrigg ), 

, frequent harrowing of the soil, aim destrneiSon 
« of weeds and insect pests are necemaiy. In 
» Turkey Mid other Eastern countries, where 

* small leaves are desired, and the buds airi 
1 flowers are also ured, ‘ toppixm * is not piictiredi 
1 but the larger growths of the United States, 

j usually require this treatment when the first 
, bloom b^ins to show. Ten to a dozen leaves In 
5 the case of Heavy Shipping tobacco, and 16 to 
5 18 leaves in the other varieties, are allow^ to 
; remain on the stem, and the increase 
3 surface may be as much as 60 p.c., when fom* 

. pared with leaves of normal size. Seed waf 
3 requires from 2 to 3 weeks after this operatkm to 
i ripen, yellow loaf and Burley take a month, rad 
i I^vy Shipping tobacco 2 or 3 weeks longer. 

^ An abnormal amount of organic matter accum* 
t lates in the cells of ripe tobacco leaf, owing ^Jme 
k ‘ topping * and ‘ suckering ’ of the plant. !«e 
L continuous accumulation of nicotine, oxidising 
I enzymes and acids which takes place in the cells 
finally causes the chlorophyll granules to acquire 
a yelloaish colour. The change from tik normal 
deep green tint of the leaf is very noticeable to 
the experienced eye, and indicates that the time 
for harvesting has arrived. Another sign of 
ripeness is that the leaf becomes brittle, and 
snap when bent between the fingers on account 
of the great increase in its starch contents. The 
constituents of the cells having fulfilled tiieir 
functions are at this stage going back to the 
stem to be transferred thence to the upper 
leaves, to be used for other purposes in the 
economy of the plant. Comprra with the 
young leaf, the rip leaf has a density half as 
high again, and contains about 2} times as 
much matter soluble in boiling water. 
curing of tobacco is a skilful opiwon, involvks 
much more than the simple drying of the leal. 
Its object is to promote by favourable conditions 
the imprtant changes in composition which an 
brought about by enzyme action on the tuinliM 
food material stored in the ripned leaf. Until 
this is accomplished, it is necessary that the life 

• of the leaf, which may peirist lor several days 
after harvesting, should be preserved. Any 
acUons wjiich tend to kill the leal nrematurefy 
are to be avoided, e,g» breaking or brokiiigtlie 
leal, freezing or very rapid dmM. The 
methods of enring are fully decked in Parmer's 
Bulletin, No. 573 of the U.6. Department of 
Agriculturef 1916. White Bnriey MEid Seed Leel 
an air cuiril in houses that can be veoUktod at 
will: tins opcatton requires from 6 to 6 weelai. 
An ritorna^ change from the moisi to the #0^ 
eondition of tto leaves takss pkos aoeo^^ to 
atmospherio conditioos as the ooriag iMiredi. 
Yriiow leaf is enred by artifirisl hs^ fiiiri* 
bnted by dines in ilr*tight heniSi The tem^ 
nerature Is maintaiiied at 66* to M*f» for , It to 
^ bom for tim teal to aeqrire ito pnw 

tto Imat k then laised by 6^ to 19^ at a ^ie# 
abont eveiy t h&m» to tIA*' to IWVi an^ ^ 


emd. Theeurizf eftheataBEsiifhto 
by taMog the teBqpntoro heiiii|^ S* to 10^ 




wmm. 


lUb Hii^ tto» dft7». Umy &i|)piiig 
tobtKKso M hikog on f^afoubi or in bi^ for some 
dayp to become yeliov> nnd the curing is oom* 
pieted by b^^fires, kindled diiecUv under 
the tobeooo and gMuaOy incteaeed in i^. In 
India, Ceylon, and other iBastern countries, sun- 
cmrin^ is suiEoient. Where resort to artifioial 
heat k necessary, it is essential ^t the increase 
of heat should be at first very, gradual, as the 
(di|eot is not so mudh to dry the leaf as to fix as 
far as possible its qualities as t^ards colour, 
strengto, elssticity and flavour. A hi{;h initial 
temperature causes the leal to dry rapidly and 
retain its green cobur, whereas by slow drying 
the tint pr^uced will vary from shades of yeibw 
to brown. The proper fixing of the colour of 
the leaf is of great nnancial importance to the 
surer. The leaves, except those of the yellow 
varieties which are harvested as they ripen, are 
not usually removed from the stems prior to 
curing. Perique tobacco undergoes a special 
process of curing. After the leaves in the 
oiylng-houses have acquired a brown tint they 
are twisted into rolls containing about 30 leaves ; 
these rolls are packed into boxes holding about 
50 Ihs. and heavy pressure is applied ; the rolls 
are then slightly opened out and exposed to tiie 
air to aerate the exuded juices and, when these 
am re*absorbed, again subjected to pressure. 
This operatbn is repeated daily for about 
10 days, and at longer intervals for some 3 
months, with the result that the tobacco ac- 
quires a glossy Mack colour, and a rich rharac- 
teristio sj^tuous odour. In Florida, cigar leaf 
Is now grown from Cuba and Sumatra seed, 
but success has been achieved only by making 
oonsiderabb changes in the ordinary methods 
of oultivatbn. The plants are placed closer 
together, about 14 ins, apart; the Cuban 
varieties arc topped high, but the Sumatra kinds 
are albwed to bloom. Each plant yields from 
18 to 30 suitable leaves whicA are primed ofi 
as they ripen. The discovery that plants shaded 
by trees were far superior to those grown in the 
tmen fields, led to the adoption of artificial 
ahft^, which has also been triediwith success 
in Cum, Porto Rico, and Connecticut. 

Preparation for the market involves the 
giadiag, f«Rn0ntati<m, and ageing of the tobacco, 
and it usually manag^ by the packers and not 
by the faring There are three methods oi 
fermentation; the sweating in bulk, the. natural 
mat after packing in cases, and the forced 
matlnoase; but the first is generally used, as 
it ean be more easily controlfed. The natural 
sweat of Seed Leaf b conducted In large wooden 
eaiee, eaA hoMiim about 300 lbs. cl lea! ; a 
mm of about haS an inch is idlowea between 
da beaida, through which the air enters and the 
UsMwie eMM^ In the autumn the leavee 
a»s pmiisd t^t^y into the boxes, which are 
tiMMi atmd k the watehouse in tiers until the 
nm pqmilag In the folbwing summer Is 
fiitWiaiL 

UttSomk Ml the less of weight during ke pro- 
e s ka i tti c^|pf»mlfit»Up*a 
mH topping khaoeo are afiow^ to 
HMrM hSWJ am tiaw before hdim 

S d» OS tosad Inlo hogdeads by vmmA 
Mjibaadi am togs enough h> hok fimn 
tfiw^nltdimtoL 


Yellow tobaccos m ato butod dm for a 
month or two to fix the oefiour, and are altw^ 
wards packed loosely. Cuba, Sumetia, end 
other cigar tobaccos are carefully graded accord* 
to colour, ho., and are fermented In lam 
bulks, varying Ism 3000 lbs., lor the Uiht 
varieties to 16,000 lbs. for the dark varieties of 
leaf. The fermentation is aUowed to pxooeed 
for from 6 to 8 days, and the heaps are then 
re-made, the outsioe porilons bring placed In 
the centre. The operations are conducted in 
rooms heated by steam plm to about Ififi^F., but 
if the temperature of the neaps is aUowed to rise 
much above 140°F. the enzymes present are 
liable to undergo oxidation with consequeut 
deterioration in the quality of the tobacco, 
Hme-grown khaceo. In the year 1886, 
owing to the agricultural depression in thu 
country, efforts were made to remove the 
restrictions then existing on the home enltiva* 
tion of tobacco, and permissioa was obtained to 
try experimental growings in several seleeted 
localities. These experiments were repeated in 
the following year, and were suffiriently satis- 
factory to jnstify the opinion that tobacco could 
be grown successfully as a lam crop in the 
British Isles. Experiments «nnder the auspices 
of the Department of Agricultnre in Dnidm 
were -started in Ireland in the year 1960. 
In the year 1904, the cultivation was com- 
menced on a commercial scale, and in the year 
1907 the statutory restrictions were repealed. 
The Department continues to furnish all poeiibie 
assistance to the tobacco groweis, and annual 
reports on the progress of the experiments are 
published in its journal A total area of about 
200 statute acres was devoted to the cultivation 
of tobacco in the year 1914, as compared with 
20 acres in the year 1904. The etop of 1914 
rielded about 160,000 lbs. of marketable tobacco. 
During the war the area under tobacco cultiva- 
tion was greatly reduced, but in 1922 about 35,000 
lbs. of tobacco were raised from 50 acres planted 
I by 46 growers. Cultivation has been tried 
I sucoessf^y in the followixm counties : King’s 
County, JLouth, I^t^ lulkenny, Wexfo^ 

I Tipperary, and Limerick. The ermerimental 
tests which have been coined on for several 
years gave promise that satistotory roll and 
plug pipe-tobaccos could be produced from surii 
faybrid varieties of leaf as * Copper King,’ * Blue 
r^or,’ and * Kentucky Black, also ’ Irish Odd * 
for cigarette tobacco. TbcM varieties were 
found, however, to sufi^ from root-rot, a 
condition which does not obtain in tb^ Italiaii 
hybrids ’Skiky,’ and 'Torrirish,’ vhyi have 
since been tried for pipe and rigarotte use mgm, 
tively. The influence of the cool, mrist climate 
favours the production of large thk leaves which 
ate somewhat deficient in pm, resins and aroma ; 
but these deferia have to some extent been ov«a* 
come by prolonging the ripening season, during 
which the leaf gains in body. Irish leaf bi to the 


most part used for bleiding with untomeiitsd 
dark American tobacco of the Western tm said 
recent experiments have been directed chiefly tO 
the itkdngycf small mps of heavy dark vsiieties 
by working larmets. The Irish climate, how- 
ever^ flavours the production of tobacco such •• 
is grown in nomm countriei, all of wldak fli, 
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:t|Qf iiip^eM aa^iB deep eidtiyfttiini» » fine ioilt and XrUi Steie. QjxamtB oontendei tfial tlm 
fidkii ^teeted firom cold winds hy Mgh iiedges xebate of one-sixth itoxn the duty allowed hy Jaw 
or ower means. As regards manuiest the in 191d in the oase <d home-grown tobacco was ; 
Initial growth is found to be moie'rapid when not sujffidient to allow pf tobacco being grown at a 


iaimyaid manure is supplemented by artificial profit. A Government CSbmnuttee anointed hjjt 
thannres. The largest yield is obtained on theTreasunr to inquire into thisquestibn reported 


iqidan^ when manures containing a large in 1923, (^d. 1983, that though a limited 
propoi^on of phosphates are used ; potash is number of agriculturists might derive soxnq 
more effective for moorlands. Nitrogen and benefit from some measure of assistance to the 
nhosphates have a tendency to produce a coarse industry of tobacco growing in this country, 
leaf; wiUi potash a smooth leaf is obtained, and tfiey came to the conclusion that the nature- 
the burning qualities are improved, but the and extent of that benefit were not such that 
^ growth is somewhat retarded. In consequence the committee could recommend any further 
m the minute size of the seed, about 300,000 to expenditure of public funds over and above the- 
the ounce, the plant is forced to rely unusually help already given by Imperial Preference, 
earl}^ on external nourishment. The seeds are The principu grounds on whion the comnpttees’ 
sown in glass-covered hot-beds some time ooncIuRions were based as follows:-— 


i were based as follows 


between the middle of March and the middle of (1) Even allowing for the improi 
April, and the plants are transplanted at the which might be eiOfeoted in British 
latest by June Ist. The usual cultural details tobacco as the outcome of further exp 


are followed : insect pests, on the whole, are they could not anticipate that anythingimore 
not so troublesome as they are abroad, but the than a low-grade article would be grown gener- 
oool, moist climate greatly increases the tendency ally in Great Britain. ^ 

to produce suckers. ^Topping * of all the (2) There is accordingly no prospec| of 
varieties, except Turkish, is usually practised, tobacco being grown on a laige sc^ so as to 
Binning is hastened by the * topping* and compete successfully with mreign tobacco, 

‘ Buckeiing ’ open^ions, but the usual indica- except under a preference such as the industry 
tions, change of colour, curling of the edges of now enjoys ; and the amount of such a pre-* 
the leaf, Ac., are less manifest under Irish ference will always be liable to alteration (apart 
climatic cbndirions. Harvesting lasts from from the automatic decrease which a reduction 
about rite end of July to mid-Oct<^r, according of duty would bring about), 
to whether the leaves are primed off as they (3)"Gompeting overseas products would 
ripen, or whether the whole plant is harvested always have the advantage of more suitable 
with the leaves still attached to the stem. The climates and of cheaper labour, and it cannot 
practioe of allowing the plants to wilt in the be assumed that Great Britain will have a 
open air on scaffolds which are capable of being monopoly of improvement, 
protected from heavy rains, has been found very (4) The crop is not suitable for smallholders, 
valuable, Air-curii^, supplemented by suitable owing to the heavy capital exponditare required, 
ttt^oial heat at critical periods, has proved to the uncertainty of the quality and amount of 
WNlbe best method for most claves of tobacco, the yield, and the interval which must elapse 
The subsequent preparation of the leaf for the before a return on the outlay can be expected 
market involves the usual operations of grading (5) Except on a limited area of land, the crop 
or sorting, fermentation in bulk, and ageing, does not offer such a prospect of effecting a 
after rite tobacco is packed. A statute acre of general improvement in the system of agri^- 
land yields on the average about KXK) lbs. of tnre qpr so remunerative a substitutioD for 
tobam at a cost of from £20 to £60. existing croiw, as would justify some consider- 

The enactments agafiist the growth of able outlay^ in bringing about its estebliBh- 
tobaooo in 6corian<l and England were repealed ment. 

the Ihianoe Act of the year lOOO-lOlO, and Provision is made for remission of duty bn . 
firom 1911 to 1913 a rebate of one-third of the such home-grown tobacco as is used for the ^ 
duty was allowed on home-grown tobacqp. preparation of tobacco extract for Insectieida) 
GrMsts have since been made by the Develop- puxposes. An approved denaturant must, how- 
ment €Sommi|fdoners at^the Board of Agricul- ever, be added to the extract before it is allowed 
tore irith the object of ^mbting experimental to pass but of revenue control. * 

work on the cultaie of tobacco which has been Compontion.^'ThB tobacco phmt ooixteiiil*a 
nadeiiaien in counties in the United King- large number of substanoes eommon to tite 
dmn under the auspiees of ^hq Brituh Tobacco vegetable kingdom, .chief among which are oriltt- 
Gfowen Sodety. Thirty-thm acres were lose, stajph, albuminoids, saccharine matteii^' 
planted in the year 1913, in addition to 80 acres resins, ctlc^phyll, and many ottante addi* 
enlrieBted by private growers. In the year On thediaracterandproiKntbtttff Aeseim^^ 
1915 duty was char|^ upon nearly 33,000 lbs. Vubstances depend la^y the uste te whidi tte 
oltdbaccojnownin£iiglaiid,andapott20001bs. seveinl variettes tebam ate pu^ Iteahjlv 
gfown In oooriaod; but no tobacco has been cut green leaves contain ton 90 to 99 {aaM 
giewn.te Scotland since 1916. The Ministry of moistuie: the normal pereentega in the leif 
AfEhmltiiip imve also^underUkenexperintenti wheniemly forritemark^isfioailStoUM., 
cn the growth and aBer-tieatment of tobacco list in the finer grades of cigar and ofthsr Ml * 
ongoverntnent-oiriiedlandinNorfo In 1923 20 p.o. is riot nnoommoiily ibniid. TheaBMnut 
about lbs. of leaf were obMaed frovfk of niootine, tbe characieiisfcie cooMtaant df 
IfiamestuiddrcttltivarimiteH^ Since telwcco, vaiMfhmkab(nitltolO p.e»t tUeh- ’ 
1915«ltewevei:»therobas been a marked deoieaie leaved varieties oon te fe acre than fkoie with. 
Ml tee itedrojobacco catUvatioii in tee thin foavea, and tec ten Mvea of a plaiit 

and 
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tel 


la« %>vn ^ tto amomii iniroaf And ascgiA ol the tolM^o..^lifoiiy 
ttSlSKt k w iMTes i&ere8Miee m growth pro- Attempts hAVe bera made to isolAte end jto 
JOB ^ : from leaves of the iame kiSd ooUeoted the bodies vdti<di impsrt the aroma to tobaceo^ 

AM/. 0M9 AM' Iba AIbam Ib^b^ka biib JUbbb bbbb wa <1 ■■ — ■imi i^i^bbI A'-A 


^ nicotine than the light tiamn, a ory^lline volatile «ib^ 
i ' obkmred vaneties. /The xm of largerquantities by the steam distillation of fermented tobaoeo ; 
i‘' bl ni^ogenons mannies lavonis the production but experiments have shown that it is not 
I ' of iddotine in the plant. Java leal contains always associated with nieotine in tobacco leaf» 
j ; from 1 to 2 p.c.* &vannah, Maryland, Manila, as was supposed. The theoiv of Suchsland, 

' . -and Txurldih from 2 to 4 p.c., Virginia and that the distinctive aromas which chancterise 
Kentucky up to 7 p.c., while some heavy French the different types of tobacco are due to the . 

; varieties contain as much as 10 p.o. of nicotine, action of specino bacteria during the sweating 
i The orgaxuo’aoids piesent in tobacco are chiefly process, has not been substantiated by other 
\ nudic, citric, oxalic, and pectic ; acetic add is observers. The formation of the aromaticjsub- 
sometimes found in fermented leaves. Some stances is believed to bo due laiigel^ to the 
' proportion of these adds exists in combination influence of en 2 ^e action, whereby emuinatioa • 

• as spid salts and gives an acid reaction to the or breaking down occurs, especially in the 
I cell-sap. ^ malates, owing to their hygro- nicotine, amino-bodies and other nitrogenous 
' scopic properties, are said by Behrens to exerdse constituents of the leaf, during the toneniation 
a considerable influence on the * life * of the leal stage. It is well known that a high nicotine 
by preserving its elastidty and softness. The content in a dgar is often associated with a poor 
cnanges in the colour of the leaf which occur aroma, and that if the leaf has a ^h protein 
. daring the curing process are concomitant with content the quality of the aroma is espedally 
considerable changes in the chemical compoei- liable to be deteriorated by imperfect curing. The 
! fiou, brought about partly by the etiolation of deficiency in aroma which is oharaotoristio oil 
^ the chlorophyll granules, and partly by the bright yellow leaf is no doubt aue to the destanio- 
subsequent oxidation of the sap contents of the tion of the enzymes which occurs in oooa^uenoe 
H dead cells. The acidity of the leaf, and the of the high temperatures requir^ during the 
proj^rUons of soluble albuminoids, and of starch curing stage of this class of toba^.* The aromatio 
also markedly diminish. Further changes of a matt^oftobacco are soluble in water, and more 
; complex character occur in the sweating pro- or less so in alcohol, and are readily dia^ted by 
! oess. The nicotine which exists in the leal in heat. The odour developed in smoking a cigar 
; oombinatibn with various oi^ic acids is may be due partly to the mere volatUSation of 
/ parrially liberated, and part of it and of the the aromatio products of the sweating prooero , 
. amino Wies and albuminoids also, are ellmin- and partly to the destruction of certeui«4xnif 
L'atefft The nitric acid and ammonia-content stitucnts. Nicotme,iunmonia,(MrbonmonOKide» 
B should he little affected, but excessive fer- pyridine, trimethylomine, butyric acid, and 
K mentation favours the production of ammonium traces of niootianin, hydrogen cyanide, form^ 

■ azlts. Experiments by Dr. Loew of the United aldehyde, and hydrogen sulphide, in addition to 
B Btates Department of Agriculture, supple- water and carbon dioxide, have been louo4 lA 
B mented by those of Ooathuizen and Shedd,haTe tobacco smoke. Kissling recovered from the 
E ‘ prov^ that various soluble ferments or enzymes smoke of two different samples of bnnutm 
K exist in the tobacco plant during its growth, tobacco, each containing origi^y 3*75 p.c. <d 
B and their reimarches have thrown light on the nicotine, 27*8 and 52*0 p.o. of the nioottee, 
B jiXMiBideiable influence enzymes exe^;^ on the while the quantity in the unbcmsamed portkms 
m Changes which occur during the ripening, curing, of the tobacco increased <s> 4^ and 5*0 

B ^d; fermentation stages. Invertase, diastase, respectively. 

B,ennasin,iifld reductases have been identified Armstrong and Evans (Bri^ IfedL 10221, 

■ via fhe tobacco seed, and in the leaf, not only (D, 092) found that the amount ol 


a they tobaccos from 0*7 to 1*14 luo^, and 
sturity 6to8p.c. As regards cigars the leiulteffl 
during affecMbymakeorq[ua]&y,closetieesolps 


.» reaoaeci, ana almost entireiy vanisn ounng affected by make or q[uaiity,oiosetiaes of paomM, 
,the * outing ' process. Starch is converted into and rate ox smoking betegmdetenahdngteotoiai 
sugar early in the curing stage by the action The table bn p. 823 tlkea^yiea3 etetaih 
of^diastase, but nmy disapim at a later stage, kinds of tobacco serves to show the wide diffnN 
proteUly throu^ the action of the oxidases enoes in the composition of varioua tepioil 


i {xrawnt. mtemytio ferments aocomphsh a varieties. It is oomniled from the lenute ol 
: ouaidderable reduction in the amount of *fat ’ analysis of many kinds of tobacoo, whieh wen 
Ur protete in.th4 leaf, and reductases exercise a made in the Inland Itevmiue Laboratoiy undw 
j' ndu^Ug ittftnenoe <m the nitrates and^niootine the direction of Dr. James Bell. 

: 'ooBtant of the leaf* Consideiable loss of weight The amount of ash found in'^haooo vaiisi 


TheisrtMationQlei^^ the 
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Pmektao* Coimsmov or ovdoi At 1^% 


Oonititoeati 


VIr. 

(riola 

Bilie 

VIS 

Ji^ 

&i§ht 

Turkey 

Bavsas 

lawk 

Ken- 

aooky 

Oeraun 

^aia 


Kiootine 

3*00 

3*86 

2*20 

0*90 

8*08 

1*17 

4*59 

3*22 

8*80 

2-fiO 

Malic acid (anhydride) . 

10*72 

8*00 

4*17 

4*90 

12*11 

9*07 

11*57 

12*94 

6*04 

7*46 

Cteio „ . 

3*94 

3*09 

1*00 

1*90 

2*06 

2*40 

3*40 

2*89 

8*80 

1*58 

OxaUo „ „ 

3*72 

1*58 

1*72 

1*38 

1*53 

1*98 

2*03 

2*51 

8*88 

s-ei 

Acetic „ „ 

0*36 

0*80 

0*35 

0*14 

0*42 

0*36 

0*43 

0*34 

0^ 

0*81 

Tunie „ „ 

0*30 

1*34 

6*32 

3*89 

M3 

2*33 

1*48 

0*68 

0*51 

3*13 

Pwiio 

10*63 

7-72 

7*61 

9*62 

11*36 

6*25 

8*22 

10-23 

10*18 

7-48 

Nitric „ „ 

0*43 

0^ 

0*14 

0*05 

1*32 

0*76 

1*88 

0*37 

0*28 


O^nlose 

11*73 

10*38 

12*64 

9*72 

16*76 

10*00 

12*48 

14*48 

11*82 

7*98 

Siolrch 

— 

— 

1*731 

6*28 

— 

0*69 


— 1 


1*54 

Saccharine matter 

— 

— 

14*59 

12*07 

— 

1*46 

— 

- 1 

... 

12*93 

Ammonia 

0*30 

0*05 

0*03 

0*05 

0*49 

0*10 

0*19 

0*82 

0*23 

0*04 

InsoluUe albuminoids . 

11*27 

14*29 

4*68 

6*30 

9*76 

7*25 

8*10 

6*62 

i 9 *53 

4*49 

Besins and chlorophyll . 

7*51 

6*21 

3*41 

7*90 

5‘16 

6*62 

1*99 

2*13 

16*45 

6*02 

Fattv substances . 

Soluble extraotixe matter 

2*04 

1*07 

2*27 j 

0*49 

1*03 

1*12 

2*28 

0*89 

\0*81 

0*25 

rich in Nitrogen 

8*34 

16*24 

13*47 

13*24 

7*74 

18*97 

13*90 

8*10 

10*39 

14*35 

Indefinite insoluble matter 

9*45 

12*93, 

12*41 

9*71 

8*68 

14*94 

13*10, 

12*56 

15*20 

12*61 

IGneral matter 

16*26 

11*95 1 

11*36 

1 

12*96 

17*60 

14 *63 ' 

1 

14*36 ‘ 

21*72 

18*46 

13*42 


ooiitftiiui potash, lime, magnesia, iron-oxide, 
alumina, soda; carbonic, silicic, sulphuric and 
phoinptoio adds, and chlorine. The potash, 
whkfn exists in tobacco mainly in combina- 
tkui urith the oiganic acids, may be present to 
extent of fufly 30 p.o. of the total amount 
ci the ai^ llie amount of lime present is 
generally lover than that of potash : mi^csia 
and sito rank next, while the amounts of soda, 
ahunina and iron oxide are relatively small. 

and manganous oxide are occasionally 
pneent in very small quantities. The com- 
hined chlorine varies from a mere trace to as 
much as 15 p.o. of the total amount of the ash 
(^« Eoberts, Analyst, 1918, 254). 

The following table shows the percentage 
composition of the ash of the several kinds of 
tOMOoo enumerated in the preceding tabic. 


The leaves of tobacco contain more magnesia 
and silicic acid, and less alkali, phosphoric acid 
and chlorine than the stalks, nitratei aie 
confined almost entirely to the stalks and stems 
of the young plant, and decrease in amount as 
the plant ooroos to maturity : analysis of cigar- 
stalks from Missouri and Connectient showed 
from 0*5 to 0*75 {>.c. of nitrates, as againit 
0*15 p.c. found in cigarette leaf. Home-growfli 
tobacco as a mlo contains a considerabfy higher 
percentage of ash than is present in simUar 
varieties grown abroad : this oirenmstam is 
probably accounted for by the use of manurse 
either in excessive quantities or of nnsuiti^ 
character, especially when large quantities of 
combined chlorine are present. 

Good burning qualities in tobacco aie 
associated u ith a nigh percentage of ash, rich in 


Pjebcektaqe CourosxnoN of Abu, 


Manila 

21*40 

Vir- 

ginia 

Kipe 

14*96 

16*25 

34-16 

6*45 

2*53 

O-M 

0*86 

3326 

islw 

0^ 

0*29 

0*18 

0*40 

7*22 

6*74 

1*59 

1*55 

8*92 

3*28 

4*47 

4*32 

25*90 

27*02 

o-iio 

0-90 




CoosUtuents 


Penentsge of ash on dry 
tobicoo (excluding sand) 

Potii^ . . . 

Potasslam chloride 


Sodium chloride 

Um • 

Osldiim elikiride 



siihydiidi « 

« * 
of sand on 
» « # 
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Vir- 

ginia 

BrHdit 


turl 
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keyHsvsns'XiaUklal 
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I 


12*32 


7*01 

1*46 


21*70 te*S4 133*06 34*69 b*6l 


2*44 

12*44 

0*57 

4*72 

8*20 

118*29 


i'28 


12*92 (21*40 |IS'18 


114-61 111 -83 |l9-67 
' 4-W 

0-66 


19-29 112-eS 

0-64 OjSl 


0-76 

0-43 

0-21 

2-06 

6-89 

6-29 


19-07 M<64 


IW 


0-76 

0-46 

6-20 

1D7 

4-17 

4-34 


1-80 


0-68 

0-56 

6-63 

2-08 

s-a 

8-67 

126-66 


O-U 


Ken- 

tucky 


17*98 


iGermsn 


25*88 


16*78 

2*41 

0*66 


0*19 

0*88 

6-78 

i-M 

8-86 

8-07 

Mei 
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94-08 

|S6<8e 

8-89 

0-a 

048 

6-48 

048 

t-18 

^847 


1446 

119-61 

647 


MisSy 
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!1840 
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114-76 


U444 

8-18 

0-41 


b40»14| 


1-70 

044 

041 

0-M 

041 

jm 
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liaiaud MMlitKilK AW^iifc •koMit in tht 
■1 ^ 1 — w «f aitk jpntw ud • 

: jMUWil' H i t i rihlg fCwt « tlM owtlnwtion, 
M iiHwiiWi {MpiwtM >Bd odphntM bate 
• IwmAbU OM, AUN&toUb bfa^, Imt 
gdlniaM (toMotM tin land boftting a ailitiM of 
tnilMani wUb niAntiM •»«« to be an nn* 
tefortant {aetot. Hm opaipaiatin boning 
(jnaE^eitlauiad bytiwtinwof gknring of the 
Uidled kaf, yttf torn about fonr aeoondi in 
y^w Tuietiaa to ai niudi aa 176 seoonda in 

Tomoo iB analyied m ngaidi organic and 
inorganic oonctitnonti by the nnial metbodi 
doBOTibed in tcxt^boola dealing with agrionltoral 
and qnantitatlTc ohemioal analyBia. Special 
prooeBBCB applicable to tobacco are deeoiibed in 
the r^rt on the culture and curing of tobacco 
in connection with the lOth United States 
OensuB of 1880. The percentage of moisture is 
liable to be under-estimated if the diying-OTen 
is not maintained at a temperature of 100 . The 
aeh should be re-carbonated by the addition 
of strong solution of ammonium carbonate, 
and sub^uently dried before ascertaining the 
weight. A convenient method for the estima- 
tion of nicotine in tobacco is that of Kissling, 
which is as follows : Take 20 grms. of tobacco, 
finely ]powdered and dried at a temperature not 
ezocNMing 60^, grind it up in a mortar with 100 
C.C. of Mcoholio solution of soda (6 grms. of 
NaOH dissolved in 40 o.o. of water and then 
made up to 100 oc. with absolute alcohol). 

[ Transit the mass to a Sozhiet eztraction 
apparatus and extract for 3 hours with sulphuric 
ether. Remove as much of the ether as possible 
i by careful distillation, mix the residue with 
50 0 . 0 . of a 4 p.o, solution of soda, and distil 
in a current of steam. The flask containing the 
nicotine extract should be connected with the 
cKHidensing apparatus by meahs of a tube 
having a safety bulb, and the distillation con- 
duoteu rapidly and in such a manner that when 
200 c,c. of the distillate have been coUeoted not I 
more than 15 o.o. of liquid remain in the 
tilling flask. Titrate the distUlate wi^ deci- 
normal H|80|, using laomoid or litmus paper as 
) an indicator. By using a series oftest papers 
and noting the burette-reading against each, 
the exact point of neutralisatmn can readily 
be aeoertained when the papers are dry. 

The method of Bertrand and JaviUier, based 
m the precipitation of the nicotine aa the silico- 
ningstate, may advantageonsly be employed 
shea the nicotine distillate also contains am- 
nonia. A giavimetiio adaptotion of their 
aroocss has been described by R. SpdOii^ 
ddm. itsl 1918, 48, 482-488). Five grms. of 
bbaoeo aie placed in a KJeldahi flask wi^ 20 0 ^^ 
III water and 2 e.c« of 10 p.c. soda solution, and 
ie ndxtnie steam-distllled to a bulk of 600 o.c. ' 
1 100 0 . 0 . of tbs distillate are added 10 o.c. of 
Kttte BC!| ahd 10 c.o. of a 12 p.o, sdntion of 
-^^petaiiteiniffiool^^ 

1 slb^ and idtowea to stand te.2 horn 

~ with wwtsr aoMuiated with 
jfasMheait Tkereildeehas 
end its w«^ 

x,jiniiein|osno« 



of aiootine in tobacco 8mohe» Pm and 
CDntm (Obm. Zeit. 1922, 48, 1001) foind that 
the total nkottne in eight kinds of ettar a^ 
tobacco vwded hom 0^81 p.o. to 2tl p.c. ihi 
smoke from these tobaccos contained from 
0*20 pio. to 1*06 p.o* of nicotine. See also 
Analyst, 1923, 33. Acomding to H. Rhode 
(Zeitsch* Unteisuc^ Nahr. Oennssm. 1023, 4& 
112-115), the five bcands of tobacco examinea 
contained from 0*88 to 2*37 p.o. of niootine osloa- 
lated on the dry substance. When the samples 
were smoked in a pipe, attached to an asmtor 
with an intermittent acUon, from 15*4 to 28*8 p.o. ^ 
of the total quantity of niootine was found in the 
smoke. The amount of the alkabid present in 
the smoke was not proportional to that in the 
tobacco itself (Analyst, 1923, 48, 588, 334).* 
Various methods of estimating nicotine in 
tobacco and tobacco extracts have been critically 
examined by Rasmussen (Zeitsch. anal. Clhem. 
1916, 55, 81 ; Analyst, 1916, 206), who found 
that the polarimetric method of Koenig as well 
as the i^ootuDgstic method of Bertrand and 
JaviUier, and the method of Kissling above 
described, gave accurate results; wbUst KeUei^s 
method and that of Toth were less accurate, 
and those of Ulex, Degrasia, and Thoms were 
untrustworthy. This investigation has been 
carried further by Shedd in the Journal of Agri- 
cultural Research (Washington D.C.) 1923, 961- 
970. In the recovery of niootine by the distilla- 
tion method he used solid sodium hydroxide and 
found that, unless the bulk in the distilling flask 
was maintained at from 15 to 25 o.e., extreme 
difficulty was experienced in distUling off all 
the niootine, especiaUy when deriVM firnm 
tobacco. On the other band, when 2 gra^s of 
soda were added to liberate the nicotine, hi{^ 
results were obtained from the distillate by 
precipitation than when less quantities of alkali 
were used. He attributes the difference to the 
presence of some other volatile substance, 
produced by the action of the strong alkali on 
the small bulk in the distilling flask, which is 
precipitated by siliootungstic acid. For these 
reasons he suggests that instead of using the 
distUlation method, the ether extract oi the 
niootine obtained by the ^xhlet extraerion, 
after careful reduction in ontt:, ^old be ex* 
tiaoted in a separator with oolil dilute bydbeo* 
o|)lorioaeid(l:4)&om4to6times. The ex* 
tracts are bulked and an aliquot part, rspieieut* 
ing about 0*25 gram of tobsm hx^a^ or irem 
1 to 2 grams of tobacco, is taissn m dffntad to 
400-500 c.c. with water. Suffioinlt dlhtl 
hydrochlorio acid— at least 3 {kc. is teqoitedr*-* 
is added to show an add reaction with mollgfi 
orange before precipitation* Forthisi 
uses a 12 p.o. solution of sUiootoamdioi 
the formula 8iOt«4lLO,12W^ 

The factor for oonverting the we* 
ignited residue to nicotine is 0*114. 
m the method are at Iblimt Five gnMM 
of finely powdered dry tohaceo, er I griai «x 
tobacco extriDt (about A jxo. mdeK Is melt* 
tened with 25 eu>. of ahxAio& soSm 1 ^^ 
eolation (6 grains of sodiam hydiwddefik 49 Mk 
of water Ad 80 o.c. of 96 p^e. aldol^ f ^ 
axtiioti $ 0 . 0 . of soda lehmii Is wsad aidi 
yl it Wi w fffidv ft ptiift wW 
The sawiiiiit Is j 
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‘•m” ' . ,/TOBAooa,-' 

titei ibe kmpmibw of tlMi cooling |o tobnooo. ]|c^ lilJitiidc ii 

jioketdoei iiot rise nbove 20"*^ «itid that the ^e numitfactQiec^ftojbiMKWife to 
volume of eolveut in the extinction flask is the addition of foreis^ leaves is not netmitteid» 
never less Ito 25 e.o. After extraction, the hut any suitable vwe^ning or fiavounng matter 
excess of ether is removed, but the volume may be used. Sugar, honey, liquorice^ glycerin, 
remaining must be suffiojent to keep the whole gum, salt, and logtod aie the ingredients most 
of the extracted matter in solution. The ether commonly used for this purpose in the manu- 
extract is transferred to a separating funnel, factuie of this kind of tobacco, which is knpwn 
the flask being rinsed with ether and Anally with as Cake- or Cnt-Caven^h, and is manufaetured ^ 
hydrochloric acid (1:4), and shaken with from chiefly for expcntetibh. If intended for home 
4to6 10 - 0 . 0 . portions of hydrochloric acid (1 : 4). consumption, this tobacco is required to he 
The formation of emulsions can be avoiM by enclosed in a specially designed Oustoms* 
adding 1 o.o. of alcohol. The washings are m-‘ wrapper to distin^ish it from the ordinary 
tered through glass woolinto a 100 c.c.g^uated article, and it is subjected to a higher rate A 
flask. Whentestedportionsof the washings no duty. The sale of cigarettes containing sweeten- 
longer give a turbidity with silioo-tungstio acid ing matter is not permitted. j 
reagent, the whole volume is made up to 100 c.c., Tobacco leaf is imported inuo this county 
an aliquot portion equivalent to 1 to 2 grams of either entire or with that portion of the mid-rib 
tobacco is diluted to 400-500 c.c., and sufficient removed which cannot be used in mnufaoturing, 
hydrochloric acid (1 : 4) added to ensure that at in which case it is called * strips,! and assessed 
least 3 O.O. of it is present in 100 c.c. of the solo- at a slightly higher rate of duty] Apart from 
tion ; 1 c.c. of silicotungstic acid solution is then fluctuations due to war-time conditionB, the pro- 
stirr^ in for every 0*01 gram of nicotine supposed portion of * strip’ tobacco imported is steadily 
to be present. After stirring for 3 to 5 mins, the declining, having fallen from 39 p.c\ in the year 
preoimtate appears crystaJline and settles 1907 to 30 p.c. in the year 1925. Over 85 p.o* . 
readily. The solution is allowed to remain for of the raw material comes from America, and 
18 to 24 hours aqd filtered, preferably through a about 6 p.c. from other foreign sources, chiefly 
Hinch or Buchner funnel. The precipitate is the Levant, Dutch Indies, China, and Japan, 
washed with hydrochloric acid (1 : 1000), dried, Empire-grown tobacco secured preferential tarifl 
and transferred— with the paper to a platinum treatment in 1919, and in 1925 the rebate of ' 
moible. After heating until all carbon is duty allowed was increased from one-sixth to 
removed the crucible is finally ignited for not one-fourth. About 8 p.c. is now imported, 
more than 10 mins, over a Teclu or Meker chiefly from India, Nyasaland, Rhodesia, Canada, 
burner. The wei^t of the residue x 0*1 14 gives and North Borneo. The principal kinds of 
the wei^t of nicotine in the aliquot portion foreign tobacco used arc Vii]^ia, Kentucky, 
tton. The siliootungBtic acid reagent is a 12 p.c. Western, Burley, Ohio, Perique, Havannah, 
solurion of the acid 4H|0,Si0|,12W0],221ls0. Japan, Java, China, Sumatra, Borneo, Turkish, 
The other silicotungstic acids do not give a and l^takia. The more tender varieties, such 
suitable ciystailine precipitate with mcotine as Turkish, are packed carefully in hales leal 
(0. M. Shedd, J. Agric. Res. 1923, 24, 961-970 ; upon leaf, but hogsheads are the usual packages 
J. Soo. Cbem. Ind. 1923, 42, 1 150A). employed : the leaves are packed either in layers 

Manttfaciure,-^ several European coun- or in hunches of ten to a dozen leaves, bound 
tries, among which may be mentioned France, round with another leaf and known as * hands.* 
8p^, Italy, Austria-Hnngary, and Turkey, the Price, colour, texture, burning qualities, aroma, 
manufacture of tobacco is a State monopoly, and toy or drinking power, that is, ability to 
In Cuoada, tire United States, Germany, Holland, absorb and retain moisture without becoming too 
and other European countries the manufacture wet, are all factors which influence manufacturers 
is In private tod^ In the United Kingdom, in selecting' tobacco. 
tohacM is sulneoted to a heavy import duty. Imported leaf, although appaimitly dry, 
but a rebate of one-fourth is allowed on tobacco usually contains from 10 to 20 p.o. of moisture, 
grown in the British Empire. Certain legpl but 14 p.c. may be regarded as a fair average, 
lestrictioiu are imposed, which, however, There are two rates of duty on imported 
ohkBy affect the manufacturers of the com- tobacco dmnding on the amount of moisture 
mooer Idn^ of tobacco. The only substance present. The duty on leaf containing less ihm 
aBowed by law to be used in the manufacture 10 p.o. oh moisture is levied at a rate sub* 

^ toffaeco is water. The use of olive oil is stantially higher than on leaf oontidning 10 p.c« 
permitted in spinning and making up roll or more of moisture. The munufaoturer of the 
tobacco, and essentiiu mis are allows for cheaper kinds of tobacco endeavours therefore 
&vonriiig purposes. The finished article must to secure leaf containing moisture as littbr in 
not contain more than 32 p.c. of moisture, and excess of 10 p.o. as possibie, and so to obtiin a . 
if it is roll tobacco, not more than 4 p.c. of olive larger profit from the greater amoimt of water 
oH Tbeleavesofplanteotherthantobaocomay he can add in the process of manuffwtuie. In 
not be em^yed, nor any preservative except cigarette, cigar, to other varieties of, leaf 
aootle add. Essto^ oils for flavouring pur- requiring careful handlings a higher Initial . 
posjss may be iMlded to snuff, aud the addition is peroent^^ of mdsture is asdimh)c, and 
sfimd the carbonates, chlorides and sul- varieffes of leal sometimss eontsin as mndif.ii ; : 
ibiiites of sodium to potassiom, ammonium 20jp.o. of moisture, 
toxmate, to of 1 p.c. of lime in the form of The prindpil kinds m mannfiatito 
lime-water. The snuff, when dried, however, inn cut^ twist or lull, to ; 

mto not eonto more than 26 p.c. of dkaline okaxottea, to snuff. Many Undi of w 
iil|SfHiiBO>»fha» 13p.c. of theoxidsaolHme Uended lor niitoactiiflflg ottb tobioeo».and>lB 



» S'Sf s^p TB 3 P'5* 3 5 Br r.&-a a J5.&-, 


mum. 


Th6g6 

* f uliMilttttM ' wen adflo^ 
war in tin United Stotee of North .^nerioa, 
wiiioh caused a temporaiy shortage in the 
sttpi^iei (d Virginia leaf tobacco. Many of 
these ^ettbstitntea’ have the distinct advantage 
of bong aide to retain a large quantity of^ 

Other btonda are ^^entirely from ^piie. 
grown tobacco* 

The first process in manofacturing tobacco 
is the * liquoring ’ stage : the old erode method 
of employing a watering-pot has now been 


supersMed by the use of steam appliances which 
ensure a mon even distribution of the moisture. 
When * strips * are not employed, the mid-rib 
of the leaf which absorbs mon moisture than 
the lamina is then removed— this operation is 
called ' stripping.* A mechanically actuated 
knife is e]||pyed to out the tobacco into shreds : 

* shags such like tobaccos undergo the 
furtW pfooess of * panning/ which consists in 
thoroughly mixing up the out tobacco on copper 
trays heated to a suitable temperatun; the 
tobaooo is then set aside to cool on racks. The 
moistun in the common kinds averages about 
30 p.c., but the better kinds of smoking mixtures 
contain from 15 to 25 p.o. The distinctive 
flavours of these tobaccos are due either to the 
presence of Latakia, Perique, Ac., in the blend 
of leaves used or to the addition of essential oils 
such as oils of cassia, geranium, cloves, bergamot, 
and winter-green. Acetic acid is employ^ as a 
preservative. For * twist * tobacco the darker 
varieties of American leaf, such as Kentucky, 
Western, ^larksville, &c., are chiefly employed, 
but a sms^quantity of Empire-grown leaf is now 
used in this class of tobacco. " Twist * tobacco 
is made either by hand or on a spinning-wheel : 
the damp strira or * fillers* are formed into 
ropes, the thicjmess of which depends on the 
denomination of * twist * intended to be manu- 
factured, and these ropes are enclosed in a 
Goverii^ wrapper of leaf. The tobaooo, at this 
stage, is known as * brown twist,* for which a 
considerable demand exists, chiefly in the North 
of England. If the tobaooo is intended for 

* Uaok twist * the rope of tobaooo is made up 
into ‘rolls,* consisting of several concentric 
laven superimposed one on the other. The 
rolls, alter being enclosed in oiled oloths, and 
tightly bound up with rope, are then baked in 
steam-heated hydraulic presses until the tobaooo 
assumes a rich black colour, and develops its 
full aioma; they are then removed to a oold 
press until cool and fully matured. In order to 
prevent the ooUi from sticldng to one another 
ftt the rolls, ofive od is applM to the tobaooo 
during the ‘sniiming* and 

up* processes, hut the amount of oil used is 
vetulsted so as to ensure that the finidied 
tobaooo does not contain more than 4 p.c. ^ oil. 
Acetic aoid and essential oils are also employed. 
Spedal niiffies are given to different forms of' 
; ^»e^ .<Menns Ladies* twist, AJloa twist, 
Lf^cpool voOi Pigtail and Bogle, have referenoe 

* lod to » tUok tiriit 
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and' then adding an outer covering cl kk, 
‘Jakes’ aad^ Cavendish* am, otesaned by 
cutting these cakes. 

^e leal employed for tiie maniriaetuie of 
high-claaa cigars hae to meet many tequke- 
ments, and Uends of different , varieties am 
therefore empbyed. The comMimt parts of 
a cigar are the * filler,* the * bunch wrapper,' 
and the * outer wrapper.* The * filler * consistB 
of fragments or cuttings of leaf, or even out 
tobacco. The * bunch wrapper * is shaped like a 
balloon gore, and out from a tobaooo strip of 
fairly good quality. The outer wrapper Is. a 
long rectangular strip of leaf out from a tough 
leaf with small veins, of a light and uniform 
colour and should not possess a pronoqnoed 
flavour, as it comes in contact with the lips and 
tongue in smoking; the filler must, however, 
possess a good aroma, emit an agreeaUe odour 
on burning, and have good burning qualities. 
The finest leaf for cigars comes from Cuba, but 
Sumatra, North Borneo, Java, Ac., supply a 
considerable quantity of the leal used for cigar- 
making in this country. The leaves am 
moistened with water, opened out oar^lly, 
deprived of the midrib, smoothed out and 
sorted ; the perfect leaves are cut in halves and 
are used as wrappers. The ‘ filler * is placed on 
the ‘ bunch wrapper,* near one end, and tiie 
bunch wrapper is then oarefoUy wound round 
the filler. Over the ‘ bunch wrapper * the cigar- 
maker then winds spirally the ‘ outer wrapper,* 
commencing at the open end and finishing off at 
the pointed, or mouth, end. Uniformity in tha 
commoner lands is secured by the practice of 
pressing the cigars in moulds befom applying tiiia 
outer wrapper. The cigars am then gMfsd 
and cut to the proper length, sorted aoooiwng 
to size and colour, dried and packed. Gmat 
de xterity is necessary in makiim c&ars, especially 
in manipulating and keeping the cigars to shapes 
size, and weight, as.weU as in evenly packing, 
The moisture in the finished cigar is mdueed to 
about 10 to 15 p.o. by storage in a drying-room. 

The manuf actum of cigamttes was introduced 
into this country by a Gmek in the year 106(^ 
and originally 7?urmBh*varietie8 of tobaooo oidy 
wem employe, but ‘ Yirginjan * blends am now . 
made in very large quantities from American 
and other varieties of bright leal As the, 
character and the aroma*of a olgamtte dejmnd 
on the suitable blending of the various Mods of 
tobaooo employed, this branch oi the tobaooo. 
industry has become highly speoialised. Tbs 
tobacco used for cigamttes is eotnpmtiivi^ 
dry, the moistum added is Just sajmrihait to 
permit of the leal bring Batis&etiniiy cp^ 
the machines. The finer varieties oi ri^anttes ' 
am Invariably made by hand, either iottihi 

the tobao^ in the pape^ or li^y it intq^ 
paper tubes closed at one' end. In m 
method, charging cyUnders sliglitly smilbuH 
diameter am used, and the tobaooo is 
fetmd therefrom to the ti^bes by mesns of Ipi ; 
the closed ends of the ^per tubes am iMp- 
qnently out off. A great impetus Hl||J|kn;. 

to tile production of okantboi^iipk 
emrioymeflt of cigaiette-ma&im W 
siueh can easilly turn out over 6Q,0W'i|| Wett i s 
per hour. MaohiiiBe for 

the olgamttes in oartons are also %■, 

ring^ iiiimAA being ^ 
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tOBAODO. 


‘'■fVy 

lU'^r 


^avetfeea ^ di^j. The moisture in 
nigueites varisB Moordiiig to the time tiliey axe 
stored iii the drying-xoom> And nsnelly ranges 
from IZ to 18 p.o. ; if the tobaooo is miMle too 
dry it is liaUe to be shaken out of the vranpftr ; 
on the othw hand, if the tobaooo is left too oamp, 
the oigaiette urill not bum well. Mouthpieoes 
are often fitted to oigarettes made from Turkish 
tobaooo, on account of its superior burning 
quaHty. Cigarettes varv considerably in weight ; 
an ounee may contain from 12 to 40 cigarettes, 
but 20 to 30 is about the average. Sweetening 
matter is not allowed to be used in making 
oigarettes, but the paper wrappers of the 
^pectoral* kinds sometimes contain a small 
quantity of saccharin. Alcoholic solutions of 
essential oils may be added bv manufacturers 
to the tobacco usm in perfumed cigarettes. 

Sttttfi is sold in two forms, and moist, 
the jformer is made from the stalk or midrib of 
the leaf, the latter contains a proportion of the 
lamina. The difference in the quality is de- 
pendent on the flavour, the punffency, and the 
scent. The dry varieties— -the Welm, Scotch, 
High Toast, and Iriidi kinds— are, as a rule, 
more finely ground than the moist varieties. 
The moisture ranges from about 20 p.c. in 
Scotch snn&, to as little as 5 p.c. in Irish snuff. 
*Bappees’ include such well-known varieties 
as Latakia, Macuba, and Princess mixture, 
and contain from 30 to 50 p.o. of moisture. The 
tobaooo stalks used for snuff-making are cut 
into small pieces, moistened with alkaune water 
M sometimes with lime-water, and allowed 
to ferment, the fermentation period frequently 
lasting for several months. The material, in 
the due of Scotch snuff, is then ground to the 
fequited degree of fineness, dried down, flavoured, 
aqa sifted. The stalks for Irish and Welsh 
amii( before being ground, are ^ntly roasted, 
by whidi means the charactenBtic odour of 
these varieties is produced. For moist snuffs 
the material is ground wet in a special kind of 
mortar, and is then allowed to ferment until the 
r^uired depth of colour is produced. Certain 
kinds of aind^ salts are mixed with the snuff- 
fionr to increase its pui4;ency, but, as already 
mentloDed, the quantity and the kinds which 
may be omplo^ are defined by statute. 
Ihsential oik, ground orris-root and ground 
Tonquin beans are used for flavouring purposes. 
Adu&mtion of snuff is now rarely practised, 
but such subetanees as the oxides of iron, red 
kadji kad ehromates, 4c., have been used as 
oohmi;^ materiak, and chalk, magnesia, borax, 
sand, m exoeceive quantities of alkaline salts 
Aave been «m|^qyed to increase the weight. 

to dte paasug of the Pure Tobaooo 
Jktt ol theyear I8tt, tiie aduHerarion of tobaooo 
wf^ ihgar, trea<de, honey, gum, 4e., and such 
; io«^ ^rngmahle matters as rimbarb, coltsfoot, 
^sas rm feneial,* but in oonsequence of 
heavy peames imposed by that Act and 
thq vigitam ol the Revenue Authorities these 
paieriees have almost ceased. The enactments 
to the anonnls of moktuxe and oil in 
tehaoeo am also striotly enfbreed. JSurii sab* 
smii i a s as vak eembingia moas-littsr, 4e„ aes 
oatijifsHiBy ofend as mbsMtes for tobacco, 
rarely aseapa detection and 


^’ismad^y 
iseof tobacco 
i an approved 
Crown, or in 
the mann* 


.manufaotnieis tie I . 

Has ansdsitovant. theM»howe^aiiiftr 
comes into their poSseito stfil frimihg a 
proportiQn of the sand whldh was dbpqimed 
np(m it from the scdl 1^ the aoriimiDl the winid 
and rain during growth. A portion of thk sand 
only is detaohd from the leaf during the manu* 
laoturing operations, which aeeounts lor the 
presence of sand in the finished arricl^. 

In the manufacture of tobacco^ a conridmable 
quantity of waste material k produced, siftings, 
Bweepinm, 4c., and in addition the (jjuantiiy of 
stallm obtained by stripping the tmdrib from 
the imported leaf is far in excess of that requited 
for conversion into commercial dnuff. Inpay- 
ment of the duty, called * drawbaq 
the Grown Authorities on thk re 
when it k exported or deposited i 
warehouse to be abandoned to th 
a bonded factory to be utilked 
facture of nicotine or the preparatiin of * sheep- 
dip,* hop-powder, inseotioides, 4c. \ Denaturing* 
materials are required to be added to the grouna 
tobacco before it is allowed to be sold, in order 
to prevent such tobacco being used as a sub- 
stitute for the duty-paid article. Anthracene 
oil, bone oil, ground moss-litter, and sulphur are 
some of the substances used for thk purpose. 

Statigtics, — ^The' amount of tobaooo leaf 
imported into the United Kingdom and the 
consumption of manufactured tobacco have 
steadUy inoieased. The imports iq the year 
1851 amounted to about 28,000,000 lbs. and the 
consumption was just over 1 lb. per head ol 
the population ; in the year 1925, the amount 
unportM was over 152,000,000 lbs. and the 
consumption was slightly in exoess of 3 lbs. per 
head of the population. The manufacture of 
tobacco is now one of the most important of 
the minor industries, and according to the 
returns made in connection with the Census 
of Production for the year 1907, the number 
of persons then employed in tobaooo factories 
was 37,456. The net value of the raw material 
was £d7,988,000 and, including 11316*000 lbs. 
of manufactured tob^oo emrted, the output 
amounted to 108392,000 lbs., representing a 
money value of £23,799,000. The weight of the 
different kinds was as follows : of eat and roll 
tobaooo, 69,880,000 lbs. ;of cigarettes, 29, 9(H,0^ 
lbs. ; of cigars, 3,696,000 lbs. ; of sweeten^ 
cavendkb, 3, 136,000 lbs.; and of snuff, 
lbs. The degree ol the pqpukritv ol Hie 
principal kinds of tobacco, as ascertained firpm 
these ngures, k pipe tobaooo 67^5 j^e., rigatelHei 
29*0 p.o., and cigars 8*6 p.c, iespe(¥v% 
eSgarettes have, however, mgteiiaBy pimi 
favour in leoent yean, and at the present 
their pidportlon may be eskmateA A 6^^ 

Tobaooo ooeufM an In^portaet powtet ik . 
a aottiee el levemte in the fieeel 
most oivOked eountrisi. In the km # m 

than dcmuSfifriee the yeag^4, aad the Ml 
amoont of duty paid into the Snehequer In 
the financial vear W4-I6 were Mqfar l^lwe 
mfllkmpoiiiiMstofihtt. 
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tttt Dm idr. AM Tallin 9*5$ Mponil. 
mA ifMliA i«hie, 131*9. * 

Aoco»% to FtoaHa (Bol. tee. 1920, 17, 101), 
toba0OQ 8060 otmtaiiMi : vntet, 9*17 p.Q. $ crude 
firotein, 21*8? ^e* ; Iftt, 37*98 ^e. ; anidec and 
mau, 9*05 p«c. ; pentosafiB, 2 *^. 0 . ; oeUubw, 
7*15 ac.$ and aim, 3*84 p.e. The aih contains 
S0|, 1*97 p.o. $ P|0|, 22*12 p.o. ; NajO, 3*48 p.o. ; 
K|0,28*5p.c.; CaO, 9*54 p.c. ; MsO, 14*63 p.o. 

A sample ol oil Irom Kentucky seed had 
d^* 0*9408; temp, of soUdiBoation, 12^; acid 
number, 4; saponif. number, 196; iodine 
number, 132*8; ether number, 192. The oil 
consisted of about 52*4 p.o. of olein, 22*1 p.G. 
of linolein, and 23*9 p.c. of palmitin. Nicotine 
is not present in the seed exo^t when germinat- 
ing. The dry, fi^-free seed contained 6*5 p.c. 
of total nitrogen ; 3*76 p.c. of protein nitrogen ; 
2*39 p.o. of nuol^ nitrogen, and 0*35 p.c. of 
non-protein nitrogen. Arginine is present. 

TODDAUA AOULBATA (Pen.). This 
Indian plant, belonging to the JZuaiceoe, is a 
rambling shrub found in the sub-tropical 
Himalayas, in the Khasia mountains, and 
throughout the Western Peninsula and Ceylon. 

The root bark is or was used in Madras as a 
yellow dyestuff, and it is also highly spoken of 
by various writers as one of the most valuable 
Indian medical products, possessing tonic, 
stimulant, and antipyretic properties. It was 
introduced into European medicine in 1771, and 
at one time enjoyed some celebrity under the 
name of *I.x>pM Boot,* but it has long since 
fallen into disuse. 

According to Brooks (Philippine Journal ol 
Science, 1910, v. 442), the plant is common in the 
Philippines, but so far as is known is not used as 
a <lj|^ Dy the natives. 

The colouring matter it contains is berberine 
(FCrkin and Hummel, Chem. Soc. Trans. 67, 
413). A, G. P. 

T^KU OIL An unsaturated acid 
G.«H||0|, light yellow oil, was isolated from 
Tonaku oil obtained from Linden dbhuikba, 
B.L, and purified through the methyl ester, 
b.p. 123M25^., its propwties being as follows : 
iodine value 126*33, neutral valu^2S2*26, m.p. 
l*0M*6"a, 8p.gr. at 1574** 0*9246, «|p 
1*44922, 1*45113, molecular refraction 

57*71 ; 100 parts of water dissolve 0*027 part 
of the acif at 17*0. By Haaura*s osdda- 
the oU yieldM a hydroxy acid, 
needles, m.p, 102HX, which 
m eidiy sduble in hot water, alcohol, and ether, 
but Spitting^ soluble in em water and ether. 
When the osiginai aetd was oaonised and deoom- 
, jmM with hot nratmr, sucdi^ and n-caprylio 
and ii*eapvyla]dehydo irere. isolated. 
Y, hmM thetefcitt av^gns the formula 

CHrfCH : CH(CH>)»CO|H 

^ acid lor the fatty 


awd (s,, Ihainet^ X9f^9*Kwa0dni Zaaiw, 
j.s^;ato.iwiiMa.*42. m A). 



voltuee tA satmted lodiiim ehloridB sohittott^ 
The salt is allowed to orystalllSe l(w 20-^ mii^ 
is filtered oil and washed with saturated sodium 
ohbride sotutioa, dissolved in warm water, and 
t^ base liberated with slight excess of ammonia 
solution, method red being used es indicator and 
a measured vcuume of standard ammonia b^ 
run in. The precipitated tolidine is filtered os 
and washed with water and the excess of am* 
monia titrated with N/10 hydrochloric aeid; 

1 O.C. of N/10 ammonia solution equals 0*0106 
gram of tolidine. Test analyses carried out on 
purified tolidine gave results varying between 
99*52 p.c. and 90*96 p.o. VmiationB in the 
concentrations of sodium chloride and hydro* 
chloric acid used are without appreciable effect 
on the result (B. Palkin, Ind. Hng. Chem/ 1923, 
16, 1045 ; J. Soc. Chem. Ind. 1923, 42, 1121 A). 

TOUDENE (Mhotolidene) v, BtramrYL. 

TOUTA A French term for trinitrotoluene^ 
Used as an explosive. 

TOLU c. BsiiSiiHS. 

TOLUENE, toluol or methylbeniene, CtH. 
or C|H.CHt ; first discovered by Pelletier and 
Walther (Ann. Chim. 1838 (2), 67, 278) among 
the by-products in the manufacture of illuminat- 
ing gas from the resin of Piniu marUmOf and 
named by them retinapbtha. * Also obtained by 
distilling Tolu balsam (Deville, ibid, 1841 (3), 3, 
168) ; from dragon*s blood (Qknatd and 
Boudault, Compt. rend* 1844, 19, 605); from 
coal tar (Mansfield, Chem. Soc. Trans. 1847, 1, 
244) ; from wood spirit and wood tar (Cahonrs, 
Compt. rend. 1850, 30, 320) ; from Rangoon tar 
(De la Rue and Muller, cf, Chem. Soc. Tians. 
1861, 14, 54) ; from American petroleum (Young, 
ibid, 1898, 73, 906) ; from Borneo petroleiim 
(Jones, Qiem. Soc. Tians. 1907, 81, lf46f; and 
from other hydrocarbons (Bittmann, Eng. Pat 
9136 of 1915 ; J. Ind. Eng. Chem. 1915, 7, 945, 
1014, 1019) ; in the products of distUkiion of a 
large numbtf of substances (Bitthausen, J. pr. 
Chem. 1854, 61, 74; Bunte, J. Gasb^ueht, 
1892, 35, 571 ; and others) ; and in a number of 
natursBy occurring subetances (Poni, Anal. 
Acad, romane, 23 ; and others). For sources 
of toluene, see also Bh6ad ( J. Soo. Cbem. Ind. 
1917.36,764). 

It may be prepsled by the aetkm of 
sodium on a mixture of bfomobensene and 
methyl iodide in ethereal sohitioii, thus proving 
its constitation as methylbenxene (ItUig ana 
Tollens, Ann. 1864, 131, 303) ; W the ac&n ol 
methyl chloride on benxene m msenoe of 
alummiom chloride (Friedel and Crafts, Aim. 
Chim. 1884, (6) 1, 459; Sifton, Eng. Pals. 
8886 and 9437 of 1915; Fr. Pat 4^7), and 
by other method (Gamur, Chem. Nentr. 1899, 
U138; Fromm and Aeliart,Ber.l908,88»8M; 
Werner and Zi)ldiis,lbii Mai. tloilL 
85,192; and maiiyellisfi)* ItkalroohlaMi 
m a yield of 1| pi.e. by tiealihg wHI 


tetesetteatkmef 


M of aliniqiOB t. . 

P^t of qrbm for t Imn (V. ItidMr mA 
Nionuu, Bw. m«. 41^ UTS; 

Vf Kto. uaiess. ismi?}. nd for «rMlifot 


oAll liS IhA 



muomm. 


lietweeii 100^-120^ (Coapi6r» DingL pofy. J. 
1866» 181, 386 ; Leiionart, J. pr. Obanu 18^, (2) 
41, 301 ; ef. X Soo. Chem. Ind. 1915, 34, 170, 
416, 539, 1001 ; Batler and Fopham, J. Soo. 
Chem. Ind. 1918, 37, 220 T). 

Toluene may be purified by treatment with 
Bulfdiniio acid (Friswell, Chem. News, 1893, 68, 
27), and freed from thiotoluene by treatx|^nt 
with aluminium chloride (St. Denis Co., Fr. Pat. 
240111 of 1894 ; D. R. P. 79505 of 18941, wrhilst 
anal^ioally pure toluene is obtained by con- 
verting the less pure substance into the well crys- 
talline potassium toluene p-sulphonate, which 
is subsequently hydrolysed (Miller, Chem. Soo. 
Trans. 1892,61, 1025; seeal6oKelbe,Ber. 1886, 19, 
93 ; Kraemer and BOttcher, ibid. 1887, 20, 601). 

Toluene is a colourless liquid, 
b.p. 1 1 1^/760 mm., 46*8®/92-0 mm., 38‘^/66*6 mm., 
31*9742 mm., 23726*58 mm., 14-5714-56 mm. 
(Kahlbaum, Siedetemp. u. Druck, 95 ; ef. 
Keubeck, Zeitsch. physikal. Chem. 1887, 1, 
656 ; Young, Chem. Soc. Trans. 1898, 73, 906 ; 
linebarger, Amer. Chem. J. 1896, 18, 437) ; m.p. 
—97® to —99® (Archibald and McIntosh, J. 
Amer. Chem. Soc. 1904, 26, 305 ; c/. Ladenburc 
and Krilgel, Ber. 1900, 33, 638 ; Altschul and 
Schneider, Zeitsch. physikal. Chem. 1895, 16, 
26) ; Dj; 0-8812, 0-87403 or 0-87417 (Orton 

and Jones, (}hem. Soc. Trans. 1919, 115, 1067) 
D 0-8723, 1^*0-8649 or 0-85680 (Linebarger, 
t«.){ 1^0-8490, D}gg!0-8237 (Perkin, Oiem. 
Soo. Ttaui*. 1896, 69, 1191); 0-8708, 

DJ?** 0-77805 (Schiff, Ann. 1883, 220, 91); 
critioal temperature 320*8® (Pawlewski, Ber. 
1883,^16, 2^); critical pressure 41*6 atm. 
(Altschul, Zeitsch. physikal. Chem. 1893, 11, 
590); magnetic rotatory power 12*16 at 13*1® 
(tam, le. ; ef. Schonrock, Zeitsch. physikal. 
Uhem. 1893, 11, 785) ; vapour pressure at low 
temperatures (Kahlbaum, Zeitsch. physikal, 
Chem, 1898, 26, 586, 616 ; Woringer, ibid. 1900, 
34, 257) ; dielectric constant (Drude, ibid. 1897, 
23, 309 ; Abegg, Ann. Physik. 60, 56 ; Landolt 
and Jahn, Zeitsch. ph^ycal. Chem. 1892, 10, 
299); refractive index (Landolt and Jahn, Ic.) ; 
momotilar refraction 60*06 (Bnihl, Ber. 1892, 25, 
3075); eaidUarity constant at the b.p.a‘=4*746 
(Schiff, Am. 1884, 223, 104) ; molecular heat of 
combustion 933,762 Cal. (Stohmann, J. pi? 
Chem 1887, [2], 35, 41 1 ef. Richards and Davis, 
J. Amer. Chem. Soc. 1917, 39, 341 ; 1920, 42, 
1599). VoT the volatilisation of to)uene in steam, 
m Barbaiidy (Compt. rend. 1923, 176, 1616). 

^Hie nature of the products of oxidation of 
trinene is largely dependent upon the oxidising 
aiNit empb;^ thus, whilst chromic acid and 
wile mic acid mainly benzoic acid, 
iMfMniiim penalphate yields a mixture of 
Wem^iand benzaldehyde (Moritz and Wolffen- 
Bert IM, 32, 432), and manganese 
dioxide acetic and sidphuzio adds yield o- and 
dmnzaldehyde, benzyl 
' iUmoI, benade add, complex hydrocarbons and 
oiAox^ adds (Weiler, Ber. 1900, 3^ 464). 

On oxidalkm with manganese dMphate at 
40*-^, tdimie yields benzaidehyde almost 
ly, wmlst at hiigm temjmtures 

It lmad (B. 1. Pbt 

l; V, & & lltam IfWi 6» tba 



oxidation of tduene by ^means of lead ^todde, 
phumganese peroxide, chromyl chlome, mid 
pezsulphates, see Law and F. IC. Perkin (Chem. 
Soc. Tnm 1907, 91.260; 1908, 93, 1633), 
lor the preparation of benzaidehyde by dxidishig 
toluene in presence of various datalysts, see 
Woog (Compt. rend. 1907, 145, 124) and 
Coquillion {ibid. 1873, 77, 4^). Benzaidehyde 
and benzoic acid, together with other pr^u^, 
are also obtained by the electrdytio oxidation 
of toluene in ^sence of alcohol and dilute 
sulphuric acid (Renard, Compt. rend. 1881, 92, 
965; Puls, Chem. Zeit. 1901, 25, 263; Merz- 
bacher and Smith, J. Amer. Chem. Soc. 1900, 22, 
723), the course of the reactions involved during 
the electrolytic oxidation is detaifed by Fichter 
(Sfeit. elektrochem. 1913, 19, 78lt 

100 grams of toluene containing 5 grams of 
anthraquinone yields, after exposuro to sunlight 
and air for six weeks, 40 grams of mnzoic acid, 
10 grams of isohydrobenzoin and hydrobenzoin, 
0*2 gram of l^nz^ddehyde, and 0*1 gram of 
dibenzyl (Eckert, Eng. Pat, 182487,\l92z). 

When the vapour of toluene is passed through 
a red-hot tube, benzene, naphthalene, anthro* 
cene, phenanthrene, dibenzyl (Berthelot, BuU. 
Soc. chim. 1867, 7, 218; Graebe, Ber. 1874, 7, 
48), styrene, diphenyl, &c. (Ferko, Ber. 1887, 
20, 662) are formed ; but when a mixture of the 
vapours of toluene and benzene is heated in^ 
this manner, a highly complex mixture of 
hydrocarbons is formed (Camelley, Chem, Soc. 
Trans. 1880, 37, 702 ; cf. Barbier, Ann. Chim. 
1876, [5] 7, 472). When electric sparks m 
passed through toluene, a gas containing 
acetylene (23-24 p.c.) and lydrogen (76-77 p.c.) 
is formed (Destrem, Bull. Soc. chim. 1884, 42^ 
267; Compt. rend. 1884, 99, 138), whilst ^dis- 
tillation over red-hot lead oxide (PbO) yields 
stiibene, diphenyl, anthracene, phenanthrene, Ac. 
(l^renz, 1874, 7, 1098 ; Vincent, Bull. Soc, 
chim. 1890(3), 4, 7 ; Compt. rend. 1889, 110, 907). 

When air charged with toluene vapour is 
passed over finely divided platinum or man-, 
ganese dioxide, the temperature rises until the 
metals "become incandescent and the toluene; jS 

In tL pimhco of iron, nickel, or coppm oxide, 
at temperatures between 150®-300®, it is con- 
verted into benzaidehyde, but with carbon at ' 
370®, benzoic acid is formed (Woog, CSompt. rend, 
1907, 145, 124; ef. Coquillion, ibid. 1878, 77, 
444). 

When toluene is boiled in the ptesmioe Of 
aluminium chloride, a complex mixture of hydro- 
carbons, including ethyltoluene, ditdyl (Fnsdri 
and Crafts, Compt rend. 1885, 100, 692), ben- 
zene, m- and a little p-xylene (Ans^ffta, Ann* 
1886,235*178; AnschuU and Immendorff, Ber. 
1885, 18, 657) are formed ; whilst with aoeOdeae 
tetrabromide, methtlene chloiidt or ; 

in the presence of ammmium ohkiride, ;! 1 6 - and 
2 ; 7-dimethylanthraoene, m.p,. 24fif hjtid 244*5*: 
respeotively, together witb a, #1% “ ’ 

antbraoen^ di-m- and di-f*r* 
benzene, m- and y-xyleiie, and 
lognes are produced (nMel and ^ 

Cym, 1887, [0] 11, 208; Umi3. OoOni^^^ 
1904, 139, 976; 1905, 140, 44, 141* 

1906, 143, 6S7 ; 1606, 146, llSr 245 1 Ifflf ~ ^ 
1400). mtheibyiktoimdaori^ 
on ibo otksa 
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piesenoe pf iluimniutii <^oride» toluene yields hyde in preeenee of 
oitoluytone diaulnhide (c/. Jacobsen and Ney, forming di-jp-tolyIpbenylmeUiane (J 
wbiMt with Eidphur mono- 1905, 39, 84), and mth mphenio anhy^ 


the reaction is of a complicated nature ing fluorene derivatives (Pick, MonatsL 1904, 
(Bdeseken and Koning, Rec. trsi^him. 1911, 25, 979). 

30, 116). When pjraulphuryl chloride reacts Commercial toluene should give onl^ a pide- 
with tol^ne at 60^ it yields toluene p-Bulphonic brown coloration with concentrated sulphuric 
acid, toluene p-sulphonyl chloride, a mixture of acid, but pure toluene should give no edoration 


dichlorotoluenes and 4-chloro-3 : 4'-ditolyl sul- with this reagent, and should not decolor!^ a 


m presence of alumimum chloride at 55^ A greenish. On distil 
vigorous reaction ensues when toluene is added 90 p.c. should boil 
to a mixture of pyrosulphuryl chloride and toluene’ of commi 


Lould boil bdow 120*’; and a ‘pure 
of commerce should distil between 


aluminium chloride at —6® to 0® with the 110®-113®, and the greater part between 1 In- 
formation of toluene p-sulphonic acid, o- and 112® (Schultz, C3iem. des. Steiidrdilentheers). 
p*chlorotoluene, p:p-ditofyl8ulphone, and a Unless coal-tar toluene has been purified by 
ivbstance, needles, m.p. 215°-217®, containing shaking with concentrated sulphuric acid, ft 
chlorine but no sulphur (Steinkopf and Buch- always contains 2- and 3-methylthiopli^ne 
heim, Ber. 1921, 2963). With isobutyl (thiotolene). For estimation of toluene in gases, 

bro^de and aluminium chloride, toluene yields see Davis, Davis and MacGregor (J. Ind. Eng 
tertia^ butyltoluene, tertiary butylbenzene, C^em. 1918, 10, 712). For Uie estimation of 
diterti^ butylxylene, ditertiary butvlbenzene, impurities in toluene, and the estimation of 
and ditertiary butyltoluene (Baur, Ber. 1894, toluene in commercial mixtures, petroleum, Ac., 
27, 1606 ; c/. Konowalow, J. Russ. Phys. (3iem. see Golman (J. (^as Lighting, 1915, 129, 196, 
Soc. 1898.30. 1036; Verley,BulLSoc.chim. 1898, 314); Wilson and Roberts (iftid. 1916, 134, 
(3) 19, 67). On boiling with ferric chloride a mix- 225) ; Harker (J. Boy. Soc, New South Wales, 
ture of chlorotoluenes is formed, but no benzyl 1916, 50, 99) ; James (J. Soc. Chem. Ind. 1916, 
chloride (Thomas, Compt, rend. 1898, 126, 1213), 35, 236) ; F^wards {ibid. 1916, 35, 587) ; §^1- 
and on heating with phosphonium iodide at man and Jones (f6»d. 1917, 36, 489) ; tlliole 
360®, a hydrocarbon, is formed, whilst {ibid. 1919, 38, 39 T) ; Golman and Teoman 
with concentrated hydriodic acid at 280®, (<6td, 1919, 38, 82 T); Lewis {ibid. 1920. 39 
toluene plds hexahydrotoluene, dimethyl- 50 T); Golman, (ibid. 1920,39,501); NortUl- 
pentomethylene, and methylpentamethylene Laurie (Analyst, 1915, 40, 384) ; E^ans (Odd. 
(Markownikoff and Karpowitsch, Ber. 1897, 30, 1920, 45, 54) ; £gloff( Met. and Chem. &g. 1917, 
1216). On treating pure toluene with ozone, 16, 259) ; Orton and Jones (Chem. Soo. Trans. 


18 formed. By the prolonged ii^teraction of Toluene is employed in the manufacture of 
nit^n peroxide and toluene, o-nitrotoluene, nitrotoluene, toluidine, bepzyl chloride, beneal 
™|^*orcmol, oxalic acid, benzoic acid, and a chloride, bensotrichloride, benzaldehyde, benaoie 
wydroi^benzoic acid are produced (Leeds, acid, and cinnamic acid. It is also used 
Iff* 482). iu the manufacture of dyestuffs, explosives, 

Nitrogen tetroxide at room temperature synthetic drugs and perfumes. Former^tohiene 
oxidisM toluene to oxalto and benzoic acids, formed an essential ingredient qf. the benaene 
Phenols, and benatldehyde (Sohaarschmidt and employed as the starting-point in the mann* 

faotuie of magenta, but now it k usual to start 
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gy with telminiethyl • diaminodlphenyl- substitution may ta 
hydrcntyiiulii^^ addit^ side chain. 


In the chlorination or brominution of toloeou, 


substitution may take place eltlwr in the nuetoiw 
or in the side chain. inoontiiitwithtiietiiOiu 


ypwl; which cobuied sidts qualitative nature of the obsmctioui ifiaHuf 

audr^^oimmblemSi^ W the process of ohlorinatioii, quuatiB 
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%h 0 pokit of view of * halc^^en carrien * and Uie t proporiicm of lido-oKi tn rabitltiitikw* vbiM 


^eofimdieiiaistry of light has been given by m we om» of diltttipn intb carbon totnbU 
Bancroft (J. Phys. Chemu 1908, 12, 417). When the distribution is the same as in the case of 
ehlmdne or bromine acts upon toluene, side- pute toluene. The im>st notevortl^ emitcibn* 
chain substitution takes place in the sunlight at tion is the work of Cahen» Dawson* Slockey and 
0^ and at higher temperatures (Schramm, Ber. Woodmansey who showed that si the 
1884, 17, 2292 ; ibid. 1885, 18, 350, 606, 1272 ; boiling-point of toluene moist ehlorhm in the 
ihid» 18^, 19, 212; Bull. Acad. Sci. Cracow, dark princes nuclear substitution to the extent 
1898, 61), in dijOfused daylight and in the dark, of nearly 90 p.o., where^ in the light, di^ 
a mixture of o- and o-chloro- and bromo- chlorine increases side-chain substitution, yield* 
derivatives is formed. According to Schramm, ing on the average about 94 p.c, of bmyl 
the most active rays are the yellow and green, chloride. It thus appars to be established that 
^^bseous toluene and chlorine vapour on sub- side-chain substitution is favoured by light, 
ieotion to the action of ultra-violet rays yield rise of temperature and tlie absenw of moisture, 
beniyl chloride, benzal chloride, and benzotri- and that the effect of moisture is opposed to 
chloride (Gibbs and Geiger, U.S. Pat, 1240739 of that of light. 

1917). Various hypotheses have been i proposed to 

Cimnizzaro (Compt rend. 1855, 41, 617) account for these phenomena, Bnker supposes 
found that side-chain substitution also takes that side-chain sutwtitution is due lo momcular 


place in the dark at the boiling-point of halogen, whilst nuclear substitution is effected 
toluene. by atomic or ionic bromine, resulting from the 

In the absence of a cAtalyet the chlorination of dissociation of the bromine molecules. Ac^rd- 
toluene at 100® yields benzyl chloride almost ing to this hypothesis, the action of ‘ carriers,' 
exclusively, but in the presence of lead chloride, such as iodine, consists In forming compounds 
however, the product is a mixture of o- and p- with bromine, which undergo dissociation with 
chbrotoloenes containing about 62 p.c. of the the production of bromine atoms or iom in much 
o-isomeride (Wahl, Normand and Venneylen, greater concentration than that which is obtained 
Compt. rend. 192?, 174, 946 ; Book and Eggert, in the case of pure solutions of bromine ; hyd^- 


Zeitsoh. Elektrochem, 1923, 29, 521). 


gen perbromide is supposed to be a dissociating. 


According to Haussermann and Beck (Ber. compound of this nature. 

1892,25, 2446) side chain Futetitulion is greatly Bruner’s theory that nuclear substitution 
facilitated in the case of nitrotoluene by the due to ionic bromine is shared by Bancroft 
presence of sulphur, whence it apjieara that (/.r.), who further assumes that nuclear aubslHu- 
sulphur behaves differently from the usual tion only occurs when negative bromine ions aw 
* halogen carriers.’ i- .. — 


* halogen carriers.' present in excess of the corresponding positive 

Selenium accelerates substitution by chlorine ioiw, a condition which would be attained hf the 
in the nucleus (Silberrad, Cbein. Soc. Trans, combination of molecular bromine with the 
1925, 127, 2449). . . , . , , ^ ^ 

the other hand,* nuclear substitution is positive bromine ions, thus: Br|=KBr*fBr| 

«0e^ in tb« of *uch ‘ carri^ ’ a* Br,+Br->Br,Br On the other hand. Bancroft 

tern <dilon^ mrfy^nun pentachlorid^ that aide-chain .ubsUtution ia eflcctod 

under conditions which tend to produce a pw* 
«Kl Ae Jimmwm-TOrcDryrouple. jK,ndcrance of positive bromine io^ 

The work of Holleman, Polak, van der Laan * « n ii \ v . ^ 


and Bttwira (Proc. K. Akad. Wetensch, Am.ster- 
dam, 1995, 8, 512 ; Rec. trav. chim. 1908, 27, 
435), and of Bruner and oo-wprken (Zeitsoh, 
l^ysikal. C3iem. 1901 41, 513 ; Bull. Acad. Sci. 
Cwoow, 1907, 691 ; 1909,221,265,322; 1910, 


Hollemai) (/.e.), however, assumes that side* 
chain substitution is due to molecular bromitie 
and that nuclear substitution is induced a 
perbromide, flBr». 

According to Cohen (le,), the riew that 


516, 560 ; Zeitsch. £3ektrocfaem. 1910, 16, 204) nuclear subetitution is due to halogen in the torn 


hieibown that the relative proportion of bromii 
which enters the side-chain is not only increased ^^nle, to be the mow acoentabl^ for the faots 
hv Mg ht, tmt is the dark it is inewa^ bv rise of difficult to reconcile with the iotiio theory d 
toi^tiiw and hy dilution of the wacting nuclear substitution, and it most be oonisiieil - 
hfottine, the influence of light being gwater that nothing definite is knows about the 
than titot of heat in inducing substitution in mechanism of the process. An explmikm d 
the nde-chain (Cohen, Dawson, Blockev and these and similar phenomena on the basis d the 
Woodmansey, Chem. Soc. Trans. 1910, 97, electronic theory of vakney has Im yul 
1623; Cohen and Dutt, ibid. 1914, 105, 504; forward hy Fry (The Electronlo Ooseaythsi d 
see sho Cohen and Dakin, t6td. 1906, 89, Valency, and the Theory d Bettiene, hy Ei E 


roroint of polyhalogcn 
whole, to be tbi 


compounds appears, on the 


the mow acoep 


for the beta 


t Iniiieiice d the natu w of the medium on 


Longmans, Owen and Ittt), 
Ikhter and GlanUitdin (Bee* I8Mb 


tha djatrbnticm d hromiiie between the aide- have observed tM at bast thus mm H 
ehabmdtimnnckitt has also been invearigate^^ chbrine aw intwibdd bto the 


aid it bm been blind that the Influence d such befow 
adventi aa eaibon dbmlphide, carbon teua ladeet 


chbridei hsoaene, diksdorm, aoetio a<^ ie taken as evldeiioe in an] 
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ftiKiiiD of Toi«iim 

UhiHfm^kkm 0«H|CHF|. By treatiqg 
in * difiuoio • ci» - chloniidiieiid with sodium 
umukam in idoohoUo id^lution. liquid b.p. 
133*5^ Decomposed by warm oonoentrated 
sulphttiicuoidorwnterAtSOO^yieldiim hydrogen 
fluoride end bemsAldehyde (Swarts, Bull. Acad, 
xoy. Bel^. 1900, 414). 

m-IViJliiOfo*ioltieM.-*-T(^tber with ci>-di- 
fluoroohlorotoluene and a»-diohloiofluorotoluene 
by treating benaotriehloride with antimony 
fluoride. Colourless liquid, b.p. 103*5% 
DW« M9632, ii»l*41707, Veiy resistant to 
the action of water, alkalis, arylamines, phenol 
and oopper (Swarts, Bull. Acad. roy. Belg. 1920, 
889,399). 

p • J/uorp-toitteAs.— By healing p • fluoro- 
toluene sulpAonio acid (prepared from p-tolui- 
dine m-sulpnonio acid) with concentrated hydro- 
chloric acid (Patemo and Oliveri, Gazz. chim. 
ital. 18^ 13, 535) ; by treating p-toluenediazo- 
pineridide (obtained by treating a cold aqueous 
solution of p-toluenediazonium chloride with 
pij^dine) with concentrated hydrofluoric acid 
(Wallach, Ann. 1886, 235, 261 ; cf. Holleman, 
Bee. trav. ohim. 1906 (2), 25, 330) ; by warming 
an aoueous solution of p-toluenediazonium 
chloride with hydrofluoric acid (Valentiner and 
Schwarz, Eng. Pat. 9827 of 1897; U.S. Pat. 
656229; Pr. Pat. 206156; D. R. P. 98163 of 
1896). 

liquid, with odour of bitter almonds, b.p. 
116M17% sp.gr. 0*992 at 25® (WaDach). 
Oxidised by chromic acid mixture at 160® to 
p-fluorobenzoio acid. On nitration it yields a 
veiy small proportion of two fluoronitrotoluenes, 
Hl,p, 27% b.p. 138®-139®/83 mm., and b.p, 134®- 
135®/83 mm., respectively, the chief product 
being S-uitro-p-cresol (Slothouwer, C%em. Week- 
blad,1914,ll,956). 

Chloeo Dkbivxtivxs. 

As previously mentioned chlorotoluenes arc 
usually prepared by means of chlorine in the 
presence of a carrier, but there are other methods 
of producing these compounds, thus the electro- 
lytic chlorination of toluene has bc^n studied by 
Cohen, Dawson and Orossland (Ghem. Soc. 
^ns. 1905, 87, 1034); Brunner and co-workers, 
Bull. Acad. Sd Oraeow, 1907, 691 ; 1909, 221, 
265, 322; Fichter and QlanWtein (Ber. 1916, 
j49, 2473). Datta and Fernandes (|F. Amer. 
^Ohem. Soc* 1914, 36, 1007) found that toluene 
,^eould be chlorinated by means of a mixture of 
luitrio and hydrooblorio acids, whilst advmitage 
often takan of the ease with which deriva* 
)S of toluene, such as the solphonic adds, 
subsequently by^lysed 
. A. &F.,D,It, P.294638 of 1914*; Qe8.fiir 
I. tnd in Basel, D. R. P, 183000 of 1901; 

I aii4 Herbert, Pat. 170056 of I920j! 
;»jo^l«tl?allvei of tohiene are rsai^ly oblorin* 
1 In ^e traolm by means of sodim 
i aoeOoi^ Mroebtoieadds (Reveidin and 
jm 33, 2503), and tiOs roaoikm 
2^ ttie SandmiM rsaetkm rsadUy 
> ^PV9dooi^^4 ddoriaaM 

I la jAe ai^-daiiwa. | 

Chun and ' 
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Trans. 1900, 77, 790, Ao.V— is often of advantage 
for the preparation of ddoro-derivativea id 
toluene, fir ny this method bett^ yields are 
sometimes obtained than by the ordinaiy 
methods. 

Toluene on chlorination in the presence of 
the aluminium-mercury couple yields 65 p.o 
o-chloro-toluene and 35 p.c« p-ohloro-tolueiie 
(Cohen and Dakin, Chem. Soc. Trans. 1901, 79, 
1111). For the rapid analysis of chlorinated 
toluenes, see Lubs and Clark (J. Amer. Chem. Soc. 
1918, 40, 1449). 

Prior to the exhaustive examination of the * 
products of the nuclear chlorination of toluene 
by Cohen and his collaborators, the work carried 
out by various observers on the formation of 
dichloro-toluenes was both conflicting aro un- 
satisfactory. Beilsteio and Geitner (Ann. 1860, 
139, 331), Beilstein and Kuhlbeig (ibid. 1869, 
150, 313 ; 152, 234) in their first papers described 
only one monochlorotoluene. Hiibner and 
Majert (Bef. 1873, 6, 790) found two cbloro- 
derivatives, and identified them as o- and p- 
compounds. Aronbeim and Dietrich (Ber. 
1875, 8, 1401 ), using molybdenum pentachloride, 
gave proof of the existence of two dichloro- 
derivatives, by conversion in|o the barium salts 
of the diohlorobenzoio acids, thus agieeing sub- 
stantially with Beilstein and K&lborg. R. 
Schultz (Ann. 1877, 187, 260) repeated the work 
of the previous investigators, and by the frac- 
tional crystallisation of the barium salta of the 
chlorobenzoic acids, obtained on oxidation of the 
crude product of chlorination, gave evideiiDe ol 
the existence of three dichloro-tolaenes. A more 
thorough investigation by Seelig (Ann. 1887, 
237, 129) of the action of chlorine on toluene in 
the presence of ferric chloride or molybdenum 
chloride, showed the presence of a 2 : 4- and 
2 : 3-dichloro-derivative, with no mention of 
either the 3 : 4- or 2 : G-isomerides. Aeoording 
to Seelig the 2:3- and 2 : 4-dichIorotohieneB 
may be separated by means of their calcium 
sulphonates, and the 2 : 3-diehloiotoluene gives 
a dinitro-oompound, m.p. 121% and the 2 : 4- 
dichloro-toluene a dinitro-derivi^ve, m.p. 101^- 
102% Wynne (ChemrSoc. Trans. 1892, 61, 1061) 
regards the evidence in gupport of the 2 s 3- 
formnla as inoondusive, and consideia the 2 : 5- 
formula more probable. Anustioag (t5td. 1892, 
1^1, 1035), aftw a study of the brominatioa of 
toluene oarried out by MUler (i5td. 189^ 61, 
1^^,^ favours^ 2 :5-fOTn^ MUforj|U.) 

dibromotoluene is fonc^ as the d£^^«et 
and 2 : 4-dibromotoluene as the mridlMp 
product, whilst ftom m 

obtained 3 : 4-dibromotohim ae the dhiel^ imd 
^ 2:4-isomeTide as the subsUiiiir peodnei* 
ConUiry evidence, however, is afloraea to the 
work of Willgerodt and Saftimainn (J. pr« Ohiak 
1889, (2) 8M55), who showed IhiAW 
ing e-chlorotohieoe the 2i4« ana I:6 hsowm> 
pepds am formed, ,vrbiht hy ebbiriualiMi 
p^bromotohieiie, the 2i4- imd htd^Mvathwi 
m pmdnoed, no 2 : MNimftve bii^ 

^ua 1 ^ StamnhaM (Ann. 1892. Ml tH) 
ImvefeffltiMdl^mJe^ 
two dkMomtdicaM am tem^ which, ew < 
give ltd* and liM^hbrntanmle; 

ssSiaiS i*?!*-** 
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of chlorination. The combined results of 
these observers afford evidence of the existence 
of four dichlorotoluenes formed by chlorinating 
toluene in the presence of molybdenum or 
ferric chloride, 2:3-, 2:4-, 3 1 4-, 2 ; ft-, 
with the possibility of a fifth, 2 : 6-dichloro- 
toluene. The cause of these conflicting results 
is the impossibility of separating the liquid 
diohloro-derivatives into the constituents ^ by 
fractional distillation as their boiling-points 
lie too close together, and the isolation of solid 
derivatives is a matter of difficulty. Cohen and 
’ Dakin (Chem. Soc. Trans. 1901, 79, 1111), by 
using the aluminium-mercury couple as the 
‘ carrier,’ established the presence of 2 : 3-, 2 : 4-, 
2 : 6.,^ 3 : 4-, and the probable existence of 2 : 5- 
dichlorotoluene, but could find no trace of the 
3 : 5-isomeride. o-Chloroiolucne on chlorination 
yields 2 : 3-, 2 : 6-, 2 : 4-, and probably the 2 : 5- 
dichlorotoluene, whilst 7 n-chlorotoluene yields 
3:4- and 2 : 6-dichlorotoluene, and p-chloro- 
toluene yields the 2 : 4- and 3 : 4-i8omerides. With 
regard to the trichlorotoluenes, though some 
of the various isomerides have been obtained by 
the direct chlorination of toluene in the presence 
of various ‘ carriers,’ it is preferable to obtain 
them by chlorinating the dichlorotoluenes. 
Thus, 2:4:5- anJ 2:3: 4-trichlorotoluene have 
been obtained by Limpricht (Ann. 18()i), 139, 
326), Aronheim and Dietrich (Ber. 1875, 8, 1401), 
and Seelig (Ann. 1887, 237,231), by chlorinating 
toluene and o- or p-chlorotoluene in presence of 
iodine, molybdenum pentachloride, or ferric 
chloride, whilst the former is als(j obtained, 
together with 2:3: 4-trichlorololuene and 
probably a small amount of the 2 • 4 : 0-isomeride, 
by chlorinating 2 : 4-dichlorutoluenc in presence 
of the aluminium-mercury couple, and, together 
with 2 : 3 : 6-trichlorotoluenc, by chlorinating 
2 : 5-dichlorotoluene in a similar manner (Cohen 
and Dakin, Chem. Soc. Trans. 1902, 81, 1340, 
1342). 2 : 3 : 4-Trichlorotolucne is accompanied 
by a tetrachlorotoluene when 2 : 3 dichIoro- 
toluene is chlorinated in presence of tlie couple 
(Cohen and Dakin, ibid. 1339). 3 : 4-Dichloroto- 
luene, on the other hand, yields 2:4: fi-trichloro- 
toluene almost exclusiveljP in a similar manner, 
whilst 2:3: 5-trich|protoluene and 2:3:6- 
trioidorotoluene are obtained almost exclusively 
from 3 : 5- and 2 : 6-dichlorotolucne, I'espoctively. 

By chlorinating toluene Limprient (Ann« 
1666, 139, 327) obtained a tetrachlorotoluene, 
m.p. 96®, b.]^ 276*5®, whilst Beilstein and 
Kublb^ (Ann. 1869, 150, 286), repeating 
Limpricht’s work which they carried out in the 
first stdge with iodine and subsequently with 
antimony pentachloride, obtained a product, 
fine needles, m.p. 9l®~92®, b.p. 271®. Pieper 
(Ann. 1867, 142, 305) prepared a liquid tetra- 
ehloiotoluene (b.p. 280®-290®) by heating the 
ftdditive compound, C,H,CJlj, with alcoholic 
potash at 1 10®. This product is impure or more 
probably a totally different compound, and the 
substance prepared by Beiktein and KubJberg 
would be either 2 : 3 : 4 : 6* or 2 ; 3 : 5 : 6- tetra* 
ohlorotoluene, m.p. 9l®-92® and 93®-94® respec- 
tively, or a mixture of the two, since both com- 
pouitas are formed on chlorination (CBhen and 
Dakin, C3iein. Soc. Trans. 1904, 85, 1279). 
2:3:4: 6-Tetrachlorotoluene is also produced 
by chlorination of 2 ; 4 : 6-triohloro- 

toluqoo in presmA of the alwUnmin-iiierottjy 
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couple, whflst 2 : 3 : fe: 6-tetracUorotoluene fe 
produced by the chlorination of 2:8: 6- and 

2:3: 5 -triohIorotoluene undersimilar conditio^ 
On the other hand, there is no evidence of im 
production of 2 ; 3 : 4 : 5-tetrachlorotoluene hf 
the further chlorination of 2 : 4 : 5-tri^MCO* 
toluene (Cohen and Dakin, Chem. Soc. 
1904,85,1279; 1906,89,1463). Brilstein ^ 
Kuhlberg (Ann. 1869. 150, 298) by chlonnatiim 
toluene initially in the presence of iodine and 
finally wth phosphorus pentachloride obtained 
pentachlorotoluene. 

Benzyl chloride^ (a-chlorMwnet C<H»CHgCl ; 
by passing hydK)gen chloride into benayl alcohol 
(Cannizzaro, Ann. 1853, 88, 130; ISfjS, 

246; Deville. Ann. Chim. IMl, [3] 3, 178); by 
the action of chlorine on boiling toluene (Oannia- 
zaro, Ann. Chim. 1855, [3] 45. 468; Bellstem 
and Geitner, Ann. 1866, 139, 337 ; Wahl, 
Normand and Vermeylen, Compt. rend. 1922, 
174, 946); by the action of chlorine on toluene 
in sunlight (Schramm, Ber. 1885, 18, 608); from 
equimolecular proportions of methylene chlor* 
hydrin and benzene in carbon dtsuljpbide 
solution in presence of ziiic dust or zinc cluoride 
and hydrochloric atsid (Grasse-Cristaldi and 
Maselli, Gazz. chim. ital. 1 898, 28, 498) ; from 
benzyiamine and nitrosyl chloride in ethereal 
solution at —15® to —20® (Solonina, J. Russ, 
Phys. Chem. Soc. 1898, 30, 431); in small 
quantitie.s together with other products by the 
action of aqua ngia on benzyiamine (Soiontna, 
Ic. 822). 

]k*nzy] (hloride is manufactured by passing 
chlorine into toluene contained in acid-proof 
earthenware vessels and heated to boiling by 
means of a lead steam-spirai. The operation 
is interrupted when the toluene shows the 
theoretical increase in weight (37*6 p.'C,). The 
vapours are condensed in a reflux worm, and 
the escaping hydrogen chloride pasMul into water. 
The product is shaken with dilute alkali and then 
rectified, by which means it is freed from un- 
changed toluene and liigher cldorinated products. 
The addition of a small quantity of phosphorus 
trichloride ayd the action of sunlight increassi 
the velo(‘ity of chlorination. Very good yields 
are also said to be obtained by allowing sul- 
phuryl chloride to act on an excess of toluene in 
the dark at a temperature a little below 130® 
(Wohl, D^. R. P. 139552 of 1901). Farther, a 
mixture of toluene and bleaching powder is 
treated with sulphur dioxide, and the muiUng 
benzyl chloride separated by cUstillntloii 
(Conant, U.S. Pat, 1233986 of *1917; J, Soo. 
Chem. Ind. 1917, 36, 1002). 

M.p. -48® (Haase. Ber. 1893, 26, 1053), or 
-43*2® GJehneider, Zeitseb. physikal Chmn, 
233); b.p. l75®.*l76‘2®/760*3 Ml, 
^hiff, Ann. 1883, 220, 99; el Ber, 1880, 19, 588); 
b,p. 63®/8’l6 mm. ; IWjil mm, ; 7S4®/2ti4 
mm.; 81‘8®/26*74mm,; 89*9®/40mm,; 
mro.; l06-2®/92 mm.; 1797760 nm (k 4)« 
banm, Siedetemp. u. Dnick, 84); 64*-44'i71f 
mm. ( Ansebuto and Bums, Ber. 1887, 20, ; 

DJ.M136; D}J:M040; l«87(h«Wii, 

Cbem.Soc. Trans. 1896,08, 120); 
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lii8olu)>b k vater^ Imt l^r beating 
to lOOMlO^ or by boiling with water under a 
leflnz kr 24 hours, it k oonrerted into benzyl 
akohoi (Vandevelde, Boll. Aoad. xoy. Beig. 
1827, [3] 34, 894; Niederist, Ann. 1879, 196, 
353); the same transfonnation is still more 
readily eilected by boiling benzyl chloride with 
the odoolated, quantity of potassium carbonate 
dissolved in about 8 to 10 parts of water (Meunier, 
Bull. Soc. chim. 1882, [2j 38, 169 ; Busch and 
Weiss, Ber. 1900, 3*3, 2702). When boiled with 
hydrazine hydrate in aqueous alcoholic solution, 
it yields a*dibenzy]-hydjrazine (Busch and Weiss, 
I.C.), dibenzyl and stilbene (Eotbenburg, Ber. 
1803, 26, 867). On oxidation it yields first 
benziddehyde and then benzoic acid, and on 
heating with water at 200^ and distilling the 
product, anthracene and benzybtoluene, amongst 
other substances, are formed (Dorp, Ber. 1872, 5, 
1070; Zincke, Ber. 1874, 7, 276; Limpricht, 
Ann 1866, 139, 308). When treated with 
aluminium chloride in carbon disulphide solution, 
an insoluble hydrocarbon (C^Hc). is obtained 
(Friedel and Crefts, Bull Soc. chim. 1885, 43, 
53). Aluminium chloride or zinc dust acts upon 
a mixture of benzyl chloride and benzene yiekf ing 
dspheoylmethano and a product which on 
distillalion yields anthracene and toluene 
(Zlnoha, Ann. 1871, 159, 374; Friedel and 
Orafts, Ann. Chim. 1884, (6) 1, 478 ; c/. Perkin 
and Hodgkinson, Chem. Soc. Trans. 1880, 37, 
726; Hirst and Cohen, ibid, 1895, 67, 827; 
Radidewanowski, Ber. 1894, 27, 3236; 1895,28, 
1136). With a large amount of benzene in 
prsienee of aluminium chloride, anthracene is 
the main product (Schramm, Ber. 1893, 26, 1706). 
On boilira with zinc dust a vigorous reaction 
occurs wiui evolution of hydrogen chloride, and 
the product, on distillation, yields toluene, 
anthracene, phenyl tolyl methane and a sub- 
stance CgiH|« (7) (Prost, Bull. Soc. chim. 1886, 
[2} 46, 248). Phenyl acetate and bonzy 1 chloride 
in the presence of aluminium chloride yield acetic 
anhydride, toluene, anthracene and an oil, b.p. 
SIONI^ (Perkin and H^gkinscui, f.c.). By 
heating benzyl chloride with aromatic hydro- 
carbons and zinc dost, the benzyl proup enters 
the hydrocarbon nuckus, thus with benzene, 
benzylbemene is lonUed, and with toluene, 
p-beiuyltoluene, a littk obenzyltoluene, anthra- 
cene, and a hydrocarbon C|,H|o are formed 
(Zinokfi, Ann. 1872, 161, 93; Ber. 1873, 6, 137). 
When heated with eodium or copper, benzyl 
chloride is converted into dibenzyi (Cannizzaro 
and Boesi, Aim. 1862, 121, 250; Fitiig end Stcl- 
iitig, Ann. 1866, 137, 258; Ckmey, Ber. 1890, 
23, U15 ; Onufrowki, Ber. 1884, 17, 836). When 
baniyl^doiideii boiled with an aqueous solutloi^l 
d mi idifido bmuatdehyde is obtained. The 
hlter k iho funned, t^ with benzok acid 
and iiiHiiioeiie,by healnm chloride with 
poMw nitiite and ^tUe water at 150^ 
(Siuaiiirt Ber, I876» 9, 1745). Fazaiim nitric 
nuMykldltdtfobe^ 

annmto yi^ a mixture of beni^lamine, 
dibeundandne and tiibeoxyiamiiie (OannisiarD, 

i 34 » mi m . sum 4, 24, 80; 

INmnad^^Osmi^ When 

Uaaled edtli ulmmyl ehbriile in eaarbon disol* 
^ddeuoteteft hii^ a brown pre- 


dpitate, G|H,GH|0l*CrO|Clg., which is converted 
slowly hy moist air into Wzakkhyde. The 
compound when heated to 170^ loses hydrogen 
ohltme, forming a compound, GtHiCHCKkO^CS, 
also yields benzaldehyde with moist air 
(Etard, Ann. Chim. 1881, [5] 22, 235). With 
aniline, benzyl chloride forms benzyhniline, 
and with methylaniline it gives the hydrochloride 
of benzylmetbylauiline, horn which the free base, 
b.p. 305*^-306 , may be obtained by tieatmeitt 
with sodium hydroxide. The corresponding 
ethyl compound, b.p. 286®/710 mm.,D^®’** 1*634, 
is obtains in a similar manner. Both these 
substances and their sulphonic acids are used * 
as intermediates in the preparation of dyes. 
When treated with a metaiUo salicylate at 
130^-140*^ benzyl chloride yields hemyl itlicylaU, 
an odourless, colourless liquid, b.p. 268^/26 mm., 
which is said to be useful tor external application 
in medicine (Eng. Pat. 25735 of 1899). When 
subjected to an electric current, hydrochloric 
acid is evolved and stilbene is formed (Loeb, 
Zeitsch. Elektrochem. 1903, 9, 903). 

Benzyl chloride is used in the preparation of 
benzaldehyde and benzoic acid, aim also for 
introducing the benzyl group into basic colouring 
matters, prior to sulphonatiop, in the piepara* 
lion of acid colouring matters. 

Commercial benzyl chloride generally con- 
tains moisture, bcnzal chloride and benzo- 
irichloride, chlorotoluenes, and even unchanged 
toluene. It should show the correct boiling- 
point and specific gravity. In order to deter- 
mine the emorine present in the side-chain, a 
weighed quantity of the substance is boiled for 
some minutes with a hot saturated alcoholic 
solution of silver nitrate under a reflux^ the 
silver chloride, which will represent only the 
chlorine from the side-chain, is then collected 
and weighed (Schulze, Ber. 1884, 17, 1675). 
Benzotrichlori^ may 1^ detected by the green 
colouring matter (Malachite Green) which is 
formed when the substance is heated with 
dimethylaniline and zinc chloride (Bobner). 

m-Chhrvbtnsyl chloride; by chlorinating 
m-nhlorotoluene at its boi]kg-|mint nntil the 
increase in weight amounts to about one-half 
of that required by theoiy.. B.p. 213®-214®/7^ 
mm. (Kenner and Witham, Chem. Soc. Trans. 
1921, 119, 1460). 

t p Chhrobefuyi chloride ; by chlorinating benzyl 
chloride in presence of iodine, or more con- 
veniently, by chlorinating p-chloiotolnene at its 
boiling.^int (Beiktein, Kuhiberg and Neuhof, 
Ann. 1868, 146, 320; Jackson atm FielcL Amer. 
Chem. J. 1880-1 , 2, 85 ; P. Amer. A, 14, Ber. 
1878, 11,904); by chlorinating toluene first in tbe 
cold and finally at the boiling-point (Walther and 
Wetzlkh, J. pr. Chem. 1900, (2) 61, 187 ; van 
Kaalte, Rec. trav. chim 1899, 18, 387). BMes 
or prismiH m.p. 29", Kp. 213’'-^2U* (Jackson and 
Fiem; r/. Beiktein, Geitner and Kuhlbeig, Zeik f. 
Cliem. 1866,2,66,307,653; BeUstein, KuMbem 
andNeahof.Ann. 1868,147,339). Onboilittgwit£ 
water it vkkk p-chiorobenzyl akohoi (Jackson 
and FkAu with kad nitrate H yMds 
fMddocobenzaiklehyde (BeUstdn and KuldbetXi 
Ann. \m 146, 320; 1868, 147, 352), and im 
oxidising agents p-chlorobeiiioie acid. By fhn 
notion^ potassium cyanids on a boiling aloolwlk 
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tetMsium iodide, p-Miore&eJwyi iodide, ncedlei, 
m.p. 64®. 

I)i(^lor6lfen»yl chloride, b.p. 241®; by chlori- 
Btirti&g bens^l chloride in preeenoe of iodine 
{Beiistein and Knhlber^). « 

Trkhiotdbemsyl chloride; by chlorinating hot 
triohlorotoluene. Oil, b.p. 273®, 1*647 

(Brilstein and Knhlberg, Ann. 1869, 150, 286). 

Telrachhrdbenzyl chloride; by chlorinating 
tetrachlorotoluene at high temperaturee. Oil, 
p.b. 290°, D**° 1*634 (£?ilstom and Kuhlb^, 
Ann. 1869, 15 0,298). Further chlorination gives 
hexachlorobenzenc and carbon tetrachloride. 

Pentachl^cbenzyl chloride; by chlorinating 
benzyl chloride in presence of antimony penta- 
chloride; also by chlorinating boiling penta- 
ohloro^oluene (Beilstein and Kuhlberg ; c/. 
BeviUe, Ann. 1841, 44, 304). 

Bonzylidene chloride, henzal chloride, to-di- 
chhrokluem, 0 (H 5 CHCl 2 ; by the action of 
phosphorus pentachloride (Cahours, Ann. Chim. 
1848, (3) 23, 329 ; Ann. 1849, 70, 39 ; Suppl. 2. 
253, 306), succinyl chloride (Rembold, Ann. 
1866, 138, 189), or phosgene (Kempf, Zeit. f. 
Ohem. 1871, 7, 79), on benzaldehyde; by chlori- 
nating toluene at the boiling-point (mlstein, 
Ann. 1860, 116, 336; Beilstein and Kuhlberg, 
Ann. 1868, 146, 322; Lauth and Grimaux, Bull. 
Soc. chim. 1860, 2, 347 ; c/. Limpricht, Ann. 
1866, 139, 318) ; in nearly theoretical yield from 
toluene with 2 mols. of phosphorus pentachloride 
at 170°-“200° (Colson and Gautier, Ann. Chim. 
1887, (6) 11, 21). It is manufactured by chlori- 
nating jailing toluene in direct sunlight. 

Colourless, powerfully refractive liquid, b.p. 
212°-214° (Hiibner andT Bente, Ber. 1873, 6, 
804), qr 203*5°/756*2 mm. (Schiflf, Ber. 1886, 19, 
663), m.p. —16*1° (Zoitsch. physikal, Chem. 
1897, 22, 234 ; c/. Altschul, ibid. 1895, 16, 24) ; 
DjI l-2699i DjJ’®' 1-2122; D’?'** 1-1877; 
1-0407 (Schiflf, I.C.), 0“* 1-2567. 

Water at 140°-160°, or sulphuric acid at 50° 
(Oppenheim, Ber. 1869, 2, 213), alkalis and silver 
oxalate (Golowkinsky, Ann. 1859, 111, 252), 
convert benzylidene chloride into benzaldehyde. 
When treated with sodium it yields still^ne, 
and with c^per powder at 100° stilbeno di- 
ohloride, CcH|'CHCl^nCl*C(Hg, and the Corre- 
ia. ^^^4, 17, 833). Ammonia ymlds hydro- 
beuzamide (CyHe)|Ng {cf. Bottinger, Bor. 1878^ 
11, 840). The reaction with triethylphosphine 
in presence of alcohol at 120°-130° proceeds 
thus: 

8P(Csrf,),+C,H,Cl,+H,0 

-{C,H^k,MC,H,),Pa+(C,H,),PHa+ 

irhilst phosphonium iodide yields tribenzyl- 
l^osphine (flofmann, Ann. .Suppl. 1, 323). 
Whi^ tieat^ with anhydrous alkali acetates 
1^ jUV-20 hours at 180°>*200° cinnamic acid is 
(B. A. S. F., Eng. Pat. 3330 of 1880; 

" lr,PW;, 138276; D. R. PP. 17467 of 1880, and 
18232 of 1881). For the behaviour of benzyl- 
idw chloride with acid esters or alcohols in 
, piesriioe of metals or metallic saltl, see E. 
Jaedwon, Zttg. Pat. 2878 of 1880; Fr. Pat 
l474%^I>;iL FP. 11494 of 1879, and 13127 of 



(Hdbner and Bente, Ber. 1873, 6 , 883i 4 * 
Beilstein, Ann. 1868. 146, 383); md-hot cotb 
forms bensmie (LImprioht, Bull. Soe* chim. l 
1866, ( 2 ) 6 , 467) ; aijjd zinc ethyl dihiiod with 
benzene forms OnH.i, diethylphei y 1 iii^ a no>‘ 
and G|tH |0 (Bafert, Monatsh. 188^ 4, 6 i 8 }. 

liemylidine chloride is employed in the manu* 
facture of benzaldehyde, a^ and 

cinnamic acid. The commercial jiroduot is 
always impure. It may bo tested by its boiling* 
point, and by determining the percentage of 
chlorine. 

0 ‘Chlordhemylidene chloride; £rom sriicyl* 
aldehyde and phosphorus pentachloride (Henry, 
Ber. 1869, 2, 135) ; by passing a current df 
chlorine through a mixture of diy ^ohloro- 
toluene and phosphorus pentachloride ift 160°'- 
180° in bright daylight (Erdmann, Ann. 1893, 
272, 151; Vanino, Praparative Oiemm, 1923, 
vol. ii. p. 410) ; by passing chlorine over o^roluene* 
sulphonyl chloride at 160°-200° (dKlliard, 
Monnet and Cartier, F.ng. Pat. 29717 of 1896 ; 
U.S. Pat. 606470; Fr. Pat. 268607; B. R. P. 
98433 of 1896); by chlorinating benz^tidene 
chloride in presence of iodine (Beilstem and 
Kuhlberg, Ic.). Oil, b.p. 227°-2.30° [H], or 
228*5° (Gill, Bor. 1893, 26, 650); D»° 1*4 [Hi, 
D^*° 1*399 [G], It is decomposed by water at 
170°, yielding o-chlorobeiizaldehyde and hydro- 
gen chloride, and with chromic acid yielding 
o-chlorobenzoic acid, whilst with silver in methjd 
alcoholic solution it yields o:f>-dichloro-stilbcne 
dichloride, and on distillation with dry oxalic 
acid o-chloro-benzaldcbydc is formed (Anschutz, 
Ann. 1884, 226, 19). 

j^-Cklorobemylidenc chloride ; by chlorinating 
benzylidene chloride in presence of iodine 
(Beilstein and Kuhlberg, l.c.); together with 
massing chlorine 
ioride (GiJ)iard, 


p-chiorobenzotrichloride by 
over toluene o-sulphonyl cl 
Monnet and Cartier, l.c.). Hubner and Bente 
(Ber. 1873, 6, 804) obtained a chlorobenzylidene 
chloride, b.p. 255°~260°, which on oxidation 
yielded impure p-chlorobenzoio acid. p-C3iloTO- 
benzylidcno chloride is a lic^uid, b.p. 234°. 

{p) 2:^-Dichlor<jbe7izyluUne chloride; by 
passing chlorine into 2 : 4-dichlorotoluene heated 
at 230°. Liquid, b.p. about 260°. On treat- 
ment with suipburic acid it yields the corre- 
sponding dichlorobenzaldebyde (Seelig, Ann. 
1887, 237, 167). 

2 : 5-Dichlorobemylidene chloride ; by caroful 
addition of chlorosulphonic acid to a chloroform 
solution of 2 : 5-dichlorobenzaldchyde. Cubic 
crystals, m.p. 42° (Gnehm and Schueie, Ann. 
1898, 299, 358). 

3 : ^-Dichlordbenzylidene chloride ; by chlori- 
nating boiling 3 : 4-dichlurotoluene. Oil, b.p* 
257°, DT 1*518 (BcUstein and KulMbefi^. 
When heated with water at 220°, 3 : 4-di6]ilo]!o« 
benzaldehyde is formed. 

2:3: A-Trkhlorchenzylidene chk^ide ; by 
chlorinating 2 : 3 : 4-triohlorotoliiene near the 
boiling-point. It melts at 84°, brils at 275°- 
285°, and^yields 2:3: 4-trichiofobenzaldehyda 
with faming sulphurio acid (Seelig). 

2:ii6-Tricmrdben*vlidene emruk; by 
chlorinating 2 : 4 : 54nohlorotoli]enft at m 


boiling-point, 
needles at 0°. It 
B*»° 1*607. Becomi 
byauljdiuricaeid, 



to eiystalRiit 
•281^ and haa 
water it 269*, nr 






(BeiiitetD «id 

im. m% m m\. 

fMcAlofob^ byohlodtuit- 

ki$ boil&ig te»tinw^lofotd«e^ liquid, b,p. 
3a5“-406% D«Mm m WAtw nt 280® U 
yidds tdaftcUombeiutf^fyde (Beilstein and 
Knblbeig; cf^ OMieU« k Go., Eng. Pat. 16317 
of iWi). ^ 

; by chiorinat- 

ing benzylidone chloride in presence of iodine 
am ctabe^uenily in presence m antimony penta- 
chknide. Long Hat plates, m.p. 100 ®, b.p. 334® 
(Beilstein and Kuhlbeig), m.p. 119*5® (Zincke, 
Ber. 1893, 26, 318). it is not affected by water 
at 300®. 

Benzolrichloride, phenyhchloroform ; from 
benzyl chloride and phosphorus pentachloride 
(Scmschkoff and Rosing, Compt. rend. 1858, 
46, 367 ; Limprichb, Ann. 1865, 134, 55 ; 1865, 
135, 80; Ban. Soc. chim. 1866, (2) 6 , 468; 
Wohler and Liebig, Ann. 1832, 3, 265) ; by 
exhaustive chlorination of heated toluene 
(Limpricht, Ann. 1865, 135, 80; 1866, 139, 
323) ; by chlorinating toluene (Naquet, Compt. 
rend. 1862, 55, 407 ; 1863, 56, 482), pr benzyl- 
idene chloride (Cahours, i 6 id. 1863, 56, 703); 
manufactured by chlorinating boiling toluene in 
direct sunlight until the weight of the product 
no longer increases. Colourless, powerfully 
refractive liquid, m.p. —22*5® (Haase, Ber. 
1893, 26, 1053) or -21*2® (Schneider, ZeiUch. 
physikal. Chem. 1897, 22, 234); setting-point 
-17® (Altschul, ibid, 1895, 16, 24); b.p. 213®- 
214® (Beilstein and Kuhlbeig) ; B^*® 1*380 [Lj. 
With water at 150® or with water in presence of 
iron or iron salts at 90®-95® (Schuitze, D. R. F. 
82927 of 1894) it yields benzoic and hydroohlorio 
acids; with alcohol, ethyl benzoate and hydro- 
chloric acid ; with sodium ethoxidc, ethylortho- 
benzoate CeH|C(OC 2 H|), ; with ammonia, 
benzoic acid, benzamidc and benzonitrile; uith 
aniline, benzenyldiphenylamidine *, with di» 
methylanilinc and zinc chloride. Malachite 
Green; with methyldiphenylamine or diamyl- 
aniline, similar green colouring matters ; with 
aniline hydrochlorido, nitrobenzene and iron 
ffUngs at *180® for 3-4 hours, diamino-triphonyl- 
carbinol (NH,C,H 4 ),C*OH(C,H 5 ) ® (Doebner, 
Ber. 1882, 15, 232) ; with phenol, dihydroxy- 
trij^enylcarbinol (l^bner, Ann. 1883, 217, 
226); with copper powder, tolane tetrachloride 
C||H|oCl|, a- and ff-tolane di-cbloride 
0x«HiA (Hanhart, Ber. 1882, 15, 899; c/. 
OSiufrowici, Ber. 1884, 17, 825); with zinc 
ethyl in presence of benzene, diethylphenyl- 
methane C^H|CH(C^H|), (Lippmann and 
Louginine, Zoit^. f. Chem. 1867, (2) 3, 674); 
with fuming nitric acid, m-nitro-benzoic acid 
(^steiii and Ki^berg, Ann. 1868, 116, 333). 
By treating benzotrichloride with chlorine in 
soiOight, rile emwmnd C„Ci,„ m.p. 152®-153®, 
Is olmned, which on treatment with zinc and 
sulfuric Arid yields the empound C,|HClgi, 
ntp. 102 ® (Smith, Jahiesbericht, 1877, 420; 
Ber. 1880, 33 )^ For the behaviour of benzo- 

triribihn^ Wi^ metals, metallic chlorides and 
.other salts, m B. Jacobsen (Eng. Pet. 2878 of 
In fet. 137419; D. R. PP. 11494 of 
167% end 13127 1880); . and feur its use in the 

mpa/^likcm of rhodandiie dyes, m B« A. S. F. 

^ ^ is tested by 


eeamifiing its iMdUng-pdal. It gemmilly eon- 
tains coniponndi ohlonnated in the nucleus. 

o-OA 2 iHo 6 eN 0 oMUb^ from silk^lalde- 
hyde and phosphorus pentachloride (Kdbe and 
Lautemann, Ann, ISoO, 115, 195), m.p. 30®, 
b.p. 260®, ]) 1*51 (in liquid state). With water 
at 150® it yields hydroohlorio acid and o-ohloro- 
benzoic acul, and mth copper powder in presence 
of benzene it yields a- ana ff-o : o-didhioTotolane 
dichloride (Fox, Ber. 1893, 26, 653). 

m-C51ofwens(gr»cA{cf^ ,* from m-sulpbo- 
benzoio acid and phosphoms pontadUoiide 
(Carius and Kammerer, Ann. 1864, 131, 158) ; 
from m-hydroxy-benzoio acid and 3 mols. 
of phosphorus pentachloride at 180® (Anschiitz 
and Moore, Ann. 1887, 239, 342). Liquid, b.p. 
247®-250® (A. and M.). 

p-Chioroibmz(ariMifide ; by cUorinatiog 
benzotrichloride in presence of iodine (Beilstein 
and Kuhlberg, le ,) ; by heating p-o:^benzide 

with phosphorus pentachloride at 

290®-300® (Klepl, J. pr. Chem. 1883, (2) 28, 
204); in small quantities by halting 1 mol. 
of p-hydroxybenzoic acid with 3 mols. of 
phosphorus pentachloride at 180® (Aaschiltz and 
Moore, Lc. 347) ; in small qudntities, together 
with benzotrichloride, from benzoyl chloride and 
phosphorus pentachloride in a similar manner 
(Limpricht, Aim. 1865, 134, 57 ; 1866, 139, 326) ; 
from toluene p-sulphonyl chloride bv the action 
of chlorine at 150 -200® (Gilliard, Monnet and 
Cartier, D. R. P. 98433 of 1896). Liquid, b.p. 
245® or 255®, D^*® 1*495 (limpricht). With 
water at 200 ® or warm concentrated sulphuric 
acid it is decomposed, yielding p-chk>robepzoic 
acid. 

Dkklmhenzotrkhloride ; by chlorinating 
boiling dichlorotoluene. Liquid, b.p. 273®, 
D*^® 1*587 (Beilstein and Kuhlberg, Ann. 1869, 
150, 298). From the work of Aronheim and 
Dietrich (Ber, 1875, 8, 1401), as well as that of 
Schultz (Ann. 1877, 187, 260), it appears that 
by the chlorination of dichlorotoluene three 
isomerides are formed, since orudedichlorotoluene 
is itself a mixture of 3 isomerides. 

2:4: 5’Trkhlmbenzotrkhkrid ^ ; by passing 
chlorine into boiling tricnlorotoluene. * Very 
fine needles, m.p. 82®, b.p. 307®-308®. Decom- 
posed by water at 250% yielding 2:4:5-tri- 
cSlorobenzoic acid (Beilstein and Kuhlbeig, 
Ann. 1869, 156, 305). ^ 

TaimckUyrdbewKfirkhl^^ by obbrinating 
boiling tetrachlorotoluene. K^eedles, m.p. 104®, 
b.p. 316®. Decomposed by prolong^ action of 
water at 270® into tetrawlorobenzido acid 
(Beilstein and Kuhlberg, l.c., 306). 

Dichlorotoluene hexaSdoride Cl«*C|H«C9L*0Hs ; 
by treating toluene with an excess of ohbrina 
»and allowing the mixture to stand (Pieper, Ann. 
1867, 142, 304). Lai^ prisms, m.p. 150®, 
partially decomposed by water at 200 ®. When 
treated with alcoholic potash at 100 ® it is said 
to yield a tetroMroUdum^ b.p. 280®-290® (but 
this is either impure or possibly a totally different 
substance), and dichloxobenzoio acid. 

w-Difivt^‘OHhbm)kdu^ C|H|*CC3F| ; to- , 
getber with trilluorotoluene from benzotri* 
chb^e and antimony fluoride. Odouriess' 
liquid of strongly irritant odour, b,p. 1 ^ 
mau, D^® D»44%| WiHi wi^ 
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«cid; and with sodiam amakam, co-difluoro- 
tolueiie ; ^th fuminff nitric acid and phosphoric 
oxide below 0® it yields a nitro-demaHve, colour- 
: teas liquid, b.p. 230®, D“® 1*4638, and some m> 
aitrobenaoio acid (Swarts, Bull. Acad. ray. 
Belg. 18^,414). 

io-JOichloro-(a-flmroU)lueM ; by the action of 
antimony fluoride on benzotricnloride at low 
temperatures. CSolourless liquid of piercing 
Odour, b.y. 178®-180®, D“® 1*3138, ttD=:l*6180; 
^ fUiro^denmtive, colourless liquid, b.p. 260® 
(Swarts, i.c.). Fluorine derivatives of toluene 
have b^n described by Holleman (Rec. trav. 
ohim. 1906, (2) 25, 330). 

o-CMorololuene ; by chlorinating toluene in 
presqjDoe of iodine (Hubner and Majert, Ber. 
1873, 6, 790), or better, in presence of ferric 
chloride or molybdenum pentachloride (Seelig, 
Ann. 1887, 237, 152) ; in a yield of 65 p.c. by 
chlorination in presence of the aluminium- 
mercury couple (Cohen and Dakin, Chem. Soc. 
Trans. 1901, 79, 1119) ; from o-toluidinc by the 
diazo-reaction (^ilstein and Kuhlberg, Ann. 
1870, 156, 79; Erdmann, ibid. 1893, 272, 145; 
Sandmeyer, Ber. 1884, 17, 2651 ; Gasiorovi^ki 
and Wayss, Ber. 188.i, 18, 1939; Vanino, 
Praparative Chemie, 1923, vol. ii. p. 406 ; Wynne, 
Chem. Soc. Trans! 1892, 61, 1072) ; by chlorina- 
tion of toluene p-sulphonic acid, or its chloride 
or amide in sulphuric acid solution, followed by 
the removal of the sulphonic group by heating 
in a current of steam (B. A. S, F., D. R. P. 
294638 of 1914); by hydrolysis of o-chloro- 
toluene p-sulphonic acid by boiling with 80 p.c. 
sulphuric acid (Ges. fiir Chem. Ind. in Basel, 
D. R. P. 133000 of 1901) ; readily by hydrolysis of 
6-chlerotoluene o-sulphonic acid (B. D. C., Green 
and Herbert, Eng. Pat. 170056 of 1920). M.p. 
-34® (Haase, Ber. 1893, 26, 1053) ; b.p. 1.59-5®/ 
759-5 mm., 1 *4977 ( Wibaut, Rec. trav. chini. 

1913, (2) 32, 244) ; DJ! 1'0973, D}f. 1 0877, D|f, 
1*0801 (Perkin, Chem. Soc. Trans. 1896, 69, 1243), 
D|?- 1'08073 (Seubert, Ber. 1889, 22, 2520). 
For specific gravity and boiling-point under 
diminished pressure, see Feitler ( Zeitsch. physikal. 
Chem. 1889, 4, 73) ; molecular refractive power 
and dispersion ceefiicient (Seubert, l.c.) ; 
magnetic rotatory power at 15-4®, 13*72 
(Perkin, /.c.). 

On treatment with chromyl chloride aiyl 
subsequent treatment of the product with water, 
o-chlorotolnexe yields o-chlorobenzaldehydc 
(Stuart and Elliot, Chem. Soc, Trans. 1888, 53, 
804) ; the latter product is also obtained in a 
yield 8t 66 p.c. by the gradual addition of cerium 
oxide to a su^nsion of o-chlorotoluene in 
60^ p.c. sulph(#ic acid at 50®, the temperature 
being raised [^ually to 90® (M. L. B„ D. R. P. 
174S3S of 1903). It is reduced by hydriodic 
acid and phosphorus to toluene (iClages and 
Ltecke, J. pr. Ghem. 1900, (2) 41, 322), whilst 
on oxidation with potassium permanganate it 
yields o-chlorobenzoic acid, m.p. 134®-135® 
IWixd^kwski, Zeit. f. Chem. 1869, (2) 5, 460; 
Cohen and Dakin, (c. 1120). o-Chlorotoluenc 

wSeh/phySiii^^^ 

from m-toluidine or 3^ 
dhJoiO^t^uidioe (Wroblewski, Ann. 1873, 168, 
ito«ative Chomiat W23, vol. U. 
iMilE m £eom 5-ohldio«o- 
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toluidine and fl^chlorg-p-toluidine by ireaUng 
the eoim^nding hydrazines wim copper 
sulphate solution (Wynne, Chem. Boo. Trans. 
1892, 61, 1047, lOfifiD; from the dibromide of 
dihydro-m-ohlorotoluene by boiling with quino- 
line (Klages and Knoevenagel, &r. 1894, 27, 
3022). M.p. -47*8®; b.p. 162*2®/756*62 mm.; 
D162-2® 0*92723 (Haase, Ber; 1893, 26, 1053); 
D|?“ 1-07218 (Seubert, Ber. 1889, 22, 2520); 
molecular refractive power and dispersbn co- 
efficient (Seubert, U .) ; specific gravity and. boil-, 
ing point under diminished pressure (Feitler, 
Zeitsch. physikal. Chem. 1889, 4, 76). ^ On 
nitrolion it yields a mixture of o- and p-nitro- 
chlorotoluenes (Reverdin and Cr4pidux, Ber. 
1900, 33, 2505). On heating with dillite mine 
acid in a sealed tube at 130®-140® sit ylUds 
3-chlorobenzoic acid, needles, m.p. 152®IWynne, 
Lc.). S 

p Chlorotoluene ; by chlorinating towne in 
presence of iodine (Beilstein and Gleitnw, Ann. 
1866, 1.39, .3.34; Bull. Soc. chim. 1869,(2)1,251), 
or molybdenum pentachloride (Aronheim and 
Dietrich, Ber. 1875, 8, 1402), in a yield of 35 p.c. 
by using the aluminium-mercury couple (CTohen 
and Dakin, Chem. Soc. Trans. 1901, 79, 1119); 
from p* toluidine by the diazo-rcaction (Oasio- 
rowski and Wayss, Ber. 1885, 18, 1939; Hubner 
and Majert, Ber. 1873, 6, 794; 'Sandmeyer, Ber. 
1884, 17, 2651 ; Vanino, U.) ; by hydrolysis of 
p-chlorotoluene o-sulphonic acid (B. 1). C., Green 
and Herbert, Eng. Pat. 1700.56 of 19^). M.p. 
7*4® (Seubert); b.p. 162-37756*4 mm.; DJo 
1*0847, Dji" 1-0749, l)|Jo 1*0672 (Perkin, Chem. 
Soc. Trans. 1896, 69, 1243), 1 *06974 (Seubert. 

Ber. 1889, 22, 2519), 0-92360 (<*/. Feitlw, 

Zeitsch. physikal. Chem. 1889, 4, 78) ; magnetic 
rotatory ])owcr at 15'2®, 13*25 (Perkin, f.c.). 
It is oxidised by chromic acid mixture or by 
potassium pennanganate ((3ohcn and Dakin, 
1120) to p-chlorobenzoic acid, m.p. 236®; and 
when treated with hydriodic acid and pbos- 

E horus it is converted into toluene (Klagez and 
tiecke, J. pr. (Jhem. 1900, (2) 61, 322). 

(a) 2 : 'AtDichhrotoluene ; by chlorinaiion of 
o-chlorotoluene in presonc.e of the aluminium- 
mercury couple; from 2-ch]oro-3-tolujdine by 
the diazo-HMiction (Cohen and Dakin, Chem. 
Soc. Trans. 1901, 79, 1128) ; o-oh)oroto)uene $ul« 
phonic acid (Wynne and Greeves, Chem. Soo, 
Proc. 1895, 11, 151) ; by chlorination of toluene 
or o-chlorotoluene in presence of ferric chloride 
or molybdenum jientachloride (Seelig* Ann. 
1887, 237, 157, 168) ; from crude dichkH^oluene 
by treatment with fuming salphurio acid at 
high lemiieraturcs, then neairalismg the product 
with liihe, the calcium eulphonate 8:3* 
dichlorotolueno being less soluble thaii that of 
the accompanying 2 : 4-dichlototolttefie« Hie 
calcium salt is then converted into the aodium 
salt, and the sulphonio group removed by steam 
distillation at 180® in prosenoe of sulmurie a^ 
(Seelig). • Doubt has been oast uponm orienta- 
tion of Seeiig's product by Wynne (Chem. Soe. 
Trans. 1892, 61, 1051) and Annstroiig (ibid, 
1892,61, 1035). 

Liquid, b.p. 204®-«00®/756 mm. iflAm end 
Di^, U 11&) or 207®.20S*/7« num (Wynns 
andOrromU). Onoxlditlonwfai^^^ 
in a sealed lube at W tw loiiiitoinl ^ 




mtJMS. 
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04 S-dl^yorobenzoio m<p. 163” (Oaben and 
l)aiin,i4.), or 164” (Wynne and Greeve«,l.c,),or 
166” (MJjl Z.C.)* It yidds a nUro-d&ivatiHt 
m.p. 6()»6®-61*6®j a dmtro^derivatim, nup. 
71-72”; a tvlphfmmide, m.p. 221”-222® 
(Ooken and Dakin, /.c.) ; a aiilpAonyl M)rid$t 


needles, m.p* 45” (Wynne and Greeves; 1^.). 
Wynne and Greerw state that 2 : 3-dichloro- 
toluene on sulphonation yields two isomeric 
siilphonio acids, ilie one whose amide and 
chloride m described above being accompanied 
ky 2 ; 3-dlchlorotolnene 5-8ulphonic add 
(chioriditf prisms, m.p. 85”, amide, m.p. 183”), 
out ^ was not conmmed by Cohen and Dakin. 

2 : d-DkMorotohme; by chlorination of 
toluene <fi p-ohlorotoluene (Smlig, Ann. 1887, 
237|i 162), in presence of the aluminiom- 
mercury couple (u)hen and Dakin, Chem. Soc. 
Transi 1901, 79, 1116); from 2 : 4-toluylene* 
diamine, (Erdmann, ^r. 1891, 24, 2769; 
:Vanino, f.e.) or o*ch1oro>p4oluidine (Lellmann 
'4nd Klotz, Ann. 1885, 231, 314) ; by treating 
^ i 4-dibromo*o-toluonediazonium chloride with 
hydrogen chloride in alcoholic solution (Hantzsch, 
Ber. 1897,30,2334); from 2 : 4-dmitro-o-tolui‘ 
dine ; from o-chlorotoluene sulphonic acid (Wynne 
and Greeves. Chem. Soc. Pruc. 1895, 11, 151). 
M.p. 26*5” (fentzsch, U), b.p. l94”/735 mm. 
(Lelhnann and Klotz) ; b.p. 199”~2007760 mm. 
(Wynne and Greeves, l.c.), 1)29“ 1*24597 (L. and 
Jy. • It yields a mononitro-cmpound, m.p. 54”- 
'557 and 9 ,^inUrO;fi(mpound, prisms, m.p. 103”- 
104” (CQhen'‘and Dakin, Ic. 1129) on nitration ; 
2 ; 4-diohlorotoIuen6 5*8ulphonic acid {chhride, 
Mun. 71®, amide m.p, 177”) on sulphonation 
(Wynne and Greeves, lx.) ; and 2 : 4>dichloro- 
oenzoio acid, m.p. 159®-160”, b.p.* 198”-200”, on 
oi^tiop (Cohen and Dakin, Lc.). 

« ; 5-DiehUiiro^uene ; from 6-chloro-o- 
toluidine by the diazo-reaction (Lellmann and 
Klotz, Ann. 1^, 231, 318 ; Wynne, Chem. Soc. 

1892, 61, 1049) ; by chlorination of o- 
tmi m^hlorotoiuene in presence of the 
alumisidm^merouxy oou^e (Cohen and Dakin, 
; by chlorination of aoeto*o*toiuidide 
^Wwed by hydrolysis and replacement of the 
clUo^e (Lellmann tod Klotz, 
Iv ™ aotioh of sodium hypochlorite 
^ aiMto<o»toluidide followed by conversion of 
'W nitrogen chloride into 5>chloroaceto-o* 
Ibldidide, nydr(dysi& and replacement of the 
amiao^ginup by chlorine (Chattaway and 
Orton, Chem. Soc. Trans. 1900, 77, 790; Cohen 
^and Dakin, Lc. 1130) ; by hydrolysis of 2 : 6- 
j diohloiotoluene p-sulphonio acid which is pre- 
Ipmed bf ohloriaatuig toluene p-sulphonio acid 
|» ito soluMe salti (B. D. C., Green and dibbens, 
'lBi^Pail69025ofl920;(^.Wyim6,l.c.). liquid, 
kp, 200”/770 mm. (Wynne, LcX 194”/7l8 mm. 
|l«|lmaim and Klotz), 198”-199'^/760 mm., which 
in afre«dim pdxtnie to mystals, m.p, 5*“ 

(M idta«4km it yiJLi a momnitro^deHvat^ 
k 50”“5I”, and a diiiiifo*M«cifive,m.p. 100”- 
^ and on oiidation odth dilute nitrio add at 
W for 10 houm it yiet^ 2 : 54i6hlom. 
ao^mp,!^” (Wynne, Le,; Obhepand 
U). 

Imkmiliim by dMnalion of 
lim /lii of ibe afendnloxn. 

Sooi 

(OLfOrimyt 

Wt . *t ' 


or d-nitro-p-toluidine (Cohen and Dakin, ibid. 
1131); readily by distuUng an aqueous sdution 
of the sodium salt df 2 : 0-oiohloiotohiene 
p-sulphonic add with superheated steam at 250” 
(Davies, Chem. Soc. ikns. 1920, 119, 873). 
Liquid, b,p. 197”-199”/757 mm. (Davies), yield, 
ing on nitration a rntmonitro-derivaHve, m.p, 63”, 
and a dmUro^derivalm, m.p. 121®-122® (Cohen 
and Dakin, ibid. 1132; Davies, l.e.); and, on 
oxidation with dilute nitric add in a smded tube, 

2 *. 6-dichlorobenzoio add, oolouiless needles, 
m.p. 139”-140” (Cohen and Dakin, Lc. ; Wynne 
and Greeves, lc . ; cf. CSaus and Stavenhagen, 
Ann. 1892, 269, 224.) 

3 : 4^DichUm4<dfUM ; from S-chloro-p-oMol 
and phosphorus pentachloride (Schairand 
Dralle, Ber. 1884, 17, 2535) ; by ddorinatioD of 
toluene, o- and m-chlorotoluene C^ilstein and 
Geitner, Ann. 1866, 139, 341; Beilstein and 
Knhlberg, Ann. 1869, 150, 313 ; Aionbeim and 
Dietrich, Ber. 1875, 8, 1401 ; Neuhof, Zdt. f. 
Chem. 1886 (2) 2, 663; Schultz, Ann. 1877, 187, 
263 ; Cohen and Dal^, lc.) ; from 3-mtfo-p- 
tolnidine (Cohen and Dahin) ; from 3-chloro*p- 
toluidine (LeUmann and Klot^ Ann. 1885, 231, 
312 ; Wynne, Chem. Soo. TranB.i892, 61, 1060 ; 
Vanino, lx.) ; by hy^ljw oi 3 : 4-dichlozo< 
toluene sulphonic add (Wynne, ibid. 1069). 
Liquid, b.p. 205*6”-206*6”/763‘6 mm. (Wyime). 
200-5O/741 mm. (L and K.); I-SIS 

(L. and K.), On nitration it yields 3:4-dt* 
chJoro-^-nitrotokene, m.p, 63”-^”, and 3:4- 
diM)rO’2 : MinUfotduene, m.]k 9i'5”-92*5” 
(Cohen and Dakin, Chem. Soo. IVans. 1901, Tib 
) 133 ; 1902, 81, 1349) ; and, on oxidation witih 
dilute nitric add in a sealed tube, 3 : 4-diehi>to- 
benzoic add, m.p. 202” (Wynne; Oobm and 
Dakin). 

30, 

mann and Klotz, Ann. 1885, 231, 323) ; from 
3 : 5-dichloro>o-tolaidine (Wynne and Greeves, 
Chem. Soc. Trans. 1892, 61, 1060) ; from 3 : 5- 



in a sealed tube for 8 Ibars dt 150”, foQcmed Iw 
elimination of the ainino*gronp (Oohen 
Dakin, ibid. 1133). ALp. 26% Kp. 1^/729 mm. 
(D. and K.), or 201”-2Q2”/atm, (Wynne and 
Greeves), sublimes at the ordinaiy tonperaiute, 
Yields a nUro dmvative, needles, m^ 6l®-62”, 
and a dimbro^ematm, needles, m.p. 99MO0”, 
and on oxidation with dilute at 

150” it yields 3 : 5*diohlorobenzdo ad(b Iona 
needles, m.p, 182”-183” (Oolien apd Dsldii}. ^ 
iPi 2s3:4-rricWord(^^ bpgdher wiOi 
2:4: d-trichlorotolaene, by dtbiriiieifcinff ddief 

e* or f^ohloiotoiuenempiesenroof Isndedt^^ 
or molybdenum pentachloride (Bee&L Asm, 
]^7, 237, 36, 133; «/. Btenttta^ Aim. 13I7» 
^ ISO); ti^ther with a tetoaddorotohNii^ 
by cluonnating 2 : S-diohloiotdliieDe in jMmwm 
of the alumimam-meroiiiy eoupfe;'' 
widi 2:4:6-ti!iohlorotdaeiie and probJdy a 
«Dt^ amoant of 2:4:6-trieUgrotcdiim bf 
ohioritiating 2:4-dkhlorotdim in a riwyiW 
manner I ingn 4-Bitn>«2:8-dioUbrotd^^ by. 




toluene. 


Fomas a wMWKwiitro‘dcnwi^tw» white needl^, 
m.p. 60®-61®, a 5 ; Minitro-derwcUivet m.p, 140 - 
Ur, and a sidphonic acid which is decompowd 
by superheated steam at 210®, whilst on 
with dilute nitric acid in a sealed tube at loU it 
yields 2:3: 4.trichlorobenzoic acid, m.p. 186 - 
187® (Cohen and Bakin; Seelig, U, givea 

m.p. 129®). 11 

2:3: 5 -^frichlorotoluene ; almost exclusively 
by chlorination of 3 : 5-dichlorotoluene in 
presence of the aluminium-mercurj' couple ; 
from 3 : S-dichloro-o-toluidinc (prepared by 
hydrolysis of the acetyl-derivative obtained by 
the action of bleaching powder on aceto-o- 
toluidide according to the method of Chattaway 
and'Orton, Chem. Soc. Trans. 1900, 77, <91) by 
the diazo-reaction, and from 2 : .5-dichloro-f»- 
toluidine. Long needles, m.p. 4.5®-4G®, b.p. 
229®-231®/757 mm. Yields a nitro-derimticc, 
felted needles, m.p. 58®-59®, a dinitro-derimtive, 
flat needles, m.p. 149®-150®, and with 20 p.c. 
nitric acid in a sealed tube at 140*^, it yields 
2:3: 5-triohlorobenzoic acid, m.p. 162'' (Cohen 
and Bakin, Chem. Soc. Trans. 1902, 81, 1330). 

2:3: 6-Trichlorotoluene ; almost exclusively 
by chlorination of 2 : 6-dichIoro(oIuene ; to- 
gether with 2 :*4 : 5-trichlorotolucnc by chlorina- 
tion of 2 : 5-dichlorotoluene in presence of the 
aluminium-mercury couple ; from 2 : 6-dichloro- 
m-toluidme by the diazo-reaction. On nitration 
it yields a ^nmitro^derivath% long needles, 
m.p. 57®-58®, and 2:3; iS-trichloroA : O-dinitro- 
tcluene, prisms, m.p. 140^-142®, and on oxida- 
tion, 2:3: 6-tricblorobonzoic acid, flaky ciystaJ.^, 
m.p. 163®-164® ((k)hen and Bakin, Chem. Soc. 
Traps. 1902, 81, 1331, 1343). The chlorination 
of toluene p-sulphonic acid or its soluble salts 
results in the formation of 2 ; o-dichloro- and 
2:3: 6-trichlorotoluene p-sulphonic acid. The 
latter is readily separated on account of the 
much greater insolubility of its sodium salt, and 
on hydrolysis a good yield of 2 : 3 : 6-trichloro- 
toluene is claimed (B. D. C., Green and Clibbens, 
Eng, Pat. 169025 of 1920). 

(a) 2 : 4 : 5-TncAfaro<o/ticnc, together with 
2:3: 4-trichlorotolueilb by chlorinating toluene 
in presence of iodine (Lu^richt, Ann. 1866, 130, 
326), 1-1 p.c. of mol;^cnum penlachloride 
(Aronheim and Bietrich, Ber. 1875, 8, 1401) or 
ferric chloride (Seelig, Ann. 1887, 237, 131), the 
crude product being shaken with two }>arts*of 
fuming sulghuric acid for a minute at 60® 
(whereby only the 2 . 3 : 4-isomeride is sd- 
phonated) and precipitated with water and 
stelkn distilled; together with 2:3:4-tri- 
ohlorotoluene and probably a small amount of 
2 : 4 : 6-trichloTOtoIuene by chlorinating 2:4- 
dichlorotolnene in presence of the aluminium- 
mercuiy couple; together with 2;3:6.tri- 
ohloTotoluene by chlorinating 2 ; 5-dichJoro« 
toluene in a similar manner, and as sole product 
by chlorinating 3 : 4-dichlorotoluene in a similar 
manner; from 4 : 6-dichIoro-m-toloidine and 
4 : 5-dioUorO'-o*toluidme (Ckihen and Ba kin , 
CSiem. Soc. Trans. 1902, 81, 1332, 1343) ; from 
2 : 5*dich]ofo-p^toluidine and 5-chloro-2 ; 4- 
toluylenediamine by the diazo-ieacion (Moman 
and Brew, ibid. 1920, 117, 789; 1900, 77, 1209). 
Long white needles volatile with steam, nsup. 81^ 


im.p. 226®-227®, and son oxidatioii 2t4j6-tri^ 
ohiorobenzoio acid, white silky needleB, in.B, 


162®-164® (Cohen and Bakin; SeoHgj Jaimaaoh, 
Ann. 1867, 142, 801). 

2 . 4 : Q^Trkhlmmv ^ ; see 2 s 8; 4^ and 
2:4: 5-trichlorotoluones ; by ohlorina^gaoeto- 
wi-toluidide in glacial acetic acd— hydiochlorio 
acid solution by means of sodium chlorate at 
16®-26®, followed by ^diolyms and diminatkm 
of the amino-group (Cohen and Bakm, Chem. 
Soc. Trans. 1902, 81, 1335); fKWn d-ohlwo- 
2 : 4-toluylenediaminebytheSandmey«rreaction 
(Morgan and Brew, did. 1920, 1 17, 786). Long 
white neodes, m.p. 33®-34®, yioldmgpn mtntion 
the Z-nUrO‘dmmtmt m.p. 64® (inMmte), the 
3 : 5'dinitro'derivativCf m.p. 178® ''160 , and on 
oxidation 2:4: 6-trichlorobenzoic Wid, «J.p. 
160®-16r (Cohen and Bakin, lx.). ' 

'^•A:5‘TrichlaroU)luene; by hydio!;pi8 of 
pofassiuni 3:4: 5-trichlorotoluoiie ittljmotiate 
(Wynne, Chem. Soc. Trans. 1892, 61, 1070); 
from 3 : 5-dichloro p-toluidino or 4 : 6-dichloro* 
M-toluidine (Cohen and Bakin, ibid. 1902, 81, 
1336) ; as a derivative of the products of the 
action of 8ulphur\d clilorldc on acelo-n-toluidide 
(Wynne, ibtd. 1892, 62, 1^2). M.P. 44*5®- 
45*5®, volatile with steam (Cohen ana Bakin). 
On oxidation with dilute nitric acid it yields the 
corresjionding trichlorobcnzoic atdd (Wynne; 
Cohen and Bakin). 

2 • 3 ; 4 : 5- Tdrachlarotoluim ; from 2:4:6* 
or 3 : 4 : 5-trichlorotolueno by nitration, reduc- 
tion and rt?placement of the amino-group by 
chlorine. There is no evidence of t!ie formation 
of this substance by the further chlorinatioii of 
2 : 4 : 5-trichiorotolueno (Ohen and Bakin, 
Clicm. Soc. Trans. IIKHI, 89, 1453) ; the product, 
m.p. S6®~88®, previously stated (ibid. 1904, 86, 
1280) to be 2 : 3 : 4 : 5-tetrachlorDtoluene is 
pruliably a mixture of tcirachlorot<^uene and 
trichloronilrololuene (m.p. 81®). 2 : 3 : 4 : 6* 
Teirachlorotoluene melts at 97®-98® and forms a 
riitrchderimiu'f.f m.p. 159® (Cohen and Bakin, 
ibid, im, 89. 1483). 

2:3:4: 6-TeiracblorMu€M ; from 2:4:6- 
trichloro-aceto-m-toluidide by hydrolysis and 
replaoemeat of the amino-mnp by chloritte; 
by farther chlorination or 2 : 4 : 6-irichbror 
toluene in ftemice of the alttminium-mefoniry 
couple. Shining needk^i, imp. 9J*5®-92*, ^ 
Sitro-derivatm^ m.p. 131®~134® (not pure}, and 
on further nitration a cxmjKmnd, higfaJy rmollve 
plates, m.p. 163®, is formed (Ooben and Bil^ 
Chem. Soc. Trans. 1964, 86, 1280, 1284). 

2:3:6: (^Tdmehio^um ; from 2:3:8* 

I trichlorotoluene by nitiaikm, ndnetioft sud 
replacement of the amino-groop by udiMmi 
by chlorination of 2 : 3 : 5* and 2 : 3 : 6«lfiaU^ 
toluen^ in presence of the 
couple, yrtiite o|NM)iie felted imedkny 
94® ; i'Wiro-dmvaltHt iniill hmoyNMiai niiliib 
m.p. mAbr (Cohen and ftSSrOiI^^ 
W 1904, 86, mi% Hie 
denvatives obtained hjf UmtsMlI 
i^m 1866, 139, 327), Beilsteb and 
2:4- im 160, 286), and WefWT fArnTW 

^ iminire. A tiKivcMoNla^^ lM| 
90p.e. 

kighlbr^ludogn^^ ikdni&m ui IMM 3l 




a mixture ol 
^Ubride wUk 




mmsE. 


Iim Si»bg H «ii« temperatnxe be^ 

kept 1^ trleiifeotoltteiie is formed 

[CisBeU* t Oon Bng. Pet 16317 ol 1914). 

toloeoe 

[nitie% in jjmmce of iodine and finally la 
piesenoe of pfioephoms pentaobloride. Long 
needmBi m*p. 218^ b.p. 301^ (BeUstein 
snd Knhlb^, Ann. 1869, 150, 298). 

Bram dmoatmt^^k quantitative examina- 
tion of the infiuenoe of light, tem^tnre and 
bromine ' carriers * on the action of bromine on 
m excess of toluene has been carried out bv 
Hollemaa and van der Laan (Proc. K. Akaa. 
Wetensoh. Amsterdam, 1905, 8, 512), van 
Laan (C^em. Weekblad, 1906, 3, 15), Holleman, 
Polaok, van der Laan and Euwee (Rec. trav. 
chim. 1908, (2) 27, 435) ; cf, Andrich and le Blanc 
[Zeitsch. Wiss. Photochem. 1916, 15, 148) and 
Swensson {ihid» 1921, 20, 206). The investiga- 
tions of van der Laan have left the question 
undecided whether rn-bromotoluene is formed 
by the bromination of toluene in addition to o- 
and p-bromotoluene and benzvl bromide. 
Holleman (Rec. trav. chim. 1914 '(2), 33, 183) 
ooncludes, on the evidence of the index of 
refraction and of the first and second points of 
solidification ol the products of bromination, 
that fa-bromotoiuene is not produced when 
bromine acts on a large excess of t<duene. 
Cohen and Butt (Ohem. Soc. Trans. 1914, 105, 
504), however, arrive at a contrary conclusion 
when usinff the aluminium-mercuiy couple, 
liihough £>Ucman regards the experimental 
proof of the presence of m-bromotoluene as not 
sufficiently aefinite. A further proof of the 
eoutontion of Cohen and Butt is given in Ohem. 
Soc. Proc. 1914. 30, 271. 

In addition to the ordinary methods for 
brominating toluene, a mixture of nitric and 
nvdrobrondc acids may be us^ but it is prefer- 
able to use a mixture of bromine and nitric acid 
iBatta and Chatterjoe, J. Amer. Chem. Soc. 
}916, 38, 2545). 

o-Biomotoluene on further bromination in 
of the aluminium-mercu^ couple 
\ makXy 2 : 5-dibromotoluene with smaUer 
' *68 of 2 : 4-dibromotoluene ; ^ m-bromo- 
iimilariy yields 2 : 5-dibiomotoloene 
* with 3 : ^dibromotoluene, a Httie 
1 ; 5<^tribromotolueno and a trace of 3 : 4-di- 
omotduene; whilst p-bromotoluene yiel^ 
s 4-dibromotolneii6 as the main prodhiot 
with 3 1 4-dibromotoluene (Cohen ‘‘and 
Ic,) and 2:4: 5-tribromotoluene (Miller, 
1892,61, 1023). 

: S^Bilm^toluene on similar treatment 
2 : 3 : 6-trilux>motoluene as the main 
together with a little of the 2 : 3 : 5- 
whiist the presence of 2:3:4- 
is doubtful; 2:4-dibn>mo- 
» yields a mixture of 2 : 4 : 5- and 2 ; 4 : 6- 
lotolaeiiea; S:6-dibromot^nmm yidds 
2i4^54iiibrQmotolttene together with 
it8ji6-i»omex$^; whikt 3:4^1ibromq- 
» ykUs ifiaidy 2 : 4 : 5-tribit^ 
n trith a vw small amount of 3:4; , 
Aotolueim, and 3 : 6-dibidmciioluw 
i ft*trifarQSBOt(dneim(C^^ Chem. 

^^1914,106,601), Tlmlmmdnitkm 

motcdoisiminm^^ 


2-eh]oro-4-biomotoluene ; of m-ehloEotoluene, 

5- chloro-O-bzomotoluene and smaUer quantities 
of^3-<ffiloro-4-bromotohiBne : of p-chlorotoluene, 
mUidy 4-ohloro-2-bromotoiu6ne together with 
4-Qhlorq-3-bromotoluene. The ohh»inatiott of 
o-bromotoluene under similar conditions yields 
mainly 4-cliloro-2-btomotoluene together with 

6- ohloro-2-bromotoluene ; of m-bromotoluene, 
mainly 6-chloro-3-bromotoluene together with 
4-chbro-3-bromotolttene ; and of p-bromo- 
toluene, 2-chloro-4-bromotoluene as main pro- 
duct together with 3*chloro-4*bromotoluen6 
(Cohen and Smithells, i5id. 1914, 105, 1910). 

Benzyl bromide ; by saturating benzyl 
alcohol with hydrogen bromide (Kel^, Ann. 

1866, 137, 190) ; by the action of bromix\p on 
toluene at the boiling-point (Beilstein, Ann. 

1867, 143, 369; Jacwn and Field, Amer. 

Chem. J. 1880-1, 2, 11), in sunlight (Schramm, 
Ber. 1885, 18, 608; c/. Grimaux and Lauth, 
Bull. Soc. chim. 1867 (2), 7, 108). Prom benzyl 
chloride and arsenic tribromide (Brix. Ann. IsA, 
225,163), Liquid, b.p.l98°-199'‘; 1-4380. 

The vapour has lachiymatory properties. 

The zinc-copper couple reacts energetically 
with benzyl bromide yielding two isomeric 
benzylenes (C,H|)x with evolutidn of hydrogen 
bromide, wMlst if the ration be carried out in 
ethereal solution no hydrogen bromide is evolved, 
and toluene and dibenzyl are formed when the 
reaction product is treats with water. Similar 
products are obtained in presence of ethyl 
alcohol or water (Gladstone and Tribe, Chem. Soo. 
Trans. 1885, 47, 448). 

o-Bromobenzyl bromide ; together with the 
p-compound by brominating crime toluene, x&ost 
of the p-com]^und being removed by preerins 
the cooled pr^uct, the remainder being distiUed 
with steam when the o-compound diriils finst; 
in a pure condition by brominating o-faromo- 
toluene. CrystalliseB at 0^ in very pumnt 
rhombic plates, volatile with steam, in.p.^% 
and on treatment with sodium in ethereal 
solution it yields phenanthrene, anthfaoene, 



Amer. Chem. J. 18 
Ber. 1876, 9, 

1218). 

m-Bromebemyl bromide,* by bromliiatiiig 
he{ited m-bromotoluene. Pung^ j^tea or 
needlee, m.p* 41% sl^tly volatile with ateam, 
but very volatile with ether vapoury Hka 
bromobwyi bromide, it is unaltaoked 
ohiomio add (Jackson, Ber. 1876, 9, 981; 
Amer. Chem. J. 1879, 1, 93). 

T^Brimdbenatolbrmiik: ly passing bregihm 
vapour into filing p-bromotohimt % 
brominating benzyl bromide (Jaeksem, Lc.) ; 
brominathm p-brmotohiene In the odd am m 
brasence of sunlii^t (Schramm, 1884, 17, ; 
2922; 1886, 18, 360). Very pmagiKt neeiflea 
or largo rhombm prisms, imp. A%vol^ 
steam. When bculed with abw MIe'iHHkfili ift 
yields p-bromobeimy] alcohol and eUnrl » bromo* 
benioato (Eibm J. pr. Chem. 18867(2) H 94l)i 
and with rino dost p-p'-dibromo 
(Stsan, CfaSs. aUn. tta). Un. 18. »7; 
ni% ami SVeDiiig. Auk 1886, 137. 888}. 
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fund Qttodenfeldti J. pr. Ohem. 1898) (2) 68, 389). 
Liquid. b.p, 166®/23 mm., 1*61, »d -1-641. 
It is decomposed by cold water forming hydrogen 
bromide and bonsaldehyde, whilst with alcohol 
it yields ethyl bromide and a liquid, b.p. 60*716 
mm. (OaH 5 *CHBrOCgH 5 ?), which on treatment 
with water yields hy<irogen bromide and 
benzaldehyde (Ourtius and Quedenfeldt). With 
sodium at 180® it yields toluene and dibenzyl 
(Michaelson and Lippmann). 

p- Brmobenzyl chlonde ; by heating p-bromo 
benzyl alcohol with fuming hydrochloric acid at 
160® for .3-4 hours. Glistening needles, ra.p, 
38®-i39® (Errera, Gazz. chim. ital. 1888, 18, 239). 

O’Bromotcduene; together with p-broino- 
tolupne by brominating cold toluene in the dark, 
in daylight or in presence of iodine (Longuinine, 
Ber. 1871, 4, 514; Dmochowsky, Ber. 1872, 5, 
333 ; Schramm, il^r. 1885, 18, 607 ; Glinzer and 
Fittig, Ann. 1865, 1.3.3, 47; 1865, 136, 301 ; 
Kekul6, Ann. 1866, 137, 192; Cannizzaro, 
Ann. 1867, 141, 198; Beilstein, Ann. 1867, 14.3, 
369; Fittig, Ann. 1868, 147, 39; Hobner and 
Post, Ann. 187.3, 169, 1 ; Hubner and Jannasch, 
Ann. 1873, 170, 117; Hiibner and Wallach, 
Ann. 1870, 154, 293 ; Zeit. f. Chem. 1869, (2) 5, 
22, 138, 499 ; jRosenstiohl and Nikiforotf, i/jid. 
1869, (2)5,635; Hubner and Hetschy,i5id. 1871, 
(2) 7, 618; Lauth and Grimaux, Bull. Soc. chim. 
1866, (2) 6, ,347 ; 1867,(2)7,108; Miller, Chem. 
Soc. Trans. 1892, 61, 1025). 

The product is shaken wi*h dilute sodium 
hydroxiim to remove bromirie, steam distilled 
and fractionated. The cnide mixture of o« and 
P’bromotoluenes is then subjected to the 
alternate action of a good freezing mixture and 
weakly fuming sulphuric acid, when an approxi- 
mate separation is effected (Miller); another 
method of separation is given by Keyman (Bull. 
Soc. chim. 1876, (2) 26, ,533). A better method 
of preparing o-bromotolucoe is to add bromine 
to a concentrated solution of pure potassium 
toluene p-sulphonate and to heat at 60®-70®. 
The mixture is then steam distilled, when the 
o-bromo6ulphonat« crystallises from the residual 
solution on cooling, "pn hydrolysing the latter, 
pure o-bromotoluene is obtained (Miller). It 
may also he prepared from o-toluidine by the 
Sandmeyer reaction (Wroblewsky, Ann. 1873, 
168, 171) and together with naphthalene by the 
action of a*bromonaphthalene on toluene .in 
the presence of aluminium chloride (Roux, Bull. 
Soc. chim. d886, (2) 45, 520). M.p. -25*9®; 
b.p, l80-33®/7.53‘91 mm. (Haase, Ber. 1893, 26, 
105J ; cf. Peitler, Zeitsch. physikal Cliem, 1889, 
4, 73): DJ; 1-4437, 1 •4309or 1 •431,D^:i-4222 
(Perkin, Chem. Soc. Trans. 1896, 69, 1243; 
Miller, Und. 1892, 61, 1029 ; Kelbe, Ber. 1886, 
19, 93), 1-4222 (Scubert, Ber. 1889, 22, 

2520), Diw-*** 1-21861 (Haaae, /.e.) ; moleeolaf 
refractive power and dispersion coefficient 
(Seubert, l,e.) ; magnetic rotatory power at 
16*7® 16^7 (Perkin, Lc.). 

On treatment with dilute nitric acid (Zincke. 
Ber, 1874, 7, 1502) or by prolonged heating with 
potaMinm ferrocyanide (Noyes, Amcr. Chem, J. 
1S86» 7, 146) it is oxidised to o-bfemohencoic 
acid; and with chromyl chloride in carbon 
dwulidiide solution, followed by decomposition 
^ water, o-inomo- 

benzaldehydo md o*bromo|onxyB(^ni cMoi^s I 
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(Stuart and Elliot, t^em. Soo. Ttnw. M, 
804). When brominated in laeseaoa of 

(Miller, ibid, im, 61, 

mercury couple (Oobpn and Dutt* ibid. I vl4t 105, 
601) it‘yi®l^ 2 : 6-dibromotoluen« and a imall 
quantity of 2 : 4-dibromot'Olueno, and on roduo* 
tion with hydriodic acid and pboMdioms 4^60® 
it yields toluene (Klages and Lieofce, J, ]^. (monia 
1900, (2) 61, 322). The zino-copper couple has 
no action (Gladstone and Tribe, CSmilL Soc, 
Trans, 1886, 47, 448). For iUi conversion into 
a-ditoiyl, stf Fittig (Ann. 1866, 139, 174) and 
Camellcy (Jahresberirht, 1877, 384), and for the 
twp roo^6 cations of o-bromotoIuene* #ss 
Ostromiflslensky (Zeitsch. physikal, ,0hem» 1906, 
57, 341). ‘ , ‘ ^ 

For its conversion into o-cresol, ise Boaroux 
(Compt. rend. 1903, 1,36, 158; BuBa^Soc. ohim. 
1904,(3)31,34). 

m- hromUolufne ; from ui-toluidine by the 
diazo-reaotion and from w-bromo-p-toluidine by 
the elimination of the amino-group (Wroblewsky, 
Zeit. f. Chem. 1871, (2) 7, 609; Ann. 1873, 
168, 155; cf. Grete, ihid. 1875, 177, 231 ; 
Morgan and Clayton, Chem. Soc. Trans. 1905, 
87,950) ; from m-bromo-p-toluidinc by nitration, 
elimination of the amino-group, reduction and re- 
placement of the amino-group by bromine (Wro- 
blewskv, Ann. 1878, 192, 20<1). M.p. -39-8®; 
b.p. mm.; 1-20082 

(Haase, Ber. 1893, 26, 1053; Fcitlcr, Zeitsch. 
physikal. Chem. 18K9, 4, 73); I)|?* I ’40988, 
D**® I 1009 (Wroblewsky) (Seubert, Ber. 1889, 
22,25*20). Optical behaviour (Scubert) Oxidii»d 
by chromic acid to m - bn>mobcnzoic acid. When 
sodium acts on a mixture of m-bromotolueno 
and bromolienzfme in ethereal solution at 40®- 
50® for 5 hours, a mixture of diphenyl, m-ditolyi 
and ?«-phenvltohienc is formed (Perrier, Comf^ 
rend. 1891, 1 14, 484 ; Bull. Soc. chim. 1892, (3) 
182). On bromination in prceencN^ of the 
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aluminium-mercuiy* couple, ia-bromotoluene 
yields 2:5- dibromotoluenc, 3 1 4 - dibcomo* 
toluene, a little 2 : 4 : 6 > tribromotolueue 
and a trace of 3 : 6>dibromotoiueiie fOoben 
and Dutt, Chem. Soc. Trans, 1914, 106, 606), 
whilst on ihlorinaiton under similar conditioai 
it yields mainly 4-chloro'2-bromoUduoiie 
togetoer with 6*cbloro-2'bromotolaeno (Oo^O 
and Smithelis, ihid. 1914, 106. 1910). 

p-Bramotolwne : together with o-broino* 
toluene by brominating cold Uduene {m under 
o-bromot<ilucuc and Hubner and Post, Ann* 
1873, 169, I ; Miller, Chem. Soc. Traim, 

61, 1025; Micbaelii and Oenakan, Ann* 
1887, 242, 165) ; Uigetber with a-bromotoliMnia 
p-sulphonic acid by brominatlM potasafinin 
toluene p-sulpbcmaie (kfiiler). The nroiteeti 
of the latter roaciion aro steam disliOedy iml 
the oily, volatib prtiduct, consisUng of p-lmno* 
toluene, a dibromotoluone and fMffowimnkFl 
bromide, is fractionidly dktllbd* The 
boiling at about 185® soUdSfies on oooB^ attd 
consists of p>bfoiuotol«iene» whM li leadttr 
by redliliUitloii and myiMBia- 

tmn (Miller). 

Khombk erystals (Hftlmer and 
mm. (FMthr), 

\ mi (Ml. SU. aim. W M 




mom ^ *101 

l«4^ HdWi ^Hfibner ud Poitj |^nMtk>a(Nevile«idWiiith^^ 

(if. IWtfer),D^ 1-38977 (Seubert, iSor, I880j*‘«^*«««^intop<»to<rf2i5-dil*^^ 


23 . 2519 , k KakoU. A«m. 1866 , 137 . 
mu mag^ W rt 89 » 18-06 

mewury obuple (CobJa aad Dntt, Chem. 800 . ^ wif/ 

Tnui.. 1914 .To^. 609) or iodine (BiUer. < 6 «. ^ 1?^ *?£ SZn 

18d2, 61. 1304) Jt t^Ida 2:4- and a little ^ 19(W, 89, Onw^tion 

n j j*L * • I'* » "^vw dilute mtnc acid it Yields 2 : 4^dilyroi&o* 

ben«,io«>id.tobl<»r^p.UM70‘(N.»ndW.). 
ht 0 “ brominntion * mixtuie of 2 : 4 : 5- wd 

S^^r?bSSo^dedr®. 

ilf i’.i'l^rmoMuene; by brominotingtoloene 

f (Wroblewsky, Zeit. f. Chem. 1870, (2) 6 , 239) or 

m-bromotolnene (Wroblewsky, Ann. 1873, 168, 
im (2) 61, 322). bodium *th a ggjj f 6-broino-m-toluidine <«• 5-btomo. 

S“#Z ® tol»idine by the di««).reaotion (Neyite and 

fine 20 ***?«. isBO ^tV 7n(H! ".1?***?^’ ' ** the main pTodttot, tr^^ethet 


Soc. Irani. 1876, 29. 16; 1880, 37. 706). lirh T-U rfihW.mntXeZ^'TZ;^^^ 

siita4s;ss.LTSS«t 

fzitkn*^ J«7I : '/• D““> *«*- *»**• 606). 

1871, i 614; Weiler, Ber. 1899, 32, ’l036)! b„^23^ 1^2WW^w*Tr^' 

^.‘^5 ^9^: pwioliS ’bcSiDg lith difi rntric Mid it 


id 4-toJylphenyljnethaiie, etc. 
87 U 4* 39<1; Longuiniue, Ber. 


p-bromotoluene yields p-btomobenzyl chloride r.u ^ l f 1 ^^ 

»’S!Sr'Sf^SQ"'?iE''"r.'S3 •■w«“S!Te!£i»5£fciii*SS; 

?Bod^x SLr^d f^a ia« Wrobtewslgr, Ic. , and 

2rsi7';'1£-biS£?.Si 

With 'ethyl-u-formate to yield p-tolualdehydo ^ 

(Bodroux, Bull Soc. chim. 1904. (3) 31, fi86; 

Compt. rend. 1904, 138. 92. 700), with dimethyl H ^ 

sulphate to form p-xylene (Werner and ZilkeM, T/JkmS^ 

Ber. 1903. 36, 2116; Houben. ibid. 308.3), and 

with carbonyl sulphide to form p-thiotoluic J*®*)* 

acid and a uttle tritolyl-carbinol. A similar j- 
reaction takes place with the magnesium deriva- ^ 
tive of o-bromotolnene (WeigertfiWd. 1007). ,« 


B-tribiomo* 


3 : i-Dibromotolmne ; from 3-hromo-p-toltii* 
dine (Ne\ilo and Winther, /.c,; WroUewaky) ; 
the product obtained by Jannasch (Ann. 1S76» 


o7e n‘r ' 7 ' T. *76, 286) by brominatiM toluene is stated to, 

M ^ be a mixture of isomi^es by Miller (Chem* 

i,'5srJijtaiJ8S!i£2. 

14, ^ j Che^ Trans. 1880, 37, 429). (MiUer, le.). liquid, b!^lloM66*/66 ttat. 
Awotdin^ to Kttig (^., 1868, 1«. S^a (Cohen aod'zortLs, Chwn. Soc. Irias. 1986, 
iaromoh^, 1^ needles, m.^ 107MM°, 89,62),b.p.238''-239*,D“*l-812(W»Me»«ky). 


pwromoio^, ^ necoies, m.^ io7--h«;, 89,62),b.p.238''-239*,D“*l-812(W»Me»«ky). 
L ‘«>“ene wth; On oxidation with dilate nitric a^ or doo^ 


ia.^mmmoto^. tribromotolnene, is formed (Odhu and lMi% 

.2:3*Ubnttotolnei» molts at 27-4*-27-8'' C3iem. Soo. Trans. 1914, 105, 619). 
t wIKP-Sl® (Wynne, CSiem, Soo. it&'DibrmotahttMi; ftnm 3;6<dilitoia»>' 

1892, 61, 1040). On oxidation with *ihtohiidfoe or 3 : 64ibnHiUHt.t(dridbri CH^ 

Uewd?, Ut Neirfle and mthta W 
^ torned, wWbt on iH)edka,imp.3g®.h.^S46^(lMfo«adwii8Si^ 
MuaafiMi hi earm latnMUoride adution On oxidalfon with olnnide aeid it iMi» di#., 
! ffiS** lha oouple dibKHnobenaafo add, tt.n. 2ft6<4MXr. iddlM di 

^ ? 8t frtt^iwiBotolnMM to. forihar toaainatfon lifid-tiaiMn^^ 
liSiftritonmo. foriMd (Onto and D mIi, L e.). 
ifad T^ w h^ fhamatm of 2t3i4>. DUmAihm, ffl.p. 109*. Tb» wtrtwiai 
(Oohaa and of ^ Mshatama, aatT to ha Jotanad hgr 4h» 
*5?*' *%!®*J* . fe^adaaittoo ef tdaaim (»% Ajmu Ulli 
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bromo-m-toluidine (Nevile and Winther, /.e*); 
bromination of 4 : 5-dibromoac6to-m-tolu- 


add and elimination of the amino-group. It 
melts at' 45*'-46*’ and when heated for 6 hoyrs 
in a sealed tube at 150*’~160'’ with dilute nitiic 
add it yields 2 : 3 : 4-tribromobenzoic acid 
(Cohen and Dutt, Chem. Soo. Trans. 1914, 105, 
511). 

2:3: S-Tnbmnctduerie; from 3 : 6-dibromo- 
o-toluidine (N. and W.) or 6 : 0-dibromo-m- 
toluidine (Cohen and Dutt, /.c.) by the diazo- 
reaction. Long flat needles, m.p. 62°-53®. 
On oxidation with dilute nitric acid at 135*^- 
140^ for 6 hours it yields 2:3: d-tribromobenzoic 
acid, m.p. 193M94®. 

2‘: 3 : ^-Tnbrmotoluene ; from 2:5: 6*tri- 
bromo-m4oluidine (N. and W.), 2:5: 6-tri- 
bromo-p-tcluidine, and 5 : 6-dibromo-o-toluidine 
(Cohen and Dutt, Chem. Soc. Trans. 1914, 105, 
614). Flat needles, m.p, 58°-59® (N. and W.). 
The corresponding tribromobenzoic acid could 
not be obtained by direct oxidation with 
dilute nitric acid in a sealed tube (Cohen and 
Dutt, I.C.). 

2:4: b-Trtbromotoiuent ; from 4 : 6*di- 
bromo-?»-toluitoe and 4 ; 5-dibromo-o-toluidine 
(Nevile and Winthor, l.c . ; Cohen and Dutt, 
/.c.) ; from 5-bromo-2 : 4-toluylenediamine 
(Moi^an and Clayton, Chem. ISoc. Trans. 1905, 
87, 951) ; by nitration of 3 : 4-dibromotoluene 
followed by reduction (Nevile and Winther, 
Ber, 1881, 14, 417) ; by brominating p-bromo- 
toluene (Miller, Chem, Soc. Trans. 1892, 61, 
1033). 

Colourless needles, m.p. 112®-! 13®. On 
oxidation with dilute nitric acid in a sealed 
tube it yields 2:4; 5-tribromobenzoic acid, 
m.p. 195-196® (Cohen and Dutt, Is.), Ac- 
cording to Pfankuch (J. pr. Chem. 1873, (2) C, 
108) a irihrmoUilume^ small needles, m.p. 1 50®, 
is obtained by heating the potassium salt of 
tribromophenol with potassium acetate. 

2:4: %’Tribr<momwm ; from 2:4: 6-tri- 
bromo-m-toluidine by the diazo-reaction (Nevile 
and Winther, Ber. 1880, 13, 975; 1881, 14, 
417 ; Chem. Soc. Trans. 1880, 37, 446) ; by 
brominating m-toluidine followed by the elimina- 
tion of the amino-group (Cohen and Dutt, l,c,), 
M.p. 66® (N. and W.), b.p. 290® (Wroblewsky, 
Ann. 1873, 168, 194). On oxidation it yields 
2 : 4 : 6-tribromobenzoic acid, m.p. 186°-187® 

3:4: 5-^ribromctoluene ; from 3 : 6-di- 
bromo-p-toluidine by the diazo-reaction. M.p. 
88®-^9® (Nevile and Winther, Ic. ; Cohen and 
Dutt, Ic,), On oxidation it yields 3:4:5- 
tribromobenzoic acid, m.p. 235® (Cohen and 
Dutt). 

(v)-2 : 3 : 4 : ^-Tetrabromokiluene ; from 4:5:6- 
, tritomo^m-toluidine by the diazo-reaction.* 
Needles, m.p. 111®~111*5® (Nevile and Winther). 

(a)-2: 3 : 4 : ; from 2 : 4 : 6- 
ttibfomo-m-toluidine and tetrabromo-m-tolu- 
idine (m.p. 224®) hy the diazo-reaction. M.p. 
106-8®408® (Nevile and Winther). 

(«)-2 : 8 ;6i^-T€trabr(mwl6luene ; from2 r 5 : 6- 
trilmmo-m-toluidme by the didko-reaction. 
Fine needles, m.p. lld®-117® (Nevile and 
Winther). 

Ptn^fimiakiuene; by carefid addition of 
toluene to pufl brpmine a^ 0® A presence of 


aluminium bromide • (Gustavson, J. Euss. 
Phys. Chem. Soc. 1877, 9, 286 ; Bull. Soo.chim. 
1877, (2) 28, 347; Ber. 1877, 10, 971); from 
tetrabromo-m-toluidbie (m.p. 223®-224®) (Nevile 
and Winther, Ber. 1880, 13, 976 ; Chem. Soc. 
Trans. 1880, 37, 450); from e^loheptane 
(Markownikoff, J. Russ. Chem. Phys. Soc. 
1893, 25, 544) or methvlcyclohexane (KursanofF, 
Ber. 1899, 32, 2973) by the action of bromine 
in presence of aluminium bromide ; from eth^rl- 
and propyl-cymene by means of bromine in 
presence of ^uminium (Klages and Sommer, 
Ber. l^, 39, 2306; l^ges, Ber. 1907, 40, 
2360). 

Long needles which sublime, m.p. 282®- 
283® (Kursanoff) or 270®-280® (Zelindy and 
Generosow, Ber. 1896, 29, 732; cf. JIger, Z. 
Kristall, 1903, 38, 89). It is reduced io toluene by 
phosphorus and hydriodic acid at 302® plages 
and Liecke, J. pr. Chem. 1900, (2) 61, 32^). 

2-CMcro-^-bromotoluene, m.p. 18°, onpxida- 
tion yields 2-chloro-3-bromobcnzoic acid;i m.p. 
165°, and on nitration yields a mon6nitro- 
derivative, m.p. 44®-4.5®, and a dimtro-deri^ive, 
m.p. 89®-93° (Cohen and Smitholls, CJhera. 
Soc. Trans. 1914, 105, 1908). 

2-Chloro-4’hroinotolue.ne ; - from 2-nitro-p- 
toluidine (Cohen and Raper, Chem. Soc. Trans 
1904, 85, 1266); together with 3-chloro-4- 
bromotoluene by chlorinating p-bromotoluene 
(Cohen and Smithells, Ic, 1910; ef. Willgerodt 
and Salzmann, J. pr. Chem. 1889, (2) 39, 
465.) Liquid, b.p. 100°-110®/10 mm., w'hich on 
oxidation yields 2-chloro-4-bromobenzoie acid, 
m.p. 166°-167° (Cohen and Raper). Its 
nitro-derimtive melts at 05°-66® and its dinitro^ 
derivative at 110®-lll° (Cohen and Smithells). 

2-ChhrO‘r)’hromotoluene ; from 5-nitro-o- 
toluidine. Liquid, b.p, l27®-129°/45 mm. It 
yields 2-chloro-5-bromobenzoic acid on oxida- 
tion (Cohen and Raper), and on nitration a 
mononitro-derivaiive, m.p. 68®-69®, and a dinitro- 
derivative, m.p. 109®-110° (Cohen and Smithells). 

2- CWoro-6-6romo<olweTje ,* from 2:6-dinitro- 
toluene. Liquid, b.p. 118°-120®/40 mm. which 
yields 2-chloro-6-bromobenzoio acid, m.p. 143®- 
144°, on oxidation (Cohen and Raper, l ,€, ; WiiL 
gerodt and Salzmann) and a mononitro-derivative, 
m,p. 50®-52®, and a dimtro-derivatm, m.p. 143°- 
144®, on nitration (Cohen and Smithells). 

d-Chhro-2-hromot6luene ; from 3-nitro-o- 
toluidine (Cohen and Ra^w, Chem. Soc. Trans. 
1904, 85, 1266). It melts at 4®-5° (Cohen and 
Smithells, ibid, 1914, 105, 1908) and boils at 
103°-105®/25 mm. On oxidation it jdelds 

3-chloro 2-bromobenzoic acid, m.p, 143-144° 
(Cohen and Raper), and on nitration a mono- 
and a dinttro-denvcAm, m.p. 58®-59*5° and 81® 
respecturely (Cohen and Smithells). 

3- 0Aforo-4-5romofoltt€ae ; from m-chloxo-p- 
toluidine by the diazo-reaction (Cohen and 
Raper, l.c.); by ohlorinaUng p-mmotoluene 
(Willgerodt and Salzmann, Liquid, b.p, 
125®-130®, which on oxidation yields 3-ohloro<^ 


4-Dromopenzoio acid, m.p. 218'' (Cohen and 
Raper), and on nitration yields q mono* and u 
d«miffo.(ieritwfire, melting at 72® «od lOi®-l02® 
speotivdy (Cohen andl^thells, ?.«.). 

$-Ohlor^5-br(nnak>iuen$; from acc^-j^fobt* 
idkk hy suocesaive bromination and ' 

tion with hydmhbvic aoid mtd sodiw dUo^ 
in acetk a 0 i 4 foltowad by hydrelydb 


TOLtJiiNii. ; m 

5-brQi&ciKjp«toliiidine* and elwaation of ^ { (Edioger^and Goldbergs Ber. 1900, 93, 2875). 
amlEj^KOup : by ohb^in^ of Oil, b.p. 204** (B. and K.) or 211® (Ketoa^), D*®* 


idb and bytol^ to S-o^to-p-toluidiffle 1.697 (B. and K.). 


followed by broxnination and elimination of the 
amino-group Crystals, Hup. 26®-27®. Its 6- 
nUrthdmvatiH, ooiourless needles, melts at 71® 


Wben oxidised with dilute nitric acid it 
yields o-iodobenzoio acid, m.p. 157®, With 
ohromyl chloride and treatment of the product 


and its 2 s 6(?)-(fmifro.deritw<»«e at 144®. On ^th water, it yields o-iodo-o-dichlorotoluene 
oxidation it yields 3-ohloro-5-bromobenzoio and a little o-iodobenzaldehyde (Stuart and 
acid, m,p. 189®-190® (Cohen and Raper ; Cohen Elliot, Chem. Soc. Trans. 1888, 63, 806). When 
and Smithells ; Cohen mid Murray, Chem. Soc. heated with sulphuric acid it yields <R- and tri- 
Trans. 1916, 107, 847). iodotoluene, together with iodotoluene sulphonio 

4-OWoro-2-6fomofoltteae; by chlorinating o- acid (Neumann, Ann. 1887, 241, 62 ; Ber. 1887, 


bromotoluene or by brominating p-ohloro< 
toluene; from 2-nitio-p-toluidine. Liquid, b.p, 


20, 681), whilst on nitration mainly 6-nitro-2- 
iodotoluene is formed (Reverdin, Ber. 1897, 


112®-114®/12 mm. On oxidation it yields 30, 300O). On treatment with chlorine in 
4-chloro-2-bromobenzoic acid, m.p. 164 -166® chlorofrom solution o-iodotoluene yields a 
(Cohen and Raper, Chem. Soc. Trans. 1 904, 85, dichloridef crystals, decomposing aboui^ 91® 
1267 ; c/. Wifigerodt and Salzmann, J. pr. (Willgerodt, Ber. 1893, 26, 360). 

Chem. 1889, (2) 39, 465, and CJohen end Dakin, m-IodMuene; from m-toluidine by the 
Chem, Soc. Trans, 1899, 76, 895), and on nitra- diazo-reaction (Beilstein and Kuhlberg, /.c.). 


tion a mofimitro- and a dinitro-derivative^ Liquid bp 204® 1)29* 1 ‘698 

melting and 124-6» respectively, are from p-toMdine by the diaao- 

formed (tohen amd SmithellB^ C!hem. Soc. reaction {Komer, Zeitsch. f. Chem. 1868, (2j 4, 


Trans. 1914, 106, 1908). 
i^Chhro-^dtromdoluene ; 


w-nitro-p- 


327 ; Bull. Acad. roy. Bclg. 1867, 167) ; together 
with o-iodotoluene by the iodination of toluene 


toluMiine. Idqmd, b.p. 120 -126 /28 mm. It aecording to the method of Edinger and Gold- 
yields 4.<*loro-3.b«)mobenzoio acid, m.p. 214«, ^erg (above). Plates which sublime, m.p. 36“, 
on ondatmn (Cohen and ^ner, /.«.), and a j, ® '211-5». p-Iodotoluene is stated to be 
m.p. 67-6 . and a dimfro- the action of iodine on mercury 

m.p. 127°, on nitration (Cohen and 4)ting.point being given a, 20" 


Smithells). 

irChhro-diXmmfMvxm ; 


brominating | 


(Dreher and Otto, Ann. 1870, 164, 171). 

When chlorinated, two forms of the iodo- 


bMmo-p.chlorotolnene in ^nce of the dichlorido are obtained, the o-form separatee 
sh^um m^uiy couple. M.p. 94“ (tohen (^om chloroform in needles, decompoidng at 86«, 
and D^, Chem.^. Trans. 1899, 75, 893). jj,, rtoiibio Crystals. 

^hhro.2*ri^ueM; fma 6.chloi^o- exploding at 110“-118" (Willgerodt, Ber. 1893, 
to mine. luqmd, b.p. 98«-;lW»/26 mm TOe jef 357). With nitric acid (D 1-51) at the 
melts at 66'^7^ the dimtro- erdinary temperature it yields p-nitrotcauene, 
at 117", and omdation yie ds 6-chlor^ pdodo-^nitroQuene, andi di-iodo-niteototoene . 
2.bromoten^o seid. m.p. 163“ (Cohen and Boverdin, Ber. 1897, 30. 3001), and on heating 
Rawri (^hen and Smith^). , , . , Uth sulphuric acid di- wd tri’iodotoluene ^ 

WoUo^ compound have been ob^ed iodotolulne sulphonio acid are formed (Neumann, 

Ann. 1887, 24f, 58, Ber. 1887, 20>). On 


by Willgerodt and ^atonann (J. pr. Chem. 1887 so's 

1M9. (i) 39, 482): o-ehiaro^ibrLaolvme. 

n«.iLi nft» 97K«>98ft» k, oxidation it yields p-iodobeiiK)ic 


needles, m.p. 100“, b.p. 275^“. by b^mma- ^ itodo-m-tolu. 

idine by the diazo-reaction. Colourless plates. 

a f i£ “* *«“■ 

b-P- 266*-276“, and . _ . _ ^ 


needles, m.p. 213®, by chlorinating p-bromo- 
toluene. 

3:4: 6(?)-TricWc)ro-6-6f<>mo<oi!*ene, m.p. 98°- 


2 : i^Di-iodotoluene ; by heating 1 vsri of 
0- or p-iodotoluene with 1 part of smphiirie 
acid (D 1*85) at 170®. Oil, b.p. 295®-“296®* 
With dilute nitric acid at 200® it yields 2 : 4- 


100“, is obt^^ torn 3 :.4-dichloro-6-firomo. Tirdrn^iS ^ 

toluene by mtration, reduction and replacement ri . t>-- 1007 oa /inv ♦ * 

of the amino-group by chlorine. Its nitro- *0 . ^ V) • .* fmm r imln n-fnlniHifiA 


Oiem, Soc. Trans. }906, 89, 1453). 

2(f) ; 3 : i-Trkhlaro-B^romotolueWt m.p. 92®- nujl 


(Wheeler and Li<}dle, Amer* 


94®. is formed by chlorinating 3 : 4-dichloro.5. ^ ^ ^ , 

.bromotoluene. Its nitro-denvative melts at 2 ; e-Df-wdofolttene ; from ^lodo-e^amm- 
176®-176® (Cohen and Daldn. Lc ). toluene by the diazo-reaction. Almost colourlewi 

2^Chlorls : 4 : 6 : 6.tefra6fom(LliMnemdteat* 

268®-269® (Moune3rrat and Pouret, Gompt. Tians. 1904, 86, 1627). 

10AA 1AA AAH% * « - tt A . » ^ 


rend. 1899, 129, 807). 


B:5-DhiodMmi€; torn 3 : 5-di-lodo-|h 


o^IodMuene; from o-toluidine by the toluidmel^thediaso^ieacriott. TeliowiMedleB, 
diaao-Eeacrion (Beflstein and Kuhlien, Ann, 44*5*^*6® (Wheeli^ and Idddle, Amsr, 
^71, 168, 347; KelraU, Ber. 1874, 7, 1007; Chem- J* 1909, 42, 441), 


and BoUnson, Amer. Chem. J. lM2l 2:3: d-Ti 
A, 101); together with «-iodotoloeoe by heathm iodo-m-tcmiid 
a SMution of toluene m light petroleum with melts at 92^ 
iodide aM and Seholes, 

aitrlo acid {u VU) fqr ismal boon at lOO® 4*3). , 


rTfi-iodb-idfiWfisv from 4:6:6-tii- 
iiidine by riie diaao-rsiaotion. It 
92® (Wheder, Beantieoht^ Hoffmaii 
es, 4mer, Chem. J. 1910, 44^ I28» 
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from iS : 5- or 5 1 6- 
di>*iodo-m*tolaidme by the diaeo-reaetioa. Pale 
onuige plates, m.p, 72‘'-73° (Wheeler, etc.). 

2:3: C-IVt-toaotofuene ; m.p. 80*5^ is ob- 
tained from 2 : 6-di-iodo-m-toluidme or 3 : 6-di- 
iodo-o-tolnidme by the diazo-reaction (Wheeler, 
ete.). 

2:4:5-^fY-iodotolttens; from 4:5-di-iodo- 
o-tolnidine) 2 : 5-di-iodo-p-toluidine, and 4:6- 
^iodo-m-toluidine (Wheeler, etc.) ; or by heat- 
ing equal parts of o- or p-iodotoluene with sttl- 
phoiio aoid (D 1*85) at 170^ (Neumann, Ann. 
1887, 241, 55). Long brown needles, m.p. 1 19°~ 
120®, b.p. above 300 . 

2ii:Z-Tri-iodotolueM; from 2:4:6-tri- 
iodo-m-toluidine by the diazo-reaotion. Colour- 
less needles, m.p. 105® (Wheeler, etc.). 

3:4:5-7^r»-iodo^ttene; from 3:5-di4odo- 
p-toluidine by the diazo-reaction. Long silky 
needles, m.p. 122®~123® (Wheeler and Liddle, 
Amer. Chem. J. 1909, 42, 441). 

2:3:4: 5-T^aiodMitene ; from 4:5:6- 
tri-iodo-m-toluidine by the diazo-reaction. 
Straw-coloured needles, m.p.284°-285® (Wheeler, 
etc.). 

2:3:4: Z-Teiraiodotdluene ; from 2:4:6- 
' tri-iodo-m-toluidine by the diazo-reaction. Long 
needles, m.p, 17P® (Wheeler, etc.). 

2:3:5:6-!rcfmiodotoluene/ from 2:5:6 
tri-iodo-m-toluidine by the diazo-reaction. 
Colourless needles, m.p. 125® (Wheeler, etc.). 

Penki-iodotoluene ; from 2:4:5: 6-t6tralodo- 
f»-toluidine by the diazo-reaction. Small dull 
yellow needles, m.p. 340® (decomp.) (Wheeler, 
etc.). 

Chloro-o-iodotoluene ; from chlorinated o- 
toluidine. B.p. 240®, I)**® 1‘702 (Beilstein and 
Kuhlberg, Ann. 1870, 156, 82). 

a^Chloroiodotoluene does not solidify at 
-14®, b.p. 242®, D‘»® 1‘716 (Wroblewsky, Ann. 
1873, 168, 210). 

B-ChbroioaMw solidifies at 10®, b.p. 240®, 
fiiAo 1,770 (Wroblewsky). 

2-OhlcTO-i-iodoU)lM7ie ; from 2-chloro-6- 

aminotoluene by the diazo-reaction. Colourless 
liquid. b.p. 132‘’-133725 mm., 1-844 (Coben 
and Miller, Chem. Soc. Prans. 1904, 85, 1627). 

5*CMofO-4-i(Mlo-3-at^otolven6 ; from 5-chloro- 
S-nitro-p-tduidme. Colourless plates, m.p. 92® 
(Kennar and Judd, ibid. 1920, 117, 776). 

m-Br(mhO-ioditolitene ; by treating m- 
brom(H>rdiazo*toluene with hydriodic acid 
(WroblewBliy}^ Colourless liquid, b.p. 260®, 

2-Brom-Z*iodMwne ; from 2-bromo-6- 

aminfltoluene by the diazo-reaotion. Colourless 
liquid, kp. 136M4071S mm., 2-044 

(Gohmi and Miller]. 

Z-BromO‘4riodci6luene ; from m-bromo-p' 

tolttidiiie by the diazo-reaction. Oil, b.p. 265®, 
]>**® 2^044. It yields a mmimlra-d^vaXivt, 
,iii.p. 118® (Wroblewsky). 

3*JBrpflM>-2-todotoliiene ; from 6-iodo-m-tolu- 
by the diazo-reaction. B.p. 262®-265®, 
ail lw4 (HcdlemaD, Beo. trav. ohim. 1912, 
al, 267). 

lEhe oeuftitution of the product obtmned by 
MSztz (Bee. im 29, 1406) bj btrab^ o- 
iodjOtmm m ^^\>^romo-2•4oiMum is doubt- 
ful, m the fsiietoi-prodttct is of a very com- 
pmM ffi)lle]iia% U.). ^ 

y. . ■ t • ' 


3 : 5^Mr(mp>2^iodotoltteh ; from 3 : 
bronm-o-toluidine by the diazo-reaotion. NeecUes, 
m.p. 68®, b.p. 314® (with slight deoomp.}. 

On chlorinating in chloroform solution it 
yields a dichibride, yellow cubic crystals, m.p. 
95® (deoomp.) (MoCrae, Chem. Soc. Trans. 1898, 
73,691). 

Z 1 5‘-Dibrmo-4i-iodot(duene ; from 3:5-di- 
bromo-p-toluidine W replacement of the amino- 
group by iodine (Wroblewsky, Ann. 1878, 168, 
190) ; from 3-bromo-5-nitro-p-toluidine by 
replacement of the amino-group by iodine and 
of the nitro-group by bromine (Wroblewsky, 
Ann. 1878, 192, 209). Long needJes, m.p. 86®, 
b.p. 270®. Its numonitro-dmviUm melts at 69®. 

3 : 5-I)»5romo-2 : 4-di-io(2(>k)lttene ; from ni- 
trated bromoiodotoluene by replacing tje nitro- 
group by iodine. Prisms, volatile with steam, 
m.p. 68®. Its mononitro-derivaUve nuts at 
129® (Wroblewsky, Ann. 1878, 192, 212).! 

o-lodosMuene ; from o-iodotolueoe di- 
chloride and dilute sodium hydroxide s^ution 
(Willgerodt, Ber. 1893, 26, 361) or water and 
pyric&e (Ortoleva, Gazz. chim. ital. 1906, 30, 
ii. 5). Almost colourless crystals, m.p. 178® 
(decomp.), aceiaU m.p. 130®~132® (Ortoleva). 

Z : b-Dtbromo-2-iodoe(muene, is obtained from 
the corresponding dichlorido by treatment with 
soda solution. Yellow amorphous mass decom- 
posing at about 87®. Its acetate forms needles, 
m.p. 66*5® (McCrae, /.c.). 

m-lodoeotoluene ; from m-iodotoluene di- 
chloride (yellow needles, decomposing at 104®) 
by the action of water on a solution in pyridine 
(Ortoleva), or by the action of sodium hydroxide 
(Willgerodt and Umbach, Ann. 1903, 327, 269). 
Yellowish* wliite amor|)hous powder exploding 
at 20()®-207® (Willgerodt and Umbach) or de- 
composing at 1 80®-l 85® ( Ortoleva). The ocetofe, 
colourless needles, melts at 148®-149® (Ortoleva; 
Willgerodt and Umbach), the difiuoridet small 
colourless needles, melts at 180®, decomposing at 
188®, on rapid heating (Weinland and Stille, 
Ann. 1903, 328, 132). 

ji-lodosotduene i by treating p-iodotoluene 
dichloride with dilute sodium hy£t)xide solution, , 
followed by purification of the crude mroduct' 
with chloroform (Willgerodt, Ber. 1893, 2d, 359) ; 
or in a manner analogous to that of the 
o-ifiomcride (Ortoleva, Lc.). It decomposes at 
176®-178®, and on boiling with water yields a 
mixture of p-iodotoluene and p-iodox;^oluene 
(Willgerodt). On adding hydrofittono acid 
slowly to a solution of p-iodosotoluene in acetic 
acid, p-toluene-iodo-fiuoride, small yellow 
needles, m.p. 112®, decomposing at 115®, is 
formed (Weinland and Stille, lc.), 

o-Iodoxytpiuene ; by boiling o-iodosotolnene 
with water in presence of air (Willgerodt, Ber. 
1893, 26,1161) ; by oxidising o-iodotohieDe witly 
Caro’s aoid (Bamberger and Hill, Ber. 1900, 38,1 
535). Ciystalline mass, exploding at 210®, 
which when treated with hydrofluoric aoid yklda 
0 ‘Uduene • iodoBofiwride, leafly aggegates ^ 
granules, commencing to melt at 1&® and de- 
composing* at n0®-190® (Weinland and 
Ber. 1901, 34, 2631). 

tU‘J(d(xeyklueM i by treating an inilniate 
mixture of fa-tolyl iodomohloK^ and a eoiieen- 
trated solution of bleaohlng powdor wiik a UttM 
hydrocMorie add {Will|£odt end Umbi^);, 
by oxidising a pyridm edtttion 



• ^ , mUENB. > IDS 

withi^<Uoriil^Ortol6Ta^ Qtm, chim. ital. 1900, 1 32, 216). Its t-nihro-deHmlive, oolonrlesi 
30, 1). ^^Wte nseoks, explodins at 220^ n^ejleB, m.p. 87'^, is formed by oxidising 2-mtro- 


90 , ix« a;, wiaw iteecues, expiooms at; zxu* neeques, m.p. »7 , is lormea oy oxuuaing z-mtro- 
(Ortoleva, Ic, ; cf* Bamberger and Hill). On p-tolylbydroxylamioe (Brand and Zofc) ; its 
Inarming with aqueous h^rdrogen peroxide it Z-nitro-derivatm is obtained by oxidising m- 
yields )a*iodotoluene. ^ nitro-p-toluidine by means of Caro’s ac^ 

]^-Iod(KBjftdlueM ; in a similar manner to the (BamWger and Hdbner, Ber. 1903, 36, 3803), 
0 - and^ia-iaomerides. Silky leaflets, exploding or togetW with i-nitro-Z-nitrow-tdume and 


at 228® (Witoerodt, Ber. 1896, 29, 1673 ; Bam* other products by the action of hydroxylamine 
beiger and ffiU, Ber. 1900, 33, 525 ; Ortoleva, on 3 : 4-dimtrotoluene, followed by acidmoation 
Gaia. ohim. ital. 1900, 30, ii. 8). It forms an (Meisenheimer and Hesse), and forms greenish* 
iodoaofiuoi^, lustrous needles, decomposing at yellow needles, m.p. 145°*-145*5®. 

206® (Weinland and StiUe, Ic.). As a result of the work of Green and Rowe 


206® (Weinland and StiUe, U.). As a result of the work of Green and Rowe 

(Chem. Soc. Trans. 1912. 101. 2462; 1913, 103, 

Nnaoso- and Niteo-demvatives. 89^, Fomter and Fieri {iM. JW2), 

and Forster and Barker {ibid, 1913, 103, 1918), 
2-Nitro8otdlwm ; by oxidation of o*tolyl* the compounds originaUy regarded as *o* 
hydroxylamine (Bamberger, Ber. 1895, 28, 249) ; dinitroso ’ compounds are shown to be actuallv 

i.1.^ ...A J* .1. .'I. t ... ! J] . f 


0; from 3* 


by the action of nitrogen trioxide or peroxide on iso-oxadiazolo oxides, furoxans or furazan oxides, 
a cold chloroform solution of mercury -o-ditolyl and whereas the above constitution has been 
(Kunz, Ber. 1898, 31, 1530). White needles, proved to be correct for the ‘ o-dinitroso ’ com* 
melting at 72®-72*6® to a green liquid, extremely pounds, it appears probable that only the ‘p- 
volatile with steam. On treatment with cold dinitroso ’ compounds have the constitution of 
concentrated sulphuric acid it yields 4-»i<roso-2'- * quinone-dioxime peroxides,’ ascrilxid by Forster 
3-ditely%droa:ytom<»6, glistemng yeUow needles and Fierz to the whole class. 

(-f-H,0), decomposing about 130^; the anhy- T6lU‘2. Z-m-oxadmole oxide^ tolufuroxan, 
drotts product melts at 110®-115® (Bamberger, N 

Bufrfon and Sand, Ber. 1898, 31, 1517). Z-NUro- j I \ 

2-niijfosotolttene, pale yeUow leaflets, m.p. 126°- tolufurazon oxide, CH 3 CjH 3 ( O'\0; from 3- 
127® (deoomp.), is obtained by oxidising 3-nitro* \ | / 

o*toluidine with Caro’s acid, and is transformed N 

by nitric acid into 2 : 3*dinitrotoluen6 (Meisen- nitro*2-diazo*toluen6-imide by the action of 
heimer and Hesse, Ber. 1919, 62, 1101), Its heat. Leaflets, m.p. 60® (Zincke, J. pr. Chem. 
S-nifro-deriwoiwc, almost colourless crystals, m.p. 1890, [2] 53, 340; Zincke and Schwarz, Ann. 
143®-144®, is fonn^ by the action of Caro’s acid 1899, 307, 28). The corresponding diozime 
on the corresponding amino, and together with melts at 140® (decomp.) and the i^-oxadiazoh or 
dinitroazoxytoluene by treating 2:6*dinitro. .N. 

toluene with hydroxylamine followed by acidifi- furazan, CHa-CjHa^ | >0, at 44® (Zmcke..and 
cation. It is readily oxidised to 2:5-dinitrotoluene. 

When the reduction of 2 : S-dinitrotoluene by Schwarz). The 4(?)*nttro*'dcrivufive forms brown 
means of hydroxylamine is effected in highly crystals, m,p. 162® ; the 5-nitr(hdmvaim, 
concentrated solution yellow plates, m.p. 70®; the 4:6(T)-dt«.i<iro- 

diazofejle is precipitated in yeUow needles, decom* derivative, yeUow needles, m.p. 122®-128® 
posing at 202® (Meisenheimer and Hes^, lx.). (Zincke and Drost, Ann. 1900, 313, 299). 


Its Z-nitro-derivative, obtained by oxidising an 
aqueous alcoholic solution of 6-nitro*o*tolyl- 
hydroxylamine with ferric chloride in presence of 
sodium acetate, forms colourless needles, molting 
at 117® to a green liquid (Brand and Zdller, Ber. 
1907, 40, 3324). 

Z'Nitnaoioluene is prepared in a similar 


Tolu>2 i b-quinonedmimperoxide 

aN~0 

by oxidation of 2 : S^toluquinonedioxime with 
alkaline potassium ferric^nide (Nietzki and 


manner to the ©-derivative. SmaU needles, Guitermann, Ber. 1888, 21, 432 ; Mehne, f6Mi. 
^ily volatile with e^, m.p, 63®-53-5® (Bam- 21, 734). YeUow crystab, vobUb with steam, 


f.c.) ; its 6-n^o-dertwrive, m.p. 113®, b hydroxylamine regenerates the ^xune*aits 
ootamed by oxidising 6-nitro-m-toluidine by i'ChkrO’dmvative b a lemon-yeUow powder, 

“-P- IMMes' (Kehnmum, SUva ud SM, 
1^,117,869). , Ber. 1916, 48, 2029). 

}>-tolyl- folv-S ; 4-i«H)sM((t(Uole wiife, m.p. 96’-07*, 
jlgmxymimimfB^be^ Bamberger and «s formed by heating the eoneeponding nitio- 
\ oxidation of diazoimide (Zincke, J, pr. Gh^. 1896, [2] 83, 
^ 0^ potassium permanganate 340), or 1^ the oxidation of «»*nitro-p-tdluidiae 

i' solutwn in presence of form- or p-nitro-m-toluidine wiUii alkaline sodhun 

l^ohimer, Bor. 1898, hypochlorite (Green and Rowe). The come- 
together wito other products by the spending dimme, y«Bowbh-biown needles, 
itr^tiioxidB or peroxide on a cold melts at 127®-128®, and the m-emdiazok or 
Of ^tay-p-^tolyl (Kunz, funtan, loi« white needles, mdis at 37® (Zinoko 

31,1823). Wlatonee^, extremely and Schwan, Ann. 1899, 307, 28); the latter 
Forthe i^ion ooiia^und b fotnmd the ^ 
n^l^andhydrogen brwide, tse m-nfoosoaMto-^telmdide irith dbUine^odbon 
^ Si4i^ (Bee. 1899, lippMlilorito B««4| 
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Trans. 1917, 111,612). The 2 {or %ynitro-dmm - 1 
tiVe, obtained by nitrating the furoxan 0^“® ! 
imide of o*nitro-p-tolnidine and hating the 
product of the latter reaction in a brine- bath, 
forms pale yellow needles, m.p. 164 (decomp.). 
This nitro- compound, on nitration in presence 
of sulphuric acid, yields the 2 : 
tive, silky yellow needles, m.p. 133° (decomp.). 
Its 5{1Vnitro-derimtm forme yollowi.di-leaflcts, 
m.p. 145° (Zincke and Drost, Ann. 1900, 313, 
299). 

Nitro Dkrivativbs. 

When toluene is nitrated with nitric acid 
(D 1-475), the quantity of o-, w-, or p-mononitro- 
derivative obtained depends on the temperature, 
solvent, and other factors (HoUeman, Proc. K. 
Akad. Wetensch, Amsterdam, 1908, 11, 248; 
HoUeman, Vermeulen and de Mooy, Rec. trav. 
chim. 1914, 33, 1; Bruner and Vorbrodt, 
Anzeiger Akiid. Wiss. Cracow*, 1900, 221 ; c/. 
Kohn, MonatsL 1910, 31, 745 ; Pischer, Zcitsch. 
Elektrochem. 1910, 10, 101 : Bell and 8prv, 
J. Ind. Eng. Chem. 1921, 13, 00; Friswell, 
J. Soc. Chem. Ind. 1908, 27, 258; van dcr 
Arend, Verslagcn. K. Akad. Wetensch. Amster- 
dam, 1908, 208; Gibson, Duckham and Fair- 
baim, diem. S6c. Trans. 1922, 121, 275 ; Holder- 
mann, Ber. 1906, 39, 1250), When the nitration 
is carried out at —30°, 0°, 30°, and 60° with nitric 
acid (D 1*476) the product contains 41*7 p.e., 
40*9 p.c,, 39*9 p.c., and 38‘5 p.c. respectively, 
of p-nitrotoluene, 55*0 p,e., 5(i p.c., 50*9 p.c.. 
and 57*5 p.c. respectively, of o-nitrotoluene, and 
2*7 p.c., 3*1 p.c., 3*2 p"c., and 4*0 p.c. rcsf)ec- 
tively, of f»-nitrotolucne (HoJIeniann), thus 
shoiying that the percentage of /Miitrotoluene 
decreases with rise of temperature, whilst that of 
the 0 - and m-nitrotoluenes increases, the last 
being always present only in small quantity. 
When a mixture of pure nitric acid and acetic 
anhydride is added to toluene at 30° a violent 
reaction sets in and the product contains 57*7 p.c, 
0 -, 4*4 p.c. W-, and 37*3 p.c. p-nitrotoluenc 
(HoUeman, Vermeulen and ve Mooy). 

Toluene is readily nitrated in the cold with 
nitric acid of specific gravity not less than 1*5. 
In the manufacture of nitrotoluene 1 part of 
toluene is poured into IJ parts of nitric acid 
(D 1*6), the temperature not exceeding 15°. By 
this means the o-derivative is readily formed 
and is isolated by fractionating the oil which is 
formed when the nitration mixture, after stand- 
ing for 10 Hburs, is poured into water. Com- 
mercial nitrotoluene usually contains about 
60 f.c. orthfh, 2 p,c. mta*, and 38 p.c, para- 
nitrotoluene ; this mixture has a specific gravity 
of 1*167, and distUs between 220' -240°. 

0 - and p-Nitrotoluene may be separated by 

agents, whereby the o-derivative is suiphonate^ 
and the i^isomoridc remains unchanged (l^nge, 
Eng. Pat. 1407 of 18^), or by fractional reduction 
ly means of sulphides or hydrosulphides, par- 
ticularly with Le Blanc soda residues (Ciaytcm 
Aniline Go., Pr. Pat. 255957 ; I). R. P. 92991 of 
1896). o-Nitrotoluene may also be separated 
from its isomerides by heating with salts of 
aneniotis acid, and the o-nitrotoluene, which is 
unalterod by this treatment, is isolated by 
t^tihent with acid, steam distillation, ko. 
(Loesdl, D, IkP. 76002 of 1894f J. pr. Chem* 

I 


pressure of 20 muL (MoUnaiL M Congr. Kar, 
Chim. Ind., 1924, 402; C^mm. Soo. Abitr. 1926,, 
128. i. 360). 

For the estimation of ni1»t>tolaenes by means 
of stannous chloride and tatanous ehkme, see 
Colvm* and Prideaux (J. Soe. Chem. Ind. 1917, 
36, 480, 856) and Knecht (ibid. 1917, $6, 694). 

o-KiM>luene ; by nitration of toluene 
(Glcnard and Boudault, Compt rend. 1844, 19, 
505; Hofmann and Muspratt, Ann. 1845, 53, 
221; Kekuli, Zeit. f. Chem. 1867 [2] 3, 225; 
Hosenstiehl, Ann. Chim. 1872, [41 27, 433) ; by 
elimination of the amino-mup bom 2-nitro-|>* 
toluidine and nitrated m- t^uidine (Beilstein and 
Kuhlberg, Ann. 1870, 156, 1 ; 1871, 15^ 348). 
When freshly distUled o-nitrotoluene is cooled 
rapidly to -20°, it solidifies sometimes to the 
labile a- modification, m.p. -10*56°, ant some- 
times to the stable jS-form, m.p. —4*14!* The 
latter mav also l)o prejiart'd by cooling the liquid 
10 - 50 or when the a-fonn separates first, 

but changes rapidly into the jS-fonn. Super- 
heating of the vapours during distiUaiion 
favours the formation of the latter modification 
(Ostromisslensky, Zeitsch. physikal. Chem, 1907, 
57, 341 : cf. ^^‘alke^ and Spt*»eer, Chem. Soc. 
Trans. 1904, 85. 1109). Aceoiding to Knoe- 
venagel (Ber. HM)7, 40, 508) the a-form melts 
at —9*4° and the ^ fonn at —3*6° (r/. Strong, 
B<*r. 1891, 24, 1987, and Schneider. Zeitsch. 
physikal. 189t), 19, 157). It is possible 

lo'^purify o-nitrotoluene by cotding the crude 
product i<»temjK.*iatun*« betwenm — 4'^and —10°, 
arid removing the liquid portion by means of 
the e^'utrifuge when about half has crystallised 
(51. L. B., 1). R. P. 158219 of 1903; Fr. Pat. 
350200 of 1904). 

Pure o-mtitituluenc hi a clear liquid, solidi- 
fying at — 10*56 (see above), b.p. 218° (^reng, 
iW. 1891, 24, 1987) or 225*7° (corr.) (mkin. 
Chem. Soc. Trans. 1896, 69, 1250) or 220*4^/760 
mm. (Kahlbaum, Zett^4t. physikaL Chem, 1898, 
20, 624): 1 1742, 1>{^I 1 1643, l)^ M678 

( Perkin), I)'^° I *168 (Spreng). lief racUve index, 
see Briihl i(Z«utscb, physikal. Cbmn. 1895, 16, 
2J8); abs^>rption spectrum, Spring (Itoc, trav* 
chim. 1897, 16, I); magnetic rotatoiy power, 
IVrkin (U.) ; dielectric constant, iNimef 
(Zeitaeh. pbysikal. Chem. 1901, 421); 

«« 1*5462, a«»*‘ 1*5271 (HoUeman, Vertneulan 
and dc Mooy, 1^. trav. chim. 1914, 33, !). 

When oxidM witli nitric aidd or cmmlo 
acid in the ctdd it yields o-nUro*bottJudAd»rdn 
(Uuth, Bull. Soc. chim. 1904, (3) 31, 133), whllnt 
treatment with potaHsium pernmngaitato or bitt 
boiling with alkaline poUssiuni feiticyno^ 
yields o*nitrob©n«)ic ackf. The extent to irMdk 
manganese dioxide and sulphoHe i«id Oieidtt 
o-nitrotoluene depends upon the ooneoiitfl^btt 
of the acid. When heated in an autoolava wRb 
2 parts of finely powdered maiiganiie dbu^ 
and 10 parts of sulphuric acid (jp 1*26-1*91) al 
140°-I03° for 2~3 hours at a ptessuiw not ntiwad 
ing 10 atmospheres, the product is ehMy a ' 


be^debyde, whilst with sulc^orie am (B liNb 
l*7nat 135°--l45*o-utrobeiiBoma(!ldbtiM»nMln 
imoduct (B. A. 8. F„ I). B. P, 179589 af UM), 
Hm former product bt also formad vImu Ihi 
oxidation is affected by means of aarinm dlagriMb 
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oxiiMi eleclf«ifyti(^ 3 r <i-nitrotohi6ne 
el^^»*tte^beiuf3rl alcoh^ (Pietron, Bull. Soo.^ 
chim. 1901, [3} 35, 852 ; Mchter «id Bonhdte, 
Heir. (%im. 1820, 3, 395). When tieated 

wifli tomina at 170^ o^nitrotolueoe is converted 
into 3 : 4^1m>mo*2*(or 6)-amiiiobeiizoio acid 
(Wachendorff, Am, 1877, 186, 281 ; Greiff, Ber. 
1880, 13, 288), but with bromine in the preaence 
of iron ^bromo>2»idtrotoloene u formed (Qluud, 
Ber. 1915, 48, 432). It forms a compound with 
ohromyl chloride which on treatment with water 
regenerates o-nitrotoluene and yields a little 
o*nitrobenzaldehyde (Richter, imr. 1886, 19, 
1062). On chlorination it yields o-nitrobenzyl 
chloride, o-chlorotolnene, and o-chlorobenzyl 
chloride and o^er products (Kalle k Co., Eng. 
Pat. 11260 of 18971 D. R. P. 110010 of 1898). 

On long keeping in contact with alcoholic or 
aqueous potassium hydroxide, anthranilic acid, 
togeriier with the corresponding azo* and 
azoxybenzoic acids are formed (Preuss and Binz, 
Zsit. fur angew. Chem. 1900, 14, 385 ; B. A. S. F., 
Eng. Pat. 18319 of 1899; Fr. Pat. 292468; 
D.R. P. 114839 of 1899). With nitrous esters 
and sodium ethoxide it yields o«nitrobenzald- 
oxime (M. L. B., 1). R. P. 107095 of 1898 ; Fr., 
Pat. 290643 of 1899). When reduced by heating 
with iron or zinc and sodium hydroxide at 100^, 
it yields o-azoxytoluene, but when acid is added 
to the product, toluene'O-azobenzoic acid is 
produced. The sulphonation prtKi uct of o-nitro- 
toluene differs from that of p-nitrotoluene in 
giving no red colour when boiled with alkalis 
(Reverdin and de la Horpe, Bull, Soc. ciiim. 1888, 
[2] 50, 44). 

m*iVfffafoj[ue9ie; in small quantity by nitration 
of toluene (c/. Holloman and co-workers under 
o-nitrotoluene ; Monnet, Reverdin and Editing, 
Ber. 1879, 12, 443 ; Ndltingand Witt, Ber. 1885, 
18, 1337) ; fiom nitrated o- or p-toluidine (BetJ- 
stein and Kuhlbcig, Ann. 1878, 158, 335; Vanino, 
Piiparative Chemie, 1923, voL ii. p. 4.5J); or 
from B-nitro-p-toluidine (Bnchka, Ber. 18^, 22, 
829) by the diazo-reaotion. M.p. 16% b.p. 230^- 
23r (cf. Neubeck, Zeitsch. physikal. Chem. 
1^7. 1, 658), 1 ’168, n« VUIO, 1 5275 

(Holieman, Venneulen and de Mooy, Rec. trav. 
chim. 1914, 33, 1). It is oxidised readily to 
m^nltrobemmio add by chromic acid mixture 
and dowlv by alkaline potassium lerrioyanide. 
Whbn oxIdiBed eleotiomically it riolds chieOy 
m-nitiobensaldehyde (nerron, Bull Soo. chim. 

^ 1901,(3] 25, 852) and, in sulphurio acid solution, 
d-ami^^rssol (Oaitermann, Ber. 1894, 27, 
1)1930)* With bromine at 140^ it yields m-nitro- 
jbcmzyl bromide and m-nitrobenzylidene bromide 
iWaebe&dor^ Ann. 1877, 185, m ; Bgr. 1876, 
If, 1345}* Staimoua c^blmrkk^ and aqueous hydro- 
ddpile idd teduee it to pure m*toluidiiie, while 
[fine dni^ and aqueous hydrochloric acid ^ 
ehUHXMa4dblridtimi^ m^Nitrotoltteueisrea^ly 
ndaced by the method of Elbs and Kopp 
IZeRsoh. IMctioelMm. 1898, 6, 108)| forming 
rtoluene in a yield of 91 p.o.* farther 
tiott inlkydiiaoidueim (Bnhde, ibid. 

m-sitiotolneimii 1 ^ 
iiMe ind lulb^tanSo a^ at 50*, 3:4* 
^ ^ with mealier amounts 

.flt'liha' 


bv fractionation in vamtd and freezing the 
dtt^te (Holkinian and Silks, Proo. K. Akad. 
WeisiiscL Amsterdam, 1906, 9, 280; Sirks, 

Bee. trav. cbim. 1907, 27, 208; ef, Gibson, 
Bttokbam and Fairbaim, Chem. 8oe, Trans. 
1922, 121, 276). 

p-NiMobme (see also under o-nitrotolnene) ; 

W nitration of toluene (Eosenstiebl, Zeitech. 1 
efuom. 1869, (2) 5, 190 ; ef, Jaworshy, ibid, 1865, 

223) ; 1 part of toluene is poured into 3-4 parts 
of nitric acid* (B 1*5) and heated to 80*". The 
yellow oil produced consists chieffy of p-nitro- 
toluene, which crystallises on oooimg the 
fraction boiling above 225% 

Large thick rhombic oiystals, m.p* 51*6^- 
51*9" (Rintonl, J. Soc. (Them. Ind* 191 5„ 34, 

60), 51*4° (Holieman, Venneulen and de Mooy, 
R^. trav. chim. 1914, 33, 1 ; ef, van der Arena, 
ihid, 1909, 28, 40S), or 54" (Schiff, Ann. 1884, 
223, 261 ; Gazz. chim. itol. 1884, 14, 181). The 
increase in melting-point with tocrease of prea- 
sure bos been studied by Pusmn (Chem. Soc. 
Trans. 1924^ 125, 2628). B.p. 237-7"/760 mm. 
(Kahlbaum, Zeitseb. ph^at. Chem. 1898, 26, 
624); D||I 1 1392,D®. 11658 (P«^, CW. 
Soc. Trans. 1896, 60, 1239) ; magnetic rotatory 
power at 54*3" 10*17 (Perkinf; 1*5554, 
»•*•* 1’5346 (Holieman, Vermeulen and de 
Mooy). It is much less volatile with steam than 
the o-nitro-derivative. Chlorine in presenoe of 
aluminium chloride or iodine yields p>niiro* 
benzyl chloride and p-nitrobenzoic acid (SSmmer* 
mann and Muller, Ber, 1885, 18, 996). By the 
electrolysis of p-nitrotoluene In 5-10 of 
sulphuric acid, amino-nitro-o-benzyHolneiie is 
obtained (Gattermann, Ber. 1893, 26, 1851^ ef, 
Gattennann and Koppert, ibid. 2811). When 
heated with bromine at 140", it ^ids p-nitio* 
benzvi bromide and p-nitrobenzyndene broiiiide 
(W^a;;hendorff, Ann. 1877, 185, 268). U is 
oxidised by alkaline ipotassium f erricyanide io 
p-nitrobenzoic acid (Noyes, Ber. 1883, 16, 52), 
whilst electiolytic oxidation in aoetb^phiiixo 
acid yields p-nitrobenzyl alcohol (Mbs, Zeilsdi. 
Fdek^hem. 1896, 2,522), p-nitfobensaldeliyde 
and p-nitrobenzoic acid (Fiditeir and BonbOte, 
Helv. Cbim. Acta, 1920, 3, 395). It k reduced 
by iron and dilute hydrochloric acid to 
dine, whibt rino dust and dilute hydiodbloric . 
acid yield a chlorinated tohudine. Reduotloa 
in alkaline solution yields p-acololiieiie, and k 
presence of formaldwyde and lydRMriiloiio acid 
p-dimethyl-toluidine and dii&AyMUie4i4okK* 
dine are produced (L5b^ Zeitick Efektioehem* 

1898, 4, 428). It oondenses irik 6th;|ri<Kridik 

m presenoe of sodium ethoxikyMdlx^^ 
^toylpyruvio acid (Keisserti Her. : 

fino dust and sodium byditudda ylsU m- 
tduene, m.|x 144% two aaoi^-oosmiiim uoup^ 
75" and 70" resn^lv^y, and, a 
pound, m.p. 126" (Jaaowski and BmiHann, B«r« 
1889, 22, 40). For the actum of aodkm awl 
caustic alkalis on p-ntUot«liieiie,#M Bender and 
Sehulti (Ber. 18W, 19, 3284), Schinidl (sMl « 

1899, 32, 2911), KUnm (tbil 1883, 18f Ml). ; 
fiieher and Hepp 1893, 88, 8182), Omen: 
andcoIlaboiiton(iM 1897,8118087 ; 81viMii 
Chem. Soc, Ikna. lilM. 86, IdH ^ 


inlcdpea»,aji9loifl^ 91, 8079i mi - 
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in fiulphnrio acid it is converted into p>amino 
benzaldehydo (Geigy & Co., D. R. P. 86874 of 
1895). When treated with amyl nitrite in 
presence of sodium cthoxide the oxime of p- 
nitrobenzaldehyde is formed (Angeli and 
Angelico, Atti R. Accad. Lincei. 1900, [5] 8, ii. 
32 ; Gazz. chim. ital. 1900, 31, i, 27 ; cf. M. L. B., 
Ft. Pat. 290643 of 1899; 1). R. P. 107095 of 
1898). For estimation of p-nitrotoluenc, see 
Reverdiii and de la Harpc (Zeit. f. aiialyt. Chem. 
1890, 29, 215), and for volumetric estimation of 
p-uitrotoluenc in crude nitrotoluene, see Glas- 
mann (Ber. 1903, 36, 4260; J. Russ. Phys. 
Chem. Soc. 1904, 36, 312). 

Normal- W'Hiirotoluenef phenylnitromethane, 
CeH 5 CH 2 (N 02 ) ; together with plithalio anhy- 
dridS by decomposing a dilute aqueous solution 
of the disodium derivative of nitrobonzylidene* 
phthalide with 12 mols. of very dilute acetic 
acid; by boiling hydroxynitrobenzyldiphenyl- 
maleido with water (Cohn, Ber. 1891, 24, 38(i7) ; 
from toluene and nitric acid (1). 1*12) by heating 
for 48 hours at 100^’ in a scaled tube (Konowalow, 
Ber. 1895, 28, 1861 ; J. Russ. Phys. Cliein. Soc. 

1899, 31, 254) ; from benzyl chloride (HoUeman, 
Rec. trav. chim. 1894, 13, 405) or benzyl iodide 
(Hantzsch and Schultze, Ber. 1896, 29, *700) and 
silver nitrite, or preferably mercurous nitrite 
(Neogi and Adhicary, Zcitsch. anorg. Chem. 
1911, 40, 270) J together with other products by 
the interaction of iso-nitromethanc and diazo- 
benzeno in alkaline solution (Bamberger, Schmidt 
and Ixivinstein, Ber, 1900, 33, 2053) ; together 
Vrdth phthalic anhydride by dissolving uitroxylyl- 
idenephthalide in sodium hydroxide and saturat- 
ing the solution with oxalic acid (Goldberg, Ber. 

1900, 33, 2818), and by other method.s (van 
Raalte, Rec. trav. chim. 1899, 18, 383). 

Liquid, w'hich docs not solidify in a freez- 
ing mixture, b.p. 225‘''-227^ decomposing iiit(» 
water, nitric oxide and benzaldehyde, or b.p. 
158''~160''/35 mm, with slight decomposition 
(Holleman); Ijjj, 1*1756, 1)j? 1*1598; molecular 
refractive power 36*61, 1*53230. 

On treatment with zinc du.st and dilute 
sulphuric acid it yields benzvlainine. With 
fuming hydrochloric acid at 150“ it is decomj»obed 
into hydroxylaraino and benzoic acid (Gabriel 
and Koppe, Ber. 1886, 19, 1145). With alkalis 
it is converted into the salt of wo-phcnylnitro- 
methane, from which phenylnitromethane is 
obtained by Jireatment with carbon di(»xide, or 
Mo-phenylriilrometliane by tn^atmeiit with cold 
dilute hydrochloric acid. It is unaffected by 
pheilyl MO-cyanate (Hantzsch and S<jhultze, Ber, 
1896, 29, 2254). Its o-, w-, and p-nitro-deriva- 
tives melt at 72°, 94°, and 90“ res|K*cti vely ( HolJe- 
man, Rec. trav, chim. 1896, 15, 356, 365; ibid. 
1895, 14, 123 ; Hantzsch and Wit, Ber. 1899, 
32, 621). 

Phen^lm-nilrmnethane, 

the ^tioQ of dilute hydrochloric acid on the po* 
Balt of phenylnitromethane (Hantzsch 
ai^ Sohultze, Ber. 1896, 29, 700) ; together with 
other products by oxidising benzaldoxime with 
Caro 8 acid (Bamberger, Ber. 1900, *33, 1781). 

It ciystalliBea from a mixture of absolute ether 
aad iigroin and melts at 84° when heated 
qi^Uy ^antzjch, Ber. 1890. 29, 2251). it is 
*aaaiJy soluble m soda solution, anS in contnBt 


to the indifferent phenylnitromethane, when 
treated with ammonia in jiresenoe of water>fiee 
solvents it yields the ammonium salt. It also 
readily reacts with phenyl tso-cyanate and 
phosphorus pcntachloride (Hantzsch and Veit, 
Ber. 1899, 32, 620). On warming with ether or 
alcohol, or on keeping with hydrochloric acid, 
it is converted into the normal phenylnitro- 
methane. On reduction with sodium amalgam 
or zinc dust in alkaline solution it yields benzaJd* 
oxime. When the sodium salt is treated with 
acetyl chloride acctylbonzhydroxamic acid is 
foriLcd (van Haalte, ibid. 1899, 18, 383). When 
treated with benzoyl chloride, dibenzhydroxamic 
acid, m.p. 161°, is produced, and with p-nitro* 
benzoyl chloride it yields bls-p-nitebbcnzoyl- 
benzhydroxamic acid and p-nitrol)enzoylbenz* 
liydroxamic acid (Holleman, Rec. trav, chim. 
1896, 15, 35<», 365), whilst its sodium salt on 
treatment in aqueous solution with hydrochloric, 
acid Yields benzhydroxamic acid (Bamberger 
and Rust, Ber. 1902, 35, 45). 

<u • DinitrotoluenCf phenyldinitromethane, 
large white jjrisms, in.p. 79° (Ponzio, Gazz. chim. 
ital. mu 31, 133; 1908, 38,417; Ponzio and 
(.'harrier, Atti K. Aeead. tSei. Torino, 1908, 43, 
475). 

Divttbotoluem:.s. 

(Jommereial dinilniloluene is ehieliy a mixture 
of the a-, )3-, and y-dinitrotoiueues, aiid forms a 
cake of yellow crystals, m.p. 6() t»8 ', b.p. about 
300“ (partial dceomp.). The 2 ; 4-diiiilro-eom- 
pound is present in the greatest i»roportio!i in the 
dinitrotoluene ust^d in the exphxsive indii.'-try. 

2 : li- Dinitrotoluene ; by heating 2 : 3‘di< 
nilro-p-toluie iK,i<l with 5 p.c. hydrochloric acid 
for 6 hours at 2t»5° (Hozanski, Ber. 1889, 22, 
2681); from 3*nitro-o toluidino by replacing 
the amino-group by a nitn>*group (Greli, Ber, 
1895, 28, 25ti5). it is U*.st obtained by nitrating 
aceio-o-toluididc with nitric acid in presence ot 
acetic acid and treating the mixture of 3- and 
5-nitro-aceto-o-tf)luidid(?8 with hydrochloric acid, 
the separation of the isomeric aminos Ijeing 
acconipii.sh<*d by diluting the acid solution largely 
with w'ater^w'hen the very feebly basic S-nitro-o- 
toluidine. is precipitated. The latter is con- 
vertetl into 3'nitro-2’nitrosotuinene, w*hieh is 
then transformed into 2 : 3-clinitix>u»luene 
(Meisenheimer and He-sse, Ikr. 1919, 52, 1161); 
also from .5 : 6-dinitro-m-t>oluidine by the diai;o- 
reaction (Brady, Day and Rnh, I’hem. hoc. 
Trans. 1922, 121, 531). AI.p. 61“ (M. and H.) 
or 63° (Hoziinski). 

(a) 2:4- DinitroUAnent ; by nitration of 
toluene (Deville, Ann. 1842, 44, 307; Cahauiw, 
0>mpt. rend. 1847, 24, 555 ; Nmdting and Wilt * 
hiir. 1885, 18, 1336 ; Beilstein and KuWbetg. 
Ann. 1870, 155, 13; I-impricht, Ber. 1885, 18, 
1402), and of o- and p-nitrotoluerio ; by boiling 
2 : 4-toluyleiu*diamin6 with sodium peroxkto 
«>lulion (0. Fisher and Trust, Bar. 1893, 26, 
3085) ; from dinitrotoluidine by eliminaiiou of 
the amin^-group (Btaedel, Ann. 1898, 259, 220), 
LongraonocliniciioedloB, m.p. 70*6° (DavUln). or 
69*2l°-69*r>7°(Mill«,Phil. |&g. 1882 m 14, 27). 

34, 160). When treated for a long time with 
fuming nitric acid it ytekb 2 ; i-dimtmbeiiiole 
amd reduction with ammonium tub 

phide in the cold yields 2*aitro.p.t4»]ttidine, whilet 
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at higher temperatures 4<|utro-o-toiuidine is also 
formed (Graen, Ann. 1885, 229, 343 ; Limpiicht, 
Ber. 1885, 18, 1400). Alcoholic stannous 
chloride, on the other hand, yields 4-nitrO'O- 
toluidine (Anschutz and Heussler, Ber. 1886, 
19, 2161). When reduced comdetely it yields 
wtoluylenediamine (Baeyer, ^r. 1874, 7, 
1638). On electrolytic oxidation it yields 2 : 4- 
dinitrobenzoic acid (Sachs and Ketnpf, Ber. 

1 902, 35, 2704). It does not react with chromium 
oxychloride (Richter, Ber. 1886, 19, 1062). It 
condenses with benzaldehyde in presence of 
piperidine to form slilbene derivatives (Thiele 
and Escales, Ber. 1901, 34, 2842) ; wth dimethyl, 
aminobenzaldehyde to form 2' : 4'-dinitr«4- 
diniethylaminostilbene (Sachs and Steinert, Ber. 
1904, 37, 1733) ; with nitrosodimethyianiline in 
presence of sodium carbonate to form 2 : 4-di. 
nitrobenzaldehvde- 7 J-dimethylarainoanil (Sacha 
and Kempf, ibhl 1902, 35, 1224). 

(fl) 2 i t) ‘ Dinilroktluene ; from 5*nitro-o* 
toluidine by the diazo-reaction (Grell, Ber. 1895, 
28, 2565) ; by the action of nitrogen peroxide on 
toluquinonedioxime in ethereal solution (Oliveri 
and Tortorici, Oazz. chim. ital. 1900, 30, i, 534) ; 
by treating ‘ p-difiitrosotoluene ’ with cold 
fuming nitric acid (Nietzki and Guitermann, 
Ber. 1888, 21, 433); readily from 5-mtro-2. 
nitrosotoluene by oxidation with nitric aeid 
(Moisenheimer and Hesse, Ber. 1919, 62, 1161) ; 
bv heating 2 : 5-(linitro-/>-toluic acid with 3 parts 
of 5 p.c. hydrochloric aeid for 6 hours at 250® 
(Rozdnskljller. 1880, 22, 2070). It api>ears to 
occur also among the products of the nitration 
of toluene (Linipricht, Ber. 1885, 18, 1402). 

Needles or lai’ge wedge-shaped crystals, m.p. 
60®-5l® (MeisenheinuT and Hesse), 52*5® 

( RozAnski) or 48® ( Nietzki and GuiU'rmann). It 
is reduced by alcoholic ammonium sulphide 
to 6-nitro-m-ti)luidino (Umpricht). On reduc- 
tion with stannous chloride in presence of 
alcoholic hydrochloric acid it yields a mixture 
(m.p. 97®) of monoamines, consisting of 62 p.c. 
of 5-nitro-o-toluidine and 38 jj.c. of 6-mtro-m- 
toluidine, a little 2 ; 5-diaminotoluenc being 
formed also (Burton and Kenner, Chem. Soc. 
Trans. 1921, 119, 1053). , 

2 ; ^-DinitrMnent ; from 2 : 0-dmitro-p- 
toluidine by tlie diazo-reaction (Staedcl, Ann. 
1883, 217, 206 ; Rose.nstiehl, Ann. Chim. 1872, 
[4] 27, 470; Cunerth, Ann. 1874, 172, 222; 
c Clausand Becker, Ber. 1883,16, 1597 ; Holleman 
I and Boeseken, Rec. trav. chim. 1897, 16, 427): 
together with other products during the manu- 
facture of trinitrotoluene (Molinari and Giua, 

; Zeit. ges. Schiess. Sprenwtoffw. 1914. 9, 239 ; 

1 cf. Haeussermann and Gr^I, Ber. 1894, 27, 2209). 
^'Glistening needles, m.p. 60®-^r(Stacdel), or 65*6® 
||H. and G.). On reduction with Hul])liUFettcd 
piydro^n in alcoholic ammonia a mixture, m.p. 
166®, ox 6-nitro-2-amino.m-cre«ol and 6-nitro-o- 
^luidine is formed, the former being produced 
;%y the action of the boiling hydrocldoric acid 

B used to extract the amine) on the intermediate 
l-nitro-o-tolylbydroxylamine (Cohen %nd Mar* 
f^all, Chem. Son. Trans. 1904, 85, 527). It 
Condenses with dimethylaminobenzaldehyde to 
|bni} a oondenaation product, bluish-violet 
Ipedles (Sachi and Steinert^ Ber. 1904, 37, 

m (y) 3 : 4-2){ii»Mohi«iie ; together with 2 ; 8-, 
■ t5-,and 3 : 6*diiiitiotoixxm by nitraiiOA 


m-nitrotoluene, and is readily separated from the 
mixture by fractional distillation in vacu6 and 
freezing the distillate (Beilstein and Kuhlbeig, 
Ann. 1870, 155, 25 ; Haeussermann and Grell, 
Ber. 1894, 27, 2209 ; Holleman and Sirks, Proc. 

K. Akad. Wotensch. Amsterdamy^l906, 9, 280 ; 
Sirks, Rec. trav. chim. 1907, 27, 208) ; from 
3 : 4- or 4 : 5-dinitro-o-toluidine by elimination 
of the amino-group (Brady and Williams, Chem. 
Soc. Trans. 1920, 117, 1 139) ; from 5 : 6-dinitro-w- 
toluidine in a similar manner (Brady, Day and 
Rolt, ibid. 1922, 121, 531); from 3-nitro-p- 
toluidine by the diazo-reaction (Haeussermann 
and Grcll, /.c.); conveniently by oxidising 
3-nitro-p-toluidine by Caro’s acid to 3-nitro-4- 
nitrosotolucne and completing the oxidation of 
the latter with nitric acid (Meisenheimer and 
Hesse, Ber. 1919, 52, 1161). Long needles, 
m.p. 59®--60® (M. and H.). or 61® (H, and G.). 
On reduction with stannous chloride in presence 
of aba(>lute alcoholic hydrochloric acid, it yields 
a eutectic mixture (m.p. fO®) of 4-aitro-w- 
toluidine and 3-nitro-p-toluidine together with 
a little diamine (Burton and Kenner, Chem. Soc. 
Trans. 1921, 119, 1053). 

3 : o-DinitrotolueM ; from 3 r 5-dinitro-o- or 
p-toluidine by eUmination of t^e amino-group 
(Staedel, Ann. 1883 217, 189; Ber. 1881, 14, 
909 ; Hiibner, Ann. 1884, 222, 74 ; Nevile and 
Winthor, Ber. 1882, 15, 2984 ; Chem. Soc. Trans. 
1882, 41, 416; Honig, Ber. 1887, 20, 2418; 
Cohen and McCandlish, Chem. Soc. Trans. 1905, 
87, 1270 ; Brady, Day and Rolt, ibid. 1922, 121, 
528). It is best piep^‘d by adding aceio-p- 
toluidide slowly to 8 times its weight of nitric 
acid (D. l*79) *bolow' 0®, purifying the dlnitro- 
derivative by extracting with hot benzene, 
hydrolysing with concentrated sulphuric acid 
(k4ow 90'), diazotislng the resulting base at 
— 10® in concentrated sulphuric acid in presence 
of alcohol, warming and purifying the dinitro- 
toluene by extraction with alcohol (Kremann, 
Honigslierg and Mauermann, Monatah, 1923, 
44, 65). Monocliiiic needles or prisms readily 
volatile with steam, m.p. 92®-93®. 

Trikitrotoltotb. 

The following method gives satisfactoiy 
results for the preparation of trinitrotoluene 
from toluene of about 99 p.c. purity. 50 gnus, 
of toluene are added gradually with constant 
stirring to a mixture of 73*4 grms. 4 >f nitric acid 
(D. 1*42), and 146*8 grms. of sulphurio acid 
(D 1*84), the temperature not being allowed to 
rise above 30®. The reaction is alioweS to 
continue for half an hour after the addition of 
the toluene, and, after keeping, the spent acid 
is drawn off. The crude product (80-^ grais,« 
consisting of about 60 p.c. of mono- and 40 p.o, 
’of dinitrotoluene) is dissolved in 109*2 gnus, of 
sulphuric acid(D. 1*84), the solutionis Iwatod to 
50®, and a mixture of 54*6 grms. each of nitric 
acid (D 1 *5) and sulphuric acid (D I *84) is a(^ed 
gradually during a period of at kast \ hour, the 
tomperatuie not exceeding 100 . The mixture 
is then heated for 2 hours at 90®-100®, after 
which it it cooled to 90®, and 145*6 grms. of 
oleum (15 p.c.) are added slowly follo^ by a 
mixture of 72*8 grms. each of oleum (15 p.o.) 
and nitric add (D 1*5). The ad^rion 
Ulms 2 hours, and ^ temperate k nob 4lloi^ 
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to exceed 115°. The mixture is then heated at 
90°-117° for 2 hours. After keeping for at least 
8 hours, the spent acid is drawn off, and the 
crude trinitrotoluene crushed and washed first 
with cold water and then several times in the 
molten state mih. hot water. A yield of 75 p.e. 
is obtained and the product melts at 78°-80°, a 
further yield of S*5 p.c. (m.p. 69°-7i>°) can be 
recovered from the spent acid. If the product 
be purified by crystallisiTijr from, or M'ashed with, 
a mixture of 9 volumes of 95 p.c. alcohol and 
1 volume of benzene tlie yield is (»9 p.c. (m.p. 
79°-8i°) and 7-5 p.c. (m.p. 7S°-S1°) (Hoffman, 
U.S. Bureau of Mines, Met. and (<hem. Eng. 
1916, 14, 467; cj. Humphrey, J. Irid. Eng. 
Chem. 1916, 8 , 998 ; Langenscheidt, Z. ge.o., 
Sohiess. u. Sprengstntfw. 1912, 7, 125). For 
the manufacture of TXT (trinitrotoluene) and 
its intermediate products, sec Teehnkal Method.s 
of Explosives Supply, lOl.'i-HUS, No. 2, Ministry 
of Munitions and Department of Scientific and 
Industrial Research. An account of the mini- 
mum amount of water required to precijiitate 
trinitrotoluene from its acid mother liquor i- 
given by McHutchison and Wright (J. Soc. ('hem. 
Ind. 1915, 34, 781). 

For freoziqg-point solubility diagram of 
TNT and picric acid, see Taylor and Rinkcnbaeh 
(J. Ind. Eng. Chem. 1923, 15, 795). 

The specific heats of trinitrotoluene, tctryl 
and picric acid liave been determined by 
Taylor and Rinkenbach (J. Amer. Chem. Soc. 
1924, 46, 1504). 

For quantitative experiments on the trinit ra- 
tion of toluene, see Gibson, Duckham and Fair- 
bairn (Chem. Soc. Trans, 1922, 121, 282). ; 

A review of the preparation of tin* .‘'ix ! 
isomeric trinitrotoluenes uj) to date Is given by | 
Brunswig (Zeitsch. angew. Chem. 1923, 3 r). 75). | 

(a) 2:4: (^-Trinitiotoluene ; by prolonged 
boiling of toluene with nitric and .sulphuric acids 
(Wilbrand, Ann. 1863, 128, 178) or from a- or ^ 
jS-dinitrotoluene in a similar manner ; by treal ing j 
1 part of 2 : 4-dimtrotolucne dis^(jived in 4 parts 
of sulphuric acid (95-96 p.c. ILSO 4 ) with U 
parts of nitric acid (90-92 p.c! 11X0^), the 
mixture being heated gradually to 90 -95° with 
agitation for about 4-5 hours (llaeusscTmann, 
Zeitsch. angew. Chem. 1891, 5, 66 (); by boiling 
trinitrophenylacetie acid with water or alcohol 
(Jackson and Phinney, Ber, 1895, 28, 3067; 
Amer. Chem. J. 1899, 21, 431). 

Pseudo-rh^imbic crystals, belonging the 
prismatic class of the monodinic sy.stcm (Art ini, 
Atti R. Accad. Lincci, 1915, [v.'j 24, ii. 274; 
c/. Friedliinder, Zeitsch, Kryst. Min. 1879, 3 , 
168), m.p. 80*52° (Mills, Phil. Mag. 1882, [ 5 ] 
14, 27), 80*5° (Brunswig, Zeitsch. angew. Chem. 
1923, 36, 75), 80*6° (Will, Her. 1914, 47, 704), 
or 80*8°-80*85° (Rintoul, J. Soc. Chem. Ind. 
1915, 34, 60), Electrical conductivity in liquid 
ammonia (Franklin and Kraus, Amer. Chem. J. 
1900j 23, 294) ; cryoscopic behaviour (Bruni and 
Berti, Atti R. Accad. Lincci, 1900, [v.J9, i. 274; 
Gazz. chim. ital. 190<J, 30, 76) ; behaviour with 
methyl alcohol, &c. (Hantzsch and Ki.s.sel, Bt^r. 
1899, 32, 3140); solubility in organic solvents 
(Taylor and Rinkenbach, J. Amor. 6 hem. Soc. 
1923, 45, 44). It forms additive compounds 
with hydrocarbons and with aniline (Hepp, Ann. 
1882, 2 )i^, 3651 On reduction with aicoholic 
ammonium sulphide it yields 2 : 6«dinitio*p* 


toluidine (Tiemann, $er, 1869, 3, 218), whilst 
in hydrochloric acid solution in presence of 
cupric chloride it is reduced at a copper cathode 
to 2 : 6 >dinitro-p-to]nidine and 4 : 6 -dmitro-o- 
toluidine (Brand and Eisenmenger, J. pr. Chem. 
1913, ii. 87, 487). On oxidation with nitric 
acid at 180° it yields 1:3: 6 -trinitrobcnzene 
with evolution of carbon dioxide (Claus and 
Becker, Ber. 1883, 16, 1597). With acetone and 
ammonia it gives a deep rod ooloration, and is 
not so sensitive to alkalis as the j 8 - and y-com* 
|K)unds. In alkaline alcoholic solutions it forms 
coloured salts w'hich, under the simultaneous 
action of oxidising agents, yield a liexaniiro- 
diphenylethane (m.p. 212 °) (Will, /.c. ; Giua, 
Atti R. Accad. Lincei. 1914, [v.] 23, ii. 484; 
Gazz. chim. ital. 1915, 45, 345). When exposed 
to light 2:4: 6 -trinitrotoluene forms two sub- 
stances of the formula (Schultz and 

Ganguly, Ber. 1925, 58, 702: see also Wichort 
and Dmuit, Zeitsch. ges. Schie.ss-Sprengstoffw. 
1925, 20, 69. 

2:4: 6 -Tri!ntrt)tolucnc condenses with diazo- 
methane (Jleinkc, Ber. 1 S 9 S, 31, 1399); with 
nitro-iodimcthvlajiilim^ to form the coniiiound 
(:«H.„(X 0 ..) 3 -CH- N-lVUXlCHa), (Sachs and 
Evcrding^Bcr. 1903, .36/9.59) ; it combines with 
dinicthvlaminobcnzaldchvdo (Sachs and Stiincrt, 
ihid. 11H)4, 37. 1733) : and with a- and j 8 naphthyl- 
amine it yields compounds which melt at 11 3', 5° 
and I4l'5'"^n‘'*|KTlivtiv (Sudborough, (‘hem. Soe. 
Trans. I!» 01 , 79, 522).* 

iB) "2 : : 4 Tri)i}tnttulue>tt ; t<»gcthcr with 
3 ; 4 : (>-trinilrot<ducnc by nitration of 7 «-nitro- 
toluciH* (IJepp, Ann. i 8 S 2 , 215, 366); by 
nitration of 2 : 3 (linitrolohienc,anrl to the extent 
of 17 parts togi'tlier with S3 parts of ,3:4:6- 
trinit rot olmme by the nitrathm of 3:4*dmitro- 
tolucne (Br,'idy : s(e ai^o Gibson, Duckham and 
Fairbairn, (‘hem. Soc. Tran.'J. 1922, 121, 282); 
by oxidation of 2 : 3 dinitro-/>- toluidine in 
SO p.c. sulphuric acid witli ('aro's acid, followed 
by treatment of the nit ro.sf (-derivative with 
nitric ai id (Sci^'t and Robinson, Chem. Boc. 
Trams, 1922, 121, 816); from 3 : 4-dinitn>-o* 
toluidine in a similar manner (Brady and 
Wilikiin.s, ihid. 1920, 117, 1140). .Slender 
Icatlcts or fiaky iieedle.s from ah:ohol or thick 
trirncfric platixs from acetone, m.p. 112 °. On 
oxidation with chromic acid mixture it yields 
2 : 3 : 4-lrinitrolKmzoic acid, m.p. 202 ' (Giua; 
llcpp : Brunswig). With acetone atul ammonia 
it viehL a greenish-yellow coloration (Will; 
Giua). 

2:3: 4-’rriMitrotolucne w’hen ladled with 
hydrazine bydrati* in alcoholic solutiun ytohbt 
4-nitro-l-hydroxy-5(or7)-mclhyl'l ; 2 : S-lwnzo 
triazolc, pale yellow hexagonal prisms -flliO, 
m.p. 2 (F>° (ilccfunp.) when anhydromj. On 
methylation this forms exclusively the O-ether, 
brownish-yellow needles, m.p. 152% ami on 
acetylation an WHiyl-derivative, colourlew 
monocUnic prisms, m.p! IH 2 ° (decomp,), wformtHl 
(Brady and Bowman, (jhern. 8 uc. Trans, 1921, 

1 19, 894 ; Brady and Day, ihid. 1923, 123, 2258). 
ConvertM by aqueous sodium sulphite into 
sodium 2 : 4-dmitrotoluone 3-sulphonate (BnidVt 
Hewelson and Klein, Chem. Soc. IVans, 1024. 
126, 2400). 

(y) 3:4: ^ TrinitrMutne ; (see almve) ; In 
a Yield of 80 p.c, by adding a solution of 2 gma, 
of 4 : fi-dinitro-o-tolttidine in 10 c.c. of mp.t* 
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sulphuric acid to Caro's «aoid, prepared from 
10 grms. of ammonium persulphate and 7 c.c. of 
concentrated sulphuric acid, and pouring on to 
20 gnns. of crushed ice. On keeping over night 
and on further dilution the dinitro-nitrosotoluene 
separates and is oxidised by warming with 
10 times its weight of nitric acid (D 1*5) (Brady 
and Williams, Chem. Soc. Trans. 1920, 117, 
1139); from 2 ; 5-dinitro.p-1x)luidine in a 
similar manner (Scott and Robinson, ibid. 1022, 
121, 846). Yellowish rhombohcdral crystals 
from alcohol or rhombic plates from acetone, 
m,p. 104®. With alcoholic ammonia it yields 
4 ; O-dinitro-m-toluidine, and with aniline, phenyl- 
' dinitrotoluidine. With aqueous sodium sulphite 

I , yields sodium 4: 0-dinitrotoluene 3-sulphonato 
Brady, Hewetson and Klein, lx.). On oxidation 
ith chromic acid mixture it yields 3:4:0- 
pinitrobenzoic acid, laminm, m.p. 190®-19l® 
iecomp.) (Hepp; Giua). For the action of 
Ikalis, aldehydes, and amines on a-, )3-, and 
■trinitrotoluenes, see O’Riodan (Proc. Ro}". 
rish Accad. 1018, 34, 175). and y-Trimtro- 
olucno react even with 1 p.c, sodium carbonate 
[jlution or lead oxido and alcohol with the 
irraation of dinitrotolyloxidea. In all three 
asos the salts are very explosive. W^ilh acetone 
nd ammonia it yields a blue coloration (Will, 
ler. 1914, 47, 704 : (jliua, Atti R. Accad. Lincei. 
114, [v.] 23, ii. 484; Oazz. chim. ital. 1915, 
5, 345). 

3:4: G-Trinitrotolucne when treated in 
nling alcoholic solution with an cxcc^ss of 
jrdrazinc hydrate yhdda 0-iiitro-l-h3'droxy*5- 
iethyl-1 : 2 ; 3-bcnzotriazole, yellow prisms, 
i.p. 194® (docomp.). The latter compound on 
lethylation yields a mixture of the O-methyl 
to, long, pale canary-yellow needles, iii.p. 
35®, and the N-methyl ether, canary-yellow 
jathery tufts, m.p. 2(15® (decomp.), and on 
Betylat.ion an acetyl derivative, faintly pink 
lonoclinic needles, m.p. HiO® (deeomp.), i.s 
)nned (Brady and Day, Cliem. Soc. Trans. 
923, 123, 2258; cf. Brady and Bowman, ihid, 
921, 119, 894), 

(U 2:3: 6-Trinitrotoluerfe ; from 3 : 5-di- 
itro-o-toluidine. Large, slightly yelV)w prisms, 
elonging to tho bi-pyramidal class of tlu^ 
liombio system. It melts at 97® (Brunswig, 
eitsch. angew. Choin. 1923, 36, 75). It dissolves 
I acetone containing a few drops of ammonia 
Iving a rose-red coloured solution, whicJi 
hanges to red, then brown, and finally black. 
Oth chromic acid it yields 2:3: 5-trinit ro- 
imoic acid, m.p. 82® (+ 2 H 2 O) or 171® (an- 
rarous) (Komer and Contardi, Alti R. Accad. 
|ncei, 1915, [v.j 24, i. 888). With aqueous 
^um sulpUto it yields sodium 3 : 5-dinitro- 
^ne 2-sulphonate (Brady, Hewotsen and 

2 : 3 : 5-Trinitrotoluene w'hen boiled with 
ftozino hydrate in alcoholic solution forms 
)hitro-l-hyaroxy- 4 -methyl - 1:2; 3-benzotria- 
le, pale yeUow prisms, m.p. 225® (deeomp.). 
m latter on motXylation yields a m'vciure of 
h 0-ether, needles,* m.p. 137®, and the N-ether, 
fiow needles, m.p. 220® (deeomp.), and on 
etyktion an aoetyl-derivative, almost colour- 
p cubic crystals, tn.p. 142®, is formed (Brady 
la Day, Cbem, Soc, Trans. 1923, 123, 2258; 
; Brady and Bowman, ibid. 1921, 119. 894). 
5(«) 2;3:6-2ViiiiMrfKeM; by diwot nitra. 
i' 


tion of toluene (Drew, Chem. Soc. Trans. 1920, 

1 17, 1615) ; together with 2 : 3 : 4- and 3 : 4: 6- 
trinitrotoluene by nitration of m-nitrotoluene 
(Marqueyrol, Koehler and Jovinet, Bull. Soc. 
chim. 1920, [v.] 27, 420 ; Drew, Ic. ; Brady, 
Chem. Soc. Trans. 1922, 121, 328) ; in a yield of 
16 p.c. together with other products by nitration 
of 2 : 3- and 2 : 6-dinitrotolueno (Drew) ; from 
2 ; 4 : 6-trinitrotoluene by reduction, bromiua- 
tion, elimination of the amino-group, and replace- 
ment of tho bromine atom by an amino-group, 
followed by conversion of the 2 ; 6-dinitro-«i- 
toluidine into 2:3: 6-lrinitrotoluene via the 
diazo-nitrate (Kbrncr and Contardi, Atti R. 
Accad. Lincci, 1916, [v.] 25, ii. 339) ; from 
3 : 6- or 5 : 6-dinitro-o-toluidine by treatment 
with Caro's acid and oxidation of the dinitro- 
nitroso-iolucne produced (Brady and Taylor, 
Chem. Soc. Trans. 1920, 117, 876) ; from 2 : 6- 
dinitro-m-cresol (Drew). 

Molinari and Giua (Zcitsch. ges. Schiess- 
Sprengstoffw. 1914, 9, 239) obtained in the 
manufacture of trinitrotoluene a compound, 
m.p. 79*5°, which they stated might be 2 ; 3 : 6- 
triiiilrot<duenc, together with 3- and 4-nitro- 
toluene, 2 : 4-, 2 : 5-, 2 : 6-,3 ; 4-dinitrotoluene8, 
and 2:4; 6-trimtrotolucue. Bra^ly and Taylor, 
however, showed that this comjwund was 
jjrobably a mixture of 2:3:4- and 3:4:6- 
trinitrotoluencs. 

The formation of 2:3: 6-trinitxotoluene by 
the direct nitration of toluene has been ques- 
tioned by Giua (Gazz. chim. ital. 1921, 51, ii. 
113), but Drew's contention that 2:3:4-, 
2:4: 5-, and 2:3: G-trinitrotoIuone are formed 
by the niiraticm of ?>Mutrotoluene is further 
supported by jinwly (l.c.). • 

Shining white needles belonging to the 
prismatic class of the raonoclinic system, m.p. 
111®. By treatment with alcoholic ammonia m 
a sealed tube at 1 10®-120® it yields 3 : 6-dinitro- 
o-toluidinc, m.p. 151®, and a complex mixture 
of substances, m.p. 128®. It yields 2:3: 0-tri- 
nilrobenzoic acid, m.p. 55® (^2HjO) or 160® 
(anhydrous), on oxidation with chromic acid 
(Korner and Contardi ; cf, Brurutwig, /.c.). 

(8) from 3:5-dinitTO- 

p-toluidine. Greenish-yellow transparent prisms 
or plates, kdonging to tho prismatic class of the 
monoelinic system, m.p. 137'5®. With chromic 
acid it yields 3:4; S-trinitrobenzoic acid 
(Korner and Ck>ntardi, Atti IL Accad. linoei, 
1914, [V.] 23, ii. m ; 1915, [v.] 24* i. 888 ; cf. 
Brunswig, Ztibseh. angew. Chem. 1923, 36, 75). 
With aqueous sodium sulphite it forms so^um 
3 : 5-dmitrotolaene 4-sulphonate (Brady, He^t- 
son and Klein, Chem. Soc. Trans. 1924, 12^ 
2400). 

3:4: 5-Trinitrololuene when boiled with 
hydrazine hydratct in alcx)holic solution yklds 
4-nitro- 1 -hydroxy -6 -methyl- 1:2: S-^nzotri* 
azole, yellow needles, m.p. 241® (deeomp,), the 
monohydrate of which, deep orange prisms, 
loses water at 90®-‘95®. The trhwsole on methyl- 
ation yields exclusively the 0-ether, yellow 

S lates, m.p. and on acetylation an aoetyl- 

orivalivc, colourless prismatic crystals, m.p. 
210® (deco&p.), is formed (Brady and Day, 
Chem. Soo. Trans. 1923, 123, 22^; </, Bnmy 
and Bowman, ihid. 1921, 119, 894)* 

Up to thji present, the form^n c| hSg^ 
oitro-derivatives by nitration Umm hjie 
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failed, for if the reaction is promoted by heat or 
pressure either trinitrobenzoic acid or even tetra- 
nitiomethane is obtained, whilst 3:5'dinitro- 
toluene could not be nitrated to yield any 
trinitro-derivative (Will, Ber. 1914, 47, 704). 

o-Nitrobenzyl cnhride; together with the 
p-isomeride by nitration of benzyl chloride 
(Noelting, Ber. 1884, r7, 385; Kumpf, Ann. 
1884, 224, 100; Ber. 1884, 17, 1073; cf. Beil- 
stein and Geitner, Ann. 1866, 139, 337) ; from 
o-nitrobenzyl alcohol and phosphorus penta- 
chloride (Geigy and Konigs, Ber. 1885, 18, 2401 ; 
Gabriel and Bormnann, Ber. 1883, 16, 2066) ; by 
the action of chlorine on a mixture of o-nitro- 
toluene and sulphur at i30°-140‘^ (Haeussermann 
and^ Beck, Ber. 1892, 25, 2445). Calcspar-like 
crystals, m.p. 47*9°; ® 1*5557 (Holleman, 

Vermeulen and de Mooy, Rec. trav. chim. 1914, 
33, 1). With potassium iodide it yields o-nitro- 
benzyl iodide. With stannous chloride and 
hydrochloric acid it is reduced to o-benzylene- 
imide (Lellmann and Stickel, Bor. 1886, 19, 
1604 ; Thiele and Weil, Ber. 1895, 28, 1650), 
whilst on reduction with stannous chloride in 

B de of alcoholic hydrochloric acid o-amino- 
ethyl ether is obtained; By reduction 
with'exoess oi stannous chloride in aqueous or 
ethereal solution in presence of hydrogen 
chloride, followed by treatment with hydrogen 
sulphide, o-diaminobenzyl sulphide is produced 
(T^le and Bimroth, Ann. 1899, 305, 112, 122 ; 
Ber. 1895, 28, 914). With aluminium chloride 
in presence of benzene it yields o-nitrodiphonyl- 
methane and other products (Freund, Monatsh. 
1896, 17, 395). When reduced with sodium in 
methyl alcoholic solution o-nitrobenzyl chloride 
yields o-nitrobonzyl methyl ether (Thiele and 
Dimroth). 


m-NUrdbenzyl chloride ; from m-nitrobenzyl 
alcohol and phosphorus pentachloride (Gabriel 
and Borgmann, Ber. 1883, 16, 2064) ; together 
with 0 - and p-nitrobenzyl chloride by treating 
benzyl chlorkle in the cold with nitric acid 

f ’5) (Abelli, Gazz. chim. ital. 1883, 13, 98 ; 
pi, tc.). Yellow needles, volatile with steam, 
44*8°, 1*6677 (Holleman, Vermeulen 

de Mooy, Bee. trav. chim. 1914, 33, 1). 
When treated with sodium sulphite it yields the 
sodium salt of m-nitrobenzyl sulphonic acid< 
(Purgotti and Monti, Gazz. chim. ital. 1900, 30, 
u, 246). 

•^•NUfdb^yl chloride ,* by nitration of benzyl 
chloride (Beilstein and Geitner, Ann. 1866, 139, 
337: StrakoBch, Ber. 1873, 6, 1056); by the 
aotftn of 1 moL of chlorine on p-nitrotoluene at 
185M90® (Wachendorff, Ann. 1877, 185, 271). 
Needles, m.p. 72*4^ 1*5647 (Holleman, 

Vermeulen and de Mooy, l.c.). Chlorine at 
180M90^ is without any action. It is oxidisec^ 
by alkaline pyrogallol to p-nitrotoluene (Pelliz- 
« zari, Gazz. ^im. ital 1884, 14, 481). I^or its 
reduction with stannous chloride under various 
conditions, see Thiele and Dimroth (/.e.) ; Boser, 

. (Amif 1887, 238, 364). With zinc and hydro- 
chlorio amd it is reduced top-toluidine (Budolph, 
P« 34234of 1885). With sodium acetozime 
IB warn iMhol it yields p:p-dimti'ostilbene 
tBohrf^ and Peschkes, Ber. 1900, 33, 1981). 
It htm colouring matters with primaiy, 
attoali^Nf^, an4t«rtmry amines^ a# well as with 
pfaanris in tS presence of oxi$iitig agents 

'' . A'; ' ' « ■ 


(Gieifif, D. B. P. Ism of 1881; Lembaoh 
and ScbleiGher, D. B. P. 14946 of 1880). 

2:4: ^-TrinUrobenzyl chhride; m.p. 86^ 
(Ganguly, Ber. 1926, 69,708). 

2:Bti-Tfichloro-ii>‘nitro-henzyl cMoride. 
Needles, m.p. 122° (Ganguly, lx,). 

o-Nitrcbenzylidene ch&ride ,* in a yield of 23*3 
p.c. by nitration of benzylidene chloride. M.p. 
25*7° (Holleman, Veimemen and de Mooy, Bee. 
trav. chim. 1914, 33, 1 ; cf, Kliegel, Ber. 1907, 

40, 4937). 

m-NUrdbenzylidcTie chloride ; m.p. 64*5°. 
Yield 33*8 p.c. (Holleman, &c.). 

p-Nitrdbemylidene chloride; m.p. 42*8°. 
Yield 42*9 p.c. (Holleman, Ac.). 

OHLOBOKlTBOTOLIJEnES. 

The nitration of o-chlorotoluene leads to i 
formation of all the possible chloromononit] 
derivatives, 2 : 3-, 2 : 4-, 2 : 5-, and 2 : 6-, althou 
the 2 : 4-i8omeride is difficult to detect. Usihd 
10 grms. of o-chlorotoluene and nitrating witn\ 
40 grms. of nitric acid (D 1*62) at 0°, the per-' 
centage yields of the products in the above order 
are 19*2, 17*0, 43*3, and 20*6 respectively. In 
the case of m-chlorotoluene the 3 ; 6-, 3 : 5-, 3 ; 4-, 
and 3 : 2-chloromononitrotoluenes are obtained 
in a yield of 58*9 p.c., very little, 32*3 p.c. and 
8*8 p.c. respectively (Holleman and Wibaut, 
Proc. K. Akad. Wetonsch. Amsterdam, 1912, 

16, 694). The nitration of o-chlorotoluene with 
nitric and sulphuric acids primarily at 8°-10°, | 
and finally at the temperature of the water-bath, * 
leads to the formation of four isomeric dinitro- 
derivatives in the following proportions: 2- 
chloro-3 : 5-dinitrotoluene, 55-60 p.c.; 2-chloro- 
5 : 6-dinitrotolucne, 18-20 p.o. ; 2-chloro-4 : 5- 
dinitrotoluone, 18-20 p c. ; 2-chloro-4 : 6-dinitro- 
toluene, 1-2 p.c. (Morgan and Drew, Chem. Soc. 
Trans. 1921, 117, 793). 

2'Chloro-^-nitrGloluene ; from 3-nitro-o-tolu- 
idine by the diazo-reaction (Wynne and Greeves, 
Chem. Soc. Proc. 1895, 11, 151 ; cf, Cohen and 
Dakin, Chem. Soo. Trans. 1901, 79, 1127). 
M.p. (HoUeman, Bee. trav. chim. 1908, 27, 
455), 1*5327 (Wibaut, ibid, 1913, 32, 

244). 

2-ChlorO’i’nitrGtoluene ,* from p-nitrotoluene 
and phosphorus pentachloride (Lellmann, ^r. 
1884, 17, 534) or antimony pentaoldoride 
(Wachendorff, Ann. 1877, 185, 273) ; in a yi^d 
of 95 p.o. by chlorination of p-nitrotoluene at 
66°-76° in presence Of antimony tricMoride 
(Davies, Chem. Soo. Trans. 1921, 119, 868; 
1922, 121, 809) ; from 4-nitxo-o-toluidine (Gioen 
and Lawson, ibid, 1891, 59, 1017), or 6-ohlovo* 

4- nitro-m-toloidine (Morgan and Drew, ibid. 
1920, U7, 789), or 2-ch]oro-4-mtro-in-toluid^ 
(Morgan and Glover, ibid, 1921, 119, 1704) by 
the diazo-reaction. Lo^ 'vriiite points needles, 
m.p. 68° (Green and ]Uwson), or m.p« 62*3°, 
«6«*4 1*5470 (Wibaut, Beo. tosv, ohim. 1918, » 
32, 244), b.p. 267°-260°/766 mm. (Davies, U,). 
Volatile isrith steam and develops an intense led 
coloration with hot aloobolio sodium hy^zide. 

2^hloro*b'-nihrok>lwne ; by nitraium Of o* 
ohlorotoluene ; from 5-nitro-o-tolnidiM fCkdd* 
schmidt and Hdnig, 1886, 19^2436! ; Im, 

199), or 2-(ffilo]XMl-idtio-pwt(4ulffi^ (OolMm m . * 
Dakin, Chem, Soo. Trans. 81, 1884); 
together with 4-oh2oro-7<*iittroM^^ 











(Moigaii aad Brew, 
117, 71^7) by ik» dlAZo-reaction. 
Ydbwbdt {Qrx^ds, xouf* U\ b<p. 2487711 mm. 

l-S6HJWil»nt, 

Beo. tmr. «him. 1913, 33, ^44). 

2^CAfofo4-n«biofe4tfdne ; from C-nitrcho-tolu- 
idine (Green and I^wson, le,; Morgan and 
Drew, Ohem. Soc. ITrans. 1920, 117, 787) ^ the 
diazo-ieaction ; by the reduction of 2 : 6*dimtro- 
toluene by means of hydrogen sulphide in 
ammoniaoal solution followed by the diazo- 
reaction (Wibaut, Kec. trav. chim. 1913, 32, 
2M); together with considerable amounts of 
4-chloro*2-nitrotolnene by chlorination of o- 
nitrotoluene (Cohn, Monatsh. 1901, 22, 471; 
c/. Janson, D. B. P. 107505 of 1898). Needles, 
in.p. 36-3°, »«»•* 1-6377 (Wibaut), or m.p. 37° 
(Qreen and Lawson), b.p. 336°-238° (Janson). 
Readily volatile with steam. On reduction with 
zinc dust and sodium hydroxide it yields G-chloro- 
o-toluidine, o-o^-dichloroazotoluene, and o-o'-di- 
chlorotolidine (Cl : OHs : NH2=2 : 3 : 4) (Cohn, 
lc » : e/. Akt. Qes. f. Anilfabr., D. B. P. 82140 
of 1894). 

Z-ChlorO‘2‘nitrololueM ; by chlorination of 
6-nitro-aoeto-o-toluidide in glacial acetic acid, 
followed by hydrolysis and elimination of the 
amino-group (Cohen and Hodsman, Chem. Soc. 
Trans. 1907, 91, 974). M.p. 23*4® (HoUeman 
and Wibaut, Proc. K. Akad. WetenscL Amster- 
dam, 1912, 15, 594), 1-5204 (Wibaut, Beo. 

trav.. chim. 1913, 32, 244). It may also exist 
in a metastable form. It is oxidised to 3-chloro- 

2-nitrobenzoic acid (Brand and ZdUer, Ber. 1907, 
40, 3324). 

Z^Ohloro-i-nUrMueM ; from 5-ohloro-4- 
nitro-o-toluidine. M.p. 24-2®, w®®*® 1-5428 
(Wibaut, i.c.). 

; from 5-nitro-m-tolu- 
idine by the diazo-reaction (Honig, Ber. 1887, 
20, 2419). Yellow needles, volatile with steam, 
m.p. 66® (H6nig), m,p. 68-4®, 1*5404 

, {Wibaut, Biec. trav. chim. 1913, 32, 244), m.p. 
81® (Wynne and Greeves, Chem. Soc. Proc. 
1895, 11, 151). 

3-CMoro-6-u»b’ofe)lueas; from 6-nitro-m-tolu- 
idine (Cohen and Hodsman, Chem. Boo. Trans. 
1907, 91, 975) or 2-nitro-5-chloro-p-toluidin6 
(Brand and Zoller, f.c.). It appears to exist in a 
stable form, m.p. 24-9®, and a metastable form, 
m.p.. 24-2®, 1-5496 (Wibaut, U). 

Mhkro-i-nitroioluene ; twether with the 
4J 3-isometide by nitration of p-chlorotoluene 
(%»lbreoht, Ber. 1874, 7, 797 ; Goldschmidt 
S^dmig,^i5id. 1886, 19, 2440; c/.WroblewBky, 
. ^ 1873, 168, 203); from 2-nitro-p.toluidine 
by the diazo-reaction (Beilstein and Kuldberg, 
|[®71, 158, 336 ; Green and Lawson, Chem. 
Soc. Trans* 1891, 59, 1019). Long needles, 
239-5®-240®/7i8 mm., readih 
vomle wi^ steam. On reduction it yields «- 


, istider d^ehloro^-nftrotoluene) ; i^m ^nitro-p- 

' Oai^diwlidiaea 

b.p. 
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niko-h-toMdine by the Sandmeyer reaction. 
Coiourless needles, mup. 89®. With warm 
aqueous sodium hy^xi^ the Mowing colour- 
changes occur ; yellow, yeUowim-broym, 
brownish-red; with alcoholic s^umhydrojdde, 
j^e green, d^k^green, greei^-bhm, broi^h^ 

pale md ; with aloo^o ammom^ faint yellow 
(Morgan jand Glover, Chem. Soc. Trans. 1921, 
119, 1703). 

i'CMoro-Z : B-dinitrotUueM i from 3 : 5-di- 
nitro-o-toluidine by the diazo-reaction (Kdmer 
and Contardi, Atti B. Accad. Lincei, 1915, [v.] 
24, i. 888 ; Babaut, Bull. Soc. chim. 1895, [3] 
13, 634; Compt. rend. 1895, 120, 1123) ; to- 
gether with other products by nitration of o- 
chlorotoluene (Nietzki and Behe, Ber. 1892, 25, 
3005 ; Borsche and Fiedler, ibid, 1911, 45, 270 ; 
Morgan and Drew, Chem. Soc. Trans. 1920, 117, 
784); best prepared by heating 2-ohloro-3- 
nitrotoluene or 2-chloro-5-nitrotolueDe with a 
mixture of equal parts of sulphuric and fuming 
nitric acids for 2 hours on the water-bath 
(Borsche and Fiedler, Ic,), Stout yeUow 
rhombs, or large prisms; m.p. 63®-64-6® 
(Borsche and Fiedler). With anhydrous liquid 
ammonia it yields an intense violet to bluish- 
violet colour (red by transmittecfiight) ohan^g 
to greenish-black; with alcoholic ammonia a 
greenish to azure-blue colour changing to red ; 
with alcoholic sodium hydroxide a pale yqllow 
colour changing through greenish-blue to intense 
rose-red and on beating to bright orange-red 
(Morgan and Drew). 

2-Chlor<hi i S-dinUrotohtene ; from 4:5-di- 
nitro-O'tohiidine by the Sandmeyer reactioa 
(Morgan and Glover, Chem. Soc. Trans. 1921, 
119, 1703); in 85 p.c. yield together with 
upwards of 4 p.o. of 2-ohloro>4 : S-dinitro- 
toluene by nitration of 2-cbloro-4-nitiotoluene 
(Morgan and Challenor, ibid, 1921, 119, 1539) ; 
in 18-20 p.o. yield by direct nitration of o-ohloro- 
toluene (Morgan and Drew, ibid, 1920, 117, 786, 
792), uolourlesB hexagontd leaflets or prismatio 
needles, m.p. 88*5®. It yields a transparent 
orange-red colour with anhydrous liquid am- 
monia which changes to bluish- and brownish- 
black, a transparent orange-red coloration with 
alcoholic ammonia, and with alcoholic sodium 
hydroxide a pale yellow colour which changes 
through emerald-green to brownish-red (Morgan 
and Drew). 

2-C/iloro-4:6-dtm{rotolaene; in a yield of 
about 1~2 p.c. by nitration of o-ofllorotoluene ; 
in a yield of 12 p.c. by nitration of 2-Qhloro-4- 
nitrotoluene (Morgan and Drew, ChenL €oo. 
Trans. 1920, 117, 786, 792) ; in small yield, 
together with 2-ohloro*5 : 6-dinitiDtoiueii6 by 
nitration of 2-ohloro-6-mtrotoluene (Morgan and 
Jones, ibid, 1921, 119, 187). OolourkSs rect- 
angular prisms or prismatic needtes, m*p. 49®. 


With amiydrous liquid ammonig^ 
intense violet coloration which olH 
violet, magenta, and Anally deejA 
alcoholic ammonia a bri^^t nd'ffl 
to bluish-green, intense azure i 
tranmnitted light) to,4eep orimiKm 
alcohdio zpdim hydeoxidje anJ 
changing to greenish-Une and ip 
and on neati^ to pldish-bkek l| 
tvanspaipt deep omige-iied p 
'''Drew).' • ' 
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"IjW ' TOI^OENE. ^ 

" 2*CiUon»-5:6-<;i»t^«e9K; M the obief {»». action oloiipiotte or 

dnoti together with a small amount of 2«ehl<Hro« ContanH, Atti B. 4^auA'tiao^ itl4^ 

. 4 : 6-^nitrotoluene, by the gradual addition iL 464). Gokmrlesa noedtiiii : ma .IIImUt ‘ 
ol 2^hk>ro-6-mtroto]uene to a mixture of nitric (Boraohe and Fiedl^}, or atcmi yiBov\rihM^^ 
aetd (D 1*42) and sulphuric acid at 20^ the prisms, m.p. 114*1^ (X6^ aoi'.Cbiof^ 
temperature being raised subsequently to 70^ UdnigoaTe the meltmgpobtM 
for 1 hour (Miigan and Jones, Chem. Soo. 3-CJUorO‘2 i 4 s (i4rimirMuem; hf nitnMto 
Tians. 1621, 119, 187; c/. Janson, D, B. P. of 3-ehloto-4 : 6-dlnitrotoliieae at 150M75*,or 
1^505 of 1868; Cohn, Monatsh. 1901, 22, 475 ; of S-ohiorotoluene with si^hurio add ^ )<S4) 
J^vgan and Drew, Chem. Soc. Trans. 1920, 117, and nitric add (D 1*51) (&wdjii, Dneel om 
787). Colourless needles or prisms, m.p. 106*5^ Delttra, Bull Soc. chim. 1904, [3] 31, 631) ; hj 
WiiA mihydrous liquid ammonia it yields a condensation of trinitro-m-oresol idith tohioiie 
transparent yellow colour which clumges to p-sulphonyl chloride in presence of dietbytoi^ .. 
orange*red, with alcoholic ammonia a tram- (UUmann and N4dai, Ber. 1908, 13?^, 

n nt yellow colour, and with alcoholic sodium Long colourless needles or spangles, m^v {143*^. 
■oade a faint transparent yellow colour o . o ^ -.j 

1 -I- J 


ng coiouriess neeaies or spangiea, 

2 : S'DieAloro-4-nitrotoiuene; by tfaf 4ft«m of 
d fuming nitric acid on 2 ; S-dichlora^ene. 


I>rewl 1902, 81, 1327, 1.147; c/.’See% Ann: 1887' 

Z-CMorO‘2 : 4-dintiroto/ii«ne ; by the action of 237, 163). 
cupriccblorideon2:4-dinitro.m-tolyl.hydrazme, 2 : S-DtcA/oru-S-ni/rddaene ; from S^cUoro^ 
Long silky pale yellow needles, m.p. 92® (Brady 5>mtro<o>toluiduie by tbe diazo-reactlon (Wynne 
Md Bowman, Chem. Soc. Trans. 1921, 119, 897). and OreoTM. Chem. Soc. Proc. 1895, 1 1, 151). 
These authoce consider that the compomnd, m.p. Pale yellow needles, m.p. 83°. 

2:i-DieUon-5 nitrr>Uilutne; by nitnthm 


.la '"'^‘* *^**** i ; **jyic/wcro'.')-nMrofo«ien« ; ny nitration 

46, 2117) IS identical with 3«chloro>2 : 6>dinitro- of 2 : 4-dichlorotolucne with cold fumine nitric 

toluene. * _ CJO e-rrO 


toluene. * 

Z^hloro-2 : 6-dinitrMuene ; large, almost 
colourless prisms, m.p. 75® (Komorand Coiitardi, 
Atti B. Aocad. Lincei, 1916, [v.) 25, ii. 339 ; cL 
Borsche and Ptedler, /.e.). 


acid. Nc^lcs, m.p. a54®“55“ (Cohen and DsIoq, 
large, almost Chem. Soc. Trans. 1901, 79, 1129: 1901 81. 
•and Coiitardi, 1334, 1348 ; e/, Seelig, Ic.). ! 

15, ii. 339 ; cj. 2 : ^•IHchloro-^ nUrciiol'mnt ; from 5*chloroy 
3 nitro^'toiiiidiiie by the diazo*reaction« Long 


oTiiilL ^ a j- I V» • oy ine oiazo-reaction. Long 

«» 6-nitro- slender needles, volatile with steam, m.p. 54®-dl5* 


...» awiaaaaiv' 

pmp by ohlorme, followed by nitration with 
fuiniag nitric add and sulphuric add ; or by 


1330). 

2 : ri-DichhroinUrokdMeM ; 


bJt 1 .“'* | = 5.^hlorotolueiie (Oohen and Lkhi, aMn. 

iSta Meyellowneedlw,or8^ing from e-chloro-i-rntro-m-toluldine Iw the diai^ 

Moced an alcoholic solation of ammo- 789). Fine needlee. m n 50°-.51° (C and b I 
mlphto it yields a cUortnUtrMmdine 2 : 

^ ^ nrfii T ' °*i^' tro“.6eWoro.0.iMtro.o.totod«e Uy’the di^' 

Sd^ffSinitoto!^^^ ‘‘ ^ ® u 2:6-IHeWoro.3 *«r«<of«««; «.n. 

4 ^W igro 2 * 3 dinttfofdttm/ Kir •* *’ t by nitrating 2 ; 6*dichloroioluene in the co ld 
• 3-(HaiifeiKMtte9is , by nitration of with fumlhg nitric /Chiuin Atul IV!.!.. 
p-ddoiototoene with nitric acid (D 1*4). Small Chem. Soc TW 19^81 1 ™ 


kCfMpro4;6-i»*dlro<^^ 


, imp. 101* (HSiUfc Ber 1887 M t . . 

: Ivnitrotionoh 


in pceMnoe of diethylaniline nf s\ 

msiSssS iiimspm 




Z. s ~^ : 4.qjoro.8iMi. of SioSwSSSrffi 




iQiuntint. 




W h fmwj, U*. hp sn*,] 

idiitti A-p. imMa" (a wd d,). • 

ii 4 l l<ril >i d ttuiU 

i 1 4: $*trk!tkiro*Z i ({••iiiiiMrfiieii* ; nup* 
Ziiii^piddofo4t;^di^^ ptkh 



0W|Q| WQp^lmSUEl^^ 

. ^ I cSm. Soe. Ttum. 

}MI,t4Uil; IM4ai»m4idM; Ool»«ii«iid 
HbdimAm m \m, 91, 979; Bami, m. 
1924 12i, 812 ; fieel%, Am 1887, 287. 129). 

in.p. 7r- 

72<»(C.i«id».). 

. 2:#<^x>^dw>rd«3:5«8iAtMoltteii«; prismi, 

ki».108M04«(aMdD«; 8.). 

2 1 9«iH*eilon(>*4 .* MMtroidlu€n€; m.p. lOO**-* 
l91^(aaikdD.; CindE). 

2:fl*l>khknthZii^nUrmlu€ne; by tiitra* 
liM[ 2:6-dichloio4-iiitiotolaene with nitno 
cn (D 1*5) and ocmoentiated Bulphnric acid at 
ka temperattue of the water-bath for 1 honr. 
iOiig cotonrleBB seedlee, in.p. ISOMSl^ (D). 

2 : 6-i)tdUoro - 3 • MtnwrctolueM ; colonrleai 
aedkii. m,p. 121^ (C. and D.) ; alio ptepared 
K>m 2 i d-mohioro-S-nitro-p-tolmdine by eliini- 
iting the amino-group followed by nitration 

3 : 4 « Diekhro *2:6- dinitroUduene ; long, 
bnoet colouiien needles, mp. 91*5*^-92*5** 
3. and D.). 

3 < &»Dicli!bro-2 1 MinUroldwne . long white 
"ee,m.p. 99M00’’ (C. and 1).). 

: 5 - JMchhro -2:4:6- trinttrotolueM / by 
; ethyldichloroiiinitrophen}] acetate in a 
tube with concentrated hydrochloric 
at 150^-<160^ Long flat white prurns. 
200'’-29r (Jackton and Smith. Amer. 

. J. 1904. 32. 168). 

: 6*2>»eAloro*d : 4 : 5*lfiaitroto2«e»e ; by pro- 
nitration of 2 : 6-dichloto-3 : 5-dinttro- 
with a auxtiue of nitric acid (D 1*5) 
uing au^hnrk) acid (20 p.c. SO|) at 155^- 
Smali oolouricM needlee. m.p. 160^- 
(Daviei, Cbem. Soc. Trans. 1922, 121, 


fiEl»6 


following trichlorouitrotoluenes have 
obtained by nitrating the corresponding 
otoluenes (Seelig, Ann. 1887, 837. 140; 
and Dakin, C£m. Soc. Trans. 1902. 
[1334,1344), 

^:3s4-ffidiil0rnailrol^ white needles, 

h 3 i 6«ftmofnatlfotoliie ; felted needles, 
.<8*-«fl9<^C.aadD.). 

h3**fl-!lV4eUori^^ long needles, 

.W^^*(aaadD.). 
li^jMshioroiilMol needles or 
tn^p. (a) BeUstein and 

^ Am 1869, 152, 340; Schulte, Aim. 


i have 


. . 163''464" 

The foliowing tetrachleiofl 
been obtained in a similar manner (Oohen and 
Dakin, ibid. 1904, 85, 1274 ; 1906, 89, 1483). 

2 : 3 : 4 : 5-T«lrae5lQfw4-iitlra^^ imp. 

159^ 

2 iZ:A:^Tetracktoro^-nUr 0 k^ imp. 

131M34^ (not pure). 

2 : 3 : 5 : 6-Tehuehloru-4-iit^^ imali 

hexagonal plates, m.p. 150M52^ 

2- Br(Mfm-4-ttthumtaiie . by eliadnatkm of 

the ammo-group from 6-broino4-nitio-iii-loln- 
idine (Nevile and Winther, Chem. Soe. T^mm 
1881, 39, 85; Bor. 1881, 14, 418); by heatiii| 
n-nitrotoluene with bromine in pmme of 
feiTOiis bromide (Schenfelen, Ann* 1885, 231, 
171) ; bv the action of hydiobromie add on 
p-mtrotoluene-o-diaxopiperidiide (Waliadi, Am 
1886, 235, 248). imp. 77*5*’ (a) or 

74M5®(N.andW.). 

2-Bromo-5-niMolue$e; from 5-iiittO-o-tolii- 
idmo (Nevite and Wmther. CSiem. 8oo, Tmm 
1880, 37. 429); by heating M-nitrothhiene 
with bromine in presence of ferrous bmilde 
(Schenfelen, Ann. 1885, 231, 180); £rom 2- 
bromo-5-nitro-p-toiujdiDe or 6-biomo4«niliiiu*' 
o-toluidme by the dtseo-ieaotion (Blaalnan^ 
Ohem. WeekUad. 1912, 9, 988). It melte at 
78" (S.), 

2‘BnmO’6'>n$iniioiuene ; from 6-nitio-o*tdn- 
idine (Fnedlander, Bruckner and Deutsch, Am 
1912, 388, 23; Nblting, Ber. 1904, 37, 1915). 
Yellowiali-white needles, m*p. 41" (K.) or 18* 
(F. B. and D.). 

3- Br(>Nio-2-atMoliisNs,* from 2-nitio4- 
biomo-m-toluidumbythedtaao*ieaotlo^ lA|iU 
(Keviie and Winther, Oieim Som T^rpmm iMa 
37,630; Ber. 1880. 13, 1946). 

3- Brwfio-5-iii9ddiim; from ahiomodK* 
niUo-p-toluidme, 5-btomo-8-nitro-i^4ofaddi^ or 
3-bromo-5-iutio-o-tohiidine by this mtom 
reaotioD. PhitinB, m.p. 8i*4r-9fa* (Ksvfls 
and Winther. Oiem. Sm Tmm 1884 37| 

Ber. 1880, 13 584) or nup. 88*, kp. 
(WroUewsky, Ann. 1878, 192, 301). 

4- Bwmo-2-iiiMol^ from Igl 

toluene by replacing the 
bromine (BeUstdn ami Eu 
158,840); togethmwithA-birosdh^^ 
by nitrating p-bcoo^usim 




Ann. 1873,168,178); bythaadimilt 
<m o-nitxotdneno m pmienoo ' ‘ 
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Hi muENE. 

(B 1*52} cooled in ice a mixture of 4-bromo-2* 2 : 6-Z)t6ramo-3*nitr0to2ae»6 ; from d^bromo* 
nitrotoluene and 4-bromo-3-nitrotoluene, in S-nitro-o-tolnidine by the dlaso-reaotion. It 
the relative proportions of 56*3: 43*7» is obtaked. melts at 69*5*’~70*2 (NevUe and Winther, €hem. 


Analysis by deod^K^t^n mth sodium meth- 
oxide showed the mixtm to contain 41*5 p.c. 
of the 3 : 4-isomeride, whOst calculation from 


Soc. Trans. 1330» 37, 448; 1881, 39, 86; Ber« 
1880, 13,974; 1881,14,419). 

2 : 5-i)i5romo4-nitfololtte»6 ; by nitrating 


theoretical considerations gave the relative 2 : 5-dibromotoluene ; from 6-bromo-4-nitro- 
proportions as 2:4/3 ^=52*4 : 47*6 , (Hollo- m-toluidine by the diazo-reaotion (Nevile and 
man, Reo. trav. chim. 1915, 34, 283)'; from Winther, Ohem. Soo. Trans. 1880, 37, 445; 
3-nitio-p-toluidine by the diazo-reaction (Nevile 1881, 39, 86) ; together with other products by 
and Winther, Chem. Soc. Trans. 1880, 37, 442 ; treating dibromo-p-cymene with a mixture of 
Ber. 1880, 13, 972) ; by treating m-nitrotoluene nitric and sulphuric acids (Glaus, J. pr. Chem. 
with bromine in presence of ferrous bromide 1888, [2] 37, 18). Nee^s, m.p. 87'’--89^ 
(Soheufelen, Ann. 1885, 231, 180). M.p. 33°. (N. and W.), 89° (C.). 

1-6882 (HoUeman; c/. Hubner and 2 : 6-2)<6i-om<)-3-niftwfed«eM ; by dta 
“ * - of 2 : 0-dibromotoluene with nitno acid (B 1*45) 


W *>•?• 255 »- 256 M)»» 1-631 (Wroblen^)- 3 :^;“““! tafomed iSd not 
Byfte aeotrolysis of Its solution msulphuno , " “ ° f ^ 


4.nitro.deriyative as stated by Nevile and 
Winther; from 6-broino-3-nitro-o-tolnidinA 

’-slender white Tc^Xr^t 
nrisms or large prisms, m.p. 86-2» (K6merand ^ 

Cbntardi, Atti B. Accad. Lincei, 1916, [t.] 25, ^ o a n-i j « \ 

ii.339;Blanksma,Beo.trav.oliim. 1901,20,425). * 2 -. 6-Z)t5^-4-mtnrfolue»e . to m \ 

o A . a toluene by the action of bromine m presence of 

3-Bni^-4:8-*»rtro«rf»e»«,- by niti^ating ferrous bromide (Soheufelen, Ann. 1886, 231, 
m-biomotoluene or f»-bromomonomtrotoluene , o a a 

with fuming nitric acid (Grete, Ann. 1873, 168, i, 

9SR. R. ftfi? wirrp.n Nevile and Wint^). _ Needles, m.p. 57 -68 


258 ; Ber. 1875, 8, 567 ; Bentley and Warren, 
Amer. Chem. J. 1890, 12, 1) ; by the decom- 
position of ethyl bromodinitrophenylmalonate 


(S.) or 66*8°-67° (N. and W.). 

3 : ^-Dihr<mo-5‘nitr(ytoluene ; from 3-bromo- 
5-nitro-p-toluidine. Leaflets, m.p. 62°-63*6° 
(Nevile and Winther, Ic.) or 63°“66° (Cohen 


» neS’ (NeM™iher”or « (^b^ 

if' ^ and Dutt, Chem. Soo. Trans. 1914, 106, 610). 

“ s 2 . r ifi-iii-fi ififiinii- . fmm 0 . r, ji 3 ! 4-Di5romo-6-»ilrofe>l«e»e ; by nitration 
i-Br^Z.5-dmUrMu^, from 3.o-fc ^ 3 ; 4.dibromotoluene (Wroblewsky, Ann. 

I873, les, 184; Novae and Winthe?, Chem. 
mtotiM of ^bromo-3^itrotokene mth jggj_ gg. 

fr^ir™ 6-bromo-2-nitro-j)-toln. 

7. 100 90.*!, KfirnAr unri finntATcli. AtfS r’ ‘ 4“® 


7, 199, 205; Korner and Contardi, Atti B. 
Accad. Lincei, 1914, [v.] 23, ii. 464). 


105, 515). Needles, m.p. 86*5°-87*6° (Nevile 


10 grms. of 3-bromo-4 ! 6-dinitrotoluene with o . e mrt IM^Wro 

20 0.0. of a mixture of 1 vol. of oonoentrated 


AIV u.v. u* » uuA.bUJ.o u* X vwx. ux vuxiv/cxii,xaibcu A-.«, 1 0 TO lAQ 1QQ\ 

sulphuric acid and 2 vols. of concentrated “TTn^ ^ ■ nht.in«l 

ni4 aoM (Bentley and Warren, Amer. aem. m^fuomt 

J. 1890, 12, 4): from 3-bromo-2 : 6-dinitro-p- fttM a Wodurt of ^^r mel^-pomt 
y 1 .J. iPs ^ «*vxixv « . u wxxixwu ^ ^ diazotisation of 3 : 6-dibromo-2-mteo-p- 

toluKiine (Khrner and (kn^, Atti B.Aoo«i. 67», and on nitrotion 


Lincei, 1916, [v.] 25, ii. 339). Small needles, -I ' • ^ 

With nitric ucid (B 1*52) it yields a mixture of 
m.p. 143 . With alcoholic ammonia it yields « . k o .a q . k 


2:i-:6Xinit;;r.tZ^“ 3:6.dibromo.2,.4.^trotoluene and 3:6.di. 

L®’%Xbroi:Uii‘^^^^ ^^'®a" 6 :dll^t 2 “ 4 ^tr^ 

^7-6;' (Nevile and Winther, Chem. Soo^ ^ne is obtoined (Blanksma, Chem. Weekblad, 

S^fW^bh^^Ain ms'ies’lit obtained to- 

9 . 8 «««>r With a compound, m.p. about 260», from 

ifdk At anil WinthfiT. nham Snn po^^less crystals, m.p. 84 


bating 2 : 3-dibromotoluene. Needles, m.p 
56*5°-57*5° (Nevile and Winther, Chem. Soc. 
Trans. 1880, 37, 434; Ber. 1881, 14, 419) 
or 59° (Wroblewsky, Ann. 1873, 168, 184). 

• 2 : 3-2)i6fOTOO-6-m<r(rfoZtte»e ; from 3-bromo- 
5-nitrD-o-toluidine by the diazo-reaction. It 
melts at 105*4° (Nevile and Winther, Chem. Soc. 


lUCilMI »lf AVU « l»UU TVUll/liVr, VUOXU. oug. J-\ 

Ttans. 1880, 37, 429; Ber. 1880, 13, 965; Cohen ^ q . i; 

and Butt, Chem. Soc. Trans. 1914, 105, 512). . . ^ 

, T . 7 o . tion of 2 : 4-dibromotoluene or 2 : 4-dibromQ-5* 

2i^l)»6r««p-6-*rfro(o^^ nitrotoluene. Isght yellow prisms, in.p. m-e* 

^*2;. ®?®- (Davis, Chem. Soc. Trans. 1902, 81, 878) or 

1902, 8V 872; ef. Nevile and Wmt^, l.e.); i3o» (Blanksma, Chem. WeekWad, 1912, 9, 
from 2-bromo-5-mtro-p-tolmdine by the 9531 

(^-reaction. Oolomlw neoUes, m-p. 8j5'’ ' 2 : 6-2)»i«»w»4 : 0-dkifwWwM ,- to *»•»• 

iS*S!S2S' 9^®- WeekWad. 1912, 9, 968) or jiig dibromo>p-oymene with a mbctore. of nitiio 
81 -v82 (Bavis), ^ sulphuric acids. Small aoicnlar needles, oi^ 

2:4-j)i5fomo-6-ai(fUtol«ene(r) ; by nitrating large yellow .prisms, m.p. 1^°. It sttbUmee 
dikomotoluene derived from £bromo-m-tolu- readily in lesnets (C3aus, J« pr. Chem. I8889 
idine JiLp. 75°). It melts at 80°-81° (Nevile [2] 37, 16). 

and iPlnuuH^ dbem* Soo. Tranae 1880, 37, 441 ; 2 : ^•DikmodihiikMmm/ by^nltretloii of . 

1881, 89, Ber. 1881, ^4, 419). 2 : 6-dlbxomotdiimie. It lit 


mUENB, 


(NeTde aAd CSMi* Soo. Trans« 1880» 

3^,437} Ber. 1890,13,967). 

2 : 6-i)i5fomo*3 : 54mi^2ite?ie ; by nita:a- 
tion of 2 : 6-dibrom<>-3-iiitiotoltteii6. Colourless 
oiystsils, m.p. 161^ (Blanksma, l,e*)* 

3 : i-D^rmo ^ : MinUrotehme ; when 3 : 5- 


2:4; 6-fn3fomo<{tnifroM«e?ie ; colourless 
^stak, m.p. 217*^-218° (0. and D, ; N. and 

3:4: d-fTn^romodimb^uene ; colourless 
prisms, m.p. 211*5** (C. and D.). 

Z:Bi^‘Tribrmodii^rokhme; by nitration 


dibromotoluene is added slowly to four times its of 3:5: 6-tiibromo-2-nitrotoluene. Colourless 
weight of nitric acid (D 1*52) and the mixture crystals, m.p. 208** (Blanksma, Chem. Weekbla^ 
is warmed for 10 minutes at 100**, 3 : 5-dibromo- 1914, 11, 1&). 

2 : 4-dinitrotolu6ne, needles, m.p. 157^ is 2 : 3 : 4 : S-Tsfra&romo-B-nitrofcdtt^ m.p. 

obtained, together with a product, cubes, 212** (N. and W.). 

m.p. 106‘*-108®, which appears to be a mixture 2:3:4; B-Tek(dmm-6-nUrotdueM, m.p. 

of the above substance with the 2 : G-isomeride 215‘*-216‘* (N. and W.). 

(Blanksma, Beo. trav. chim. 1904, 23, 125; 2:Z:5i6-Tetr(d)romo-^nitrMueM; by 

c/. Kevile and Winther, Z.e.) ; abo, prepared by nitration of 2 : 3 : 5 : 6-tetrabromotoluene (Nevife 
nitration of 3 ; 6-dibromo-4-nitrotoluene and, and Winther, Chem. Soc. Trans. 1880, 37, 4p0) ; 
together with the 2 : 6-isomeride, by nitration from 2-brorao-4-nitrotoluene by bromination in 
of 3 : 5^dibromo-2-nitrotoluene (Blanksma, Chem. presence of ferrous bromide (Scheufelen, Ann . 


Weekblad, 1909, 6, 728). 

n pr *1. A . A 


1885, 231, 179). It melts at 213** (Nevile and 


3 : 5'‘Dfbr<mo-2 : B-dinitrotoluene / (see above) ; Winther) or 227**‘4Soheufelen). 
from 3:5- dibromo-2 ; 6 - dinitro - p - toluidine. m-Chhro-p^hromtmitoUduene ; by nitration 
White needles or flat plates, m.p. 120** (Komer of chlorinated p-bromotoluene. Needles, m.p. 
and Contardi, Atti R. Accad. Lincei, 1916, [v.] 61® (Willgerodt and Sakmann, J. pr. Chem. 


25, ii. 339) or 117** (Blanksma, Ic.). 

3 : B^DibrmO‘2 : 4 : B-triniirololuene ; by ni- 


1889, [2] 39, 478). 

o-CU&robrimmitrotoluene ; by nitration of 


tration of 3 : 5'dibromotoluene in presence of brominated o-chlorotoluene. Needles, m.p. 68** 
sulphuric acid (Blanksma, Bee. trav. chim. (W. andS.). • 

1904, 23, 125) ; by nitration of 3 : 6-dibromo-4- Dkhhro-p-hrommUroiolume ; by nitration 
nitrotoluene, 3 : 5*dibromo-2 : 4*dinitrotoluone, of dichloro-p-bromotoluene. Pearly leaflets, 
and of 3 : 5-dibromo>2-nitrotoluene, the nitra- m.p. 106® (W. and S.). 
tion in the last case being carried out in presence Trkhloro-p-bromonitroioluene ; by nitration 
of sulphuric acid (Blanlmma, Chem. Weekblad, of trichloro-p>bromotoluene. Needles, m.p. 162® 
1909, 6, 728) ; from 3 : 5-dibromo>2 : 6-dinitro- (W. and S.) 

p-toluidine by the action of nitrous gases on a 2 lodonitrotaluene ; by nitration of 2>iodo- 
suspension in concentrated nitric acid at 0® toluene. Microscopic neraleB, m.p. 103®-104® 
(Komer and Contardi, f.c.). White flat needles, (Beilstein and Kuhlberg, Ann. 1871, 158, 347). 
m.p, 240®; Palmer (Ber. 1888, 21, 3501 ; 1896, 2Jodo-2-nitrotoluene; from 3-nitro-o-folu- 

29, 1346) describes it as long yellow prisms, idine. Light yellow plates, m.p. 67®--68® 
m.p. 229®-230®. (Wheeler and Liddle, Amer. Chem. J. 1^, 42, 

2 : Z : i-Tribromonitroitoiluene ; by nitration 441). 
of 2 : 3 : 4-tribromotoluene« M.p. 107®-108® 2dodoA-n'Urotoiluene ; from 4-nitro-o-tolu- 

(Nevile and Winther, Chem. Soc. Trans. 1880, idine. Yellowish plates, m.p. 51® (Beverdin, 
37, 446 ; Cohen and Dutt, Z.c.). Ber. 1897, 30, 3000) or rhombic plates, m,p, 58® 

2:3: B-TribronionUrMuene ; on nitration (Willgerodt and Kok, Ber. 1908, 41, 2077)^ It 
2:3: 5-tribromotoluene yields two momnitro* yields a dkhloride, sulphur-yellow prisms, 
dmvmim, m.p. 67®-68® and 88’5®-89® respec- m.p. 83®, which on treatment with s^um 
tively, the former in greater quantity (Cohen carbonate or so^um hydroxide yidds 2-iodo$o- 
and Dutt, l.c.). 4-nilrotofuene, yellowish-white powder, explodine 


2 : Z : 6-Tribrmonitrotoluene ; m.p. 91®~92® at 180®-181®. The latter on treatment with 
(C. and D. ; N. and W.). hypochlorous acid is converted into 2-fodoa:y-4« 

2 :4; 5-7Vt6fonMm:>o<ofttene; colourless nitrotoluene, white flooculent precipitate, ex- 
crystals, m.p. 131®-131*5® (C, and D.). ploding at 204® (Willgerodt and Kok, U). 

“^'P* 2‘fodo-5-nitrotoluene ; from 5-mtro-o-tola* 

7 Ann. 1873, 168, 195). idine by the diazo-reaetbn (Beverdk) ; by 

2 :4: o^TrUmmonitrotoluene ; colourless gradual treatment of o-iodo-toluene with nitric 
exys^, m.p. 74®-76*5® (C. and D.). acid (D 1 *51 ) (Beverdin ; Beilst^ and KuhllStg, , 

2:5:^Tribrom>A-ni^uene; from 2:6- Ann. 1871, 158, 347). Itmeltsat 103®-104®and 
dj^ino-4-^^>^.toluidine. ItmeltsatlOB’fl®- forme a dkhlmde, m,p. 1()2® (decomp.), when 
^ 9 ' J M ^ * chlorine is passed into a saturated solution in 

oxy,l^Tr^rmof^^ colourless xhloroform (MoCrae, Chem, Soo. 1878, 

* A fro® 3:5- 24od/0’Z-nkroiUihm^ 6-nitro-o-M|i^ 


fro® 3:5- 24od/0’Z-nkroiUihm/&jf^4^^ 6-nitro*o-»pi 
33® Idine. It forms thidii^ii^-white 

Wo^bUd, 1914, U, 185). m,p. 35*5® (Ndltingii:':|W®, 37, 10|K 

loiJin “'P* 137®- y^w needles, m.p. Sf^iiiPfl&en a^ 

/ bhem.8oo.Tri«».lWt,lCi«n). “ 

aiAolffl m.p. 209®- 3-joio-2-ii^roteli«ns,* 54odo4-iiitro* 

" <^toluidine: Colourless _^aao rfates, 

light ydtow 65®, vokt^ with 0 team< wheeler and tott^echt, 

ip* ^ »•)- . Aihsff. Chem. J. 1910, 4 126), 

ooiourieas . 3-iodo-5-uiiNtoliMne ; from ^iutri|Mti4ehi4 


«3!»W|, ^ «« jft), 


I idine. 7<dIow xettegular priji^ui, m.p, 77 ^ 


t 


m 


TOLtJMS. 



(Wheeler and Seholes, Amer. Chem. J. Idl0» 
44, 126). 

Z-IodO‘^-nitrotoluene ; from 6-mtro-»i-toln- 
idine. Orange needles, volatile with steam, 
m.p. 84^ (Artmann, Monatsh. 1905, 26, 1091). 

Z-Iodo-niirotoluene ; by nitration of S-iodo- 
toluene. Small needles, m.p. 108°-109^ (Beil* 
stein and Kuhlberg). 

4<iodo-2*mfrofolae?ie ; from 2 : 4-dmitro- 
toluene by replacing the p<Ditro-group by 
iodine (Heynemann, Ann. 1871, 158, 337); 
together with other products by the nitration 
of p-iodotoluene (Reverdin, Ber. 1897, 30, 3001). 
Pale yellow crystals, m.p. 60*5°-61®, b.p. 286^* 
(decomp.). 

4-/oao*3-m>otoZttc»e ; from 3-nitro-p-tolu- 
idine. Plat yellow needles, m.p. 65°-56® 
(Beilstein and Kuhlberg, Ann. 1871, 158, 344). 
Yields a dicMoride, large yellow plates, m.p. 71® 
(Willgerodt and Simonis, Ber. d90G, 39, 269). 

2- lodo -^ : 5-dinUrotolume ; from 3 ; 5-dinitro- 
toluene*2*diazonium nitrate and cupric iodide. 
Small lemon-yellow plates or long prisms, 
m.p. 1 19 ’5® (Komer and Contardi, Aiti R. Accad. 
lincei, 1915, [v.] 24, i. 888). 

Z-Iodo-2 : ii-dinitrotolmne ; by boiling an 
alcoholic solution of 2 : 4-dlniiro-3-tolylhydrazine 
with excess of iodine. Y'ello w leaflets, m .p. 1 1 7® 

, (Brady and Bowman, Chem. Soc. Trans. 1921, 
119, 897). 

Z-Ioao-2 : MinitrotolueM ; large aggregates 
of small colourless plates, m.p. 90® (Korner and 
Contardi, Atti R. Accad. Lincei, 1916, fv.] 25, 
u. 339), 

4rlod(hZ i Z-dinitrotoluem ; by nitration of 
p-iodotoluene (Glassner, Ber. 1875, 8, 561); 
from 3 : 5-dinitro-p-toluidine. Lemon-yellow 
needles, m.p. 158® (Korner and Contardi, Atti 
R. Accad. luncei, 1914, [v.] 23, ii. 464) ; Glassner 
gave m.p. 137°~138°. 

i)f-iod<wii<fotolttene(?) ,* formed together with 
other products by nitration of p-iodotoluene with 
nitric acid (D 1 ’61) ; m.p. 1 12®. (Reverdin, Z.c.). 

2 : Z-IH-iodo-^-nUromu&m ; from 3-iodo.5- 
nitro-o-toluidine. Light brown prismatic 
needles, m.p. 143° (Wheeler, etc., Amer. Chem. J. 
1910,44, 126,493). 

2 : Z-Di-iodo^Z-nitrotoluene ; from 5-iodo-3- 
nitro-o-tolnidine. Colourless prisms, m.p. 95® 
(Wheeler, etc.). 

2 : Z-IH-iodo^i-nitrotduene ; from 5-iodo-4- 
Yutro-o-toloidine. Buff coloured prismatic plates, 
itt.p. 117° (Wheeler, etc.). 

2 : 5-2)i-»odp*6-niffoMKene ; from 5-iodo-6- 
mtro*<»-toliiidine. Colourless needles, m.p. 105® 
(Wheeler, etc.). 

3 : ; from 3-iodo-5* 

nitrp-p-toluidine. Rectangular orange prisms, 
m.p. 84°-86° (Wheeler, etc.). 

3- Bf()mo-2*todon»frofofte6ne ; by nitration o(^ 
3*bromo-2-iodotoluene. Prisms (Wroblewsky, 
Ann. 1873, 168, 166). 

2^Br<maA-iodonUrotduene : by nitration of 
e^hromo-p-iodotoluen6. Yellow needles, m.p. 
92° (Hirtz, Ber. 1896, 29, 1405). 

' Z*Brom-i-iodon4k(admM ; by nitration of 
3*]}fomo*44odotoluene. Needles, m.p. 118° 
(Wroblewsky, Ann. 1873, 168, 160). ^ 

. 3 :5*/>ihrdmo*4*iodo-2-mfrofoluene; bynitra* 

, ilon of 3 : d*dibromo*4-iodotoluene. Large 
vrith steam, m.». 69° (Wro* 
bNvsIw, Aim/l878, 192, 210). 


3 : 5*Z>»5rofm)*2 : by id* 
tration of 3 : 5*dibTomo-2 : 4-di*iodotoliieiie 
(m.p. 68°). Plates,^m.p. 129° (Wroblewsky). 

SULFEmO AND SlTLrHONlO AOID DlElVATlVUa. 

Tduene o-mdphinic acid; by boiling o* 
tolyltoluenesulphazide with baryta water (Lim- 
prioht, Ber. 1887, 20, 1241); by dre^ping 
toluene o-sulphonyl chloride into a warn mixture 
of zinc dost and water (Troeger and Voigtl&nder, 
J. pr. Chem. 1896, [2] 54, 513) ; b;^ treating an 
ice-dold solution of o-toluenediazonium sulphate 
in sulphuric acid saturated with sulphur 
dioxide with copper (Gattermann, Ber. 1899, 
32, 1140; Ft. Bayer & Co., Eng. Pat. 26139 of 
1896; Fr. Pat. 252787 and addn.; D. Ri P. 
95830 of 1896); by the action of sulphur 
dioxide on an ethereal solution of o-tolyl ma^e- 
sium bromide (Rosenheim and Singer, Ber. 

1904, 37, 2152). Long needles, m.p. 80° 
(limpricht). NaA'*f4HjjO, glistening platis; 
CaA'a+SHgO, crystalline powder; BaA^j+BHgU, 
nodules; SrA'g-fSHgO, crystalline powder. 
passing hydrogen sulphide into the methyl 
alcoholic solution, a mixture of o-tolyl tetra- and 
pentasulphido is formed. On boiling with 
water for about 3 hours, the sulphinic acid is 
converted into o-toluic disulphoxide and 
toluene o-sulphonic acid (T. and V.). For its 
behaviour with diazo-compounds, see Troeger 
and Ewers (J. pr. Chem. 1900, [2] 62, 369). 

Tolttene m-sulpkinic acid; from diazotised 
m-toluidine, sulphur dioxide and copper powder., 
Unstable oil (Troeger and Hill, J. pr. Chem; 

1905, (2) 71,201). 

Tdnene p-sfdpAtmc acid; prepared as in 
the case of the o-sulphinic acid (Limpricht); 
by treating toluene p-sulphonyl chloride with 
sodium amalgam, zinc-dust or sodium sulphite 
(Otto, Ann. 1867, 142, 92; 1868, 145, 19; 
Ber. 1876, 9, 1586; Bloomstrand, Ber. 1869, 
3, 965) ; by Gattormann’s reaction (Ber. 1899, 
32, 1141) ; by the action of sulphur dioxide and 
aluminium chloride on toluene or its halogen 
derivatives at low temperatures (Knoevenagel 
and Kenner, Ber. 1908, 41, 3315). Plates, 
m.p. 86®-87° (Thomas, Chem. Soc. Trans. 1909, 
95, 344). KA'-{-2H20, leaflets (Casanova, Ber. 
1887, 20, 2088); CaA'2+4H20; BaA',, smaU 
leaflets ; ZTLk\’\-2'Rfi (Otto) ; NH|A^ small 
needles, m.p. 175°; hydrazine sdU, glistening 
plates, decomposing at 140° ; aniline soli, 
m.p. 118°; o-tolumne salt, m.p. 124°; p- 
toluidine salt, m.p. 140° ; m-xyliaine saU, ni.p, 
129*5® (Halssig, J. pr.'Chem. 1897, [2] 56, 213) ; 
phenylhydrazine salt, mj>. 114® (Kohler and 
Reimer, Amer. Chem. d. 190^ 31, 163 ; c/. 
Halssig). On electronic oxidarion it yields 
p-sulph6benzoio acid (Sebor, Zeitsch. Elektro* 
chem. 1903, 9, 370). When treated Mdth an 
excess of thionyl chloride, it yields the wtMnyl 
chloride, m.p. 54°-68° (ffilditch and SmBes, Ber. 
1908, 41, 4113), When ammonia is p^wed into 
an idcohoUc or ethereal solution of tobene p* 
sulphinio acid, the conesponding ammonium 
salt is formed, whilst in benzene solution a ^ 
mixture of p-tolyl disulphoxide and toluene p 
sulphonic acid is produced (HdidusdflkSto 
Ges. deut. Naturfmech, Aeri^ 1907, ll, 179^ 
HSlssig, J. pr. Cbenu 1897, 

For the notion Of totoenep^sutlMiiiib aiaiii on ; 
idtrosob^imene jnd phenyl%drosyl|m^ 
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Bi^berger and Rising IfBer* 1901, 8d, 229| 
241), ai^ldr iN^tintk$, tee Kohler and 
Macdonald (Amer. Chm, J« 1099, 22, 235), von 
Meyer, Nac& and Omeiner (d, pr. Chem. 1901, 
68, 167), von Meyer (ibid. 1903, 68, -268), HMasig 
(ibid. 1897, 66, 218), Troeger and Ewers (ibid. 
1900, 62, 869), Hantzsch and Horn (Ber. 1902, 
35, 877), UUmann and'Lehner (ibid. 1906, 38, 
729), Kohler and Eeimer (Amer. Ghem. J. 
1904,31,163). 

Tolvfine p-sulphimc anhydride: melts at 
76® (Knoevenagel and Polack, Ber. 1908, 41, 
3323). 

Methyl ester; a very unstable yellow oil. 
Oxidation yields the corresponding sulphonate 
(Otto, J. pr. Chem. 1893, \2] 47, 166). 

Ethyl ester; from sodium toluene p-sulphi- 
nate and ethyl chlorocarbonate, Oil, D^O* 

I *121 2. On treatment with hydrogen sulphide, 
(CHjlCeH^SO^H, C.HbSH, (CK,)Gfi,m, 
[(CHs)CbH 4 ]„S® and sulphur are produced (Otto 
and Rossing; Ber. 1885, 18, 2504; 1886, 19. 
1226; 1887,20,2278; 1893,26,310). 

Nitrotoluene aulphink acid; from o(?)-nitro- 
toluene p(?)-snlphonic acid and sodium amalgam 
in etWeal solution. Crystals, NaA'-fJHaO 
(Otto and Gruber, Ann. 1868, 145, 24). 

2 : (o-Dinitrotoluene i-svlphinic acid; from 
the corresponding sulphonyl chloride and zinc 
dust. Solidifies after prolonged keeping over 
sulphuric acid. KA', crusts; BaA'j+xHjO, 
pearly leaflets ; PbA',+3H20, microscopic 

prisms (Perl, Ber. 1885, 18, 71). 

Toluene 2 ; i4iavlphinic acid ; obtained as 
its zinc salt by the action of zinc dust on the 
corresponding disulphonyl chloride. The free 
acid is an oil, zinc salt, white needles, sodium 
and barium salts, white crystals. When heated 
with water the free acid yields toluene 2 : 4-di- 
sulphonio acid and tolylene4oluene-2 : 4-dithio< 
sulphonate, C,Hb(S 02S)2 : (Troger and 

Meine, J. pr. Chem. Ilfo3, [21 68, 313). 

Bemyl sulphinic acid; uy treating benzyl 
sulphonyl chloride with zinc dust or sodium 
amalgam. The free acid is very unstable and 
is readily decomposed with evolution of sulphur 
dioxide ; NaA', small leaflets (Otto*and Liiders, 
Ber. 1880, 13, 1287). 

Svlphomtion of toluem : The quantities of 
the three isomeric monosulphonic acids produced 
are dependent upon the temperature, the 
concentration, and the amount of the sul- 
phonating agent. Increase of temperature 
favours the production of toluene p- and 
m-sulphonio acids. The concentration of acid 
between the limits of 96-100 p.c. appears to ^ 
without influence. Increase in the amount of 
add favours the production of the odsomeride 
at low temperatures, but this innuence is 
neutralii^d at higher temperatures by thei 
eflect due to rise of temperature. The addition 
of potassium sulphate, mercurous sulphate, and 
silver sul^te Im no efiect. At 35® and 76® 
the tranelormation of o* and p-isomerides 
into one another occurs veiy sloufly, whilst 
^luene la-sulphonic add is unaltered afi^ 
^ting with sulphuric add for 6 hours at 100®. 

, With c^dordsuljmohio add ^e ohiel juoduot is 
^ the p^iscmsedde (Bdleman* Culahd, van 
der Idadmi and maut» Ber, 1911, 44, 2604). 
if fumuig sdphutk add be used and the 
temperatnre of the naetkMli is kept at the b.p. 


of toluene, the mdn piodud is the p-add, 
but if the temperature oe not allowed to rise 
above 100 ® and ordinary concentrated add is 
dnployed, 40-60 p.c. of the o-sulidionic acid is 
obtained (Fahlberg, Fr. Pat. 163797 ; D. B. P 
35211 of 1884 : Fabr. de Thann, Eng. Pat. 14390 
of 1901; Ft. Pat. 312797; D. R. P. 137935 of 
1901 ; Eng. Pat. 10810 of 1897 ; Norton and 
Otten, Amer. Chem. J. 1885, 10, 1^ ; Bourgeois, 
Chem. Zentr. 1900, L 253 ; Beverdin, Ber. 1909, 
42, 1523). 

Toluene o-sulphonic acid ; in small quantity 
together with the p-isomeride by dissolving 
toluene in hot fuming sulphuric acid (Engel- 
hardt and Latschinofi, Zeit. f. Chem. 1869, (2) 
5, 617 ; Wolkoff, ibid. (2) 6 , 321 ; Bourgeois, 
^c. trav. chim. 1899, 18, 436) ; by gradual 
addition of concentrated sulphuric acid to 
boiling toluene only the p-isomeride is formed 
(Clirustschoff, Ber. 1874, 7, 1167), whilst, 
according to Fahlberg (Ber. 1879, 12, 1048) no 
m-sulphonic acid is produced; in a yield of 
40-.50 p.c. by sulphonating below 100® with 
concentrated sulphuric acid with eflicient agita- 
tion (Fahlberg and List; cf. D. R. PP. 35211, 
36717 of 1884, and 137935 of 1901); from the 
sulphonyl chloride obtained together with the m- 
and p-isomerides by the action of chlorosulphonio 
acid on toluene (Klason and Vallin, Ber. 1879, 
12, 1848 ; Noyes, Amer. Chem. J. 1880, 8 , 176 ; 
Gilliard, Monnet and Cartier, D, R. P. 98030 of 
1894); from 4-bromotoluene 2-sulphonio acid 
by reduction with sodium amal^m (Terry, 
Ann. 1873, 169, 27); from 4 -nitrotoluene 2- 
sulphonic acid by elimination of the nitro- 
group (Jenssen, Ann. 1874, 172, 235) j by 
treating diazo-derivatives of o-toluidine*with 
sulphurous acid (Muller and Wiesinger, Ber. 
1879, 12, 1348) ; by treatment of p-dia|M- 
toluene o-sulphonic acid with sodium m^hoxide 
in methyl alcoholic solution (Moale, Amer. 
Chem. J. 1898, 20, 298) ; by warming the salts 
of o-sulphotolueno-p-hydrazine sulphonio acid, 
(CHj)CbH 8 (S 08 H)'NHNH*S 08 H, with potas- 
sium hydroxide (Ges. f. Chem. Ind, D. R, P. 
68708 of 1892), For separat ion of the o- and p- 
acids by means of magnesium and zinc salts, see 
Fahlberg (Eng, Pat. 17401 of 1896 ; J). R. PP. 
103299 of 1898, and 103943 of 1895), or by 
means of sulphuric acid, see Lange (Er. Pat. 
2325.39; D. R. P. 67391 of 1890). 

Free acid, thin leaflets containing 2H«0; 
NH 4 A', thin leaflets; NaA'+H«0, tables; 
KA'-fHjO, monoclinio plates; KA', needles; 
CaA'j, leaflets ; BaA'g+HjO, plates ; « 

ZnA'2+7H20; CdA'2-f2HjO; PbA^-f4H20, 
needles (Terry; Hiibner and Post); -fHjO 
(Klason and ValUn); MnA^-|-2H,0; CuA',-f* 
4 H 2 O; AgA^ MnA'g-f2H,0; ZnA'2+7H20; 
MgA' 2 + 7 H 30 (Klason and Vsliin, l.e.||Subner: 
and Post, Ann. 1873, 169, 1); 

Chloride; by the action of eh]orineJ|p|W 
o-sulphinio acid in presence of diltl^H^ 
hydroxide or hydrochloric acid at t<i|i||Hwb 
bmow 35® (Basler CflieiuiBche Fabrik, flipf at. 
4525 of 4900, and (2585 of 1900; VS. Pat. 
667861; P. B. P.124407 of 1900), or on potasdom 
toluene o^sdphinate in aqueous oduMon (HU 
mann and £ehner, Ber. 1905^ 38, 729). fBl, 
DiT* l-SMSfU. tin U «r 
am. (D wte iCUa. 


mOBNB. 

Soc. Ttons. 1921, 119, 878). Ste Om lahlberg NftA'+iH,0 (Miller)^ +111,0 
and List (Lc.),and Majert and Ebers (D. R. P. 1886, 19,2053), 

9^ of'l898)i SNii. de Thsm., %. (tt), +WK.,4 hi 

1^ of 1901; U.S. Pat. . 692698; ft. Pat. (V.), +3H,0 (K. and V.),+2H,Oj^taWM{e.)» 

312797 ; D. R. P. 142116 of 1901 ; Eng. Pat. BaA', + H,0. rectangular W, 

2304 of 1905; M. L. B., D. R. P. 164493 of ZnA',+7H,0, thin wtangnlar (R m 

1W)2 ; Eng. Pats. 6581 of 1897 ; 4625 of 1900 ; (V.), +6H,0, long ^ pi^S *,+^0 

11077 andll078 of 1898 ; 16299 of 1903. (V.).,+7H,0, and V.) ; PbA j+H*0 

Bromide; by the action of bromine on an (Peckmann), +2HaO (M^ Pagel; V»),^8n|U 

S neons solution of toluene o-sulphinio acid. (K. and V.) ; MnA',+6H|0 (V.), +7tt,U 
p. 13°, b.p. 137-6°-138»/10 mm. and V.) ; CuA',+7H,q (V.), +4H,qiK. ^ 

^ * 1 /V . rm TT \ i «TT r% v * A>«A^ Mltainmnff nnctnifl i V.K 


64, a523) contains some of the j)*isomeride rectangular tables (G.) 


(Uilmann and Lehner, f.c.). Chloride; oil 

Amide; octahedra, m.p. 164® (Noyes), Amide; monocliruc needles or Ubles (NWS 
m.p. •156*3® (McKie, Chcm. Soc. Trans. 1918, and Walker, Amer. Chem. J. 1886, 8, 1^), 
1 13, 799 ; cf, Wolkotf, Ic, ; Klason and Vallin, hexagonal scales, femliko aggregates hJ® 
Ber. 1879, 12, 1850; Heffter, Ann. 1883, 221, water, or monoclinic prisms from aic^I 
208; Miller, Chem. Soc. Trans. 1892, 61, (Griffin); m.p. 108® (Klason and VaUm, !.(?*; 
1030; Thomas, ibid, 1909, 95. 343; Noye.s Klason, Ber. 1886, 19, 2887; Griffin, Amet, 

/.c.; Pahlberg and List, l.c.). It can be Chem. J. 1897, 19, 176) or 91® (Noyes, ^er* 

separated from the p-isomeride by fractional Chem. J. 1886, 8 , 177). According to Noyes, 

precipitation from an alkaline solution by the amide, m.p. 108®, is a mixture of the o* and 

means of acids or by fractional crystallisation p-isomerides. On oxidation with potassittm 
of the sodium salts (von Hoyden, 1). R. P. 76881 ^permanganate or chromic acid mixture it yields 
of 1892, and 77435 of 1894; cf. Barger and 7 w-sulplmrainobonzoic acid. 

Givaudan, Eng? Pat. 848 of 1903 ; 1). R. P. Toluene p-eulphonic acid ; chief prodnet of 
154655 of 1903) When oxidised in alkaline sulphonation of boiling toluene (DeviOe, 
solution with potassium mangcanate or pota.s- Ann, Chim. 1841, (3) 3, 172; Fittig and 
eium permanganate it yields o-sulidiamino- Tollens, Ann. 1864, 131, 310; Mkrcker, ibid. 
benzoic acid, in neutral solution Ijenzoic 1865, 136, 85; Kngelhardt and [.Atscrhinojlf, 
sulphinide is the chief product, whilst in acid Zeit. f. chem. 1869 ( 2 ) 5, 017 ; Jaworski, ibid. 
solution the product is o sulphobcnzoic acid 1865,221; Otto and Gruber, Ann. 1867, 142,92; 


(Fahlberg and List, Ber. 1888. 21, 242; cf. 1868,145,10; Chnistscholf, Ber. 1874,7, 1107; 
Fahlberg and Remsen, Ber. 1879, 12,469). It Fahlberg, Ber. 1879, 12, 1048); from toluene 
is converted in 4N-ammoniacal solution in the and chlorosulphonic licid (Klason and Vallin, 
presence of ammonium sulphate at 40® at a Ber. 1879, 12, 1848); by the action of sol- 


platinum gauze anode into * saccharin 


})hurous acid on p4iazo ioluene salts (Mhller 


nmterial yield being 43*7 p.c. and the current and Wiesinger). Thick plates or flat prisms 


rield 9*2 p.c. The mo.st favourable results, -fHjO (K. and V.) 


92® (Norton and 


Lowever, (material yield 75-4 p.c., current yirld Otten, Amer. Chem. J. 1888, 10. 140), or 35®, 
2*6 p.c.) are obtained by the electrolysis of b.p. 146®~l47®/0 mm. (Krafft and Wilke. Ber. 


42*6 p.c.) are obtained by the electrolysis of 
a suspension in 2N*sodium carbonate solution 
at about 60® with a platinum gauze anode and 


1900, 33, 3208). 'Fusion with potash Yields 
at about W'' witn a platinum gauze anode and p^cresol and p'hvdrf*xvU‘nzoic acid. h*usioii 
a rotating lead cathode (Fichter and Lowe, with sodium formate^ yields p-toluio acid 
Helv. CMm. Acta, 1922. 5, 60; vide. Sacchabin). (Remsen, Ber. 1875, 8 , 1412). H>riroIy»i 8 with 
MethyJamidef thin striated plates, m.p. 73®- steam conAnenees at 150® (Ar^tixmg and 
76 , when oxidised with alkaline potassium Miller, Chem. 8 oc. Trans. 1884, 45 , 148). Do 
permanganate yields potassium o-methylsulpha. electrolytic oxidation in 10^-20 n.c. sulnbnrte 


m.p. 73®“ steam conAnenees at 150® (Ai^trong and 
potassium Miller, C3iem. Soc. Trans. 1884, 45 , 148). Do 
hylsulpha. electrolytic oxidation in 10^-20 p.c. sulpbitric 


’ • - J. rn * 1 .. . eieciroiyuc oxidation in p.c. sulpiiitilc 

minobenzoate (Remsen and dark, Amer, Chem. acid using a lead anode at 70®, it yiehls ik 
J. 1903, 30, 247). sulpholienzoic acid (fobor, ZciUcK Efekti^ 

Toluene m-mdphontc aetd ; in small quantities chem. 1 903, 9, 370). 
by sulphonation of toluene (Holleman and CO. NH 4 A' (K. and V.); NaA'42H.O or 


“ o-bromotoluene m-sulphonic -f 4H.O. rectangular tables ( Vallin. Ber 1888. Ill 
^(M^er, Ann. 1873, 169, il) or 4 bromo- 2953); KA'+^, six-siiM pbtw. jakaU or 
tduene 3-sulj^onic acid (Ncvile and Winther, triinetric ciratabi (Otto and Kwk. Ber 10 

Cbe^ Soc. T^s. 18M, 37, 628) and sodium 1834;; BaA',, ciystaliisea in au^iuiw toiJria 
amalgam ; or from 2.bromotolaene 5-sulphonic above 30® and as xgl/ A 

and mo dust in alkaline solution (Idiller, (Kclbe.lle?. 1883 T «21 ■ &A%^ 
Chem. Soc. Trans. 1892. 61. 10301: 1mm 


p.toluidine 
1874, 173, 
o^toluidine 


»prv:^a:iigTiSSr2-- 

Wiesinger. Ber. 1879 12 .» ^ w«owmg salts with oiganlo b«W aw 

toluene m-sulpbonic'acid by treatment with NBUCH tmi 

zme dust in ethyl alcoholie ivklnHnn XTuldtnr ISr< ' 



au|k>W*. 




(7A2ofHb ; iimbieteUMiir trioliiiie cryM» 
(Otto sod Kdbi& W» 18S5), 

kp. 145^-146*'/15 BUDk. (Xs^ md Boos, Bor. 
1892,25, 2259), 136-1:®A1 «»•* Wl*6®/20 mm. 
(Botugeoi8,Reo.traT.ohiiiL 1809, 18,486), 164^/33 
mm. (ilftvios, Ghom* Boo* Tnos. 1921, 119, 878), 
(Kmftt «iid Wilke, U.). On warming 
with alkaUne solntioiis, or better, boiling 
with 80 p.0. snlplrario acid, it yidds o-chloro- 
toluene (Oes. filr, GbW. Ind.,D. E. P. 133000 
of 1901). , Toluene ^^sulphonyl ohloiide when 
heaM with ethytene ehlorohydrin ^Ids 
]3-chloioetbyltolaeno p^sni^honate, b.p. 210^^1 
mm., wfaidi ia a valuable reagent for introducing 
the chloroetM>gmp into amines and phenols 
s (demo and W. jS. Perkin, Ohem. Soc. Trans. 
1922, 121, 642; B. D. C., W. H. Parkin and 
demo, Eng. Pat. 193618 of 1922). 

Toluene p-sulphonyl chloride when treated 
at 70*-76® with antimony pentachloride rields 
a mixture of the 2 : 6*di- and 2:3: 6*trichloro- 
derivatives, converted on hydrolysis into the 
; corresponding sulphonic acids, or, on removing 
the aovl-groiip into a mixture of 2 : 6-di- and 
2:3: 6*trichlorotoluenc (Ocigy & Co., D. R. P, 
210866 of 1908). When cTectrolysed in 2.V. 
alcoholic hydrochloric acid solution it jnelds 
as the main product, the corresponding sulphinic 
aoid, which is partially converted into its 
etiiyhester, and decompo^ thus : 
3C,H4(CH,)S0,H«(CH ,)C4H*S0*-S*C4H4(CH,) 
[ +C4H4(CH,)S0,H-fH,0. 

V In the presence of titanium trichloride using a 
nickel gauze cathode, tlie main product is p- 

a l mercaptan, which is also produced by 
icing a suspenaion of the sulphonyl chloride 
in aqueous sulphuric acid at 80^ at a lead 
; cathode (Fichter and Bcmouilli, Zeitsch. Elek- 
trochem. 1907, 13, 310). Toluene p-sulphonyl 
chloride on nitration on the water-bath with 
laming nitric and concentrated sulphuric acids 
yields 2 : 6-dinitrotolucne 4-sulphonic acid in 
almost theoretical yield (Reverdin and Cr4pieux, 
[Ber. 1901,34,2992). 

from toluene p-sulphinic acid 
and bromine. Monoolinic prisms, ^.p. 96^ 
(Otto, Ann. 1867, 142, 98) or 93^-94*’ (Ztooke 
and IVuhnebeig, Ber. 1910, 43, 837). 

lodub; jhom sodium toluene p-sulphinate 
and Iodine. Yellow powder, m.p. 

Bv heating with water or alcoholit is deoompoeed 
[ into toluene p-sulphonic acid, iodine and little 
p-tolnm disttlphoxide, whilst by heating with 
i potaishkm hydroxide it yields toluene p-su^inio 


poiaiBinm nydroxide It yields toluene p-sulpnimo 

add. 23ne*ethyl yields the sine sulpbinate BvizyknljpJumk acid; by oxidfakiff benlj^ 
tOUDimdlrili^, Ber. 1891,24,479). disulphide with nitric acid (Barbagik Bar. 


edsr; from the chloride (Jawonki, 
Zeit. f. ohem. 1866, 1221) or the hromidei(Otto, 
Aon. 1867, 142, 100) ; by treating the ethyl 
ecter of tduene p-sulphinio acid with potassium 
psmangMM^ and acetic acid (Otto ihaBOasing, 
Ber. IMt 19, 1226). Monodinio oiystaU, 

; m-p. b.p. 78*/16 «m.. D*** 1-178#, 

I'lm (Xnft »B« Boat, Ber. 1892. >S, 

Ibe »•, end p4eM> «(•»• 

■mH at 84*^, 81*. and mw 

lameKMr tSamriBn and OtMent, BidL See. 


methyl- and ethyLtohiesie p-sulphonates as 
dkylating egents, m Ullmann and Wenner 
(Ann. 1903, 327, 120); Bnd (AmuOL Chim. 
Appl, 1925, 15,41). 

Aahffdride; fonned together with the 
chloride by beatSim toluene p-snlpbonic acid 
with pure thionyf chloride. Ctystale, m.p. 
122M26« (Meyer and Schlegl, Monatsh. 1913, 
34,561). 

Amide; leaflets, m.p. 137^-137*5*^ (Olaesson 
and Wallin, Ber. 1879, 12, 1853; MoKie,Chem. 
Soc.Trans. 1918, 113,799). It forms a potassium 
salt, C^EpSOtNEK (Wolkoff, Ber. 1872, 5, 140; 
Zeit. f. Chem. 1870, (2) 6, 323, 580). Methyl 
amide, m.p. 76®-77®; ddtfAamide, m.jp. 64®; 
dmdhykmide, m.p. 76®; diethykmiw, mp. 
59®-60®; anUide, m.p. 103®; tne^ylaniUie, 
m.p. 95®; ethylanilide, m.p. 88®; p-tdaidide. 


Wetensch. Amsterdam, 1902, 616; c/. Bee. 
trav. chim. 1884, 3, 7 ; Jaeger, Proc. K. Akad. 
Wetensch. Amsterdam, 1920, 23, 347 ; Remsen 
and Palmer, Amer. Ohem. J. 1886, 8, 241 ; 
Marckwald and von Droste-Ealshofl, Ber. 1898, 
31,3262; 1899,32,561 ; D.R.P. 105870 of 1897); 
propyhmide, m.p. 52® (Marckwald, Ber. 1899, 
32, 3509) ; prop^mbulyhmiitt ifl.p. 69® (M.) ; 
hromodlylamdet m.p. 45®--46® (Rudxiek, Ber. 
1901, 34, 3543) ; benzyJamide, m.p. 116® (Chatta- 
way, Ohem. Trans. 1905, 87, 145) ; 
mdhylamidtt m.p. 95*^ (Eolmes and Idmio, 
Ohem. Soc. Trans. 1925, 127, 1813); ondide, 
mj). 103® (R. and P.); S-iodoandide, m.p^ 128® 
(Uflman, Ann. 1904, 332, 38); 2 ; 4-diiMfirw- 
anilide, m.p. 219®; o-tdaidide, m.p. 108®, on 
nitration yields the O-nitro-o-tobiiaidA, atM| a 
little 3-nitro-o-toluidide and 3:5-dinit^o- 
toluidide, which, on hydioljrBis, wld 5-ttitio- 
o-toluidine, S-nitro-o-tolukUne, ana 3 : 5-diiiilto- 
o-toluidine, respectively; m*(datdtde, m.p, 
114®; p4daidtde, m.p. 117®, on motion 
yields the 3-mtro-p-toluidide ; p-phendtdids, 
imp, 106®-107®; the amides with o-, ai-,and[ 
p-phenylenediaroine melt at 201®-202®r 172® 
and above 250®, respectively; di-p-lolaeiia- 
salpAonhenridide, m.p. 243®, and its dmetkyi* 
derwativet m.p. 235® (Reverdin and Mphnx ; 
Wlllst6tter and Kalb, Ber. 1904, 37, 3761). 
For other derivativee, see Ikeh ind Maxekwild 
(Ber. 1900, 33, 762) ; Eownd and MasckwaMI 
(le.) ; von Meyer (J. pr. Ohem. 1901; 68, 167)*. 
For N-haiogen derivatives of the amidss sis 
Chattaway (Chem. Soc. Trans* 1905, 87, 
145). 

BemMphonic acid; by oxidkaaff bemOl 
disulphim with nitric acid (BarbagBa, Bar* 
1872, 5, 270, 688) ; by boiling benxyl ohlofi^ 
with aqueous potssshim or sodium sulpliite'^ 
(Bdhkr, Ann. 1870, 154, 50; 1883, ttiTztfl; 
Mohr, ibid. 1883, 221, 216; Otto and Udon, 
Ber. 1880, 13, 1286); by heating bewiylmotlvl 
ketone with sulphuric add Jm* 

18^ 19, 2625). Vary hygrosoi^ myitsdi. 
The potaadum salt irihen Imted wilik phfitt 
pentaddorido yidds faeoiQtiidilofido; vMi 
potanhim it ykdda ^jWido 

(BarbagBot v^)» o&d onfBstowMhyitsi^^ 
Bjdfowte it jdslda gyi btntdo aidd’ 





TOLUENJB. 


iftte ; PbA'a, plAtee ; AgA', oystalline scales rhombs (above 50*1, or +4H,0, flat needles 
(Bdhfer, /.c.). (below 50"). ^ ^ 

The o-ehbro-derivatmy obtained by treating CUofidt ; monoclinic prisms, m.p. ^ . 

o-oMorobenzyl chloride with sulphites, forms a Amidt ; long slender needles, melting above 

dinitro-derivative whose calcium salt forms 260" (Komatzki). 

needles. The free acid on heating with ammonia Anilide; minute diamond-shaped prisms, 
at I36"-140® yields a nitroaminohydroxybenzyl m.p. 162® (W. and B.). 
stilphonic acid (Kalle and Co., D. R. P. 141783 Tduene 3 : 4-dw«fpAonic ocid ; from p- 
of 1902).^ tolnidiiie 3>sulphonic acid by converaion into 

Chhride; prisms, m.p. 92°. Decomposes p-thiocresol 3'Sulphonio acid and oxidation of' 
on heating into benzyl chloride and sulphur the latter with potassium permanganate (Klason 
dioxide (Pechmann,Ber. 1873,6,534; Otto and Ber. 1887, 20, 356), or by diazotisation, treat- 
Luders, Ber. 1880, 13, 1286). ment with potassium xanthate, saponification 

Amide; small prisms, m.p. 102" (0. and L.) and oxidation with potassium permanganate 
or 105" (P.). (Wynne and Bruce, Chem. Soc. Trans. 1898, 73, 

(o) Tduene 2 : i-disulphonic acid ; by sul* 751). ■ 


phonation of toluene, toluene-o- or p-sulphonic 
acid (Hakannson, Ber. 1872, 5, 1085 ; Chw'sson 


KjA^+H^O, needles; BaA'^ f 2H<0, prisitos. 
Chloride; scales, m.p. Ill®, or pniunii^tio 


and Berg, tW. 1880, 13, 1170; Onehm and crystals m.p. 70 -SO', from benzene, w)ntaimng 
Po^r, ibid. 1877, 10, 542, 1276; Klason, ibid. Ix^uzcno of cTystallisati(*n, which is lost rapidl^ 
1887, 20,354; Senhofer, Ann. 1872, 164, 126); on exposure to air when the mciting-pohd 
by the action of iodine and potassium iodide rises to 111“" (Klason ; Wynne and Bnicc). 
on potassium toluene disulphinate (Trogcr and Amide; m.p. 235° -2.30 ' (slight decomp.) 
Meine, J. pr. Chem. 1903, (2) 68, 313); by (Klason). 


heating toluene p-sulphoriyl chloride with sui- 


sniall prisms <»r clusters of minute 


phunc acM jFahlberg, Ber. 1879, 12, 1052; plates, m.]). 190'* (W. and B.). 

^er. Chem. J. 1879, 1, 170; 1880, 2, 182); {yors) Tohme^ : ChdM phonic acid; from 
p-toluidino 2-sulphonic acid and o-tolu- o-toluidine 3 : o disuifhonic acid by conversion 
i^e 4-sulphonic acid by the xanthate method into the hydrazine ami treatment" with copper 


Bruce, Chem. 8oc. Trans. 1808, sulphate (Wynne and Bniec, f 'hem. 8oc. Trans. 

A// r XT ir A// tr * iVaA'Wl by 

(iNnJjA -fHjOj'KjA -f II 2 O; BaA'M- HaC, suijihonation of toiiieno ais^iuiuitonic acid (Kla- 
silky needles (W. and B.) or BaA"-f(?)2H2U, son, IW. 18, S6, III, 2HH0; 18 h 7, 20, ;{52); by 
pnsms (H,); i^nA"^-8H8() ; (’uA^'-f-HJljO, treatment of p-iodololuene disulphonie acid 
touMiaed prisma ; Aa^A -f 2 H 2 O (»Serihofer). with sodium amalgam (Lhnpricht and Riebler, 
.Cfttorwfe; or prismatic 1^^188.3,18,2170; Uichter, Ann. 188,% 23<», 

needles, m.p. 56® (W. and B.) or 5r~52® (11.). 326). 

Rmrniflp. ' wIiUa i . . . 


Bromide ; wliite solid, m.p. 78° (Tniger and 


Am^e; prisms, m.p. 18.5M86°. On oxida 


anhydrouR ndcroaconic irale* ; 
BaA"-f 3jHj(), arnallaeales, betNuning anhydrous 
on cxpo.sure to air (W. and B.}. lln* pnaluH 


* . 7 ,v «JIU If./, A hi; imiUUIr'X 


disulphaminobenzoic acid (Fahlberg). 

Anilide ; small prism.s or tuft a of nc<*dJci 
m.p. 187® (W. and B.). 

o-Tduidide; m.p. i70°-171 (T. and M.), 
m-Tduidide; m.p. 138° (T. and M.). 


and m»t the 2 : 6- or 2 ; 3- isoineridc, as he wt» 
led to Ixjlieve from the experiments of Basse 
(.\nn. 1885, 230, 2 m»), whilst the a>mpound 
described by Hans’ is not the 3 ; S-acid. 

Chloride; pale yellow prismatic cmUhi, 


li' • " , Chloride; pale yellow prismatic ctoUIz, 


pho^tion of toluene ; by heating toluene 
fuming sulphuric iwid at 
ioU (Hakannson, f.c.), or toluene m-aulplionic 
acid with sulphuric acid at 180® (Klason, l.c.); 

fivim b —1.1 . ... f * 


Arnide ; ahort pru»m«, m,p. 214® (K.) or 
216 (R.) (Hasw givea m.p. above 23ff). 

Anilide ; thin stJales, rn.p. 153® (W. and B,l, 


M'+i,0; a^-+L). .5 


rhombio 





foixnm. 


it yields p-fAn^futzok m^nide* 
^fiuome^rin^ oolo^fess needles or rhombs, 
m.p. 200^ whidi is tety sireet bni has a some- 
what bitter after-taste (Boode, Amer. CSiem. J, 
1891, 18, 819; Holfeman, Reo* trav. ohlm. 
1906,25,330). _ ^ ...... 

4 >.Chlorotoh>ene on snlphonation yields ohiefiv 
4-o&rotolnen6 3-siil|dionic acid together with 
4-chlorotoluene 2-sttlphonic acid (Wynne, Chem. 
Soc. Trans. 1892, 61, 1082 ; Wynne and Bruce, 
Chem. Soc. Proo. 1896, 11, 162; Vogt and 
Henninger, Ann. Ohim. 1^6, (4) 27, 133; 
Ann. 1873, 165, 362), whilst toluene o-wiJphonic 
acid or its soluble salts when chlorinated in 
cold aqueous solution yields a mixture of 4- 
and 6-chlorotoluene o-sdphonic acids. The 
latter mixture is readily separable owing to the 
much greater insolubiuty of the salts of the 
4-chJoro-acid. Chlorination in more dilute 
solution at a temperature not exceeding 60*^ 
yields a mixture of dichloro' and trichlorotoluene 
o-Bulphonic acids (B. D, C., Green and Herbert, 
Eng. Pat. 170056 of 1920). 

On disulphonation with 20 p.c. fuming 
Bulpliuric acid p-chlorotoluenc ylelos a mixture 
of the 2 : 6- and 2 : 5-disulphomo acids in the 
proportion of about 3 parts of the former to 
I part of the latter, together with some of the 
3 : 5-disulphonic acid. A similar mixture is 
obtained also when 4-chlorotoluene 2‘Su]|)honic 
acid is treated In this manner (Wynne and 
Bnujc, Chem. Soc. Trans. 1898, 73, 768). 

Z-Chlorotdwm o-$ulphonk acid; from w- 
ciilorotoluene and 100 p.c. sulphuric acid. 

NaA'+HjO, monojyinmetric rhombs ; KA', 
monosymmetric rhombs; BaA'j+HjO, small 
nacreous plates (Wynne, Cliem. Soc. Trans. 
1892, 61, 1075), 

Chloride; orthorhombic prisms, ra.p. 53® 
(W.). 

Amide; thin scales, m.p. 182® (W.). 

i-ChlortdolueM ^-aulpkonie ac%d; sulphoua- 
tion of p-chlurotoluone (above) or chlorination of 
tolueim o-sulphonic acid (above); from p- 
toluidine'2-Bulphonic acid by the diaao-reaction 
(Jonsien, Ann, 1874, 172, 239 ; Roode, Amer. 
Chem. J. 1891, 13, 221 ; Wynne Ind Bruce, 
Chem. Soc. Trans. 1898, 73, 761 ; cL Wynne, 
ibid. 1892, 61, 1078). 

NaA'+ iH|0, reotangular scales ; KA', 
aa^dnms prismatic needues (W. and B. ; R.), 
•fH*0 (HilDnar and Majert, Ber. 1873, 6, 703) ; 
BaA\+H|0, microscopic plates (H. and M.}, or 

K naiio a^^ates (W. and B.; Jennsen); 

andM.); PbA>8H,0 (H. 
and ft.) ; OuA^+7H,0 (SL and M.). 

Ckhride ; large four-sided elongated plates, 
m.p.24*(W.aBdB.). ^ ^ 

Amide; slender needles, m.p. 142® (W. and I 
B* ; Hefftw, Ann. 1883, 221, 209, gives m.p. i 
188®). 

; monoeymmeirio plates, m.p. 144® 
(W« and B«). 

with potassium permanganate 
H yMds p-ohJorbbentoie sttljdunlder pearW 
eea^ttLp, 218®, with a sweet taste but bitter 
(R). On hM^ at 180® with 
fu^ sul^ur^^ the flee add 
ym a 118- and 2i6-disiil. 


^lonarion of p-chlorotolueDe (Vogt and fien- 
ninger, l.c.) ; bom p-toluidine S-sfiphoiiio add 
^^d^^^don and^treatment with cuprous 

NaA'+]^0, long needles ^or flat prisms 
(Wynne) ; NaA'-f-5H,0 (Hubner and ftajert, 
le.); KA'-fJHjO (Wynne), KA'+iH|0,laminis, 
KA^-fH|0, rectangular plates or prismatic 
needles ( W. and B.) ; BaA (H. and M.), 

BaA'|4* HjO, thin scales, BaA',-f2HjO, rect- 
angular prisms (W. and B.), BaA 2-f7H|0 
(Engelbrecht, Ber. 1874. 7, 790); OdA'ff 2 H 2 O; 
PbA'j-i-eHjO; CuA'j-flOHjO. When heated 
with 20 p.c. fuming sulphuric acid at 150® it 
yields a mixture of the 2 : 5- and 3 ; 5-disulphoDic 
acids. 

Chloride ; large elongated hexagonal plates, 
m.p. 56® (W. and B.). 

Amidea; spear-shaped crystals, m.p. 156® 
(W. and B.). 

Anilide; small monosymmetric prisms or 
needles, m.p. 188® (W. and B.). 

d’ChlorMnene 2aulphonie acid; non-deli- 
quescent laminae, m.p. about 72®, is obtamed 
from the sulphonyl chloride which is produced 
in a yield of 38*6 p.c., together with other 
isomerides, by chlorinating tolubne o-siilplioi^l 
chloride at 75®-90® in presence of antimony 
pentachloridc. 

NaA'-fHiO, large lamine; BaA'|+H|0, 
small lustrous flakes. 

Chloride ; large thick white prisms or plates, 
softenine at 71®, m.p. 72®. 

Amide; glistening scales, m.p. 180®. On 
oxidation with alkaline permanganate at 96®- 
97® in the presence of carbon dioxide, it yjelds 
•6 -chloro-o- benzoic sulphinide (*6-flldoio-eac* 
charin*), small plates, m.p. 210®-212®. The 
latter product is more than half as sweet m 
saccharin, but has a somewhat astringeut taste 
except in very great dilution (Davies, Chem* 
Soc, Trans. 1921,119,878). 

ti’Chlorotolume d^etdphonie acid; from 0 - 
chlorotolucnc and fuming sulphuric ac^ (HflbnM 
and Majert, l.c.; Wynne, Chem. Soc. Tmoi. 
1892, 61, 1073); from o-tolni^ne fl-snlphonio 
acid by the diaxo-ioaotion (Wynne, f.e., 1040). 
It crystallises with |H|0. 

KH.A'+H,0; N»A'+iB,0. thin pintn; 
KA'+IHLO, laige quadratic tables or scales; 
(^A' 2 + 2 H, 0 ; BsA',-f 2 H 20 , leaflets or hmg 
thin prisms; HA'|-f2H,0; CuA',-f |B[/). 

The ptassium salt on svflplumami with 
20 p.c. {uming .sulphuric acid at 150^ 3fldda 
o-chWtoluene 3 : 5-disulphoiiio aeid, wiuell la 
also produced by snlphonathig o-ohliuotoiBatni 
under similar oouditkma. 

Chloride; long, pearly prism% m.p, 60® or 
65®. ’ 

I • Bromide ; thin flat misms, sup. 67*6®* 

Amide ; thin glistemng Boalea, m.p. 136®^ 

Anilide; thin irreguni; aoalsa or mgfieMe 
plates, m.p. 92® (Wynne, (. 0 .; Wynnoviad 
Bruce, Chem. Soc. Tnm. 1868, 73, TtIK 
2*Chlonioliiene i-nMonic aeid; Urn 0 - 
toluidine i-snliiliomo amd by diaaotiaiitta and 
treatment Ositn enwous chbrido (WfmNi end 
Bruoe, Cham. 800 . Tiitti. 1696, 76, W)| % 


m 


TOLUENK. 


small BoaleB ; BaA'i+H|0, thin scales (W. and 
B.}» anhydions (P.) ; CaA'i, glistening rhombic 
leimts (P.). 

ChloriM; long maesiye prisms, m.p. 37^ 
l>*p» l78®/36 mm. (W. and B. ; Davies, Chem. 
800 . Tians. 1921, 119, 860). 

Amide ; in the usual manner (W. and B.) or 
by treating the sulphonamide of diazoamino- 
toluene vdih hydrochloric acid (P. ). Long slender 
needles, imp. 137^ (Davies). 

Amlide; rhomb-shaped plates, m.p. 96° 
(W.andB.). 

On Bulphonation with 35 p.c. fuming 
sulphuric acid at 150° potassium o-chloro- 
toluene 4-sulphonate yields a mixture of the 
4 : 5- and 4 : 6 -disulphonic acids (W. and B.). 

^i^DtchkrMtiene sulpkmic acid; 2 : 3 - 
diohlorotoluene is stated by Wynne and Greeves 
(ObenL Soc. Proc. 1895, 11, 151) and Wynne 
(Ghem. Soc. Trans. 1892, 61, 1045) to yield two 
sulphonic acids on sulphonation, which are sepa- 
xatra by their barium salts. The acid from the 
less toluble barium salt yields a ^cry soluble 
chloride, radiatinc needles, m.p. 45°, and an 
amide, m.p. 221 , whilst that from the more 
soluble barium salt is the 5-mlphonic acid, and 
yields a chloride, prisms, m.p. 85°, amide, m.p. 
183°. CSohen and Dakin (Chem. Soc. Trans. 
1901, 79, 1129) could only isolate one sulphonic 
acid, forming the sulphonamide, m.p. 222 °. 

NaA'-fHjO, large pearly leaflets; CaA'j 
-fHjO, leaflets; BaA'j-fHjjO, leaflets (Seclig, 
Ann. 1887, 237, 159). 

2 : 4fl}%chlorotolueite 5'8tUphonic acid ; by 
sulphonation of 2 : 4-dichlorotoluene. 

NaA'-flJHaO, long thin needles; CaA'j 
+ 3 H 2 O, long thin needles ; BaA'j-f 2 or 4 H 2 O 
(Seelig ; Wynne and Greeves, Chem. Soc. Proc. 
1895, 11, 151 ; Cohen and Dakin), 

Chloride; elongated scales or hard prisms, 
m.p, 71° (W. and G. ; C. and D.); amide, 
m.p. 176°-177° (W. and G. ; C, & D.). 

2\b‘Dkhlorotdmne p-aulphonic acid ; (see 
2 : 3 ; 6 -trichlorotoluene p-sulpbonic acidji by 
chlorination of toluene p-sulphonic acid (B. D. C., 
Green and Clibbens, Eng. Pat. 169025 of 1920). 
Chloride is formed together with 2 : G-dichloro- 
tohiene p-sulphonyl chloride by chlorination of 
2^ohlorotolaene p-sulphonyl chloride (Davies, 
Chem. Soc. Trans. 1921, 119, 874). 

2 : S^Dichlon^ttene sidphonic acid ; by 
solj^onation of 2 : 5-dichlorotoluene. 

ICA', long needles which break up into a 
oiy^ine powder ; NaA'-j- long slender 
no^es; BaA'a*fHgO, diamond-shaped plates 
and large prismatic needles (Wynne, U.). 

Chloride ; brownish coloured tables, m.p. 43 ° 
(W.) or colourless plates, m.p. 46° (C. and D.). 

iong thin flat needles, m.p. 191°~ 

^ /Sc* 

237, lo9). 

j p-eulphonicacid ; colour- 


fan-like needles; 
BaA i+oHjO, mmute silky needles. 

Chloride; by chlorinating at 65°-70° a 
fused mm of 2.chloro.p-toluone sulahonyl ohlor- 
ide^ | hops until the necessary increase in 
weigW has attained. Large flat plates, 
^ aabsfance, hair-luce colourless 


Amide; scales, ifl.p. 191° (Davies, Cheau 
Soc. Trans. 1921, 119, 871). 

2 ; Q-DkhlorMuene eidpfmic acid ; by sal* 
phonation of 2 : 6 -dibhlorotolaene. 

Chloride ; prismatic needles, m.p. 60°. 

Amide; m.p. 204° (Wyrme and Greeves, 
2.C. ; c/. Cohen and Dakin, f.c.). 

3 : 4i‘DichlorMuene aphonic add ; from 
3 : 4-dichlorotoluone and 6 p.c. fuming sulphuric 
acid. 

KA', long thin prismatic needles; NaA', 
long slender brittle needles; BaA'j-f2(?)HjO, 
long slender needles. 

Chloride ; long monosymmetric prisms, 
m.p. 82°. 

Amide ; elongated prisms, m.p. 189° (Wyrme, 
Chem. Soc. Trans. 1892, 61, 1060) or 190°-191° 
(Cohen and Dakin, Ic.), 

Zih-Dichhrotol'oene tndphonic acid; by 
sulphonation of 3 : 5 -dichlorotoluene. 

Chloride ; thick prisms, m.p. 45°. 

Amide ; needles, m.p. 168°-169° (Wynne and 
Greeves ; Cohen and Dakin). 

2-Chlorotolmne 3 : o dMphonic acid ; by 
sulphonating 2-chlorotolueiie 5-8ulphonic acid 
and from o-toluidine 3 1 5 -disulpbonio acid by 
the diazo-reaelion. Very small needles. 

K 2 A''- 1 - 2 JH 20 , massive irregular crystals, 
or -{- 2 H 2 O. small luicdles ; BaA''-f 4iH,0, 
minute needles. 

Chloride ; short slender ne(*dleK, m.p. 85°. 

Anilide; small elongated flat prisms, m.p. 
183° (Wvnne and Bruce, Chem. Soc. IVans. 
1898, 73, ‘759). 

2-ChlorMtiene 4 : hAMphonic add ; by 
sulpiionation of potassium o-cblorotoluene*4- 
sulphonate and from o-toluidine 4 : 5-disulphonic 
acid by the diazo-reaction. 

KjA'^-flljO, long prismatic needles; BaA" 
•f 21120 , small rectangular prisms (W. and B.). 

Chloride ; plates or monosymmetric prisms, 
m.p. 158°. 

Anilide ; small prisms, m.p. 183° (W. and B.). 
2-Chlorvlolmne 4 : Q-dievI phonic add ; from 
2-chlorotoluene 4-8ulphoriic acid and 35 p.c, 
fuming sulphuric acid at 150° . 

K 3 A"+ 2 H 20 , large prisms; BaA"+ 6 H| 0 , 
microscopic prism.s; BaA'*’K|A"‘|- 3 H, 0 , very 
small needles. 

Chloride; octahedral prisms or four-tided 
plates, m.p. 88 °. 



K 2 A"+ 2 H 20 , small scales; BaA''-fH.O. 
minute prisms. 

CfUor^ ; very small prisms, imp. 144°. 

Anilide; small diamond-shaped scale# or 
large pfrisms, m.p, 245° (W. and E), 

^•Chlorotoluene 2i(i>duntlphom add; hy 
sulphonation of i-chlorotoluene 2-sdphoiiic am 
with 20 p.c. fuming sulphuric acid at 180° 

K,A;, anhydrous scales; BaA'*-f-3iH,0* 
small prisms. * • • 

CMcride ; large prisms or large palewydlow 
monosymmetric plates, m.p. 108°, ^ 

*"*‘*®”* 

i’ChlorMam ZiMkvUhak add- hviiii 

KtA^+OHjO, tlifii 


inUJEMSI. 
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iMoostfikti^Rbwl on oijporan to ate; 
B*A"+8a,0,prf«»» X. . 

OMorUt! imtSl maom^^mtm ptoma 
from beaiMW, oontaiiMiig. }C^ wUelt u lost 

»p^ at i«V 

Both fonns loelt at 11“ with previoiii softening 
(WTime and Braoe, Ohem. Soo. Trans. 1898, 73, 
bVPope, Z. f. Kiists. 1900, 3>, 128). 

2 { 3 : 4 -Tf«eAZo^t’h’Hts»e; when shaken with 


(Seelig, Ann. 1887, 287, 136). ^ 

2:3: ^-TrkMoroklM'M i-tvlphonic aad ; ob> 
tained together with the 2 : 5-dichloro-iBomeTide 
by neutrcdising 680 grams of toluene p-sulphonic 
acid with somum hydroxide dissolved in sufiS- 
oient water to make about 11 litres and 
chlorinating until 10 c.c. of the solution have 
acquired an acidity equivalent to 5*5 c.c. of 
N^alkali. Nearly the whole of the sodium 
trichlorosulphonate crystallises, and thedichloro- 
snlphonate is recovered practically pw by 
evaporating the mother-liquor (B. D. C., 
Qreen and CUbbens, Eng. Pat. 169025 of li)2(»). 

3 : 4 ;fi-Tr%chlor(ioluene eulphonk acid ; NaA' 
-fJHjO, needles; KA', scales; BaA'j-f-H|0, 
scabs. 

CMoride; short needles, m.p. 88® (Wynne, 
Chem. Soc. Trans. 1892, 61, 1069). 

2‘Br€fmtohiem ^tvlphonic acid; from 
toluidine 4-8uIphonio acid by the diazo-roaclion 
(Hayduck, Ann. 1874, 172, 205) ; together with 
n-bromotoluene and ^-bromobenzyl bromide 
oy brominating potassium toluene p-sulphonate 
(Miller, (Them. Soc. Trans. 1892, 61, 1027). 

KA', white plates (M.); BaA'3+2H,0, 
plates (M.) or microscopic tables (H.) ; 

PbA',+2iH,0 (H.). 

ChloruU; m.p. 54® (H.). 

Amide; microscopic prisms, m.p. 151® (H.). 

^•Brmotolitene 5-evlph<mic acid; from o- 
bromotoluene by sulphonation (MiUer, Cliem. 
Soo. Trans. 1892, 61, 1029 ; Hubner and Post, 
Ann. 1873, 169, 31 ; c/. Dmochowsky, Bor. 1872, 
5, 333) ; from brominated p-tojuidine 3- 
sulpbottio acid by elimination of the amino- 
group (Peohmanh, Ann. 1874, 173, 212) ; from 
o-toluioine by sulphonation and replacement of 
the amlno«gioup by bromine (Paget, Ann. 1875, 
176, 234; Nevile and Winther, Chem. Soo. 
Trans. 1880, 37, 628; Ber. 1880, 13, 1943; 
Wynne, Chem. Soc. Trans. 1892, 61, 1041 ; c/. 
Genrer, Ann. 1873, 169, 384). 

KaA^+iH|0, striated prisms ; KA'+4H|0 ; 
BaA'|-f2HgO,rhomboidal tables; PbA'g+2HaO 
(H.andP.)or3HgO(P.), 

Chloride; elongated flat prisms, m.p. 61* 
(W.),fi6*(N.andW.l,63®(P.). 

JBrmide; glistening scales, m.p. 63*5® (W.). 

Amide, needles, m.p, 147* (W. ; N. and W.) 
or 135* (P.). 

2'Bmaiohim d^eulphonie acid; in small 
yid(L together with S-bromotohiene 5^tilphoni0' 
add 1^ nilphooatiiig o-bromotolaene. The two 
adds are separated by means of their barium 
aahs, wImui the bidam salt of the Somld 
orynUfUmilm, 

BaA\^H||0,mia!iteSQalea(]li^ 

. to m^hlewi^ (Am* 1873, ir 


sulphuric add ^elds three sulphonic adds of 
which the a*add is form^ in greatest quantity. 
Separation is effected by means of their barium 

Giete (Ber. 1874, 7, 795; 1875, 8, 666; 

Ann. 1875, 177, 233) onlv obtained one add 
corresponding to the a-acid of Wroblewsky. 

a*2cuf or 3>bromotoluene 2-8ulphonio add; 
BaA'g-hHgO; CaA'*+2HgO; 8rA',+H,0; 
MgA^g+6H,0; PbA'g-f-SHgO ; CuA',+4H,0. 

B’Acid or S-bromotoluene 6-8ulphonic a(^; 

KA'; CaA'g+2iH,0; BaA',-i- 1*5*0; PbA', 

-{-3HgO. 

y-Acid; formed in smaUeet quantity; 
BaA',-i-2iH,0. 

o-evlphonic acid; by bromi- 
nation of p-toluidme 2-sulphonic acid, followed 
by elimination of the amino-group (Weekwarth, 

Ann. 1874, 172, 191). 

NaA'-{-iH*0, scales or nodules; KA'-fH,0, 
yeUow rhombic plates ; SrA't+2*H|0, yellow 
needles; BaA'*+ 2 )H 20 , scales or plates; 
PbA'j+SJHjO, grouped prisms ; PbA'|+ 5H,0, 
yellow prisms; CuA',-f*H,0;* yellowish-green 
plates or thick prisms. 

Chlmde; liquid, solidifying in a beezing 
mixture. 

Amide; thick yellow needles from chloro- 
form, m.p. 162®-165®. 

This acid appears to be identical with 
Wroblewsky's ^-acid, although some of the salts 
differ in the content of water of crystallisation. 

Z^BroTnokiuene b-ndphom acid; from 3- 
bromo-o-toluidine 5-8ulphonic add or 5-bromo- 
p-toluidine 3-8ulphonic add by eiumnation of 
tho amino-group (Nevile and Winther, Cheni^ 

Soc. Trans. 1880, 4), 420 ; Ber. 1880, 13, 1944). 

Chloride ; m.p. 52® (N. and W.). 

Amide ; m.p. 138®-139® (N. and W.). 

Bromotciuene evlplumie arid ; from toluene 
by sulphonation, nitration, reduction and xe- 
placement of the amino-group by bromine 
(Weekwarth, Ann. 1874, 172, 193; Hayduck, 
ibid. 1875, 177, 57). BaA'* f HgO. 

Chloride ; oil, solidifying on cooling. 

Amide ; nodules, which do not melt at 230*. 

h-Bromriolwne 2-ealphonic arid ; chief pro- 
duct, together with the 3-add by sdjdionating 
p-bromotoluene (Hubner mid Post, Ann. 1873, 

169, 6 ; Zeit. f. Chem. 1871, (2) 7, 618 ; Hiiler, 

Ohem. Soc. Trans. 1892,61, 10^)frrap-toluxdiiie 
2-su1phonic acid by the diaso-ieaotion (Jeuseexi, 

Ann. 1874, 172, 237). Free add, lat«» jhaM 
Oxidised by ebromio add mixture to p-oromo- 
Bulphobensoic acid and reduced to tohuua o- 
snlphooio acid by sodium amidgam. * 

NaA'4-H|0; KA^-{-H,0, soaleB (Roode, 

Amer. Chem. J. 1891, 13. 228); KA'+iHgO 
(MUler); MgA\-f 8*H,Om ; CaA%+f 
rhombic needtM; SrA'.-fHgO; BaA' 

BaA%-f2H*0 (ML); PbA^+3HgO. 

PbA' +2H,0 (M.) ; CaA%4*7H*0. 

Chloride ; plates, m.p. 35^ (H. and 1^ 

Amide; loM fine needtos, BLp. i66**-l67* 
(H.andP.). WhenomdiscdirithpsinaBgaa^ ; 
it yields p-bromobenxoio tolphiimls, wuMi ia , 
somewhat sweet with a Uttar afke^talte (B.). 

d-BroffttohisiM arid; (maAoiv);. . : t.; 

by iuliphoaatio& of p-bronotolaeiiei frwm 
tohddine 3-eolphoiiio add by npmte 




muwE. * 


169, 7 1 Bftdixaftnn, ibid. 1874, 173, 208s Nevile 
and Winiher, CSvem, Soc. Traps. 1880, 37, 631). i 
hminm +H|0, itt.p. 105M10^ (P.). (hdda- 
tion with ehromio add xQizture yidds p-bromo- 
bensoio-m-BulphoiuG add. 

BaA'2+7H20, long rhombic needles; Sr A'. 
+7HgO; PbA'j+SHjO. 

Chloride; oil, solidifying on keeping, m.p. 


“(P.; N.andW.). 

Amide; long needles, m.p. 151M52^ (H. 
and P.). 

2-Brcm(Muene 3 : b-disidphonic acid ; from 
O'toluidine 3 : 5-disuIphonic acid by the Sand> 
meyer reaction (Wynne and Bruce, Cliem. Soc. 
Trans. 1898, 73, 749; Hasse, Ann. 1885, 230, 
295). 

kjA^'+HjO, small needles; BaA"*f4H20, 
short slender needles (W. and B.). 

CMoride ; white needles, m.p. 102°. 

Anilide; small square prisms or irregular 
needles, m.p. 194° (W. and B. ; the products 
obtained by Hasse were impure). 

A-BremMuene disvlphonic acid ; by passing 
sulphur trioxide into a mixture of «-bromo- 
toluene and sulphuric acid (Kornatzki, Ann. 
1883, 221, 192). Very deliquescent crystals. 
On boiling with nitric acid it yields dibromu- 
nitrotoluene disulphonic acid, nitrotoluene di- 
sulphonic acid, and disulphobromo benzoic 
acid. 

KjA'^-j-HjO, fine needles or large rhombic 
prisms; BaA'^-f^HjO, thick prisms or fine 
needles or plates; PbA^H-SHgO, glistening 
needles. 

Chloride ; large rhombic plates, m.p. 99° (K.). 

Amide ; irregular crystals, m.p. above 260° 

(K.). 

P’Bromolduene dmdpJionic acid; from p- 
toluidine disulphonic acid by replacement of the 
aminO'gioup by bromine (Limpricht, Ber. 1885, 
18, 2179; Eichter, Ann. 1885, 230, 324). 
Crystalline mass. 

KjA"-fH20, silky felted needles; BaA" 
+6H2O, silky needles. 

CMoride; prisms, m.p. 133° (K.). 

Amide ; long prisms, m.p. above 240°. 

2 • hlHbromotoluene 5-sulpho7iic arid ; from 
2-hiomotoluene 5-sulphonic acid by nitration 
and replacement of the nitro group by bromine 
(Sohifer, Am, 1874, 174, 365). Syrup. 

NaA'+2H*0; BaA'2+2iH20 (S.). 

bi^*Dibrmolduene Z-evlphmic acid; from 
3^foromo*o-toluidine 5-sulphonic acid by the 
Sandmeyer reaction (Wynne, Chem. Soc. Trans. 
1892, 61, 1038). 

^aA'+HjO, long flat needles ; KA', long 
needles ; BaA'2+3iH20, long thin needles. 

CMoride; sS^lfour-sided prisms or needles, 
m.p. 83° (W.). 

# Bfmm ; needles, m.p. 97° (W.). 

: Aspriiei small prisms, m.p. 214° (W.). 
%tiib^Trihrom(Mnem i-stdphonic acid; 
e-tdMdine p-sulphonic acid by dibromina- 
tioii ax^ xe^acement of the amino-group by 
IffBinine (Hi^duck, Ann. 1874, 174, 354) ; or 
igom 3;fi-dihromo-o-toluidine 4-sulphonic acid 
, W n^acement of the amino-group by bromine 
i0§m emi Immd, Ann. 1891, 265,^7). Free 
netdied^Moent. 

J ^^ ^te ne^; BaA'j-f iPaO, white 


Amide ; ammphoqs powder, charring w^iE 
melting when heated. 

2-(or ^yNitretohme Z-evlphome acid ; itom . 
p-tolddine m-sulphpnic aoid by nitration, re- 
duction and elimination of the amino-group 
(Pechmann, Aim. 1874, 173, 214). 

BaA'2+2H20, plates. 

Ohloridef m.p. 58*5° (Foth, Ann. 1885, 230, 
308). 

Amide ; m.p. 163 ‘5° (F.). 

2’Nitr(kolvene i-sulphmk arid; together 
with other products by nitrating o-nitrotohiene 
p-sulphonamide (Reverdin and 04pieux, Ber. 
1901, 34, 2992) ; by sulphonating o-nitrotoluene . 
or nitrating toluene p-sulphonic acid (Beilstein 
and Kuhlberg,.Ann. 1871, 155, 18; Engelhardt 
and Bek, &it. f. Chem. 1869, (2) 5, 209; 
Komatzki, Ann. 1883, 221, 180). ^ 

BaA'2-f*2H30, scales; PbA'2-f2H20. Onf 
electrolysis in sulphuric acid solution it yields | 
6-ammo-3*cresol 4‘Sulphonic acid (Gattennann, \ 
Ber. 1894, 27, 1938). ' \ 

Chloride^ by nitration of toluene p-sulphonyl ] 
chloride. M.p. 45° (van Romburgh, Proc, K. 
Akad. Wetensch. Amsterdam, 1902, 616; cf, 
Otto and Griiber, Ann. 1868, 145, 23) or 36° 
(Reverdin and Cr6pieux). A suspension in 
alcoholic sulphuric acid is readily r^uced at a 
lead electrode below 20°. The product is 2- 
aminotolyl-4-mercaptan sulphate which readily 
changes to the sulphate of 2-aminotolyl-4-di8ul- 
phide on keeping in a loosely closed vessel 
(Fichter and Bernouilli, Ber. 1909, 42, 4308). 

Amide; four-sided rhombic columns, m.p. 
128° (0. and G.), 139° (K.), 144° (Reverdin and 
Cr6pieux, Ber. 1901, 34, 2992, 2996; Neale, 
Ann. 1880, 203, 73). When heated with fuming 
nitric acid two mononitrotoluene sulphonic acids, 
of which one is 2'nitrotoluene 4-sufphonic acid, 
and a dinitrotoluene sulphonic acid are obtained 
(Reverdin and Ckepieux, l.c,). 

For the preparation and properties of the 
anilide^ p-tduididef 2 : 4t~dmitroanilidef a- and 
B-naphiMidc, the diamide of 0-, m-, and p- 
phenylenediamine ; and also the esters of pkenol, 

0-, m-, and p-creso/, p-nitropheml, resorcinol and 
nitroresorcMt &c., see Reverdin and Cr4pieux 
(Ber. 1901, 34, 2992, 2996; 1902, 35, 314, 1439; 
Bull. Soc. chim. 1901, (3)25, 1044; 1902,(3)27, 
745). For the N Mogen derivative of the amides , 
see Ohattaway (Chem. Soc. Trans. 1906, 87, 145). 

2-Nitrotoluene b-stUphonic acid; by heating 
the diazo-compound of 2-nitrD-p-tolui(Bne ^ 
sulphonic acid with absolute alcohol at 100° 
(Foth, Ann. 1885, 230, 305). 

KA', reddish-yellow thick prisms ; barium and 
lead salts, readily soluble in water and alcohol* 

Chloride ; thick prisms, m.p. 60° (F.). 

Amide ; long glistening needles, m.p. 133*5° 

(¥,), 

m-Nitrotoluene svlphonk arid ; by sulphon- 
ating 9»-nitrotoluene (Beilstein and Kuhlbm, 
Ann. 1870, 156, 27). 

BaA'j-f 2H2O, nodules ; PbA'i+^iHgO, 
small granules. 

von Fagel (Ann. 1875, 176, 304) has described 
a nitrotoluene sulphonic acid obtamed by nittatsng ^ 
p-toluidino o-sulphonic acid and elimhwHng the 
amino-group. 

BaA'i+2|H|0, tufts of red needles. 

4^Niir^Mene2^eulphankaeid; bjrntading 
toluene o-0ul|hoBk eiM or by iulpK)^^^ ^ 




w 


l Cbm* 1, 
BMein aM HjtbJtffeg, Jenss^ 
Ami' Wif 172, 230; Bmt ftod Besmen, Ber* 
1877, 10 , 1046; Alto. J. 1879, 1 , 349; 
Bdhwanert, Ann. 1877, 186, SSl ; Ber. 1877, 10 , 
29; Noyes, Amer. Ohem. J. 1886, 8 , 168; 
Hansser, Bull. Soo. clitoi. 1890, (3) 3, 797) ; by 
sul| 9 i 0 nating jp^cymene to its o-sulphonio acid 
and treating the sulphonation mixture at 40'’-60‘’ 
with nitric and sulphuric acids (Hintikka, Eng. 
Pat. 123648 of 1918; Can. Pat. 200291; c/. 
OssAeyhUo, D. B. P. 327051 of 1918). Prisms 
or rhombic tables 4 ‘ 2 iH| 0 , or prisms +aq., 
m.p. 133*5^^ (Hintikka, ^n. Acad. Sci. Fennicae, 
1917 (A), 10, 1). 

For the action of sodium Iwdroxide, see 
Fischer and Hepp, Ber. 1893, 26, 2^3 ; 1895, 28, 
2281 ; Bender, ibid, 1895, 28, 422 ; Green and 
Wahl, m. 1897, .30, 3099 ; Kalle & Ck)., D. R. P. 
79241 of 1892 ; Cassella & Co., D. R. P. 75369 
of 1893 ; Leonhardt & Co., D. R. PP. 96107 of 
1893, 46252 of 1888, and 38735 of 1886; for 
tke action of zinc and sodium hydroxide, see 
Noale, Ann. 1880, 203, 80; Komatzki, Ann. 
1883, 221, 182; Bender and Schultz, Ber. 1886, 
10, 3235; for the action of sodium hypochlorite, 
see His and Simon, Ber. 1897, 30, 2618 ; 1898, 
31, 354; Geigy & Co., Fr. Pat. 269466 ; D. R. P. 
98760 of 1897 ; Green and Wahl, Ber. 1897, 30, 
3097; 1898, 31, 1078; Levinstein, D. R. P. 
106961 of 1897; Green, Chem. Soc. Trans. 1904, 
^5, 1424 ; for dye formation by condensation 
with p-dlamines in presence of alkalis, see 
Geigy & Co„ Eng. Pat. 15671 of 1890; U.S. 
Pat. 455952; Fr. Pat. 208626; 1). R. PP. 
59290 of 1890, 75326 of 1893. 

NH 4 A', long prisms not decomposed by 
ulphuric acid at 100 ‘^; NaA'+^HjO, prisms 
Hansser); KA' (Noyes); CaA'a-f-HgO 
Bchwanert), or + 4 H 2 O, needles (H. and R.), or 
(f-OHjO (Hart); BaA'a+SHjO (Jaworsky); 
^bA'a+SHjO, needles (Beilstein and Kuhlbeig), 
ir 4-2HjO (Schwanert). 

^ Chloride ; rhombic tables, m.p. 43°-44-5®. 

Amide; long needles, m.p. 186°. With 
termanganate it is oxidised to anhydro-p-nitro- 
hsulphaminobenzoic acid (Noyes). 

o*Nitrobe7tzyl atdphonic acid; by Ifoiling o- 
Itrobenzyl chloride with sodium sulphite 
elution (Eug. Fischer, Fr. Pat. 193686; D.R. P. 
8722 of 1888; Marckwald and Frahne, Ber. 
898, 31, 1866). Very hygroscopic crystals. 

E NaA'+HjO, silver-white scales ; BaA'a 
[f3HjO ; AgA'-fHjO, needles. 

I m-NUrohenzyl sulphonic acid ; from m-nitro- 
inzyl chloride and sodium sulphite (Purgotti 
id Monti, Gazz. chim. ital. 1900, 30, ii. 247), 
'bite crystals +H80, m.p. 74°. 

NaA'+H*0, needles ; BaA'a+SHjO ; PbA' , 
>^ 68 ; AgA^ leaflets. * 

Chkride; m.p. 100 °. 

Amide ; m.p. about 159° (decomp,). 

M^hyl ester ; m.p. 77 °. 
p‘NiWo 6 e?wyf sidpAonic acid ; from p-nitro- 
luzyl chloride and alkali sulphites (Dahl & Co., 

, R. P. 56138 of 1889 ; Purgotti and Monti, 

) ; by ni&ation of barium benzyl sulphonic 
^ (BdhlOT, Ann. 1870, 164, 65). A Uttle 
id is fonned also (Mohr, ibid, 1883, 221, 
^)* If the emde mixthie is oxidised with 
uae jpotasslnm tomaoganate p-nitrobenzeuo j 


The folfloviiig salts aie described by B 6 I 1 W, 
and are nzoba% those of p-nitroben^yl sid- 
phonic aouL 

BaA'«+ 2 H| 0 , needles; PbA'a-fSH^O, 
needles ; PbOHA^ crystals. 

Chloride; oil. 

Amide ; prisms, m.p. 204° (Mohr). 

Nitrotoluene acid ; together with 

other acids by boiung p-bromotoluene disul* 
phonic acid with fuming nitric acid (Komatzki, 
Ann. 1883, 221, 198). 

K^A^ fine needles. 

The same acid (?) is obtuned by wanning 
toluene disulphonic acid, obtained from p-bromo- 
toluene disulphonic acid and sodium amalgam, 
with nitric acid for 2 hours (Kornatzki, l.c., 201). 

K 2 A'', fine needles; BaA^'+3H|0, small 
needles. 

2 : 6 -Dtmfrotofuene ^-shlphoim acid; by 
nitration of toluene p-sulphonic acid (BeUstein 
and Kuhlberg, Ann. 1870, 155, 21 ; Schwanert, 
Ann. 1877, 186, 342; Ber. 1877, 10, 28; c/. 
Marckwald, Ann. 1893, 274, 349); in almost 
theoretical yield by nitrating toluene p-sul- 
phonyl chloride with fuming nitric and concen- 
trated sulphuric acids (Roverdin and Cr4pieux, 
Ber. 1901, 34, 2992 ; Bull. Soc. chim. 1901, (3) 
25, 1043). 

Pale yellow flat rhombic prisms •f 2 H 20 , 
m.p. 165° (anhydrous) (Schwanert). 

NH4A', flat rhombic prisms ; KA'; 
CaA' 2 -l- 2 H 20 , needles or scales; BaA' 2 -j- 4 H 20 , 
prisms; PbA' 2 + 2 H 20 , clumps of needles; 
PbA' 2 -h 3HgO, w.min» (Schwanert). 

Chloride; rhombic needles, m.p. 125° (S.). 

Amide ; white needles or laminm, m.p. 203° 

(S.)‘ 

Dinitrohenzyl svlpJwnic acid; by wanning 
nitrobenzyl sulphonic acid with nitric and sub 
phuric acids (Mohr, Ann. 1883, 221, 225). 

KA', yellow leaflets ; BaA' 2 + 4 H| 0 , yellow- 
ish nodvdes ; PbA' 2 + 4 H 20 , yellow crystals. 

Chloronitrotoluene sulphonic acid ; from 
liquid (a)>chloronitrotoluene and fuming sul- 
phuric acid (Wroblewsky, Ann. 1873, 168, 204). 

BaA' 2 + 4 H 20 , needles, 

b’-ChhroA’nitrotoluene 2-8tdphonic add; by 
successive sulphonation and nitration of m- 
chlorotoluene. 

BaA'j-f 2 H 20 , yellowish-brown plates or 
needles (Schraube and Romig, Ber. 1893, 26, 
579). 

6 Chloro - 4 - nitrotoluene 2 - sulphonic acid ; 
jhtly hygroscopic, colourless flattened needles 
(Davies, Chem. I^c. Trans. 1921, 119,881,885). 

NaA'-f HgO, plates ; BaA',+H|0, ne^les« 

Chloride; formed in about 60 p.c. yield 
together with about 40 p.c. of 6-chlQm-3-iutro* 
toluene o-sulphouyl chloride by nitiatiiig 6- 
chlorotoluene o-sulphonyl chloride at 20^-30° 

Amide; minute needles, m.p. 161^ A red 
colour is formed by boiling for a few minnti 
with ammonia solution (D.). 

6-Gh2oro-3-nitfio<oltiene o-sxiphontp add {m 
above). Very deliquescent miorosoopio prisms. 

NaA'+3i or 4H,0, needles ; BaA/*f 7H|0, 
small needlesjsdeoomposing at about 140°. 

Chloride ; long cmourlSas needkB, in,p. 60°. 
When boiled with sodium hydroxide we sul- 
phonyl group is leidaoed by hy~ 
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TOLUENE. * 


2-OjU(^-5*»iln)eo{tfe»e p-iulpkonk acid; 
nnall no&<^]iqiiei9oent eeyAak which after 
drying at 120“ at 123M28“ (Dayiee). 

Nw+2H«0, pale yellow or oolonrleM 
needles; BaA'|‘f2H|0, colourless scales. 

CUo/tidt ; formed together with 2-chloro-6- 
nitrotoluene p-sulphonyl chloride, by nadual 
addition of 2>chlorotoluene p-sulphonyl diloride 
with stining to a cold mixture of nitric add 
(D 1*6) and sulphuric acid. 

Large colourless prisms, m.p. 99*2“ (B.). 

Amide, small neemes, m.p. 181“ (B.). 

2-‘CMoro-^'‘nitr(Muem y-sidphmic acid {see 
above) ; deliquescent plates. 

NaA'i colourless microscopic plates; KA', 
colourless laminffi; BaA's+SH^O, colourless 
leaflets (Bavies). 

Chlmde; long colourless needles, m.p. 70' 
(B.). 

Amide ; needles or scales, m.p. 182“ (B.). 

o-BmmnUrMuem m-stdjdioiik acid; by 
nitration of barium>o-bromotolucne sulphonate 
(Muller, Ann. 1873, 169, 42 ; Pagel, ibid, 1876, 
176, 299). 

Free acid is crystalline and very deliquescent. 

NaA'+HjO; KA'; BaA'a+HiO. small 
needles or nodules; PbA'2-}-2H30, microscopic 
crystals. 

O'BromonitrMuerie ]^-8idphonic acid; by 
nitration of barium o-bromotoluene-p-sul])honate 
with nitric acid (B 1*5) (Hayduck, Ann. 1874, 
174, 347); from o-toluidine p-sulphonic acid by 
nitration and replacement of the amino-gioup by 
bromine (Hayduck, ibid, 1 874, 1 72, 2 1 9). Micro- 
scopic needles. 

BaA'j+SHjO, needles. 

• Chlonde ; crystals which do not melt at 220“. 

^ Amide ; does not melt at 200“. 

m-Bromonitrotoluene o-svlphonk acid; by 
nitration of barium (jS) m-bromotoluene o-sul- 
phonate (Wroblewsky, Ann. 1873, 168, 169). 

CaA,'+4JH30, largo prismatic crystals ; 
BaA'j-f3iHjO, needles; PbAj'+SHjO, pris- 
matic crystals. 

m-BromoniirMuene O’Sulphonic acid; by 
nitration of m-bromotoluene o-sulphonic acid 
(Weckwarth, Ann. 1874, 172, 200). 

NaA', yellow granules ; C'aA',*f 5HjO, 
pale yellow prisms; BaA'^rSiH^O, yellow 
needles. 

NUrO‘pd)rmotoluene o-stdpfmic acid; by 
nitrating p-bromotolucne o-suiphonic acid (HiIh. 
selbarth, Ann. 1873, 169, 22). Deliquescent 
laminsB. 

BaA',4-2H,0 ; SrA',+7H30 ; PbA' -f 3H-0 ; 

AgA'. 

Nitro-p-bromoiolvene m-salpkonic acid; by 
nilTOting barium p-bromotoluene m -sulphonate 
(Hasselbarth, l,e.). Small deliquescent needles. 
BaA',-f6H,OorHaO; SrA'3-f5H,0; 
PbA',-f2iH,0. 

DibrimonitrMuem sulphonic acid ; to- 
gether with other acids by boiling p-bromo- 
tmoene disulphonic acid with liilric acid 
(Komataki, Ann. 1883, 221, 197). 

KA'+H,0, nodttlM; BaA'j+SiHjO, tbin 
plates. ^ 


(Be^ 


Akino Besivativks. 

reduction of o-nitrotoluime 
' Kuhlberg, Ann. 1871, 168, 77); 


by catalytic reduction bj passmg tha momi 
withhydiogefi overheated xedooed'et^ 
or nhdml (Sabatier and Senderens, (tepi reitC 
1901, m; 321) ; imd by otter metiiodyloate. 
lytic reduction (Hteke and Phyi^ 

4em. 1923. 27, 62); by heating 1 part of 
with 1 part of ammonium chlonde and 4 parts ; 
ammo^-rinc chloride for 40 
340“ (Mera and Muller, Ber. 1887, 2(^ 647): 
together with p-toluithne by the aothm 
hydroxylamine toluene m pr^ttoe ^ 
aluminium or ferric chlonde (Graebe, Ber. 1901, 
34 1778). Colourless, thick, refractive liauid, 
which does not solidify at--20“, b.p» 199*7 /760 
mm. (Kahibaum, Zeitsch. physikal Ghem. 1896, 
26, 621) or 198*4“-198*67736*4 mm. (Brflhl, 
Am. 1880, 200. 189) ; DJI I-OIU ; D}g; 1-0081 ; 
Df; 0-997; 0-98S2 (Perkin, 

Trens. 1896, 69. 1246); 1-008 jlD**-** 

0*998 (B. and K.); magnetic rotatoiy bower 
at 15“ 17*18 (Perkin) ; hi^t of combnstim at 
constant volume 963*8 Oal. ; at omutant 
pressure 964*7 Cal. (Petit, Ann. Cbim. 188f» [6] 
18, 152; Compt. rend. 1888, 107, 266) , A 
fractive index, see Briihl (Zeitseh. pbyi&al* 
Chem. 1895, 16, 216) ; surface tension, Butoit 
and Pridcrich (Compt. rend. 1900, 130, 328) ; 
cryoscopic tehaviour, Ampola and Rimatort, 
(Gazz. chim. ital. 1897, 27, i. 43, 63). May be 
seimratcd from p-toluidine by means of the acid 
oxalates (Ihlc, J. pr. Chem. 1876, (2) 14, 449; 
Bindschedlcr, B(t. 1873, 6, 448 ; Miniatl, Booth 
and Cohen, J. Soc. (!hem. Ind. 1887, 6, 418); 
by freezing {Rosenstiehl, Bull. Soc. chins. 1^1, 
(2) 17, 7) ; by means of the nilrato (Sohad* Ber. ■ 
1873, 6, 136) ) ; by means of the tedroohioiide, 
suliihates or phosphates (tewy, Zeitsclu anal 
Chem. 1884, 23, 269; lier. 1886, 19, 1717, 
2728; I). R. P. 22139 of 1882; </* WOlfing, 
Ber. 1886, 19, 2132). The crude product oon- 
tains about 63 p.c. o-, 2 p.c. ffi-, and 36 p,e. 
p-toluidine. 

According to Friswell (J. 8oc. Ctem* Zadt 
1908, 27, 258) the best methcKl ol separation is 
to freeze in presence of water or ico. ^TolttkBtMl < 
forms a hydrate (^\ alker and Beverito, Ctan* 
Hoc. Trails. UM)7, 91, 1797) which can be readib 
M'parated from the otter isomeiidee, A fiw 
de.Hcription of the method and appaiatitiis|ifill 
by hVwwell. 

The proof that 2-atmiioto)iiene is identleal 
with 6-orainotoIueno U given by Wrodilairslnr 
(Ann. 1878,192,213). 

Ksiimation of aniline and o- and 
see Keinhanlt, Zeitech. anal. Chem. 11^ tt» 
90; Bobriner and Sohrana, tbei 181^ I4» IMi 
Liebmarm and Studer, J, Soe. Chem, lad, IMft 
18, 11); for estimation of amatt 
of p-toluidine in o-toluidine, m Bmmmuim 
Zeitsch. anal. Ctem. 1887, 26, 780f 
of 0 - and p-toluidine by speeiSc ftittily deleiipff 
nation, m Zeitsch, anal Chent 1886^ 4Sll 
by solidification point of the ikdM 


(Holbnian, Bee, eMii* llil^ 
27,408; Proc. R. ait*/! 

1904, 7, 395). ’ 

For otiber methods, ass BaabN Owni* SlIIL^ 
j!®' For ttei tie* meMiMm 
of o-toiindine, see Oirtaromliihttlarf Ailiiiht 
physikal. Chem. 1908, 87, m 
A odov tait' to 4Mn^ 





'■I*:' 


Md ilw tlirw totokUAN ia dawrifaed bjr Uamjr 
(Clum. Kawa, Utti^ ISO. II . 

Adla (aaa SaiMiiiB and iiMha^ Ana. 1870, 
188. 75 j Boaeaalaeld. Ac.), B'HC1+H,0, 
aoalea. nup. 814 »418‘. h.^ 240-8«/728 mm. 
or Stt- 2‘*/760 mm. (COmaim, Sar< 1888, 81, 
1899)! B’,HgCI|OBClt(F«Hney,Compt.mnd. 1887, 
IM, 385): B’HBr, trimeliie joinna (StSdel, 
te. 1888, 16, 28): VB!, ^ • 

ptiima (^dd) ; , B'HNOi 
amaU eivatala; B'H,SO| , 

ToQMH, Btf. 1888, 18, 3313): BHiSO^+H^ 
(Hitad, Bdl. Soe. ohim. 1894, (3) II 
B'H.PO« (Lewy. Bw. 1888, 19, 
WOfiAOv (Reisaer, Ber, 1888, 21, 

12 W}; OTOilskte, amftll plates; B^AFeCiN^ 
Ann. 1880, 205, 271; Ber. 1879, 
12, 2234) ; B' JI,SqC 34 , silkv needles, in.p. 164*’; 
B'tHiSndt+niO, short pale pink needles ,b€gin- 
niM to decompose at 210*’ (Druce,Chem. Soc. 
Trans. 1918, 113,716); {B'Ha),Zna4‘2HjO, 
tables (Base, Amer. Chem. J. 1898, 20, 653); 
B'2Hg01,, plates (Swan, ibid. 1898, 20 , 622); 
iB'Hd'HgCI* (Swan); (B'HCl),HgCl, (Swan); 
IB'HaHgBr, (Swan); B’HClSna*-f-iH*0. 
^colourless prisms (Slagle, Amer. Chem. J. 1898, 

20, 640] ■ 

f(B'HCl)i 


slender rhombic 
l^ets; B^HiSOi, 
(WeUingtott and 
[JO4+HP 
11, 1054); 
1718); 


stt9e<iifc«sid«aJli(C7H*N)ARAQ4+^^^ 

or/siaBhie potrder (Tan der Biet, Ann* 1894, 
280 , 232 ); iolnsns p^ftdp^iasc oeid self, needles, 


pr. ChettL 1897, ( 2 ) 56, 
and Smissen, Ann* 


(B'Ha)*Sna 4 + 2 H 40 . (Slagle); 

, (Higbee, ibid. 1900, 23, 150); 
y'B'HCl)|BiCl| (Hauser and Vanino, Ber. 1900, 
m 2271); (B^HBr)*ZnBr,+ 2 H 40 (Base); 
llrB'HBr)|SbBr, (Higb^); B'.HgPtCli, decom- 
led by boiling water, unlike the ^t of p- 
nidine (de Coninck, Bull. Soc. chim. 1886, 
45, 131); B' 4 ZnCl|+ 2 HoO (Laohovich, 
»natsh. 1888, 9, 513); B'lHgCl,, m.p. 115*’ 
lein, Ber. 1878, 11 , 743); B'lHndi; 
iHgBr^, leaflets, m.p. 104*’ (Klein, Ber. 1879, 
f §35); B^ZnBr, (Leeds, Jahresbericht, 
82, 503); B’,ZnI,; B'.OdI,; B^HgC^N,; 
iBfiFeCtH.; B^H|CU|(S0«)| ( Denigw, Compt. 
id, 1870, 112 , 870); B^HgH,(^,),-fH,0; 
1 H 1 PO 4 and B',H 4 P 04 could not be prepared ; | 
HlSCN 0 r(SCN) 4 * 2 KH|, red plates (Christensen, | 
pr. Chem. 1892, (2) 45, 362) ; ptcrole mono* 
sic ciystals, m.p. 212*’-215*’ (Jerusalem, Chem. 
0 . Trm. 1 ^, 95, 1284 ; Carrasso and Padoa, 
ti R. Accad. lincei, 1906, (v.) 15, i. 699) ; 
HISbL, red needles (Higbee) ; (B'Hf ) 4 (Sbl 4 )t, 
^nxe iMflets (H.); B^Mgd, (Tombed 
mpt. rend. 1896, 124, 963, 1532 ; Ann. diim. 
(X), (7) 21, 397); B^ZnBr. (Tombeck, Ann. 
im. 1900, (7) 21, 468); B^,Cdd,; B'^CdBr.; 
^OdSO*; B',AgNO,; B'4Ag.S04; 3BH2SiF4 
nney a^ Jaokson, Amer. C^m. J. 1888, 10 , 
3 ). ChkraUf white plates exploding at 88 *’ 
iitti and Choudhniy, J. Amer. Chem, Soc. 
t 6 » 889 1079); B'Ciddi, tables (Lachowicx, 
^atdi. 18891 10, 898) ; (Ladhowiox) ; 

K%a.(f), m,p. IISMIS” (Kkitt, Ber, 1878, 
744) ; 2B'HgBr|, laminated orvetalA m.p, 
(Klein, Bm^. 1880, 13, 835) ; 2B%4 
eMposscaif40*^-5OMKlein); 4B'+Aglf04, 
r+AgHO. (li^owics, Moaatih. 10 . 
3 B'+ 2 Cii 804 +H |0 (Laohouioi); 
itt|; 2B'Ziil,: 2B^Hga,i 

; 2B13[iiGlj (Leeds). Benietis s«{- 
acsiTsalf, in.p. 137^ (Norton and Westen* 
p, Asm. Chmn. J. 18^ 10, 135); loiiieiMp* 
Mofiio nstf io^ kMg prianuH imp. 180 ^ 


BLn, I24« (HaWg: J. ^ 

217) ; B/Ca (Erdmimn 
1908,361,52). 

e*Tolttidiiie forms preciiutates with salts of 
the rm metals (Jefferson, J. Amer. Chem. Soc. 
1902,25,540). 

o*Tolnidine dissolred in dilated snlj^ario 
acid and treated with chromic acid ana snl* 
phuric acid yields a blue colour, conTcrted into 
led-violet on dilution (Rosenstiehl, BuU. 800 . 
chim. 1868, ( 2 ) 10 , 200 ), whffst a solutiiHi of 
o-toluidine in diluted sulphuric acid giTes ui 
orange coloration with nitric acid (Lmnz, Ann. 
1874, 172, 180). When an equal volume of 
water is added to a solution of the base in ether, 
and a very dilute solution of bleaching powder is 
added drop by drop, the aoneons lam is 
coloured yellow or brown, and the etheresj layer 
on shakinff with sulphniio acid cok>urB this 
reddish-violet (Bos^istiehl). If a trace of a 
salt of o-toluidine be added to'a solnHon iff a 
salt of 2 : 5-toluylenediamine, followed ferric 
chloride, potasium dichiomate, or mani^uieBe 
dioxide, a gtemi colonr is formed (distinction 
from m- and p-toluidine) (Nietzki, B^. 1877, 10, 
1157). 

When passed through a hot tube o-tcffnldine 
is converted into ditolj^mine, with evolutkmof 
ammonia and hydrogen (Sevberth, Ber. 1896, 29, 
2594), whilst under the inflnenoe of an ^ectiie 
discharge it yields a little ammonia and fmrme a 
strongly basic polyamine(Berihelot,Compt.tend» 
1898, 126, 780). It is oxidised in alMine snlntioii 
fonnin| azotolnene, oxalic acid and ammopia, 
whilst In acid solution it forms Quinones. Aio» , 
derivatives are formed also with nitiio acid 
(Niqtzld, Ber. 1877, 10, 662; UUmamt end 
Forgan, Ber. 1901, 34, 3805; Bsadshaw, 
Amer. Chem. J. 1906,35,326). ItslydaMhlnride 
when electrolysed or when tieatra with po» 
tassium dichromate yields dyestnffii (Ckmpeb* 
roeder, Dingl. poly. J. 1877, 223, 347, fc4; 
Coninck, Compt. rend. 1898, 127, llSl).^ 

o-Toluidine printed on the fibn ha 
oxidised to a moderately pennaneiit daih v^ 
dye by means of sodium oalorata and potassiuTO 
ferrocyanide ; m-toluidumimdartiieiaeon£l^ 
yields a blaekisb-Tiofet oedour and jp*tblnidbe a 
chestnut-brown colour (KirpiUiehiiUD^ Zeitaolu 
Farb. Text. Ind. 1905, 4, 233). 

It gives a violet ookmriiig maUar witii 
thaUium chloride (ReaB, Ber. 1902, 8 ^ 2788). 
When treated with I 
reduced nickelit] 

(Sabatier and Sendeiens, ] 

(3)31,769). 

It reacts with diaio-oompbiriids 4ljUiis^^ 
J. ft. Chem. 1902, 65, 401); with niMhylM 
iodme (Senier and Goodwin, €li«^ Soo, Tnua. 
1902, 81, 280); with phenyl vnthane (Bixmv 
ibid. 1901, 79, 102)1 with phMdiml 
oyanate (ihsi 541h^ with a mmim 
l/dea (ffibner/md Phiiier, Bsr. IMM^ II, 2180$ 
IWWl. 800 . chim. 1901,0)^375} 

, ibid. 1883,(«38,SID; Pletat,Ber. 1888 , 11^1891; 
MMuiaodKemABer. 1902, 15, 1*04 rOokK 



chim. 190k 
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TOLUENE. 


point 


either at or at the b 

S ds chiefly acetyl^o^tolylthiooaTbamide, m.p. 

** (Doran and Diton, Ohem. Soc. Trane. 1905, 
S?* 338). With dichloroacetic acid, o-toliiidine 
yidds chiefly o-methylaminophenyl-o-toluidine- 
aoetic acid, prismatic needles, m.p. 239^-240°, as 
veil as some o-toiyl-o-methylimesatin CnHi^ON,, 
p:olden-yellovleanet8,in.p.225°(08tromisslen6ky, 

Ber. 1907, 40, 4972; c/. Meyer, Ber. 1883, 16, 
2261). The magnesium iodide derivative of 
o-toluidine reacts with ethyl cbloroacetate to 
yield iodoaceto-o-toluidide, long white needles, 
in.p. 142® (decomp.) (Bodroux, Compt. rend. 
1905, 141, 196), and with a-iodopropionate and 
a-iodobutyrate toform a-iodopropion-o-toluidide, 
m,p. 148^ and a-iodobutyr-o-toluidide, m.p. 
138®-139®, respectively (Bodroux and Taboury, 
♦6fd. 1907, 144, 1437). 

The diazoamino>compound8 derived from the 
three toluidines and diphenylaminc are descril)ed 
by Vignon and Simonet (Compt. rend. 1905, 140, 
788). 

FornyUderivative ; by continuous boiling of 
o-toluidine with formic acid (liadenburg, Ber. 
1877, 10, 1129; Tobias, ibid. 1882, 15, 2446). 
Plates, m.p. 62® (Nef, Ann. 1892, 270, 310). 
b.p. 288®. When boiled for a long time it 
decomposes into o-toluidine, methenylditolyl* 
amine, carbon monoxide and carbon dioxide. 
Por solid and liquid modifications, see Orloff 
(J. Russ. Phys. Chem. Soc. 1905, 37, 439). 

Silver taU, amorplious precipitate (Comstock 
and Clapp, Amer. Chem. J, 1891, 13, 526); 
sodium Halt (Wheeler, ibid, 19(K», 23, 46fi); 
ethyl-O’tolylformimino ether, 

CHAHiN^CHOCsHj 

• 

from silver o>formotoluidide and chlorofonuic 
eater, liquid, b.p. 101®/i2 mm. (Wheeler and 
Boltwood, Amer. Chem. J. 1896, 18, 389) ; 
meUnykther; from the silver salt ami methyl 
iodide. Liquid, b.p. 211®-213® ((’, and C.). 

ThioformyUderivaiive ; by heating the 
formyl-derivative with phosphorus fientasul- 
phide at 120®. Another method of preparation 
M given by Nef (Ann. 1892, 270, 313). Yellow 
needles, m.p. 96® (Senier), or colourless needles, | 
m.p. 100®~101® (Nef). On distillation in vacuo 
it forms methenyldi-o tolylamidine. On heating 
under pressure for 7 hours at 190® it yields a 
ciystalfine compound, Cj(Hj,N,S, m.p. 160*' 
(Senier, Ber. 1885, 18, 2292; Chem, »Soc. Trans, 
1885, 47, 762). 

Ac^yl-dkrivalivt ; by heating the base with 
acetic acid (Beilstein and Kuhllirg, Arm. 1870, 
156, 77 ; Alt, ibil 1889, 252, 318), or bv shaking 
with water and acetic anhydride (Hinsborg, B<?r. 
1890, 23, 2962). See also Luraike and Barbier 
(BulL Soc. chim. 1903, (3) 33, 784); Pawlewski 
(Ber. 1902, 36, 110), long monoclinir crystals,* 
m.p. 110® (Alt ; Sudborough, Chem. Soc. Trans. 
1901, 79, 637) or 107®-109® (Bwlnon and Kina 
Chem. Soc. Trans. 1880, 37, 753), b.p. 296® 
(BeUstein and Kuhlberg). 

With potassium jicrmanganate it ykdds 
»ce^i *»anffloben 2 oic add and with phosjdjorus 
tr , ,^»«table iminochloiride, 
which on camfjil heating 


.When treated with » 




bromine It 


^ bronufle in acetic acid Mflution ytel^ the 


6-bromo-dorivarive. 

mixture of hydrochloric and mtno i; , 

a ichloroaooto-o-toluidide, m^p* 

(Mannino and Doqpto, Gaea, chiin. ital* 1999^ 
38,ii.20). , 

Aceto-o-toluidide forms oompou^ with 
sodium hydroxide, , 

sodium methoxide, ; 1 

with sodium ethoxide, C|ipnUN+C|HiON4 
(Cohefi, Archdeacon and Bnttain, Chem. Soo.^, , 
Trans. 1896, 69, 93 ; 1898, 73, 161). ' ' 

With methyl iodide in iwosence of dry silver 
oxide, aceto-o-toluidide yields a mixture of ,, 
methyl aceto-o-toluidide and N>o-tolylao6tiinino« 
metliylether, whilst with ethyl iodide it y^ds 
N-o-tolvlacetimino-ethylether (Lander, Chem. 

Soc. Trans. 1901, 79, 690). (^oroaoetylch 
in the presence of aluminium chlonde 
chloroaeetyl-odoluidine, m.p. 160® (Kune! 

Ber. 1900, 33, 2644). On heating with diam 
In’drazine, aceto-o-toluidide yields l-04olyl-2 45* 
dimethyl- 1:3: 4-tria:ole ( Pellizaari and Aleiaiom# 

Atti R. Accad. Lincei, 1901 [v.] 10, 444). \ 

i^-Ckloro-deri ixttive, CH,*0|H|NC3COCHt^ 

from aecto-o-toluidide and potassium hypo* 
chlorite at the ordinary tempr^rature. Prisms or 
plates, m.p. 43®. At‘ 160", or when a drop of 
sulphuric acid is added to its solution in acetic 
acid, 5-cblf)ro-accto-o-toluidide is formed (Oiatta* 
wav and ( )rton, (’hem. Soc. Trans. 1900, 77, 790). 
}i>iromo-derivative ; formed by the action of 
potassium hy]K»bromite on a suspemnon of the 
acetyl-<lcrivative in sodium bicarbonate iote- 
tion* at 0®. Yellow, four-sided plates, m^p^ 

( )u keeping at the ordinary temperature 
for a few seconds, it is transformed into th 
bromoaceto-o-toluidide (Cliattaway and Orton). 
Chhroacetyl-derimtive 

ni,c,H*NH(;ocH,a 

by the action of chloroaoetyl chloride on a welK 
cooled solution of o-toiuidine in bensene 
(Ab(‘nius and Widman, J. nr. Chem. 1833, (2) 

38, 299 ; r/. Bischofl and Walden, Ann. 13^, 

279, 62 ; Grothc, Arehiv. der. Fharmeote, 13^, 

238, 588). Slender needles, nup. Ul®-U3®. 

For the corresponding bmnto*, dkddofo*, tri* 
chlom-, anli thtoa<M%tyl-denvativee, l««Rudkd^ 
and Hoffmann, Ber. 1335, ]$» 2937; Ooli, 
Ann. Chim. 18H6, (6) 9, 215; Abottimi and 
Widman, U.; WaHach, Ber. 1339, i|, 529; 
1883, 16, 147), 

Propumyl^Ammim ; from o*U4liidimi and 
projMonic acid (Pictet and Pupifu, Ber. 

20, 342 1 ). Needles, m.p, 37®, b.p. M*/7I0 mm* 
Oxidised by |x>ta«imni jmimanfMeato to pt!9- 

n rl-o-amtno'benaoic am 

enzoyl-deriwlm ; loim bread tiaedla|» 31*1^ 

131® (^udeman, Ber. 13^, 21, t5W Of I# 
(Bruckner, Ann, 1339, U9). Pharahm 

j^ntachloride yields C,H^lf»0GK^ 

Ber. 1386, 19, 932). v 

Ox^yl-dmvQlm: |dit4i% iki.]k llt^ 

Bull. Soc, chim, 1334, Suii tm v. 
PhUmlyUdmemim ; nsidleiL Mh w 

.b««tV,FrtlWkl,'BiTO 

Oucaa iwmHM J it WAtci'jprti.'# 

nr-tM*(iUF. Bw- Urnm 

monoaoetyi-eofliiioaiid aad aaiiii iudeNUdi 


I 




Bet. m »8* tWJl Cbtton, B«r. m 2g.i 
1605 ; Sttdbo|i(mg)bf Obm. Boe, Twos* 1901, 79, 
537). 

4«Cibfeft)*o4«rfiful^; lediiotloit o! 4- 
DUoro*2*iiiti!Qtoltteii6 ((addiolittiidt and flank, 
Ber. 1886, 19, 9441; Cohn, Monatoh. 1901, 
82, 478; c/. Engolbiocht, Ber. 1874, 7, 707) ; 
fiom 2 : 4-ainitrotoltt6no (Beilstein and Kuhl- 
berg, Ann. 1871, 168, 337). Mj). 2i;-28% b.p. 
2377722 mw. (Q. and H.). B'HCI, needlee; 
(B'HCn.PtCli+SHiO, ilender yellow needles. 

AeetyUdenvalmf leadoU, wn.p. 139M40® 
(E.) or 130®-13r (6. *nd fl.). Oxidiaed hv 
permanganate in presence of magnesiom sul- 
phate to 4-ol]jon>-2-ac6ty]aimno-benzoic acid 

^^^ijht 0 rO‘O-khidin£; by chlorination of aceto- 
o-toluidide followed by hydrolysis (Lollmann and 
Klota, Ann. 1885, 231, 317) ; by the action of 
sulphuryl chloride on aceto-o-toluidide in carlwn 
disulphi^ solution followed by hydrolysis with 
hydrochloric acid (Wynne, Chem. Soc. Trans. 
1892, 61, 1046). The same ( T) rhlorotoluidine is 
obtained together with o-toiuidine by reducing 
o-nitrotolnene with tin and hydrochlonc acid 
[Mlstein and Kuhlbcig, Ann. 1870, 156, 81). 
Klin plates, m.p. 29®-5o® (W. ; B. and K. ; 
L. and K.), b.p. 241® (B. and K.), 236®-238®/730 
mm. (L. and K.). or 246®/746 mm. (W.). B'HCl, 
small tables ; BUNOs, leaflets. 

Acdyhderifxstive ; by chlorination of aceto-o- 
^luidl^ (L. and K.) ; by the action of an t^ueous 
blution of bleaching powder on an ice-cold 
plution of aoeto-o-toluidide in diluted acetic 
brid solution (Claus and Stapelbcrg, Ann. 1893, 
Hf 286; cj. Ohattaway and Orton, f.e., and 
olmn and Bakin, ibid. 1902, 81, 1329) ; or by 
ibrination using sodium chlorate and hydro 
ilorio acid (Eeyerdin and Crdpioux, Ber. 1900, 
8, 2497). Small slender needles, m.p. 129®- 
(W.; 0. and 0.), N-C/doro-deriwiliw ; 
sur or six-sided prisms, m.p. 66®. On heating 
I solution in acetic acid 3 : 6-dichloroaceto-o- 
Oluidide is formed (Chattauay and Orton, 
Ihem. Soc. Trans. 1900, 77, 790). 

O-OAIoro-o-tofaidtiie ; * 6 nitro-o-toluidino is 
snveried into 6 -chloro- 2 -nitrotolue 4 e and the 
ittor is reduced (Reverdin and CMpieux ; c/. 
Fynneand Greeves; Editing; Cohn), liquid 
1 the ordinary temperature, m.p. 2*8®, and 
wrikens rapsdiy in the air (Wibaut, Roc. trav. 
Im, msTn, 244), b.p. 242®-244®. BllCl, 
?6ry leaflets, decomposing at 250®-262®; 

B eedles, decomposing at 250®- 

; needles, m.p. 156® (Wibaut), 
B. H. P. 107505 of 1898; 
IQ], 22, 473); (Hdnig, Ber. 
s 136®). Bensopf-desMive; 
baut; Cohn) or 173® (K.). 

by brominat* 
ie, foUowed by ehlorination 
btourieMi needObs, m.p. 60® 
ft Qheia. Soc. Trans. 1916, 

; 171*; 

MMtX,}. 


AeUf^dtfmiive ; ooburiess needles, m.p. 
187® I m.p. 85® (C. and ^). 

with iodine mono^ride^ glacial 
acetic acid. It melts at 169*5® and yimds a 
ikhloride, which decomposes at 109®, and an 
iodoto^iiirwQ^ivi (Wilkemt and Heusoer, Bm** 
1907, 40, 4077). 

^:$'l)khMro-o46luiiine: bf chlorination of 
aoeto-o-toluidide, foUowed by hydrolysis ((Saus 
pnd Stapelbmg, Am, 1893, 274, 291) ; readily 
obtained by Chattaway and Orton's method 
(above) (Cohen and BaJdn, Chem. Soc. Trans. 
1902, 81, 1329). GUfltenixm needles, m.p. 53® 
(C. and S.). 

Aceiyl-dmdative ; needles or columns, m.p» 
186®. fi-cMor<hdmvatm, four-sided prisms, 
m.p. 78® (Chattaway and Orton le.). 

4 : 5-DicMoro-oMuidine ; by reducing 3 : 4- 
dichloro- 6 -nitrotolaene with stannous chloride. 
Plates with a silky lustre, m.p. 100®-101® (Cohen 
and Bakin). 

4:6-i>»eAloro-o-folnidtne(T); by leduciiig 
dichloronitrotolnene (Wroblewsky, Ann. 1873, 
168,213). Leaflets, m.p. 88 ®, b.p. 259®. Bpes 
not form salts. 

2:4-i>icAlorolofnidifte(?); by reducing fl- 
dichloronitrotoluene. Plat^ m.p. 87® (Smig, 
Ann. 1887, 237, 163). 

I 2:3:4-TruAlorip-o-kliiidifie(t); by ndnc* 
tion of 2 : 3 : 4-trichloronitrotoluene(T) with 
stannous chloride and hydrochloric addL Small 
needles, m.p. 105® (Seelig, Ann. 1887, 237, 
142). 

3:4:6-Trickk»o-o-foliiidt]ic(t); by reduc- 
tion of trichloronitrotoluene with tk wad hydro* 
chloric acid (Schultz, Ann. 1877, 187, 278). 
Needl^, m.p. 91® (Shultz) or 94®-95® (Sedlg, 
Ann. 1887, 237, 141; Ber. 1885, 18, 423). 
Becomes rose-coloured on keeping. 

AedyUderivatiw ; m.p. 191®. 

BemoyUderifxttm ; ntp. 213® (Sohultc). 

Z‘Br(mo-o-ioluidine; byrednetion<d3*bionio* 
2 -nitrotoIuene (Nevile and Winther, Ber. 188(V 
13, 1945 ; Chem. 800 . Timns. 1889, 37, 630; qf. 
Wynne, ibtd. 1892, 61, 1036, note). (SI With 
bromine water it ykldsd : 5-dibiomO-o*toliiidiiie. 

4- Bfom<H>-<ofKidins ; by of 4 « 

bromo- 2 -iiitrotoluene (Kdmer, &it 1 Chem* 
1869,(2)5,636; flubner and Wattsfih, Attn. 167(b 
154, 298 ; flflbner and Roos, Ber. 1878, 6^ 799; 
Wroblewsky, Ann. 1873, 168, 77; Nevile end 
Winther, Chem. Soc. Trans. 1880, 87, ; hm 

dinitrotoluene by converskm into 
toluidine, replaoement of the andno-aiOHf 
bromine and reduction of tim 
(Heinemann, Ann. 1871, 158, 840). ni^ 
m.p. 32® (H. and a), b^. 258®-257® wlA pi^ 
decomposition. B'Hu, irii-dded liiiinUo 
pl^ ru. and JLU bi* 

tables (W.; H,); fr^KgSPi, phtSk 

5- lhtMMHi-lelusdMie; bywicoeis tt olweilrt^ 
tion and hydioMe of 

Umky, Aui. un. 148 , 18 th lif MAwtiM 



i Ookw Md Datt. Chw. m. L.,... 





^Towj^ ■ 


imoxi tA 3 mds. '4A 


m.p. 183”; B^|H|S 04 + 2 E 26 (Alt); cofolakp j being 


oeecUeB, (G.). bromic otto^td«^e;a4idb^ 

Ae/^l-dmvtUm; by bronuofttion of aoeto-o« 1 ind. ol broxai^ a dilnte atooboUo lolutioit 
tolttldide (W. ; A. ; K.) ; quantitatirely by of o-rtolttidino yiel(k a mixtnxo of dl^ and tri« 


tioating d-iodoaoeto-o-tolnidide with bromine bromotblnidineir . m.p. Kevile and 

in ohbroform solution (Malleis and Meyer, J. , Winther (^em. Soo. vlYans. 1880, 37, 438) oould 
Amer. Chem. 8oo. 1913, 35, 970); by the action not prepate any higher derivative than a di- 
of hydrobromic and nitric acids on aoeto-o- bromotmuidine, however, and state that G^er^S, : 
tolnidide (Mannino and Donato, Qazz. ohim. ital o-toluidine possibly contained aniline. ‘ 

1908, 38, ii. 20). Long needes, m.p. 156M57” 3:5: 6-rr»5romo-o*tofaidine ; by reduotknlt‘1 

(Cohen and Dutt, Chem. Soc. Trans. 1914, 105, of 3:5: 6-tribromo-2-nitrotola6ne with iroii 
511). For compounds with sodium and po- powder and acetic acid; by bromination of 
tmum hydroxides, see Cohen and Brittain 6-bromo>o-toluimne (Blanksma, Chem. Week* 
(i6id. 1898, 73, 161). N-Bromo-dsnmiive; yellow blad, 1914, 11, 185). Colourlek crystals, m.p. 
rectangular plates, m.p. 91”. On heating with 87”, 

water at 100” it yields 3 : 5-dibromo-aceto-o- Acetyhderivaiive ; colourless crystals, m.p. 
toluidide (Chattaway and Orton, ihid, 1900, 77, 218” (B.). 

794). TribromMuidine ; from p-bromotoluene o- 

i^Bromo-o-UAuidine ; by reduction of 6- sulphonic acid by nitration, reduction, and 
bromo-2-nitrotoluen6 with tin, stannous chloride, bromination (Schafer, Ann. 1874, 174, 362; 
and ^drochloric acid (Friedlander, Bruckner Ber. 1874, 7, 1355). M.p. 72”. 
and Putsch, Ann. 1912, 388, 23). Yellow i-IodO‘04oluidine ; by reduction of 4-iodo- 
oil, b.p. 253”->255” (Nolting, Ber. 1904, 37, 2-nitroto]uene(Heinemann, Ann. 1871, 158,338). 


1015). 

Sulphate ; m.p. 256” (N.). 

AcAyl-d^ivalwe : white needles, m.p. 158” 


Needles, m.p. 48°-49”, b.p. 273” (decomp.). 
B'HNOa, leaflets. 

5-l€do-o-t6luidine ; reduction of 3*iodo-6 


(N.), or 159*6”-161” (Coh§n and Dutt, Z.c, ; Cohen nitrotoluene with ferrous sulphate and ammonia 
and Miller, Chem. Soc. Trans. 1904, 85, 1627) in aqueous solution at 66”-70” (Artmann, 
or 163” (F., B. and D.}. It is oxidi^d by Monatsh. 1905,26, 1091); by the action of iodine 
potassium permanganate at 80” in the presence chloride on aceto-o-toluidide followed by hydro* 
of magnesium sulphate to bromoacetylanthranilic lysis (Fichter and Phillip, J. pr. Chem. 1906, (2 ) 
acid, m.p. 224”. 74, 297) ; by the action of iodine on o*toluidine 

3 : S-Dibromo-o-Uduidine ; by passing bromine (Wheeler and Liddle, Amer. Chem. J. 1909, 42, 
vapour into a solution of o-toluidine hydro* 498) ; and by trituration of o*toluidine hydro- 
chloride (Wroblewsky, Ann. 1873, 168, 187) ; by chloride with iodine and calcium carbonate, the 
boiling bromoacetodibromo-o- toluidide with ex- yield being 98 p.c.^(Hann and Berliner, J. 
oesssof alcoholic potassium hydroxide (Abenius Amer. Chem. Soc. 1925, 47, 1709. Long white 
andWidman, J. pr. Chem. 1888, (2) 38, 288); by needles, m.p. 9r~92” (A.), or short, colourless 
dibromination of o-toluidine and by the action of crystals, m.p. 88” (F. and P.), or 87*2® (H. and 
bromine on o-toluidine 5-sulphonic acid (Nevile B.). 

and Winther, Chem. ^c. Trans. 1880, 37, 429, B'HCl, short white needles, m.p. 214” ; 
629; c/. Wynne, f6id. 1892, 61, 1038). Needles, B'HNOj, slender tetragonal scales. The salts 
SLU. 45”-46” (N. and W. ; Cohen and Dutt), 50” are dissociated by water. B'|HgCl|, m.p. 134*6”, 
{W,; Mdhlau and Ohmichen, J. i)r. Chem. 1881, Acetyl-derivative; slender matted needles, 


Compounds with mercuric chloride, with Amer. Chem. Soc. 1913, 35, 970). Oxidised by 
cinoeblori^, and with the chloride and bromide potassium * permanganate to 5-iodo-o-acetyl- 
of cadmium are described by Hann and Spencer aminobenzoic acid, m.p. 235” (decomp.) ( W. 


(J, Washington Acad. Sci. 1925, 15, 163. 

(B'HGLLPtOln, yellow needles (A. and W.), 


l[W^tUl4, 


Immel, Ann. 1891, 265, 70). 184” (W. and L.). 


and L.). 

Benzoyl-derivative; colourless needles, m.p. 


needles, m.p. 205” (Chatta- ^-lodo-o-toluidine ; obtained by reducing 
way and Orton, Ber. 1900, 33, 2399). 2’iodo-6-nitrotoluene, is a liquid. B'HCl, plates 

N-Bromo-derisoInTC /plates, m.p. 120” (Chatta- (Cohen and Miller, Chem. Soc. Trans. 1904, 85, 
wsSf and (kUm, (^m. 1^. Trans. 1900, 77, 794). 1627), m.p. 254” (decomp.) (Nolting, Ber. 1904, 
Bromaacei^derwaiive ; slender needles, m.p. 37, 1015). 

207” (A. and W.). Acetyl-derivatm ; white needles, m.p. 166” 

Diaeatifl-dmvatm ; slender needles, m.p. (N.). 

68” (A. aM W.)* 3 : (S-Di-iodo-o-kiluidine ; by reduction of 


68*^ (A. and W.)* 3 : (S-Di-iodo-o-kiluidine ; by reduction of 

4 : 0-Dibromo-o-toftfidine ; by reduction of 2 : 5-di4odo-6-nitrotoluene. Colourless needles, 
4 ; 5*dttxroiiio*2*nitrotoltt6ne. It melts at 96*8”- m.p. 86” (Wheeler and Brautlecht, Amer. Ckm» 
88” (Nevile and Winther, Chem. Soc. Trans. J. 1910, 44, 126). 


tml 37, 439 ; Cohen and Dutt, ibid, 1914, 106, 
515 ; c/. Wroblewsky, ^n. 1873, 168, 184). | 


: 5-Di-iodo-o-kiuidine ; by the action of 
iodine chloride on p-iodo^o-tohiidine. Stout 


5;6*i)tkrmfM>-o-imtt{di»e/ by bromination needles dr long prisms (Wheeler and Brautlecht, 
of O-tmamoimeto-o^to followed by hydro- ibid, 1910, 44, 493). 


lysis. Itmeltiat58' 

1. -- 4-J» J-—? .A*-.- . 


3 : 5-JbibrmoA*iodo-o4<Mdim ; by reduo* 


AeetoMsrji«8iee; m.m 165*5”-106*5” (Cohen tion of dibromo-iodonitrotoluene 

A MM. T. « « * 1 a «#IMA aAA 


and Dn^ Lc.). 


m.p. ip5”-106”, is m.p. 64”. 05 treat] 
desoribedl^llervdr (Aim* 1873, *169, 379) as it o*t(dut^ 


, Ann. 1878, 192, 210). Needles. 
A treatment with sodium amalgam 




1 


' -■'^. 

; siH^ needles, A.^ idine in eono6ntraied sttlphniio edd (Morgan 
i; : ; ^ OWlenor, Cauwn. Soo, Trans. 1921, 119, 

5-yi«woK).to^i«6; by beaming a mixtnre 1539) irttb mixed adds (Brady and WiUiami, 
of 1 part of S-rntro^-O'dasdl, 5 parts of am- m. 1920, 117, 1138). Tlie 4tter metibod is 
moninm chloride, and Id parts of dij ammonium much simpler than that of Ndlting and Collin 
MCtatn at 100® (Mehne, Ber. 1888, 21, 731), (Ber. 1884, 17, 265). Monoclinio prisms, m.p. 

ES®*' ^ a), 109® (S.), 104®-1O6® (A. and H.) ; 

115 MB with slight detonation. On heatixm c/. Jgger, Krist, 1903, 89, and WiBgerodt 
with sodium hvdrozide it yields nitrosocresol ana and Ber. 1908, 41, 2077. 
ammonia, and with hydroxylamine it is trans- B'Hd, white needles, m.p. 230® (Wilkerodt 
formed into toluquinonedioxime. and Kok) : B'HBr. small lustrous im£ red 

, 3.^t0n.O;fc^fifw^; t^^^^ with the 6- crystals (Steden, J. pr. Omm. 1902, (2) 6^^ 


nitro-isomeride by nitration of aceto-o^toluidide, B 2 'H£S 04 , plates, decomposed by water. 


followed by hydrolysis (BeUstein and Kuhlberg, Nitrous acid yiel^ 4‘mtro'O-o^mol and nitro- 
Ann. 1871, 158, 345 ; Lellmann and Wurthner, indazole, whilst with sodium ftmalgam it yields 
ifrid. 1885, 228, 240 ; Beverdin and Cr4pieux, azoxytoluidine. 

Ber. 1900, 33, 2498; 1902, 35, 1439; Meisen- Formyl-deri\ 


jxT. ivuu, 66t 24ve ; luuz, 60 t ladv ; jneisen- Fomylderivalm, small yellow prisms, 
heimerandHe88e,i6td. 1919, 62, 1161; Gabriel 178®-179® (Geigy A Co., U.S. Pat. 722 
and Thieme, i6fd. 1079; Cohen and Dakin, Pat. 306655 ; D. B. P. 138839 of 1902). 

Chem. Soc. Trans. 1901, 79, 1127). Also by Aeeiyl-d^Hvaim ; yellowish-white ne« 

heating oxalo-o-toluidide on the water-bath with m.p. 150°-161® (Nolting and Collin, l.c. 2® 
concentrated sulphuric acid until water-soluble, S-Nitro-o-tduidine / by nitration of to! 
cooling to 50® and nitrating slowly with a mixture n-sulnhonvl-o-toluidide (Beverdin and Cr^u 


oool^ to 50® and nitrating slowly with a mixture 
of nitno acid (D 1 *52) and sulphuric acid, keeping 


Acetyl-derivative ; yellowish-white needles, 
m.p. 150®-161® (Nolting and Collin, U 269). 

5-Nitro-o-t6luidine ; by nitration of toluene 
p-sulphonyl-o-toluidide (^verdin and Cr^pieux, 
Bull. Soc. chim. 1902, 27, 742) ; by nitration of 


the temperature below 50®. The product, later aceto-o-toluichde, followed by hydrolysis (see the 
keeping for some hours and diluting with water, 3-nitro-derivative) ; as a by-product of the action 
is heated at 140® unfil solution is complete, and of nitric anhydride on o-toluidine (Bamberger 
finally at 150® for 60 minutes. TMs is then and Hoff, Ann. 1900, 311, 95); in low yield by 
considerably diluted and steam distilled (Had- heating 2 : 5-dinitrotoluene with alcoholic am- 
field and Benner, Chem. Soc. Proc. 1914, 30, monia at 150® for 15 hours (Kenner and Parkin, 
263). By treating 2 : 3-dinitrotoIuene with (?hem. Soc. Trans. 1920, 117, 869). Small citron- 
2’6/N methyl alcoholic ammonia under pressure yoUow needles, m.p. 127® (K. and P.) or 130® 
at 160®-160® for 15 hours (Kenner and Parkin, (Wibaut, Rec. trav. ehim. 1913, 32, 244 ; Jager, 
Chem. Soc. Trans. 1920, 117, 856); from 3- he.; Beverdin and Cn§pieux, Ber. 1900, 33, 2^8). 
mtro-o-tolui^ne 5-sulphoniG acid by eliminating Acetyl-derivative ; short white ne^es, m.p. 

^e lubhonio group (Gnehm and Blumer, Ann. 201*6® (Komer and (^ntardl, Atti R. Accad. 
1898, 304, 105 ; Nietzki and Pollini, Ber. 1890. 23, Lincei, 1916, ( v. ) 24, i. 888). • 


138) ; together with the 5-nitrO'isomeride by the 
transformation of o-toluene-nitroamine (Bam- 
berger and Stingelin, Bor, 1897, 30, 1259). 
Orange-yellow prisms, m.p. 97® (K. and P. ; 


^-Nitro-o-toHidine ; obtained in 80 p.c. 
yield by the gradual addition of a 15 p.o. am- 
monium sulphide solution to 2 : 6-dixutrotoIuene 


Orange-yellow prisms, m.p. 97® (K. and P. ; in boiling alcohol, followed by complete extrao- 
Zmeke and Schwarz, Ann. 1899, 307, 44) or 95® tion of the product with dilute hydroohlorio acid 
(Wibaut, Rec. trav. chim. 1913, 32, 244 ; R. and (Cohen and Marshall, Chem. Soc. Trans. 1904, 
W* , 86, 627; UlUnann, Ber. 1884, 17, 1957; 


i* ^ f .... . toluidine in presence of an excess bf sulphuric 

4-Ntfro-o-fof«tdtne/ together with the 6- acid (Green and Lawson, Chem. Trans. 


nitro-^rivative by nitration of phthalyl-o- 
toluidide, followed by hydrolysis (St&del, Ann. 
1884, 226, 885) ; together with 2.nitro-p- 


1891, 59, 1014). For sepaiation from 2-nitio- 
n-toluidine, m Bemthsen (f.c.). Thin riiombio 
leaflets ( Jfiger, Z. KristaU. 1903, 38, 8^ or long 
yeUow needles, m,p. 91-5® (U.). B'Ha, 1^ 


toluidine by treating 2 : 4-dinitrotoluene with yellow needles, m,p. 91 '5® (U.). B^HCl, kmg 

yeUowish leaflet or 1mm 

Ann. 1886, m 343) or alone by reduction with thin needles, decompo^ by water; Wm, 


^ (Ani^ute, and Hemlw, Ber. 1888, 19, Chem. 1902, (2) 85, m 
2181)1 by warm^ 2 : d-toluylenediamine Aet^4erivativt ; pdams, imp. 107‘SMS8* 

aqtteomjotat«m of sodium jetoxide (U.), m.p. 160" (Cohm^ Hodimao. <V«» 


.J?®’. n' or edbatlM iMdle 


Lawwa {ChMi, Boe. Ttans. 1891, 69, 1013) by (uT)', or 1«"-1# 
nitiale to a eolu- 3 s 




as nudn product 




Cto. Ohixn. ItaL 1905, 
55» ^m)l k 75 ue. yfbii, together adth jWf 


aei^, in.pd laiMUl*^ 



TOLUBNB. 


. yeUovriah^wbito i^les, 

m.p, 186^(31 and 0.)» 

S ; 5-iHii(^q^4o{«iiifne ; in small quantity 
% nitiaiyiig wuene p-stdphonyl-o- toluidide 


. 7Bmidin Cr^pieux. Bml. Soc. chim. 1902, 
(21 ^ 742) ; heating dinitro-e-orosol and its 


auiSin with alooholie ammonia (St&del, Ann. 
: 1882, 217, 188, 203; Ber. iSSl, 14, 900; van 
Ebrnhwl^ Beo. tiay. chim. 1884, 3, 398; Barr, 
Bnn 1888, 21, 1543); by transfoimation of 
f 8-iiitro-s^tduene nitioamine (Bamberger and 
Selia, Bar. 1897, 30, 1255 ; Bamberger and 
Hof, Ann. 1900, 311, 111); in upwards of 
95 p.c. yield by Ihe action of liquid ammonia, 
methyl or ethyl alcoholic ammonia on 2-chloro- 
3 ; 6-dinitrotolnene (Morgan and Brew, Chem. 
Soo. Trans. 1920, 117, 790). 

Tdlow columns or long tables, m.p. 208° or 
209°-210°“(H.). 211° (B. and S.), 213° (M. and 
B.). 

Acdyl^4fi^valm ; slender white needles, 
m.p. 205*2° (Kdmer and Contardi, Atti R. Accad. 
Lincel, 1915, [v.] 24, i. 888. See also Reverdin 
and Cr^pieux, Ber. 1902, 35, 1439). 

Zi%'IHniJlfo-o4duidine (see 5 : 0-dinitro-o- 
toluidine). Brilliant orange-yellow prisms, m.p. 

■ 151°. 

Ai^yhdmvaitive ; pale yellow microscopic 
prisms, m.p. 209° (Brady and Taylor; c/. 
Kdmer and Contardi). 

4 : S-DinUro-o-tduidine (see 3 : 4-dinitro-o- 
toluidine). Yellow needles, m.p. 191°-191*5°. 

Acetyl-denvcUm ; colourless needles, m.p. 
180° (Morgan and Glover ; Brady and Williams). 

4 : %-D%n^o-o-tdu%dine ; together with 2 : 6- 
dinitro-p-toluidine by reducing 2:4: 0-trinitro* 
toluene with ammonium hydmsulphide (Holle- 
^ man and Boes^en, Rec. trav. chim. 1897, 16, 
426) or by reducing in hydrochloric acid solution 
in presence of cupric chloride at a copper 
cathode (Brand and Eisenmenger, J. pr. Chem. 
1913, (2) 87, 487) ; together with 2 : 6-dinitro- 
tolyl-p-hydrozylamine by reducing 2:4:6- 
trinitrotoluene in cold alcoholic ammoniacal 
Bolurion with hydrogen sulphide (Anschutz and 
Zimmermann, Ber. 1915, 48, 152). It melts at 
155° (H. and B ; A. and Z.) or 135° (B. and E.). 
On diwtisation it is converted into 2 : 4-dinitro- 
; toluene and 2 : 4-dinitroindazole (B. and E.). 

Acettfl-deruiotire ; white needles, m.p. 224° 
(B.andE.). 

5 : ^•JHm^O'O'tdluidine ; formed together 
irith 3 : 6-dinitro-o-toluidine by adding 6 nitro- 
aceto-o-toluidide to a mixture of sulphuric acid 
and nitric acid (B 1*5} at 4°~7°, and allowing the 
teApeiature to rise to 12°, followed by hydro- 
lysis with concentrated sulphuric acid at 100°. 
The bases are separated by conversion into the 
aoeiyl-derivativeB or by crystallisation from 
glacial acetic acid and sieving the crystals (Brady 
and Taylor, (3iem. Soc. Trans. 1920, 117, 876). 
Beep yellow nee^, m.p. 216° (B. and T.). 

Acsfffl-dsfnxirivs : large white cmtals, m.p. 

; :180°(B.andT.); 

- ij; ' 3«GAbf^5-atffo-o-iolttidine ; by chlorination 
: , C d 5*hH»o-o-toluidine. It melts at 168° (Wynne 
adi^iheeves, Chem. Soc. Pioc. 1895, 11, 151). 

. ..' J • Chkro - 6 • niiro - o • kiutdine ; ^apparently 
iHined together with 5-ohIoro-6-mtro-o-toloidii}e 
by bMtiog 6.nitrotolyl-<Khydroxylam!iie with 
acid (Brand and 
Bcrrfto?, 40, 3324). ^ 


5-€^Wi^3*n<b^-Wi»di«s; to 
together with 5-chJom-4'hitto-o-torui4toe by , 
dissolving 1 part of 5-ohloto-2-totoMtoe nitmte; 
to 25 parts of nitriq add (66 p«o.) and he^sng 
for 6 hours. On pouring into water only the 

4- nitro-^rivative separates (Claus and Siapel- . 

berg, Ann. 1893, 274, 295). YeBow plates, 
m.p. Il8°-n9° (0. and S.),or long orum-ydlois 
needles, m.p. 129°-130^ (Cohen and P^rin, , 
Chem. Soc. Trans. 1902, 81, 1330). ; 

Aceiyl-derimtive ; in excellent yield by 
nitrating 5-chloro-aceto-o-toluidide to glacial 
acetic acid at 15°-20° (C. and B.). Qliii&ning 
needles, m.p. 187° (C. and S.), or prismatic 
needles, m.p. 197°“198° (C. and B.). 

5-C'//loro-4-m(ro-o*iototdi»e ,* see 6-obloro- 

5- nitro-o-toluidine (c/. Reverdin and Odpieux, 
Ber. 1900, 33, 2505). Yellow columns, m.p. 
128° (C. and S.), or 124° ( Wibaut, Rec. trav. chim, 
1913, 32, 244), 129°-130° (C. and B.). 

5-OhlorO‘^-nitro-o toluidine ; by heating 6- 
nitrotolyl-o-hydroxylamine (Brand and Z^cr, 
/.c.) ; by chlorination of 6-nitroaceto-o-toloidid© 
in glacial acetic acid, followed by hydrolysis 
with hydrochloric acid in a sealed tube (Cohen 
and Hodsman, Chem. Soc. Trans. 1907, 91, 975). 
Yellow needles, m.p. 95°-96°. 

Acetyl-derivative ; m.p. 168°-160° (B. and Z.), 
or 153° (C. and H.); hemoyl-derivalm i m.p. 
212°-213° (C. and H.). 

Mhhro-Z-nUro-o-tduidine ; obtained quanti- 
tatively by the action of liquefied ammonia, or 
saturated alcoholic ammonia, on 2-chloro-5 : 6- 
dinitFOtoluono. Pale amber refractive prisms 
with pyramidal ends, m.p. 151*5° (Morgan and 
Brew, Chem. Soc. Trans. 1920, 117, 787), 

3( ?) : 5 - Dichhro - 6 • nitro • o - toluidine ; by 
chlorination of 6-nit roaceto-o-toluidide in daciaJ 
acetic acid lor 5 hours at 100°. It mdts at 
195°-197° (Cohen and Hodsman, f.c.). 

{a)-TrkhloronitroU)luidine ; by the action of 
alcoholic ammonia on trichlorodtoitrotoluene 
(m.p. 227°). Orange-yellow needles, m.p. 191® 
(Seeiig, Ber. 1885, 18, 423 ; Ann. 1887, 237, 
140). 

{p)-Tric}doronitroU)luidine ; in a stoular 
manner to the a-compound from trichloio- 
dinitrotolnene (m.p. 141°). Orange-rod needles, 
m.p. 192° (Seeiig). 

3-Bromo-5-nilro-o-loluidiiie ; by bromtoation 
of 5-nitro-O'toluidinc (Nevile and'Wtotber, Ber* 
1880, 13, 964 ; (3iem. Soc. Trans. 181^, 37, 431 ; 
C^ohen and Butt, Chem. Soc. Trans. 191^ 105, 
572). Itmeltsat 180*3°-I8I‘3°. 

5-BrQmo-Z-nitTtH>4ol%idin€ ; by Sueoessivo 
bromination, nitration, and hydtolyris of aeeto* 
o-toluidide (Wroblewsky, Ann. 1878, 192, KNIj ; 
Nevile and Winther, Ikr. 18^, 13, 969; CImhii^ 
Soc. Trans. 1880, 37, 43($, 448). Orange prieine* 
m.p. 139° (W.), or 143° N. and W,)* 

Acetylderivatm ; by tieathi^ 5*bmn* 
aoeto-o-ioluidide with 4 iiarte id idirio neid : 
(BH8)below25°. Keedk«i,m.>295°(Hienwi. 
towski, Ber. 1892, 25, 869; and Bedi« : 
Ann. 1892, 269, 219). 

5-Brdtoo«4-mbo-o-fohitd»iis; by nitialkm ol:: 
5-bromo-o-tolnidino to sulpbarie amd vkh altilo 
8^ (B 1*42) and iiilphurie aokl below 3*,: 


D-ohlm-e-nitro-o-toloidine Yellow mystais, m.p. Utf° (Homui and Ctoart^ 
)lvl-^hyd«ayl«niiHi with Cbem. 80c. fam. ftOfi. 87, WmT 
ihiorio amd (Brand and 


•m] hjnin^ of 7 trrmnnoiiitn 1 









(fiUiduniAi dlwn. Weehtftd, Iftlfi) J^uMS][k 
Orukge-yeUow watah, m.p. 144^ , 

Acdfi-MwOmi ytfUow nLp. 100^ 

(■3B»)» ' i ^ ’i ■ 

, 3 : ; 1)7 brmkft- 


Silk Phi. Un 0i 18^ : Firl hk. 345641; 

90256 of 1865; atid M. L. D. E. ?. 
80758 of 1894; Her* 1893, 26, 307 ; 

Bemtliseiif ibid: 992. * 

AeUi^4kica^; in.p. 55^--56^ 1^. 260*^ 


tl^ ol 4«!dto>ip^tdbidi^ Yellov cfTitala, (H., B. «iui K.), or 250^-251** (E^ aod E). 

. jttfp. 104^ . . .,4^ J^t^oa(»mi^/QU. , IVaiiafoTiii^b^ 

jicetol4farii«rf»|Mi/ ooloorkso omtala, m.p. h7drooUoiioaddinto6-ndrofo«ffie%{-o>^iiiiiie, 
JSOl^ ;. i8i(kf)e%Merm|io^ m*p. 159^(Bl«oksma, platoa, in.p. 151^ Wiili boiling aqueous 
XSjim. Wwblad, 1909» 6, 717; Moigan and sodium hydroxide it y^s nitroso-o-oiesm and 
^daytOB, le, 951), It imows a remarkable methylamine. It is oxidised by potassinm 


daytOB, le. 951), It imows a remarkable methylamine. It is oxidised bv potassinm 
stamlity to diasotising agents, which leave it permanganate to nitrme^UoliUdinet greenish* 


piaoiioallyunafiected. * yellow needles, m.p. 134*^ (Kock, Ann. 1888, 

3 : 5-i)t6romo-6-Biifo>o-ioluidiue r by bromi- 243, 308). 
nation of 6-mtro-o-toluidine. It melts at 105^ i-Chhnme^Uo-klluidine ; by methylai^g 
(Blanksma, Chem. Weekblad, 1914, 11, 185). 4-chloro-o-tolmdke (Stdrmer a^ Homnann, 
6*Bfomo>3 : 5-dinitr()«o-toi«»diae ; by heating Ber. 1898, 31, 2532). Liquid, l).p. 248*5*^-^ 
6*dibromo-3 i 5-dinitrotoluene with alcoholic 249‘67760 mm,, M38. 
monia at 100®. Yellow crystals, m.p. 200®. NUrosoamifie; oil. B*<*® 1*226 (B. and H.). 
Acii^-dmvatm; colourless crystals, m.p. S-Chlormeikylo-toluidiM ; oil, b.p. 245®- 
)ve 300® (Blanksma, ibid. 1912, 9, 968). 246®/740 mm. (Qeigy & Co., D. E. P. 105103 of 

b-Br<mO’Z i ^1)-dinUro-o-t6luidi7ie ; aeeiyh 1898). 

ivative; by treating 1 part of 5-bromo- Dkhlormeikylo-kluidine ; by heating di- 


ammonia at 100®. Yellow crystals, m.p. 200®. 
Acii^-dmvatm; colourless crystals, m.p 


Acii^-dmvatm; colourless crystals, m.p. ^-Chlormeikylo-toluidiM ; oil, b.p. 245®- 
above 300® (Blanksma, ibid. 1912, 9, 968). 246®/740 mm. (Qeigy & Co., D. E. P. 105103 of 

b-Br<mO’Z i ^1)-dinUro-o-t6luidi7ie ; aeeiyh 1898). 
detivative; by treating 1 part of 5-bromo- Dkhlormeikylo-kluidine ; by heating di- 
aceto-o-toluidide with a mixture of 1 part of chloro-o-tolylglycine above its melting-point 


sodium nitrate and 20 parts of sulphuric acid. (Hentschel, J. 
Pale yellow hair-like needles, m.p. 244® (decomp.) b.p. 258®~269 


(Xiementowski, Ber. 1892, 25, 870). 

3:5- Dibrom -4:6- dinitro • o - tcluidine 


(Hentschel, J. pr. Chem. 1899, (2) 60, 83). Oil, 
b.p. 258®~269^; B'aH,PtCl„ slender yellow 
needles (H.). 

Z-NHrme(hyUO‘t6luidine ; together with 5- 


ace^lAerivative ; by the action of nitric acid (D nitromethyl-o-toluidine by the transformation 
1 *52) and sulphuric acid on 3 :5-dibromo4-nitro> of the H-methylester of toluene o-nitioamine 
aceto-o-tolttidide. White crystals, m.p. 280° (Bamberger and Stingelin, Ber. 1897, 30, 1259). 


(Blanksma, Chem. Weekblad, 1909, 6, 717). 

3 i 5 : (i‘Tribr<mo-4e‘nitrO‘0-t6luidine ; by ni- 
tration and hytolysis of 3 : 5 : 6-tribromoaceto- 
o-toluidide. ^fat brown crystals, m.p. 203®. 
Aceiyl-derivatm ; colourless crystals, m.p. 


275® (Blanksma, Qiem. Weekblad, 1914, 11, derivative, 

lORV"* A 


Yellowish-red oil. According to Gnehm ai^ 
Blumer (Ann. 1899, 304, 103) when methyl-o- 
toluidine is nitrated a mixture of 4-iiitronieUiyl- 
o-toluidine and a product, m*p. 48®, ii obtained* 
This latter is staM to be pomly thoijf-nitro* 


4’NUrmeBtyt>(hi6luidine ; 


3-/o<lo-5-ni;fo-o-(o/tttdtae ; by the action of acetyl-derivative with oonoentratrahydrodmcifiio 
iodine chloride on 5-mtro-o-toluidine in glacial acid (Gnehm and Blumer, It ,) ; by nitration ol 
acetic acid. Long brown prisms, m.p. 173® methyl-o-ioluidine ; by methylatm id 4-nitio» 


(Wheeler, Brautlecht and Hoffman, Amer. o-toluidine. Eed leaffets or v^w prisms, in.p. 
Chem. J. 1910, 44, 493). 107-5®. 

6-/o(io-3-ni^o-o-kduid!t7i6 ,* by the action of B'Hd, leaflets decompos^ by water ; 
iodine chloride on S-nitro-o-toluidine in glacial ptemfe, compact ted prisma ; nitroeoamiiic, pale 
acetic acid. Orange needles, m.p. 135® (Wheeler, yellow needles, m.p, 95®. 

Ao.). ^ Acettfl-dertmtiee ,* m.p. 119®. 

5- Iodo^i-nUrthO-tduidine ; similarly from 5-^ilrometiipf-o-tol«uniis ; by oxidation of 

4-nitro-o-t6luidine. Bright yellow prisms, m.p. a dilute solution of b-mtiosomtliyl-oAQliridto 
109® (Whe^r, Ac.). with potassinm permanganate (KjaoV, Ann. 1888^ . 

6- JodEo-6-nttro-o-tof«tdiiie ,* by warming equal 243, 309); together with 5-nitcodiinetli^-o- . 
wei|^ts of 6-mtro-o-toluidine and iodine for toiuidine by methylating 5-mtio-o-tdnioki^ 
several houxa with ether, water, and calcium The products are separatM by aoe^tioo and' 
oarbonate. Yellow priams, m.p. 85® (Wheeler, dwtiUation with steam (BofnlhseiiyBer. 1602, 10^-^ 


109®(Whe^r, Ac.). 
6-JodEo-6-ntho-o-t( 


JKeijtgl-o-fofiiMfiiie ; by reduction of nitroso- 


3131) ; together with the S-nifeio-imNSids \ 
the ffiothed of Bamberger and StingBlin (In.; 


nethyi-o-tolnidine with tin and hydrochloric Yellow Ubles, m.p. -137® (B.), It does not tom' 
add {MoBDCit, Eeveidm and Nbiting, Ber, 1878, a sulphate with smphurio add. 

11, 2879); by heatinff o-tolylglyoine 200®- HfUrotoamin*; oil wbach otjjvtalliieq on 


11, 2879); by heating o-tolylglyoine a4 200®- yitroMomtiie; oil winch eiijivtalliieB on' 
210® (Abedns and Widman, J. pr. Chem. 1888, keeping, m.p. 65® (B.). ' 

(2) 38, ; in a yield of 46 p.o. by methyla- AeMAvivaHve ; rhombobedia-hlnayttiii, 

Mon of o-tofaddins hydrobromiae or hydroiodkle m.p. 97® (B.). 

with methyl aloohol at 150® (Edmuudt and by the. 

Bteedel, m. 18^ 16, 20) or with dimethyl action d methylamine on O-fUeitiMA t ‘ 
1908,327,104; Qii^m toluene In aleohoKe solution; by! 




oil, b.p. 2(n*-208®; 3-nitio-o-tolaidiimwiUii.iN^ 

B'fiCI, and 2 jpact 8 Qftohieiiefor 2 honnatl 
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^tion of eonoentnkted hydrochlorio aci<f on its 
nitroBOunine (Stormer and Hoffmann, Ben 
iS98, 31, 2533). Bright yellow needl^ m.p. 
iiSMfiff* ; tt«<rMoam»ne; yellowish-white plates, 
m.p.gO;5®-81‘5®(S.andH.). 

'4*j)^tMfomofNsl&pl-o-tol«idtii6 ; bybiomin^ 
tka of 4-nitromethyl-o-toluidine in glacial acetic 
acid with cooling. Yellowish-brown needles, m.p. 
133 ^ (tinehm and Blumer, Ann. 1899, 304, 103). 

3 ! ^DinUrmdhyl-o-kluidine ; by the trans- 
formation of the H-methyl ester of 5-nitro-o- 
toluene nitroamine (Bamberger and Seitz, Ber. 
1897, 30,1256). M.p. 128®. 

Siimoaminb ; yellowish rhombohedra, m.p. 
94®-96® (S.andH.). 

3 :5-J9tnih'oto/yl-o-me<%lni<roamtflc; by boil- 
ing dimethyl-o-toluidine with nitric acid (D 1 *48- 
1*5). Pale yellow crystals, m.p. 119M20®. 
Be^mposed by heating with 5 p.c. potassium 
hydro^rae into methylaminc and 3 : 6-dinitro-o- 
cresol, and on reduction with tin and hydrochloric 
add it yields the corresponding mononiethyl- 
triamine (Rombuigh, Rec. trav. chim. 1884, 
8, 396). 

Dimdh^o-toluidine ; by heating o-toluidine 
with methyl iodide (Clarke, Amer. Chem. J. 
1905, 33, 4§6 ) ; by distilling trimethyl-o-toluidine 
hydrate (Thomsen, Ber. 1877, 10, 1586 ; Monnet, 
feverdin and Nolting, Ber. 1878, 11, 2279); 
in 93 p.c. yield by methylating o-trduidinc 
hydrobromide or bydriodide with a little more 
than 2 equivalents of methyl alcohol for 8 hours 
at 1.50® (Reinhardt and Stadel, Ber. 1883, 16, 
29). Liquid, b.p. 184-8®, Djf 0-9286 (Kahl 
baum, Zeitsch. physikal. Chem. 1898, 26, 623), 
or>p. 185*5®; Dj! 0-9417, 0-9333, 

BIjo 0*9268 (Perkin, Chem. Soc. Trans. 1896, 
69, 1211); magnetic rotatory pow-er at 15*3® 
18*61 (P.) ; refi^tive power, see Briihl (Zeitsch, 
physikal. Chem. 1895, 16, 218). It does not 
coroense with formalde^de in presence of 
hydrochloric acid (Cohn, Oiem. Zeit. 1900, 24, 
664). B'jHjPtdj, white needles ; 

F,H,Pe(CN),+4iH,0 
yellow unstable crystals (Wurster and Hoser, 
Ber. 1879, 12, 1826) ; oxide, CH^C,H4N(CH,),0, 
is formed together with other products by pro- 
longed action of hydro^n peroxide on dlmetnyl- 
o-toloidine. The oxide forms a piemU, long 
greenish-yellow needles, m.p. 146-5®-146*5^ 
(Bamberger and Tschimer, Ber. 1899, .32, 364). 

Br<niudinM>yl' 0 -toluidine ; by brominating 
dim^yl-o-toloidine in acetic acid ; by heating 
biomo-o-toliiidine with methyl alcohol and hydro- 
i^orio acid at 180®-200®(liichler and Sampaio, 
Bot. 1881, 14, 2172). liquid, bp. 244®-245®, 
Tolatale with steam. 

^NUrodmeih^o-toluidiM ; nitration of di- 
Inmyl-o-toluidiiie with mixed acids at 0® 
and Blumer, Ann. 1899. 304, 107; 

Zeitsch. f. Elektrochem, 1901, 7, 329) ; by 
W%]atioB of 4-nitrG.o.toluidine (G. and B. ; 

J. pr. Chem. 1902. (2) 66. 249). Golden 
jsiMb or rods, m.p, 14® (8.), formerly described 

'i - ' together with 

iy mrtiylating 8- 
(BMnthwD, Bet 1802. 2S. 
l^j ^bMh, J. pr. dwm. 1902, (2) ^ 


242). red fffd; rhombic pyrnns^ in,p, 
48®-W (fi.), or small tables or nee^» »*p*. 
47*6® (B.) 

6 -ir^r^fne6lyia>-io2f»idine ,* by hentlng^O* 
nitro-o^toluidine hydrobromide with Wthyl; 
a^hol for 6-10 hours at lOiP'-llO®. Trajis* ‘ . 
parent golden ciystids, m.p. 25®-25*5®, b.p* 191®- 
l92®/9'6-10 mm. (von Tatschaloff, J. pr. Cbsiii* 
1902, (2) 66, 239). B'HBr, gteykh-brown 
leaflets (T.). , 

Eihyl-o-toluidine ; in 64 p.c. yield py heatiim 
o-toluidine hydrobromide or hydriodide with 
6 p.c. excess of eth 3 rl alcohol at 160® for 8 hours 
(Reinhardt and Stadel, Ber. 1883, 16, 31) ; Ijy 
electrolytic reduction of aceto-o-toluidide in^ 
sulphuric acid solution (Baillie and Tafel, Ber. j| 
1899, 32, 73; Vorlander. ibid, 1901, 34, 1462).!] 
Liquid, b.p. 213®-214®(R. and S.).or 204®-206® I 
(Norton, Amer. Chem. J. 1886,7, 118), or 214®- I 
216®/737 mm. (B. and T.) ; B}®!* 0*9634 (N.). \ 
AedyUenmtive ; b.p. 254®-256® (R. and g.) ; | 
nitrosoamine ; oil, volatile with steam (N.). \ 

5‘CJdoroethyl‘O t6luidine ; oil, b.p. 252®- \ 

263®/760 mm. (Geigy & Co., D. R. P. 105103 of 


;3 

'4 


5-Nitro6oethylo-toluidine ; by keeping a 
mixture of ethyltolyl-o-nitrosoamine and 
absolute alcoholic hydrochloric acid (0* Fiseber 
and Hepp, Ber. 1886, 19, 2994) ; by the action 
of sodium nitrite upon a solution of ethyl-o- 
toluidine in hydrochloric acid (0. Fischer, Ann. 
1896, 286, 163 ; Weinberg, Ber. 1892, 26, 1610). 
Green leaflets with a blue shimmer, m.p. 
140®. 

i-Kitroethyl-o-loluidine ; by nitration of 
ethyl-o-toluidine with mixed acids at a low 
temperature (MacCullum, Chem. Soc. Tians. 
1895, 67, 247). Light red needles, m.p. Sl®-S2®. 

NUrosoamine ; m.p. .56®. When treated 
with zinc chloride or sulphuric add the ethyl* 
amino-compound is regenerated (M.). 

AcetylaerivtUive ; tables, m.p. 90® (li). 

b-NUroOhylo-Uduidint ; tocher with a 
little of the dietbyl-derivativo by neating 6*nitio* 
o-ioluidine with dhyl iodide, alcohol and sadjuin 
hydroxide* The two bases are separated by 
ciystallisation from a little hot uoohol and 
acetylation. Large dark yellow plates, i».p. 96® 
(Bemthsen, Ber. 1892, 26, 3137). 

Atetylderivatm ; tables or prisms. m.l>. 
96®-97®(B.). 

4-NUrcbr(mioeihylo^kiuidiiui ; by brominat* 
ing 4-nitroethyl’O-toiuidine in leetje ai^ 
Needles, m.p. 114®; B'HBr, I94®-I96® 
(decomp.) (MacChillum, Le,}, 

Dtdhylo-kduidine i in 70 p.c. yield W 
ethylating ethyl-o-toluidine with tdhfl Mm : 
at 100% (Norton, Amer, Chem. d. Im, 7, 119)^ ", 
or in 90 p.c. yield by eihylatM o-Uduitom ; 
hydrobfomide or hydiMide wift ethyl ikoM 
^ (Reinhardt and 80^ fisr* : - 
16, 29). (HI. b.p* mm, a 

(1^ and 8.), or 2l0®/738 mm. (van Rombmi^, . 
Rec. tray. ckm. 1884, 3. 402^ x 

pnsms,m.p.72®-73®(N.). 

When wamed with fumhuc tdtfis add It 

m.p. 71®.?^ (T. R.). and when ImaM i 
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nup. 101^ Ber. 1896, 31, t li^ 


1146). 

B-SilfoikM‘64ei^ §» 6-iiitioethyi- 
n^tolnidme. w, mdily miiUe in dilute eul- 
phurio acid (BemtiifleD, Ber. Id82, 36, 3137). 

toiefteffinth diphenyl* 
^ Amine and ditolylainiiieki,fi7 beatkig o-tmnidine 
with an^ne kymMoMt^ at 389° (Gliavd and 
Willm, BuU. m ohink. 1879, (1) 36, 348) or 


nup. 101^ ({lanUMbeii, Ber. 1896, 31, liydlooiiibKide# dihydrobnnaide, eali^ie, and 
. .... ditna^(QK6idia^,j^^^ 

(i-KttrodkM<h$timii%u; m d-nitioethsd- by rwlacing 

o^telnidme. Cu, readily mUe in dilute eul- tolowne wl^ ato anddo |».e. alomlto the 
phurio acid (Bemthaen, Ber. 1993, 36, 3137). ^Menoe of oaldum ddoride and sufficient etiwr 
P4e»y/-o-fQfiiidms; tcgsefter with diphenyl* to beep the temperature at about 96° IBret- 
Amine and ditolylainiii%,t7 heating o-tmuidine sohnem, im. Chem. 1897, (2) ^ 393); by 
with an^ne kymEOClihivUe at 389° (Girard and electrolytie reauction cd ^Hiittotoluene in dilute, 
Willm, Bull. ehim. 1879, (1) 36, 348) or acetic add (Habers Zettseh. Btektrocheni. im,9> 
heating a mixture of I part of bvomobdixene 77)| by oxidising o^tdnidine with a penulpha^ 
with 3 parts of o-tohdkiitte and 8 parts oi soda in presence of ether and in contact with ice 


with 3 parts of o-toh 
Ume for 8 hours at 
werky, J. pr. Chem. 


(Iferz and Pasohko- 
1, (3) 48, 461). M.p. 


in presence of ether and m contact with ice 
(Bamberger and Tschimer, Ber. 1899, 32, 1977), 
It solidiM to a resin in a mixture of edid 


wex&y, <1. pr. Utem. 1893, (Z) an, aoi). jvi.p. it solidifies to a resin in a mmnre of sdid 
41°, o.p. 305°/727*5 mm. (Graebe, Ann. 1887, carbon dkixide and ether and m readily oxkUsed 
238,363). It forms a violet-blue coloration with to o-nitrosotoluene. On mixing with thfonyt* 


nitric add. ^ aniline in benzene solnl 

9*C4loro-3-tttb‘op4enyl-o-loluidtne; by heat- phenyl sulpAonamofe, i 
ing 2-chloro-5 : 6-ainitroto)uene with alcoholic toluene (Michaelis and 


aniline in benzene solution it yidds odohiidtae 
phenyl sulpAonamofe, m.p. 2w°, and aco-o- 
toluene (Michaelis and Petou, Ber, 1898, 31, 


aniline for several weeks ; in 75 p.c. yield by 984). The action of methyl alcohol, ethyl 
heating 2-ohloro*5-nitro-o-tolaidine for 10 hours alcohol and sulphunc add, dilate sulphuric aci^ 
niider a redux with bromobenzene in presence of dilute and concentrated hydrochloric add on 
aitrobmizene, potassium carbonate, and cuprous o-, lu-, and p-tolylhydroxylamine under various 
iodide. Rhomboidal plates, m.p. 108°-109°. conditions is described by Bamberger (Ann. 


iodide. Rhomboidal plates, m.p. 108°-109°. conditions is described by Bamberger (Ann. 

NUroeoaminet yellow prisms, m.p. 91° 1921,424,233,297). 

(Morgan and Jones, Chem. Soc. Trans. 1921 , 1 Id, ^•NUrotdylo-hydrmylamine ,* obtained in 
190). 50^ p.c. yield when 2 : 9-dtnitrotohiene Is 

2 : i^Dinitrophenyho^tolwdine ; from chloro- redneed electrolytically in presence d sodium 
2 : 4.dinitrobeazene and o-toluidine. M.p. 101°- acetate, acetic add and atcoluil (Brand and 
102° (Leymann, Bor. 1882, 16, 1236), or 123° Zoller, Ber. 1907, 40, 3324). It exists in three 
(M. L. B., Eim. Pat. 17639 of 1895; Fr. Pat. modifications, two stable and one nnslable, 
260400 ; D. R* P. 85388 of 1895), or 120° which are interconvertible by innoealation of 
(Rdtzenstein, J. pr. Chem. 1903, (2) 68, 251). their solutions in benzene. ITie stable ydlow 


3:5* DinUrophenyl • o - Iduidtite ; from 2- form has m.p. U7°-117*5°, the stable cowlem 
chioro-3 } 5-dmitrotolaene and aniline. Red form becomes yellow at 1(^° and mdts at 117°-* 
leafiets, m.p, 109° (Nietzki and Rehe, Ber. 1892, 117*6° (Brand, Ber, 1911, 44, 2046). 

«K «AA«i aqueous sodium hydroxm il yields , 


25, 8007). 


Dt-o-kiylamine (see phenyl • o - toluidine, mainly 2 : 2^dinitro-6 : 6^azo:iQrtolueiie^ 4^ 
Girard and Willm) ; by heating o-cresol, am- when heated dinitroazotoluene is fmnned. 
moninm-zinc chloride, and ammonium chloride When oxidised with ferric chlcnride and sodium 
at 330^-340° (Mens and Muller, Ber. 1887, 20, acetate in aqueous solution 2-nitio-6*^ius0- 


647). Liquid, b.P. 8l2°/7! 

Anhymfmnimehyde^o 
maldeh^e and o-toluidine. 


[uid, b.p. 312°/727*5 mm. (Graebe), 
^fimnaldehyde^o-loluidine ; from f 


toluene, colourless needles, m.p. ll7°,isobtained, ^ 
fuidtae ; from for- whilst with ooncentxated sulrauric add it yieldA 
OU (Wellington and 1 2-mtro-6-ammo-3'hydrox3rtolaeiier and whan 


ToUen^ Ber. 18^, 18, 3307), or lustrous plates, heaM with concentrated hydroothhnio add 
(Eberhardt and Welter, Ber. 3-ohloro-2-iutro*6-amliioU>lueiie, togeGmr witli a 
1894, 27, 1808). small amount of the isom eii e 6«<iJdonxk2«d 

jMsffiy^.d».o.tolyf.dimtds ,* by Jbeating a aminotoloene, is produced (Brand and BfiOir, 
mixture of o*toluidine, formaldehyde, potassium iLc.). 

and alcohol at 100° (Eberhardt and 4 : e-Zh'aOrDfdd-o-kydmr^^ txmsilisr 

Welter, LeJ; or by the notion of formaldehy^ • j* ^ * — 

im an aqueous solution of o-toluidine (Eibner, 

Ann. im 302, 349). 

Phsmatie needles, ra.p. 62° (E. and W.). On 


194, 27, 1808). 

ifsffiyfene-di-o-tdyf-dimufs ,* by Jbeating a 
ixturs of o*toluidine, formaldehyde, potasnum 


Welter, I4«); or by the action of formaldehyde with 2 : 0-dinitrotolyl-p-hydioxylanune by ‘ 
»olBtion of o-tolnidine (Bibner, dudng 2:4; 6>tri]iitn>tbhmw in aloMit Wrtait ; 
Aim^89l,3(».349). wlution >t » nivw cathode. light jcOmir 

w* ®;P* 6* (K- “d W.). On cijrstal^ m.p. 109® (Brand and KtwnaiMlMr, J. 

haaMng wlA an^ hTdroctoiido it yields pr. Chem. 1913,(2)87,487; Ber. 19IC, 49. C7^ 
di^aM^lmetliai^ at^ by Iwiling with m-Tolmdint ; Iwr rednethm of m-ritwtoh— 


«»fcydrofonnaldehydc.o.toh. (Beilstein and KnUbeig, Ann. 1979, I86,^j ‘ 

idtoofltsadW.). 1870, 166, 66); from pftohildinoliyswwi^, 

Too oondonsation of formaldehyde with o. acetylation, nitration, hydioMi, sUndwtini*' - 
tonh^la nm^ of wnoentrated solphurio of the amiao-gronp, and w o w t hm (lioieiit. ' 
^ 8oc. Bor. 1874, 7, 448); by hsatiag si^Rnol Kith . 

^ lUo) jneldi as sole piodnot 6-ainuuMi. aamoniiun.Bine bromidB and aanMNdni 

•**“““*• ** 830®-«0® (Mm and MUw. Mto,: j : 
■ ^ ^^***”4' ^)J.hy^ueing»Bii»liin5J«^ 

*S fWjf * “Ob.- 0 . ( Mnwhloiic aeid beknr' 1»* (Ailioh, »it. 188^"^ 

5?**?*.*?L^ wAjkm- ^ 1886, 18.8996} SidBW and 

»«4oMlipi.M»Atnad. .. Sett oUiL^lSUi « IM; 4ndBaB,;4^^ 

«ii,kp.almafl88V (» 3«t sieTi krn' rn ti m S S im 




mUBNlL 



’•f' Ck^odeM dil, b.p. i03‘3* (KaUbanm, 
Zeitioh. ^TMkaL CSiem. 1898, 28, 621, 648), 
MS’-^OS* (M. ftnd H. ; Lcnenz, Atm. 1874, 17^ 
. , 18Q), 199”-2Q2'’ (Baokim »ad Sobaohtebeok, 
. Btr. 1889, 22, 840), 199°-199*6'> (Schnabe uid 
«6tii 1893, 26, 679); D^. 0-98912 
;r ^kaliUMHmt), 1-0041, 0-9961, 

(Perkin, Chem. Soo. Trans. 1896, €9, 
'" ''1246; e/, Nenbeck, ZeitscL physikal. C^em. 

1887, 1, 658) ; magnetic rotatory power at 16** 
' v::16*21 <R) ; refractive power, see Briihl (Zeitsch. 
; physikaL Giem. 1895, 16, 216) ; molecular heat 
of combustion at constant volume, 964*6 Cal. ; 
- at constant pressure, 965*6 Cal. (Petit, Ann. 
Chim. 1889, [6] 18, 154). 

Its solution in diluted sulphuric acid is 
coloured yellow-brown by chromic acid and 
sulphuric aci^ and dark red by nitric acid. 
When m-toluidine is dissolved in ether and an 
: equal volume of water is added, followed by a 
lew drops of calcium hypochlorite solution, the 
' aqueous layer is coloured brownish-yellow, and 
the etherem layer reddish (Lorenz, Ann. 1874, 
172, 180). 

It resembles the o-compound in many of its 
moperties, but may be distinguished from the 
tattor by its acetyl-derivative, m.p. 65*5° 
(aoeto-o-toluidide melts at 110°). It may be 
detected and also estimated by conversion into 
the dimethyl-derivative, wluch, unlike the 
corresponding o- and p-compounds, readily 
yields a nitroso-deiivativo as a yellow crystalline 
precipitate when treated with nitrous acid 
(Wurster and Biedel, Ber. 1879, 12, 1796). 

When hydrogenated in the presence of re- 
duced nickel it yields m-methyl cyclohexylamine, 
together with the corresponding secondary and 
tertiary bases (Sabatier and Senderens, Bull. 
Soc. chim. 1904, (3) 31, 709). It reacts with 
diphenylthiocarbamido in presence of lead 
hydrorae to yield diphenyl-m-tolyl-guanidine 
(Alway and Viele, Amer. Chem. J. 1902, 28, 

. 294) ; udth benzyUdene-acetyl- acetone to yield 

^-toluidinebenzyl • acetyl - acetone ( Ruhemann 
and Watson, Chem. Soc. Trans. 1904, 85, 1170} ; 

. with methylene di-iodide to yield di-m-tolyi- 
methylenediamine (Senier and Coodwin, ibid. 


methylenediamine (Senier and Coodwin, ibid. 
1902, 81, 280); with chloroacetylurethane to 
yield fi-m-tolylhydantdin (Frerichs and Breu- 
stedt, J. pr. Chem. 1902, (2) 66, 231), and with 
benzaldehyde cyanhydrin to yield m-tolylamino- 
benzyl cyanide (Sachs and Goldmann, Ber. 1902, 
35, ^19). Coupling with diazo-compounds has 
been studied by Mehner (J. pr. Chem. 1902, (2) 

401). The action of dichloroacetic acid on 
m-toluidine has been studied by Heller (Aim. 
1908, 358, 349). 

It is only empbyed to a limited extent 
teehniGallyin the production of dyestu£F8(M. L.B., 
Bog. Pat. 5119 of 1897; Pr. Pat. 264579; 
D.IL P. 93499 of 1896; Eng. Pat. 14937 of 
; 1908; 0.a Pat. 913940; D. R. P. 219210 of 
' 1907 ; Honnet, Reverdin and Nolting, Ber. 

; 1870, 12, 445 ; Rosenstiehl and Gerber, Compt. 

; rend. 1882, 94, 1319 ; 95, 238). 

Bor a new sepsiUve indicator from m- 




(9u U^); B'Ha laaBets, m.p. 

mm. or m^^im mm. 

rSer. 1898, 31,1699); lai^ 


rhombk tabtes ; B‘'«H|SO«, needles ; 
unstable leaflets; ^VO|H,04),i WCMfit 
{Eisenberg, Ann. 1880, 205, 270) ; 
yellow idender neodles (Widman); 

(Kraut, Ann. 1881, 210, 323); B'.H|Zna42 
n^es (Base, Amer. Chem. J. 18W, 20, 
654)rB'iH,Znas, needles (B.^ B^G12Hg04f 
tables (Swan, Amer. them. J. 1898, 20, 624) ; 
B^HCl*HgCa4 tables (Swan); 
leaflets (Swan) ; B'HSnOL-f }H|0, ^ver 
leaflets (l^gle, Amer. Chem. J. 1898, 20, 642); 
B'jHgSnClf+H^O, monoclinic tables (SIm^) ; 
B'jHjSbCL+HiO (Higbee, Amw. Chem. 
J. 1900, 23, 150); B'sHJSba*, rhombic 
tables (H.) ; B'2HjjZnBr4-|-4H,0 prisms (B.) ; 
B'sHjZnBr., needles and nnsms (B.) ; 
B'jHjSbBrj+HjO (H.); BASbl* (H.); 
B'gHgSnQi, pearly white plates, m.p. 76® 
(Druce, Chem. News, 1919, 119,272) ; B/HiSnCle, 
pale pink, nacreous plates, m.p. 284° (D.); 
picrate, striated monoclinic crystals, decom- 
posing when heated above 1^° (Jerusalem, 
Chem. Soc. Trans. 1909, 95, 1284). 

Formyl-derivative; liquid at —18°, h.p. 
278°/724 mm. (Niementowski, Ber. 1887, Iw, 
1892). Decomposes on long boiling, forming 
methane ditolylamidine, CH(NC,H|)NHC,H7, 
needles or plates, m.p. 123°. 

Acetyl-nerivativc ; long needles, m.p. 65*5°, 
b.p. 203° (Beilstein and Kuhiberg ; Morgan and 
Micklethwait, Chem. Soc. Trans. 1913, 103, 
1400); benzoyl-derivative; m.p. 125° (Just, Ber< 
1886. 19, 983). 

Chloroacetyl-derivatitfe ; On fusion 

with potassium hydroxide it is converted into 
5 : 5'-aimethylindigotm (Kuhara and Chikashig6, 
Amer. Chem. J. 1902, 27, 1). 

Dkhloroacetyl-derivaiive ; plates which sub- 
lime, m.p. 98°>100° (Rugheimer and Hoffmann, 
Ber. 1885, 18, 2988). 

2-Chloro-m-toluidine ; by reducing 2-eh2oro* 
3-nitrotolucne (Wynne and Greeves, Chem. Soc. 
Proc. 1895, 11, 151; Chem. Soc. Trans. 1895, 
67, 1548; c/. Cobon and Dakin, ibid, 1901, 79, 
1128); by the action of hydrochloric acid on 
m-tolylhydroxylamine (Bambemr, Ber. 19(^, 
35, 3697).. M.p. 6*6° (Wibaut, Reo. trav. chim. 
1913, 32, W), b.p. 228°-229° (W. and G.), and 
is volatile with steam. 

Acetyl-derivative; needles, m.p. 132M33° 
(W. and G.; W.), or 1.33°-134° (Bamberger, 
Ter-Sarkissjanz and de Werra, Ber, 1905, 35, 
3697, 3711), or 126M28° (Cohen and Dakin, 
Ic, 1321) ; henzoyl-derivatm i needles, m.p. 
125° (W.). 

i-CMoro-m^ioluidine ; by the action of hydra- 
cblorio acid on m-tolylhydroxylamine (Bam- 

S ; reduction of 4-chloro-3-nltfotohiene 
hmidt and Hihiig, Ber, 2442 ; 

3aim and Kaiser, Ber. 18^, 18, 2601 ; 
ef, Engdbrecht, ibid, 1874, 7^ 797; Oem, 
J. pr. Chem. 1892, 46, 29). Thin very 

volatile colourless leaflets, 29*«*30° or 
;52°, bjj. 230°/758 inEU<a and K.t a). 

B'HCl, needlei, p/MHf AseoeiaM In 
water (G. and K.). 

Acelyl-defivabm: lo^ 1% |Msed^ 
W°.97° (0. and K.; ft andf j 111? 
(C.). 

5-CM(w-m4afaMtii#/ Iqr litattMl al I* 
cUor^3;nitr^laei» 

Liquid, b.p. 242*/730ain.»vu|a^titt 






•r, TOLt]^. 

neediuj 

nMdH m.p. 146** (H.) KHr 
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(deoi^.jiHi). 

ile^-ierMiw; 

161® (W. and G.), 

; fay the acikm of 
liydzoidMo aoid on fa- tolyl^droxykmiiw 
isimbstM) ; W tbo mo^faod of Cnattamty utd 
(Hon (($ek m. Tmoi 1901, 79, 461); faj 
.ifedu^ 6^d^-64iitootoliiene (Htey and 
RadaisamlOtf * 1069, 2, 308, 609 ; Wrofatew- 
' siky, Ann^ 1873, 168, 206; (loldBchmidt j^d 
Hdnig, 1886, 19, 2443; 1887, 20, 199; 
Hoxgaa and ChallenOT, C*hem. Soc. 0lSran8.*l92l, 
119, 1644) ; by rednoing la-nitrotoluene with 
zino and hydiXMhlorio aoid (Kook, Ber. 1887, 
20, 1667). Tables, m.p, 83*6®-84*l® (Bamberger, 
Ter-Surl^janz and ae Werra; Reverdin and 
04|»6UX, Ber. 1900, 33, 2503 ; Ghattaway and 
Orton). . 

B'HCl, long slender needles : B'HNO|, long 
broad needles, m.p. 164® ; B'yHsSOi. 

Ace^lderimtive ; colourless plates, m.p. 89® 
(G. and H.), 91-2°-91-7® (B., T-S. and de W.), 
92® (M. and C.). 

2 : 5-I>tcAloro-m-^ttKftns / by reduction of 
2 : 5-dichloro>3-nitrotoluene (Cohen and Dakin, 
Chem. Soo. Trans. 1902, 81, 1330). It melts at 
69®-70®. 

2 ; ^-DicKloro-m-toluidine ; by chlorination 
of 2*ch]oio-aceto<m-tolttidide followed by hydro- 
Ms with hydrochloric acid at 130® (Cohen and 
Iwkin), or by reduction of 2 : 6-dichloro-3- 
ttitrotoluene, followed by distillation with 
steam (C. and D., /.c. 1346). Colourless needles, 
m.p. 59®-60®. 

AeMderiMaive; long needles, m.p. 120 - 
122® (0. and D.); henzenesfdphonyUderivativef 
m.p. 114® (Raper, Cohen and Thomson, ibid, 
1904,86,371). 

4 : 5-DicAioro-m-tolitidtne ; ^ by reducing 3- 
nitro -4:5- dichlorotoluene ; acetyl • derivative, 
needles, m.p. 168®-159® (Cohen and Dakin, Lc. 
1338). 

i:^-Dichhro-m-t6luidine; by chlorination 
of ^to-«-toluidide in glacial acetic acid with 
wdium chlorate and hydrochloric aoid, follow^ 
by hydrolysis (Reverdin and CWpieux, l.c.); 
W redaction of 2 : 4-dichloro-5-nitrotoluene 
(Oohw and Dakin, l.c.). Crystals, m.p. 85®, 
yQla^wiriisteam(c/.Seelig,Ann. 1887,237,163). 

Aee^ldmwaim; as above (R. and C.): by 
bleaching powder on aoeto-m. 
jn Meto Mid (C. and D.. U 
im), Odoorleas needlM, m.p. 186'’-167° (R. 
'^CS.! UwidD.). ' 

ty reducing 2:3- 
Needles, m.p. M®, 

: :%p. 292* (Wyane end Onevee, l.e.). 

m.p. 187* (W. and SJ. 

by owrina- 

' u • •®^"«‘^nidide in acetio and bydro- 
«Hh sodimn ohlorate at 16^26*. 
by hydrdym of the aoefyl^derivatiTe 

|. ^ 1838}' Bsnna and 0i^[deux), QUstenina 

'Staffs 


drJSbgMO'm^ofnKliM; W'-iiainetioB of 4- ; 
toemo^-itoptdaenB (Nevfle ami Wtather, 
giein, Sm. Tr^ 1880, 87, 442 ; B«. 1880, 13}: 
|72{ <W J. pr. Chem. 1892, ^ «, 25; : 
Wrobleytky, Ann. 1878,188, 77 ; HObnec and 

^ (N^d 36* {C.)i 67* {W.)i 76^(0. and 
».>. iTie higher Bielting*point oompoonds are 
titnpiGre. 

A^UdmvdUve; rm.p. ll3®7®-ll4-6® (N. 
and W.), 164® (C.). . 

fy^Bromo-m-tduidine ; by rednoing 6*bronio^ 
^m^toluene (Wroblewsky, Ann. 1878, 192, 
•5?)*, crystallises with difficulty, m.p. 36*6®- 
^ J 256®-260®; Di»® 1*442 (W.f Nevib 

and Winther, Ber. 1880. 13, 964; Chem. Soo. 
l^ns. 18^, 37, 429). B'Ha. tables ; BOTO„ 
long needles; B',H,SO|, tables. - 

AcdyUderivative; m.p. 167®-168®(N.aodW.). 

^•Bro^-m-kiluidine ; by brominating aoeto* 
m-tolui^de, followed by hydrolysis dlwe pro- 
duct with alcoholic potash (WroblewsW, Ann. 
1873, 168, 172) ; by reducing 6-bromo-^nitro* 
toluene(NevileandWinther,l.(;.). Crystals, m.p. 
78*4®-78*8®, b.p. 240® (N. and W.). B'HNO,, 
prisms. 

It is probable that the product, described as a 
liquid and obtained by Hnbner and Roos (Ber. 
1873, 6, 801) by the reduction of nitrated o- 
bromotoluene is identical with this amine. 
B^HCl, small rhombic tables; B'HNOi, smali 
rhombic tables; B/H^SOi, very slightly solubte 
m water, 

2 : 6-D»6romo-m-foltttdtne ; by reduction of 
2 : 5-dibromo-3-nitrotoluene. WLp. 72*4®-73*l^ 
(Nevile and Winther, l.c.). 

Acetyl-derivative ; m.p. 144®-145® (N. and 

W.). 

2 : 6-D>6romo*m'folttidme ; this compound 
is stated by Wroblewsky to be formed ny the 
action of 2 mols. of bromine on aceto*tii*tohiuiide, 
followed by hydrolysis, and is deecribed as 
meltmg at 92'5®. Nevile and Winther (C3iem. 
Soc. Trans. 1880, 37, 439) found that under these 
conditions a mixture of a monobromotohiidino, 
m.p, 76®-77®, 4 : 6-dibromo-m-t61uldine, 2 ; 6-di* 
bromo-m-tolukiine, m.p. 33®-35®, and 2:4:6^ 
tribromo-m-toluidine is formed. 

4 : 5-Dibromo-m4oluidine / by reducing the 
oo^ponding dibromonitrotolueoe (Nevile and 
Winther, f.r.; Cohen and Dutt, Chem. ^Tkans. 

SIJ'mVS'. Ak » “ . 

AeefjfMenwrfw*; m.p. 163-6»-l84* (CL }Um): 

D.), 

4 : ^Di6fo?no-m4ol««d»iis ; together ; 
2 : 6-dibromo-m-toluidme by brommatuig aoeto* 
m-tolokUde, separation l^g efketed 1^ 
gysta llisation from alcohol in whk^ the 2 : 6* 

Is more soluble; by farominaUiUE 
^komo-aoeto m-toluidide, followed by hydro* 
**^<1 Winther, Lc,) ; by brominatioin 
of 6-bromoaceto-iii-toluidide (<3ohen and DutL ■ 
f.c., 615); by reduction of 4 : 6-difaromo*3* 
n^rotoiu^e with tin and hydroohlorie add 

(lkinro,(:|em.Sc«. Trow. 1901, 81,87^^ DuU 
74*5M6® (D.I 
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hy ledttoticm ot 5:6^birao^- 
(Kevlle and Winther, lx,). It 
ii^at864«><N*atidW0<)r83^*^^(Cioh^ and 
Ddtt, Cbm. Soe. Tm». 1914« 105, 512). 

tt.p. 204®-^® <N. and 

: bvtheao^a 

M^bromine irapoar on m^tolnidind hydrocbioiridfi ; 

bromination of aceto-m-toluidide, foUonvod by 
i»rd»^ (Wiobievs)^, Ann. 1873, 16S, 195; 
Ke^eand Wintber, Ghem. Soc. Trans. 1880, 37, 
440, 448). 

MwioacelyUkrivatm: colouriess crystals, 
ia.p. 205®. 

Dwcdyl-derivative ; colourless cmtals, m.p. 
103® (Blanksma, Chem. Weekblad, 1909, 6, 
717). 

2 : 5 : 6«f n6fomo-ni-to2ttidine / bybrominat- 
ing 2 : 0-dibromoaceto-m-toluidide, followed by 
bwolysis (Nevile and Winther). It melts at 
w®*^4®. 

Acdyt^dmvaim ; m.p. 179°-181° (N. and 

W')« . 

4:5: ^•Tribromo-m^ioluidint ; by successive 
“ ‘ ‘ *oly8i8 of 4 : 5-dibromo- 
and W.). It melts at 





jMo^tok^. JikmA9>hydir<jM^ 
a allraM, pli^ ; and a needles. . ^ 

^ 0oiodc*xn4ol»»diae; by reducing O-iodo-^S* 


idtrbtolnene (Axtmaim, 


1905, 


bromination and 
aoeto-m-toluidide 
96®-96-8®. 

Aeefyl-derimlm ; m.p. 171°“! 73° (N. and 

W.). 

Tribromo^kiuidine ; from o-bromotoluene 
. m-sulphonic acid, by nitration, reduction and 
brommation (Schafer, Ann. 1 874, 1 74, 362 ; Ber. 
1874, 7, 1355). M.p. 82®. 

Tetra'hrcnuhm-ioluidine ; by brominating 
5-bromo-m-toluidine (Nevile and Winther, Ber. 
1880, 13, 975 ; Chem. Soc. Trans. 1880, 37, 449) ; 
or*4 : 5-dibxomo-m-toluidine (Cohen and Butt, 
Ohm. Soe. Trans. 1914, 105, 510). White 
needles, m.p. 223®-224® (N. and W.). 

6-Chloro •2:4- dibrcmo • m - tcluidine ; by 
. Iffominating an aqueous solution of G-chloro-m- 
toltddine 4-8ulphonio acid (Davies, Chem. Soc. 
Trans. 1921, 119, 866). Long colourless needles, 
BLp. 99*5®, which on keeping become bright red. 
Insoluble in dilute hydrocfloric acid and only 
slightly soluble in hot fuming hydrochloric acid. 

$^fodo-m-tdktidine; by reducing 2-iodo-3- 
nitrotoluene with ferrous sulphate and am- 
monia (Wheeler and Liddle, Amer. Cllhem. J. 
190^ 42, 441}. Long flat prisms, m.p. 41®-42®. 

AeelyUdmvalm ; m.p. 135®. On oxidation 
with xK^tessium pennanganate it yields 2-iodo-3- 
acetyiaminobenzoic add, m.p. 119® (Wh. and 
L). 

i^Iodo-m-ioliudine ; similarly from 4-iodo-3- 
nitrotoluene. It melts at 38®-~38'5® (Wheeler 
and oo-workers, ibid. 1910, 44, 126, 493), and not 
at 48® as stated by Willgerodt and Simonis (Ber. 
1906, 39, 269). B'HC3, wle yellow nee^: 
B'HNOi, red needles ; B'HjSOi (Wi. and S.). w 

Ac^Ukrivative ; m.p. 151® (W.), 145®- 
146® (Wi. and S.). On treatment with iodine 
ehlotide it yields 4 : 6-di-iodoaoeto-m-toluidide. 

fym^Mvatke ; slender colourless needles, 
m.p, 129® (Wi. and S.). 

, 5*/ado-m*ld«tdine ; by reducing 5-iodo-3- 
iiilirotohieiie (W.)« Long colourljgss needles, 

’ in.p. 78®-78*5% 

. m.p. 183® (W.). 

An iejiimi<Kae ; needldi or leaflets, m.p. 
188 ®- 18 iKM^ Halm^ 
y (te. 187l^Wjl62),a^isobtaj^ Itom nitrated 

e 


1031 ; HoUeman, Bee. trav, ehim* 1912, 3L : 
2W). Colourless leaflets which ^®f5*f9se 
sloyrly m exposure to air, m.p. 98 -99 JA^L 
imp. 37®-39® (Wheeler, Ac.), or m.p. 42^ (H.)* : ' 
B'Ha ^ort needles; B'HNO„ aggregates cd 
slender needles (A.). „ 5: 

Acityl-derivative ; white needles, m»pi 132 Mv 

^^ ^ 2 iB‘Di‘iodo‘m‘t 6 luidine; hy i^uction of 
2 : 6-di-iodo-3-nitrotoluene (Wheeler, Ac.). Pate 
brown prisms, m.p. 82® ; 

Acetyl-derivative; long colourless needles, 
m.p. 198®-199° (W.). 

2 :%-Di-iod4)-m-tduidine; by the action of 
iodine chloride on 2-io(ioaceto-»i4oluidide, 
followed by hydrolysis (Wheeler, Ac.). Colour- 
less prisms, m.p. 88®. 

Acetyl-derivative ; colourless prisms, m.p, 
171® (W.). 

4 : 5-Di-iodo-m-toluidine ; by reducing 4 : 5- 
di-iodo-3-nitrotoluene (Wheeler, Ac^., Lc.). 

Colourless slender needles, m.p. 66®-67®. 

Acetyl-derivative; m.p. 183®-184® (W.). 

4 : G-Bi-wxio-m-f^utdme ,* by the action of 
iodine on 4-iodo-w-toluidine (Wheeler, Ac.). 
Stout colourless needles, m.p. 73®-74®. 

Acetyl-derimtive ; long colourless needtes, 
m.p. 213® (W.). 

5 : Q-Di-iado-m-toluidine ; by the action of 
ferrous sulphate and ammonia on 2 1 S-di-iodo-S- 
nitrotoluene (W.). Colourless crystals, volatile 
with steam, m.p. 106®. 

Acetyl-deriwtive ; m.p. 208® (W.). 

2:4i^-Tri’iodO’m’toluidine; pale brown 
hair-like needles, m.p. 135®. 

Acetyl-derivative; m.p. 265® (W.). 

2:4; ^-Tri-iodo-m-toluidim ; together with 
2 : 4 : 5 : 6-tetraiodo-m-toluidine by wanning 
a mixture of 2 : 5-di'iodo-m-toluidin6 with 
iodine, water, ether and calcium carbonate for 
18 hours. Colourless needles, m.p. 119®-! 20® 
(W.). 

4 : 5 i^-Tri-iodo-m-tdttidine ; by warming a 
mixture of 5 : 6-di-iodo-m-tolttidine, iodine, 
water, ether and calcium carbonate for several 
hours. Small needles, m.p. 122®. 

Aceiyl-dmvatm ; colourless needtes, m.p» 
265® (decomp.) (W.). 

2:4:5: o-fefraiodo-m-fofuuiine ; together 
with other products by iodination of 2 : 5- or 
5 : 6-di-iodo-m-toluidine under similar con- 
ditions (W.). Small needles, m.p. 205® (W«). 

^-Chhro-i-iodo-m-tduidine ; b^ suooesiiys 
chlorination and hydrolysis of 4-iodoaoeto-iii* 
toluidfde (Willgerodt and Simonis, Ber. 190^ 

39, 269). Thin colourless plates, m.p. 65® | 
oxalate ; large plates, m.p. 165®. 

Aceiyl-dmvatm ; aggregates of small ctoloafo 
less needles, m.p. IW# (Wi. and S*). 

it-NUroeo-m-Ujluidm i by heating 1 ymbvt I 
nitroso-m-eresol with 15 parts d dbty ammoifliim 
acetate and 5 parts of ammontem diMte ter 
I hour at KXP (Mdme, Ber. 1888, 21, 790). 
Steel-bitie needles, m.p. 178®. ^ 

2-Nitr0-m4dMiM ; m alio iJmpiieftL 
Ber. 1885, IS, 1402 ; 8^1 ami KoibrAttm 
im, m giti Bdliing and Stoeeklte, Bmr, 
tS91y 24, 564; toiler with iniiH qimiifHlii 


(I 












TOLUENE. 
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of S-nitio-o-toliiidino aad 2 ^3-toIiiylmditiiiiiie 
fay ndnotion of 2 : S-dmittotofaumo nu^peoded in 
fdoofaolio J^dfo<dilorie ooi4, itoaiioaft 
wa oic^l^t 7^ and kee;^ 
the lor 12 hm. It lonaa.doep red 

nrums, nwp.. 107^*109^ (Burton and Kenner^ 
Oom. Soc. Tbns. 1921, 119, 1952)^ fttid witt 
formerly enmeotndy regarded ee a dinitroaeo** 
toluene (Kenner , and Parkin, ibid, 1920, 117, 
857}., Wfaen 2 $ $-dimtrotoliiene ie reduced 
with faydroeen eulphide in alcoholic ammoniacal 
eolution, Kenner and Paidcin (l.c.) obtained a 
d^troditolrl tulphide (moot probably the 
2 i 2^ : 6 : decompound) and a subitance, m.p. 
64^. 2-in^-m-toluidioe is obtained also by 
heating 3-chloro-2-nitrotolu6ne with concen* 
trated ammonia solution (D 0*880) at 200° for 
8 hours, 

Aeetphdmmtive; transparent prisms, m.p, 
126° (B, and K.) or 136° (L). 

4-Niiro-m-ioluidiM ; from 4-nitro-TO-tolyl- 
ethyl ether and ammonia (St^el and Kolb, 
Ann. 1800, 259, 224 ; Green and Rowe, Ohera. 
Soc. Trans, 1913, 103, 898 ; Morgan and Scharff, 
Chem. Soc. Trans. 1914, 105, 121); by hydro- 
lysis of the acetyl-derivative, obtained together 
with 6-nitroaceto-m-toluidide by nitrating aceto- 
m-toluidide with fuming nitric acid in glacial 
acetic acid (Gohen and Dakin, Cbem. Soc. Trans. 
1003, 83, 333); from 4-nitro-2 : 5-toluylenc- 
diamine by the dia7X)-reaction (Morgan and 
Micklethwait, ibid. 1913, 103, 1390 ; Moigan and 
Scharff, Ic.); by heating 3 : 4-dinitrotoluene 
with 2*5/N-methyl alcoholic ammonia at 150° 
for 6 hours (Kenner and Parkin, ibid. 1020, 117, 
858). Golden-yellow plates, or orange-yellow 
spicules, m.p. 109° (S. and K.), 110°-110*5° 
(GandD,), or 112° (M. and M.). 

Acetyl-derivative ; yellow needles, m.p. 88* 
89° (M. and M.) or 86°-87° (0. and D.) ; facfUK^l- 
derivative; long yellow needles, melting in- 
deffnitely at 83° (M. and M.) ; benzeneevlpkonyl 
derivative ; prisms, m.p. 137°~138° (kL and S.). 

^•Nitnhmdoluidine ; in 80 p.o, yield by 
reducing 3 : 5-dinitrotoluene with alcoholic 
ammomum sulphide (Stadel, Ann. 1883, 217, 
199 ; Nevile and Winther, Ber. 1882, \^5, 2985 ; 
Brady, Day and Rolt, Chem. Soc. Trans. 1922, 
121, 529). Yellow or brownish-rod needles, 
m.p.98°-98*4°(N.andW.; Haibach). B'HBr, 
thin leaflets (Haibach, J. pr. Chem. 1902, (2) 
65, 242). ' ^ 

Aedfi-derivative ; white microciystalline 
powder, m.p. 187° (B., D. and R.). If a solution 
of the acetyl-derivative in concentrated sul- 
phuric acid is added to nitric acid, or if tl^ solid 
compound be added to a mixture of nitric and 
sulphuric adds, 5 : 6-dinitroaoeto-m-toluidide is 
the main product, but if the acetyl-com^und 
is added directly to fuming nitric acid 4:5- 
.dinitroaoeto-m-toluididc preponderates (B., D. 
«nd B.). 

f. 6«ytlirp-m-(ol«iilifis; by successive nitration 
;aiid hydrolyiii of aoeto-m-toluidide (Beilstein 
Nmd Knhlbng, ikim. 1871, 158, 348), or together 
r with the 4*mtio-iaometid6 when the nitration is 
" Bted in ghudal aositlc add solutioa (Cohen 
Dakiitf Chenu Soe. Tkans. 1908, 83, 333; 
and Biady, ML 1980, 117, 762) ' 



ethyl ethm irilh eOttoentoti^ iammo^^ 
at 140°-150° for 8 hours (Stidd and tolh, Ann. ; : 
1890,259,214); as «hkf product, togethe^ with ; 
the 4-nftb4M>meride, hy nitrating «n»toluidine 
dissolved k dadal ao^ add and sutohurio ^ 
acid with nitno add (63 p.e.) and sulphuric acid 
at 0°, the isomerides being separated by dktilUng 
with a current of steam (Notting and Stoeoklin, 
Ber. 1893, 26, 564 ; cf, Morgan and Micklethwait, 
Chem. Soc. Trans. 1913, 103, 1397 ; Kenner and 
Parkin, ibid, 1920, 117, 858). Long, slender, 
saffron-yellow needles, m.p. 138° (N. and 6.), 
138°-140° (M. and M.), 133°-134° (C, and D.), 
or 135°-138° (Cohen and Hodsman, ibid. 1907, 

91. 976). 

Acetyl-derivative ; small rhombic cubes, m.p. 
10r-102° (B. and K.), or masdve red misms, 
m.p. 103°-104° (C. and D.l. or m.p. 109° (M. and 
M.). It is separated from 4-nitroaoeto-i»- 
toluidide by mechanical means, followed by 
crystallisation from alcohol (C. and D.), or by 
pouring the reaction product into water when 
the 6-nitro-isomeride separates, whilst the 
filtrate on keeping deposits 4-nitroac6to-9ii- 
toluidide (C. and B.). 

2 : i-Dinitro-m-tituidine ; aeetd-derivaiive ; 
colourless needles, m.p. 211°-212° (C. and B.). 

2 : ^-Dinitro-m-toluidine ; in 10-15 P.c. 
yield by the action of hydroxylamine hydro- 
chloride on 2 : 6-dmitrotoluene in methyl 
alcoholic potassium hydroxide solution at 30°, 
and addition of much water to the resulting 
solution (Meisenheimer and Patzig, Ber. 1906, 

39, 2533) ; by the action of 10 p.c. alcoholic am- 
monia on 3-bromo-2 : 6>dmitrotoluene (Kdmer 
and Contardi, Atti R. Accad. Lincei, 1916, fv.] 

25, ii. 339). Pale yellow prisms or ne^ies, mjp, 
133*8° (K. and C.) or 132*5° (M. and P.). 

Acetyl-derivative ; colourless plates or large 
prisms, m.p. 166° (K. and C. ; C. and B.). 

4 : b-mnitro-m-UduidiM ; see 5-mtro-m-toln- 
idine. Large brownish -yellow needles, m.p. 
131°. 

Acttyl-derivoAive ; fine white needles, m.p. 
177° (B., D. andR.). 

4 : ^-DinUro-m-tduidine ; by keeping a 
mixture of 3 : 4 : fi-tiinitrotoluene and ucohoik 
ammonia for 1 day (Hepp, Ann. 1883, 215, 368) ; 
by heating m-bromo-4 : 6-dmitrotoiueiie with 
alcoholio ammonia (Bontiey and Warren, Anker. 
Chem. J. 1890, 12, 2) ,* by heating 4 : 0-dinitro- 
m-cresyi ethyl-ether with concentrated aqueous 
ammonia at 100° (St&del and Kolb, Ann. 1890, 
259, 220) ; as the main product, together with a 
small quantity of 2 : 6-ainitro-m-tolutdine, end 
very little, if any, 2 : 4-dinitro-fii-toluidin% W 
gradual addition of aoeto-m-tbluidide to 10 
times its weight of nitric add (D D5) whk * 
thorough agitation, keeping the tempmtnie 
below 25°, followed by hywiyne. Ooca^nidk. 

2 r 4 : 6-trmitro-m-tolttidtne is formed afaw (Oook 
and Brady, Chem. Soc. Trans. 1920^ 117, 75^; 
together with the 2 : 6-dinitiD-iaomeride py , 
gradual addition of 6-nitioaoeto-iii-tolBidlde to 
an excess of nitric add (D i'Q bdow 25°, 
foUowed by hydrolysis (C. &). Small 

golden-yellow crystals, m,p. 192°<-W° (H.) or ' 
!96MB.andK.). i \ ■ 

AcsOffHlemsgua; patoyeS^ 

103° <0; and E). ^ 







Aot^-denaUm; faintly yellow sandy 1 g[; 4 s 6 -rfi 6 romai 6 -ni(focccto-m-<irfw^ 
jpowder, m.p. 172 ® (Brady, my and Rdt). nitrating 2 : 4 : 6 -tribromoaoeto-m^tdii y w e vftft 

2 : 4 : d-Trmiiro-m-loltttdine ; by the aetion nitric im (B 1 * 62 ), Mowed by hjwrgmsjwtn 
Mmcentrated alcoholic ammonia on the ethvl- ooncentraM Biilpkuric acid at 110 


of oonoentrated alc(^olic ammonia on the ethyl- ooncentraM Biilphuric acid at 110 J™***^“» 
ether of 2 : 4 : G-trinitro-m-cresol (Nolting and Ohem. Weekblad, 1909# 6 , 717). Palo yeuow 
Salifi,']^r. 1882# 15, 1864; Ann. Ohim. 188^5, ( 6 ) needles# m.p. 184®. 

4, 128 ; St&del and Kolb# Ann. 1890, 269, 222), or Ac^l-dmv(Uive ,* colourleaa needlea# . 

onta-l!^ino-trinitrotoluene(Bent]ey and Warren# 261®; diacetyl^derivativt ; oolourleBs ozyBtals# 
Amor. Chem. J. 1890# 12# 6 ), or on 3-chloro- m.p. 188® (B.). . 

2 : 4 : 6 -trinitPotoluene (Reverdin# Dresel and Metiiylin-kluidine ; ™ 

Ddetia, Bull. Soc. chim. 1904, (3) 31# 631). methyl sulphate (Ullmann, Ann. W 327, 104) 
Small crystals, m.p. 136® (S. and K.) or 126® or methyl iodide on wi-toluidine. The product 
(N.andS.). is freed from »w-toluidine by treating the 


Meihylixi-toluidine ; by the action of m- 
methyl sulphate (UHmann, Ann. 1903, 327, 104) 
or methyl iodide on wi-toluidine. Tbe jprodu^ 
is freed from »w-toluidiae by treating the 


Aceiyl-dtrivative, microscopic white silkj' ethereal solution with dilute sulphuric acid and 
idles, m.p. 249® (decomp.) (Cook and Bradv, from the dimethyl-derivative oy sub^uent 


Ohem. Soc. Trans. 1920# 117, 752). 


treatment with acetic anhydride (Moonet# 


^•Chi^oA’nitro-m-toluidine f‘ by keeping a Reverdin and Nolting, Ber. 1878, 11, 2279). 
solution of 2-chloro-3 : 4 -dinitrotoluene in about Liquid# b.p. 206®-207®. 


60 parts of absolute alcohol saturated with 
ammonia for 14 days (Morgan and Glover, Chem. 


Acetyl-derivative ; m.p. 66 ®, b.p. about 260®. 
i-NUromethyl-m-tolutdine ; by the action of 


Soc. Trans. 1921, 119, 1704). Golden-yellow methylamine on the methyl-ether of 4-nitJO-m- 
needles, m.p. 105®. It yields a deep red colora- cresol. Brownish-yellow flat prisms, m.p. 83 
tion with mcoholic sodium hydroxide. (0. Fischer and Rigaud# ^r. 1902, 35, 12^)» 

B-Chloro-^-nitro-j(i-toluidine ; obtained to- Q-Niirometkyl-va-toluidine by the action of 
gether with 6 -chloro- 2 -nitro-m-toluidine by concentrated nitric acid on the nitrosoamine 
successive nitration and hydrolysis of 6 -chloro- (Stormer and Hoffmann, Ber. 1898, 31# 2535). 
aceto-m-toluidide (B. A. 8 . F., D. R. P. 226772 Yellouish-brown plates with a blue sheen# m.p. 


of 1908 ; Morgan and Chalicnor, Chem. Soc. . 

Trans. 1921, 117, 1544), or together with 27 p.c. Niirosoamive ; yellowish plates, m.p. 73 - 
C-chloro-S-nitro-p-toluidine, by the action of 74®. 

alcoholic ammonia on 2-chloro-4 : 5-dinitro- ^-Chloro-i-nitrometkyl-va-toluidinc ; by tho 
toluene. The latter mixture melts at 144®, and action of dry methylamine on an absolute alco- 
is not separated by repeated crystallisation holie solution of (>-cnloro*4:5‘dinitrotoluene; by 
from alcohol, petroleum or glacial acetic acid heating 6-chloro-4-nitro-w*toluidine with methyl 
(Morgan and Drew, ibid. 1920, 117, 789; Morgan sulphate in toluene at 100® for 4 hours (Morgan 
and Cballenor, heX Yellowish-brown prisms, and Jones, Chem. Soc. Trans. 1921, 119, IWj, 


92®-93®. 

Niiroeoamive ; 


C-chloro-S-nitro-p-toluidine, by the action of 74®. 
alcoholic ammonia on 2-ch]oro-4 : 5 'dinitro- 6 -< 


and Cballenor, IcX Yellowish-brown prisms, and Jones, Chem. Soc. Trans. 1921, 119, 190). 
m!J). I58®-159®. Long red acicular prisms, m.p. 126®-! 27®. 

2:4: ^-Trichhro-^-nitro-m-toluidine ; the NUroeoatnine ; yellow plates, m.p. 70®. 

acdtvl-dmvaJlive, which does not melt below 200®, 2:4:6- Trinitr<methyl-m-icluidine ; by the 

is obtained together with a dicJUoroS-nitroaceio- action of methylamine on the methyl-ether of 
m-tefutdide, colourless needles, m.p. 181®-! 83®, by 2 : 4 : 0 -trinitro-m-crcsol. It melts at 138® 


acM-dmvative, which does not melt below 200 ®, 
is obtdned together with a dkJUoroS-nUroaceio- 


treating 6 -nitioaceto-m-toluididc with aqueous (Blanksma, Rec. trav. chim. 1902, 21, 327). 
sodium chlorate in presence of glacial acetic and Dimethyl-in-toluidine; bv the a^onof methyl 
concentrated hydrochlonc acids (Cohen and iodide on m-teluidine or oy distilling tolnene 
Dakin, C3iem. Soc. Trans. 1903, 83, 333). Irimethylammonium hydroxide (Monnei, ReYer- 

4:5: %-Trichloro-2-nUro-m-toluidi7ie ; by din and Nolting). B.p. 2 15® ( Wurster and Riedel, 
treating 4:5: O-trichlorodinitrotoluene with Ber. 1879, 12, 1797), 208® ( Reinhardt and St&del, 
alcoholic ammonia at 80®-100®. It melts at ij^id. 1883, 16, 31). B',H|PiCL; B'|H 4 Fe(CN)f 
192® (Seelig, Ber. 1885, 18, 420). -f 2 H 4 O, white needles ; B',HtFe(CN),+ liH|0 


ec/itt. iooa, lu, 01/. u 

-f2H,0, white needles; B',H^e(CN),+l|H|0 


t-]Broma-2-nitro-m-iduidine ; see 6 -bromo- (Wurster and Rosc^r, i&td. 1879, 12, 1826). 
4-nitro-m-toluidin6. It melts at 102®-'103® NUroeo-derivatm ; green leaffets or long 
(NevileandWinther, Ber. 1880, 13, 972; Chem. needles, m.p. 92®. Dm not give lieber* 
Soc. Trans. 1880, 37, 444 ; Cohen and Dutt# mann's nitroso-reaction. With aniline, o^tohi* 
Chem. Soc. Trans. 1914, 105, 513). idine, Ac., it yields steel-blue double compounds. 


^ n-Jsrmo-^-mro-m-toiuiatne ; as mam pro- U'rtu, yellow or greenisn-yeiiow oeedleB; 
duet together with the 2 -nitro-i 60 meride by B'.H 4 Fe(CN }4 + H| 0 ; B\HtFe(CN)| + RfO 
ttitcating 4-biomoaceto-m-ioluidide with sul- (Wurster and Roser). 
phuric and nitric acids (N. and W.), or in Iiiirodimetkylm-iduidine ; by oxldisiiig the 
presence of gladal acetic acid (C. and D.), above nitroso-compound udth potassium per* 
followed by hydrolysis. Dark yellow or lirown manganate (Wurster and Riede)). Long yyfey 
nee^, m.p. 179®-18r. needles, m.p. 84®. 

• Aeetyl-derimtm ; m.p. 125®-125*5® (C. and 5-yitroamethtd-m4oluiditti / 


B-Brmthd-nUro-m-toluidiTie ; 


125*5® (C. and 5-N^ib'oatmefAyf-m-teliH'din# bkiOd^fed, 

tening rhombic tables or doutde pyieipm/ 
by successive m.p. 62® (Jager, Z. KristalL 1903, 89}« <»r 


ijutration and hydrolysis of 5-bromoacelo-iM- 48®-50®(HaiMcb, J.pr.Cbem« 196 i( 2 ) 6 K|| 2 L 
tdiiidide (Nevile and Winther, Ber. 1880, 13, DinUr(dimetk}fim4ditMte ; by nilifttlim 


■;;1945; Chem. SoO, Trans. 1880, 37, 630). It acetic acid solution of 
■ “*'1* f _ ......... tt.1 


^ jiiMcioijt yfliKyy iunnumiu jttefiu 

2 : ; by bromi- l07®. Wlum the nlMloa li eanied out wlSi 

m^on qf 6-bromo*4-nitro-m-toluidine (N. and nitric acid aloim te pieieiiM of eidniiOEM 

p.) or 124 -130 (N. owl y.), flgMtali, «klk 168% wMA fa. Jm 





‘ ‘t; 


XOLUpfi. 


«olttMlft ikjMiiA tim tb imm (WiirAar 
Vy brominata&g 

dii)iethyl*m4otoiauii« bydroiUotm (Wmter 
«iiiiKe(HBera8miS,iaOO), WhK^leafbts, 
m.p. 98’, b*p, 876^ B^IV>(CN),+4H,0 ; 
B'tH^CN)i*f4iH|0 and Roseti 

i-Niln€ihiulm4dwdin4; hy traating the 
ethyUther of 4^nitrcHa-ocesol with ethyiamine 
at 1^5M70^ It m^t9 at 60** (Fischer and 
|tigattd,Ber. 1901,34,4802). 

2:4: ^*TnnUroethylm-wuidiiu ; in a 
similar manner from 2 : 4 : 6-trlnitro-w-cresoL 
It melts at 98^ and the nUroamine at 79^ 
(Blankima). 

Dkthylm^tolMiM; b.p. 227^~22S<* (Rein- 
hardt and Stadel, Ber. 1883, 16, 31). 

Phenyl-m-toluidine ; by strongly heating a 




■Mh-’ 




' J:' 


■W: 


m 


mixture of S-phenylamino-m-cresol with zinc 
dust (Zega and Bach, J. pr. Chom. 1886, (2) 33, 


642). Reddish oil, b.p. 300°-305^ lU solution in 
sulphuric acid is coloured an intense green by 
nitric acid, 

irNUfophenyUm'tdluidine ; by heating 5- 
phenylamino-4-mtrotoluene 2-8ulphonic acid 
with sulphuric acid (25 p.c.) at for 4 hours 
(SohrauM and Romig, Ber. 1893, 26, 581). 
Yellowish-red plates &om alcohol or six-sided 
tables from Itgroin, m.p. 110^ 

DiphenyZ-m-toltttdine ; by the interaction of 
m-ohbrotoluene and potassium diphenylamine 
(Haeussermann, Ber. 1901, 34, 38). It melts at 
69M0® 

6-CA/ofo-4-attropAs»yI-m-tolaidine,‘ by boil* 
ing 2*chloro-4 : 5-dinitrotoluene with aniline in 
^alcoholic solution for 36 hours ; in a yield of 
BO p.o. from 6*chloro-4-nitro-m-toluidine by 
^tiug under a reflux with bromobenzene, 
^tassium carbonate and cuprous iodide ( Morgan 
kUd Jones, Cham. Soc. Trans. 1921, 119, 190). 
l^thngular pyramids, m.p. 95^-90'’. 

^ Nitrommtne^ yellow prisms, m.p. 95°-96^ 

; 2-ChkroA-nUropUnyl-m‘toluidiM ; in a 
^milar manner to the 6 : 4-isumoride from 2- 
|iloro-3 : 4-dittitrotoluene and 2-chloro-4-Ditro- 
ktoluidine, respectively (M. and J.). tOiange- 
kl needles, m.p. 95^ 

y Di^mMykmine by heating m-toluidine 
lih its hydrochloride at 210°-240^ (Oosack, 
Ssr. 1880, 13, 1091) ; by heating m-oresol with 
mmonia, zinc ehbride and ammonium chloride 
f (Men and Muller, Ber. 1887, 20, 

, b.p. 319M20°, volatile with steam. 

I Au^-deiimm; tables, m.p. 43° (C.). 

\ TiH^m-hidroxyhmine ; plates, m.p. 08° 
^berger, Ber. 1895, 28, 248). On oxidation 
Ijrields m*azozytoluene and m-nitrosotoluene. 
^ niifo$(hdtnvativ€, (CH,)-C,H«N(NO)OH, 
B gRrtening needles, m.p. 54°-54'5° (B.). 

when treated in the 
I or when acted upon by 
tMlhyUne-N*NM<kilyt 
CHiN(OH)<3,H4-CHj„ 
p. 118° (Bamberaer and Tsohimer, 
IS, 951, mu ^ when added in a 
k 1 oonditkm to ooneentiated hydro* 
i ai8«fited at -8° to —10° with 
idoride and the mixtm allowed to 
n loe ehest for 7 daye, the 
mHMoigtolueae, " 



f^mberger, Teir*Mto* 

^ 004 de Wemt, W. 1902, 35, 3697 $ cf. ; 

hecger and de Wena, tbuf, 3711). it 
reacts tdth ihionyi aniline yMdlng m-tolnidme 
tdimiylsi^ihoiiamate and 
(Michaelia and Pet^ Ber. 1898, 31, 984). 

p‘Toluidine; see o*toluidine ; by reductios 
of p*nitrotoiuene (Muspratt and Hofmann, 
Ann. 1845, 54, 1) 1848, 66, 144; Noad, ibtd. 
1847, 63, 305 ; Miller, Zeih f. Chem. 1864, 161 ; 
Sell, Chem. Soc. Tru». 1863, 16, 186); together 
with ditolyi oxide by heating p-cresol with 
ammoniacal zinc chloride at 300^ (Buch, Ber. 
1884, 17, 2637 ; Merz and Muller, ibid. 1887, 20, 
545); by reduction of p-nitro^nzyl chloride 
with zinc dust (Rudolf, Jahiesbermht, 1885, 
2082 ; D. R. P. 34234 of 1885) ; by treating p* 
aminobenzyl alcohol with a solution of stannous 
chloride at 100° for { hour (Thiele and Dimroth, 
Ann. 1899, 305, 121) ; by reduction of poly- 
merised anhydro-p-aminobenzyl alcohol with 
zinc dost and hydrochloric acid (Kalle A Co., 
Eng. Pat. 1963 of 1895; Fr. Pat. 246918; 
bTk. P. 83544 of 1894) ; by the action of heat 
on the salts of methylaniline (Hofmann, Ber. 
1872,5,720). 

The conversion of methylaniline into p- 
toluidine hydrochloride has been studied by 
Beckmann and Correns (Ber. 1922, 55, 852), 
who showed that the main factor ffoyeming the 
change is the temperature, the addition of such 
salts as zinc chloride or alnminium chlmdde 
having little effect. p-Toluidine is also foim^ 
by the action of hyaroxylamine on toluene in 
presence of aluminium'or f^c chloride (Giaebe, 
Ber. 1901, 34, 1778), and by heating l^dfS«o*p* 
tolnene with alcohol at 120°~130° (Btehriogsi:. ^ 
and Busch, Ber. 1903, 36, 339). 

Commercial p-nitrotoluene «stta% contains 
some nitrobenzene and o-nitiotohM^ conse* 
quenily the crude leduotion product oontains 
aniline and o-toluidine. The omdo prodnet 
may be first purified by distillation, fnemng the 
fraction, b.p. 195°-205°, followed by ei;;pitil« 
Using the smid product from Bgrtno* V 

p-Toluldine crystallises from aqueons alecdml 
in leaflets, m.|^. 45° (Stadder, J. pr. Chem, 1864, 

(F^. : 

b.p. 198° (Muspratt and Hofmaim), qr 9MH° 
(Hulett, Zeitsch. pbvsikal. Chem. 18^ 28, 651, 
657; Kahlbaum, tbid. 1898, 26, 621; 
Neubeok, ibid. 1887, 1, 659), or 200*3° (P.); ^ 
0-973. 0-967 (P.). 1-OM (BUo^ 

Ber. 1879, 12, 252) ; magnetic rotatmy powwp^^; 
at 50° 15*87 (?.); dissociation oonsUal, M ;' 
«20*6xl0-i« (Lowenherz, ZdtsdL phyeftaL 
Chem. 1898, 2(^ 394); rdtaetive power, stS' 
BruhUi&id. 1895, 16, 216), Eykman (Rec, tav. 
chim. 1893, 12, 278) ; oryosoopio bdiavlomr. Me 
Auwers (i6^ 1897, % 451), Ampdla and 
Rinatori (Qazz. oMm. ital 1887, 27, i 48J; heat 
of combustion at constant premra OSS'd Cpl., 
heat o! oombnstion at ecuitaftt walni^ik 967*86 
Cal. (Petit, Com^ nmd, 1888, 107, 209; i^n, . 
Chim. 1889, (9) 18, 152}. 
p-TolnkliA may be semaM 


&!• ' 

I 


mwrE. 


'’'■'.H-'t ?•*«*“*«» »»y sMMiited in • 

|dnl»r mnner (BoaenstieU). lUb metiiod luts B'.H,8bBr, (tt ) ; VfiOil, 

5 ««»tt<»tively for tbeaepaMtion of o- (I.) j B'SBbIt (H.) j B',^0|, m.p. WI” (T. j 
..«djM6daaiM{Bo*en8ti«U, An^ IBttert; B'-MgSO* (T.)j B'.ofeo, (T.) j 

LMei»,Ann. 1874, m, 190; cf. B^AaO,; B',H,k3, 

Mm. ZeilsdL onaL aem. 1890,30,720). A (l£7 de Ooninok, Bull. Ekw. ohii^m 
i;: iMJipd of «8iima,tuig p-tdnidine in ndmixtuie (2) 4S, 131) ; B'.PlCl, (Gordon, B«. 1870, 8, 
VVltt 0-tolnidine wMoh depends upon the m; Cochin.BnlI.Soo.ohiin.l87».(2)31,489); 

■ Mudinfaigmint of the aoetylated product is B'PtCS,P(00,H,), (Ssillard, Bull w. chin. 
. tjim by aollemn(Proo. K.Akad. Wetensch. 1872, (2) 18, 111); B',Pta.2P(OCHJ»; 

. 1904, 7, 396). 


1872, ( 2 ) 18 , 111 ): B',Pta, 2 F(OCH,)t; 

B1^0I|2P(OCgH.)s (Cochin, Jahmfaeri&t, 


avw, f, vwf* JO jri(U4|AJriVUgAln;j \VUUU1U, UMIUVUUOUVUV, 

; B'HCl, scales (Rosenstiehl, Bull. Soc, 1878, 316) ; monoclinio crystals, 

Cfaims 1868, (2) 10, 199), needles, m.p. 238M40* (Scholz, Monatsh. 1880, 1, 905); B\Ca(NO,), 
(Bistdioff and Walden, Ann. 1894, 279, 134), 236^ (Lachowicz, Monatsh. 1889, 10, 896) ; B'|ZnBrg ; 
(Krsfft. Ber. 1899, 32, 1601), 243"; b.p. B'ZnI,; B',CdBr,; B',CdI,; B^NO,),; 
256-67728 mm. or 267-5"/760 mm. (Ullmann, B' 3 Hgaj;B'oHg(NO,),;B^Hg(CN);fr,UrO,Cf,; 
«6td. 1898, 31, 1699); B'HBr, plates (Stadel, B'^MnCl, (^ds, Jahresbericht, 1882, 603); 


Tollens, Ber. 1886, 18, 3311), +H*0 (Hitzel, phenaU, needles (Dyson, Chem. Soc. T^nit 
BnlL Soc. chim. 1894, [3] 11, 1054); cMoraie, 1883, 43, 468); mttpmnd vfith vkramidf^ 
long white crystals, exploding at 125° (Datta B'C,Hg(N02)jNHj, black needles with a brown 
and Choudhury, J. Amer. Chem. Soc. 1916, 38, reflex (Mertens, Ber. 1878, 11, 843) ; toluene p- 
1079) ; B'jHjPO*, large glistening plates eulphinic acid salt, nciMlIes, m.p. 140" (H&lssig, 
(LeW, Ber. ' 1886, 19, 1717), B'C^HjClO,, J. pr. Chem. 1897, (2) 56, 217). 
needles, m.p. 101°-102° (Baralis, Jahresbericht, Sodium salt; from p-toluidine and sodamidts 
1884, 698) or 97’5° (Suchin, Ber. 1888, 21, 1259) ; amorphous (Titherley, Chem. Soc. Trans. 1897, 
B'CfHgCl^Oj, needles, m.p. 13d°~136° (Duisberg, 71,465). p-Tcluidine monohydrak, see Walker 
Ber. 1885, 18, 194) or 140°-141° (Baralis); and Beveridge, iftid. 1907, 91, 1797; Lewy, Ber. 
B;C,Ha,0|, m.p. 137° (Baralis) ; B'CgHgClaOg, 1886, 19, 2728. 

prisms, m.p. 135" (Baralis) ; B'CgHgOi-f-iHjO A solution of p-toluidine in ether or water 
^memann, ^r. 1889, 22, 2710 ; Rosenstiehl, is not coloured by calcium hypochlorite, and a 
Bull. ^c. chim. 1871, (2) 17, 4); B'HBrIi, blue colour indicates the presence of o-toluidine. 
glistening leaflets (B^ut, Ann. 1881, 210, 324) ; A solution in diluted sulphuric acid is coloured 
(B'iHjSOiIjHI’Ii (Jorgensen, J, pr. Chem. 1876, rod by chromic acid, andf blue, changing to red 
(2) 14, 386) ; B',Si,F| (Com^ and Jackson, and linally to brown by nitric acid (I^nsUehl, 
Amer. Chem, J. 1888, 10, 173) ;B'jZnClg+3H20, Bull. Soc. chim. 1868,(2) 10,200). A solution 
mystalline precipitate (Lachowicz, Monatsh. in acetic acid, dilated with water or alcohol, is 
W9, 9, 613) ; B'gHgZnClg (Grafinghoff, Zeit. f. coloured bright red by lead peroxide (Lautl;, 
Chem. 1866, (2) 1,699), tables (Base, Amer. Chem. Compt. rend. 1890, 1 1 1., 975). 

«L 1898, 20, 6^) ; B'sH 3 ZnCl 5 y triclimc crystals When a few drops of ferric chloride solution 
* B't-f 2 ZnS 04 (L.) ; B'jMgClj (Tombeck, are added to a slightly acid solution of jh 
Aw. ^im. 19^(7)21,397); 2B'CdClj (L, f.c. toluidine in hydrochloric acid and boiled, a 
ow ; T.) ; B'H€3HgCl2, needles (Swan, Amer. bordeaux-red colour is produced. If aniline or 
uie^ J, 1898, 20, 626) ; B'jHgClj, thick o-toluidinc is present, a bluish-green precipitate 
m.p. 123°-125° (Klein, Ber. 1878, 11, is formed and the flltrato is kh£ Thii reaction 
plates, m,p. 120°-121° is so sensitive that traces of p-toiiddine may be 
(Klem,i6Mf. 1880, 13, 835); 2 B'Hgl 2 , m.p. 81° detected in 


6;)ecimens of aniline and 


a? *9?*^*^®^*^* o-toluidine (Biehringer and Bosch, Chem. Zeit. 

(D^^, Compt. rend. 1891, 112, 870); 1902,26. 1128). 


Compt. rend. 1891, 112, 870); 1902,26, 1128). 

P*"’ P Toluidine acts as a very weak base (Walker, 
Zeitsch. physikal. Chem. 1890, 6, 106; Bredig. 
(BB[OT)ff(BHCN)Co(CN)|+llH,0 (Wesel- ibid. 1894, 13,323; Lowenherx, tbid, 1906 25 
Ay, Jahresbericht, 1869, 314) ; B',Coa, (Lipp- 394). i^weuuen, ima. 

f R' VJ ’ potassium diebromate on 

p toluidine sulphate, Pterkin (Oiem. Boo. Trons* 
I Amer. CJhem. 1880, 37, 646) obtained two oxidatioii products, 


.X. JBiiijonui, monociimc 

(Hjortdahl, Jahrwbericht, 1882, 535) ; 
B ,^a,,yeDoweiyttal*(8t.); (B'fla)^bP, 
A^t. der PluniuMae, 236, 273); 

(B-)J 


f :y' M 0 tolMne (Otto, Aim. CaOm. im, ffi 
13, 143). When tieutod in nlpbwio Mdd 1 W 4 » 
ton with potuMuum penurngumte, ^tofadte 
^Ids rntrowtolueiM (iBambum und tWitit if 







■ . ■ . 'IN 

and fsohlnwr, 'l8^» Ikjr 1477 ; Otto* Asm* { siao ofaibride It ybUs antii ^ 

Ghim. 1898» (7) ISr 1^}> WImq fa:eaied { (Willgi^dt Mid Brands J. yst* 

'‘^hlovoaoetio 


mr 


aqaa regia ]i-toliiiditiayie^ with 

hydiegea ii>didie tolMte ii f^uoed; and when ‘ 
he«M wil^ a meta^derirativi^ of nitrobensene 
in 1^ pi^oe of hydroohloHo acid, dyeetnffe 
of the SuyeanOine series aro formed (D. R. PP. 
05995 of 1892; 78377, 79263. 79585, 79877. 
81648 of 1894). , . 

j)*Toluidine heated with sulphut gives nse 
to the jprimuline bases (Green. Ber. 1889, 22, 
968; JMobsan, ibid, 330; Gattermann. iM, 
422; Gattermann and Pfitzinger, ibid, 1063; 
Hunter, J. Chem. Ind. 1923, 42, 302 T). 
Heated with ethyl alcohol and zinc chloride 
p*tol!udin6 forms 4-ainino-l-methyl-3‘ethyl- 
benzene (Willgerodt and Brandt, J. pr. Chom. 
1904,(2169.433). 

p-Toluidine condenses with bromo- and 

. . . ^ • XU — ^ 

Bayer & Co., 
sr, Bcr. 1902, 

35, 2593; Friediandcr and Schick, Zeitseh. 
Farb, Text. Ind. 1904. 3, 218 ; see also M. L. B., 
Eng. Pat. 8905 of 1903; U.S. Pat. 748375; 
I). R. P. 149780; Bayer k Co., D. R. P. 148767, 
153517 of 1903; M. L. B., I). R. P. 174131 of 
1905). 

p-Toluidine also condenses with diazo-com« 
pounds (I^hner, J. pr. Chem. 1902, (2) 65, 401) ; 
with phenylurethane (Dixon, Cliem. Soc. Trans. 
1901, 79, 102) ; with methylene iodide (Senior 
and Goodwin, ♦6fd. 1902, 81, 280) ; with acetylene 
tetrabromide (Saban4eff and Rakovsky, J. Russ. 
Pliys, Chem. Soc. 1902, 34, 408) ; with phenyl 
Isocyanate (Walther and Stenz, Bull. Soc. ehiro. 
1901, (3) 26. 395) ; with epichlorhydrin (Cohn 
and Fr^lander, Ber. 1904, 37, 3034) ; and with 
Irinitrotoluene, p-toluidine forms an additive 
omponnd, dark red crystals, m.p. 68° (Jackson 
nd Claiie, Chem. Soc. Proc. 1906, 22, 84). p- 
Poluidine reacts with phenylazoimide at 140° to 
irm a substance^ Cf 8 H, 4 Ny, colourless needles, 
i.p. 116°, converted into a Drown viscous mass 
a benzoylation. from which benzo-p-toiuidide 
( obtain^ by treatment with alcoholic hydro« 
‘doric acid (Woll! and Kolasius, Atm. 1912, 
^,59). 

As in the case of o-toluidine, the p-isomeride 
i ^Eotised in sulphuric acid solution, then 
urated with sulphur dioxide, treated with 
|mper. filtered, washed with ammonia and the 
uted filtrate treated with ferric chloride, the 
rio toluene snlphinate, Fe(C|H 4 (OH|)SO|)|, is 
mod (Thomas, Chem. Soc. Trans. 1909, 95, 
6). 

p^ToIuidine condenses with aromatio alde^ 
In the presence of its hydrochloride 
Oiiiff acridines (Ullmann, Ber. 1908, 35, ,107). 

' otSer condensation products of p^toluidine 
ilddhydes, m Eibner and Amann (Ann. 

, 829, fill) ; Fric^nder (Ber. 1892, 25, 
9); EBhier and Ptonoker («5^. 1900, 83, 
$ HuitZMdi and Sohwid) (ibid, 1901, 34, 
% 841); Cohn and l^iedllnder (tbtd, 1902, 
Goto and Blim (Monatsh, 1904, 25, 
I), Ac, 06 ^drogscitm In presence of 
weed f*t<dtdditie yWdt p-meth^d* 

- hmt (Sabste 

> Bnik fik>9» ehim. 1904, (3) 31. 708). 


9, 433). WRb dich 


acid it: 


.imo-p*niethyI-oxindcb (Keller,Am 19(i4, 
332, 247). 

On exhaustive chlorination in acetic add 
with moist chlorine p-toluidine yidds hepta* 
chloromethykpdbhexanone* When p-toluidine 
is chlorinated in 97 p.c. snlphurio acid it is 
converted mainly into 3-chloro* and partly into 
2-chloro-derivative8. The same pnmnots, to* 
gether with 3 : S-dichlorD-p-toluidine, are ob- 
tained if 40 p.c. sulphuric acid is used. 3-Chloro-, 
3 : 5-dichloro-, and higher chlorinated products 
are obtained by chlorinating aceto-p-toluidide 
(Hafner, Ber. 1889, 22, 2535; Wrohlew^, 
Ann. 1873, 168, 196; Lellmann and Kbtz, 
ibid. 1885,231,308 ; Zincke,Ber. 1896,28,3121). 
Chlorinate products are obtained also when 
p-toluidine is electrolysed in an excess of l^dro- 
chloric acid (Elbs and Brunschweiler, J. pr, 
Chem. 1895, (2) 62, 569). 

Fomyl-deriintive ; together with the oxalyl* 
derivative by heating p-toluidine oxalate 
(Hubner, Ann. 1881, 209, 372); by boiling p- 
toluidlne with formic acid (Tobias, Ber. 1882, 
15, 2446). Very long needles, m.p. 62° (T.) or 
53° (Bamberger and Wulz, ibid, 1891, 24, 2(M). 
NaCgHjNO-f-HjO (T.); AgCgHgNO, needlee 
(Comstock and Clapp, Amer. Chem. J, 1891, 1$,^ 
527); Hg(C.HgON)g, needles (feeler and 
MacFarland, Ibid, 1896, 18, 545} ; HeCICgHgOK, 

needles, (W. and M.); (Cgl ~ 

colourless prisms (Comstock, 


•irf. 1898, 20, 79). 
For crystalline and liquid modification of 
fonnyl-p-toluidide. see Orlofi 
Qiem. ^c. 


(J. Boas. PhySf 


toluidide. su 
1005, 37, 439). 

Acetyl’detivaiive ; u%en p-t<^uidine is boiled 
for I hour with an excess of aoeUo anhydride a 
mixture of 32 p.c. of the monacetyl-dmvative 
and 60 p.c. of the diacetyl-derivative is formed 
(Sudborough, Chem. Soc. Trans. 1901, 79, 637). 

Dimorphous, crystallising in monoclinic 
forms (Pancbianco, Gazz. chim. ital. 1879, 9, 362; 
Riche and Beraid, Ann. 1864, 129, 77), m.p. 147” 
(Hubner and Wailach, Ann. 1870, 154, 302; 
Kelbe, Chem. Soc. Abstr. 1883, 44, 915), 14^-* 
149° (S.). or 153° (Feitler, Zritsch. physOni^ 
Chem. 1889, 4, 76), b.p. 307° (Beikrtein and 
Kuhlberg, Ann. 1870, 156, 74). On oxidatioii 
with potassium permanganate it yields aoetyl-p- 
aminobenzoic acid, and on treatment wiw 
phosphorus pentachloride the iminoohloiide 
CH,CC1=:N(C,HX!H,) is formed (Wallaoh. Aim^ 
1882, 214, 203). The uilrosoomtasis obtained by 
the action of nitrous acid on an acetic acid edw^ 
tion of aceto-p-toluidide (0. Fischer, Ber. 1^7, 
10, 959), or by treating a strongly eoln. 

tion of toluene-p-diazoniura chtori^ at —6° 


with acetic anhymide (^chmaim and IkobeBias, 
Ber. 1894, 27, 653). it forms neodlea, m.p. 90° 
(decomp.), and regenerates aoeto-p-tdnidKle on 
reducUon. 

Aoeto-p-toluidi^ fenns conq^oimds with 
sodium methoxide and ethoxida (CAfSi s^ 
Archdeacon, Chem. Soo. 3% 

and ykMs an N-eftforn-dwiind^ 



TOLUEim. 


tdddide containing the halogen in the acetyl- 
group, aee Tommasi (Bull. Soo. chiro. 1873, (2) 
400) ; Eckenroth and Bonner (Ber. 1890, 
. 23, 3287) ,* Bischoff and Walden (Ann. 1894, 
279, 65); Grothe (Arcfair. der Pharmacie. 238, 
589); Cech (Ber. 1877, 10, 879); Rugheimer 
and Hoffmann (iftid. 1885, 18, 2980) ; Judson 
iibid, 1870, 3, 784) ; Cloez {Am, Wm. 1886, (6) 
9, 216) ; Abenius ( J. pr. Chem. 1889, (2) 40, 433) ; 
Meyer (Ber. 1875, 8, 1154) ; Keller (Ann. 1904, 
332, 247). 

Diacetyl-derivative; colourless crystals, m.p. 
48^ (Sudborough, Chem. Soc. Trans. 1901, 79, 
537; c/. Clayton, Ber. 1898, 28, 1665), b.p. 
163*5M54*5711 mm., 177-5°-178‘5730 mm., 
211-5®-2127100 mm. (Kay, Ber. 1893, 26, 
2852). B'HCl, m.p. 120° (Dehn, J. Amcr. Chem. 
Soc. 1912, 34, 1399). 

Bemoyl-derivative! from p-toluidine and 
benzoyl chloride ( Jaillard, Zeit. f. Chem. 1865, (2) 

I, 440; Kelbe, Ber. 1875, 8, 875; Hiibner, Ann. 
1881, 208, 310; Wallach, Ann. 1882, 214, 217; 
Qudeman, Ber. 1888, 21, 2553; Muller, Ber. 
1889, 22, 2404). Needles, m.p. 158", b.p. 232°. 
p*NUro-deriv(Uivet yellow needles, m.p. 197° 
(Gattermann, Ber. 1892, 25, 1082). 

PhMyhderivatm ; m.p. 204° (Frohlich, 
Ber. 1884, 17, 2679). 

2^Chlor<hp‘idluidine ; by reducing 2-chloro- 
4-nitrotoluene or 2-chloro-4-nitrobenzyl bromide 
with tin and hydrochloric acid (Witt, Ber. 1892, 
25, 86 ; Lellmann, Ber. 1884, 17, 535) ; together 
with other products by reducing 2-chloro-4- 
nitrotoluene with sodium disulphide (Blanksma, 
Chem. Weekblad, 1909, 6, 899), or with iron pow- 
der in the presence of a smallquantity of sulphuric 
add (Wioaut, Rec. trav. chim. 1913, 32, 244), 
or almost quantitatively with iron filings and 
hydrochloiio add (Davies, Chem. Soc. Trans. 
1921, 119, 868) ; by boiling aGetyl-p-toluidine-2- 
diazop^ridide with concentrated hydrochloric 
add (Wdlach, Ann. 1886, 235, 253). Colourless 
ciysfalline solid, m.p. 26° (D.) or 23*1° (W.), b.p. 
237°-238*5°, or 242*-244°/760 mm. (D.), or 245° 
(Wynne and Greeves, Chem. Soc. Proc. 1895, 

II, 151). B^HGl, very large needles ; B'sH^SOi, 

, small leaflets; B',H,FtCl,. 

AceiyUdmvative ; m.p. (+lHjO) 86° (W. 
and G«), 104°-105° (anhydrous) (Blanksma, Ic . ; 
Kunckell and LUlig, J. pr. Chem. 1912, (2) 86, 
517; Wibaut, le.) ; henzoyUderivaiive ; needles, 
m.p. 122° (Wibaut). 

3-Chlor<hp4duidine ; in poor yield by 
BueoesBiTe chlorination and hydrolysis of aceto- 
j^tolo^de (Wroblewsky, Ann. 1873, 168, 196 ; 
^idlmann and Klotz, Ann. 1885, 231, 309; 
LeUmann, Ber. 1894, 24, 4111); as the chief 
product by passing a rapid stream of chlorine 
ihroagh a boiling solution of aceto-p-toluidide 
in its own weight of acetic acid, followed bv 
' hydrolyds, a diohloro- derivative beiog simul- 
ianeoudy fomed (Erdmann, Ber. 1891, 24, 
27^); ly chlorination of p-toluidine hydro- 
chloride in 15 times its weight of 40 p.c. hydro- 
ohiorio add (&hier, Ber. 1889, 22, 2536); 

: logsther with 3 : 5-diohloro-p-tolaidine and 
. hiiber chkwiitated products by the action of 
s^^U!^ chloride on a susjMnsidn of aoeto-p- 
tc^mdide in carbon disulpnide, followed by 


tednidim in carbon disulpnide, followed by 
hytollj^ (Wynne, Chem. Soc. Trans. 1892, 61, 
! Iw3) ; %t|^tner with other p^ucts by the 
^ action of hydrochloric acid on p-nitrosotoluene 


(Bamberger, Bfisdori anJ Ssdtayski, Ber; j[8^ , 
32, 218) : by treating aoeto-p-toiuidide in s>petie 
acid with aqueous sodium chlorate followed by 
hydrolysis (Reveidin and Ot^pieux, Ber. 1900, 

33, 2500); by reduction of 3-chlon»4«Bttro- 
toluene (Rieverain and Cr^pieux, B^. 1900, 33, 
2505) ; in a yield of 50 p.o. by ohlorination of 
aceto-p-toluidide by means of bleaching powderr 
followed by hydrolysis with alcohol and suh 
phurio acid (CSiattaway and Orton, Chem. Soc, 
Trans. 1900, 77, 792). Oil, which solidifies hi 
0°, m.p. 7°, b.p. 218°-219°/732 mip. (L. and K. ; 
LeUmann, Ber. 1891, 24, 4111), or 223°-224° 
(Cohen and Dakin, Chem. Soc. Trans. 1902, 81, 
1337); Dwo M51 (W.). B'HCl; B'HNO.; 
B'^H^SO^; B'C^HjO*. 

Acetyl-derivative; Anorthio crystals (Pone, 
Chem. Soc. Trans. 1892, 61, 1057), m.p. 118° (ifl), 
ll8° (L. and K.), 111°-112° (E.), 113°-n^b° 
(Wynne ; C. and D.) ; l^^chloro-derivative ; sboH 
prisms, m.p. 48° (C. and 0.); henaoylderivaliv^ 
m.p. 137°~139° (C. and D.). \ 

2 : 6-Dichloro-V'toluidine ; by reducing 2 : 3\ 
dichloro-4-nitrototuenc with tin and hydro*-\ 
chloric acid (Cohen and Dakin). It is volatile \ 
with steam and melts at 40°-42°. 

Acetyl-derivative; needles, m.p. 128°-129® 

(C. and D.). 

2 : 5‘Dkhloro-p-toluidine ; by reducing 2 : 5- 
dichloro-4-nitrotoluene (Morgan and Drew, 
Chem. Soc. Trans. 1920, 117, 789 ; c/. Cohen and 
Dakin, ibid, 1901, 79, 1130; 1902, 81. 1347). 

It melts at 91°-92°. 

2:^-Dickloro-j)-toluidine; by reduction of 
2 : 6-dlchloro-4-nitrotoluene with iron filings • 
and dilute hydrochloric acid (Davies, ibid, 1922, 
121, 813). Colourless needles, m.p. 56°’-57°. 
B'Hd, long colourless needles. 

Acetyl-derivaiive ; colourless slender needles, 
m.p, 220° (D.). 

3 : 5-Dichloro-p-toluidine {eee 3-chloro-p-tolu- 
idine) ; by successive chlorination and hy^Iysis 
of aceto-p-toluidide and of 3-cbloroaceto-p- 
toluidide (Lellman and Klotz, Ann. 1885, 231, 

322 ; cf, Cohen and Dakin) ; by other methods 
(Bamberger, Biisdorf and Szolayski; Wynne; 
Chattawpy and Orton; Cohen and lja1^}« 
Needles, scarcely volatile with steam, m.p. 60°. 
Sublimes. 

Acetyl-derivative ; crystals which sublime in 
I long needles, m.p. 201° (L. and K.) or 199° 

(C. and D.). It is hydrolysed by heating with 
concentrate hydrochloric acid at 120°. N- 
chhro-derivative ; slender four-sided prisms, 
m.p. 72° (C. and 0.). 

2:3:5- Trickloro-p-khidine ; aeetffi-dmvth 
HvCf formed by the action of sodium chlorate 
on a solution of 3 : 5-dichloroaceto-p-toloidide Id 
presence of acetic acid and hydroddorio add 
(Cohen and Dakin, Chem. Soc. ^ans. 19(^ 3], 
1337); by the action of a mixture of hydro<« 
chloric and nitric acids on aoeto^p-toliiidsde 
(Mannino and Donato, Gazx. tkdm, ital. 1908, 

38, ii. 20). Colourless needles, m.p. 179°. 

2-Br(mo-p-t6lwdine ; by reduc^n of ' 
bromo-4-nitrotoluenc (Nevile and Winthcr, Ber* 
1881, 14, 418 ; Chem. Soo Trans. 133], 39, 85) $ ' ! 
by boiling acetyl-J^toluidixM•2-dkaol)irieri5^ 
with concentrated nydrohromie add (Wdladi, 
Ann. 1886, 235, 255} ; together with 3-miiio-p- 
tolttidine by keeping a mixture of p-t^uidifie 
sulphate and bromine in the presence of mili. ^ 











m 


mmm. 


itoic add {«F jRl4Ml»(S^n«r, Bar. 1BS9, Si 
2^) : toflothw 8-Mm(Hl*a(uinobenEd- 

r . a - fc* n 1. J 


(BlAnMma, Cai^m. WffitbiBd, 19^^ It 

meltsl^®-26MN. and W.), and boik at 254*^- 
257® (H.). B'HOI, needles; B'HBr(W.). 

, ii^^derktt^MNf/ m.pa ll3®(B.). On boiling 
with potassium permanganate solution it yields 
2-bromo4-acetykminobenzoic acid. 

' Z-Bfmo-^Muidine ; by successive bromina- 
tion and hydrolysis of aceto-p-toluidide (Wro* 
blewsky, Ann. 1873, 168, 153 ; Nevile and 
Winther) ; together with other products by the 
action of hydrobromic acid on p-nitrosotolueno 
(Bamberger, Busdorf and Szolayski, Bor. 1899, i 
32, 219) ; by bromination of p-toluidine hydro- 
chloride (Klages and Liecke, J. pr. Chem. 1900, 
(2) 61, 326). Large plates, m.p. 26® (Claus and 
Steinberg, Ber. 1883, 16, 914), b.p. 240® ; 
D*®® 1*510 (W.), 1-498 (Hand, Ann. 1886, 234, 
156). B'HCl, softens at 210® and melts at 
221® (decomp.). B'HN 03 , plates, m.p. 182®; | 
B',H 2 S 04 -f 2 H 30 . The bromotoluidine obtained | 
by Peohmann (Ann. 1874, 173, 210) by distilling 
brominated p-aminotoluene m-sulphonio acid 
with potassium hydroxide is probably identical 
with the above. | 

Acetyl-derivative ; needles, m.p. 117*5® (W.). | 
lS-hr<mo-dmv(Uive ; yellow four-sided, plates, 
m,p. 87®. On heating at 110® it yields 3:5- 
dibromoaceto-p-toluidide (Chattaway and Orton, 
Chem. Soc. ^ans. 1900, 77, 795). 

Diacetyl-derivative ; thick prisms, m.p. 75®- 
75-5® (Ulffers and Janson, Ber. 1894, 27, 98). 

Bemoyl-derivative ; m.p. 148*5® (Pinnow, 
Ber. 1891, 24, 4170). 

2 : &-Dibrmo-]^-tdluidine ; by reduction of 
the corresponding nitro-derivative (Wroblewsky, 
Ann. 1873, 168, 185 ; Nevile and Winther, Ber. 
1880, 13, 962 ; Chem. Soc. Trans. 1880, 37, 445). 
Prisms, m.p. 83® (W.), leaflets, m.p. 84-6®-85® 
;N.andW.). 

2 : 6-Dibromo-T^-tduidine ; by reduction of 
;he corresponding nitro-derivative (Nevile and 
Winther). It melts at 88°~69®. 

3 : 6-Diibrom-^-tduidine ; by the action of 
lydiobromio acid on p-nitrosotoluenb (Bam- 
)eiger, Busdorf and Szolayski) ; from p-tpluidine 
md bromin^Wroblewsky, Ann. 1873, 168, 188 ; 
Revile and Winther ; Klages and Liecke, J. pr. 
Ihem. 1900, (2) 61, 3^) ; together with 3-bromo- 
)*tQkddine 5-BUlphonic acid by the action of 
ffominoon p-toluidine 3-sulphonic acid (N. and 
V , ; c/. Pecnmann, Ann. 1874, 173, 216)^ Long 
ftonodhuc needles, m.p. 73® (JSger, Z. Kristal!. 
903, 38, 89), or 73-5<-74*5® (Bamberger, Ber. 
899, 32, 221). Does not combine with acids. 

ActtyMmaim; long needles, m.p. 183® 
and Serbabny, Ann. 1891, 265, 3777), or 
rimai, i99®**'200® (IMers and Janson, Ber. 1894, 
h mi e/. KuhokeU, ibid. 1908, 41, 4111); 

thick tables and prisms, 
l#^®-iOl-6®(t7.and J.), 

by redu<^ the 
nitro-compoimd (N. and W. ; 
^robfcf^ M.P. 98® (N. and W,), or 85® 


j^bteiw^ M.p. 98® (N. and W,), or 85® 

2:3t5«IVibromo-p-f<}ffMdine; by brominat^ 
g hydrochloride (Nevib 

idW1ntiber;U; Bee. 1881, 14,418). Needbi^ 


2;3t6-rri6rofne^^-4datdiae; hy feduoing 
the oorrespondliig nitro-derivative with iron 
ainl acetifi add (N, and W.). Needles, m.p, 
118®-119® (Cohen and Butt, (Sum* Soc. Traw, 
1914 105, 514), 

Peohmann (Ann. 1874, 173, 217) obtained a 
tribrtmotdhidinBt loi^ needles, m.p. 113®, by 
the action of bromine on p-aminotoluene 
snlphonio acid. 

Tdfobfomo-p-idttidiae ; bybrominating2 : 6- 
dibromo-p-toluidme hydrochloride (N. and W.) ; 
together with dibiomonitrotolttene by heatl^ 
n-nitrotoluene with bromine and a little iron 
bromide at 90® (Scheufelen, Ann. 1885, 231, 
179). Slender needles, m.p. 226®-227®. 

3-(7Aforo-5-&romo-p-toluiains ; bybrominating 
S-cUoro-jp-tolttidine in glacial acetic acid 
boiling until most of the hydrogen bromide 
is removed (Orton and Reed, Chem. Soc. ^^ans. 
1907, 91, 1570); from aceto-p-toluidide by 
successive bromination and chlorination with 
hydrochloric acid and sodium chlorate in glacial 
acetic acid, followed by hydrolysis (Cohen and 
Murray, ibid. 1915, 107, 847). Colourless 
needles, m.p. 65® (0. and R.) or 63-5® (C. and M.). 

Acetyl-derivative ; prisms, m.p. 189® (0. and 
R.), or 199® (C. and M.); diacetyl-derivative; 
m.p.82®{aandM.). 

2-lodo-P’t6luidine ; by reducing 2-iodo-4- 
nitrotoluene with ferrous sulphate in ammoniacal 
solution (Willgerodt and Gartner, Ber. 1908, 41," 
2813) ; or together with 2-iodo-4-ammobenEalde- 
hyde by reducing with sodium disulpiride 
(Blanksma, Chem. Weekblad, 1909, 6, 899). 
Large white needles, m.p. 37®-38®. B'HCl, 
long dark needles; B'jHgSOi, leaflets; B"HNO|, 
rhombs; B'CjHgOi, small rhombs. 

Acetyl-derivative ; white needles, m.p. 130®; 
iodocAlome, yellow needles, decomposing at 
U0®(W.andG.). 

2’Iodo’p-iolutdiM ; by the interaction of 
iodine and p-toluidine (Wheeler and liddle, 
Amer, Chem. J. 1909, 42, 441). Colourless 
needles, m.p. 40®. B'HCl, m.p. 188® (decomp.); 
B^CgHjOi m.p. 119®-120® (decomp.). 

Acetyl-dmvative ; long colourless needles, 
m.p. 133® ; benzoyl-derivative ; colourless needles, 
m.p. 161® (W. and L.). The acetyl-derivative 
when boiled with concentrated hydrochlotic acid 
yields 3 ; 5-di-iodo-p-toluidme. 

2 : 5-Di-iodo-jhtoluidine ; by seducing 2 : 5- 
di-iodo-4-nitrotoIuene with fezrous BuJ]dmte and 
ammonia Buff-coloured prisms, m.p. 109^ 
(Wheeler, Ac., Amer, Chem. J. 1910, 44, 493). 

3 : ff-jDt-mdo-p-tolvtdtiie ; by the acrion of 
iodine chloride on p-toluidine hydioriykHdd» 


the action of 2 mols* of iodine on p-tmeidine 
in presence of water and oalciiim earbmiite 
(Wheeler and Liddle). Long slender needleB, 
m.p. 124*5® (M. and N*), 

' Aceiyl-dmviUive ; stout etdouriess - urlrini. 
m.p.226®{W.andL). 

2-Ntfro-n-tofuidine; together wMi 4-iiitio- 
e-ioluidine by partial Ruction vi t : 4-diniiio- 
toluene with alcoholic anmoniiun sulplilde 
(Qrael^ Aim. 1885, 229, 343; Anachto Mid 
Heusa^, Ber. 4886, 19, 2161; Beilstein and 
Aiifc laro. ISL 14 ) i . 
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of in milphttiio add witli nitric acid, \ of potaesitim nitrate (Scott and BoHiuOa^ 

but when a lam amount of sulphuric acid is Soo* Trans. 10^,* 121» 844). Oiange-yellow 


used onk the • 2-nitro-i8omeride is obtained needles, m.p. 124* 
(Jiiibner, Ber. 1877, 10, 1716; Nolting and ilcs^l-dsritwtii 


(Htibner, Ber. 1877, 10, 1716; Nolting and AeOyUt 
Ooilin, i6u2. 1884, 17, 263 ; Foth, Ann. 1885, 230, m.p. 174*5* 
290). Yellow glistening broad needles, m.p. 2:5-i)i 
91*5** (Haibaoh, J. pr. Chem. 1902, (2) 65, 246). orange*red 
B^C2, m.p. 220**. (decomp.); B'HNOs, ni.p. AceiyU 


124®. Weak base. 

iuodi^; colourless silky needles, 


ra.p. 

2:5.i)infWo-p-tdttidi«s (see above). Deep 
orange*red needles, m.p. 189®. Feeble bMe. 
Aedyhderivatm ; aggregates of colouriesa 


186®; B'jHiSOi+iHjO, stellate needles; slender ne^es, m.p. 132*5® (S. and R.). 

. dCyHgNjOg+AgNO,, greenish-yellow crystals, 2 : 6-Dmttro.p.tdttidtnc ; by reduction of 
nup. 13r-132® (Mixter, Amer. Chem. J. 1880, 1, 2 : 4: e-trinitrotoluene with ammoni^ 

241). (Tiemann, Ber. 1870, 3, 218; Beilstem, ibid. 

i’omy/-deriwrfi!;e ,* white voluminous needles 1880, 13, 243; Stadel, Ann. 1884, 225, 384; 
(Geigy & Co., U.S. Pat. 722630 ; Fr. Pat. Holleman and Boescken, Rec. trav. chim. 1897, 
306655 ; D. R. P. 138839 of 1902). 16, 425) ; by reduction of 2 : 0-dinitro-p-tolyl- 

Aceiyl - derivative ; needles, m.p. 160® hydroxylamine with copper powder and hydros 
(CunertLAnn.l874.172.229)orl44*5®(Wallach. chloric acid; or together with 4:6-dinitro^ 


(Geigy & Co., U.S. Pat. 722630 ; Fr. Pat. Holleman and Boescken, Rec. trav. chim. 1897, 
306655 ; D. R. P. 138839 of 1902). 16, 425) ; by reduction of 2 : 0-dinitro-p-tolyl- 

Aceiyl - derivative ; needles, m.p. 160® hydroxylamine with copper powder and hydros 
(Cunerth,Ann.l874,172,229)orl44*5®(Wallach. chloric acid; or together with 4:6-dinitro^ 
ibid. 1886, 234, 354). toluidine by reducing 2 : 4 : 6*trinitrotoluene id 

Benzoyl-derivative ; pale yellow prisms, m.p. hydrochloric acid solution in presence of ouprid 
172® (Bell, Chem. News, 1874, 30, 202). chloride at a copper cathode (Brand and Eisen-l 

Z-Niiro-i^46lu%dirye ; by successive nitration menger, J. pr. Chem. 1913, (2) 87, 487; c/, | 
and hydrolysis of benzoyl-p-toluidinc, aceto- Cohen and Dakin, Chem. Sw. Trans. 1902, 81, 
p-toluidide, or toluene p-sulphonyl-p-toluidide 27; Cohen and McCandlish, ibid. 1905, 87, 1265). 
(Beilstein and Kuhlberg, Ann. 1870, 155, 23; Yellow hair-like netdles, m.p. 166 -5®-! 68® (T.; 
JLorenz, ibid. 1874, 172, 77; Hubner, ibid. 1881, B.), 171® (H. and B.), 168®-169® (C. and D.; 
208, 313 ; Lellmann, ibid. 1883, 221, 7 ; Cosack, Anschutz and Zimmermann, Ber. 1915, 48, 152). 
Ber. 1880, 13, 1088 ; Ehrlich, ibid. 1882, 15, It exists in four distinct crystalline phases 
2009; Gattermann, ibid. 1885, 18, 1483; (Artini, Atti R. Accad. Lincei, 1917 [v.] 26, i. 
Nolting and Collin, ibid. 1 884, 1 7, 263 ; Reverdin 392). 

and Crbpieux, ibid. 1902, 35, 1439 ; Bull. Soc. Acetyl-derivative; slender white needles, 
chim, 1902, (3) 27, 743; Noyes, Araer. Chem. J. m.p, 223® (Korner and Ck>ntardi, ibid. 1916, [v.j 
1888, 10, 475) ; by heating 3-nitro-p-cresol with 25, ii. ,339). 


35 p.c. ammonia for 16 hours at 170®-! 80* 

(Barr, Ber. 1888, 21, 1543) ; by the transforma- tion and hydrolysis of the a^tyl- or benzovl- 
tion of p-toluene nitroamine (Bamberger and derivative of p-toluidine (Beilstein and Kuhl* 
Hoff, Ber. 1897, 30, 1258; Ann. 1900,311,93); berg, Ann. 1871, 158, 341 ; Jackson and Utner, 
oii together with other products by the action Amer. Chem. J. 1897, 19, 6; Hubner, Ann. 
of nitric anhydride on p-toluidine (B. and H.). 1881, 208, 278 ; 1884, 222, 73 ; Brady, Day and 
Red monocfinic prisms (Panebianco, Gazz. Rolt, Chem. Soc. Trans. 1922, 121, 527) ; from 
chim. ital. 1879, 9, 358; Jager, Z. KristaU, 1903, 3 : 5 dinitro-p-cresol alkyl ether and aleobolie 
38, 89), m,p. 114® (B. and K. ; R. and C.), ammonia in the cold (.Stadel, Ann. 181^, 21 7| 
116°-117® (Schraube and Romig, Ber. 1893, 26, 185); by transformation of 3*niti;o<p*tohietie 
579), or 117°-! 18° (Morgan and Micklethwait, nitroamine(Bamberger and Voss, Ber. 1897, 30, 
Chem. Soc. Trans. 1913, 103, 1401). Volatile 1257; Bamberger and Hoff, Ann. 1000,311,112), 
with steam. B*HC1, yellow prisms immediately Yellow needles, m.p. 106® (B. and K.), 168* 
decomposed by water; B'HNO,, six-sided (Hubner; B. and V.; NiementowaJi^ Ber. 
yellow tables or slender needles (Hiibner); 1886, 19.717). 

B'HBr, laige laminae (Haibach, J. pr. Chem. Acetyl-derimtw ; long velJow neodlm, m.!!. 
1902, (2) 65, 249). and K.), or 195" (hwdorkS, Btfr. 


3 : t>-Dinitro-^’td%iidine ; by sucoessiiT nitra* 


Acetyhdmvalive ; slender yellow needles II, 1975). 


from water or concentrated alcoholic solution, Diaceiy^d«^f(u/ire/ thick (ntron*yfdlowtabiei, 
loM colourless needles from dilute alcoholic m.p. 129*5- (Ullfew and Jaiwon, fief, 
solution, m.p. 94®-95® (Gattermann). For the 101). » ^ 

relation and properties of the two forms of Benzoyldtrivaiive : needke, m.lk. 166** 
3-nitro-aceto-p-toIuidide, m Schaum, Ann. (Hubner). ^ 

^8^, 300, 224 ; ^r. 1898. 31, J29 ; Schenck, {B)-Dinitro-]htoluidine ; by treating 2:3:4# 

Auwers, trinitrotoluene with alcoholic ammem at IW* 


fbKf. 1897, 23, 4^. (Hepp, Ann. 1882, 215, 37J), Qioii gokbll* 

I'mm*. yellow needle,, m.p. M*. . 

m.pj^78 (IMers and Janwn, Ber. 1894,27, 101 ), i^hloro.2-nUro-p4oluidiM : by hMtiw f. 

1 * and M.) or (Hubner). acid (Brand and &iler, Ber. 1067* 4 Ql 

S-nitro-p- Pale yellow needim, m.p. 63® (B, and ZA 9i 
toimdine yields a mixture of p-diamioo-o-azoxy- 67®-6M® (Barton and KeiLw Gbimi Am 
^ luene and p-diamino-o-azotoluene (Elbs and 1921, 119 1052) * 896. , 

'* “ tbe 3ohloro.p.(ohiidii»^ nitrata iriffi fl'w.jjL a * 


Wi 


if.','; 






mraim 


on (Brnad imd Boof* Tmm 

ZoUer). 0^«^-]»a |lntea*ii]L|). 129*9° (dans and Batt, 
and BaWdsen). 131° (B. and f ). 

Acet^dmvcs^iiet m*n. 143° (d* and B.)« nation of 

2- ChiQr^hS-ni^f4midin€: hv snooeesive Weekblad 
nitration and hydrol^ of 2 -oUorpaoeto- 2 >- in.p. 82°. 
toiiMdo (ClauB and Bdcher, Ann. 1891, ,266, 

354; Banes, Chem. Soc. Trans, 1921, 119, aoeto-n-td 
868) ; bv addins 2-chloro-p-tolttidine nitrate to (Kunekell 
^U-cooled sulphttrio acid (Cohen and Bakin, 3 : 5-dibro 
l.e.) ; together with 6-ohloro<4-nitrO'm*tolttidine anhydride 
by Ike action of alcoholic ammonia on 2<chloro- M.p. 238°. 
4 : 6*dinitrotoluene ; or from o-toluidine by ^•Bron 
nitration, replacement of the amino-group by with a li 
chlorine, reduction, acetylation, nitration and idinebytl 
^drolysis (Morgan and Chalienor, Chem. Hoc. toluidine 
mns. 1921, 119, 1538, 1545). Golden-yellow acetic aci 
plates, m.p. 165°. Accad. Lii 

Aeetyl-derivaiive ; pale yellow crystals, m.p. prisms or 
112° (Blanksma, Rec. trav. chim. 1910, 29, 410), Acclyl- 
113° (C. and B.). m.p. 161° 

3- (/Aloro-5-m(ro-p-to/tttdiffe ; by nitration 3:5-Z3 
of 3-chloroaoeto-p-toluidide (daus and David- further bi 
sen) in presence of glacial acetic acid at 20°, (K. and C 
followed by hydrolysis with hydrochloric acid Acetyl- 
(Cohen and Dakin). Orange-red needles, m.p. ing 3 1 5-c 
72°-73°, slowly volatile with steam (C. and D.) nitric acid 
or orange-red plates, m.p. 70*6° (Cl. and D.). Ber. 1908, 

Acetyl-derivative; m.p. 196° (Cl. and D.). 5-Jodo 

2 : 6-Dichloro-Z‘niiro-]^-toluidine ; by the nitro-p-tol 
c gradual addition of 2 : 6-dichloroaoeto-p- acetic acid 
J toluidide to nitric acid (D 1*49) cooled in ice- 1910, 44, 
[water, followed by hydrolysis with alcoholic Acetyl- 
Isodium hydroxide (Davies, Chem. Soc. Trans. (W. and I 
1922, 121, 813). Minute orange needles, m.p. toluidide 
]130°-13l°. B'HCl, clusters of colourless needles, 441). Pri 
bsunediately hydrolysed by cold water. Methvl 

Aedyl-derivative ; colourless needles, m.p. dimethyl 
180° (D.). 104); tone 

2-Chloro-Z : 5-d»nitro-p-to/tttdine ,* by the action of i 
gradual a<^tion of 2-chloroaceto-p-toluidide to The prodi 
rell-cooled* nitric acid (D 1’5), keeping for 6 unchangec 
bours, followed by hy^lysis with cold sul- acid. Th( 
phuric acid (Davies, ibid. 1921, 119, 808). Thin fractional! 
Kolden-yellow needles, m.p. 137°, hydrolyses 

Acetyl-derivative; colourless leaflets, m.p. s^um h 
i38°(D.). • 1582); b; 

I 2-Brmo-1^-nitro-o-toluidine ; by nitration toluidine v 
hydrolysis of 2-bromoaceto-p-toliudide Ber. 1878 
Klanksma, Ckem. Weekblad, 1912, 9, 968). diasometh 
HVange-red needles, m.p. 165°. 858). liq 

M Aeetfd-dmwtm ; pale yellow needles, m.p. 119*5° (Bi 

2081); B' 

K 3-BrQiao-5-nttro-p.kd«idtne ; by nitration Acstyl-i 
ftd hydrolysis of 3-bromoaceto-p-toiuidide b.p. 283°. 
wroblewskv, Ann. 1878, 192, 202) ; by bromina- on boiling 
Hn and nitration (or tdee versa) of aoeto-p- Nitrm 
»idlde, followed by hydrolysis (Nevite and or 52°--53° 
■tether, Ber. 1880, 13, 068 ; Chem. Soc. 'Bream. 2-Niin 
■W, 37, 429). Orange-red needles, m.p. 64°-^ methyl-p-l 
V (Cohiui m Butt, Ckem. 8oc« l^s. 1914, below 0° 
■9»910). , methylath 

ntp. 2)0^ (C. and B.); BulL Soc 
■wsihMari^^ large greenish-yellow tabte, crystals, i 
mm 79° (BUfeni and Janson, Bar. 1894, 27, thick pdsi 

fay dissolving rn-pfl^- 
■^ ct 3-ligoino-p-tolddiii0 nitrate in If Hem 

thick prbi 

■ i^dan fChiag and Hetbaboy, Ana. 1891| t-NHn 
K m As^ toiaidlM^ 

« • -f. SEmm 


Soo. Trons. 1901b 87, 948), or 118M19° {Cohen 
and Bntt, m. 1914, 1(15, 515). 

2tIt-i>ibrm4h2-nUro-p-kImiinei ly bromi- 
nation of 2!nitro-p-tohiiaiue (Blanksma, Chem. 
Weekblad, 1^, 6, 717). Yellow crystals, 
m.p. 82°. 

Acetyl-derivatm; by nitrat^ 3 : 5-dibromo« 
aoeto-p-toluidide with fuming nitric acid 
(Kunekell, Ber. 1908, 41, 4111); by aoetylatii^ 

3: 5-dibromo- 2 -nitio-p- toluidine with acetic 
anhydride and a drop of sulphurie acid (B.). 
M.p. 238°. 

3- Bromo-2 : MinUro-p-icluidine ; together 
with a little 3 : 5-dibromo-2 : 6-dinitro-p-tolu^ 
idine by the action of bromine on 2 : 6-dinitro-p^ 
toluidine in presence of sodium acetate and 
acetic acid (ICdmer and Contardi, Atti R. 
Accad. Lincei, 1916, [v.] 25, ii. 339). Pifle yellow 
prisms or short ne<^es, m.p. 174°. 

Acetyl-derivative; almost colourless plates, 
m.p. 151° (K. and 0.). 

3 : 5-Dibromo-2 : 6 • dinitro - p - toluidiim ; by 
further bromination of the S-bromo-derivative 
(K. and C.). Pale yellow prisms, m.p. 177°. 

Acetyl-derivative ; m.p. 265°-267°, by nitrat- 
ing 3 : 5-dibromoaceto-p-toluidide with fuming 
nitric acid in presence of sulphuric acid (Kunekell, 
Ber. 1908, 41, 4111). 

5-Jodo-2-nitro-'p-toluidine ; by wanoiog 3i- 
nitro-p-toluidine uith iodine chloride in glaciid 
acetic acid (Wheeler and Scholes, Amer. Chem. J. 
1910, 44, 126). Golden needles, m.p. 98°. 

Acetyl-derivatm ; by aoetylating the above 
(W. and S.) or by nitration of 6-iodoaceto-p< 
toluidide (\\’lieeler and Liddie, ibid. 1909, tUK, 
441). Prisms, m.p. 2(^°-203°. 

Metkyl-^-toluidine ; by methylation wilh 
dimethyl sulphate (Ullmann, Ann, 1903, 327, 
104) ; together with dimethyl-p-toluidiiie by tke 
action of methyl chloride on boiling p4olaadine. 
The product is extracted with eth^ and the 
unchanged p-toluidine precipitated fay sulphurie 
acid. The remainder of the product is aoetj^t^ 
fractionally distilled, and the ^metyl-denvative < 
hydrolysed with dilute hydxoohlorio acid of 
s^um hydroxide (Thomsen, Ber. 1877, iO, 
1582); by the reduction of nitrosomethyl-p* 
toluidine with tin and hydrochloricaoid (NOltlpk 
Ber. 1878, 11, 2279); from p-toku^ and 
diaxomeihane (von Pechmann, ibid. 1828, % 
858). Liquid, b.p. 206° (T.). B^tQ, |bu& 
119*5° (j^mberger and Wulz, ibid. 1891, 2^ : 
2081); \ ; 

Acet^derivaiive ; large platee, mup* Wi 
b.p. 283°. It yields trinitromeihyl-p^tdtddiiiq^ ^ 
on boiling with nitric acid, 

Nitroeoamine ; large prisms, iu.p» 54° (T.), 
or 52°-4i3° (B. and W!), 

2-Nitr(methyl-^toluidm: by niteiioA ot ^ 
methyl-p-toluiduie in meenoe of mhMAo sM 
below 0° (Pinnow, Ber. 1895, 28, 
methylation of 2*iiitro-p4ohiidlue (lamrt, *: 
BttlL 6oc. ohim. 1899, (3) 21, teHeMK:: 
oiystals, m.p. 46° ( J.). or ideM M nooitei ^ 
ihiok prisms, m.p. 67° (P.)* ; ; v 

•.mSmSpTa *“*' ’** 

iravMMitM; dandtr ndlov Madhit. 
tUekwi^n.p. 

tataUhMb a^Holkte. mI ntkf ISSai 
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■ ,«t ni^O a(^ on p-to^lmethyl nitroamine in 
<rf Mid (Pinnow, Ber. 1897, 80, 
^ Oaddatfon of 3<nitiodim«^yI-]>.toia> 
*™J Miomio add in acetic add (Pbmow, 
31*1 ; J, pr. Chom. 1900, (*) 88, 614). Bed 

P*imiMn.p, M®- 86 * (Q). 

^ dcti^4erivaHve ; small platesi m.p. 64®; 
25u> 1876)« 

/tv ^ • 3-iHwriiJr(wwe<Ayl-p-^o?ttWine ; see below 
(Fmnow). Long orange-yellow plates, with a 
Uiiuh shimmer, m.p. 158®-159-5®. On treat- 
iftent with nitric acia (D 1*62) it yields trinitro- 
tolyl*p*methyl nitroamine; with alcoholic am> 
moniom sulphide, y-nitroaminomethyl-p-tolu 
^e; with tin and hydrochloric acid 2:3 
d;aminomethyl.p.toluidine (Pinnow, J, pr 
Chome 1900, (2) 62, 607). 

AedffUdmwUive ; bright yellow needles, 
ia.p. W‘ 6 ®; henzoylderivative ; m.p. 110 * 6 °. 

NUrosoamine; yellow needles, m.p. 128°- 
128‘6° (Pinnow, Ber. 1897, 30, 840). 

^ {P)2:5-Dini^(nnethyU]^-toluidine; thenitra- 
<iiDiethyl-p-toluidine in concentrated 
sulphuric acid and further treatment of the 
product with nitric acid in the presence of sodium 
ni^te yields dinitrotolylmethyl nitroamine. 
The latter on boiling with phenol and sulphuric 
acid in the presence of amyl alcohol 3 delds a 
mixture of 2:5- and 2 : S-dinitromethyl-p- 
toluidine (Pinnow, Ber. 1895, 28, 3040; 1897, 
30, 836, 840; J. pr. Chem. 1900, (2) 62, 507). 
Also formed by the oxidation of dinitrodimethyl- 
p-toluidine (m.p. 103*5°-104°) with chromic acid 
and acetic acid (van Romburgh, Rec. trav. chim. 
1889, 8, 248). Bright red prisms with a greenish 
reflex, m.p. 184*5°-185*5°. On reduction with 
alcoholic ammonium sulphide 2 -amino. 5 -nitro. 
methyl-p-toluidine is formed; ^ith tin and 
hy<^hIoric acid at low temperatures it yields 
2 : 5-diaminomethyl-p-toluidine, and at higher 
tompemtures methyldiaminocresol (Pinnow. 
J. pr. Chem. 1900, ( 2 ) 62, 607). 

i bright yellow needles, 

m.p. 161 (P,), 

NUroioamiM; m.p. 123'-I24° (P.). 

(o) Z iS-DinUromelhyl-p-MuidiM; by nitn 
wn of methyl-p-toluidine (Thomsen, Bei. 
JHI; 0»ttermann, Ber. 1885, 18, 

1«7); by boiling 3 : 5-dinitrotolyWmethyl 
mta»^ a little phenol (Van Bomboigh, 
Ber, 1896. so k« * 1 ... ^ ^ ® ' 


Vlu transforma- 

tion of the N-methylester of 3-nitro.p. toluene 
^troax^e with acids (Bamberger and Voss. 
Rer. 1 ^ 7 , 30, 1258) ; by the prolonged 
jwfaon of mtrous acid on methyl-p-toluidine 
and Hoffmann, Ber. 1898, 31, 2535); 
hj to te^ormation of an alcoholic solution 

ot 3:5.dinitro.4*nitromethylamino-tolucne in 

Bull. Soo. chim. 

Ml 1*1®> (2) 88, 

^)* needles, m.p. 129° (G.). 

Ntirosomine ; yellow needles, m.p. 125° 


nitric acid (Norton and Livermore, Ber. 18879 2Qi, 
2269); by the action of fuming Bifiio arid 
on 3:5-dmitrodimethyl-p-toluidme (Phtow ^ 
and Matoovioh, t»T. 1898, 31, 2518); by the 
gradual addition of 50 c.c. nitric arid (D 1-48) 
to a solution of 5 o.c. of dimethyl-p-tohxidine 
in 5 e.c. of glacial acetic acid (Van Bomboigh, 
Ber. 1896, 29, 1015) ; by the aotion of 
nitrous acid on a solution of 3-nitrodimethyl*|»* 
toluidine in 40 p.c. nitric acid (Pinnow, Ber, 
1895, 28, 3044) ; by dissolving methyl-p-tolyl- 
nitrosoamino in a mixture of acetic acid and 
nitric acid (D 1 *4) with cooling (Pinnow). Yellow 
serrated needles, m.p. 126° (P.),or 13S®(VuiR.). 

2:3:5-Tri»t<romriAy/-p-toltttdins; by boil* 
ing a mixture of 2 : 3 : 5-tiinitro*p-tolylmethyl- 
nitroamine, phenol, sulphuric acid, and amyl 
alcohol (Pinnow, Ber. 1897, 30, 838); hy 
nitration of mono* or dinitromethyl-p*toluidine 
(Gattermann, Ber. 1885, 18, 1488). Orange-red 
needles, m.p. 129*5°-130° (P.), or yellow needles 
or large prisms, m.p. 137°-138° (G.). 

Niirosoamine ; yellow plates, m.p. 108®- 
109° (P. ). The n itroamine is obtained by heating 
2 -nitro-p-tolylmethylnitro 8 oamine with nitric 
acid (D. 1*62) at 100°. It melts at 166*6®- 
157° (P.). 

Dimethylp-toluidim ; together with isomer* 
ides and homologues by heating the trimethvlam- 
moniura iodide, C,H 5 N(CH,),I, at 220°-230® 
(Hofmann, Ber. 1872, 5, 707) ; from p- toluidine, 
methyl iodide or metliyl chloride (Thomsen, Ber, 
1877, 10, 1586 ; Clarke, Amer. ^em. J. 1906, 

33, 496) ; by heating its trimethylammoniom 
iodide with water and lead oxide and distlllmg 
the product (Hubner, Toile and Athenstadt, 
Ann. 18^, 224, 337) ; together with dimethylene- 
ditoluidine by the olectrol 3 rtic reduction *of p* 
nitrotoluene in presence of alcohol, hydro* 
chloric acid and 40 p.c. formaldehyde (Lob, 
Zeit. Elektrochom. 1898, 4, 428). uquid, b*p, 
209*5°/ 760 mm. (Kahlbaum, ZeitscA. physikiu. 
Chem. 1898, 26, 623. 646), or 211*2® (Perkin, 
Chem. Soc. Trans. 1 896, 69, 1245) , Djf* 0*92870 
(K.), L«: 0-9502, D}f: 0-9424, 0-9364 (P.) ; 

magnetie rototoiy power at 16-4® 22-84 (P.), 
Refractive power, tee Briihl (Zeitabh, pfayeikai. 
Chem. 1895, 16, 218). ^ 

Dimetkyl-p.Uilvidint oxide; by the action of 
hydrogen peroxide on dimethyl-p-tolnidine M 
60°-70° (Bamberger and Tschimer, Ber. ISM, 

32, 353). PkraU; snlphni-yeltoir needka or 
prieme, m.p. 106°-107®. 

i‘NilrMime0iyl-'p4iilwdine ; by nUration of 
(M. L B., D. R. P. MISS df 
“®?*“*“dCUyton,aiem.SeK!.Tiana. 
im, 87, M7),- 1^ methylatkm <rf S-nitio^ 
t^t^e (Haibaoh, J, pr. Omm 1M*»(2)S6, 

3-yHrodimMjd-pdeltudiM ; by tlm aelioa 
of a concentrated aqneons a(datioa of mmUm. : . 
mtate on a Mlntion of dlmetiiyl.p.toloiiliM to ' 
hydrochloric acid (D 1-06) (PiniMnr, Bait UBS 
28, 8041 } 1897, 30, 8119}. «MJdid^d2 
On wduotioB vitb tin Mtf 

eontalning cUoAwTolStoed. ' 
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toluidine iritlt netbyl alcohol for 8 ]mn at ; 
140M80^ The mdtant mixture ii treated 
with aoetio afdQpdi^de to temore my aualtesed 
base or leooncwEy aodne (Menan md Qaytou, 
l,c.)- YoUow needles, m.p.‘28^. 

3 : 5-Dinitrodiwdhiyl‘p4dM ; by the aotion 
of 30 p.o. nitiie add on a solution of dimethyl-jp- 
toluidine disseised in dilute sulphnrio add 


B'B^iSSOiMMdiiiioerystals; FHNO^mcmooliam 


With fuming nitric add it yields 3 : 5-dimtro- 
tolyl-p-methyl nitroamine, m,n. 138^-139^ 

2 : 5 « i)in»aodtfndi^yl -p • Muidine ; together 
with other products by the action of sodium 
nitrite on 2-nitrodimet^bp-toluidine dissolved 
in hydrochloric acid (nnnow, Ber. 1895, 28, 
3041); together with 2-nitrodimethyl-p*tolu- 
idine by nitrating dimethyl-p*toluidine and 
pouring the product into water so that the 
temperature rises to 30°-40° (M. and 0.). Glisten- 
ing red plates, m.p. 103*5^-104° (P.), dark red 
ne^es, or scarlet scales, m.p. 103^ (M. and C.). 

Eiihyl-p-UMdint ; from p-toluidine by heat- 
ing with hydriodic acid or hydrobromic acid and 
ethyl alcohol (N. and L.) ; from p-toluidine and 
ethyl iodide by heating for 2 days at 100^ 
(Morley and Abel, Ann. 1854, 93, 313). Liquid, 
b.n. 217®, 0*9391. B',H,S04 ; B'CjH.O* ; 

B (HjPtCl., pale yellow crystals. 

AcdyUitrivalke ; liquid, b.p. 258® (Norton 
and Livermore, Ber. 1887, 20, 2271). 

2‘‘Niiroeihyl-p‘tduidine ; by nitrating a solu- 
tion of p-ethyltoluidine in 20 parts of sulphuric 
acid (Ndlting and Strieker, Ber. 1886, 19, 549) ; 
by ethylation of 2-nitro-p-toluidine (Jaubert, 
Bull. Soc. chim. 1899, (3) 21, 20). Long flat red 
prisms, m,p. 47®-48® (N. and S.), or yellow 
needles, m.p. 50® (J,). 

2‘Nitroethyl-p-tduidine ; by ethylating 3- 
nitro-p-toluidine (Gattermann, Ber. 1885, 18, 
1483); by successive nitration and hydrolysis 
of ethylaoetO'p-toluidide in presence of sulphuric 
acid (Nolting and Abt, Ber. 1887, 20, 3000). 
Laigo bright red ciystals, m.p. 58®-59®. 

3 : S^DinUroethylp-toiluidine ; by nitration of 
3-nitro6thyl-p-toluidine at about 30® (Qatter- 
mann, /.c., 1485). Long orange-yellaw needles, 
m.p. 126®-128*5®, 

NitroBoamine; large yellow rhombic crystals, 
m.p.77®-78®(Q.). 

3 ; 6^DinBirotolyl-p-eihyl nUroamiw ; by add- 
ing diethyl-p-toluidine to nitric acid (D 1*48-1*5) 


absdute ajoSiol at 150® (Sohmidt, J. pr, 
dro* IM, (2) 48, 46) ; feom ethyl-p-toluidme 
jod (Mortey and Abel, /.c.) ; in 

95 pjo. yhU far heating p*toIuidine hydro- 
hromto w hvdridodide witn 6 n.o. exceie of 
jdMhol for a hours at 150® (fi^hardt and 


udtili 10 p.c^nitnc acid (Norton and Livermore, 
Ber. 1887, 2Q, 2271). Long straw-yellow 
nee^, m.n. 116®, On boiling with 4 p.c. 
*®®*?!l* yields mnitro-n-creiol, 

83®« 

J^Myi-p-klmdinB ; by heating' potasrium 
p-^uidine m-sulphonate with ethyl bronze 


my and Abel, /.e.) ; in 
•ting p^toluidine hydro- 
la with 6 p.e. excess of 


mtalsi B'HL orystab; 

tndfaio crystals, The sidts are dbsotibed by 

S5ffiing(Ji3iMberidhi, 1884, 463). 

Pl^-p-fohridi9ie; by distilling tritolyl* ^ 
rosaniline acetate (Hofmi^ Atm. 1864, 132, 
291); together with dip^n^mmine and ditolyl- 
amine by heating p-tolnidine and aniline hydro- 
chloride at 210-240® (Girard, de Laire and 
Chapoteaut, Ann. 1866, 140, 347 ; BulL Soc. 

I ohim. 1867, (2) 7, 360) ; by hating phmiol with 
p-toluidine and zinc chloride, or p-oiesol with 
aniline and zinc chloride at 2^®-300®, or with 
antimony trichloride (Bueh, Ber. 1884, 17, 
2634); by heating p-toluidine with hromo* 
benzene and soda lime at 360®-380®, or p-biomo- 
toluene, aniline, and soda lime in a similar 
manner (Metz and Pascbkowezky, J- pr. Chem. 
1893, (2) 48, 455 ; see also Merz and Weith, 
Ber. 1881, 14, 2345). Crystals, m.p. 87®, b.p. 
334*5® (H.), or 317®-318®/727*5 mm. (Giaebe, 
Ann. 1887, 238, 363). Dissolves in nitric add 
with a blue cdoar. B'HCl, leaflets. 

Acetyhderivative ; m.p.51®(Bonna). 

NiiroBoamine ; slender yellow needles, m.p. 
82® (Boima, Ann. 1887, 239, 56), or 45® (Edohol^ 
Ann. 1889, 255, 163). 

p-Nttn>eo-derit)orit>e ,* blue prisms or talfles 
from alcohol, or green leaflets from benzene, 
m.p. 163® (Reichold). 

For condensation with nitrochbrobenzenes, 
see Schopff (Ber. 1890, 23, 1843) ; Jacobson and 
Ldsebke (Ann. 1898, 303, 377) ; Engelhardt and 
Latschinow (Zeit. f. Ohem. 1870, (2) 6, 233) ; Will- 
gerodt (Ber. 1876, 9, 980) ; l^pp (Aon* 1882, 
215, 369) ; Jackson and Ittner (Amer. CSiem. J. 
1897, 19, 10, 199, 205; Ber. 1895, 28, 3068); 
Laubenheimer (Ber, 1878, 11, 1157); Bitzeh- 
stein (J. pr. Ghem. 1903, 68, 251); ICsbnnann 
and Kragler (Ber. 1901, 34, 1102). 

Di-p tdylamine ; by hwting p-oiesol with 
ammonium-zinc chloride and ammonium diloride 
at 330®-340® (Merz aud Muller, Ber. 1887, 20, 
546) ; by heating a mixture of j^bromotolnene, 
p-toluidme, and soda lime at 390® (Merz and 
Pascbkowezky, J. pr. Ghem. 1893, (2) 48, 463). 
It melts at 79®, and boils at 328*5®/727'5 mm. or 
330*5®/760 mm. (Graebe, Ann. 1887, 238, 383). 

NUroBoamine; m.p. 100®-101® (Lehne, Ber. 
1880, 13, 1544), or 103® (Gosack, ibid. 1092). 
For its nitro-derivatives, see Lellmanin (Ber. 
1882, 15, 831); Jaubert (»6i<L 1895, 28, 1649} ; 
andLehDe(f.c.). 

Anhydro^fofmaldthydB - p - (dwdine ; ftmn 
formaldehyde and p-toluidine (WelUagton and 
Tollens, Ber. 1885, 18, 3302). It exists in tm 
forms : (a) readily soluble form which myztat- 
lises in long needle from ether, m.p. i27®~188® 
(Eibner, Ann. 1898, 302, 352) or 123*(Sbeihardt 
and Welter, Ber. 1894, 27, 1804) ; (5) mrindy 
soluble form, m.p. 225®-227® (E), 207®-^^ 
(£. aud W.). T& lower melting aub^mm is 
converted on subtimation into the hig^ 
melting modification. Both fonus hm the 
same moleoalar weic^t (BischoE Ber. 1898, IU> 
325^. 

For oondensathm with benieldahyde end 
potossium Cyanide, see von Milkr, InoaU end 


turn Cyanide, see von I^r, 
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W^tar, Ber. 1894^ 27, 1808) ; by the action of 
jtonaklfifayde on an alcoholic solution of p- 
. toluixline (Sibner, Ann. 1898, 302, 350). 

Rhombic tables, m.p. 86° (£. and W.) or 89° 
^ On heating with p-toluidine or on long 
boi^ with alcohol it yields anhydroformalde- 
)iyde<n-tolaidme, whilst on heating with p- 
toluidine hydrochloride it yields diaminoditolvb 
methane, silky needles, m.p. 92°. It is also 
stated that two compounds possessing the con- 
stitution (CH,*C,H 4 *NH) 8 CIi„ are formed by 
heating 1 mol. of methylene chloride with 4 mols. 

01 ^toluidine for 34 hours at 100°. One is a 
syrup, b.p. above 350° with decomposition and 
forms ttie salts, B'HCl, B'^H^PtCl*, and 
B'HAuCli, all of which are amorphous. The 
other is an amorphous solid, m.p. about 156°, 
b.p. above 350°, with decomposition. All the 
salts of the latter with the exception of the acid 
oxalate are amorphous and unstable (Griinhagen, 
Ann. 1890, 256, 286). The same author states 
that di-methylene-di-p-toluidine is sometimes 
formed during the above reaction. 

Tdyl^-hydrozylamiM : by reducing p-nitro- 
toluene with zinc dust in the presence of aqueous 
alcohol and calcium chloride (Lumi^re and 
Beyewitz, Bull. Soc. chim. 1804, (3) 11, 1040; 
Bamberger, Ber. 1895, 28, 245, 1221); by 
oxidising p-toluidine with a persulphate in 
presence of ether and in contact with ice (Bam- 
beiger and Tschimer, Ber. 1890, .32, 1677 ; sh 
also Wohl, Eng. Pat. 11216 of 1804; Fr. Pat. 
239173 ; D. R. P. 841,38 of 1893 ; Kalle k (V»., 
D. R. P. 89978 of 1895). Leaflet.s m.p. 02°-93° 
(L. and S.), 93‘5°-94° (B.). At 115° it decom- 
.poses into p-azoxytoluene, and when warmed 
with dilute sulphuric acid it Yields p-azoxy- 
toluene, p-cresol, amino-cresol, p-hydrotolu- 
quinone, and a little p-toluidine. Oxidation 
with chromic acid yields p-nitrosotoluene. On 
treatment with thionyl-aniline in benzeme 
solution it yields p-toluidine phcnylsutphona- 
mate, white plates, m.p. 236°, and (probably) 
o-toluene-azo-p-toluene, m.p. 68°~72° (lUichaeiis 
and Petou, Ber. 1898, 31, 988). 

NUrosO’P^olyUiydraxyhmine ; from p-nitro- 
toluene and hydroxylamine in presence of 
sodium ethylate (Angeli and Angelico, Atti R. 
Accad. Lincei, 1899, (v.) 8, ii. 28) ; from p-nitroso- 
toluene and the s^um salt of nitrohydroxyl- 
aminic acid (Angeli and Angelico, ibid, 1901, (v.) 
19, L 167). Leaflets, nLp. 59°-59*5°, 

2-NUr(i(olyl-p-hydroxylamine ; by electro- 
lytie reduction of 2 : 4-dinitrotoIuene in nearly 
mtial solution (Brand and Zoller, Ber. 1907, 
40, 3324). Cornet yellow crystals, m.p. 99° 
(B. and Z.) or 1()6° (Burton and Kenner, Chem. 
Sloe. Trans. 1921,119, 1052). 

2 ; ^•DinUrMylp-kydroxylamine ; together 
with 4 : 6-dinitro-o-toluidinc by reduction of 

2 * 4 1 6«tiiaitrotoluene in cold alcoholic ammo- 
niaeal solution with hydrogen sulphide ^ Anschiitz 
and Zimmermann, Ber. 1915, 48, 152 ; c/. Cohen 
and Dakin, Chem. Soc. Trans. Jf*02, 81, 27; 
Cohen and McCandlish, ibid, 1905, 87, 1205) ; 
tOgette with 4 : fl-dinitrotolyl-o-hydroxylamine 
by lednoing 2 : 4 : fl-trinitrotoluen# in almost 
l^ntnd soltttioii at a silver cathode (B|and and 
Esen^aer, J. pr. Chem, 1913, (2) 87, 487 ; 
Ber. 191^ 49, 673). It melts at I35°"I36°, 
and is o^rected by bcoling eoncent^ted 


hydrooblorio acid ijito 2 i 6-dinitro-|>-teiuldiaiR 
and 2 : 6-dinitro-4-azoxytoluene. ^ 

o-rofaidiiwS-MdpAonicacfd; byi^uotionof 
2 -mtrotoluene 3-8ulphonic acid (von F^teann, 
Ana. 1874, 173, 216) ; from toljJ-o-hydwgyl- 
amine and sulphurous anhydride (Brotsohneideri 
J. pr, CSiem. 1897, (2) 56, 291). MkroMOpio 
needles. The aqueous solution forms an 
intensive reddish-yellow colour when wanned 
with ferric chloride. ^ 

o-Toluidine i-mdphmic acid; by reducing 
the corresponding nitro-acid (Bek, Zeit. f, Chem. 

1869, (2) 6, 211 ; Beilstcin and Kuhlberg, Ann. 

1870, 155, 21) or o-nitrotoluene p-suTphonyl 
chloride with tin and hydrochloric acid (Reverdin 
and Ctepieux, Ber. 1901, 34, 2993) ; sulphonation 
of o-toluidine sulphate with 30 p.c. or 50 p.c. 
fuming .sulphuric acid (Claus and Immel, Ann. 
1891, 265, 71; cf, VVcckwarth, tW, 1874, 172, 
193; Hayduck, ibid. 1874, 172,204; 1874. 
174, 343; Wynne and Bruce, Chem. Soc. 
Trans. 1808, 73, 745). Umg needles or four- 
sided prisms. The aqueous solution forms a 
dark violet coloration with ferric chloride 
(Herzfeld, Ber. 1884, 17, 904). With bromine 
it jiclds a dibromo derivative. NaA'-fH|0, 
small lustrous scales (W. and B.), -fSHiO 
(C. and I.), -f 4H,0 (B.) ; KA'-f H.O (W. and 
B.) ; (JaA'j-fCHjO, small prisms (W. and B.) ; 
BaA',+2iHjU, tables (W. and B.); PbA'„ 
anhydiTius (H.). 

Amide; by reduction of 2-nitrotolueoe 4* 
sulphouamide with amrmuiium sulphide (Paysan, 
Aun. 1883, 221, 210 ; rf. Reverdin and O&pieux. 
Lc.), Large foursidtil columns, m.p. 175°. 
B'HCl, long silky nwdles, m.p. 240°. 

o-Toluidine rhavijdtonir arid; by heating 
O’toluidine with fuming sulphuric acid at 160°* 
180 ° (Gerver, Ann. 1873, 109, 374), or o-toluidine 
ethylsulphat© at 200“ (Pagel, Ann. 1875, 176, 
202); by reducing 2 nitrotoluene 5-aul[>hoiiio 
acid with ammouium sulphide (Foth, Ann. 
1864, 230, 30ti) ; by heating o-toluidine hydrogen 
sulphate at 220 -230° (Nevile and Wintber, 
(-hem. So<‘. Trans. 1880, 37, 626; Wynne, 
ibid, 1892, 61, 1037 ; cf. Claus and Immel, 
Ann. 1894 265, 67) ; by heating di-o-tolylurea 
at 150° with concentrated sulpfaurie acid 
{Cazeiieuve and Moreau, Bull. Soc, chim, 1898, 
(3) 19, 23). Large nionoclinic prismatic emtajs 
-fHjO (Zepharovich, Ber. 1888, 21, 1803; 
cf, Hasse, Ann. 1885, 230. 287) or needles 
tH,0 (Wynne), NaA'*f 4H,0, tables (N. and 
W. ; Wynne); KA'-fH,0, tables and prisms 
(N. and W.) ; BaA^-f7H,U (N. and W.; FoUi) ; 
PbA'g, long flat prii^ms; AgAV m^ydroiis 
prisms. 

The aqueous solution when treated with a 
little iyad peroxide is coloured rose-red, than 


dibromo-o-Uduidinc. On nitmtion the ehief 
duct is 3 ; 5-dia9fo-2-nf>oswiacfdfiisii«, yeu^ 
explosive ciystals, m.p. 92° (Zineke and 
mesius, Ann. 1905, 339, 202). 

o-mmM 3 iS-dMfheim atU; h* nt.' 
pb^tiog 24«hddim SHnlpt^ mM at ISQK. 
ITT for i hour (Sifile li^lWiatlMr, (Smk 
S9C.TtMfcl88S,4l,«l, Bw.lWt.U,«||g,; 
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Hmso, Ann. 1881S| S30, fS^i^ Wynne and { 
Brace» Oiem. Trftii«^\ IBM, 73, 731). 
Slendear neeme Peenmpo^ at | 

240% forming B^HAj^onie acid. 

8aU» (aee Haw^. Nn^A^+BHip, tabloe; 
K,A'' fanhydrone) (W. and B.h 
mono(^ic plaice (H.); CaA"+SlfaO, tables; 
BaH.A",+ 8 iH 40 , mim^pic needlei or 
pmmn; BaA"4-3H.O, triolimc crystals; PbA^ 
+6|H|0, quadratic prisms; PbA'-f2H,0, 
columns. 

Chkride^ pale yellow prismatic oiystals, 
m.p.95*’(W.andB.),132"(H.). 

Q‘TMdiM 4 : B'dtstiipBonic acid; bjr sul* 
phonating o*toluidine 4 -Bulphonic acid, iinally 
at 100® (Wynne and Bruce, Ic,), Needles, 
K,A"+2HjO, thin scales ; K^A", short slender 
aimydrous needles; BaA”+liH| 0 , small thin 
scales (W and B.). 

^*Bromo-o-t6luidine 5-8viphonic acid; by 
brominating o*toluidine B-sulphonic acid (Nevile 
and Winther, Ber. 1880, 13, 1942; Chem. Soc, 
Trans. 1880, 37, 429, 625 ; Claus and Immel, 
Ann. 1891, 265, 68 ; Wynne, Chem. Soc, Trans. 
1892, 6 , 1037). Lustrous needles or prisms 
+H,0. On heating with water or hydro- 
chloric acid at 160® a mixture of bromo-o- 
toluidine, m,p. 56®, dibromo-o-toluidine, m.p. 
46®, and a liquid bromotoluidine is obtained. 

KA', anhydrous thin scales (W.); NaA' 
+ ISH^O, sm^ rectangular prisms, which rapidly 
lose 17^H|0 on exposure to air ; BaA^-f OH^O, 
long lustrous needles (C. and 1 . ; W.). 

ragri (Ann. 1875, 176, 200 ) by heating o- 
toluidine with sulphuric acid obtained o-tolu- 
idine sulphonic acid, the amino-group of which 
was replaced by bromine, and the bromosulphonic 
acid nitrated and r^uced. The product 
fonned microscopic prisms ; BaA%+HtO, thick 
needles; whilst Genrer (Ann. 1873, 169, 380) 
by treating an aqueous solution of o-toluidine 5- 
sulphonio acid with bromine obtained a dibromo- 
o-tolttidine 5-8ulphonio acid together with a 
tribromo-c-toluidine, m.p. 112®. The former 
compound yielded BaA%-f 4H,0, long needles ; 
PbA%-j-3H,0, needles or prisms. The validity 
of tlm latter author's work is questkmed by 
NevUe and Winther. 

3 1 S^Dihrmiho-tduidine i-aulpkonic acid ; by 
br omina ting o-toluidine 4-sulphonic acid (Hay- 
duck, Ann, 1874, 172, ^ 11 ). Long slender 
needles -fEjO (see also Komatxki, Ann. 1883, 
221, 19li|^ BaA\+9H|0, aggregates of small | 


A-Xc^o-folaidiae ^-aulphonie acid ; bv heat- 
ing diaiotised 2-mtro-p-tolttidine 5-aufphonio 
add with concmtrated hydriodic acid (Foth, 
Ann. 1885, 230, 308). Slender silky needles 
^H|0 { BaAV rhombic plates. • 

S-iNro-o-fdaMlifie 5-sidpAonic acid; by ni- 
tntbig aoetyl-o-tolttidine 5-8ulphonic acid 
(KiotiKi and PoSM, Ber. 1890, M, 138); by 
Jmatliig aceto^o-tolai^e with 3 parts of 20 p.c. 

mdphurio acid at 100^ and nitnting the 
m piodm with mixed adds fOiiehm and 
BhuWi Aattk 18901 804| 105). Small yellow 

IS yusos a-mxva-d-tmuull^ 

ihg hydi^M iri^Ude^i^ an ammoiSa^ 

Mid 


needles. KA', leaSets ; Ca^, needSes ; BaA\ 
+ 2 |E|G, needles; AgA'+|^ 0 , needles. 

Mj^-o^khidim i-itUphoak ae$d; by 
treatmg methvl-o-toluidine with 30 p.c. fmaing 
sulphuric add with cooling wkl thmi heating 
to 50® (Gnebm and Blumer, Aim. 1899, 304, 
109). Leaflets or talflcs. NaA% leaflets; 
BaA%-)-2H|0, small irregular crystals. 

Acetpldmvcdive ; by acefylation of the 
amino-acid or sulphonation of methylaceto-o- 
toluidide. BaA%, flat prisms (Q. and B.). 

Meihylo-toluidine {?)-sfdp5o^ add; by 
sulphonation of methyl-o-toluidine with mono- 
hydrate at 180®-210^ (G. and E). Needles. 
BaA'j, readily soluble in water. 

Dimdhyho-toluidine (^yadpl^ie acid; by 
heating dimethyl-o-toluidine with 4 parts m 
sulphuric acid at 180®-210® (Miomer and 
Sampaio, Ber. 1881, 14, 2168). Large glmtening 
prisms which become opaque on exposure to air. 
UaA%, nodules ; BaA%, leaflets ; 2 qA%, 
needles. 

m-Toluidine 2-wlph&m add ; together with 
m-toluidine 2 : 4-disulphomc acid by heating 
m-toluidine with fuming sulphuric acid At 160®- 
176® (Lorenz, Ann. 1874, 172, 185). The 
products are separated by cr 3 rstall»aiion from 
water in which the disulphonic acid is more 
soluble. 

Rhombic tables or leaflets, charriim above 
275® without melting BaA%-(-9HtO, thin 
tables or long prisms ; PbA%*f 34H|0, noduka. 

m-Tduidine i^sulphonic add; 2 -br 0 !iioto* 
luene 4-sulphonic acid is nitrated, reduced and 
then treat^ with sodium amalgam to remove 
the bromine (Hayduck, Ann. 1874, 174, 350). 
Microscopic needles. BaA%, amorphous; PbAI|, 
voluminous flocks. 

^•Chhro-m4oluidine 4-sidp5ofiic add; bv 
reducing sodium 2 -chloro- 5 -nitrotoluene p-sul- 
phonate with iron filings and dilute aoetio add* 
Thin small colourless anhydrous ^ates which 
turn red on exposure to air and light (Davies, 
Chem. Soc. Trans. 1921, 119, 865). 

m- Tduidine 2 : i-diivlphoak add ; by heat* 
ing m-toluidine with toiag suMuric acid 
(Lorenz, Ann. 1874, 172, 185). 
group is removed readUy with lotmami of 
m-toIuidine sulphonic aci^ BaA''+l8K7)H|0, 
needles ; PbA"+ 2H,0, orusts. 

icef(^p-(da»di<k 2>«id|Amkoeid^siiiaUcok 
less neemes, m.p. about 169® (deeomp.), h 
obtained by the action o! aquem soottuni 
sulphite on aoeto-p-toluidide-2-sufphoiiyldiloil^ , 
[Jotmson and Smiles, Chem. Soc. Trans. 102E 
123, 2384). ; ' 

p^Toluidin€2-^phomeadd; togdher with 
p-toluidine S-sulphonio add and |>4d«ilfiike 
disalphonic add by heating p-tdnma wUh 
fuming sdphurio acid (SdirZomlS^ I88»ti02 
A^ysd^, Zdt. i Chem. I860, (2) 8» 8t|' 
reducing d-nitrotoluene 2-8itlphim add 
stdn and Kuhlbmg, Amt ISTA* in, 

Wynne and Euoe, Oum. Boa, Twm, 

713 ; e/. Brackett and Haves, AxiM <1^ 
1887, 8 , 400); from jp>mtreidaine jimiimi 
Aim. 1874, 1^ 233) ; % heal^ di*|^ldbiinii 
with oonoenmted sulphufiD ads at ibm Ittf 
(Oaianeave and IfoiM, BuESea. dititt. tNi 
(3)10,22). MbnooUntoocyitris 
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^ aqueous solution is ii 
yelloTOh-red on troatn^ s 

Ipmiide, and with ferric chloride a bcndeaux- a 


^nmoniao^ silver solution forming a mirror, i lysea at xuu* 

absolute 2-Bulphomo acid 
woonol toluene o-sulphonic acid is formed! E^A" + 2H.< 


inn p-tohiidino ^-sulphonyl chloride udth chlore* ^ 
su^konic acid at IdO*" or with fuming sulphonio 
acid at 180^ (Richter, Ann. 1885, 830, 831; 
Wynne and BrUbe, Ohem. Soo. Triuui* 1898; 
73, 743). Long silky needles -f 24H,0, hydyo* 
lysed at 200‘* with formation of p-tolukUne 


+ 2H|b, long needles; BaE 


ciystalline powder. 

by sulj 


200® (von Pechmann, Ann. 1874, 173, 217) ; by 
heating p-toJuidine 3-suIphonic acid with chloro* 

/ A I _ Jt .1^ ^ 


M f I f f €»uci;u- iicttwug p-iujuiQine ^-suipnonic acia wiin cmoro« 

^ 24 °.- Bulphomo for 2 ho^ *» 120 “ ud then for 
S^^"t5jfej2-?-220-221°(Zmckeand 2 Lure at 140°-160“, or by heatins ydth 


■D AAV ^4<iucKe ana 

^lihai^r), or 230® (Johnson and Smiles, Chem. 


2 hours at 140®-1C0®, or by beating with 
fuming sulphuric acid for 1 1 hours at 100* i 

/T>2>1.4. A aaa a. S.. m. « . 1 


rr. ' .AAiT "“V* UUIAACO, v/uem. aiuuui}^ »uipiiuric acui lor IS nours at IW 

P- 2384). The acetyl- (Richter, An. 188.-5, 230, 316). The prodnet 
Sk*. “Ti? *“***'“* obtained by the latter author vaa originally 

yWlOS 4*fir06tVlftIlllI10Af)Af/)1vif1f1AfV^a.rtfon ivi y\ Oft® I t% . rt A* 1^1 9^ • .1 


tfUM. . .. ri — ■ — nwu *mv uuijv vuuuunu uy me laiier aumor vae originally 
JriSk ^■^ty»“™0:0-toIylmercaptan,m.p.93“, regarded as p-toluidine 2 : 3-disnlphoiik acid, 
wmen , on hydrolTOM, yiel^ 4-amino-o.tolyl. but was shown by Wynne and Bruce (Ohem. 

1898, 73, 739) to be tbo 3 !8-di- 
(Zincke and Rollhauser, Her. 1912, sulphonic acid. Jlicroscopic needlee +2H,0, 
^ il.vi ***v*“® SmilM, l.c.}. converted by heating at 200°, or with water at 

4.mtrotoluene 2-suI. 1«» into p-toluidine S-sulphonic acid. Salta 
pnonanude with hydrogen sulphide iii warm Richter). K.A"+2H,0. lone acicular orisma • 
SSrsaw 1883, 221 , BaH.A" +3tf,0,noduk Bai"+3iofleaflete 

“ P- ^bA"+2H,0, slender needl^ 

By the Mtion of mtrous acid on a mixture of PbA', silky needles * 

. T”, 7 -S' Wor;s£fs> 

She Trans 1880 17 «i'i 2> 1947 , Chem. gether with 3 :5-dibromo-p-tolnidiiie by treating 
^m^'S iL tV 7 Y^ 7 “f “P™.?,: P ‘«>'u8ine3-8nlphonic acid with bio4ie (m 

SSSri'iss.^ 

iSSS3?ifi-7 


Chim.l898,{3)19,22). 


The 2.'Md'3.i^ids may be senarated bv ““*‘*“1 

means of alcohol, in whiW ody ^ k^r te m^les: e««oiMiw, itOf 


wine.^ colour k 2 -iiilphoiik aeti ; hy ita* 

{Janowsky.Ber, 1888 . 21 . of diethyl-p-teSoiSae at 180^400* 


S£&g-;^“‘''- »"« ^ (^-Ol AgA', ethylating poiiiljiJ hSTsSUI 7 


in a eimilar mamitt (Sefanifdt) 

m.p. «!•. KA'+iiH,0.ldiM|, 








wLvmt. 


111. mu 


m. im in. m)i 

W^,X% 300)» 

2 : % ledndtig 3- 
mtro*<»*toltti(8i»e nm tin ati3J^(lR>duorio add 
(Ldimann^ Aim. 1883, 21^ 248) or with hydr. 
iodio acid (Gabzidi and TidMne, Ber. 1919* 52* 
1079). Oryatab, m,p. 01®-68% bp. 255* (L.)* 
or m.p. 63^-64" (0. and T,). ^ ^ 

6-&iUbr0'2 : S-tolttybnedwmtne ; byradacing 
6-ohloro-2:3-diiutrotoliiene with ataimons 
chloride and hydrochloric acid (Cohn, Monatsh. 
1901, 22, 477); by reducing 6-ohloro-3-nitro- 
o-toluidine with aino dust and ammonium 
chloride in dilute alcohol (Morgan and Drew, 
CJhem. Soc. Trans. 1920, 117, 788). Colourless 
needles, nup. 46®-47®. 

Hydrocnloridet nacreous leaflets, decom- 
posing at 263° (M. and D.). 

Aceiiyl-dmvative ; m.p. 201°-203° (M. and D.). 

4ii6^Dkhim-2i3-ioluylenediamine! by re. 
duoing 2 : 4.dichloro-5 : 6-dinitroto1uene (See- 
lig, Ann. 1887, 237, 164). Leaflets, m.p. 110°. 
On boiling with acetic anhydride for 25 hours 
it yields an anhydro^e, m.p. 170°. 

4:6; ^-Trichloro-2 : i-toluyhnediamine ; by 
reducing the oonesponding dlnitro-compound 
with stannous chloride in hot 50 p.c. alcoholic 
solution (Seeiig, Ber. 1885, 18, 82 ; Prenntzeli, 
Ann. 1897, 298, 182). M.p. 195°-207°. 

Afihydro-hast ; bv boiling with acetic 
anhydriw for 40-50 hours. Glistening brown 
neeoles, m.p. about 300° (S.). 

6»JSrmo-2 : 2-toluylenediamine ; by succes* 
sive bromination, nitration, hydrolysis, and 
reduction of aoeto-o-toluidide (Hubner and 
Schupphaus, Ber. 1884, 17, 776). Small needles, 
m.p. 59°. B'Ha needles ; B',H2804, plates. 

^•Nitro-2iZ-toluylenediamine; by reducing 
3 : 5-dinitro.o-toluidine with sodium sulphide. 
Orange-red felted needles. 

IHacetyl^derivatm ; obtained by wanning 
the base with acetic anhydride. Pale yellow 
needles, m.p. 234°. When the free base is 
bi^ed with glacial acetic acid and formic acid 
it is converted into 5 nitr 0’2 : 7-dtmefAyL 
henziminiazok, glistening needles, nLp, 18o°, 
and S^ni^l^mmylbenzimimzoU, white needles, 
m.p. l99°-200°. 

^CMoro*2-mtihyU2i2-tduyUn$iiamine; by 
rediKnng 6*ohloro-3-nitromethyl-o*toluidine with 
sine dust and ammonium emoride in aqueous 
dooholie solution. Oil. B'HOl, colourless 
needles. IHammine, flesh-ooloui^ prismatic 
needles, imp. 238°-239° (Moigan and Jones, 
Ohem. Soe. mns. 1921, 119, 191). 

2 : Z^Tdu^lmdiamine 5-sidn^ie acid ; by 
leduoingS-xiiito-o-toluidine 6 stuphonicaoidwM 
stannous chloride and hydrochloric acid (inetsid 
and Miiai, Ber. 1890, h. 139). Needlel. 

2 : d^fmiflmdiamm. m-khf^cdiaminc ; 
% leduebig 2 : 4-dinitiotoluene (Hofmann, 
Jidkiesbsdcht> 1861* 613) or 4-nitro-o-toluidiiie 
udth Mn and hydmhlom add (Kdtiog and 
Btr. im, 17* 268); by treating 2 : 4- 
dihltiuben^ obkHrikie with tin and hydrochloric 

tSSL Soc. 

tTi W). Long needles, or rbombio 
pte auji. b.p. 280° XU aqueous 
io^adailmliitheair. WlmlmA^wilh 
aoffium MoiUb aohit^ 

a. «dita» H MM tilfiitliiDtiilwiii ii 


fomed (0. Ibeher and Trost, Ber. 1893, 26, 
8084). * 

^ts* MS Hofmann; Hdl and 8e]ioop*Ber. 
1879, 1^ 723. B'HOl (Bemthsen and Trom- 
petUr,Ber. 1878* 11, 1759); B2Ha^3^,Pta,; 
B'2BSr; B'H,fe4-f2H80, Iwig monoolmlc 
prisms (Strauss, Ann. 1868, 148* 157; «/. 
Beiistein andKuhlbetg* Ann. 1871* 158* 251). 
Reactions with sulphur* m Kalle and Oo., 
D. R. P. 86096 of 1894; Olayton Amline Co., 
Eng. Pat. 4792 of 1900; B. R. F. 120604 of 
1900; Ca^Ua A Co.* Eng. ^t. 11771 cl 1902; 
U.S. Pat. 714642; Fr. Pat. 321122; D. R. P. 
139430 of 1902. 

With formaldehyde in neutral aqueous or 
alcoholic solution it yields arihydrofomaldck^e- 
rn-iduyltnediamint. powder, imp. 160M80°, 
whilst in acid solutioD 3 : 3'-dimethyl-4 : 6:4': 6'- 
tetraaminodiphenylmethane* m,p. 203®~204°,is 
formed (UUmann and Naef, Ber. 1900, 33, 913 ; 
D. R. P. 130943 of 1898). 

2‘Acayl-dermtm ; by reducing 4-nitro- 
aceto-o*tolnidide, needles, m.p. 140° (Wallacb, 
Ann. 1886, 234, 360). 

i-AcetyUderivative ; by prolonged boili^ 
of 2 : 4-toluylenodiamme with aoetio add 
(Tiemann, Ber. 1870, 3, 221 ; Schiff and OsUo- 
govich, Ann. 1896, 293, 371), or by heating 
1 part of the diamino with 4 part of acetamide 
initially at 110° and fi^y at 160M70° (S. 
and 0.). Long yellow prisms or needles* 
m.p. 161-5° (S. and 0.) or 159°«160° (T.). 

Diacdyl-dmvtUive (Koch, Ann. 1870, 153, 
132; Tiemann, Ber. 1870, 3, 8; Ladenbnig* 
ibid, 1875, 8, 1211). Long needles, m.p. 221° 
(T.) or 224° (L). By boiling with 1 mci of 
potassium hydroxide 4-acetamiiK>>2-ainiii8to- 
luone is obtained (K.). 

Fomyl-dmvativc ; tomspareat pyramidi, 
m.p. U3°-114°; di/omyLdertt«fu»; bu^ 
of white needles, m.p. 176°-177° (G^y 8r Oo., 
U.S. Pat. 722630; fc. Pat. 306855; ». IL F. 
138839 of 1902).^ 

d-BenzoyLdmvaim ; by redndiig o-nltto- 

4- benxovlaminotolueDe with tin and hydro* 
ohlorie acid (BeU, Ber. 1874, 7* 1505). Prisms, 
m.p, 142°. 

DibemoyUdcrimUve: tables, i&.p. 224*^ 
(Rubemann, Bor. 1881, 14, 2856). * 

BmuylideM^trivaUve ; ydkw tabiei^ iSum 
90°-91° (Meyer aud Gross, Ber. 189^ 

2358) ; dib€V2ylid€n€4mf)aHvei ydkwidl 
talline mass, m.p. 122M28° {Sehiff, A^ 
1866, 146, 98). 

6-CAfor(^2 : 4-tduyfefiedUmiM by sedadi||^ 

5- ehioro-2 ; 4-diiiittotolueae with tin and IsdiF 
ohlorie acid (Revetdin and Grtnieuz, Bar. 1900^ 
33* 2507); by successive Akirinattmi and 

us of diacetyl -2: 4- UduyieindiAn^ 

S :, Chem. Soe. Tims. 1900l T7» UQO). 

or rectangular plates, m.m 120°«*12l^ 
(M.) or 123° (R. and a). 

* AceU^demnries; m,p. 170^ (|L 4ttA 
dmdyHktmlk^ small adenlir nsiiitt, jmm . 
above 280° (R. and C. ; Memn, CbUim 8o^! 


0>*. tW-. lU Mami 
iiafk««tr. WimtmtMwiUi 


Dtftw niJ i r i wWi iiv 
16>*pfoi ya). ^ 

iMlRM||l * MMataW MbwlHi .MlMWi-!; 


mUEKfiL 


oUoflile «did kydrbohlotio ftdd in pmsence ol | ; Fr. Fat. 225Q06 ; D. B. F. 92014 Of 


iMkol, or with sino dnat, ammoniam cMoride B. A. S. F*i D. E* F. 77220 of 1892. 


and jdoobol (Monan and Drew, Chem. Soc. 
1^.1920, 117,786). 

, 6 : 6*Dt|i;AlofO-2 : 4«tol«ylened bv re. 

dbotion of 2 : 3-dichloro - 4 : 0-dinitrotoluene 


NUhmmine; yellow noedlee, m.p. 88*: 
pierak, needles, Ap. 103*-106® (Fiimow and 
Oesterrdoh, Ber, 1898, 31, 2928). 


Jfikoammi by heating 2-mtioinethyl-p* 


(Sediig,’ A^. 1887, 237, 1^). Slender needles, I tolyWtroamine with alooholio ammonium sisl- 

, M 1040 I 1 AA 0 VM 


in.p. 137*. 


d-Bh>mo-2 : i-toluylenediamine ; by reducing (P. and 0.). 


phide at 100®. Dull red prisms, m.p. 88‘6* 


either 6-bromo-2 : 4-dinitrotolueno (Grete, Ann. 5-i^»^ro-2-flmi»o-4*«»e<Aytomi»olola«is ; from 


1876, 177, 231) or 5-bromo-4-nitro-o-toluidine 2 : S-dinitromethyl-p-toluidine and alcoholic am 
(Morgan and Clayton, Chem. Soc. Trans. 1905, monium sulphide (rinnow, J. pr. Chem. 1900, 
87, ^50) ; by brominating dibenzoyb2 : 4- (2) 62, 508). Brown leaflets with a bronae 


toiuylen^iamine (Buhemann, Ber. 1881, 14, lustre, m.p. 108®. 


2669 ; Morgan and Clayton) or diacetyb2 : 4- Acetyl-derivaim ; yellowish-brown needles, 


toluylenediamine (Tiemann, Ber. 1870, 3, 220) m.p 205*5®-207® (P.). 


the product. Lustrous n^lea, 3 : 5-DinHro>2-amino - 4 - mdhykminokilv^ ; 


m.p. 104®~107® (decomp.) (M. and C.), rhombic by heating 2:3: S-trinitromethyl-p-toluidine 
tables 107® (G.)., leaflets 104® (R). with alcoholic ammonia at 100® (Sommer, J, pr, 

Monoacetyl-derivaiivef leaflets, m.p. below 100® Chem. 1903, (2) 67, 535) ; from 3 : 5-dinitro-2* 
(Koch, Ann. 1870, 153, 134). amino-p-tolylnitroamiue by heating with twice 

Acelylderivatm, m.p. 254® (M. and C.). its wemht of phenol for 2 hours at 140®~ld0® 
Dibenzoyhderivatm, m.p. 214® (R). (S.) ; from the ethyl-etlier of 3 : 5-dinitro-4- 


D%bromoA-acetyl‘2 : i-totuylen^iamine ; by methylamino-o cresol by heating with conoen- 


brominating 4-acetyl - 2 : 4-toluyleue • diamine trated absolute alcoholic ammonia at 100® 
(Tiemann, lx.). liOiig needles, m.p. 208® with (Sommer, U. 559). Orange needles with a 
blackening. yellow reflex, m.p. 206®-208®. 


ackening. 

3:5: ^-Tribromo-^ : i-tduyknediamine ; by 


and acetic acid (Blanksma, Chem. Weekblad, (Sommer, U. 562). 

1914,11,185). Colourless crystals, m.p. 180®. 2>Dim€thyiiiminoA‘amiiuitolufne; by re- 
NilT080-2 : i’tdnyknidiannne ; m.p. 195® ducing 4-mti^imethyI-O'toluidine uith stannous 


(Tauber and Walder. D. R. P. 123375 of 1900). 
^1)*NitrO‘2 : i-tdiiyknediamine ; by suoecs 


siye nitration and hydrolysis of diacetyl or Klimmerand Kahl, f. Farb. u. textilcbem, 


dil^iusoyl-2 : 4-toluylenediamine (Tiemann, B<'r. 1902, 1, 313). Yellowish oil, coloured red by 


1870, 3, 219; Ladenburg. ibid. 1875, 8, 1211 ; air, b.p. 248® fM., K. and K.) or 257®~259®/73D 
Ruhemaim, ibid. 1881, 14, 2650). Reddish- mm. until slight decomposition (U. and M.). 
yellow needles, with a violet sheen, m.p. 154®, Dihydrochhridf ; columns, m.p. 208* ; 
Weak base, whose salts are decomposed by 


water. 

Diacetyl - derivative ; needles, m.p. 253' 

(decomp.) (L.). Dibejuayl deriwtive; citron- 2-Amino • A - dimethykminMwtie ; by le- 
yellow needles, m.p, 245® (R.). ducing 2-nitK>dimethvr.p.lolui(linc (M. L B., 

9-NUro-2:Muylen€diamtne{J); by reduc- D.R. P.69188 of 1891) with Im and hydrochlorio 
ing 2; 4: e-trinitrotolucneunth alcoholic ammo- acid (Morgan and Clayton, Chem. Soc. Tia». 
nium sulphide (Tiemann, U.), Small red 1905, 87, 948). 


I by svJfdtate; m.p. 209® (-M., K. and K.). 

Acetyl-derivatm ; nmlics, m.p. 103® (M„ 
253® K.andK.). 


piisms, m.p. 132® ; hydrochloridef yellow needles. 

3 ; b-DtinUro-2 : i-tolaykTiediamine ; together 
with a moDonitro-derivative bv nitration of 


Acelyldxrivative ; white needles, nui. 136® 
, and C.). 

For the use of this base in the preparation of 


aiacet7l-2:4-tolayIenediaiiiine m preMnee of azinoa, m M. L B., D. R. PP, 69188 rf tWl ■ 
nitoto, followed by faydrolywe with 85231, 85232 of 1802 ; 87560 of 1895; of M&t* 


^Phnrio acid (Nietzki and Kosel, Ber. nine*, Wnliardt 4 Co.. D. B, p! 86608 of 


iSW, 23, 3216) ; from 2 : 4-dibromo-3 : 5- 1892 ; and of other dye*, Act. Oea. f.' AniJfate.. 
®na*otolueM and alcoholic ammonia at 150° Eng. Pat. 12899 of 1900; Fr. P8t. 301791; 


Lng. Pat. 128911 of 1900; Fr. Pht* 301793} 
D. R. P. 118392 of 1900. 

5- Dr(mw-2-amino • 4 - tnonoelhylamiiiMkm ; 


(Blanksma, Chem. Weekblad, 1912, 9, 968) ; by D. R. P. 118392 of 1900. 
beating 3:4: 6.trinitro.2-methoxytoluene with 5- Br<mo-2-amino • 4 - ; 
jmmbma in a ^led tube (Blanksma, Rec. by brominating 2-acetylal 
ehim. 1910, 29, 410). Dark brown toluene in giatual acet 
eiyrtw, m.p. 254 . hydrolysis (Morgan am _ 

Aed,^dmvQt%ve; does not melt below 300® reducing S.bromo-O.nHrodiroethyl'p’rtol^ddS 

by reducing Pearly leaflete,mf?^”^ ^ ^ * 8nd 0*1 


2* Amino 


•t hemayl-derivatimi m.p, 

... * , , 

’■ 3 i i-Dinitn-t : 4-n 


gicM dl, b.p. «6 - 276 ‘ 5 ' (corr.), cohmted brown by tiw actioo of m^lainiiw oo a wmeiatMliA 
% enoim to jur; wlphofe, white needlea. boiliiig aleo^^ lolutloa of 9 ■ 9 • li.t(kdtan. 
^ wwawtion d azinee and iiiethd.i*ieJiiidiBa fBn»m» J L 


« 3 »talm m,s. leTf 
p. lf7°-178'i iWoM. 
i.p.l7g'-179°{ll.indC,). 




yellow reflex, m.p. 206®-208®. 

Sitrosoamine ; by the action of ammonia on 


reducing the corresponding diniiro-compound the nitrosoamine of 2:3 : 5-trinitfomethyl-p- 
or 3 : 6 : 6-tribromo-4-nitro-o-toluidine with iron toluidine. Brownish-yellow prisms, m.p. 164* 


chlorifle and hydrochloric acrid (Ullmann and 
MuhlhauwT, Ik^r. 1902, 35, 332; Mohiau, 



M 
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mDSRE. 


(a) red uhtee, nup. (6) y#»w ntedbe, 

m.p. 110^ G<MiT«^ ioto file ted modidcatioii 
ftt 140^ Soth mddifioatioiii yield with iiqneous 
potaBsium hytozide aoeordioc to the ooooentn- 
tion S:5-miiit«»«2:4-dihyaroi^ and 
a ; d-dimti!0*2-iiieihyla^^ (B.). 

1- NUrommine; from &e nltrosoamiiie of 
2:3;54rinitiom6fiiiyl*j»‘toluidi]]e and methyl* 
amine. Small yellow needlee# m.p. 186^-187^ 

2 : 4-l)t»ihonximine ; from either of the 
above oompoimds in aoetio acid aolution with 
sodium nitrite. Very stable white leaflets, or 
glistening cubes, m.p. (S.). 

3:5- Dinitro - 2 • dime^tflamino • 4 • methyiU 
aminotdwne ; from 2:3: S-trinitromethyl-p- 
toluidine and dimethylamine in alcoholic 
solution (Sommer, lx, 566). Yellow needles, 
m.p. 115®. 

3:5* Dinitro -2:4- di{melhyInitroain%no)^ 
toluene ; colourless crystals, m.p. 169® (Blanksma, 
Rec. trav. chim, 1910, 29, 410). 

Tammeihyh ^ : 4-to/ttytenedmmtne ; together 
with the rnAhylammmxum bromide ; by heat- i 
ing 2 : 4-toluylenediamine hydrobromide with 
methyl alcohol in a sealed tube at 180® (Morgan, 
Chem. Soc. Trans. 1902, 81. 653). Yellowish- 
brown oU, b.p. i48®-160®/24-26 mm.. 265®- 
256®/767 mm.; 0*9661. 

yellow prisms ; ptrrofe, yellow prisms, m.p. 
162®-163® 

2^EtkplaminoA^minoUduene ; by reducios | 
4-nitroethyi-o-toluidin6 with zinc dust and I 
^droohloric acid (MaeCallum, Chem. Soo. { 
iSrans. 1895, 67, 247). Liquid, b.p. 274®-275®. : 

2'Amin<h^-elhylamin(muene ; by reducing 
the corresponding nitro-compound (Ndlting and 
Strieker, ^r. 1886, 1 9, 549). Liquid, b.p. 280®- j 
283® (N. and S.) or 289®-29l® ( Jaubert, Bull, Soc. ; 
chim. 1899, (3) 21, 20). 

2- />»riAymiAtn(>-4-amtno(ali«ene ; by reducing 
i-nitrodiethyl-d-toluidine with stannous chloride 
and hydrochloric acid (Ullmann and Muhlliauscr, 
Ber. 1902, 35, 335 ; Mohlaii, Kliminer and Kahl, 
I.C.). Yellowish oil, b.p. 259'(M., K. and K.), 26.5®- 
266°/730 mm. (U. and M.). Volatile with steam. 
B'2Ha4-H,0, m.p. 213®-215® (decomp.) (M., 
K. and K.). 

2*Am\noA-^nylamin(A<dutnt ; by heating 
1 ]>artof 2 : 4-toluylenediamine with parts of 
iniline hydrochloride and 3 parts of aniline at 
240®-250® for 10 hours (Bayer k Co., Eng. Pat. 
9610 of 1894 ; Fr. Pat. 240571 ; D. R, P. 80977 
jf 1894). Prisms, m.p. 76®-77®. Used for the 
reparation of azines (Bayer k Co., Eng. Pat. 
MIO of 1894 : Fr. Pat. 240621 ; D. R. PP. 81963 
ind 84504 of 1894). ‘ 

8 : ^•DiwtrO' 2 -phenylamino - 4 - nethylamino- 
riuene : from 2:3: 5-trinitrometbyl-p-toluidine 
ind aniline (Sommer, J. pr. Chem.* 1903, (2) 67, 
137). Thick prisms, m.p. 197®. 

i-NUrmmine ; orange needles, m.p. 122^. 

3 : 5-DinUroMmiM ; sulphur-yellow needles, 
leoom^ngatl00®(S.). 

2 1 4-J}intlropfte9iyi-2 ; 4-kdtty/enediamifts ; by 
oiling a mistors of 2 : 4-toluylenediamine, 
hlfkro-2:4-dinittobeniene and alcohol (Leymann, 
ler. 1882, 15. 1237). Red Ubbi, m.p. 184®. 

JlcstoLdM^^ m.p. 168®-164® (L). 

2* JWftomfao ■ 4 > fkmf^ m inotoliuone ; by 
iMtlM widh 

tl^lltoGwnh^ ai 15#^ hr 10 hemrs (Bm 


87667 1895). <kyitali,nL|i.59®^. 
tJoeA lor tleprepssiitmt^ aai)m{Bam4t €b.y 
Ht. mTot 1895; IV. Fat. 2M2t; 
bTr. F. 87975 of 1895). 

5-«dp)kmic oeid; by 
warming 2-hitro-n-toinidine 5-sul|dionio acid 
with stannous ehioiide and hydrochlorie add 
(Foth, Ann. 1885, 230, 309). Snudl glistening 


decomposed by boiling water ; B'HBrf B|0. 

This sulphonic acid is possibly identical with 
that prepa^ by Wiesinger (Ber. 1874, 7, 464) 
by sutphonaiing 2 : 4-toluylenkbamine, although 
the water content of some of its salts differs ^m 
those enumerated above. 

2 : i-Toluyknediamine 6-stdpAonic add; by 
reducing 2 : i-dinitrotoluene B-sulphoiiic aoio. 
Prisms (Oehler, Fr. Pat. 199568 ; D. R. F. 51662 
of 1889). 

AnhydrofomMldekyde-2 : i-fdayfenedianttne; 
from 2 : 4-toluylenediamine and formaldehyde 
in neutral aqueous or alcoholic solution (UUmaiin 
and Nacf, Ber. 1900, 33, 913 ; D. R. F. 130943 of 
1898). Slightly coloured powder, m.p. 150®- 


1 80®. On heating in dilate acid solution it j^ds 
acridines (Ges. f. Chem. Ind. Basel, B. B. F. 
136617 of 1902). 

2 : 5 - Toluylenediamine, p^td^u^medhmine ; 
by reducing o-nitro-o-toluidke (Beilstein and 
Kuhlberg, Ann. 1871, 158, 352), e-aminoaco* 
toluene (Nietzki, Ber. 1877, 10, 832) or m* 
aminoazotoluene (Nietzki, lx. 1158) with tin 
and hydrochloric acid ; by reducing 6-nitro-iii- 
toluidine (FUeti and Cro^, Gazz. chim. ital 
1888, 18, 306). Colourless prisms^ iiLp. 
b.p. 273®-274®. By troating a sdution of the 
base containing a little o-tohudine with oxidising 
agents such as potassium dichromate, manganese 
dioxide, and ferric chloride an intense green 
coloration is formed (N.). 

Dikydfochloride ; leadets ; sidjMe, powder. 

DiacUyUderivatire ; large priiutts, m.p. 220® 
(Nietzki, W 1877, 10, 1157; ibid. 1879, 12, 
2237). 

b‘Chhr(h2 :r>‘kiuyknediamine; by ndndng 
4-chloro-2 : 5-toinquinonediozime with staimoai 
chloride and hydrochloric acid in piesenoe of 
idcohol. 

Dtacdyl’dmvalive ; silky snow-white needles 
(Kehrmann, Silva and K^ii, Ber. 1915b 48^ ' 
2028). 

Chhro-2 : 5’t6lnifknediomine ; ^ by satiilraiiat . 
an alcoholic, ethereal or gla^ aostie W# 
solution of N-nitroso-o-iolylglyeiiie with inHi 
dry hydrogen chloride (V5r«uiwai^8dhMlir» 
Ber. 1901, 34, 1651). Wlute lulibs rariwod . 


Ber. 1901, 34, 1651). Wlute soObs RUdwodi . V 
violet by air, m.p. 146®. It redooea ocM M ; 
moniaoal sUver nitrate. Fsrtio 4Md4^ ; 
chlorine water, Ac,, give a gnenooloci^^ ' 
D^ydnchhriie and snfidols are eratoSinsb v 

Bia^-denwtite; fine widle hsetm Aa. 

above 300® (V. and 8.), 

3:4:6-frieAW2:5-lMifglBM^^ W 
leduelng a glacial aoetk add sdulta 
trichloiodiiutratolneiie with stianomi cUhiHo ■ 
and aqneotfi hydrochlorio add (fMhb 4^!? 

■“i «• «. 



TOLUINB 


dwW i^troso^dimetliyl-m'tfahudiiie with tin 

mad hydxDQhlono add (Wnister and Eiedei, rednoing 2 : 6 -dinittotoln«ne i-aalphonla add 
Bee. 1879» 12 , 1801). Loi^ needles, m.p. 28*^. or 6 -wtro- 2 -amtnotoluene 4 -snlphoxiio add wi^ 
m*p. 158° (W. and R.). tin and hydroohlpiic add (Sohwanert, Ann. 
5 ^dmilto• 2 ^ifll^^t}lino<d 1 leae ; by le- 1877, 188, 360; hb^waid, Ann. 1893» 274, 
dudog 5-nitrodimethyl*^*toliiidine with aino 351). Rhombic pillars, not melting at 280° ( 8 .K 


254°. jB'|H| 804 , small needles. Ferric chloride plates (S.). e 

yields a blxush-i^ colour and potassium di- 3 : i-Tciu^lcnediamine ; reduction of 3* 

chromate a purple-red colour. nitro • p - toluidine or 3 > nitro - p • i^inol^niyl 

Tttmmmyl’2 : 6-t6luyletiediamine ; by heat- alcohol with tin and hydrochloric add (Beilstdn 
ing 5-dimethylamino-o-toluidine with me^yl and Kuhlberg, Ann. 1871, 158, 351 ; Meyer and 
alcohol and hydrochloric acid at 180° (Wurster Rohmer, Ber. 1000, 33, 254). Scales, mi.p. 88*5°, 
and Riedel, l.c. 1802). Oil ,b.p. 200°, Ferric b.p. 265° (B. and K.). Its aqueous solution 
chloride yields an intensire blue colour which darkens in the air. B"2HC1, needles (Hhbner, 
disappears on adding hydrochloric acid. Ann. 1881, 209, 364); stdpAole, -fliH|0, 

5’Am%w-2-eihyhminotolueM ; by reducing scales. 

6 -nitro 80 -ethyl-o-toluidine (Kock, Ann. 1888, Z-Aceiylderivative ; by reducing 4-nitro. 

243, 307) with stannous chloride and hydro- aceto-m-toluidide with iron and acetic add. 
chloric acid (Weinberg, Ber. 1802, 25, 1611). Nodular aggregates, melting indefinitely at 95°. 
Viscid liquid, b.p. (in atmosphere of hydrogen) The corresponding anhydrO’hase melts at 145°- 
284° (K.), 272° (W.). 150° (Morgan and Micklethwait, Chem. Soc. 

IH'AydfocAZorids, m.p. 124° (decomp.) ; std- Trans. 1013, 103, 1400); i-aceiyl-dmvaim ; 


I Ann. 1881, 200, 364); sulphaU, +liH,0, 


pkaUf Ivge crystals. 


by reduction of 3 -nitroa(^eto-p-toluidide, leaflets, 


6-Amitu)-2‘dieihylaminotolttene; by reducing m.p. 130°-i3i° (Bossncck, Ber. 1886, 19, 1757) : 
5-nitrodiethyl-o-toluidine (Bemth^n, Ber. 1892, picrale, leaflets (Bankicwics, Ber. 1839, 22, 


25, 3138, 3367) ; by hydrolysis of its acetyl- 1300 ) ; atocayf-aehmUve ; long slender needles, 
derivative (Weinberg). M.p. 24° (Weinberg, m.p. 210° (Bistrzyeki and Umers, Ber. 1890, 
Ber, 1893, 26, 308), b.p. 266°-267° 23, 1878). The diacetyl dcrivative yields a 


diacetyUderivative ; long slender needles. 


Ber, 1893, 26, 308), b.p. 266°-267° 23, 1878). The diacetyl dcrivative yields a 

Hydrochloride; glistening leaflets ; eulphaie, nitro-compound, long needles, m.p. 239°, and a 
prisms. dinitro-compound, fine silky needles, m.p. 251°- 

2-Mhykminxh5‘hen2oylaminotoluene; small 252° (Bistrzyeki and llflers, Ic. 1091). 
needles, m.p.l74°(O.Fischer,Ann. 1895, 286, 166). Z-Benzoyl-derivalm ; by reducing 4*Ditro- 

i-HilrO’2 : 5-loluylenediamine ; by nitration benzoyl-m-toluidine with iron and acetic add 
of^ diacetyl-2 : 5-toluyienediamine in glacial Colourless felted needles or prismatic crystals, 
acetic acid with a mixture of nitric acid (D 1*47) m.p. 158° (Morgan and Micklethwait, CSiein. Boo. 
and glacial acetic acid, followed by hydrolysis Trans. 1013, 103, 1403); ihtnzoyl-derwUivt ; 
(Morgan and Micklethwait, Chem. Soc. Trans, crystals, m.p. 103°-194°, together with phenyl* 
1 913, 103, 1398). Needles, varying in different iolimidazole by reducing 3-niifobenzy)*i>-to{u- 
crystallisations from bright red to dark green idine with tin and hydrochloric acid (Huboer, 


with a bronze reflex, m.p. 173°. 


Ann. 1881, 208, 314) or together with the 


Diacelyl-derivative ; short pale yellow prisms, dibenzoyi-derivative bv direct Iwozoyiaiion 


ntp. 158° (M. and M.). 

2 : d-ToluyUnediamine ; 


(Bistrzyeki and Cybulski, Ber. 1891, 24, 833); 
by reducing 6 - a» 5 en 2 :oyl-dertt«alu?e ; by the further treatment of 


nitro-o-toluidiue with tin and hydrochloric acid the 4-bcnzoyl-derivative with benzoyl chloride 
(Cunerth, Ann. 1874, 172, 227 ; Ullmann, Ber, (llubner;* Bistrzyeki and CVbulsiri) or from m* 
17, 1959). Prisms, m.p. 103’5°~105°. methylbenzimidazole with benzoyl chloride and 
With ferric cUoride it yields a deep blue colour, sodium hydroxide (Baml^rgcr and Beri4, Ann . 


and with p-nitrosodimethylaniline first a green 1893, 273, 349). It forms 


and then a dark blue solution. 


m.p. 283°-264° (Hinsberg 


iisteuing needlei, 
Udran^y. Ann, 


Hydrochhide^ cr^ iulphate, 1880, 254, 255), and yields a ni^tHkrivaiiwL 

smaUslenimr n^les. prisms or needles, m,p. 246° (Bistfzy^ and 

Dtacelyl-dermlm ; sublimes in white woolly ulffers, Ber. 1802, 25. 1994). 


iuvUn^mm; by reducing 
toluidine with dwl 


iSiifiockMn.p. 202 -203 (Green and Lawson, Chem. 2-GhlorO’Z : i-lduyUnedkmm ; by reducing 
e % 1^)17), 2 'ChIoro>4-nitrO'n»> toluidine with zino 

3 ; 5*^nufp-2 : 6-fduylenediamine ; by the dilute alcohol and ammonium chloride (Monnui 
aotmn of itohohc »mmo^ on 2 : 0-dibromo* and Glover, Chem. Boc. Trans. 1921, 119. ITm 
^ 5*te^^lttene at 150 (Blanksma, Chem, Pale ffrown needles, m.p. 55°-58°« 

^ * I 9-CWoro-3:4-krfwyfeiisdioi»tiis; obtained 

* ^looriess ciystals, do- quantitatively as the hydroohloiide br tedudttg 
111 . lchloTO4-niti»-»-toliik0i» witii ciM teiL 

t_ ® • ^mmylkluyhntdUmiM ; unmoniiuD ofakride ud nr 

by the rfmethytoine on 2 : B-dibromo- idooholio gtonnoiii ehlotidt (Hokm Md fin*. 
^ ' (Bbnlama), Omnge - red awn. Soc, Tnuw. 1920, U 7 , 7 W^ 1 I<Sk^ 

?** ;. . , Cbdienor,*>iii{. 1921,1 19, 1S39L KleteinmUi. 

ocM ; by ydlow lendeU, ]n.p. 148*. 

S-lm>mo-3.idteo.«.|oWdli» WtSSS 

«^aay needle.. *l',+2H,0. ehioride ud l^towWoeio™ 
tPietoieqpioiieMlI,.. f l8«).23,1046).nu«flrti«dC*^J!f 


crystals, m.p, 218°. 

2:8*fd!ifgfeiiedi^ oM 
boiling the corresponding tbi 
wifik cottoentrated hydro&ric 
1885, 18^69). Bilky needles. 
|MctosCqifoii0e^ 










m 


« krw with { 

0taimotis dtode 

omtab. sup. 167 * 444 ^ (fiCaitpusio, Bar* im, 
uTl^); by diiBct 

: aoetyktioQ«|^teoiag mdlas* p2®-22S*i 

; by radsoing 

3 .iuiro 4 *n\ 0 thy}Aminotoli] 0 M or its nitroso- 
aifrt<iiA witfi tin and hydrochloric acid (Gatter - 1 
numn, Ber. 1885 , 18 , 1487 ; 0 . Bscher, Bor. | 
1893 , 26 , 194 ) ; by reducing methyl-^toluidine. I 
aaobenaene 4 ^sulphonic acid with stannous! 

oiide and hydi^blorio acid (Bamberger and 
^Wul 2 , Ber. 1891 , 24 , 2982 ). Quadratic tables, | 
m.p. 48 ® 44 *, b.p. 2607752 mm. (Pinnow, Ber. | 
) 1887 , 20 , 3121 ). B' 2 Ha, smaU_ glistenmg 


decomposing at 180®-185® (B. and W.' 
ir .175®-180® (P.) ; B',H,S 04 , deliquescent j 
08 (F.); B'CaHjOi, glistening needles, 
p. 124® (F.) ; pierate, small yellow crystals, 
m.p. 164® (F.). Symm^diacdyl-^ivative ; hexa- 
f^nal plates, m.p. 183®-184® (Pinnow, J. pr. 
aem. 1900, (2) 62, 514). 

: MJUonh 4 -amino - 3 - methylamiiKaoliiene ; by 
^ucing 6 • chloro - 4 - nitrometbyl • m - toluidine 
;with zinc dust, alcohol and ammonium chloride 
^Morgan and Challenor, Chem. Soo. Trans. 
1921, 119, 1542). Sublimes in arborescent 
nee^, m.p. 60®. 

1; 5-^ibt>-4-m6(Ay2amino-3-amtnotolttcns ; by 
teducing 3 : 5-dimtromethyl-p-toluidine with 
fhydrogen sulphide in presence of alcohol and 
unmonia (Pinnow, J. pr. Chem. 1901, (2) 63, 
160). Bluish-red plates or short prisms with a 
^n sheen, m.p. 13l*5®-132*6®, 
Z-AminoA-MrMthyhminotoluene ; together 
rith a emmmnd whose pkraU melts at 254*5® by 
he gradual addition of tin to a solution of 3-nitro- 
i-dimethylaminotolucne in hydrochloric acid 
Pinnow, Ber. 1895, 28, 3042; J. pr. Chem. 
901,(2)63,354). Oil, b.p. 234®. Colouied red 
QT ferric chloride. B''2HC1, crystals, m.p. 192®- 
163®; B'lLHgCli, crystals, m.p. 205 -206®; 

yeUow - brown prisms, m.p. 150*5®. 
ice^hdmvativt; plates, m.p. 111*5®-112*5® 
P.). • 

; 5 - NUro - 3 * aeHylamino • 4 • dimdhylamino^ 
iohuM; reducing 3 : 6-dinitiodimethyl-p- 
bluidine wm ammoxuum sulphide, followed by 
Mtment with acetic anhydride (Pinnow and 
ibtooTleh, Ber. 1898, 31 , 2514). Yellow needles 
|rj^iU8,in.p.97®. 

; l^NUnhZ^au^lmino44inMylam 
9 iiilratiiig 3*aoetykmiBO'4-mmethylamino- 
iluene ^th mixed acids below 0® (Pinnow, Ber. 
101, Sly 11311. Bright yellow rhombic tables, 
uf. 142*5®443®, 

from 3:4- 

ttndenediamine and methyl iodide (Niemen- 
»iii^:Ber. 1387, 20, 1888 ; cj\ 0. Fischer and 
m im 35, 1263). Idqtuid, b.p. 
U mm. (N.), 260®-26^40 mm. 

f. and R.). Ferric ehloride gives a rra colora- 
on and red mystalline plates. B*HCI, needles, 
!i.p.l26®{F.andE.). 

4*M«nwihio-8-^^ fay reducing 

with tin and hydro- 

Uii^ fiar. 1889. 18, 1484; 

S‘, w-w 


with 2 : 54 iinethyl-l-eriydbmmitt^^ by the 
action of aoetio anhydiide on the base < 0 « 
Fischer and Bkuard, l^r. 1601 , 34 , 4208 ). 
rstals, sup. 177 ®. 

3 -F%^*»<>* 4 -ammclofitens; by redudng 
4 -nitro-ethyl-m*iQluidine with tin and hydro- 
chloric acid ( 0 . Fischer nnd iUgnard). Needles, 
m.p. 59 ®, coloured violet in msenoe of air and 
moisture. With ferric chlorme it yielda a deep 
red oxidation product. 

i 8 jptm. dkthylZii^tdi^fletiedwMm; from 
the methyl-derivative of dibenzenesDlphone- 3 : 4 - 
toiuylenediamine and concentrated hydrochloric 
acid at 160 ® (Hinsberg, Ann. 1861 , 265 , 191 ; 
cf. 0 . Fischer and Rigaud, Ber. 1902 , 35 , 1265 ). 
Liquid, b.p. 265 ® (H.), B'' 2 HQ, nee^. With 
ferric chloride in presence of hydiochlorie acid 
it forms a reddish-brown colour ; a eolourlesB 
precipitate is formed on the addition of po- 
tassium ferrocyanide to the aqueous solution (Bf«). 

Z-Chhro-Z-phenykmino»4^mii»<i^^ ; by 
reducing 6 -ohloro- 4 -mtrophenyl-m-toluidlne with 
zinc dust and ammonium chloride (Morgan and 
Jones, Chem. Soc. Trans. 1921 , 119 , 191 ). 
Rnk needles, m.p. 109 * 5 ®. 

Dvxujmint; silky pink needles, m.p* 119 ®- 
120 ® (M. and J.). 

3 (or Z)-Nitro-2 (or 3 )-afniiio 4 -fnei 5 y&ifiifiio- 
loluene; in small yield by reducing 2 : 3 (y)> 
dinitromethyl-p-toluidine with ammoniun sm- 

g iide (Pinnow, J. pr. Chem. 1900 , ( 2 ) 62 , 516 ). 
early black prisms, m.p. 127 ® 428 ®. 

Z : S-Tohyienediamine ; redudlttg 3 : 5 - . 
dinitrotoluene (Stadel, Ann. 1883 , 217 , 200 ) or | 
2 : 4 -dibromo- 3 : 5 -dinitrotoluene (Davhi, Chem. ^ 
Soc. Trans. 1902 , 81 , 873 ). liquid, 2 ^- 
(S.) ; syrupy liquid (B.). B' 2 Rd, whife 
needles, m.p. 255 - 260 ® (decomp.). 

Btdcriyi • deriucdiee ; pike • shaped hmni^ 
morphio prisms, m.p. 235 ®- 236 ®, wwh bceomiC , 
strongly electrical when dry (D.). 

2-CMonhZ : Z-Uduyknedkmin€ ; by leduemg 
2 - chloro - 3 : 5 - dinitrotoluene 9ntik 
chloride and hydiochlorio acid (KietiU and 
Rebe, Ber. 1892 , 25 , 3006 ). Long needles, m,p. 
73 ® (N. and R.) or 74 ® Omiu S<£ 

Trans. 1902 , 81 , 97 ). 

2 : 4 -Biaifro- 3 : 5 -fof«yfefiedi 8 i^ byhest- 
; an aloobolio solution of 2 : 4 -dtiuit^ : 5 * v 
iromotoluene with ammonia in a sealed tubs 
at 150 ® (Blanksma, Bee. trav< ohim. 1904 , 81 ^ . 
125 ). YeUow crystals, m.p. 169 ®. 

Trimiro - 3 : 5 - by fim 

action of alcoholic ammonia on 3 : 5 -diliroiMu ' 
trinitrotoluene at 100 ® (Palmer, Ber. 18 !^ 

8501 ). toaU ye^w prisms, 

2 : 4 - B<Hibu- 3;5 • dimd^^fkmhdk^^ 
from 2 : 4 -dMUo- 3 1 5 -dib«»ittOlol«Mie mi 4^*1 
methykniine (Blanksma). BiMt red einiWi, « 
itt.p. 140 ®. On nitriUim it 

stab, m.p. 199 ®- 200 ® (deoomm) (B,b ; ■ 

2 : 4 - Dinitro - 3 : 5 - dtjiwiwgiwwiiiidh^ / ' 
similarly to the preceding dimetlnd-ooiBn^^ 
nsiiig aniline (B.). Bed cmAiJs, skp^ ^ 

2 ; 4 ; 6 - 2 yiri(iw- 3 ; Mtm s 6 b ^ 
red oiyirti||BLp. 156 ®. On tieatUBBf 
nitric 1 * 58 ) it ykidi tHif 
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tK%d ; by reducing 3 : S-dinitro^-chlorobenzyl- 
sulphonic acid with iron and acetic acid (B. A. 
S. F., D. R. P. 134988 of 1901). White needles. 
An aqueous solution on treatment with ferric 
chloride gives a red colour which gradually 
changes throi^h violet to blue. 

^•AminodmeiyhZ : i-toluijlenediamine ; bv 
nitration and reduction of diaoetyl-3 : 4-toluyl- 
enediamine (Maron and Salzberg, Ber. 1911, 44, 
2999). M.p.238^ 

TrioMiyl’deirivaim ; m.p. 273®-274° (M. 
and S.). 

6-Aminodiac€tyU2 : i-kluyleTiediamine ; by 
nitration and reduction of diacetyl-2 : 4-toloyl- 
enediamine (Maron and Salzberg, l.c . ; Kym 
and Ringer, ibid. 1915, 48, 1671). M.p. 252°- 
253°. 

Tmcetylderivative (M. and S. ; K. and R.). 

2‘Aceiylamino-2 : 5-toluyknediaminc ; from 
3:6- dinitroaceto - o - toluidide and reducing 
agents, such as iron and acetic acid or mineral 
acids (Bayer & Co., U.S. Pat. 742845 of 1903 ; 
D. R. P. 183843 of 1902). Yellow needles, m.p. 
210°-2ir. 

^ Triamijuiitoluene ; by reducing trinitrotoluene 
with iron and dilute hydrochloric acid at 60°-80°. 
^ serves as an intermediate product, as a dye for 
cotton, silk and wool, and as a photographic 
developer (Bielouss, Eng. Pats. 137529, 106934 
of 1920). 

Aldehyde Derivatives. 

Tolualdehydes are obtained from o-, m-, 
and p-xylene by passing the vapour mixed 
with air over a metallic oxide, other than 
vanadium oxide, of the fifth or sixth |x*riodic 
group at 300° to a dull red heat, the period of 
contact being about 0*3 second (The Barrett Co., 
Eng. Pat. 189107). 

0 ‘Tolmldehydet' 0 -toluic aldeJiyde,^ by boiling 
le-chloro-o-xylene with lead nitrate solution 
(Xauth and Grimaux, Bull. Soc. chim. 1867, (2) 
7, 233; Rayman, ibid, 1877, (2) 27, 498); by 
oxidation of o-xylene with chromyl chloride 
(Bomemann, Ber. 1884, 17, 1467), or with 
manganese ^oxide and sulphuric acid (Fournier, 
Compt. rend. 1901, 133, 635), or of o-tolylcarbinol 
with potassium dichromate and sulphuric acid 
(IV>um!er, ibid, 1903, 137, 716). Liquid, b.p. 
90°/20 mm., or 197°/atm, (F.). Anti-oxime^ 
m.p. 48°-49°, obtained in the usual manner 
(Dolifus, Ber. 1892, 25, 1922) or together with 
p-tolualdoxime and the nitrile by treating 
toluene with mercury fulminate and aluminium 
i^^hloride containing small quantities of the { 
^dra^ chloride and aluminium hydroxide. 

oximes are primarily obtained in the syn- 
form, but on separating from the nitrile, alkalis 
are used and the anti-forms are produced 
(Scholl and Ka5er, Ber. 1903, 36, 322) ; ami- 
euftoone, small white needles, m.p. 196° (Law 
and Trans. Faraday. Soc. 1904, 1) or 

jS09° (Fournier); p^enplbenzylhydmzone, m.p. 
S7°{Foumifir); diphemylhydrazonet white needles, 
m.p.l03M04°(MaureDbrecher, Ber. 1906, 39, 
3583 ; Borive and Tollens, ibid, 1907, 40, 3107) ; 
Mimdkyhmino^der^ from tlimethyl-m- 
tohddiiia and formaldehyde, leaflets,, m.p. 07° 
(Qeigy A Qo.» B- R. R 105103 of 1898). 

p-C)'Mdlowo4oftmlde5pdc/ by (^lorinating 4* 
Imto-Lmethyi* 1 >di<diloiom6thyldibydroben»me 


with phosphorus ^ntaoldoride and heating the 
crude product with water at lOOMSO*^ (Auwers 
and !£eil, Ber. 1905, 38, 1693). Oil, b.p. 228°, 
solidifjdng to colourless crystals ; 1*277. 

Smiearhazone ; colourless needles, m.p. 224° 
(A. and K.). 

m>Tducddehyde ; by boiling a)*chloro<m« 
xylene with lead nitrate solution (Gundelach, 
Bull. Soc. chim. 1876, (2) 26, 44; Muller, Ber. 
1887, 20, 1213; cf, Lauth and Grimaux, l.c.); 
by treating m-xylene with chromyl chloride 
(Etard, Ber. 1881, 14, 848 ; Ann. Chim. 1881, 
(5) 22, 218; Bornemaun, Ber. 1884, 17, 1464); 
together with 3 ; 3'-dimethyldibenzyI by oxidis- 
ing w -xylene with potassium persulphate 
(Moritz and Wolffenstein, Ber. 1899, 32, 2533) ; 
by oxidising m-xylyl alcohol with potassium 
dichromate and dilute sulphuric acid (Sommw, 
Ber. 1900, 33, 1078). Liquid, with an almond 
odour, b.p. 199°; D** 1-037: D“» 1-024. ll 
forms an anilide, b.p. 313°“314° ; semicaihazonA 
needles, m.p. 216° (Sommer) ; pkenylhydrazQM,^ 
prisms, m.p. 91° (B.) or 88° (Rudolph, Ann. 
1888,248, 100); diphenylhydrazone, yollow 
plates, m.p. 74°-75° (Maurenbreoher ; Korivo 
and Tollens); For condensation products with 
ammonia and ethyl cyanoacetate, see Guareschi 
(Atti R. Accad. Sci. Torino, 1901-02, 37, 593). 

2-NiXro-m-tolmldehyde ; together with the 
4-nitro-isomeride by nitrating wi-tolualdehyde 
(Mayer, Ber. 1914, 47, 406 ; cj, Gilliard, Monnet 
and Cartier, Eng. Pat. 25634 of 1898 ; U.S, Pats. 
662074,662075; D. R.*?. 113604 of 1898). The 
isomerides are separated by fractionation in 
vacu6. The product obtained by Bomemann 
(Ber. 1884, 17, 1473) and M. L. B. (Eng. Pat. 
3216 of 1882; U.S. Pats. 276889, 276890; 
Fr. Pat. 149935; I). R. P. 21683 of 1882) is 
a mixture of the isomerides. Crystals, m.p. 64° 
(G., M. and C. ; M.) or 61° (Reissert and Scherk, 
Ber. 1898, 31, 392); b.p. 136°-145°/2 mm. 
With acetone it yields the g^nish-blue di- 
methylindigotin. Ammonia-derivaiive, m.p. 93°; 
anilide, ra.p. 79°; oxime, m.p. 134°-i36°; 
phenylhydrazone, m.p, 13r-132°; hydrobenz- 
amide, m.v, 93°. 

i-NUro-m-tolualdehyde (see above). Yellow 
needles, m.p. 44°. With acetone it yields the 
reddish - blue dimethyl - indigotin. Ammoim- 
derivative; m.p. 140°; anUide, m.p. 51-5°; 
oxime, m.p. 104°-105°; phenylhydrazonet m.p. 
14r-142°; hydrobemamide, m.p. 140° (G., 
M. and C.). 

Dinitro-m-tolmldehyde ; long silky needles, 
m.p. H0°-1 12° (Bomemann). 

2 lodo-m-tolmUekyde ; m.p. 55°-66° (Mayor, 
Ber. 1914, 47, 406). 

i-Jodo-m-tolmldehyde ; m.p. 83^*84° (M.), 

^-Amino-m-tolualdehyde ; by heating 4- 
nitro-m-xylene with a solution of sulphur in 
sodium hydroxide (Geigy A Co., D. R. P. 
87255 of 1895; see also Bohringer, D. E. P. 
108026 of 1898). Sinters above 00° and melts 
at 99°-101° (B.) or 92° (G.). 

i’Chhro-dermtive ; yellow crystals, m.p. 
153° (Geigy A Co., D. R. P. 105103 of 18981 

6-Memylamino • m - kHvMehydk ; colouriei# 
leafiots or needles, m.p. 114° (Geigy A Co*, 
Fr. Pat. 280614; D. k P. 103578 of 1898); 
Mhro-defiveUm, yellowish needles, m*p* 157^ 
(Geigy A Co„ D* & R 105103 of 1893); the 







1 


mUJEHB. 


^^me^ykminoan4Ud0, yellgi^-gwea prisms, tolnio acid, a tanmeric tolualdehyde, thin oolonr- 
melts at 162°, and i&e pMnyfhydraum at 124° less prismatic orvstals, m.p. 216°, and p-tolyi 


(Ullmann and 1204, 37, 


p-toluate, pale 


sUow oil, b.p. 213°-217°/16 mm. 
fi-Ethylmino-m4dtudiehyd€^ needles or pale (Musoarelli and Bnssi, Atti B. Accad. Linoei, 
yellow prisms, m.p. 70°; 4*cWoro-der«w&t>e, 1210, [y.] 12, ii» 232). With ethyl iodide and 
wllowish needles, m.p. 78°-“72° (Geigy A Oo.) ; magnesium it yields p-tolylethylcarhinol, a di- 
oxirMf m.p. 82°; pienylkydmzoM, m.p. 95° meride of p-folnaldehyie, m.p. 130°, and p- 
(U. and F. ; G.). *ylyl alcohol (Oddo, Gazz, chim. ital. 1211, 41, 

m-T(dmlde/ii/de o-aulpbrnk acid; by sul- 1*273). 
phonation of w-tolualdehyde at low tempera- . ^-NUro-’p^klmldekydc ; by nitration of p- 
tures. With aromatic amines it yields dyes fast tolualdehyde with mixed acids below 0° (Hanzhk 


meride of p-folnaldehyie, m.p. 130°, and p- 
xylyl alcohol (Oddo, Gazz. chim. ital. 1211, 41, 
i. 273). 


to alkalis (Fr. Pat. 311739 of 1901). 


and Bianchi, Ber. 1899, 32, 1288). Needles, 


v^Tdualdehyde,* by heating a mixture of (H. and B.) or 48°-49° (Gatter- 

calcium p-toluate and calcium formate (Canniz- Ann. 1906, 347, 347). Dtocetoie, mono- 

zaro, Ann. 1862, 124, 254); by oxidising p- (Hanzlik and 

xylene with chromyl chloride (Bomemann,W U, 2286); phenylhydmz<m, omnge 

im, 17, 1467); by the action of hydrocyanic “-P- V-'f^ttrophenylhydr^, 

acid and hydrochloric acid on toluene in crystallme powder, m.p. 223 - 

presence of aluminium chloride (Bayer & Co., ^ i'* u ♦ 

Eng. Pat. 19204 of 1897; Fr. Pat. 270334; 

D. R P. 99668 of 1897) ; by passing a mixture ^ ' D. B. P. 

of carbon monoxide and hydrogen chloride of 1898). 

through toluene in presence of aluminium 

cUoride and cuprous chloride (Gattermann and Carboxylic Acid Debivativbs. 

Kock, Ber. 1897, 30, 1623; Bayer A Co., . , 

Eng. Pat. 13709 of 1897; Fr. Pat. 268168; o-Tolu%c actd; by boiling o-xylene with 
D. B. P. 98706 of 1897 ; ef. Befomateki, J. fiuas. dilute “tnc acid (1 vol. D 1-4 to 2 toB. urater) 
Phys. Cliem. Soc. 1901, 33, 167) ; by the action (®’ittig »nd Bieber, Ann. 1870, 156, m) ; by 
of boiling dilute sulphuric acid on p-methyl- the action of sodium amalgam on a mixture of 
benzylazoimide (Curtius and Darapsky, Ber. ethylchloroformate and o-iodotoluene, followed 
1902, 35, 3229) ; together with a little p-toluic by hydrolysis of the ester formed (Kekul4, Ber. 
acid by electrolytic oxidation of a warm solution 1674, 7, 1007) ; in a yield of 97 p.c. by boUing 


of p-xyiene with an exctis of current at a lead phthalide (phthalic aldehyde) with hydriodio 
peroxide anode (Fichter and Grisard, Helv. **'Cid (b.p. 127°) and yellow phosphorus in an 
Chim. Acta, 1921, 4, 928) ; by heating p-tolyl- atmosphere of carbon dioxide (Hessert, Ber. 
glyoxylio acid with aniline and hydrolysing the 1678, 11, 238; Bacine, Ann. 1^7, 239, 721; 
product (Bouveault, Bull. Soc. chim. 1897, (3) toluene o-sulphonic acid by heating with 
17, 367) ; by the action of nickel carbonyl on potoium cyanide and hydrolysing the product 
toluene in presence of aluminium chloride (Fittig and Ramsay, Ann. 1873, 168, 246 ; Zeit. 
(Dewar and Jones, Chera. Soc. Trans, 1904, 85, f- Cbem. 1871, (2) 7, 584); bv boiling the nitrile 
212) and by other methods (Fournier, Compt. (Weith, Ber. 1874, 7, 722) ; from o-toluidine via 
rend. 1903, 136, 557 ; Bodroux, Compt. rend, the nitrile (Cahn, Ann. 1887, 240, 280) ; by 
1904, 138, 92 ; Bull. Soc. chim. 1904, (3) 31, 686). heating naphthalene 1 : S-disulphonic acid, 1 : 3- 
Oil with a peppery odour, b.p. 204° (G.) ; D^*° dihydroxyiiaphthalene, o-naphthoi or a*.naph- 

1-072 : 1-6484 (Hanzlik and Bianchi, Ber. S-sulphomo add, frnajAthol. or ^ 

iSftQ 112 naphthylamme 4-8ulphomc acid with sodium 


1899, 32, 1286). 

p-Toludldchyde ammonia ; 


hydroxide at 150°-300° (Kalle A Go., £i 
16559 of 1894; Fr. Pat. 241109; D. 


(Rranoia, ^r. 1909, 42, 2216); Wtola- B^! 

ootidc, white needles, m.p. 92 ((.atiennann, tfion oo inii\ fWatAl. nuulilv vnl&fSift 
Ann. 1908, 347, 347); 6M»/p4.comjKm«d steai mn 

aoales; sem»c<.rta«me, m.p. 215“ (Fouraier); 1®*^, “cLm 1897 M 22^ ko 9^ 
diacebite. oolonrless glistening leaflets, m.p. 69°, mm (Sm-kow j' ~ 

forming a leuco-malaohite G^n with dimethyl! 

aniUne and zinc chloride (Clanssner, Ber. 1905, 633); Dj.** 1-0621; mokeiilar 

38, *2860) ; pUnylhydrazom, yellow compound, refractive power 62 (Eykman, Reo. trav. chim. 

g U3°, coloured red by exposure to light 1693, 12, 178), Oxidised to phthalic aioid with 
and Perkin, Trans. Faraday Soc. 1904, 1) ; permanganate or dilute nitric acid, wbii^ it is 
m.p. 140° (FouQiier, charred by chromic acid mixture. Bromine 
t. rend. 1903, 137, 716) ; diphenylhydra- vapour above 100° yields phthalide, wUkt in 
^•6, white needles, m.p. 83°*>84° (Mauren- the cold bromine forms bioino-o*t^c acid, 
^rwher, ; Borive and Tollens, /.c.) ; anft- i3(i.p. 167°. It condenses wirii tertiary Momatio 
mimCt ntp. 79°"80°; spTi-cMrime, m.p. 108°- amines to form dyestuis of t^ Mala&ita Green 


’ aeedles, 

^ U). 


pteMw* ihf io^ for 

,-,_r 


to IMt in; 


Hydntjfimm sail, m.a. 105* (Cfomer snd 
Ballatd, J. Amer. CSmbl Soe. IS^ M2^, 
AfeiAgi^, b.p. 2(1T*-4M8* 


jt- lphyianL (3»mi l«OT, H, 246} or 219’ i 0“’ 
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1*073 (yftn Scherpenzeel, Bee. trav. chim. 1901, Sandmeyer reaction. Long slender prisms/ 
20, 149). m.p. 82*-33S b,p. 143^/38 mm. 

Eih/yJrtekr ; b.p. 219*5°/713 mm. (Ador and AnMt ; by heating a solution of the nitrile 


Bmylrtekr ; b.p. 219*5°/713 mm. (Ador and Amide ; by heating a solution of the nitnle 

lUlliet, Ber. 1879, 12, 2301) or 227' ; DJI 1-0479, jntk ^«ted *^1*"*^ ** ’ V; 

. hours. Scales, in.p. 167' (K. and W.). 

DJgo 1*039, 1*0321; magnetic rotatory i-OAforo-o-ferfitic acid; together with 6- 

power 15*064 at 16*2'^ (terkin, Chem. Soo. Trans, ohloro-o-toluio acid by boiling t£e oorreswnding 
1896, 69, 1238). ohJoroxylene with nitric acid (B 1*2) (&r6g(^, 

SmgyUster; oU, b.p. 316', D”' M2 Ber. 1886, 18, 1767) ; tOMtbemritti Ae 6-^ 
(Hodgjkinson, Chem. Soe. Proo. 1891, 7, 167). by passing cUorine tough a Mtabon oi n^luio 


Chloride; b.p. 2117733 mm. (A. and R.), acid in glacial acetic acid ((^us and ^wr, 
llOM 11729 mm. (Klages and Lickxoth, Ber. Ann. 1893, 274, 308). Mj). 137 (0. and B,}, 
1899, 32, 1661), IO277 mm. (Frankland and and not 166° as men by Kr^r. Its salto are 


Wharton, Chem. Soc. Trans. 1896, 69, 1311 ; more sparingly soluble than those of the 6-chloro- 
c/. Frankland and Aston, ibid, 1899, 75, 494). isomcride. CaA'^-f 2HoO, prisms. I 

Anhydride; m.p. 36°-38° (Racine, Ann. Mhloro-o^tdutc <Ktd ; see 
1887, 239, 74) or 39‘^(K. & L.), b.p. above 325® acid. The nitrile is obtamed from 6-chloro.^ 


(R.) or 220°-221711 mm. (K. and L). 


toluidino by the Sandmeyer reaction (Glaus ant 


Per^kde ; irregular prisms, m.p. (50° ( Vanino Stapclberg, Ann. 1893, 274, 287). Small needlew 
I Thiele, Ber. 1896,29, 1727). m.p. 170° (0. and B.), not 130 as given W 

Amide ; needles, m.p. 138° (Weith, Ber. 1873, **• ^ a+3H,0,\ 

t201.142'8°(Remsen and Reid. Amer. Chem. J. \ A “cedle^^ ' 


and Thiele, Ber. 1896, 29, 1727). 

Amide; needles, m.p. 138° (Weith, Ber. 1873, 
6, 420), 142*8° (Remsen and Reid, Amer. Chem. J. 
1899, 21, 290). Sodium-derivative (Wheeler, 
ibid, 1900, 23, 466). 

Melhylamide; colourless needles, m.p. 75°; 
dimethylamide, b.p. 147°, 1-033 (van S.). 

Nitrile ; by heating potassium toluene o-sul- 
phonate or tri-o4olyl phosphate \nth potassium 


Eihjl-eMtr ; oil, b.p. 258° (C. and S.), 

Nitrile ; long needles, m.p. 67° (C. and S.). 
Amide; m.p. 183° (C. and S.). 
Mhhro-o-ioluic acid; by boiling 3-chloro*o- 
xylene with dilute nitric acid (I&uger, Ber. 
188.5, 18, 1758). Needles, m.p. 154° (Kr.) or 
156° (Claus and Bayer). Oxidation with 


cyanide (Heim, Ber. 1883, 16, 1770) ; by heating potassium permanganate violds 3‘ChIorophthalio 
tolyl isothiocyanate with copper powder (Weith, ^cid. CaA'.+2H20, long prisms. 


Ber. 1873, 6, 419) ; by the action of heat on tolyl 


ro-o4olnic acid ; from the nlirik 


isocyanide (Weith, Ber. 1874, 7, 722) ; by heat- ^vhich is prepared from 3 ; 5*dichloro-o*toluidine 
ing o-iodotoluenejv'ith silver cyanide at 360° by the Sandmeyer reaction (Claus and Stapel- 
(Merz and Weith, Ber. 1874, 10, 751) ; by boiling berg, Ann. 1893, 274, 292). Glistening nee^w, 
the formyl-denvativo of o-tolmdino with zinc mp igjo 

^t (G^oywsM and Merz, Ber, 1884, 17, 74 ; * i,r-^rile ; needles, m.p. 92° (C. and S.). 

1885, 18, 1(^); from o-toluidine by Sand- A dicA/oroiofittc acid was obtained by HolJe- 
meyers reaction (Cabn, J^r. 1886, 19, 406); j^an (Ann. 1867, 144, 269) bv oxidising crude 
by the acdion of mercury fu minate on dichloroxvlcne (m.p. 22°) with chioimc acid 

aluminium chloride (8chol Bor. , fixture. ‘ CaA',4-9H,0. 

1903, 36, 10). Liquid, b.p. 203 -204 (W.), or ia4)ichhra-o tduic acid; needles, m.p. I56®* 
205*2°; DJo 1*0061, Djgo 0-9975, !);;?« 0*9912 ; Its chloride is obtained by chlorinating 0- 
magnetic rotator}- power 12-98 at 15-7° (Perkin, tolnoyl chloride. The <miit melU at 117°. 
Caiem. Soc. Itans. 1896, 69, 1244). Oil Iwiling «.-J'ncWoro-o-<oi«ic acid; obtained by tlw 
with alcoholic potassium hydroride it yields the 60° on ite chloride. 


amine and with concentrated hydroeldoric acid 
at 200° it yields o-toluic acid. In a well -cooled 


which Is formed by chlorinating o-toluoyl 
chloride, ciystallises from benzene in needlei, 


solution o-toluonitrile is converted at a lead ni.p. 14r-144° (Davies and Perkin, Chem. Soc, 
peroxide anode into o-cyanobenzoic acid. If Trans. 1922, 121, 2213). 
the cooling is not efficient the nitrile is hydro- i-Bromo-o-tduk acid; by keeping o-totuio 
lysed to o-toluic acid which is oxidised to wi contact with excess of bromine for 24 
phthalic acid (Pichter and Grisard, Helv. Chim. hours (Jacobson and Wierss, Ber. 18S3, 16, 
,Acta, 1921, 4, 928). Fuming sulphuric acid at 11^56; Racine, Ann. 1887, 239, 74); from 2« 
^ 60°-70° forms iminoduo tolmmidc, prisms, m.p. nitro-p-toluidine by replacing the •mino-nottp 
108° (Kraft and Karstens, Ber. 1892, 25, 455). by liromine and the nitro^up by comm 
Concentrated hydriodic acid yields C,n[,(;N2HI, (von Meyer and Geiringer, jSer. 1895, 28, 187L 
lemon-yeUow crystals, m.p. l'35°-140°(decoran.) Long micdlcs, volatile with Steam, m.p, 167\ 
(BUtz, Ber. 1892, 25, 2540). (CH3C,H4CN)Ouxi, CaA°-f-H,0; BaA,-f6H,0. 
white ciystals (Rabaut, Bull. Soc. chim. 1898, M^hytesUr ; leafleto, m.p. 44°-46^{iL)> 

(3) 19, 787). A hromo-o-Uduic aoUL slendfflr n eed lleii. nLia 

liquid, b.p. 75°/I0 mm., 101°/55 ^ ^ 


mm., 183°-184°/753 mm. (with slight decomn I • by oxidising wtA 

D«: om At 240' it w conven«l into th^ 

mtnle Nef, Ann. 1892, 270, 309). ^ 

by ci^^nlmidirionoi I? 

•o^^rito m eicess to a hot rolntion of the 23WI 

c©”is.rff£S!ri’’r 

4,, t4S»). Jx)ng slendw needim, m.p. form»«lellat.gro«,iofillltriitrtH*.>|«^ 

««..• (» b, .b. la 


Toiiuram, 


m 


^•dro>Mho4<}hk ueidi by ftapoificaiion of] 
;he fiitnlo (NoninnfioOy Biff* llw7» 20^ 1016)* 
Sablimos in noedki^ ay)* 187® (N.) of 176® 
KonoWofi, J. Bm, Pays. Ohem. Soo. 19(H, 
16,637). BaA',+2H,0(C.aii4K.). 

Amm / pearly plates subliming in needles, 
ai.p. 181®-m®- 

NitriU; long needles, volatile with steam, 
n.p. 70® (N.). 

3 ; 6'Dibr(mo-o-Uihic acid ; by hydrolysis of 
the amide with concentrated hydrochloric acid 
it 260® (Clans and Beck, Ann. 1802, 269, 215). 
N^eedles, m.p. 167®. BaA'j+HjO, crystalline 
trusts. 

Awtde; glistening needles or columns, m.p. 
198®. 

Nitrik; from 3 : 6-dibromo-o-toluidine by 
jlandmeyer’s reaction. Glistening needles, m.p., 
86® (C. and B.). 

i 1 6-Dihromo-o4oluic acid; by heating 6- 
bromO'O-toluic acid with 1 mol. of bromine in 
the presence of water at 120® for 3 hours 
[Claus and Beck, Ann. 1892, 269, 213). Glisten- 
ing needles, m.p. 210®. BaA'j + OH^O, glistening 
n^les. 

When nitrated at 0®, o-toluic acid yields a 
mixture of 4-nitro-o-toluic acid, m.p. 178®- 
178*5®, and 6-nitro-o-toluic acid, m.p. 184®- 
184*5®, the latter being probably identical with 
Jacobsen and Wierss’ ]8-nitro-acid, m.p. 145®. 
The methyl-ester, amide, mcthylamide, and 
dimothylamide of o-toluio acid yield the corre* 
^ponding derivatives of the 4- and 6-nitro-acids 
when nitrated at 0®. When nitrated at ordinary 
temperatures, o-toluic acid and its 4- and 6- 
mononitro-derivatives yield 4 ; 6-dinitro-o-toluic 
aci^ The methyl-ester under similar con- 
ditions yields methyl-4 : 6-dinitro-o-toluate, m.p. 
73®-73*6®. The amide and methylamide yield 
the 4 : 6-dinitro-acid, but the dimothylamide 
yields the 4-nitro-aci(l (van Scherpenzoel, Rec. 
trav. chim. 1901, 20, 149). 

Z-NUro^-tduic acid; from 3-nitro-o-tolu- 
idine via the nitrile (Mayer, J. pr. Chera. 1916, 
(2) 92, 137) or the amide (Gabriel and Thieme, 
Ber* 1919, 52, 1079). The latter authors could 
not prepare it by hydrolysis of t^e nitrile. 
Colourless needles, or short rods, m.p. 151®-152^ 
(G. and T.), or colourless silky needles, m.p. 
between 200®-210® (M.). It sublimes, and it is 
stated to undergo certain physical changes when 
esmosed to air for a few days, e,g, it becomes less 
soluble in water, and melts at about 180®- 
186® (M.). 

NaA'-l-84H,0; BaA'*-f.3H,0 (G. and T.). 

Amide; by the action of sulphuric acid on 
the nitrile. Needles, m.p. 158® (G. and T.). 

l^krUe ; from the amine by the Sandmeyer 
reaction «td treatment of the crude product 
with alcohol or nitric acid. Silveiy leaflets, 
eaup. 109®-110® (G. and T.), or yoUow silky 
ueedles on subliming, m.p. 89®-9r (M.). 

by the action of methyl 
sulphate. M.p. 72®-76® (M.), or from the 
am Mjfidc (aup. 41®) by the action of methyl 
and leaflets, m.p. 50®, are 
forint (G. wd T.) oil (G. and T.). 

plates, m.p. i7r 

toMhir with the 
6*nitTO-a(»d by winning o-toiuio loid wtth 
^rie aoidi[D H) it. 100? (JioobMn wi Wtoi, 




Ber. 1883^ 16, 1957) ; together with the 6-nitro- 
add by oxidisiDg 4-nitro-o-xylene witih dilute 
nitric md (Jacobs^ Ber. 1684, 17, ,162). Small 
needles, slowly voU^ with steam, m.p. 179®. 
KA^-fH,0, long needles; 0aA',-f-2H,O, needles; 
BaA%*f 2H|0, slender needles. 

mtrik ; by nitration of o-toluonibrile, 
needles, m.p. 105®, subliming at 100® (Lands- 
berger, Ber. 1898, 31, 2880). 

Amide ; by wanning the nitrile for } hour 
with six times its weight of concentrate sul- 
phuric acid, fine needles, m.p. 173® ^L.) ; mdhyU 
amide, slender needles, m.p. 160^; dimethyl- 
amide, m.p. 105®-106° (van Scherpenxeel, Rec. 
trav. chim. 1901, 20, 149). 

Methyl-ester ; oblong prisms, m.p. 69®. 

Chloride; colourless needles, m.p. 69®-fl0® 
(van S.). 

{y)-^-]^iifO‘0-U)luk acid ; together with the 
4'aci<l by boiling a mixture of 26 grms. of 4- 
nitro-o-xylene, 250 c.c. of nitric acid (D 1*4) and 
500 c.c. of water for 48 hours. The mixture is 
converted into the barium salts, which ate 
separated mechanically (Jacobsen, l^r. 1884, 17, 
162); from 5-nitro-o-toliudine via the nitrile 
(flayer, Lc. ; Gabriel and Thieme, Lc,), It 
melts at 152®-153® (G. and T.). BaA'.-f SH^O, 
long transparent fiat prisms (J.)* 

Nitrile; colourless leaflets, m.p. 100® (6, 
and T.), or long yellow felted needles, which 
sublime, m.p. 113®-! 16® (M.). 

(fi)-6-NitrO‘0-(oluic acid; see the 4-nitro- 
acid, and van Scherpenzeel, l.c. Long needles, 
m.p. 145® (J. and W), or 184®-184*6® (van R). 
Slowly volatile with steam. CaA'i+2H|0, 
crusts ; BaA'^-f 2 H 2 O (J. and W.). 

Methyl-ester ; pale yellow needles, imp. B6® 
(van S.). 

Amide ; colourless needles, m«p. 163® ; 
methylamide, m.p. 131®-132®; dimm^amide, 
m.p, 69*5®-70® (van S.). 

Chloride ; m.p. 68®'^8*6® (van 8.). 

Nitrile, ra.p. 69*5® (NSlting, Ber. 1904, 37, 
1025). 

^ \ A-Dinitro-o-tduic acid; together with 
3 : 4-dinitrophthalic acid by oxidising 3 : 4* 
dinitro-o-xylene with dilute nitric acid in a 
sealed tube (Warner, Chem. Soc, Proc. 1913, 

29, 61). Stout colourless needles, m.p. 182®. 

E^yl-esier; odourless rectangiijuur nlatea, 
m.p.63®(W,). 

i:%-IHnitro-o 46 luic acid; together wiUi 
3 : 5-dinitTophthalic acid by ojdaisl^ 3s6- 
dinitro-c-xylene in a similar manner (Wanier) ; 
by keeping 4- or 6-nitTo-o-toluio am a 
mixture of <^ual volumes of sdphnrio add 
fuming nitrio acid for 24 hours (Jaoobm and - 
Wierw). Very long brittle needles^ i«up, 206®. 
With dilute nitric add at 170® it 
dinitrophtbalio acid. BaA*t+2H«0 (Baoi^ 
Ann. 1887. 239, 77). * * 

MeOiyl-ester : needles, in.p[. 73®«»74® (RX 
3 : 4:6 (or 3 : 6 : 6).rnm^o*ldWcmM; 1^ 
oxidising 3:4: 6-trinitro-o-3nr]eQe With dmmi& 
add (Graa, Qasa. chim. itaL 19*8, 62, i im. 
WMte needles, m.p. 201®^V It givee a 
mddish-brown <x>lorati(m with al^^ 
<t^Chhn#6«itilra-o-fohf^^ omMji 
warcainfthe nltrifo for 2 houm ; > 
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for some time at HO® it yields S-nitro-pseudo- 
phtha^idine, Beedles, m.p. 158®. 

NtftSfc; by mtration of o-oyanobeozyl 
ohlodde (6. and L). 

Yellow eiystab# m.p. 94®. When heated 
with acetic and hydrochloric acids at 140®~150® 
it yields 5-nitrophthalide. 

Mhhro-d-nUm-o-toluic acid ; from d-chloro- 
3*ikitro*o-tolnidine via the nitrile (daus and 
Stapelberg, Ann. 1893, 274, 297). Glistening 
needles, m.p. 189®. 

NU^; golden-yellow glistening prisms, 
m.p. 140® (C. and S.). 

MhioroA-nitro-o-kluic acid ; together with 
5-ohloro-6-nitro-o*toluio acid, by treating 5- 
chloro-o-toluic acid with nitric acid (D 1-52) at 
110®-120® (C. and S.). On pouring into water, 
the 6-nitro-acid gradually separates. Large 
glistening prisms, m.p. 193®. KA'+jIHsO, 
prisms; MgA',-f4H20, four-sided pillars. The 
salts are more sparingly soluble in water than 
those of the 6-nitro-isomeride. 

NUrile; from 5-chloro4-mtro-p-toluidine. 
Thick glistening pillars, m.p. 86° (C. and S.). 

5-dhloroS-nitr<ho-toluic acid ; see above. 
Glistening pillars, m.p. 186°. KA'-fHjO, 
crusts; MgA'j-f-SHgO, glistening needles (C. 
and S.). 

3 : S-IHchloroS-nitro-o-toluic acid ; by 
oxidising 3 : 5-dichloro-6-nitro-o-xylene with 
nitric acid (I) 1-15) for 6 hours at J80°-190° 
(Orossley, Chom. Soc. Trans. 1904, 85, 281). 
J^thwy needles, m.p. 187°~189°. 

^C1Uor(h^:^-dinitro-0‘toluic acid; by pro- 
longed boiling of S-chloro-o-toiuic acid, 5-chloro- 

4- nitro-o-tolaic acid, or 5-chloro-C*nitro-o-toIuic 
acid with mixed acids (0. and S.). Needles, 
m.p. 212®. 

S^Brom-Z-nitro-o-ioluic acid; from the 
amide by heating with concentrated hydro 
chloric add at 230®-'250° for 8->10 hours (Claus 
and Beck, Ann. 1892, 269, 212). Fine needles, 
m.p. 226®. 

Amide ; by boiling the nitrile with 50 p.c. 
sulphuric acid. Vitreous needles, m,p. 235°. 

Nitrile ; from 5-bromo-3-nitro-o-toluidine by 
Sandmeyer’s reaction. Glistening yellow 
needles, m.p. 106®-107°. 

^BrmoA-nitro-o-toluic acid ; together with 

5- faroino-6-mtro-o-toluiG acid, by nitrating 5- 
- bfomo-o-tohiic acid for 6-8 hours at 50°. The 

greater part of the 5-bromo-4-nitro*o-toluic 
acid separates on cooling (C. and B.). Needles, 
Dtp. 200®, which sublime. NaA' 4*41120, 
large pearly plates ; KA' 4 ’H 20 , silky needles ; 
*HgA'i4-7H,C ), vitreous needles ; BaA',-f 4H,0, 
long needles. 

%Brtmo-^-nUr(h<>-tciw6 acid; see above. 
The two adds may be separated by means of 
tbc^ magnesium salts. Small needles, m.p. 220®, 
whkihsttDlime. The magnesium salt is extremely 
aduhl4 in water. BaA^-f-HjO, nodules. 

Z-Amma-o-tdvk acid; obtained as the 
kydrochkitide, together with S-mothyl-benziso- 
ox«s^*3-one and m*toluidine hydrochloride, 
by 3-nitro-o-toiiiamide with tin and 

. kydrodiMc add, or as the free acid by reducing 
i4dia;o.o-toiu^ add with ferrous aulphate in 
■ ym y mk cal solution (Gabriel and Thieme, 
Bar. 1919, 52, 1079). Needles, m.p. 125®-126® 

. iceor^to llayer (J. pr. CSietm 1915, (2) 92, 

; HA), reduce m tiie add with xm and hydro* 


chloric add 3 rields initially the amino-add, but ^ 
this pould not be i^lated, as it was converted 
into m-toluidine during evaporation. 

Nitrik; by reducing S-nitro-o-toluonitrile 
with hydriodic acid and phosphorus. It mdts 
at 127M28® (G. and T.). 

i-Amin(hO‘t6luic acid; small prisms, imp. 
196° (Jacobsen and Wierss, Ber. 1883, 16, 
1959 ; Jacobsen, ihU. 1884, 17, 164). 

Nitrile; by reducing 4-nitrotoluonitrile. 

It melts at 88°, its hydrochloride at about 220®, 
and its pkrate at 177°-179® (Landsberger, Ber. 
1898, 31,2881). 

6-Amino-o-toluic acid ; by reducing 6-nitro-o- 
toluic acid with tin and hydrochloric add 
(Jacobsen, Ber. 1884, 17, 164); by heating Jh 
nitrophthalidc with hydriodic acid and phos- 
phorus at 205° (Honig, Ber. 1885, 18, 3449). 
Needles which sublime, m.p. 153° (H.) or 165* 
(decomp.) (J.). 

Nitrile; by reducing b-nitro-o-toluonitrile 
with stannous chloride and hydrochloric acid. 
Rhombic crj^stals, m.p. 90° (G. and T.). 

^‘Arnin 0 ' 04 oluic acid ; small vitreous needles, 
m.p. 191° (Jacobsen ; Jacobson and Wierss). 

Nitrile; silky needles, m.p. 96*6° (Nolting, 
Ber. 1904, 37, 1025). 

m-Toluic acid; by reducing bromo-m-toluic 
acid (Ahrens, Zeit. f. (’hem. 1869, (2) 5, 106; 
Richter, Ber. 1872, 5, 424; Bottinger and 
Ramsay, Ann. 1873, 168, 255); by oxidising 
wi-xyJono with dilute nitric acid (Tawildarow, 
Ber. 1873, 4, 410; Bruckner, Ber. 1876, 9, 
406; Reuter, Ber. 1884, 17, 2028); by hydro- 
lysing the nitrile (Weitb and Landolt, Ber. 1875, 

8, 720) or the 6 sulphonamide (Jacobsen, Ber. 
1881, 14, 2.349) ; by boiling ce-chloroxylene with 
dilute nitric acid (8onff, Ann. 1883, 220, 247 ; cf, 
Ador and Rilliet, Ber. 1879, 12, 2300; van 
Scherpenzeel, Rec. trav. chim. IWl, 20, 149). 
Very long net'dles, volatile with steam, m.p. 
110*5° (Jacobstm; Bornemann, Ber. 1887, 20, 
1382) or 108°-109° (Kellas, Zeitsch. physikal. 
Chem. 1897, 24, 221), b.p. 293“ (J.); 

1*0543 ; molecular refractive power 62*01 
(Eykman^ Rec. trav. chim. 1803, 12, 178). 
Ca!A'a4'3HjO, flat needles; BaA'|4-2HjO, 
small plates ; AgA' ; (CH8CjH|CGO),HK, 
long needles; (CH,*C,H 4 *COO),H'NH 4 , tabular 
crystals (Farmer, Chera. *Soc. Trans. 1903, 83, 
1443). 

Hydroxykmine salt; m.p. 83® (Oosper and 
Ballard, J. Amer. Chem. Soc. 1925, 47, 2424). 

Metkylester; b.p. 214°-215® (Kellas) or 
b.p. 220*5°-22l7758 mm., (van S.). 

Ethylester; b.p. 224*5°-226*6®/7i0 mm. 
(Ador and Rilliet). 

CfHoride ; b.p. 218°/724 mm. (A. and K.), 
120°/38 mm. (Klages and Lickroth, Ber. 18w, 
32, 1560), 109°/8 mm. (FmnkUnd and Wharton, 
Chem. Soc. Trans. 1896, 69, 1311), 109®/15 mm. 
(Frankiand and Aston, ibid. 1899, 75, 494), 
219®-220®/773 mm. (vanS.); m.p. -2S®(vanS.) ; 
DjrH73(K.andL,). 

Amide, m.p. 94® (Remseu and Held, Amer. 
C%em. J. 1899, 21, 290 ; van S.) ; 
m.p. 44*5°-46® (v«i 8.); diwtB^kmid^ oB, 
b.p. 148®, KKIS (van a). 

NMe; from m^toluidliie by the Skudmiyir 
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leMtiMk (BqoUm mi 4 ft^M^tebeek, Bw. 1880, 
22, 811). liquid, b.m 206°--21O° (B. and 8.) 
or 212°-214o (Biltz, Bor. 1602, 28, 2530). See 
also Wdtk and l^ndolt 

Mercaptan; b*p* 195*4^/760 
1*06261 (Bou^eoiSi Bee. trav. ohim. 1899, 18, 
426). 

Anhydride; m.p. 71*^, b.p. 230®/17 mm. 
(Denham, Chem. Soo. Trans. 1900, 95, 1240). 

P 9 €vd(hm-tduic acid ; m.p. 47'^ (Perkin and 
Simonis, ibid* 1907, 91, 840). 

i-Cldxrro^m46lu%c acid; by oxidising 3- 
aoetyl-p-ohlorotoluene (Claus, J. pr. Chem. 1892, 
(2) 46, 27). Needles, m.p. 167°. 

b-Chlof<hm4(Mc acid; together with a 
chloronitroxylene and other products by boiling 
dihydro-6-chloroxylene with 30 p.c. nitric acid 
for 20 hours (Klages and Knoevenagel, Ber. 
1896, 28, 2046). Needles, m.p. 178^, With 
potassium permanganate it yields 5<chloro- 
isophthalic acid and a little 6-hydroxyisophthalic 
acid. 

Q-Chloro-m^toiluic acid; by replacing the 
nitro-group by chlorine in O-nitro-wi-toIuic acid 
^ilstein and Kreusler, Ann. 1867, 144, 182; 
Bemsen and Kuhara, Amer. Chem. J. 1881, 3, 
431); by oxidising 4-chIoro-m-xylene with 
chromic acid mixture (Vollrath, Ann. 1867, 144, 
266 ; Bull. Soc. chim. 1867, (2) 7, 342 ; Jacobsen, 
Ber. 1886, 18, 1761). M.p. 203° (V.), 204° (corr.) 
(R. and K.), 210° (corr.) (J.), ’ CaA^j+3HaO, 
fine needles ; BaA'g+SHoO (V.). 

Ethyl-eater; b.p. 260^-265° (V.). 

wChloro-m-ioluic acid ; by boiling the 
nitrile with concentrated hydrochloric acid 
(Beinglass, Ber. 1881, 24, 2418). Fine needles, 
m.p. 136°. 

Amide; m.p. 124°. 

Nitrile ; by chlorination of w-toluonitrilo at 
160°. Plates or prisms, m.p. 67°, b.p. 258°- 
260° (R.). 

i : ^-Dichloro-m-toluic acid; by heating 
1 part of 4 : 6-dichloro*w-xy]ene with 15 parts of 
dilute nitric acid (D 1-18) (Claus and Burstert, 
J. pr. Chem. 1890, (2) 41, 567 ; cf, Hollemann, 
Ann. 1867, 144, 269). Vitreous needles, m.p. 
170°. BaA'j|+2H20, needles or pillars. Holle- 
mann’s product melted at 101° and yielded 
CM',-f91LOandAgA'. 

tc-Diehlm-m-toluic acid; m.p. 132°, is 
formed from its chloride, m.p. 49°. 

0 -Trichhro-m-t 6 luic acid: obtained from 
its chloride, which is formed by chlorinating 
m-toluoyl chloride (Davies and Perkin, Chem. 
3oo. I^ans. 1922, 121, 2214). SparkUng 
iamine, m.p. 142°. 

^Br<mhm46luk acid; together with the 
I«bromo*i8omerid6 by keeping a mixture of 
w-to!oio acid and an excess ox bromine (Jacobsen, 
Ber. 1884, 14, 2361) ; by heating 4-bromoiso- 
symene with dilute nitric acid at 130°-136° 
;Kelb6 wnd Ctatnomfiki, Ann. 1886, 236, 295); 
wm 4*komo*2-uitro*toluene by beating with 
uoohol ^ potamnum cyanide at 220^ and 
kydtolysing the nitrile with alcoholic potassium 
(Bichter, Ber. 187% 5, 425); by 

iTtTF' ih# 152°-453" (K. eJi C.)! 

Ukaliim ftudoBi yielA 4-hydn)xy-m.toluio acid, 
wd oxhbtkui i-bromoimpluahiljc add. 


OaA^ 


long needles (J.) ; BaA't+4HsO, 
needles (C>)* 

^-Broma-mddiuic acid ; ^ oxidising brorno* 
m-xykne wiUi chromic acid mixture (Httig, 
Ahikts and Mattheides, Ann. 1868, 147, 32; 
Jacobsen, Ber. 1881, 14, 2352) ; together with 
the 4-a^ by brominating m-tokdo acid 
(Jacobsen); by oxidisi^ o-bromoisocymene 
with dilute nitric acid (Kelbe, Ber. 1882, 15, 
41) ; from 6 'nitro*m-toluic acid (Remsen and 
Kuhara, lx,). C^staUine powder, m.p. 209° 
(Jacobsen). Sodium amalgam yields m-toluic 
acid, and alkaline fusion yields 6 -hy<^xy- 
m-toluic acid. CaA'^+SHiO, needles; !&kA '2 
-f 4 H 2 O, long needles ; AgA', 

Ethyl-eater; solidifies at —5°, b.p. 270°- 
275° (F., A. and M.). 

Bromo-m(1)-toluic acid; together with 6 - 
bromo-m-toluic acid by oxidising crude bromo- 
xylene (b.p. 200°-208°) with chromic acid 
mixture (Ahrens, Zeit. f. Chem. 1869, (2) 6, 106), 
m.p. 185°-190°, CaA'j+SHgO, small needles, 
more soluble in water than the salt of 6 ^bromo- 
m-toluic acid. 

Dif}r(mo{1)-t6luic acid; by oxidising emde 
dibromoxylene with chromic acid mixture 
( F. , A. and M. ). Microscopic needles, m.p. 1 86°- 
186°. BaA' 2 4 * OHjO, long needles; A^*. 

01- Bromo-m-toluic acid; by brominating m- 
toluic acid in bromoform (Zalmd and Semenow, 
J. Russ. Phys. Chem. Soc. 1914, 46, 612). White 
crystals, m.p. 151°-152°. 

Ethyl-ester; b.p. 160°-161°/10 mm. 

4 ; 0 -D« 6 romo>m-to/! 4 «c acid; by oxidising 
4 : 6 -dibromo>m- xylene with nitric acid (Eckert 
and Stndel, J. pr. Chem. 1921, (2) 102, 338). 
White crystals, m.p. 174°. 

Methyl-eater; m.p. 43°, b.p.203°-206°/758mm. 

Amide ; white needles, m.p. 188°. 

2- Nitroao-m-toluic acid; grey prisms, m.p. 
172°-173° (Freundler, BuU. Soc. chim. 1911, 
[4] 9, 657). 

2-Nitro-tn-U}luic acid ; together vrith 4*nitio* 
m*toluio acid (Jacobsen, Ber. 1881, 14, 2347 ; 
Fiudeklee, ibid. 1905, 38, 3553 ; Jurgens, ibid. 
1907, 40, 4409 ; van Scherpensed, Eec. trav. 
chim. 1901, 20, 149 ; Wheeler and Hoffman, 
Amer. Chem. J. 1910, 44, 113, 607) and the 6 - 
nitro-acid (Muller, Ber. 1909, 42, 430) when 
m-toluic acid is nitrated. The 2*mtro-acid is 
formed also by boiling 2 *nitro*iii-xyiciid with 
nitric acid (D 1*4) (Nolt^ and Qachot, Ber. 
1906, 39, 73). Monoclinic prisms, m.p. 219° 
(Jacobsen; Findeklee ; Muller; Jurgens), 
217*5°-218° (Nolting and Gachot). 

The 2- and 4<mtrotoluic acids may be 
separated by means of their barium salts* ^ 
BaA',+2H|0. This add is identical with one 
of the throe acids which Ahrens (Zeit f. Giem. 
1867, (2) 3, 626 ; 1869, (2) 5, 106) obtained by the 
action of nitric acid on a mixture of toiidoadds. 

Amide; m.p. 192° (Jurgens), 

Nitrile; needles, m,p, 84° (Gabriel and 
Thieme, Ber. 1919, 62, 1079; Jtoeos; sA 
Reissert and Seberk, Ber. 1896, 31, 390). 

Methyl-ester ; m.p, 74° (Jiu^^). 

i-Nitro-ix^tohic add; m 2 <^ii^-ifi^toltiie 
add. It melts at 182° (Jaoob|Wii} or 134° 
(F.; ML). The barium solt Is spsrix^ s<d^ 
(Jaoobsea). # 

Amide; «Bcmt flat needles, m.p, ITflfW 
177°JF*). 


mUENS. 


atout needles, m.p. 78^9^ 

(M.). 

A number of derivatives of both 2- and 4- 
nitro-w-toluio acids have been prepared by van 
Soherpenseel (Bee. trav. chim. 1901, 20, 149), 
but are of doubtful orientation. 

^NUro-m-toluic acid ; by warming an 
acetic acid solution of 5-nitro-m-zylene with 
potassium permanganate on the water-bath 
(Thdl, Ber. 1885, 18, 359) or by heating with 
nitric acid (D M6) in a scaled tube for 50 hours 
at 100® (Muller, ibid. 1909, 42, 430). Long 
siliy meedles, m.p. 170® (M.) or 167° (T.). 
BaA'a+4H20, groups of microscopic needles 
(T.). 

NUrUt ; m.p. 104®-105® (G. and T.). 

Amide; small needles, m.p. 164®-! 65® 
(G.andT.). 

Methyl-ester ; tables, m.p. 84®--85° (M.). 

Q-Niiro-m-toluic acid; by oxidising crude 
nitroxylene (Beilstein and Kreusler, Ann. 1867, 
144, 168; Kreusler, Zeit. f. Chem. 1866, (2) 2,320) 
or nitroisooymene (Kelbe, Ann. 1883, 221, 161) ; 
together with the 2- and 4-nitro-acids by 
nitrating m-toluic acid (Miillcr, l.c.). 

Crystalline powder, m.p. 211° (B. and K.), 
214® (BL), or pointed needles, m.p. 215°- 
216® (M.). NH4A'-f2H20; MgA'^+VH^Oi 

CaA'j+SHjO yellow prisms; BaA'2+4H20, 

ni.p. 80“ (B. and K. ; G. and T.). 

Amide; leaflets, m.p. 151® (B. and K.), 
or prisms, m.p. 190° (Wheeler and Hoffman, 
Amer. Chem. J. 1910, 44, 113, 507). 

Methyl-ester; m.p. 81®-82® (aM.) or 72® 
(Herre, Bet, 1895, 28, 507). 

2 : 4:-Dinttro-m-toluic acid ; m.p. 173®. 

Methyl-ester , m.p. 104®-105® (van Scherpen- 
zeel). 

Bromonitro-m-toluic acid ; by warming 
bromo-m*toluic acid with fuming" nitric acid 
(Fittig, Ahrens and Mattheidcs, Ann. 1868, 147, 
347). Cry8Uls,m.p.l75®-l76®. CaA'jH-SHjO, 
nodules ; BaA'j-f 3 H 2 O, long needles. 

2-Amino-m-toluic acid ; by reduction of 
the corresponding nitro-compound (Jacobsen; 
Findddee ; Jurgens, lx,). It melts at 172®. 

Acetyl-derivative; glistening needles, m.p. 
193®-1W® (Miller and Meyer, Ber. 1891, 24, 1909), 

BitriU ; m.p. 38® (Gabriel and Thieme). 

Amide; m.p. 149® (Gabriel and Thicmc; 
Jflrgens). 

Methyl-ester ; oil aith an odour of orange 
peel (Juigons). 

p Mhvl-eeter; large transparent prisms, m.p. 
7r-72. Diethyl-ester; long slender needles, 
m.p. 65®-^7® (Wheeler and Hoffman). 

4-Amino-m-tdluio acid; by reduction of 
the corresponding nitro-compound (Jacobsen ; 
Findeklee, U,). It melts at 132® (Jacobsen), 
176® (Findeklee), or 172® (R). B'HCi, long 
neecyes (Panaotovld, J. pr. Chom. 1886, (2) 33, 
6I^)« 

MitriU; glistening needles and plates, m.p. 
60®-61® (Ehrlich. Ber. 1901, 34, 3366). 

Amis; monoclinic prisms, m.p. 178® (P.) 
or 179® (F.), . 

AmMe; pearly rhoiplrfo tables, m.p. 240® 

fibrous needles, m.p. 193®-* 
194® fir^l^ttnd Ohler, Ber. f891, 24, 1910). 


^-Ammo-m-tohiioeacid ; in a yield of 60 p.c. 
by reducing the corresponding nitro-oom^und 
with ferrous sulphate and ammonia (Muller, 
Ber. 1909, 42, 423). Small needles with a pink 
tint, m.p. 183® (M.). 

Nitnle; needles, m.p. 75® (Gabriel and 
Thieme, Ber. 1919, 62, 1079). 

Q-Amino-m-toluic acid; by reducing 6-nitro- 
w-toluio acid with tin and hydrochloric acid 
(Beilstein and Kreusler, Ann. 1867, 144, 177 ; 
Kreusler, Zeit. f. Chem. 1866, (2) 2, 320) or with 
ferrous sulphate and ammonia (Muller). Long 
needles, m.p. 168®-169®. B'ROi; B'HNOg; 
B' 2 HgS 04 + 2 H 20 , long prisms. 

Nitrile; long colourless needles, m.p. 96® 
(Gabriel and Thieme). 

Amide; crystals +11,0, which when 
anhydrous melt at 115® (B. and K.). 

Methyl-ester ; prisms, m.p. 115® (Herre, Ber. 
1895, 28, 598). 

Ethyl-ester; colourless needles, m.p. 79® 

(il-)- . . . , . 

w-Amino-m-tduic acid ; by heating w- 
cyanobenzylphthaliniidc with concentrated 
hydrochloric acid at 200° (Reinglass, Ber. 1891, 
24, 2419). Scales, m.p. 215®-218®. Phiino- 
chioridef ochre-yellow crystalline precipitate; 
aurocMoride; yellow prisms, m.p. 175®~177® 
(R). 

W hen M-toluic acid is sulphonated a mixture 
of the 5- and C-monosulphonic acids is formed, 
which could not be separated. On alkaline 
fusion, 5-hydroxy-?/i-toluic acid and 6-hydroxy- 
wt-toluic acid respectively are formed (Jacobson, 
Ber. 1881, 14, 2355). 

p-Toluic acid ; by oxidising p-xylene 
(Beilstein and Yssel, Ann. 1866, 137, 302 ; 
Kekul6 and Dittmar, Ann. 1871, 162, .339; 
Briickner, Ann. 1880, 205, 113), cymene (Noad, 
Ann. 1847, 63, 289 ; Phil. Mag. 1848 (3) 32, 19), 
or terpencs (Hirzel, Zeit. f. Chehi. 1866, (2) 2, 205) 
with dilute acid; by healing p-bromotoluene 
with ethylchioroformate and sodium amalgam 
followed by hydrolysis of tlic product (Wurtz, 
Compt. rend. 1869, 68, 1298); from p-bromo- 
toluene, carbon dioxide and sodium (Kekul4, 
Ann. 1866, 137, 184); by reducing bromo-p* 
toluic acid with sodium amalgam (^mseu and 
Morse, Amer. Chem. J. 1880, 1, 138) ; from the 
acid chloride, obtained by the action of phosgene 
on toluene in presence of aluminium chloride 
(Ador and Crafts, Ber. 1877, 10, 2176) ; from 
the amide, obtained by the action of aluminium 
chloride on a mixture of toluene, carbon 
disulphide and chloroformamide (Gaitermann 
and Schmidt, Ann. 1888, 244, 61 ; Ber. 1887, 
20, 858) ; by heating a mixture of toluene and 
acetic acid at 110® in presence of zinc chloride^ 
and phosphorus oxychloride, and treatment of 
the product with dilute sodium hydroxide 
(Frey and Horowitz, J. pr. Chem. 1891, (2) 43, 
114); together with benzoic acid by fusing 
toluylbenzoic acid with potassium hydroxide 
(Friedel and Crafts, Bull Soc. chim. 1881, (21 
35, 508) ; by posing gaseous t^anio Odd and 
hydrogen cnloride intd toluene at 100® in 
presence of duminium ohloride (Gattermann. 
and Rossolymo, Ber, 1890, 23, 1195); W 
heating dinitro-p-tolylmethane at about 13(r/^ 
(Ponzio, Atti R. Acad. IJncei, 1906, [v.] 16, il* 
42,118). 

Seedlee, m.p. |76®-m® (B. v&i 177®** 
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178^(A. aM OX Iso** (fisohli, Ber. 1870, 
12, 815), b;p. 264^ (OamuiUHlro, Aim. 1862, 124, 
254) or 274®~275® (E.), volatile with steam. 
When oxidised with ohromio aoid it yields 
teiephthalio aoid which is formed also when 
p^tolnio aoid is oxidised m presence of ^acetone 
and sttlphurio acid at a lead peroxide anode 
(Fiohter and Grisard, Helv. Chim. Acta, 1021 , 
4, 028). When treated with potassium per- 
sulphate it yields dibenzyl-4 : 4'-dicarboxylic 
acid (Fischer and Wolifenstein, Ber. 1904, 37, 
3215). NH 4 A', plates (Lessen, Ann. 1897, 298, 
72) ; KA! (B. and Y.) ; MgA'g-f SHjO (B. and 
Y.); CaA'|+3HjjO, neeoles (B. and Y.); 
BaA', (N.) + 2 H 2 O, fine needles (Buchka and 
Irish, Ber. 1887, ?0, 1764) ; CuA'g (N.) ; AgA' 
(N.); KHA"^, large lamins (Farmer, Ghom. 
Soo. Trans. 1903, 83, 1443) ; NH 4 HA' 2 , long 
needles (Farmer). 

Hydo’oxylcmiM sail ; m.p. 128® (Vesper and 
Ballard, J. Amer. Ohem. 80 c. 1925, 47, 2424). 

Methyl-ester: m.p. 32®; b.p. 217'' (Fischli), 
or m.p. 34®-‘35® (Kellas, Zeitsch. physikal. 
Chom. 1897, 24, 245). 

Ethyl-ester; liquid, b.p. 228® (N.) or 235*5® 
(Perkin, Chem. Soc. Trans. 1896, 69, 1238) 
Dj; 1-0393} 1-0306} D||.‘ 1-024 (P.); 

magnetic rotatory power at 15® 14*74 (P.). 

Chloride; liquid, b.p. 107®/8 mm. (Frank- 
land and Wharton, Chem. Soc. Trans. 1896, 
69, 1311), 102® (or 108®)/15 mm. (Frankland 
and Aston, ibid. 1899, 75, 494), 224®-226®/ 720 
mm. (Ador and Rilliet, Ber. 1879, 12, 2298), 
214®-216® (Cahours, Ann. 1858, 108, 316), 
01*175(0.). 

Amide; m.p. 160*8® (Remsen and Reid, 
Amer, Ohem. J. 1899, 21, 290), fine needles or 
large tables, m.p. 151® (Fischli), 166® (Gatter- 
mann and Schmidt, Ann. 1888, 244, 51 ; Ber. 
1887, 20, 120), 168®-159® (Holleman, Rec. trav. 
chim. 1887, 6 , 78; cj. Spica, Ber. 1878, 9, 82; 
Vollrath, Zeit. f. Chem. 1866, (2) 2, 489) ; methyl- 
amide, 143®(G. andS.), 144®-145*5®( Wheeler, 
and Atwater, Amer. Chem. J. 1900, 23, 146; 
van Scherpenzeel, Rec. trav. chim. 1901, 20, 
149) ; dimethylamide, m.p. 41®, b.p. 160®/10 mm. 
(van S.) ; ethylamide, m.p. 90® (G. and#S.). 

The methyl-ester, amide, and methylamide 
when nitrated at 0 ® yield derivatives of the 
2-nitro-acid (van S.). 

Anhydride ; plates, m.p. 95® (Frankland and 
Wharton, Ohem. Soc. Trans, 1899, 76, 344). 

Nitrile; by distilling potassium toluene p- 
Bulphonate with potassium cyanide (Merz, Zeit. 
f. Chem. 1868, ( 2 ) 4, 33); by heatinc iri-®- 



421} ; from p-tbluidine by the Sandtnoyer 
reaction (Glook, Ber. 1888, 21 , 2660; Herb, 
Am 1800, 258, 9) ; by l^e action of mercury 
fulminate toluene in presence of aluminium 
ohloiide (Scholl, Ber. 1903, 36, 10). 



1866, tf) 2 , 4^9), or m.p. 29*6®, b.p. 21 6 ** <Kr 6 ber, 
Ber^ 1300, 23, 1030), Or b.p. 217«®, Bjg: 0*0806, 

U 450 laign^ at 81® 

12*04 'XBerid^C^^ 


1244). When reduced with sodium and alcohol 
a small quantity of p-methylbenzylamine 
is formed, but the greater part is saponified 
(Bamberger and Lodter, Ber. 1887, 20, 1710). 
and on hydrogenation with hydrogen at 250® 
in presence of reduced nickel it yiel& p-methyl- 
benzylamine and di-p-methylbenzylamine (Fro- 
bault, Compt rend 1005, 140, 1036; c/. 
Sabatier and Senderens, l.c, 482). On oxidation 
at a lead peroxide anode it readily yields jh 
cyanobenzoio acid (Fichter and Grisara, HelV. 
Chim. Acta, 1921, 4, 928). For its pol^etide, 
see Glock (l.c.) and Piepes-Poratyfiski (Bull. 
Acad. Sci. Cracow, 1900. C/. Chem. Soc. Absts. 
1900, 78, 648). 

Isocyanide; m.p. 21®, b.p. 99®/32 mm., 
D24® 0-96 (Nef, Ann. 1892, 270, 320; Smith, 
Amer. Chom. J. 1894, 16, 374). 

Mercaptan; b.p. 195®/760 mm. (Bourgeois, 
Rec. trav. chim. 1899, 18, 426). 

2‘Chloro-ji-tolvic acid; by oxidising 2- 
ihlorooymeno with dilute nitric acid (Fleischer 
and Kekul(^., Ber. 1873, 6 , 1090; Gerichten, 
ibid. 1877, 10, 1249). Largo plates, m.p. 194®- 
196® (199®~20l® corr.) (Gerichten, ibid. 1878, 11, 
366). KA'-f |HaO, columns (Claus and Bocker, 
Ann. 1891, 265, 363) ; CaA'|*f SHaO, nodules ; 
BaA' 2 + 4 H 20 , needles (G.). 

Nitrile; from 2 -chloro-p-toluidine by the 
Sandmeycr reaction, small pillars or needles, 
m.p. 48®-48*5® (Claus and Bavidsen, J. pr. Chem. 
1889, (2) 39, 498). 

Ami^ ; glistening plates (C. and D.). 

Ethyhester ; b.p. 149®- 150® (C. and B.). 

3 -Ciiioro-p-fcduic acid ; together with other 
acids by bouing 1 part of 3-chlorocymene with 
15 parts of nitric acid (B l*24r-l*29) (Fileti and 
Crosa, Gazz. chim. ital. 1886, 16, 290). Needles, 
m.p. 155®- 155*5®. 

iSalts, see Claus and Bavidsen (f.c.). NaA'-f* 
HaO crusts; CaA'a4-2H|0, prisms; BaA'i-f 
5HaO, prismatic ne^es ; AgA', silvery plates. 

NUrUe; leaflets or fiat needles, which 
sublime, m.p. 6l®-62® (C. and B.). 

Amide; glistening prismatic needles, m.p. 
182® (C. and B.). 

ui’Chloro-p-toluic acid; from the j 
obtained by passing chlorine into nearly^ 
p-toluonitrile, by hydrolysis with 25 p 
boiling hydrochloric acid for 14 hours (I 
hofi,^r. 1889, 22, 3208); from 4 o.ohlqto-^ 
toluoyl chloride by dissolving in ^ p,c. sol* 
phuric acid and maintaining at 0 ®-^® until the 
evolution of hydrogen cliloride ceases (B. A. S. F., 
B. R. P. 239311 of 1910). StU^ miofoscopie 
needles or pillars, m.p, 199® (M.) or 19O®-I02® 
(B. A. S. F.). 

Amide ; thin plates, m.p. 173® (H,). NUrUa^ 
rhombic prisms, m.p. 79*5®, b.p. 2fe® (fodkt 
Ber. 1889, 22, 3208). 

Ethylester; b.p. 260®-280® {Msdaom and 
Papastavros, Ann. 1900, 310, 205)* : 

2 : S^Dyhhro-p-kluie acid; ttm 5-ohloto** 
2 -aramo-p-tolttio acid by the 


oitrile, 





BaA^i44EgO, small i^eedles. 

2;6-i[>{cAW-p-to{ajc acU; from 
2-nitr(^tolnio ur 2r6*dkmi«o<* 
aoid dadf Bo^erj (Saus and 
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inn. 868> 239). Leafl^» in*p. 186^ 

l88^ BaA'i+i&tO, Bmall needles. 

«-JE)idUoro*p*<o&ic acid, in.p. 151^-168^ has 
a cMoride, m.p. 45^, and an ethyl ester, m.p. 
48^ (Davies and Perldo, Ohem. Soc. Trans. 1922, 

m, 2212 ). 

ctf-Tris^loro-p-^olttic acid; pieced from its 
dilonde, which is obtained by cnlorinating p- 
tolttoyl chloride (Davies and Perkin, Chem. Soc. 
Tlfans. 1922, 121, 2214). Minute plates, m.p. 197^ 

TetracMoro-ji^-toluic acid; by oxidising tetra- 
chloro-p-xylene with nitric acid and potassium 
permanganate (Rupp, Ber. 1896, 29, 1628)< 
Needles, m.p. 212^ 

2- Bromo-jp-tdluie acid ; by oxidising 2- 
faromocymene (Landolph, Ber. 1872, 5, 268), 
2-bFomo*p-xylene (Jannasch and Diec^ann, 
Ann. 1874, 171, 83), or bromo-p-ethyltoluene 
(Morse and Bemsen, Ber. 1888, 11, 225) with 
chromic acid mixture ; by keeping a mixture 
of p4oluic acid and excess of bromine for 
12 hours hi the cold (Briickner, Ber. 1876, 0, 
407); from 2-bromo-p>toluidine via the nitrile 
daus and Kunath, J. pr. Chem. 1889, (2) 39, 
487). Thin needles or lamin©, m.p. 203*5'^- 
204^. CaA',-f3H,0, needles; BaA',-f4HjO, 
hair-like needles. 

NUrile ; small needles, m.p. 44° (C. and K. 

3- Rfowo-p-fo/ttfc acid; from 3-bromo-p- 
toluidine via the nitrile (d and K.). Needles, 
nup. 1^° (C. and K.) or leaflets, m.p. 196° ; by 
oxidation of bromocymene, obtained by the 
hydrolysis of d-bromocymene suJphonic acid 
(Kelbe and Kosohnitzky,* Ber. 1886, 19, 1731). 
NaA'4-3H,0, needles; KA'+4H,0, nodules; 
CaA'i +21120, needles; BaA'j+OH.O, small 
leaflets. 

Chloride; needles, m.p. 120° (C. and K.). 

NUrik ; needles, m,p. 47° (C. and K.). 

Amide; sublimes in needles, m.p. 137° 
(C.andK.). 

wBronuh^'iduic acid; by the action of 
bromine on a bromoform solution of p-toluic 
add (Zaikind, J. Buss. Phys. Ohem. Soc. 1914, 
46, 508). Plates with a vitreous lustre, m.p. 
223° (Z.). 

NiiriU ; by bromination of p-toluoniirile at 
200°. jPrisms with a pungent odour, m.p. 115°- 
116° (&nse, Ber. 1894, 27, 2169). 

MethyUeeter; vitreous needles, m.p. 53°- 
63-5°, b,m 160°-161717 mm. (Z.). 

2i2>l)UtromO‘p-toluic acid; from 3-bromO' 
2-nitro-p-toluic acid (daus and Herbabny, Ann. 
1891, 265, 375). Needles, m.p. 194°(?). 

2 : 6-£Hbromo-]^ioluic acid; by oxidising 
ii3 : 0'dibrofflo-p-syiene with chromic acid in 
presence of acetic add (Schultz, Ber. 1885, 18, 
1762) ; from 5-bromo-2'amino>p*toluic acid 
(Fileti and Crosa, Gazz. chim. ital, 1888, 18, 308). 
Needles m.p. 195° (S.), 200°-201° (F. and G) 
NaA'+7lrH20, large tables (C. and H,); 
^Q, 


OaA'j+^HjO, ' long 

‘ needles. 

long needles, m.p. 49°, 

10° (S.). 

Okloridc; needles, m.p. 60° (daus 

acid; fram 2:6'di- 
feitmib^tolnidine via the nitrile (Claus and 
Seibert, Ann. 1891, 265, 378). Siikv needles, 
23«-236°. SaA'+H20, fine* needles; 


'needles ; BaA 2 '+ 2 HjO, 
b.p. 
and 




sOveiy needflea. 




NUrik; krge glistwung needles, in.p« 49° 
fC. *-nd H.). * , . 

Amide ; small needles, m.p. U7° (C* 

Chloride ; needles, m.p. 80° (C. and 
J^pi-sier; vitreous needles, m.p. 79-80 

(C.andk). o (L 

3:6.jW5romo-p-tof«tc acid; 3:^ 

dibromo-p-toluidine via the nitrile (daw ^<1 
Herbabny, Ann. 1891, 266, 378). Needles, 
m.p. 182 . „ 

Nitrile; largo silky needles, m.p. 156 
(C. and H.). ^ ^ . 

Amide ; leaflets, m.p. 148 (C. and H.). 
2 ‘CMoroS-br(mo-p'toluk acid ; towther wiw 
2.chloro-5-bromo.p.toluic acid by he^g 3* 
chloro-6-bromocymene with dilute nitric 
(Plancher, Gazz. chim. it-al. 1893, 23, ii. 
c/. Wiilgerodt and Wolfien, J. pr. Chem. 18w, 
(2) 39, 409). The mixture is separated by 
crystaUisation from ligroin. Fibrous crystals, 
m.p. 187°-188° (P.). 186° (W. and W.). 

5-Chlora-2-brmo-p’toluic add ; from 5- 
chloro-2-amino-p-toluic acid (Claus and David- 
sen. Ann. 1891, 265, 347). Needles, m.p. 192 - 
193°. BaA'a+lJHgO, needles. 

2-*Vi<ro-p-<ofaic acid; by treating cymene 
witli concentrated nitric acid (Noad, Ann. 1847, 
63, 297 ; cf. Fittica, ibid, 1874, 172, 309) ; bv 
nitrating p-toluic acid at 0“^ (van Scherpenzeel, 
Bee. trav. chim. 1901, 20, 149; cf. Fittig and 
Ramsay, Ann. 1873, 168, 251). ^ 

Large moiitKiiuic prisms, m.p. 189-190 
(Ahnms, Zeit. f. (item. 1869, (2) 5, 104). Yields 
6 -amino- 3 -hydroxy- 7 /*tf»luic acid on ek‘otrolysing 
ile solution in sulphuric acid. 

CaA'2-f3H2(); BaA*2+4H20, needles (A.); 
CuA'j+ 7H20, blue needles (Noyes, Amer. 
Chem. J. 1888, 10, 483); Cu,A' 4 (OH),; 

Ou 3 A'.(OH) aq. (Noyes, ibid. 472). 

Nitrile; by nilratirig p-toluonitrile (Banse, 
Ber. 1894. 27, 2162). Long yellow needles, 
which sublime, m.p. 107° (Noyes). 

Amide ; long nt'edlos, m.p. 165°-166° 
(Fileti and Cairola, Gazz. chim. Jtal. 1892, 
ii. 392) ; formed also by nitrating p-toluamidc 
at 0' (van S.). 


*v*iu%n* 

when melhyl-p-toluate is nitrated at 0° or 20° 
(van S.) ; ethyi-ester, yellow crystals (Koad). 

^l-Nitro-y-toluk add ; by beating the mtrilo 
with hydrochloric acid (I) 1*17) for 8-10 hours 
(Niementowski and K^^zadski, B^. 1888, 21, 
2993 ; Noyes, Amer. Chem. J. 1888, 10, 476) ; in 
small yield by oxidiriog 3-nitro-p-xylwio with 
pota.ssium ferricyanide and potassmtn hydioiidn 
(Noyes). 

ix^ng needles or monocllnk piikts whkii 
» jblii^eCNimentowskjfBosiAski snd Hamiioisrv 
Ber. 1888. 2i, 1994). in.p. 161° (K. nod 
J64°-165' (corr.) (Noyes). When wimed wm 
mixed acids it yield* 2:>*aiid2« 
toittic ftcid*. 

Na.A'-|'6U,0. ]«» taUe* (Omm mi 
Joeebiffl, Ann. 1881. m 2l<^: KA'+tEia 
laige Ubie* (a and X); Cm’,. Mmmi; 
(M. Md H.) 42IljO (Mwm): SnA4HHffi|0 
(N. ud R.). 48H,d (Ibiyw). gMaftelil* t 
CoA', 4-11,0, gaw)i^>b)ii« ttbiw; AfiAV 
needitsi. 

A’ilrai.- bm 

- - ‘ , ’ '' 4'' 
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Siabamt nwtieii^livctott, Ber. 1886, 19,1 
176; Ol^ M 1888. 81} W«M, OUL 
1889, 88, 8189; IjC.; mementomld, 

pr. (%em. 1889, (8) 40, 4, ; Bet. 1888, 81, 
1636, 1998). See^ flup. 98* (0; W.), 
100° (KoTes), 99-8° (B«gert and Hcdtoui, 
J. Amer. Chem. Soo. 1905, 87, 1293). It does 
not fom an imino-ether iHien treated ivith 
alooholk hydroohibric acid (Pinner, Ber. 1890, 
23, 2919). 

AnUde ; long bair-like needles, m.p. 152°- 
163° (N. and K ; at Weise, Ber. 1889, 22, 
2430). 

Chloride; small needles, m.p. 157° (C. and J.). 
Some nitrotoluio acids of unknown orienta- 
tion have been described by Ahrens (Zeit. f. 
Chem. 1869, (2) 5, 103) ; Pittica (Ber. 1874, 7, 
mi); Ann. 1874, 172, 316); Undolph (Ber. 
18f2,5,637). 

2 :i-DinUro-^^ioluic acid; see helow. Glis- 
tening thombio prisms, m.p. 249°, more sparingly 
Bolttble than the 2 : b-acid. With hydrochloric 
acid at 265° it yields 2 : 3-dinitrotoluene. 

CaA',+Hj() (R.), or +liH,0 (C. and J.), 
long leaflets; BaA'«+3H20 (C. and J.) or 
+4ll20(R.). 

2 : B-3)inUro-^-i6luic acid ; together with the 
2 ; 3-acid by treating 3-nitro-p-toluic acid with 
a mixture of 3 parts of sulphuric acid in 3 parts 
of nitric acid (1) 1*5]) (Hozadski, Ber. 1889, 22, 
2675; Qaus and Joachim, Ann. 1891, 266, 
211). Fine needles, m.p. 188° (R.), or smaU 
glistening pillars, m.p. 194° (C. and J.). Hydro- 
chloric acid at 250° yields 2 : 5-dinitrotolueoe. 

NaA'+3H|0, yellow glistening scales ; 
CaA'j-f2HjO, reddish-brown glistening leaflets; 
BaA'2*f24H20, fine yellow needles, or 
•f2H,0(qandJ.). 

2 : 6-j^*a»tfo-p-tolmc acid; by nitrating p- 
toluic acid or its mcthvlamide at the ordinary 
temperature (van Scherpenzeel, ^c. trav. 
chim. 1901, 20, 149 ; c/. Bruckner, Ber. 1875, 
8, 1678) ; by nitrating 2-nitro-p-toluic acid 
with mixed acids (d. and J.) ; by oxidising 
2 : 6-dinitro-p-iolaaldehyde with potassium per- 
man^nate (Gattennann, Ann. 1906, 347, 347). 

Yellow plates which sublime, m.p. 157°-158°. 
^'*f2H*0; CaA' 2 -l“ 2 H 20 , thick rea prisms; 
BaA'i+^HjO, fine needles ; AgA'. 

3 ; fl-Dimfro-p-folttic acid ; by heating the 
ootresponding amide with concentrated hydro- 
chloric acid at 220°-230° for 8 hours (Claus and 
Beysen, Aim. 1891, 266, 226). Slender plates 
or ^ms, mup. 226°, subliming in needles. 
BaA',+H|0, yellow pillars. 

Amide ; by boiling th4 nitrile with 60 p.c, 

; sulphuric add. Thin yellow needles, m.p, 256°- 
257°. 

^ 3 ; 5-dmitro-p-toluidine, 

Golden-yeUow needles, m.p. 103° (C. and K). 

2 : 3 : 5«!7Viailro-p-fo2tttc acid; by oxidising 
2 : Si 6 • trhdtio • » - xviene. Lustrous white 
la^U^ m.p. 230^-231°, giving a brownish-ied 
irith alkaU hydroxide. 

white needles, imp. 114°-116°; 
T-4a^^ ,eoiourieM prisms, m.p. 87°-88° 
a, ltd, 1922, 62, i. 183). 

oetd; by nitration 
M m and Pm. 

8^C»tgr,4-fiiln»-p4(M« aeii; h m»Xi 


quantity togetlier with two isomeric adds, by 
natrating 2<h]ioro-p-totiiic acid (Ckus and 
Ann. 1891, 265, 362). j^tes, m.p. 
211°. OaAV gHstMiing needles ; BaA'i+liHiO, 
rosettes. 

2^CMoro>B-mUro-y*tduic acid ; by hydrolysis 
of the nitrile derim from 2-chlor(f-5-nitro-p- 
tolnidine (Claus and Bdcher) ; 1^ nitration of 
2-ohloTO-p-tolnic add (C3aus Mid Bdcher) ; &om 
2-nitro-5-ammo-p-toluic acid (Claus and ifeysen, 
Ann. 1891, 260, 234). Needles, m.p. 184°-185° 
KA'+iHjO, glistening leaflets ; CaA'j, needles ; 
BaA' 2 +l|H 20 ; CuA'^, green precipitate. 

Nitrile; tables or smooth pillsis, m.p. 157° 
(Claus and Beysen). 

2- C^o-6-m>o-p-toluic add ; together with ^ 
the 5-nitro- and B-nitro-derivatives by nitrating 

2- chloro-p-toluic acid (Claus and Bdcher); 
from 2-nitro*6-amino-p-toluic add (dans and 
Beysen). Fine silky needles, m.p. 159°. 
CaA' 2 , needles ; BaA'j+lJHjO, pillam. 

Z-Vhloro-2-n%tro--^^muic add; by nitrating 

3- ch1oro-p- toluic acid with nitric add (D 1*48) 
in the cold (Claus and Davidsen, Aim. 1891, 265, 
347). Needles, m.p. 192°. MgA'j-fSJHjO, 
needles. 

3‘Ckloro-^nitro-p‘t6luic add; by boiling 
3-chlorocymcne or 3*chloro-6-nitrocymene with 
nitric acid (B 1*39) (Fileti and Crosa, Gasz. 
chim. ital. 1888, 18, 312) ; by nitration of 3- 
chloro-p- toluic acid with nitric add (D 1*5 
(Claus and Davidsen, J. pr. Chem. 11^8, (2 
39, 495 ; Ann. 1891, 265, 341). Needles, m.p. 
180°-181°. MgA'a-fSHjO, large tricHnic tablM 
(Claus, Davidson and Bcckenkamp, Ann* 1891, 
265, 342). 

BaA's-fS^HaO, needles, or -f 3H|0 (C 
and D.). 

EthylesUr ; tables or needles, m.p, 60°. 

Nitrile; from the amine. Long noodles, 
m.p. 93° (C. and D.). 

(ja-ChlorO’2>nitrQ‘^toluk add ; by hoatinff 
p-cyanobenzyl chloride with fuming nitric add 
for i hour at 100° (Banse, Ber. ISw, 27, 2168). 

It melts at 140°-14r. BaA^ leafl^; AgA\ 
precipitate. 

Amide ; by keeping a mixture of p^yanp* 
benzyl chloride, potassium nitrate, and sul^iiiio 
acid for 24 hours. Microscopic noodles, in.p. 
125° (B.). 

NUrile ; by treating a well-cooled odntion 
of p-c^anobenzyl chloride in sulphuric add with 
potassium nitrate. Prisms, m.p. 84° (B.)* 

3- GAloro-2 : Minilr(h^4oluic add; by dim- 
ting 3-chloro-2-nitro-p-tolaio add or ^chloio* 
O-nitro-p-toinic acid (Claus and IHividson, ^ 
J. pr. Chem. 1889, (2) 39, 496; Ann. im, m, 
349). Small glistening needles, in.p.^ 233^! 
BaA'i-fH,0, large vitreous prisms. 

Ethyleeier^ m.p, 71°, ^ 

2-Broino-5-ttibp-p*tolttic acid; lebtti iS^niiio- 
2-amino-p.tolaic aoid (CSaus and Beym, Ann. 
1891,266.234). Ne^es, m.p. ISIV 

2-BhH»u»-6-iiine-p-fdiiie oeid; tm 
2-ammo-p-tolttic acd (0. an! B.). Smill 
ueedies, m.p. 181°. BaA^ needles. 

2*Bfmomto-p-l6lwie add; by nitndiog 2* 
bromo-f-Wiiift) add (Landdph, $1 


bromo.p.Wlu!b add (Landdph, im % 


3-ifcMo-2*f|^p4Ql^ kuiSlliinaii 
i)r. Iqr; 
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nitxating S-bromo-p-toluio add (Claus and 
Herbabny^ Ann. 1891, 265, 368). The adds are 
separated by means of their magnesium salts 
The free acid forms fine needles, m.p. 214% not 
Volatile udth steam. ]MgA%+3iH|0, leaflets: 
BaA%+4H,0, tables. ^ * 

3- j?ro«lo- 6 -mb'o-p-fdatc ocid ; by hydrolysis 
of the nitrile obtained from the corresponding 
amine (C. and H.). Small needles, m.p. 206% 

NUnk; citron-yellow needles, m.p. 1 ,S 0 % 

Amide; glistening needles, m.p. 171° 
(C.andH.). 

d^Bromo-Q-nitro-ja-toluic acid; by boiling 
3-bromocymene with nitric acid (D 1*29-1*39) 
(Hleti and Crosa, Gazz. chim. ital. 1886, 16, 
•^>297); or better, by boiling 3-bromo-6-nitro- 
cymene with 15 times its weight of nitric acid 
(I) 1*39) for 8 hours (Fileti and Crosa, Gazz. 
chim. itm. 1888, 18, 300) ; by nitrating 3 -bromo- 
p-toluic acid (C. and H.). Thin tables, m.p. 
203% When heated with alcoholic ammonin 
at 180% it yields 6-nitro-3-amino-p-toluic acid. 

NaA'+ijHjO, plates ; KA'-f-H^O, needles; 
MgA'j-f SHjO, large tables ; CaA'j-f SHjO, 
needles or prisms ; BaA' 24 - 4 H 20 , long noodles 
(F. and C.), or -fSHjO (C. and fl.). 

EthyUesier; glistening needles, m.p. 61^ 
(C. and H.). 

Chloride; leaflets, m.p. 60° (C. and II.). 

Amide; needles, m.p. 191° (C. and H.l. 

Nitrile; needles, m.p. 132° (C. and H ). 

Chlorobr(monitTO’j)-toluic acid; by heating 
chlorobromo-p-toluic acid (m.p. 186°) with 
, 5-6 parts of fuming nitric acid (Willgorodt and 
Women, J. pr. Chem. 1 880 , ( 2 ) 39, 411). Needles 
which sublime, m.p. 220°. BaA%*f HjO. 

2 - Amiao-p-t(rfMic acid; by reducing 2 - 
nitro-p-toluic acid with tin and hydrochloric 
acid (Ahrens, Zeit, f. Chem. 1869, (2) 5, 104). 
Long hair-like needie. 8 , m.p, 164°-165% 

OuA%, green crystalline 
precipitate ; hydrochloride ; platinockloride 
(Cahoun^ Ann. 1859, 109, 17). 

Nitrile; by reducing oj'chloro* 2 -nitro-/j- 
toluonitrile with tin and hydrochloric acid 
(Banse, Ber, 1894, 27, 2 163). Frisms, m.p. 8 1 °- 
82 % 

Acetyl-derivative; m.p. 267°- 270° (decoin p. 
(Kunokell, Ber. deut. pharm. Gcs. 1911, 21 , 
419). 

Dkikylaminoethyl enter (Soderman and John- 
son, J. Amer. Chem. Soc. 1925, 47 , 1390). 

3- Amino-p-toluic acid; from the nitrile 
(Niementowski, J. pr. Chem. 1 889. (2) 40, 15) ; by 
reduction of 3-nitTo-p-toiuic acid with tin and 
hydrochloric acid (Niementowski and Rozailski, 
Ber. 1888, 21, 1997 ; Noyc«, Amer. Chem. J. 
1888, 10 , 479). Needles, m.p. 177° (decomp.). 

scales; BaA%-t' 4 H 30 , leaflets 

(Noyes). 

"if ' JW'f'tiics, m.p. 

IJKP-187° (Niementowski). 

I AeeiyU^^ needles, m.p. 183° (Nic. 

; Hintowiiiki). ' 

for 2-3 hours 
potassium hydroxide 
W Very thin plates, m.p. I46°- 

acid; by heating p. 
?*^^ ?^^yy^pfa^i*halamic acid witl: concen* 
tralea hydrochloric add for 3 ^hou» at 200 ° 


(Gfinther, Ber. 1890, 23,1060). Yellow scales. 
Hydrochloride, long iieedles or trimetiio prisms ; 
ptatinochlmde, yellow amorphous substance 
(G,). 

St:Z-Diamino-jf-toluic acid<; byieduoittgtbe 
corresponding diiutro-aoid with tan and hydro* 
chloric acid (Claus and Joachim, Ann* 1891, 
266, 216). Thin nwdles, m.p. 192% It yields 
red flocks with ferric chloride (Kehrmann, Ber. 
1889, 22, 1984). BaA%, reddish-yellow phtes. 

2 : 5-Diamino-p-tQlutc acid ; by ^ucing the 
corresponding dinitro-compound with tin and 
hydrochloric acid (C. and J.). Glistening 
needles, m.p. 240° (decomp.). 

2 : Q-Diamino-p4oluic acid ; by i^uoing the 
corresponding dinitro-compound with tin and 
hydrochloric acid (C. and J. ; Marokwald, Ann. j 
1893, 274, 357). Silky needles, m.p. 212% 
Nitrous acid yields an intense yellow colorap- 
tkm. BaA%, glistening leaflets; evlphate 
-f 3 H 2 O, yellow needles (M.). 

Methyl-ester; brown crystals with a ^uUar 
fluorescence, m.p. 129° (Kauffmann and Weissel, 
Ann. 1912, 393, 1). 

Diacetyl-derivative ; colourless needles, m.p. 
above 280° (K. and \V.). 

6-Ckhro-2-arnino-]UolHk acid; by reducing 
the corresponding nitro-dcrivative (Claus ana 
Davidseii, Ann. 1891, 265, 346). Needles, m.p. 
220 °. 

5-Bromo-^-amijio-p-ioluic acid ; tables, m.p. 
I86°-i87° (Filcti and Crosa, Gazz. chim. ital. 

1 888, JS, 307). 

b-Nitro-'l-ammhp-toluk acid; by reducing 
j an ammoniacal solution of 2 : 5-ciinitro*p* 
toluic acid wiUi hydrogen sulphide (Claus and 
Beysen, Ann. 1891, 266, 232). Long yellowish- 
nd pillars or needles, m.p. 220° (decomp.), 
BaA%, yellowish-brow^n plates or prisms. 

i>-Sitro-2-amm*-p toluic acAd ; by reducing 
2 : b-dinilro-p-loluic acid with ammonium sul- 
phide, or with stannous chloride and alcoholic 
hydrochloric acid ((.’. and B.). Citron-yellow 
iiei^dles which sublime, m.p. 214°. 

NaA'-hJHjjO, yellow silky needlae; 
MgA’,-f5J4jO, yellow crystals; CaA%, deep 
yellow pillars; BaA%-f4Ii,0, golden-yellow 
leaflet.s. 

^ yUro-Z-aminop-toluic acid; by heating 
the eorres|K>nding bromonitro-p-toluic acid with 
alcoholic ammonia at 180° {FiM aad Crosa, 
Gazz. chim. ital. 1888, 18, *303; e/T Niemen* 
tr>wski, J. pr. Chem. 1889, (2) 40, 27), Long 
silky needles, m.p. 235"-236% heated 

with hydrochloric acid at 150% it yields 6-niiio- 
w-toluidino. 

2-Nitro-(aaminop-toluic acid; by heatiiig 
2'nitrocyanobenzylpfiihalimi<k) with hydro* 
chloric acid and acetic acid for 3 hoars at 150*^ 
(Bailie, Ber. 1894, 27, 2166). Pearly kafiets, 
m.p. 243° (decomp.). Hydmhkridle, oeedtoli 
m.p. 249°-250° (decomp.). 

p-Tdukeuliikinide, * oh* 

tained similarly to saccharin (HaiKhd]| Amer# 
Chem. J. 1891, 13, 269) ; by beating 3*attlnlli»lS« 
arnino-p-toluic acid at 200°*-220*foir3 to 4 nowf 
(Webtr, Her. 1892, 25, 1737 j E A* & F., 
D. R. P. 48583 of 1889); % of > 

oyanotoiuene m^sutphonamUe iMb e$mm 
alkalis (B, A. & F, D, K, E 4M88 of 1399$ 
ej. Basler Chem. Fabr,, E % E imSt lA 


Long fine 
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TOMAm 


lose tbe wstor of <^E 3 nataQlB|lio 2 i a.t 190^ And 
sablimes gradiudly vitlii deoompoeition. 
It moHa at 249® (E.) or 246® (W.) and possesses 
an intensely sweet taste> but a latter af twr-taste* 
On heating witii a iniirtTire of potassium 
hydroxide and potassium hypoeUorite, followed 
by acidification of the product with acetic 
acid» p-toluidine 3-sulphonic acid is obtained. 
Barium naU +5H|0, triclinie^rystals ; Cakium 
wdti opaque white needles ; SUner salt -j- 1 JHjO, 
colourless diamond-shaped crystals. 

Ethyl imide; crystals, m.p. 106®; mdhyl 
imide, m.p. 153® (W.). 

For the sulphonic acids, etc., of toluio acid, 
see Flesch (Ber. 1873, 6, 480) ; Bechlcr (J. pr. 
Chem. 1873, (2) 8, 170); Fittig (Ann. 1874,; 
172, 329); Ties and Remsen (Ber. 1878, 11, i 
230) ; Kschli (Bor. 1879, 12, 616) ; Hall and 
Remsen (Ber. 1879, 12, 1433) ; Remsen and 
Burney (Amer. Chem. J. 18i^-l, 2, 411); 
Moyer and Baur (Ann. 1883, 220, 18) ; Ktibe 
and Baur (Ber. 1883, 16, 2565) ; Remsen and 
Emerson (Araer. Chem. J. 1886, 8, 264); 
Weinreich (Bor. 1887, 20, 982); Randall 
(Amcr. Chem. J. 1891, 13, 258) ; Holmes {ibid, 
1891, 13, 380); Weber (Ber. 1892, 25, 1741); 
Lyman (Amer. Chem. J. 1894, 16, 513); Mel- 
drura and W. H. Perkin (Chem. Soc. Trans. 
1908, 93, 1419 ; B. A. S. F., D. R. P. 48583 of 
1889; Easier Chem. Fabr., 1). R. P. 122567 of 
1900; Jacobson (Ber. 1878, 11, 895; 1881, 14, 
39, 2366) ; lies and Remsen (Amer. Chem, J. 
1880-1, 1, 41); Jacobson and Wierss (Ber. 
1883, 16, 1959). 

F. M. 11. and J. S. H. D. 
o-TOLYGLYClNE. i'ormod by heating o- 
toluidino with an aqueous solution of sodium 
chloroacetate (Friswell, Eng. Pat. 18140 of 1907). j 
TOLYLENE-DIAMINES. Diamino-toluenes \ 
V, Aminis. I 

TOLYLENE RED r. Azikes. 
p-TOLYL-aNAPHTHYLAMINE 


OC 




obtained by heating a-naphthylamine with 
p-toluidine and iodine, or a-naphthol with p- 
toluidine ,^ otf ^g-naphthylaroine hydrochloride 
with p-toRMme. M.p. 78'5®, b.p. 230®/10 mm. 
The tolyluaphthylamines aie described in Yol. 
IV.. pp. 437, 461. 

l-p-TOLYNAPHTHYLAMINE 8-SULPHONIC 

ACID, spared by heating 1-naphthylamine 
8-Bulphonic acid with p-toluidino in an auto- 
clave at 150®, with or without hydrochloric acid 
bpnzoio acid (Farb. f. F. ‘Bayer • & Co., 
D. R. P. 71168 ; Kalle A Co,. D. R, P. 17(J530). 
TOLYPYRIN, TOLYSAL, v. SinraBTio 

DBUGfi. 

TOMATO» Soianum Lycoperskum (Linn,) or 
Lycopersieum escukntum wigars* A Peruvian 
want now lai^y cultivated in many parts of 
the world for its fruit, wliich is esteemed as a 
veg^bie. Several species and many varieties 
«• known, diffiMlng greatly In Out, elwpe, and 
coloar of frostt 

Kdnig giwM M tibe aTent^^potUlD^ 

w.... . WiwrJr<fti»orBd* 

aSf *** »««w» ttne M 

«>■* 1-0 M M 0>6 0i|. ;M 


About half fAe total nitrogen is present as true 
protdldse 

Passerini (Staz. Sper. Agrar. 1891, 18, 645) 
found the fiew fruit to consist of skin 1*3 p.c., 
pulp and {uice 96*2 p.o,, and seeds 2*5 p.c., 
ana the pup to oontun two colouring matters 
•--a yellow amornhous substance and a red ciys- 
tidline componna-^both insoluble in water, but 
soluble in amyl alcohol or ether, and bleached 
by chlorine. He attributes the acidity to citric 
acid, which he estimates as forminu about 9 
p.c. of the total dry matter of the ^mole fruit. 
The ash he found to contain — 

E,0 Ka^O CaO MgO Fc^O, 80^ SiOt Cl 
59*5 60 1*3 3*1 0*2 12*9 3*6 0*3 19*1 

Albahary (Compt. rend. 1907, 145, 131) 
found in the fresh fruit — 

Garbo- Bfalic Citric Oxalic 
Water Protein Fat hydrates acid acid add Ash 
93-5 1*0 0-2 3*6 0*49 0 15 0*001 0*74 

Traces of tartaric and succinic acids were also 
detected. 

Stiiber (Zeitsch. Kahr. Genussm. 1906, 11, 
578) obtained somewhat similar results, but 
states that citric acid was the chief cause of the 
acidity (amounting to about 0*5 p.o. citric aeid), 
and that he could not detect malic, tartaric, or 
succinic acids. The presence of citric acid 
may be delected by the formation of its tri- 
phonacyl eater. 

The juice of tomatos was found by Paaserim 
(lx,) to have a sp.gr. 1*01833 at 15®, to contain 
2*44 p.c. of dry matter, of which rather more 
than I was protein, | ash, and a little mpxo 
tlian half carbohydrates and acids. 

Other analyses of the juice were made by 
Btubor who found water 96*1, nitrogen 
0*093, ash 0*56, total sugars, after inversion, 
2*15, acidity (as citric acid) 0*65 p.o. The red 
colouring matter of the tomato was invest!* 
gated by Amaud (Compt. rend. 1886, 102, 1119), 
who believed it to m identical with oarotm 
C 4 oH(«; Montanari (Chem. Zentr. 1905, L 
544) concluded that it had the composition 
Wilistatter and Esdbcsr (l^itsch. 
physiol. Chem. 1910, 64, 47), who name it 
lycopens^ find that it had the molecular com- 
position CiqH^i, the same as that which Will* 
siAtter and Mieg (Annalen, 1907, 355, 1) have 
ascribed to carotin. It, however, di£to in its 
properties from that substance. It cxystalllm 
from light petroleum or a mixture of fdecdiol and 
carbon disulpliide in dark, oarmine-xed, Mted : 
prisms ; it melts at 168®-169® (oorr.), but k less 
soluble in ether, alcohol, carbon wdpldde, or 
light petroleum than carotin. It abmbs 
oxygen much more readily than does caxQtin» 
and forms a di-iodide C«^H««I|g a dark greeQ» > 
gelatinous, insoluble substance. . . 

Tim leaves and stems of tomato were 
examined by Passerini (Btas. Sper. Agmit, 1893t 
20, 471), who found In to fresh sulntobe^ 

Total dry mito isk 

Stems • . B*8^*9 14*84 

Leaves , . 11*4*14*6 1*W*2 

The ash oontatnedr** 

: . jlj $1 Is If. f s-i 

l^Wsw*.|'0,..,w m #>0 «•! O'** w wi tol 
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and copper wei« alio pr^ 
m the ^ of the stems. 

Sa%lic acid ooouis naturally in tomatos, 
? ajwough in Teiy small quantity. Pellet (Ann. 
Canm. and. 1907, 12, 10) considers that the 
presenee of 10 mgm. of salicylic acid in 1 kilog. 
of tomatos should not be regarded as proof of 
adulteration. 

Tomatos are often canned. American 
ajmlyses (Bill, 28, U.S. Dept, of .^ric.) give, as 
the mean of 19 samples — 

Water Protein Fat N-free extract Crude fibre Ash 
94*0 1-2 0*2 3-5 0-5 0-6 

In the ash was included about 0*1 p.c. 
common salt. Tomatos are largely used in the 
pmpaiation of sauces and chutneys, in some of 
udiich the red colour is enhanced by the addition 
of eom (Konig). 

Air-dried tomato seeds give a yield of alwut 
25 p.c. oil when extracted with ether, and about 
18 p.c. when the seeds are pressed. 8p.gr. 
(average), 0*9190; refractive index at 26°, 
1*4722; iodine No. (Hanus), 122-5 j saT>on.No., 
189*5 ; Reichert-Meissl No., 0*26 ; I'oleiiski No., 
0*55; acetyl value, 14-2; insol. fatty acids, 
p.c, 98*6; soluble fatty acids, 0-52; unsat. 
(liqmd) acids, p.c. 78-5; sat. (solid) acids 
p.c. 16*4 (Jamieson and Bailev, J. Ind. Eng. 
Chem. 1919, 11, 850). The antiscorbutic value 
of fresh and canned tomatoes has been studiC'd 
by DeJf (Bio-Chem. J. 1924, 18, 674; Chem. Soc. 
Abstr. 1924, 126, i. 902). H I 

TONITEr.ExpLosiW 

ItWKA BEAN. Tonquin h&an {Few temha^ 
Jr.; Tonkabohn€n,Oer,), The seed of the fruit 
of the le^minous tree Dipkrix odorata (Willd.) 
which inhabits Guiana and Venezuela. Each 
pod contains a single seed, which is about 2 i 
ms. long and i in. aide. It has a dark-brown 
c^ur, is deeply wrinkled externally, and 
^laracterisod by an agreeable odour and 
mtter aromatic taste. The tree flourishes in 
™ forests of the Caracas district of Venezuela. 
The Mt crop of beans Ls gathered when the 
t^ IS three 3*ear8 old, but a full cron is not 
obtaued until two years later. The fruit beam 
some lescmblaocc to a small mango, and con- 
tain the odorous bean in its centre. Tlie seed 
rf J). (Willd.), the so-called English 

lonka bean, has similar properties to that of 
D. odomfa, but it is smaller and darker in 
colour. 

Besides sugar, gum, malic acid, and woody 
awe, tonka bean contains fixed oil and abfmt 
l‘^.a oi^imrin (Boullay and Boutron-Char- 
iMd, J. Pharm. Cbim. 11, 480). It is to the 
Woi^ce of coumarin that the odour and taste 
W the seed ore due, and ciystals of this compound 
wton occur m an efifiorcscencc on commercial 
ipecimens. To extract the coumarin, i.hc finely. 

according to GSHsinann, are 

1 ^ with an 

^butt of ^p.c. a cohol; the whole is then 
Ww and the residue again heated in the 
^ ™ extracts are mixed together, 
f 5^^ iwnoTed by distillation until the 

, 1 - Midm beMines turt^ when it is mixed with 

impuro crystels. 
he wmoved Itv he>ti4 th. 
boiluig, Md Utetiog thim^ 


I moistened filter. Qn cooling, the oiystalfi which 
' re-dissolve in the hot liquid again lepairate, and 


they may be further 'purified» if neoessaizy^ oy 
treatment with animal charcoal (Annalen, 98, 
86), V. CioVlUBIN. 

Tonka bean is used to flavour tobacco, 
and especially snuff, as an in^redieiii of sachet 
powder, and m alcoholic solution as a flavouring 
essence. 

TOPAZ (TopazCeEr.; foptw, Ger.j. Agm* 
stone composed of aluminium fluo-sifioate 
(AIEl^SiOd crystallised in the orthorhombic 
system. As shown by S. L. Penfleld and J. C. 
Minor (Amer. J. Sci. 1894, 47, 387) the fluorine 
(15-48-20'37 p.c.) is replaced isomorphously H* 
hj^droxyl (0-18-2*60 p,c., as shown by analyse ,, 
so that the formula becomes [Al(F,OH)}|Si 04 ; 
and, chemically, a fluor-topaz and a hydro-fluor- 
topaz may be distin^ished. Although these 
t\i*o varieties show slight differences in Bp.gr. 
(3*574 in the former, and 3*523 in the latter), 
and in optical constants, the distinction is of 
no practical importance. The mineral is very 
resistant to acids, and water is expelled only at 
an intense heat. Topaz usually occurs as 
crystals in granitic and peissose rocks, and is 
often associated with tin-ore. An important 
character is the presence of a jierfect cleavage 
in one direction, i)eq)endicular to the prism. 
I'he crystals may be dull and opaque, or more 
often clear and transparent, and colourless, 
bluish, gre(‘nish, yellow, or pink. Tlie sheny- 
yellow ciystals from Brazil Wome pink when 
Wted (“burnt topaz’). Most of the gem 
material comes from Brazil and Russia, but it 
is also found in many other countries. Colour- 
less topaz, when faceted, is sometimes mistaken 
for diamond, and much yellow quartz (* Spanish 
topaz,’ “Scotch topaz,’ * occidental topaz’) is 
passed off as topaz. The more valuable yellow 
corundum, on the other band, is known m 
* oriental topaz.’ The distinguishing clMuaoters 
of these are shown in the following table 



L.J.& 

TOPAZ, ORIENTAL, r. i^ouvsinvu- 
TOPAZ, SCOTCH, r. CAiKSQoaii. 

TOPAZ, SPANISH, v* Caibkooeii. 
T0PE4JVER OIL According to Chapman 
(Analyst, 1922, 203), the oil obtained by Heam* 
ing the livers of the tope lOalm getm, family 
Carckiriidee}, found on ail the Obftsto of the 
British Isles, has the following (dkaractariitioi t--* 
Specific gravity ( IS^/IS^) 0*9S4S 
Iodine value (Wijs) 

Saponification vatue 
Unsaponifiable matteii 
Befciu^ive index it 15*^ 

^ „ at»* i4T7S 

Specific dispeiBSon(iilf/Li^l MIO) 
Brominated g^ceridei 
insoiaUa (n ether ^ 



roxiooDENxmot. 


It 10 i poleto^kKttied oil. lubving « strong font 
not nnideasoat odonr» tm Is mv similar to 
ood-lirer oil It Is md^^ mediQinally by iooi^ 
fislM^en and in Urn drosaan g d lea ther. 

TOBBAHITB or TOnSwiiL MINIRAL 
0. Pmmw. ^ , 

TORBERNITB or CUPRO-imAllITE {Kup- 
/emm»i<«Ger.). A mlnoral consisting of hydrated 
phosphate of uranium and copper 
0a(U0,)aP|0g,8H,0 

It crystallises as square (tetragonal) plates, 
which possess a perfect micaceous cleavage, 
with poarfy lustre, paralld to their surface. 
The colour is’ bright grass-green, w^bich dis- 
tinguishes cupro-uranite at a glance from the 
closely-allied mineral autunite (^.v.) or calco- 
uianite. Sp.gr. 3*5 ; H. 2J. It is a mineral ot 
secondary origin, occurring in the upper portions 
of lodes containing pitchblende and copper 
ores, and sometimes as an incrustation on the 
joint faces in granite. Fine specimens have been 
found at Gunnish^e, Grampound Road, and 
Redruth in Cornwall, Other localities are 
Joaohimsthai in Bohemia, Johanngeorgenstadt 
in Saxony, Sabusal in Portugal, Mount Painter 
in South Austraua, Katanga in Belgian Congo, 
Ac. To a limited extent the mineral has been 
mined, together with autunite, as a source of 
uranium and radium. L. J. 8. 

TORMENTILLA. The underground stems 
of PoUntUla TormeiUiUa (Neck.) have been 
occasionally substituted for those of rhatany in 
medicine. They contain from 5 to 6 p.c. of a 


Is also precipitated by gelatin and by tartar- 
emetic (Stennouse) (e. Tannins). 

TORREFACTION. Roa.sting ores in order to 
sxpei volatile substances, €,g. sulphur, arsenic, 
bo. 

TOSCA, t’. Totf. 

TOULOUCOUNA or TULUCANA OIL. An 

>il obtained by pressing the kernels of Cara jia 
TuianenHa (Aubf.), v. Cabafa oil. 

TOULOURON OIL. A brown oil obtained 
rom Pagarw Latro, Used in Seneg&l as a 
emedy for rheumatism. 

TOURMALINE {Turmalin, Ger. ; from the 
IHngalose iwwnali). A complex boro-siiioate of 
duminium^together with variable ahd mutuaily- 
eplaeeable amounts of ferrous oxide, magnesia, 
md alkalis. As chemical types there may thus 
le distinguished iron-tourmaline, magnesium- 
ourmiduie, and alkali-tourmaline. Analyses 
how: SiO|, 35-88; TiO„ 0-1 ; B,0„ 0-‘ll ; 
d,0„ 30-42; Cr|Oi, 0~10 (rarely); FcgO,, 
4; FeO, 0-17; MnO, 0-2; MgO, 0-14; 
Ja0,0-2; Ha.0,0-3; K, 0,0-2; Li, 0. 0-1*7; 
[,0, 1-4 ; F, 0-1 p.c. mny different formulcs 
ave been suggested. Penfield and Foote 
1899) the several varieties as salts of 
^ hypotketioal alummo-boro-silicio acid 

With tbsse wide differenoes in chemical 
mpoiMom^ ^ s|Lp. raim from 3*0 to 3*2, 
Id tl^||wbcactlFele(to (I& i »Hl2a-l*65l5, j 
(E, A, Wag* 1900), W 
mm taxktloiis In 


by PenfieM and Foote to the mass effect of the 
lam acid radicle). The oiyatals are rhombo- 
hedral-hemimoinhio, there being a different 
development of faees at thetwo ends. Tbe habit 
is almost invariably prismatic, with deeply- 
grooved prism faces, the striations being paridid 
to the edges of the pism ; the etoss-s^on of 
the prism is triangular with straight or curved 
Ottthues. These peculiarities of fonn render 
tourmaline a mineral readily recognisable. As 
a consequence of the bemimorphism the cryst^ds 
are pvroelectric. The material ranra from 
colourless to jet-black in colour, and may be 
any shade of red, yellow, green, or blue. In 
one and the same crystal there are often striking 
contrasts in the ^fferently ooloured zones. 
The more darkly coloured crystals are strongly di- 
chroie, the ordinary ray vibrating peipeiuucular 
to the i>rincipal axis being almost eompletely 
absorbed. On this property depends the use 
in polarising apparatus (e.g, the well-known 
tourmaline-tongB) of tourmaline plates cut 
parallel to the principal axis of a crystal. 

Common black tourmaline (sriiorl) is of 
abundant occurrence in granite and meta- 
morphic rocks, and is a frequent associate of tin 
ores. Coloured tourmalines are much used in 
jewellery, either as clear faceted stones or, when 
cloudy, as beads (H. 71). The red is often 
called tvhdliUt and the blue indicolUe, whilst 
fanciful names such as * Brazilian emerald,' 

* Siberian ruby,' Ac., are also sometimes 
used. Within recent years large quantities 
of gem material have been quarried from the 
pegmatites of California, Madagascar, and 
the Usakos district. South- W'est Ainca. 

L. J. S. 

TOUS-LES-MOIS is a species of arrowroot pro- 
cured from the tubers of Canna sdidts (Ker-GM.) 
nat. ord. JMarantacea. Tim starch is obtained in 
the same manner as other descriptions of arrow- 
root. Under the microscope the granuleB show 
themselves to be unusually large, measuring from 
0*0015 to 0*0037 inch in length and from 0*001 to 
0*0027 in breadth; broad, flat, ovate. The 
hilum is situated at the narrow extremity, and 
the rings are very close, firm, and regular. 

Tous-les-mois is used in admkture with 
cocoa peparations and as a food for infants, for 
which latter pu^se it is bleached. F. Stabob. 

TOXICODEIuIROL, The active principle ol 
the * Poison Ivy ' ( Bhu$ Toxicodindron liuL and 
Jt, venenata (DC.l), is an oily substanoe possess- 
ing intensely irritating properties, found in all 
T)art6 of the plant, the fruits givb^ 3*6, the 
leaves 3*3, and the stem 1*6 p.o. The d6S^> . 
of activity varies in the case of differeiit , 

E arsons; in some cases 1 mgm. prodooed 
undreda of vesicles, and even mgm* pcoved 

active in one case. The vericant aot^n was 
not immediate, a priod of 24 hours to 7 <Hr 
9 days elapsing before the eruption amamd 
(Pfaff,J.Soo.dem.Ind.l897,f<»7). ™ 

The poisonous substance is probawy a gfueow 
side; it is decomposed by acids yimlm galUo 
acid, fisetin, and rhamnose. Owes cl pmniing 
are said to be best treats with pertasriam 
]^rmang^ate*{Afiiee and Syme, Ainer. Ghem. 

Tlife ' iKdson oak ’ (Mim dtecraffobo, A 
whi^ is very^ilar in amannsr to jR. t 
^ mnnunAd ohentellw 
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by ItoNair (J. Amer. CShem. Soc. 1916, 38, 

, U17), who finds that tho leaves and branchy 
contain a snbstanoe of which the alcoholic 
extiact is poisonous* The TOisonous material 
is not, however, a gluooside of fisetin, rhamnose, 

. and gidlio add, since none of these substances 
is produced on hydrolysis. Bsetin, rhamnose, 
ana gallic acid are iound in non-poisonous 
spedes of Bhus, and the natural gluooside of 
these substances is non-toxic* 

TOXINS and ANTITOXINS. 

Toxins. 

Infective diseases of man and animals, that 
is disea^ which are contagious, infectious, or 
transmissible by inoculation, arc caused by 
pathogenic (i,e. disease-producing) living organ- 
isms wMch are parasitic on or in the individual 
attacked. The parasitic organisms may be 
minute vegetable ones, principally bacteria, 
minute anim^ protozoa, or higher and larger 
forms such as moulds, insects, and worms. Tho 
bacteria, and presumably also the protozoa, 
as a rule produce their deleterious effects 
prindpally by means of substances which are 
poisonous to the host, and which are elaborated 
by, or are derived from, the parasitic organisms. 
Even the larger parasites, such as worms, though 
acting mechanically and in other ways, may also 
elaborate poisonous substances. 

In the early days of bacteriology, under the 
influence of the work of Panum, Selmi, Nencki, 
and others on the products of putrefaction, 
attempts were made to isolate from the cultures 
of the pathogenic organisms and from the tissues 
of the disease-stricken patients nitrogenous 
bodies of a basic and alkaloidal nature similar 
to the ptomaines of putrefaction, and Briegcr 
in particular isolated such substances as 
typbotoxine from cultures of the typhoid bacillus 
and tetanine from the tissues of a case of tetanus 
(see art. I^omaines). It was soon found, how- 
ever, that such basic substances are not, as a 
rule, the essential or specific toxic agents of the 
pathogenic bacteria, and some of those de8crib<{d 
by Brieger are quite likely artifacts, due to the 
methods of extraction employed. 

The specific toxic agents of the bacteria, or 
farina, as ^ey may conveniently ^ termed, 
are substances of complex composition, which, 
so far as tb^ have oeen inve.stigated, seem 
occasionally to be protein in nature, or to be 
aOied to toe proteins or to the enzymes. Tho 
u^le subject oi the nature of toxins is still in a 
very indtorminate condition, so that any views 
expiessea here must be regarded as tentative. 
In some instances the toxin appears to be a sub- 
stance sui gtn/em, in others it may be proteo.se 
in nature (tox-albumose), and in others it may 
be albuminous (tox-albumin). Of late, the con- 
oeption bas been gaining pound that toxins and 
other ^aniipns' (u. tnjm, under Antitaxwi) 
may be bpoid subijtances or lipoid-protein com- 
plexes. The toxin may be an excretory product, 
as it were, of the micro-organism, e.g. tetanus 
toxin (B* Martin), or may be formed by the action 
of em^fmes, exemted by the mierS-organism, on 
the ciHU^ttients of the culture medium or of 
the tfsnies, e.g. anthrax toxin, or it may be a 
mixtm of these two, e.g. dif^heria toxin (8. 
JMartIuh or it may be a protms or other con- 


stituent of the bacterial cells themselves, s*g. 
t3rphoid toxin. Toxins which are excretoi^ 
products, or are formed by the action of the 
oigsmism on the culture medium, are tenu^ 
exo-toxins or simply toxins, c,y. ^phthe^ 
tetanus, and botulismus toxins; those which 
are intimately associated with the ^ bactorial 
cells are termed endo-toxins ; the toxins of 
; majority of pathogenic bacteria belong to the 
latter class. The term todu has also been 
extended so as to include various to^ bactenal 
extracts, such as tulxirculin, the toxic protoini^ 
Ac., which are found in the higher plants and 
animals, c.g. abrin and ricin of the jequinty and 
castor-oil beans respectively, Substances like 
‘ eel scrum, which is toxic on injection into otiwr 
animals, and snake venom. * ! 

The bacterial exo-toxins may be pepred by 
cultivating tho organisms in a suitable fluid 
culture medium under appropriate condition 
for 1-4 weeks, and then filtering the fluid 
culture through a Pasteur-Chamberland porce- 
lain, or a Berkefc Ul, filfrr. The filtrate is more , 
or less toxic, and may be termed the toxin 
broth, the actual toxin contained in it may ^ 
concentrated in various w'ays, but extraction in 
a pure condition ia at present impossible, owing 
to the difficulty of fi(‘|)arating it from the con- 
stituents of the culture medium. Bptcrial 
endo-toxins may be obUined by growing the 
organisms on a solid culture medium and 
extracting the bacterial mass with weak alkalis, 
Ac., or by grinding up the bacterial paste in a 
mechanical (lisint(»gratt)r, such as Moefayden 
and Rowland s or Barnard’H, and .subsequent 
filtration through a porcelain filter (Proc, Roy. 
Soc. 1012 and 191 1 ). * 

The bacterial toxins generally are unstable 
bodio.a, disappearing, or being converted into 
non-toxic modifications, on keeping, and de- 
stroyed by light, warming to 60*-70\ by acip, 
alkalis, and oxidising agents, and by digestive 
enzymes; owing to the last-named fact, the 
toxins usually are not toxic when taken by the 
mouth, but only on inoculation. They ate 
much more stable in the dry condition than when 
in solution. They arc insoluble in and are pre- 
cipitated by strong alcohol, and are precipitated 
on saturation of their solutions with ammonium 
sulphate. Diphtheria and U'tanus toxins dialyse 
very slightly through parchment, and they iriil 
pass through a gelatin-coated porcelain filt4!ir, 
which does not permit of the passage of itcrom 
albumin, suggesting tliat their molecnlea are 
.smaller than those of the latter (Brodie, Joum, 
Path, and Bacier. 1897). They are probaUy 
iievorotatory. The 'toxin,' in some inatancei 
at least, may contain more than one tonlo 
cjon/jtituent. 

uiphtberlt toxin was first investigated by 
Lofiier. By precipitating broth cultuies of tti 
diphtheria bacillus with alcohol, he obtabaed a 
white toxic powder which he classed among the 
enzymes (Deut. mcd. Woch. 1890, Ko». 5 and fib 
Roux and Yenin, by the (mutiotts wldldim cl 
cium chloride, obtained the toxb entam^ wttli 
the precipitate of caldum phmjdkatawlfieh Qome^ 
down, and similarly regatded It as an emme 
(Ann. Inst. Pasteur, iiij. Brieger and IMnM 
oonoluded that the to:idn Is a fnAdn f'tiM 
dbumin'); they fened that it b pmfiiita^ 
by ammonium snljAate, but not by nu^aslnni 
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ffdpluate, ooBt^ » high peroentage 

of solphnr abd givos the oiiifot aM Milloo’s 
ipaotiODB (Berl. & Wook 1890, 241, 1133)* 
Brieger and fr&nhel's method of preparing 
the di^theria toxin was to aatnrate broth 
cultures with magnesium sulp^te at 30^ filter 
from the precipitated globulin, Ac., saturate 


from the precipitated globtuin, Ac., saturate 
the filtrate with ammonium sulphate at 30°, 
wash and dissolve the precipitate, dialvse to 
remove as much adherent salts as possible, and 
remove remaining traces of ammonium sulphate 
by the cautious addition of barium chloride; 
evaporate the filtrate to half the volume in vacnd 
at 40% and precipitate with absolute alcohol, 
lie precipitate was collected, redissolved, and 
precipitate with alcohol 6~8 times. Ultimate 
analysis gave the following figures : 0 45*35, 
H 7-13. N 16*33. S 1*39, 0 29*80. 

Brieger and Boer subsequently prepared the 
diphtheria toxin in as pure a form as it has 
yet been obtained by precipitating broth cultures 
with a 1 p.c. solution of zinc sulphate or chloride. 
The precipitate of the zinc double salt is washed 
with feebly alkaline water and decomposed with 
carbon dioxide. The purified product gave the 
xanthoproteic, biuret, Adamkiewicz’s, and 
Millon’s reactions. A litre of broth culture 
gave about 3 grm. of the zinc double compound 
(Zeitsch. Hygiene, xxii. 267). 

Sidney Martin isolated from diphtheritic 
membrane and from the spleen and other organs 
of diphtheria cadavers proteoses, chiefly deutero- 
albumose, and from the membrane alone an 
organic acid which was not identified. The 
latter is a yellowish amorphous body, becom- 
ing deep brown with alkalis, and is soluble in 
water and absolute alcohol, but not in ether, 
chloroform, or benzene. The proteoses were 
extracted by placing the minced tissues in abso- 
lute alcohol until the ordinaiy proteins were 
ooa^lated and rendered insoluble, extracting 
with water, and precipitating this extract 
with alcohol many times. Similar proteoses 
were obtained from cultures in alkali-albumin 
of the diphtheria bacillus (Brit. Med. Jour. 
1892, i.h 

Khrlich concluded that the diphtheria 
* toxin ^ contains two or more toxic constituents, 
as well as non-toxic bodies, * toxoids.’ deriva- 
tives, or degradaton-prodnots, of the toxin 
(u* under Antitoxins), 

Warden, Connell and Holly regard diphtheria 
toxin as a fat complex derived from dead and 
disinUmtiog bacilli in an emulsified or col- 
loidal form which then becomes adsorbed upon 
colloidal particles in the broth culture medium, 
forming, mtb electTol^, an adsorotion entity 
oonsUtutiim toxin (Joum. of Bacteriology, 
Vi. 1921, p. 103). 

Tstaim toxb was obtained in a somewhat 
concentrated imo. by Kitasato from anaerobic 
broth cnltuies of the tetanus baoiUus (wbioh 
prodttoes ]oek*)aw), and he gave a detaOed 
aooount of tto aotimi of heat aim of a number of 
ohitnimd teagents on the toxin broth (Zeitsch. 
HygieaOi i* 267), Brieger and Cohn precipi- 
tate veal-hhitih cultures by saturation with 
mmoninm ouj^te (Itil, xv. 1). The toxin 
formed a Joecmknl nre^tate whicii floated; 
it amt puilfted hy m the 

vdtii beam jhad imoviim other 


l^tating the dialysed solution with alcohol 
Thus prepared, the tetanus toxin formed pale 
yellow, odourless, easily soluble scales, having a 
gummy taste; the solution was feebly Imvoro- 
tatoiy. It contained only a trace of ash, 
did not give the liBllon’s and xanthoproteic 
reactions, and gave no precipitate with potas- 
sium ferrocyanide and acetic acid, nitric acid, 
or mercuric chloride. Boiled with f^o chloride 
it gave no red colour. With "copper sulphate 
and sodium hydroxide it ^ve a slight violet 
colour. It contained no phosphorus and only 
a trace of sulphur, and mtimate analysis 
gave the following figures : C 5208, H 8*1, 

N 15*71 (Brieger, Zeitsch. Hygiene, xix. 101). 
Subsequently, Brieger and Boer obtained the 
toxin by the method employed by them for 
isolating the diphtheria toxin (Me ante). On 
these facts Brieger considered that the tetanus 
toxin is not a true protein. 

Hayashi, however, employing the Brieger- « 
Boer method, or a modification of it, came to 
the conclusion that the tetanus toxm is a 
protein, and is a primary proteose (Arch f. 
exper. Pathol, xlvii. 0). S. Martin also isolate 
proteoses, chiefly deutero-albumose, from the 
spleen of a cadaver, but they did not induce 
tetanic convulsions on inoculation. Tetanus 
cultures contain methyl-mercaptan and oiher 
sulphur compounds (Nencki, Monatsh. x.) ; but 
Fermi and Pernossi were unable to extract any 
basic substance from them (Zeitsch. Hygiene, 
xvi. 385). Besides the convi^ive constituent, 

' totano-spasmin,’ the toxin broth also contains a 
substance, * tetano-lysin,* which is a solvent for 
red-blood corpuscles, llie purified tetanus toxin 
is probably the most toxic substance known, 
less than 0*5 mgrm. being a fatal dose for a 
man. 

Anthrax toxin. Hankin obtained proteoses 
from cultures of the anthrax badUus, and 
Brieger and Fr&nkel a tox-albumin from animals 
dead of anthrax. Marmier, by predpitating 
cultures with ammonium suipbat^ isolated a 
toxic substance which he considered to be ndth^ 
protein nor basic (Ann. Inst. Pasteur, ix. 533). 

D. Martin (Ic.) obtained both bom etdtures in 
alkali albumin, and from animals dead of an- 
thrax, proteoses, chiefly deutero-albumose, and a 
nitrogenous basic substance, both of which were 
toxic. The toxins are formed mainly by tjto 
action on the culture medium of enxymee 
excreted by the bacillus. Bndo-toxios may also 
be formed. 

The toxins of the majority of other patho- 
pnio bacteria are endo-toxins. That is to say, 
if the organisms bo grown in a fimd medium, 
the filtrate is almost non-toxio, but die dead 
and disintegrated bacterial yield toxic 
substances. Toxins of protoxoan oigantos 
are not known with oertainty. 

Td^ereoUiw The original or <U tubeKcuUn 
of Koch is obtained by boilings ocmoentxadim 
over a vrater-batb and filtering fhwtdh \mm 
cultures of the tubercle badllos. it is toxlo to 
healthy animals only in large doses, but minute 
doses cause nonsidmble disMumee in tubet*, 
eubus jmdents and animids, and 
ttuide use d lor the deteotion of tubefeutom 
inlscdfiii. It contains snail qua^ties of 
proteoses, exhmetives, and salts, and tnueit; 
of .baib bodleiiiu ftniitfi quantiliM of an astf' ■ 
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substetioe» probabfy tm<K)mc aeid, possibly 
^rhred from the bacillar cells, are also preseat 
in eultares of the tubercle baoOlus. Other 
taberonlins and bacterial extracts have been 
prepared. 

It must be cloarly recognised that in those 
oases in vhioh the toxin is supposed to be a 
proteose or other protein, the latter may be 
merely eonstituents of the culture medium by 
which the toxin is entangled or adsorbed. 

[On toxins, Ac , see Oppenheimer in Kolle 
and Wassermann’s Handbuch der Pathogenen 
Mikroorganismen, vol. i. (Bibliog.); Vaughan 
and Novy, Cellular Toxins, 1902 (Bibliog.) ; S. 
Martin, Man. of Gen. Pathology, 1904, and 
Beps. Med. Off. Loc. Gov. Bd. 1889-1900 ; also 
various papers in the Ann. Inst. Pasteur ; Zeitseh. 
Hygiene, Oentr. Bakteriol. Abstracts also in 
elmmical journals.] 

Snake venom* Poisonous snakes arc diAided 
* into two groups, the colubrine and \iiKTine. 
The venom, which is secreted bv glands in 
connection with the mouth, may fee iitnpid or 
«ynipy, pale yellow, orange or greenish in 
colour, odourless and tasteless, sp.gr. 1-04 
(rattlesnake), Ml (cobra), 1-08 (Russell’s vij)er). 
Microscopically, it contains few elements, and 
when dry resembles diy albumin. The reaction 
of the pure venom is acid ; it contains C, H, 0, 
N, and S in the proportions found in prol(M!i8, 
gives the protein reactions, is precipitated with 
alcohol, ammonium sulphate, sodium chloride, 
and coagulates on heating. Vipi*nne venoms lose 
their toxicity on heating to 80"“8o°, but colu brine 
venoms require to be heated to 12U^ to destroy 
their toxicity. The active toxic substances of 
venom are coagulable proteins (globulin), pro- 
teoses, toxins alUed to bacterial toxins, and Faust 
has separated a non-nit rogenous toxic substance, 
ojihioUmn. The proteoses are chiefly proto- 
and hetero-proteose. The venoms are complex 
mixtures containing some, but not in any venom 
all, of the following active substances: 1. 
Neurotoxins acting on (a) respiration, (b) heart, 
(c) muscle, particularly the diaphragm ; 2. 
CfftdysinSf solvents for {a) blood corpuscles, 
(6) vascular endothelium, (c) other cells; 3. 
F^n ferment inducing blood-clotting, and 
others. The venoms thus produce paiaJysis of 
voluntary muscles and of the heart and respira- 
tion, solution of the red- and white-blood 
corpuscles and hsemorrhages, and the blorni may 
be either fluid or coagulated in the vessels, and 
the bodies of the dead putrefy rapidly owing to 
the destruction of the anti- bacterial properties 
of the bloa^l. The venom is most active when 
injected into a blood-vessel, whereas in the sub- 
CQtar^us tissues it may take some time to act : 
it is also readily absorbed from the eye. Taken 
by month, provided there are no cracks or 
■teitntir, oolnbrine venom is harmless, but 
venom may cause gastritis, Ac., and 
even death. The hsmolysins which cause 
ioteiott of the red corpuscles are of the nature 
*aiiiboee|itorB,* requiring a 'complement’ 
under Bodericidd sera) to activate 
;lhem. In some cases the venom alone can 
hmnotyaa washed red corpuscles fa etiro, e.g. 
mao* inVhers it has no action on 

wniM butt becomes active on the 

addition Borne cozpuicles, therefore, 

eontahi Ibo hetframg * eompfement/ others do 
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not, ai^, hence, are not haemolysed when washed. 
Kyes, SMhs, l^xner, and Noguchi have shown 
that lecithin and lecithides in the ooronsolM ake 
the complement-like activators of the immolytio 
amboceptors. A venom which is inactive on 
washed corpuscles becomes active on the addition 
of lecithin or even of oleic acid or other fatty 
acids and soaps. 

By the cautious treatment of an animal with 
increasing doses of venom an antitoxin (* anti- 
venin’) is formed which has the power df 
neutraMng the particular venom. 

The venom of scorpions (against which an 
antitoxin can be prepared) and spiders is 
probably protein in nature ; of mosquitos and 
gnats it' may be the products of certain bacteria 
or moulds present in the oesophageal sacs ; of 
bees a protein -free organic base. The formic I 
acid present in the ‘ venom ’ of ants, bees, Ac., ! 
is probably not the active toxin. Mimy flsh are \ 
also poisonous by their bites or by spines con- \ 
nected \iith special glands. Toads and sola- \ 
manders have acid and basic poisons in the skin \ 
glands. Jelly- flsh and sea-anemones have sting- 
ing glands. 'Extracts of intestinal worms may 
be toxic. 

[On snake venom, see Martin and Lamb in 
Alibutt and Holiest ons System of Med. vol. ii. 
pt. ii. (Bibliog.); 8c. Memoirs of the Gov. of 
India, Nos. 1, 3, 4, o, 7, 10, 16, 17 ; Faust, Die 
Tierischen Gifte (Braunschweig, 1900, Bibliog.) ; 
Noguchi, Journ. Ex^ier. Mcid. viii. and ix. ; and 
Snake Venoms (Smithsonian Inst. Publication) ; 
Calmette, \enom8 and Venomous Animals 
(Bale). On other animal toxins, see Obstellani 
and Chalmers, Manual of Tropical Med. 
(Bibliog.).] 

Antitoxins. 

It is a remarkable fact that proirins on 
injection into a suitable animal (the domestic 
mammals generally) give rise to the formation 
of * anti-bodies ’—substances having properties 
in some way opposed to those of the proteins 
injected— which accumulate in llie blood of the 
treated animal. This proj*erty of generating 
anti-bodies, according to Abderhalden, is charac- 
teristic of the animal l>ody and is most active 
against injected cells, proteins, and allied sub- 
stances. The substance w'hich generates the anti- 
body is termed the ‘antigen.’ Antigens, with 
certain doubtful exceptions, seem to be proteins 
or substances related to proteins, or possibfy 
lipoids or liiioid- protein complexes, Henee 
mineral poisons, alkaloids, earlx>hydmtes, Ae., 
form no anti-bodies. If a protein such as human 
serum is injected into a raobit, the serum of the 
treated rabbit gives a white pmdidtate when 
mixed with human serum, and to a less extent 
witli apes’ serum, but with no other iei!a-*-a 
specifle * precipitin ’ for human serum has been 
formed. By Huh means bloodstains, flesh, Ac., can 
be identifled witJi great oertaiaty. By injecting 
an enzyme, such as rennin, anti-enzyme Is iform^ 
which inhibits the action of the enzyme ; by 
injecting red-blood corpusdes * brnmolyiin,’ 
solvent for red-blood corpuscles, is formed* If a 
poisonous protein is injected (in mopetiy m4u« 
ated doses so as to avoid IdUii^ the snim^ 
as ridn or snake venom, an anti-bo^ Is nenetw 
ated which eompletelly nsulriiiisi the 
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the (MUM tiitb tx>dB8 ISbo 

toadnau By 

ia(Meat)iigdQfei^ wioadOi the m ha iil beoomes 
less fmdleM tosoepUble* to that it can finally 
tolerate hv^ doses d the toxin without harm, 
ooin< OTe nt with the development of this 
insusceptibility antidotal substances appear in 
its blood, ana may be obtained in the blood- 
serum by bleedmg the animal and allowing the 
blood to clotThe antidotal or neutralisix^ 
substance to toxin is termed antitoxin ; it is 
a fairly stal^ substance, and by obtaining and 
bottli^ the senun aseptically it may be pre- 
served, and is emplo^'od to treat the respective 
disease in man. 

The antitoxic serum contains a variable 
amount of the antitoxic constituent and for 
therapeutic use must be standardised. 

The antitoxic constituent is probably protein 
(globulin) in nature, or at least is associated with 
the globulin oonstituent of the serum. The 
globmin content of the blood of antitoxin-yield- 
ing horses is frequently higher than normal, 
and the antitoxin may bo precipitated by 
saturation of the serum with magnesium sul- 
phate, or by partial saturation wifh ammonium 
sulphate; it comes down with the eu-globuiin 
fraction of the serum globulin. 

Brieger and Boer (Ic.) separated the anti- 
toxio constituent by the following methods: 
(a) 4 grms. of potassium iodide or chloride are 
added to 10 c.c. of the antitoxic serum diluted 
with an equal quantity of distilled water. After i 
solution, 4-5 gnus, of finely-powdered sodium 
cbloride are added, the mixture is kept at 
37® for 18-20 hours, and the precipitate (0*4 
grm.) is collected ; it is the antitoxic |)ortlon of 
Uie serum with a sligiit admixture of protein 
and salts. 

(5) The proteins of the antitoxic serum are 
precipitated with basic lead acetate containing 
a trace of ammonia, the precipitate is filtered 
off and the filtrate is saturated with ammonium 
sulphate. The precipitate is collected and redis 
solved, the solution is dialysed, and evaporated 
to dryness. A light powder is obtained (^*06 grm. 
from 10 C.O. serum) which contains the antitoxic 
constituent. 

(c) 10 0 . 0 . of the serum are diluted with 
50 O.C. of distilled water, and 20 c.c. of a 1 n.c. 
solution of zinc sulphate or chloride are adcied. 
The precipitate is collected, dissolved in feebly 
alkaline water, and the zinc compound is de- 
composed with carbon dioxide. The antitoxic 
constituent is present in solution when the 
precipitant is zinc chloride, but is entangled in 
the zinc carbonate precipitate when the pre- 
(dpitant is zinc sulphate. 

Homer has elaborated a very exact method 
by partial saturation of the serum with sodium 
chloride and ammonium sulphate, whereby 
practically the whole of the antitoxin may be 
concentrated and recovered from a weak anti- 
toxic serum (Jbuin. of Hygiene, 1918, 22, 51); 
also MacOemkey, ibid, 1924, 22, 413, 

Auti-venln,. the antidotal serum for snake- 
bi^ is a hruly antitoxic serum. 

In esse of pathogenic micro-organisms 
w^ do; not Icrm an exo-to^ an antidotal 
Mt^rum can 4m be piunmd hy the injection 
mlhebaetedMc^ 




soqnently the living organisms, but such serums 
m not nearly so potent as the antitoxic serums 
]^?cdiioed by exo-toxins, and many are pracii- 
oaliy uselesB for treating the respec^ve diseases, 
e.g, typhoid and eholma serums. The principal 
action of such an anti-serum is baoteriolytio, 
i.e, it brings about solution of the micro- 
oiganism. 

In this bacteriolytic reaction (and similarly 
m the solution of zed-blood-co^uscles by a 
* hemolytic’ serum) two protein substances 
seem to be concerned. The fresh anti-aenun is 
solvent for bacteria, but not the old, nor the 
heated (to 56®C.) anti-serum. The two latter 
may be rendered active again by the addition of 
freak normal serum. That is to say, by injection 
of the bacteria (or blood corpuscles), a new and 
relatively stable substance is formed, which 
reacts with an unstable normal oonstituent of 
the serum, the two together bringing about 
bacteriolysis (or hsemolysis). To the former, 
the name of ' immune body ’ or ‘ amboceptor,' 
to the latter, * alexin* or * complemont,* is 
given. 

Spe^city is the distinguishing feature of 
tho anti-bodies ; the anti-body produced by an 
antigen always reacts most actively with this 
particular antigen. 

The formaiion of arUi-hodiea is usually 
explained by Ehrlich's ' side-cham theory.* 
Tim supposes that the protoplasmic molecules 
of the colls of the animal have an affimty for 
the substance injected (the * antigen’) which 
gives rise to the anti-body, so that the antigen 
incomes incorporated with the pootopla^. 
The union of the antigen with the protophusm 
is assumed to he brought about by the combina- 
tion of atomic groups comparable to the side- 
chains of a ring nucleus, those of the proto- 
plasmic molecule being termed ' receptor fixups,* 
those of the antigen 'haptophoie (» binding) 
groups.’ The poisoning caused by a toxin is 
thus due to the union of the toxin with the 
protoplasm by the combination of the hapto- 
phore groups of tho toxin wiUi the receptor 
groups of the protoplasm. Should the animal’s 
protoplasm not possess receptor groups having 
an atfinity for the haptophore groups of tm 
toxin, the toxin would not be poisonous to this 
animal. This is often the case— a toxin is never 
poisonous to all animals. Now Ehiiich assumed 
that tho protoplasmic receptor groups fulfil 
phydological functions in the animal, 
nutrition, Ac., so that when a toxin becomes 
united with the protoplasm a defect is created, 
whereby the latter cannot properly fuliU its 
physiological functions. Prorid^ &e dose of 
toxin be not too large, recovery ensues, due to 
the regeneration by the protoplasm of the 
particular receptor groups involved. Tliis 
process is repeated again and again, and ha a 
result of the continued stimiuatioii by tlm 
numerous doses of toxin, tlm wotopiasm 
ultimately forms the receptor gproups m question 
in large excess— much mote than is aeoeasacy 
simply to repair the damage done« A eon* 
siderable pro^rtion of the now veiy numerous 
receptor groups then becomes detadied bm 
the protoplasm, accumulates in the blood, and 
oonstitutea the anU-body. The antidotal pro* 
perty of antitoxin is, therefore, duetto tho 
fact that it satmratas the hapu^phors groupa of 
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TOXINS AND ANTITOXINS. 


t]ie to^ 80 that the latter is thran unable to 
combine with the protoplasm. 

[On antltozinS) m Ehrlich, Die Wert- 
bemeasung des Diphtherieheilserums, 1897 ; 
Trans. Jenner Inst, of Prcv. Med. ii. ; Oroonian 
Leot Boy. Soo. Loud. 1900; and Collected 
Papers on Immunity, 1909; Hewlett, Serum 
and Vaccine Therapy, Churchill, 1910 (Bibhog.) ; 
Kolmer, Infection, Immunity and Biologic 
l^erap^ (Saunders, 3rd ed. 1923, Bibliog.] 

Toann-antiUmn feac^ton.— The neutralisation 
of toxin by antitoxin is approximately quantita- 
tive, and the toxin and antitoxin unite. This 
is shown by the fact that if a recently-mado 
mixture of toxin and antitoxin bo filtered through 
a gelatin-coated porcelain filter, the toxin passes 
through into the filtrate, but not the antitoxin 
(see ante). If, however, the mixture bo allowed 
to stand so that interaction may occur, the 
toxin can no longer be separated from the anti- 
toxin by this method. The interaction between 
the two is slow, is retarded by cold, and is 
hastened by wanning (Brodie, lx. ; Martin and 
Cherry, Proc. Roy. Soc. Lond. Ixiii.). 

The exact nature of tlie union of toxin with 
antitoxin, ‘the toxin-antitoxin reaction,’ has 
been the subject of much controversy, and three 
principal hypotheses have been formulated to 
explain it. Ehrlich held that the union is 
comparable to the combination of a strong acid 
with a strong base, i.c. the reaction is a complete 
one, and there cannot be at the same time in a 
mixture of toxin and antitoxin, fnic toxin and 
antitoxin, together with neutralised toxin. 
The stricHy quantitative rc'lation of toxin and 
antitoxin supported this view, viz. if 10 equiva- 
lents of antitoxin exactly neutralise 10 equiva- 
lents of toxin, then 100 e<]uivalents of antitoxin 
will exactly neutralise i<K) cquivalouts of toxin. 
Bat it is found that if BK) fatal doses of Ujxiti 
(for the guinea-pig) are just neutralised by UK) 
equivalents of antitoxin, 101 fatal tios^es of 
toxin-flOO equivalents of antitoxin is no£ a 
isAal mixture, and generally 108-1 10 (some- 
times many more) fatal doses of toxin mu.st l)o 
added to the 100 equivalents of antitoxin to 
render the mixture a fatal one (the Khrlich 
phenomenon). Ehrlich explained this by suji- 
posing that the ‘ toxin broth ’ contains not one 
toxic substance only, but is a mixture of toxin 
and toxone, the latter being much less toxic 
than toxin, though requiring as much antitoxin 
to neutralise it as toxin does. Toxin has, 
however, a greater ufiinily for antitoxin than 
toxone has, so that when more toxin is added to 
a neutral mixture of toxin broth (containing toxin 
and toxone) and antitoxin, the U^xonc-antitoxin 
conmlex pre^nt is diH.sociated, and the antitoxin 
set fiee tto combines with the added toxin, and 
it is not until the added toxin is more than can 
be neutralised by the freed antibjxin that the 
mixtoxe becomes fatal. Ehrlich, in fact, was 
forced to conclude that toxin broth contains 
diverse toxic bodies. The second hypenbesis, 
that of Arrhenius and Madsen, wiiile admitting 
tliat the union of toxin with antit^}xin takes 
j^ace in definite proportions, regarris it as com- 
pamble to the neutralisation of fsPwcak We by 
a weak acid, e.^. ammonia and boric acid, the 
is incomj»lete, though resultiug in 
equiBbnurn, so that free toxj§ and antitoxin 
exist in the mixture, together with the toxin- 


a&Utoxm complex. The quantity of free toxin 
would be a lunctibn of the relation existing 
between the initial quantities of the two sub* 
stances. The Mrlich phenomenon is ^uite 
explicable on this h^tnesis, and there is no 
ne^ to postulate tne existe^ of toxone or 
other tome constituents in toxin broth. But 
other phenomena concerning the neutralisation 
of toxin by antitoxin do not seem explicable by 
either of these hypotheses. One of tb^ is 
what is known as the ‘ Danysz effect,* which Is 
obtained with many different toxins and their 
corresponding antitoxins. If a mixture con- 
sisting of a parts of toxin and h parts of antitoxin 
is exactly neutral, when the whole of the toxin a 
Is mixed with the antitoxin ; a similar mixture 
of a parts of toxin and & parts of antitoxin, 
prepared by adding the toxin in several iractioas 
to the antitoxin is still toxic. This is explained 
according to Arrhenius and Madsen as beiik 
analogous to the neutralisation of chloraoetib 
acid by sodium hydroxide. If equivalent 
quantities of the acid and base are taken, ancii 
only half the acid is added in the first instanco\ 
to the whole of the hydroxide, the acid is^^ 
wholly neutralised, leaving half the base free. ' 
This then slowly reacts uptjn the sodium chlor- 
acetate forming sodium chloride and glycolate, 
and the solution ultimately Womes neutral. 
(Communications from tlie Nobel Institute, 1, iii. 
1906). The Danysz effect luis its counterpart in 
the neutralisation of arsenious acid with ferric 
hydroxide. Bordet maintains that the union of 
toxin with antitoxin takes place in variable pro- 
|K)rtions, and resembles the phenomenon of 
adsorption, similar to the colouring of filter- 
paper with a dye. Thus, if pieces of lilter-pajier 
be placed in a dilute solution of a dye at suffi- 
ciently long inUTvals, the first pieces become 
dlstiucliy coloured, but the last pieces remain 
colourles.s tlm)ugh lack of free dye in the solution. 
On the other hand, if all the pieces of paper are 
siinuUaiieuosly placed in the solution, they all 
become simibirly coloured, Likewist*, a mixture 
of toxin and antiioxiti, in which the latter is in 
insufficient quantity to render the mixture com- 
pletely mnocuous, does :,'Ot contain, according 
to Bordet, a certain quantity of free toxui, 
together with neutralised toxin, but containa 
only moh^cules of toxin insufficiently neutmWii, 
bc'oause the antitoxin is diffused over all the 
molecules of toxin, e^veb of wliich, Iherelons, 
fixes an amount (»f antitoxin t(K» small 
pletidy to inactivate it. in a series of mixtures 
containing increasing quantitk^ of antitoxin for 
a iiniiorin amount of toxin, each imJeculo of the 
latter will, therefore, be united to increasing 
quantities of antitoxin. The toxicity of w 
{Kiui^n will thus Womc weaker and wvsaker, and 
such a stories of mixtures will |K)Sseas all degrees 
of toxicity. From this conco^icai, iwvendbiliiy 
of the toxiii-antitrjxin combination should exisf, 
and toxin can sometimes be recovered frintu the 
toxin antitoxin complex, sltowing that it Is tmi 
destroyed 'm the interaction. Keveivibilily cao 
be demonstrated in the case of someifitagMi^illti* 
boily Hystems, a reversibiiitv wbkb is wiablo 
and generally incomplete. On the wholsv iteoit 
oveiy phenomenon of the t 0 xin*iiitit«do re- 
action seems to be expifoaUe m Bmcdet’e 


adsorption hypotbeini, whidi is not the cm irfth 
other bypothuiiea. Bpkiffcitylinol^^^ 
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ifc, nor i« it eiqplained by o^ier bypotbews; it 
may be ^ue to seoondmy ia^aotions. 

[On the toxia*i^titoxia reaction, see Ebriicb, 
DeutsoL med. Wocb. 1898 ; Arrhenius, Immuno* 
Ohemiafcry (Macmillan Co., 1907), and Quantita- 
tive Laws of Biological Chemisl^ (Beil, 1915), 
Ergebnisse der Physiol, vii. Jahr., 1908, and 
Jour, of Hygiene, viii. ; Bordet, Ann. Inst. 
Pasteur. 1899, 1900, 1903; Craw, Jour, of 
Hygiene, vii., iz. ; McKendrkk, Proc. Roy. Soc. 
Lend B. 1911 ; Gengou, Jour. State Med. 1912, 
XX. (Summary and full Bibliog.). Many 
abstracts in J. Ohem. Soc.] 

Anaphylaxis. Under certain conditions, an 
antigen on injection instead of conferring in- 
susceptibility gives rise to increased suscepti- 
bility, and this may occur not only with definite 
toxins but also with proteins, such as egg-white 
and blood-serum, which arc ordinarily Inocuous. 
Thus, if a minute dose of horse-scrum be injected 
into a guinea-pig and throe weeks later a second 
somewhat larger dose be injected, the animal 
will collapse and probably die in a few minutes. 
This stale of increased susceptibility is known as 
‘ anaphylaxis.’ If a course of soruni injections 
be given at intervals not exceeding 14 days, 
anaphylaxis does not occur. The production 
of anaphylaxis has been explained as follows : 
the first serum injection is followed by the forma- 
tion of an anti- body. This anti- body then reacts 
with the second dose of serum and in the presence 
of complement generating a substance, ‘ena- 
phylatoxin,’ which c auses spasm of the bronchial 
muscles and suifocation. H. T. H. 

TOXYNONE. Trade name for sodium m- 
acetyiamino -mercuribenzoate 

H0*Hg-CeH,(NH-(.)0-CH 3 )(COONa) 

TRACHYTE. A volcanic rock composed 
mainly of alkali-felspar with usually only-small 
amounts of forro-magnesian minerals. The 
presence of the latter give the varieties horn- 
blendo-trachyto, augite-trochyte, and mica- 
trachyte. In mineral and chemical composition 
they correspond to the coarse-grained plutonic 
syenites; whilst in appearance they are very 
luce the rhyolites, differing from these it^ having 
little or no free silica (when present this is often 
tridymitc rather than quartz). The rock is 
fine-grained and usually iight-greyish in colour. 
Owing to its more or less cellular structure, it is 
harsh and rough to the touch, hence tiie name, 
from rpaxvs, rough. Sp.gr. 2*2'2’7 ; jmrosity 
3-fi p.c. ; crushing strength 45.5-730 tons per 
square foot. In the normal potash-trachyte the 
felspar is orthoolase of the sanidino variety, 
which, besides being present in the groundmass, 
may form porphyritic crystals sometimes of 
large size (e.g. dn the Draohenfels on the Rhine), 
in the soda-trachytes auorthoolase and aloite 
are also present. With increasing alkalis there 
is a passage to phonolite (^.v.). The following 
analyses are of trachyte from : I, Plateau do 
TAngle, Auversne. 11, mica-hypersthene- 
trachyte, from Monte Amiata, Tuscany (also 
SO, 0-08, a 0 01, X 0^83, Li,0, trace). Ill, 
Algendorf, Midland Mountains of Bohemia (also 
BaO 0*08, Cl, ¥, traces : contains Banidine 00, 
pkgioclaae 30, augite 5, magnetite 2, sphene 


Sandstone age). VI, Garieton Hills, Haddington- 
shire (Carboniferous age). 


Mbmcgh, 



I. 

II. 

n. 

IV. 

V. 

VI. 


68*53 

64*75 

64*69 

61*74 

62*44 

«£*«1 

Tip, 


0*42 

0*81 


.... 


AljOj 

17*81 

16*48 

18*34 

19*24 

18*99 

18*17 



0*74 

... 

4*12 

3*35 

0*82 


.... 

2*74 

3*44 

... 

1*80 

4*25 

MnO 

— 

trace 

trace 

... 

0*25 

0*20 

GaO 

2*31 

3*24 

1*72 

1*14 

1*84 

2*58 

MgO 

rio 

1*74 

0*50 

0*89 

1*37 

0*74 

KjO 

5*21 

5*49 

6*46 

5*50 

5*02 

4*02 

Ka-O 

4*76 

2*67 

4*61 

6*68 

2*65 

6*49 


— 

trace 

0*18 


.... 


HiO* 

1*16 

1*62 

0*24 

1*12 

2*48 

0*80 


99*80 

100*32 

100*57 

100*12 

100*19 

loim 

Sp.gr. 

2*64 

2*56 

2*57 

2*69 

2*55 

2*6 


Recent and Tertiary trachytes are found in 
the Rhenish and Eifel district, Auvergne, central 
Italy, Canary Islands, &c. These are used on 
the Continent lor building stones, and occasion- 
ally for millstones. A variety called locally 
piperm is distinguished by dark flame-like 
streaks parallel to the lines of flow in a lighter 
ground ; this is from Pianura and Boccavo near 
Naples, where it is used as a building stone. 
In the British Isles the trachytes of the Exeter 
district are of Permian age, and those of the 
central valley of Boot land of Carboniferous age ; 
these are quarried for road-stones. L. J. 6. 

TRAGAGANTH. TragacatUhin i». Gums. 

TRASS f. Tuff. 

TRAUMATOL t*. SvNmsTic drugs. 

TRAVERTINE, Ca/c-^fTder.orC’afcareovs Tufa 
(Tuf caicaire, Ft,; Kalldujf, TuffsUin, Ger.), 

A porous, cellular variety of limestone formed 
the direct chemical precipitation of calcium 
csbrbonate, as the mineral calcite, from cal- 
careous springs. It is of common occurrence 
in limestone districts, more particularly in those 
of declining volcanic activity. The liberation 
of carbon dioxide, on which the precipitatioa 
depends, is assisted by the agitation of the water 
ill rapidiy-runmug streams and cascades, and 
also to a considerable extent by water plants and 
algm, the material being often deposited around 
and encrusting reeds, twigs, and mosses. Even 
in the hot springs at K^lsbad in Bobemia 
microscopic plants have been found to be im- 
portant agents in determining the ^poeitioii 
of the calcareous tufa or iSprudelstein, which 
here consists of the mineral aragonite. 

The typical locality is at TivoH, the ancient 
Tibur, near Romo ; hence the name, from the 
Latin lapis tibmiinus, through the Italtan 
tiburlino and its corrupted form fiuterftno. Here 
the most important deposit, with a thicknew of 
500 feet, occupies the site of an ancient crater 
lake into which issued the sulphuro-^oaieous 
waters of the Acque Albule thermal springs. 
The material is being deposited under the sasse 
conditions at the present day in the Lego dl 
Zolio in the Roman Campagna. It is also seen 
in process of formation at the cataracts of the 
Anio at Tivoli. Travertine k the prindpal 
building stone of ancient and modem l^me. 
The quarries of Bareo, on the Anio, furnished the 
stone for the Ailosseum, and those of Fosse 
material for St. Betef s chnrcL To sapp^ 
modem Rome new quarries have bsen#nea^ 
at ^ Vfila Adriana below TivolL muMi 
travertine has also been exported, beingvmn^ 




' f 

180 


TBAVEBTm 


for inBtaaoe> for the columns supporting the 
arched roof of the new (1910) railway station in 
New York. tEhe stone is whitish or light cream- 
coloured, porous, ami with wavy lines of lamina- 
tion; 8p.gr. 9'35. When freshly quarried it 
is soft enough to be cut with a saw, but it 
hardens on exposure (N. Pelati, I Tmvertini 
della Campagna Bomana, Borne, 1882,; P. 
Zesi, in Pl J. Johnston-Lavis's South Italian 
Volcanoes, Naples, 1891, 83). 

Similar de^sits of travertine are formed by 
the thermal springs at Clermont and Vichy in 
the Auveigne, Hieropolis in Asia Minor, &c. 
Analyses of travertine from Vichy (C. Girard and 
F. ^rdas, C.B., 1891, 132, 1423) show CaOO, 
91*71-97*17, l^CO, l'Ol-2-lO p.e., with small 
amounts of carbonates of sodium, potassium, 
manganese, and iron, sodium phosphate, alu- 
minium sulphate, ferric arsenate (trace to 0 342 
p.c.), alumina, silica, insoluble residue, and 
traces of copper, barium, lithium, and chlorine. 
In the British Ides small deposits are found in 
limestone districts, t,g. at Matlock Bath in 
Derbyshire, Knaresborough in Yorkshire, and 
it was formerly quarried at Dursley in Gloucester- 
shire and elsewhere as a building stone, but now 
it is employed only for rock-gardens and aquaria. 
In sdl these instances the travertine is of recent 
formation, but material of the same mode of 
origin, though now more compacted, is met with 
in the geological series of sedimentary rocks 

L. J. S. 

TREACLE V , Sitoak. 

TREE WAX t>. Insect wax^ art. Waxes. 

TREHALOSE t>. Cabbohydbates. 

TREMOLITE v* Asbestos and Hornblende. 

TRENT SAND. A sand found in the Trent, 
Severn, and io other rivers; used for polish- 
ing. 

TRICALOOL. Trade name for a combina- 
tion of tricalcium phosphate and albumen. 

TRIGARBIN (Olycarbin), Glyceiyl car- 
bonate. 

TRIDECOIC or TRIDECYLIC ACID 

C|,Hj 5 *COOH is obtained by the oxidation of 
methyl tridecyl ketone ; it crystalli.ses in thin 
plates; m.p. 40’5°; b.p. 236® (100 mm.) 
(Krafft, Ber, 1879, 1668). 

TRTP YMITE. One of the three crj’stalline 
modifications of native silica, SiO^, of much less 
common occurrence than quartz {q.v,) but more 
frequent than cristobalite (g.v.). The crystals 
have the form of thin hexagonal plates or scahjs, 
which are often grouped with a fan-like arrarge- 
mant or in rosettes. These crystals an*, how- 
ever, pseodo-hexag(mal, since, when examined 
under the polarising micn)soope, they are mm 
to be built up of two or more optically biaxial 
individuals, the symmetry of wliich is probably 
orthorhombic. At a temfK*rature of 117® 
these optical anomalies disappc:ar, and the 
crystals are then optically uniaxial and indy 
hexagonal. The hexagonal plates themK<-lves 
are also twinned together, often in radial groups 
of three ; hence the name of this mineral, from 
rpiSvfws, threefold. Other more complex tyjies 
of twinning also exist, producing at times {jeeudo- 
cubic fonuB. The ci^tals are Mull and of a 
white or greyish colour. They are quite Hmall, 
usuall]| 1 or 2 mm. across, and only exceptionally 
as much as | cm. 8p.gr. )*28-2*3; H. 7; 
mean refractive index (ffa) 1*477. In additkm 


to the mhoh lower Bp.gr., the mineral also diNen 
from q uartE in bein| soluble in a boiling solution 
of sodium carbonate* The crystals are, howevw, 
often altered to an aggregate of diferently 
orientated grains of quartz, being, m fact* 
paramorpbs of quartz aft^ trid^mite. 

Tridymite occurs principally in acid volmic 
rocks— rhyolite, andesite, and especially tryshyte 
—the crystals being attached to the sidM of 
cavities in the rock. It is also found in blocks 
of sandstone and quartzite that have been 
caught up and baked by lavas. Well-known 
localities are in trachytes at the Euganean Hi lls 
near Padua, the Drachenfels on the Bhine, 
Mont Dore in Auvergne, Ac, At the Cerro 
San Cristobal, near Pachuca in Mexico, it occurs 
together with cristobalite in andesite* Oth^ 
modes of occurrence are : as crystals embedded 
in opal ; in zeolitised Boman tiles at the hoi 
springs of Plombi^res in France; in fulg^ted 
produced by the fusing of siliceous room by\ 
lightning; "and rarely (as ‘asmanite*) ini 
meteoric stones and irons. It has also been ' 
observed as a furnace product, e.g. in the 
vitrified walls of zinc muffles, and as fibrous 
concretionary masses in blast furnaces ; and it 
has been formed by the burning of stacks of 
straw. It has l>een produced artificially by a 
variety of methods, lK)th by wot methods (hot 
solutions under pressure) and by dry fusion* 
The silica skeleton obtained by oisaolving 
silicates in bJowpi|)e lK*ads of mierocosmic salt 
consists of tridymite. The best crystals are 
obtained from quartz in a sodium tunfl^tate 
fusion. The proilucts are only to be distin- 
guished by their optical characters under the 
microscope. But the very frequent formation 
by artificial means unintentionally has only 
recently been recognised. As noted below, 
quartz is converted into tridymite at 870® with 
a considerable injTC'aw* in volume (16*2 p.c., 
corresponding io the change in sp.gr. from 2*66 
to 2*28). This has an imp(>»rtant oSaring on the 
siliceous refractory jnatcriaU used for furnace 
linings and silica -bricks. Coarsely powdered 
quartzite quickly heeU*d to 1400® in presence 
of a sniall quantity of a catalyst is cfmverfod 
after five or si.v hours into almost pure tridmite 
(Rebuffat, Trans. C»'rain. 8oc. 1923-24, 23, li; 
J. Soc, Cbem. Ind. 1924, 43, B* W4). 

In addition to the reversible inverBion of 


a-tridymite to p.-ifidynnie at 117® noted above, 
the heating curve shows a second break at 163^ 
indicating another inversion A-tridyiBito-f 
firtndymite. Hero there is no observable 
change in the optical characters, and the change 
IS ]H,*rhapH one of (h*grcH* of symmetry, aiial^ous 
to a-quartz ^/J-quartz at 575®, At ordinaiy 
teiiiperaturos quartz is the only ifohfo erystalUna 
m^iditicaiton of silica, but at 870® it passes Over 
into trhiyniiU* with an acoompanyiM iocresis 
in volume. At 1470® this tridymite u Gbaii|sd 
into crlHtubalitc, wlaeh mdts at 1626®.* Tri^ 
dymite is therefore the stable form between the 
temperatures 870® and 1470®, but Um vcfocity 
of transfonnalion being slow H can also exist 
at lower temY)eratures, la this oottHSCtfoo we 
1 C. N.KeDAer, The StsblUty EsIstloiWOl Ots Mm 
Minerals. Ainer. 4. 8d. ISfS, jm «IL fif* iOso 
Shenherd, Rankin, and WrighCttSL 1999, li, mi 
C. ^bn*. Oecd. jiljia. 1990; C ItA Wmmjm 
Merwto, Amur. J. Bd* 1919, 4A 917 
^nt or tr&ymtte u 1979* aadec » 
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may reoall the frequent oeounrenoe in nature of 
of quaita after tridymite; and also 
the fact that tridymite is not found in older 
(pra>Tertia]^ volcanic rooks* L. X S* 

TRIFOUN V. OnuoosiDSB. ^ 

TRIOEIDK, TRIPHSimr, v. SoTHxno 

DBUOS. 

TRIGONELLIIfE {Melhvl betaine of nicotinic 
acid) O7H7NO, is an alkaloid which occurs in 
the seeds of TngoneUa Foemm-graecim (Linn.) ; 
in ordinary jpus (Piswn sativum [Linn.]) ; in 
hemp seeds {0ann(Ai8iativa [linn.]) (Jahns, Ber. 
1886, 18, 2518; Schulze and Fmnkfurt, ibid. 
1894, 27, 769 ; Schulze and Winterstcin, 
Luidw. Versucbs. Stats. 1895, 46, 23) ; in com- 
mercial strophanthine and in the seeds of 
Stroj^nthus hisjddus (DO.) and 8. Kombi 
(Oliver) (Thoms, Ber. 1898, 31, 271, 404; 
Karsten, Chem. Zentr. 1902, ii. 1514). Tri- 
gonelline has also been found in an animal, the 
sea-urchin (Arhatia pusivlosa) (Holtz, Kutscher 
and Thielmann, Z. Biol. 1924, 81, 57 ; Chem. 
Soo. Abstr. 1924, 126, i. 907). 

Prepomrion.— The powdered seeds are ex- 
tracted with alcohol; after distilling off the 
latter, lead acetate and caustic soda are added, 
and the alkaloid is separated by means of 
potassium bismuth iodide and sulphuric acid. 
The precipitate is then treated \iith caustic soda 
to separate albuminoids, the filtered solution is 
neutralised with sulphuric acid and precipitated 
with mercuric chloride. The choline so precipi- 
tated is removed by filtration, the filtrate 
^idified with sulphuric acid, and the trigonelline 
in the form of its mercury iodide salt is then pre- 
cipitated. The free base is obtained by decom- 
posing the double salt with a sulphide (see 
Schulze, Zeitsch. physiol. Chem, 1909, 60, 155). 

Trigonelline has also been obtained by 
treating nicotinic acid with methyl iodide, and 
the product of the reaction with silver hydroxide 
(Hantzsch, Ber. 1880, 19, 31) ; or by the oxida- 
tion of nicotine wo-methohydroxide, with 


Ber. 1897, 30, 2117, 2122). 

Trigonelline crystallises with one molecule of 
water, forming colourless, fiat prisms* of feeble 
saline taste and neutral reaction. It is hygro- 
scopic, is readily soluble in water, sparingly 
soluble in alcohol, insoluble in ether, nenzenc, 
and chloroform. When heated, it loses its water 
of ofystaliisation and dissolves or melts in the 
latter at 130^ The anhydrous alkaloid darkens 
when heated at 200°, and melts at 218° 
deoomp.)* When heated with barium hydroxide 
at 120° trigonelline evolves all its nitrogen as 
dimethylamine, and when heated with excess of 
hydroddorio acid, it yields nicotinic acid and a 
gas, probably methy chloride (Jahns, Ber.* 1887, 1 
2(b 2840)» It gives the usual reactions of an 
alkaloid with reagents. 

On redaction of trigonelline with hydrogen 
xn presence of platinum black it forms products 
resemblhig, but apparently not identiced with, 
jmose of mecaidine (Wintemtein and Weinhegen, 


^0,aHO,58|aiAna» m.p. 186 %«Ju»8, U { 

fobidM 1^ AidkM. Le.), ua The 

fct^Qide U4 iMtfejnwkto enntdlbe in nd 
end jirilMr, psim n4*Mi^ . (Soedtf, 


UilS, 46. 3734). For Um physiological sotion of 
trigonelline, see Kohlrausoh, (2iem. Zentr. 1909, 

Ii. 465; Zeitech. Biol. 1911, 57, 273; for Its 
origin, see Schulze and Trier, Zritech. physiol. 
Chem. 1910, 67, 46 (c. BxTAmsl. 

TRIHyDROXTBEIIZENE v. Pkssol and ns 

BOMOLOGITES. 

TRIKETOHTDRniDENE 0 . Kxtovxs, In- 

DBKX. 

TRIKETONES v. Eetokss. 

TRIMETHOL. Trimethylmethoxyphenol. 

TRIMETHYLACETIC ACIDv. Valxbioacids. 

TRIMETHYLBENZENES v. Cuusnss. 

TRIMETHYLENE v. Propyl. 

TRIMETHYLHISTIDINE v. Brtaines. 

TRIMETHYLHYDROXYB£NZENEc.FHEiroL 
AND ns HOMOLOODES. 

TRIMYRISTIN. Piettre and Roeland 
(Compt. rend. 1924, 278, 2283 ; Analyst, 1924, 
49, 437) obtained 2 grms. of trimyristin (see 
Vol. IV., p. 405) by dissolving tbe fat from 
one litre of milk in a mixture of ether and 
alcohol and allowing the solution to cool slowly. 

TRINITRIN. Syn. for nitroglycerin, 

TRINITROPHENOL c. Picric acid. 

TRIONAL (dietkykulphonmeikyleihidmeihane 
or methyl sulphonal) CH|(C|H()0(SO*C|H|)t 
is prepared, like sulphonal and tetronal, from 
methyl ethyl ketone and ethyl mercaptan 
(Froirra, Annalen, 1889, 253, 1^; D. R. P. 
49073; .Frdl. 1.887-1890, u. 621). It f<«rm8 
colourless, odourless, lustrous square tablets. 
m.p. 76°, soluble in 320 parts of cold water, but 
more readily so in boiling water, in ether, and 
in alcohol. It is employ^ in medicine for the 
same purposes as sulphonal and tetronal, v. 
Syi^thetio drugs. For Hs detection, v, 
Sulphonal and Tetronal. 

TRIPHANE V. Spodumxnr. 

TRIPHENIN. p-Propionyl-phenetidiDe,u8ed 
as an antipyretic. 

TRIPHENYLMETEANE COLOURING MAT- 
TERS. This is the generic name of a very la^ 
and varied class of artificial dye-stufhi which 
have been obtained by very di&iexxt methods. 
Some of the oldest artificial dye-stuffs belong to 
this group. Their generic connection was, in 
many instanoes, notlmown until their conetita- 
tion was fully ascertained. When this had been 
done, a large number of new dye-stuffs belongiiif 
to the same class was prepar^ by direct , syn* 
thesis. The members of this group vaiy more 
than those of any other in their physical ^ro* 
perties; they represent almost every poesible 
shade, and include dye-8tu& suitahie m aimost , 
every kind of dyeing and printing peacim. 
They are applicable to silk, wool, mi cotton 
dyeing ; as a rule, they are of yiey nnze and 
brilliant shades— in fact, the most cl 

all colouring matters are found amongst them. 
Many are rather fugitive, especially the older 
ones— magenta-red and its congenets. It Is lor 
this reason that aniline dyes generally have been 
declared fugitive and unstable by pec^ ot 
hasty judgment. This want stdmy is, 
however, not ebaracteriatio of the irip|DikQ3d^ 
methane gmnp; some of the best and most' 
permanent dye-stuffs bebng to H. It may be 
well to remark at once that lesistanee to 
and other inffuencea seems not to M dhee^ . 
related to the nhemica! constitution of theasM^ 
staneiw, to it to heequeiatly 0 






182 


TRIPHENYLMETHANE COLOURING MATTERS. 


dye-stuffs of very similar ooustitution one may 
be very fugitive, 'whilst the other is remarkable 
tor its fastness. The fastness of these and other 
dye-stuffs also depends to some extent on the 
' manner in which they are applied to the textile 
ffbie. 

The members of this family are not, like 
those of the azo- group, connected by one generic 
method, by which all of them might bo produced 
from various materials. Nor is it possible to 
enumerate a number of general synthetic 
methods which result in their production. The 
methods applicable am so numerous that no 
generalisation is possible. The only connecting 
link between all these dyes is their chemical 
constitution, which is now wcH established in 
almost every case ; it is also in this constitu- 
tion that we find the neoessfiry criteria for tlie 
subdivision of the group. Some introductory 
remarks about the constitution of tliese dyes 
are therefore necessary for a complete revision 
of the subject. 

If wo consider the constitution of these 
colouring matters, we observe that th(U'e is but 
one characteristic feature coiurnon to them all. 
This is the presence of an atom of carbon 
connected by three of it.s valencies to three 
aromatic radicles. The compound of the sim- 
plest constitutional formula in which this 
] central carbon’ (as we will henceforth call 
it) is observed is the hydrocarbon triphenyJ- 
methane, the formula of which is II*.: 

0,H* 


H-C-€,Hs 

I 

C.H, 

Triphenylmethane thus b(*coines the prototyfiC 
of all the members of tl is group ; it is for this 
reason that the name of triphenyl methnne ntdour- 
ing maUera was chosen. 

Triphenylmethane was fir.st prepared })y 
KekulJ and Franchimont, in 1872, by lira ting 
benzylidene chloride with mercury dipheniih* to 
150® (Ber. 5, 907). Its f(^rmati<»n has since Injcn 
observed in numerous reactions. 7'hc bcj*! 
method for preparing it corisisf.s in tn-ating a 
mixture of two parts of chloirjform and seven 
parte of benzene with aluminium chloride, until 
no more hyt^gen chloride is given off. The 
resulting liquid is washed with uraicr and dried, 
(hi distillation it }icids benzene, diphenyl 
methane, and triphenvlmethane. The la-st may 
be purified by crystsllisatifui. Hiis method was 
indicated by Friedcl ami Crafts (Ann. Chirn 
Phys. [yl] 1 , 489). TriphtMiyimclhanc is obtainctl 
in oolourleas crj'stab; m.p. 92'; b.p. H58 - 
359®. It is capable of formint; a moh-cular 
compound^ with lienzene. (>f its d«*rivativcs 
the following three are important on account 
of their relations to the colouring matt<‘r6 under 
consideration. 

^ the tcrtiirv 

aloemoi derived from triphenylmethane ; 

CeH. 

% C.II* 

It jg ea^y obtained by oxidisfcg the hydro, 
carbon by means of chromic acid. It forms i 


colourless crystals, ,melting at 159® and boiling 
at 360® (B. and 0. Fischer, Annalen, 194, 271). 

In boiling glacial acetic acid it U readily 
reconverted to triphenylmethane either by 
hydriodic acid (Tsohitsombabl^ Ber. 1911, 44, 
441) or by trioxymothylene in presence of a 
small quantity of cone, sulphuric acid (Bands, 
Anal. IHs. Quim. 1913, 11, 699; J. C9iem« 
Soc. 1914, i. 279). For the use of formic acid 
for this purpose, see Guyot and Korache (Comp, 
rend. 1912, 154, 121, and 1913, 166, 1324). 

Trinltrotriphenylmetbane CnHjjNjO, is 
obtained by treating the hydrocarbon with 
strong nitric acid. Crystals, melting at 203®* 
Chromic acid transforms it into trinitrotri- 
phonylcarbinol (E. and 0. Fischer, ibid* 19(^ 
256). 

Trl-p-nltrotriphenylcarblnol CnHuNjO, : 

NO, 


0 


lID-l 


'-o 


\ 


NO, 

is best crystallised from glotual a<'etio acid and 
forms small m*stal8, melting at 171®-I72® and 
soluble in al{N«bolic pi^tash solution with a 
beau* iful red<Ush-hlut* colour. 

None of the ab(jve substanoi^s b a colour- 
ing matter, nor are they even coloured. But if 
we reduce trinit rot riplVnylcarbinol by adding 
zine-du.st to its solution in "acetic acid, we obtain 
triarainotriphenylcarbim*), which b identieal 
with pararosaniliiie. Hy showing thb identity, 
E. and 0. Kbcher soivwl the problem of toe 
constitution of thb very imfvortaot colouring 
matter. Ix'ucaniline, the reduction product oi 
rosaniline, w'as shrmn to b' identical with tri* 
aminotrifihenylm^'thftfif. Thbdiscovcjr became 
the start inu.|K)iiit h r w ry iinp(»rtant theoretical 
and praetieal work. All the coi^eners of 
rosaniline were shown to be derivatives of iri- 
phenylmethane nr analogous hydrocarbons, imd 
new synthetical methods were devbed by which 
such derivatirea could iw obtained. 

It is quite obvkms that not only iriphenyL 
methane, but alj(^> all its homolofti^ ana- 
logons hydr^Krarbons, are parent aubstanoes ml 
dye stuffs. The numbff of such bydfoearboib 
itiflicate^i by tlieory b very large, linoe every 
om- fif the tbrwt phenyl radicl^ csmiiected 
with the central carbon may be replaeed 
any other aromatic ladtcle. JRvegy one Of 
the hyflrocarl>ofMi thus formed b cftpaUe 
yielding, like triplmnylmeihatie Ilaplf, a veiy 
large uufnbf r of colouring inattem, as will be 
wH-n front mhmiqwai oonsidenirioiii. It ihm 
kcomcrt ovitbnt that the themiMi nwber 
of |Kis»ihle triphenylmetbane etdoittteittaliesiii 
almfHJt unlimiNsd. U has. however^ WWWl ifeWtt 
tfuit thc5 variation of the arnmwlls ladUes 
connected with the oenbat ewrlm It nol Ibe 
only point of importance as lega^ 
turn of the shades and properteet 



oolouring matters. 



dy 6 -atuf{s. Tli« tciplieny|methATie ooloitiing 
mal/terH in actual uia are Iba derivatives of a 
very fevr hydxooarbons^ of which triphenyl- 
methane itself is by far the most important. 
TolyldiphsD;sdxnethane» ditolylphenyliMthane, 


tritolvlmsthane, and naphthyldjphenylinethane 
are the ptinoipal puent substanoes of a large 
number of colouring matters, which at present 
form the object of reralar and extensive manu- 
facture, and ol several hundred more which have 
been prepared and patented without coming 
into general use. The extensive range of shade 
and general applicability, so characteristic of 
the emouring matters of this class, and unequalled 
by any other class of dye-stuffs known, is not so 
much a result of the variation of the hydro- 
carbons forming their parent substances, as of 
the extremely large number of coloured deriva- 
tives which may be produced from every one 
of these hydrocarbons. No other branch of the 
chemistry of dye-stuffs so extremely fertile 
in the synthetical methods at its disposal as 
this, and every one of these methods forms an 
easy way for the production of a considerable 
number of dyo-stuffs, which can generally bo 
produced by this one method alone. Many of 
these methods, both empirical and synthetical, 
have been patented, and some of these patents 
arc of great value and importance. They are 
generally * process ’ patents, claiming new 
methods of manufacture ; in this respect they 
form the exact counterpart of the still morb 
numerous * substance ’ patents for azo- colonr- 
iiig matters, which, being all based on the same 
method of work, only claim the novelty of the 
product obtained by varying the ingredients of 
the process. 

Before entering into the details of the consti- 
tution of triphenylmothane dye-stuffs, and the 
connection of this constitution with the proi^cr- 
ties of the dyes, we have to describe another 
substance cloa(dy related to triphenylmethane, 
some of the derivatives of which are dyo-stuffs 
similar to those derived from triphenylmethane 
itself, whilst others play an imiiortant part in 
the process for the production of triphonyl- 
metliano colouring matters. This substance is 
also hydrocarbon, derived from methane by 
replacing only two of its hydrogen atoms by the 
aromatic radicle phenyl. This hydrocarbon is 
diphenylmethane, or benzyl-benzene CuH,, : 

CjHj 


V(X1,| 

^inoke in 1873 (Annalen, 
_Io9, 374), and is best piepaied by the method 
ideated by IHedel and Balsohn(Bull. Socohim. 
[ii.] 33, 337), by adding aluminium chloride to 
a mixtuM of, 1 part benzyl ohloride with 6 parts 
** 26<’-27“, and boHs at 
261 --262 . It forms white crystals, possessing 
an agneable odour of oranges. Of its dedva- 
tiTw tM following are of practical importance t— 
IMlbMi]ftaaAbwI or beaiAydral C,,H„o is 
the ooifeiiponding alcohol: 

C,H, 

I 

, ■ I 


It is prepared by boiling benzophenone with 
dicoholio potash solution and sino-dust. It 
forms white crystals, melting at 67*5*^-^% boil 
ing at 297^-298*^ (Linnomann, Annalen, 133, 6 ; 
Zagumenny, ibid, 184, 174). 

Be&Bopne&Olie 0|,HioO is the second product 
of oxidation of diphenylmethane, to which it 
stands in the same relation as that which exists 
between propane and acetone. Benzophenone 
is the typical ketone of the aromatic series 



It is prepared by the process which led to 
its original discovery, by distilling calcium 
benzoate, or, better still, by distilling a mixture 
of calcium and zinc benzoate. Another process 
consists in adding aluminium chloride to a solu- 
tion of carbonyl chloride COCI 3 (phosgene) in 

E ure benzene, or to a mixture of benzene with 
enzoyl chloride. Benzophenone forms beauti- 
ful prismatic crystals, melting at 48®«48*6®, 
distilling at 30.5° (P^ligot, Annalen, 12 , 41 ; 
Chancel, ibid. 72, 279 ; Friedel, Crafts and Ador, 

Ber. 10 , 1854) (r. Quinones). 

The amino derivatives of diphenylmethane * 
diphenylcarbinol, and benzophenone, which are 
of special importance in the chemistry of the 
triphenylmethane dye-stuffs, will be described 
subsequently in connection with the dye-stuflb 
to which they give rise. 

The substances mentioned so far, althowh 
I the parent substances of so many beautiM 
dyes, are all perfectly colourless. Even tri- . 
aminotriphenylcarbinol, which is identical with * 
p-rosaniline, is perfectly colourless; it only 
becomes a dye-stuff by being di^lved in 
an acid, a reaction from which one might infer 
that p-fuchsin, the typical magenta colour, is 
merely a salt of p-rosaniline. HiU is, how- 
ever, not the case, although colour-mak^ are 
apt to call, for simplicity’s sake, the rosani- 
lines ‘magenta bases.’ In this oonnection a 
decision of the U. 8 .A. Customs Authoriries is 
of interest, in that they upheld the claim of 
an importer, that rosaniline, not being itself a 
dye, should be subject to duty (20 p.o. ad. val.) 
as *a coal-tar product not being a colour or 
dye,* and not to the duty (^ p.c. ad. val.) 
levied upon coal-tar colours or ^es (t7.S.A. 
Cust. decision, Oil Paint and Drug Bep. Nov. 3 , 
1913, e/. J. Soc. Cbom. Ind. 1913, 1060). 

The dis^lution of any or either of the amino* 
carbinols in an acid is invariably aeomnpaiikd 
by a condensation in the moleouie, and a loss 
of one molecule of water. The baric 
methane colouring matters are th^nim 
from oxygen (unless they contain it la the 
shape of water of ciystaflisatioa) ; if we de- 
compose the salts, by the addition 0 ! an alkrii, 
coloured bases are formed, wldch, however, 
are very unstabK They take uji at once, 
one molecule of water, and re-form tte arigiofrl 
colourless or faintfy-ooloured carbindl base. H; 
riic pr^pifaiion is carried out by means ol T ' 
ammonia instead of sodium hydroxide or eav- . 
bonaite, or if ammonia be pieeeat in tjto EanUL ^ 
the barblnd 4base ts partly or wh& 

^oimi into the coitespond^ amino oomqfw^ 





Ig4 TRlPHElJYLBIEm&NE 

as has been shown by Villiger and Kopct- 
schni» Ber. 45, 2910, and by Nfilting and Saas, 
ibid, 46, 952. By this obsemtion it is clearly 
ihown that something more than the presence of 
the * central carbon * is necessary for the forma- 
tion of a triphenylmethane colouring matter. 
We have, therefore, to consider the constitution 
of the colouring matters themselves to obtain a 
knowleto oftae chromophoric group of these 
dye-stu£. This consideration leads ar the 
same time to an easy and useful classification, 
to a subdivision into a series of small groups, 
the members of which show a closer connec* 
tion in their methods of formation, their 
physical properties, and their manner of 
application. 

The constitution of parafuchsin is now 
established beyond any doubt. It may be repre- 
sented by the following formuljB : 


NH, 

NHj 

C,H, 

1 

j 

-C-C,H4-NHj 

or C=C,H 4 =NH,C 1 

j 

C,H. 

1 

1 

!— lina 

NH. 

H 


I. 

II, 


which are practically identical, II. corresponding 
to the mcidera way of expressing * quinonoid * 
structure. This formulation will therefore be 
used exclusively in this article to explain the 
* constitution of the dyestuffs to which it refers, 
whilst formul® corresponding to I. have b<}en 
u^ in the first edition of this work. For 
alternative formulas more recently suggested by 
Kauffmann, see Ber, 1912, 45, 781. For con- 
sideration of the salts of triphenylmethane bases 
which are formed in strongly acid solutions, see 
Kehrmanu, Ber. 1918, 51, 468. The formula* 
chosen show also the typical constitution of 
all the congeners of magenta, every one of 
which may Be represented by similar formula*, 
in which either one or more of the phenyl radicles 
is replaced by other aromatic r^cles, or one 
of the amino group replaced by hydrogen, or 
one of the six available hydrogen atoms of the 
amino groups replaced by radicles of the fatty 
or aromatic series, or several of these changes 
introduced at the same time. It will at once 
be obvious that several thousand different com- 
lotions may thus bo produced, all colouring 
matters of different shades, but showing in their 
pimperties a general resemblance to prafuebsin. 
The constitutional forniul® of all these colour- 
ing mjlters have but one thing in common 
besides the * central carbon * (which i.s, as has 
been said, characteristic not only of these, but 
also of all the other triphenylmethane colouring 
mattcfs) ; this one essential feature is the quino- 
noid nature of the substance, expressed in the 
itenotural formula either by the connection 
between the central carbon atom aqd the penta- 
vaknt nitiogen (as shown in formula 1.), or, as 
it haa become cuetomaiy of late, by shifting the 
do«He iljdmlte in the benzene hexagon and 
eonnteting ft iMs<M>rdiiii|^y with the other parts 
, of the mmeeule, aa shown in formula II. We 
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have, thmfoie, a right to claim this 

invariably present quinonoid configuration aa 
the essential feature of the whom molecule, 
and as the cause of its being a oolouriag matter. 

It forms 0 part of the chromophoric group of the 
fuchsin family. 

It is, however, important to notiee that, no 
matter how we write the structural formula of 
p-fuchsin or any of its congeners, whether we 
use the older or the more modem way of express* 
ing the quinonoid nature of the Bubstanoe, one 
of the amino groups present is always taking 
part in the quinonoid chromopborio ^up and 
therefore is no longer available as an auxochiomio 
group. To supply this, at lea^ one more amino- 
group must be present, and this is the reapu why 
only di- or poly-amino derivatives of tnphenyl- j» 
methane can become motber-substanoos of dye- j' 
stuffs belonging to this group. On the other V. 

hand, both the amino groups of auxochiomio V 

nature, as well as the one entering into the 
chromophoric part of the molecule, may be , 
replaced by other ifuitable groups. The by- 
droxyl group with its tendency to form salts 
by combining with metallic ions is as important 
an auxochromic group in the series of triphenyl- 
methane dye-stufis as in any other. And the 
quinonoid imino group contained in the chromo- 
phore, may, as in other dye-stuffs, be replaced 
by an oxygen atom acting in similar capacity. 

Thus we obtain two separate groups of dye- 
stuffs, the first of which, generally called the 
fnchein grmp, characterised by the presence of 
nitrogen and the biw»ic nature of its members ; 
the second, called the aurin groups by the absence 
of nitrogen and the pljenolic character of th«j 
dyestuffs it embraces. In addition to these two 
groups, a third one, the pfUhakin group, has been 
established by the common consent of all authors 
on the subject. This group contains a large 
numl)er of important dye-stuffs of both basic aM 
acid nature, which have this in common, (hat 
they are all d(Tived from pht Italic acid and take 
their ‘ central carlnm ’ from one of the carboxyl 
groups of this acid, whilst the other, remainiM 
available, enters the molecule of the dye-stnn 
and tbuB^rcuders the latter a true organic acid, 
which is not necessarily the case amongst the 
members of the fuchsin and aurin group. More- 
over almost all the phthalein dye-stuffi of any 
practical importance contain, in addition to the 
typical ebromophor of the triphenylmetliiiie 
colouring matters, an additional one in the ibl^ 
of the ‘ pyrone * ring, formed by the diminati^ 
of water from certain suitably plaocd hydioa^l 
groups of the molecule. This nyrone ring will be 
easily recognised in the formuJ» of the membetf 
of the phthalein group to be given 8ttbMM|ttently« 

The fact that only those phihaleins, wbimi 
contain this ^Tyrone ring, are colouring matteii 
of any practical value, greatly dimitusliea the 
number of possibilities for the synthask of 
such dye-stuiu, which might be made to form 
a class of their own, if it had not become 
customary to treat them as a special diviskm 
of the triphenylmethane group of ooloot^* 
matters. 

Weiuminooeedto&hreaitoUMM^ . 
Uww thne groiqp. uhI thellr Ttdow aunlMn, 
of vMch, Itowwer, m (haUwimiente oith , 
an, dthersdootiSoa^ orpaeti^ 
portant, for a oompiata Uit «« vdu Stt 

, ' “‘.ft'’*:,, ' 




read 

and 

Ind( 


The 


1 




miFBranrDfs^^ coloubino MAtrsBs* m 

reader to the wett^oumn ^tdblee of Sohelte pheaylmethaoe by the action of benaaldehyde 
and Jnliiifl,^ or the more recent «0oloiir on dhzietfaylaniline : 

Index.’* » 0,H^‘OHO+20JB,-N(C!Hg), 

I Th* Fuohsw Oboop. 

(A) Dimwnibb^^ derkcAkts,^ ^•H4'N(CH8)t 

The amplest type A th^ oolonring matten is The base obtained in this reaction is generally 
1, Bmalw^e violet Oi|Hi,N|Gl or called * green lenco base ’ by the manufactnrers. 

For prmaring it one molecule o! ben 2 saldehyde 
j * is mixed with very little more than two molecules 

1 of absolutely pure dimethylaniline, a substanoe 

f \ capable of absorbing the water formed in the re* 

I J action being added. Dry zinc chloride was origi- 

\/ nally employed, and is still used by many manu- 

I y— V facturers. In quantity it should be equal in 

0“ ^ y weight to the aldehyde employed. Hydrochbric, 

^ II ^ sulphuric, or anhydrous oxalic acid, or acid 

O somum sulphate may be used instead of the zinc 
salt. The mixture is heated in a jacketed still to 
lOOMlO® for about forty-five to forty-eight 
II hours. The product is then transferred to a 

I^H.Cl vtill, a sufficient quantity of caustic soda is added 

to make the mixture all^ine to test-paper, and a 
which may bo pre|>ared from diaminotriphenyl- current of steam is blown through the liquid in 
methane by oxidation. The yields arc, however, order to remove every trace of dimeth^daniline 
very poor, and the colour itself is of no great and benzaldehyde. The leuco base is not 

value* Its manufacture has, therefore, never volatile ; it remains in the still in the shape of a 

been taken up. viscid mass, which solidifies into white crystals 

The derivatives of this substance, however, after a while. This base is now subjected to the 
in which the hydrogen of its two amino groups second operation. 

is replaced by various radicles of cither the fatty (h) Oxidation into green. It is here that great 
or aromatic series, are of great value and iffiport- difficulties were encountered in the beginning of 


I 

0 

K> 
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which may bo prepared from diaminotriphenyl- 


ced by various radicles of cither the fatty (6) Oxidation into green. It is here that great 
latio series, are of great value and iffiport- difficulties were encountered in the beginning of 
Of these, the oldest, best known, and the manufacture. Special coni^tions are re* 


simplest in its constitution, is 

2. Benzaldehyde green. 


quired to obtain a good crystallisable dye* 
MahxkUt stuff. If these are not strictly adhered to, a 


preen, JVeio preen, Victoria green, Fast gtreen, non-crystallisable green is the result. The 

Diamond pree?i, Bensoyl green, Bernal green,) latter is different from the crystallisable > sub* 

, stance in composition, containing one methyl 

* 


group less, which is lost in the shape of form* 

6 aldehyde by a too powerful action of the oxidis- 

ing agents. The following conditions give 
excellent results : 33 kilos of leuco base are dis- 
solved in 25 kilos of ordinary hydrochlorio acid, 

I y— V and dilutcKi with 200 litres of water ; 30 kilos of 

CiiHgiN jjd or 0—^ \ ordinary acetic add of 45-50 p.c. are then added. 

li , It is necessary that these two acids should be 

0 present ; neither of them can be replaced b^ 

another acid of equal strength. The solution is 
then oxidised in the cold (in the summer it is 
K advisable to add some ioe) with of 

N(CH.).Ci 1®®^ peroxide of known stimj^h* The per- 

oxide should be tested by the oxmio acid metnod 
This product was discovered almost simul- (determination of the COf evolved from an ox* 
taneouslv by Otto Fischer (1877 ; Ber. 10, 1626) cess of oxalic acid by the peroxide in question), 

and 0. Ddbner (1878 ; ibid. 11, 1236), who pre- and not by the iodometric method, as the 

pared it by different methods. For some time latter gives too high results. Every kiiid of 
It was believed that Dobner’s product was lead peroxide contains a certain amount of 
different from Fischer’s until ^leir identity was crystalline peroxide, which neither acts on the 
final^ established. Ddbner^s process was leuco base, and is therefore quite ixtelevant in 
patented (D. R. P. 4322). Fischer’s process its oxidation into green, nor on oxalic acid, 
found, however, more favour with the majority whilst the iodometric method gives values 
w and has mostly been adopted, for both modifications indiscriminately. For 

Msemer’s process ^ve bad yields and a poor oxidising the leuco base the exact quantity 
produ^ at nrit, until the best method for its of peroxide should be taken, which is indicateo 
m ym^ tme was worked out. It oonsists in the by the following equation ; 


or 

6 


N(CH.)*Ci 


Otto Fischer (1877 ; Ber. 10, 1625) oess of oxalic acid by the peroxide in question), 
er(l878; ibid. 11, 1236), who pre- and not by the iodometric method, as the 


I Ikides.’* mdiltatad li* tk. ImMs 


\3,H4-II(CH,), N3,H, •»{(»,), 

Om moleoide of Mtive peroxvte is, iiisnION, 


_ f^ajoBf wdiBiw hf %HT «y trf »qai»ed for motemik of ths bsss. 
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m TRIPHENYtMETHANE 

'With constaiit stirring, the liquid turns a deep 
green. From this liquid the dye-stuff may hie 
separated by various methods ; an addition of 
rino chloride solution is generally recommended. 
This, however, prefeipitates both the crystal- 
line green and the tarry modification which is 
never quite absent. The following process has 
given excellent results in the hands of the writer. 

The green liquid obtained by oxidation is 
saturated with common salt. On standing small 
glittering scales of the lead double chloride of the 
ciystallisablo green very soon make their appear- 
ance, and are collected on a filter. From the 
mother-liquor an inferior quality of green may 
be obtains by adding a solution of sodium sul- 
phate, filtering, and precipitating with zinc 
chloride and common salt. The crystals of the 
lead double chloride are dissolved in hot water, 
and BufiScient sodium sulphate is added to pre- 
cipitate the lead. The liquid is then filtered and 
precipitated with ammonia. The ‘ green base ’ (a 
inix^ure of tetramethyl-diaminotrij)henyl'Car- 
binol with the corresponding amino derivative 

HN 

— v;; 

discovered by \'illiger and Kojxjtschni) settles 
out in the shape of a pink precipitate, which is 
filtered off and washed. From it the ‘green 
crystals ’ of commerce may Ik? preparc'd, either 
by dissolving it in a hot solution of oxalic acid 
and allowing the liquid t(» cool very slowly, or 
by dissolving it in dilute hydrochloric aci<l and 
adding a solution of zinc chloride. Ik^sides 
these two the iron double salt is also occasionally 
met with in commerce. The picrate is also sold 
under the name of ‘ spirit green.’ 

Dohner's procM^,— This consists in heating 
dimethylaniline with benzotrichloride in pn- 
sence of metallic chlorides. This jtrocess has 
certain advantages if benzotrichloride i.s avail- 
able at a low price. It may be represented by 
the following equation : 

C,H5-Ca,+2C,H5N(CH,)j 

/C.n.wihh 

-2HC14 < CJlj 

The following pro[)ortions arc reconmieiidcd 
in the patent ; 

3 parts dimethylaniline, 

2 „ benzotrichloride, 

1 *5 „ zinc chloride. 

These are to be heated for three hours to 1 10^ in 
au enamdled iron vessel with constant stirring. 
The resulting melt is transferre^d to a still, and 
steam is blown through it to remove all excess 
of trichloride. It is then thoroughly extracted 
by boiling water. The filtrate is now precipitated 
by salt, and the precipitate recrystallistri from 
water. The dye-stuff is always obtained in the 
rita^of the zinc double chloride. 

The oxalate of benzaldehydc green forms large 
platee of an intense grass-gn^en colour, which 
dissolve easily in hot water, it contains threr 
moJeeules of oxalieacid toevery two of grwn base. 

The rine double ebJoride, wffieji has the 
comporitum 3(€jj^j,KjCl),2Zn(%,2HjO, h.mis 
peen cii|gdida with a fine yellow metallic lustre. 
It is noT quite so easily soluble as the oxalate. 

The aj^lkation of these salts Is similar to 


COLOURING MATTERa 

that of all the basiq dye-8tuffs> and need not here 
be described. 

3. Brilliant green, (Syn. Ethyl green, 
Emerald green ; ^so all the other names given 
for the preceding compound, with the addition 
of the letters G, J, or Y (meaning gelb, jame, or 
yellow). 


C,,H34N,04.S: 




N(C,H.),-SO,H 

is prepared from dicthylaniline by exactly the 
same process as (lc.«eribed for benzaldehyde 
green. After preeijntating the frw* gn*en base, 
it is transfoniiwl into its sulj»hate by mixing it 
with the theoretical quantity of sulphuric acid 
diluted with its own weight of alcohol. The 
mixture forms a thick tar at first, but suddenly 
solidifies into a mass of well-defined crjTStals, 

The shatk^ of this grwai is considerably 
yell<*wer than that of tlu' ortJinary lamzaldehydo 
grc(‘n. 

4. Victoria green .‘l B. Tliis is 

a 4 r»)onring iiiatlcr prepared frrun dichlorobenz- 
aldchylc in.'itcad of the ordinsiy l^cnzaide- 
liyde. It Is consj<lerabIy bluer in shade than the 
•rrdinaiy lH*nzaliiehy<le grtMm. A large number 
of similariy couMitutNl bluish-greens and 
gre<*ni:^h lilues is manufactured and sold, esijeci- 
ally by the Sw iK-' e<dour-wr»rks. 

"Acid greens. ^on^i(Jt‘rable imiK^rtance has 
always been utlaehed by dyers t<i the stilplio 
dcrivati\<s <jf ba>H’ eejouring iimttera, Wcatme 
tbe.-;e .arc more ca.<%ily and evenly dyed on wool 
than the hydnKhb^rides and other salts of the 
ba.sc8 thein«’lveK Many aitempls have, ihere- 
fore, teen made to obtain acid greens. They 
were at first only j^arlly successful; ai prtweat 
there arc, however, m vcral acid greens in com* 
mcrce, ranging in shade front a yeUowiih-gretm 
to a clear gr«*f*iiisb imligo blue. They are veiy 
largely used in w(x>l «lycing, esi})eciaJiy lor ntixm 
shades. 

llie oblcKt of thwe acki greens, which ap* 
jjcarffl in the market in 1H7H, was called 

n. Helvetia green or AeM green C. li was 
the sodium salt (d the mono-sulpho derivative of 
the ordinary lienzaidehyde green, niepared either 
by suiphonaiing-'lhe grwm itself by means of 
chloroi^Hlphonic acid, or by sulphonating telna* 
miMbyldiaminotriphcnylmcthane and oxidlirng 
the n>.Huitti)g colourless acid by means ol kaa 
proxkle. Neither of these two methods works 
satisfwtorily. For this reason the product 
has griuiually Imn abandoned, and xefdacied 
by the Ijenzyl dirilvairves, which are more 
easily pFc|)ared, and at the mm time mwM 
more brilliant in shadow 

fi. BeniylaeldgrMi. InthevarioiisatlamM 
to prepare arid grtm It was loond th«t m 
phenyl groups, combined wHh ilmeanliileislKm* 
show little iendmiey to permit 4 tb» InSodim* 
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tion of the sitlpho group. •Thin roluotance is* 
indeed* quite ofaaract^nsiie of all triphenyl- 
^ methane derivatives. It is the cause of the 
difficulties experienced in |sreparing sulphonated 
derivatives of these dye-stuffs. It was, there- 
fore, a happy thought to introduce into the 
molecule of the green an independent radicle* 
capable of receiving the sulpho group Without 
influencing more than necessaiy the shade and 
other properties of the green. Such a radicle 
was found in the benzyl group. If we introduce 
this, instead of methyl and ethyl, into the amino 
groups of the green, it acts in the manner of a 
radicle of the fatty scries, influencing the shade 
of the green very little. The C«H| group, 
however, brought into the molecule as a con- 
stituent of the benzyl radicle, is capable of being 
sulphonated with the greatest facility. Various 
dye-stuffs have been prepared according to this 
principle. Of these Guinea green B is the sim- 
plest. It is the disulpho derivative of dicthyl- 
dibenzyldiaminotriphenyl-carbinol 

Ca7Ha«N,0,S2Na,or 


obtained by combining benzaldehydo with two 
nioleoules of ethyl bcnzylaui line eulphonic acid, 
and oxidising the leuco compound thus obtained. 
This product was discovered bv 0. Schultz and 
Streng, in 1883, and patented (1). R. P. 50782, 
1889 ; Eng. Pat, 7550, I8S9). It is an excellent 
and very useful dye-stuff. Guinea green B F, 
which dyes a more yellowish shade, is obtained 
in the same manner, using m-nitrol^nzaldehyde 
instead of the ordinary bcnzaldehyde, whilst if 
o-chlorobenzaldchyde is used the resulting dye 
is Benzyl green B,' 

The various shades of light green or acid 
grm> sold by the majority of rnamifacturers are 
prepar^jd somewhat differently. Bcnzaldehyde 
is combined with two molecules of benzyl- 
methyl- or benzyl-ethylaniline. The base thus 
obtained is treated with sul]ihuric acid, when 
thr^ sdpho groups outer the molecule, one of 
which is linked to the phenyl radicle contain- 
ing no amino group, whilst the two others aro 
combined with the benzyl radicles. The result- 
ing trisulpho derivatives are oxidised in the 
usual manner, yielding the dye-stuffs in the 
shape of a very soluble green powder. 

7. A carious product, belonging to the class 
of acid greens, was described by R. Meldola, 
under the name of Viridin (Chem. Soc. Trans. 
1882, 187 ; Ber. 14, 1385). It was prepared by 
oxidising benzyl-diphenylamine, and sulphonat- 
ing the resulting green, dissolved in spirit. -This 
or a substance very similar to it, had 
aiwadv been prepared by Ch. Girard (Wurtz, 
Pw^ de rind, dcs Mat. col. ; Paris, 1876 ; 

^ 8. ^tatibliu, Patent blue, a product of the 
Fanmrkfi vorm. Meister, Lucius and Pruning, 
in H6ohst^m*Main. This is a dye-stuff clos^ 
wliea to the acid greens. It was ^scover^ by 

Farbworke 

(D. A P, 4^^, 1888* and many additionai 
ase ^ Pritasch, Ber. 1896, 29, 2291, 
Anniaeii, 1897, 294, 376), It is 
pi^pbfed bf a somewhat oompUcated method. 


m-Nitrohenzald^yde is combined with two 
molecules of dimethylaniline. resulting 
base is reduced, the amino derivative diazo- 
tised, and, by bdling with water, transformed 
into m - hy^x^tramethyldiammotriphenyl- 
methane. This is sulphonated hy treatment 
with sulphuric acid. The resulting sulpho 
derivative is oxidised and transformed into a 
calcium salt, which is delivered into the market. 
The constitution of the dye-stuff is represented 
by the following formula : 

N(CH3), 


0 /OH 

(L<//so,-iCa 

6f 


/ 

N(CH3)3 

This dye-stuff dyes wool and silk a beautiful 
greenish-blue of great brilliancy and clearness. 
Several other dye-stuffs of very similar composi- 
tion are on the market. 

(B) Derivatives of ti^minotriphenylmetkane, 
—This group contains some of the oldest ar^^ 
dye-stuffs, which were prepred by strictly 
empirical methods. When the constitution of 
the triphenylmethane group was estabRshed, 
^Ihetieal methods for producing d 3 re-stuff 8 of 
this group were gradually introduce. At the 
present time the old empirical processes hold 
their own for the production of the old colouring 
matters, whilst the synthetical methods, which 
are mostly patentt?d, are used for preparing new 
dye stuffs of grt*at beauty and perfection. 

The prototype of this group is — 

1. Parafuchsin, ParamagerUat the anhydro- 
chloride of triamiDotriphenylcarbinolCnHi^,Cl 
the constitution of which is : 


-o= 


• 

I It always crystaUises with four moleonba of 
water or crystallisation, which should be added 
to the above formula. 

This is the dye-stuff which was used by 
0. and E. Fischer for the eluoidatio!i of tim 
chemistry of this class of substances (0. and B, 
Fischer, Annalen, 1878. 194, 242; Ber. ll, 
1079; 13,2204). Itisoneof Uieold^artifirial , 
^•stuffs j was discovered in 1868 by A. W, 
Hofmann (J. 1858, 351); and lu-dimvmd 
by Eosenstiehl in 1869 (Bull. Soo. Ind« Mul* 
house, 36, 264)^ For a long time# it was 
considered a Abstance of merely theoretioali 
interest, because its shade is alimt IdiRtMl 
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with that of ordinary fuchsia or magenta (see 
under 2), which is much more easily prepa^. 
At present, however, it is manufacti^ on a 
large scale, not as a dye-stuff for sale, but as a 
raw mate^l for certain blues, which will be 
mentioned later on. 

A large number of reactions have been ob- 
served and described which result in the forma- 
tion of pararosaniline. Of these the following 
may be mentioned : 

{aj Pure aniline heated with carbon tetra- 
chbride yields parafuchsin. This method was 
used on a manufacturing scale by Monnet and 
Dury in Lyons. 

(6) Pure aniline, heated with iodoform, gives 
a fair yield of pai^chsin hydriodide. 

(c) Pure aniline, heated with p-nitrobenzyl 
chloride in the presence of iron filings or iron 
salts gives a good yield of parafuchsin. This 
method, or modifications of it, form the sub- 
stance of Greiff’s and Baum’s patents (D. R. PP. 
15120 and 19304 Grieff, and 14929 Baum). 

(d) Pure aurin (rosolic acid), which will be 
described subsequently, yields parafuchsin if 
strong ammonia be allowed to act on it for a 
long time at a high temperature. 

(c) It has been shown (v, introduction) that 
the i^uction-product of parafuchsin is para- 
leuco-aniline, and that the latter is identical 
with triaminotriphenylmethane. The latter 
may easily be prepared from triphenylmethane 
by nitration and reduction, and by various other 
methods. Attempts have not been wanting to 
work out a method for the production (jf para- 
fuchsin from synthetical leucaniline. No good 
method, however, has hitherto been discovered 
for this purpose, and all the patents based on 
this reaction have proved failures. It is very 
easy to produce a trace of fuchsin in a solution 
of leucaniline ; but no method is knovTi for 
finishing the reaction. 

(/) Mixtures of pure aniline with pure p- 
toinidme yield parafuchsin if subjected to oxi- 
dation. This is the usual practical way for the 
production of parafuchsin. The oxidation may 
be effected either by arsenic acid or by nitro- 
benzene. Other oxidising agents — such as 
mercuric chloride, stannic chloride, &c.—pro- 
duoe the same result, but at a higher cost. The 
arsenic acid process (which will bo described 
later on) was for some time almost exclusively 
used for the production of parafuchsin. The 
chemical reaction which takes place is very 
simple. Arsenic acid is reduced to arsenious 
acicL The oxygen which is thus obtained com- 
bines with hydrogen of the aromatic bases : 

2C,H,NH,-bC,H4(CH3)NH,.f30 

-2H,0-fC,3H„N,0H 

Trlamiiiotri- 
pbeuyl carblDol 

Tlw methyl group of p-lo!uidine is used up 
for yielding the central carbon around whicn 
riie other radicles are grouped. 

(g) Uiaminodiphcwylurethane, mixed with 
aniline and heated with oxidising agents, yields 
parafuchsin. This synthesis forms the ^sis of 
a more modem manufacturing piWss. 

It has already been said that parafuchsin 
has M#dvaiitage8 over ordinary magenta red 
for 4yeit^ purposes. It is, th<#tefore, raiely to 
be met With as a dye-stuff in the market Asa 


rule the melts are worked up in the same manner 
as ordinaiy magenta melts, but the resulting 
crystals of the pure hydrochloride are redis* ^ 
solv^ and precipitated in the shape of pa^ 
xosaniline bam by the addition of soda or milk 
of lime. The base is then used for the produc- 
tion blues. 

Parafuchsin hydrochloride forms small 
glistening crystals having a metallic green 
lustre. As a rule, they are very small, much 
smaller than the crystals of ordinary magneta. 
Parafuchsin acetate is similar in app^ranoe and 
crystallises much more easily than the ordinaiy 
magenta acetate. 

Pararosaniline is important becau^ it is the 
parent substance of all the various violets, and 
of some of the blues, which wdll bo described 
subsequently. 

2. Ordinary fuchsin, magenta red, roeeln 

(ndfesine, harmaltne, aniline redt ozoletn, sol- 
ferino, erythrdbenzine) C^oH^oNjCl, is an article 
of great importance and of very general applica- 
tion. The latter is duo to the fact that it was 
one of the first artificial dye-stuffs, although not 
one of the best. A great demand for it has 
gradually been established, which forces the 
manufacturers to carry on its production on a 
large scale, even now', when much better dye- 
stuffs may be prepared by other methods. 

CSiemically, this colouring matter may be 
defined as the higher homologue of jjarafuchsin, 
in which one of the phenyl groups has been 
replaced by a tolyl group ; 


C-<^^=NH,a 


NH, 

Ordinary iuchslo 

The product of commerce, thoi^h chiefiy 
complied of this substance, invariably con- 
tains an admixture of parafuchsin as well 
as of the higher homologues (CiiH^iNgCl and 
CijHiiNyCl. Like j>arafuobsin, it contains four 
molecules of water of crystallisation* 

Fuchsin is invariably prepared hy oxidising 
a mixture of aniline with p-toluidine and 
o-toluidine. This mixture is generally knowm 
as *wniline for red,* and was originaUy pnh 
duoed by the nitration and subsequent sanc- 
tion of a certain fraction of crude benzene, whidi 
consisted of benzene and toluene. Sometimes 
it even contmned some xylene; in this case 
xylidine entered into the composition of * aniline 
for red.* At present most of the ^anUine for 
red * is a mixture of pure aniline with crude 
toluidine. By the latter we mean the mixture 
of 0 - and p-toluidine which is oUained by 
the nitration and subsequent reduetiem of pure 
toluene. Cknde toluidiiie consisie as a rule of 
55p.c. o*toluiditm and 46 ]&e. Hie 

qmmtity of ntdlloe added to crude tolnidliie 
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in order to prodoee flie * imiline oil for red * 
wies aooon&g to recipeeff various manu- 
facturoES. As a rule, half of the weight of the 
toluidiue is added* A oertaid boIling>pomt 
(for instance, 188*’^200’’) and a certain smcific 
gravity (for instance 1*010) are prescribed, and 
shoidd be strictly adhered to by the aniline oil 
znanuJ^turer. In some oases an addition of 
xylidine is necessary in order to produce a pro- 
duct of the desired boiling-point and density. 
Theoretically, an oil containing equal molecules 
of the three bases would be lequi^ ; but for 
practical work an excess of aniline and o- 
toluidine is used, because a part of these two 
compounds escapes the reaction, whilst the p- 
toluidine is entirely used up. 

Of all the methods which in the course of 
time have been proposed for oxidising this 
mixtuie, only two have survived, one of which is 
also rapidly disappearing. They are known 
under t^ names of the arsenic acta meU and the 
nitreibemcne process. From a practical point of 
view they are of equal value, but the arsenic add 
melt is being abandoned on account of the 
poisonous nature of the arsenic compounds 
required. 

Magenta was originally prepared by Natan- 
son, in 1856, by heating aniline with ethylene 
chloride. In 1858 Hofmann observed its forma- 
tion when allowing carbon tetrachloride to act 
on aniline. In 1859 Verguin prepared it by the 
action of stannic chloride on aniline. Vercuiii’s 
employers, the dyers Renard Frferes and Franc, 


The true base of fnehsin is 
NH, 

X yCB. 


c=0=^<ok 


in Lyons, took up its manufacture on a large 
scale, and invented the name fwhsin. Later | 
on a company was formed, under the name of j 
* La Fuchsin,* for working Verguin^s patent. 
Qerber-Keller invented a process for oxidising 
aniline by means of mercuric nitrate. The dye- 
stuff thus obtained was believed to be different 
from fuchsin, and received the name azakin. 
In 1860 Medlock invented the arsenic acid 
process, which for a long time was considered 
the only practical method of manufacturing 
magenta. His patent was invalidated owing to 
a cjOTical error contained in the description. In 
1869 Coupler described his process for producing 
fuchsin oy the nitrobenzene proc&s. This 
method, which did not give good results at first, 
was gr^ually worked out by various manu- 
facturers, and is now equivalent, if not superior, 
to the hdBi forms of the arsenic acid process. 

Various salts of rosanilino were formerly in 
commerce. The original fuchsin was the 
hydrochloride, azalein was the nitrate ; whilst 
magenta and rosein were the names applied to 
the acetate, produced by Nicholson, the first to 
manufacture this colouring matter in a prac- 
tical and rational manner. Gradually the 
nitrate and acetate disappeared from the 
market, At present the hydrochloride is the 
only salt produced, to wmeh, therefore, the 
orij^al name of fuchsin shodd be applied, 
English manufacturers still use the names 
magenta and rosein for the hydrochloride. A 
large quantity of the fuchsin manufactured is 
transformed into roeaniline, which is delivered 
Into the market either under this name or as 
*magenta base,* ‘red base,* or ‘rosein base,* 
These names are not quite correct, because 
roaat^e may not stdotfy be consider as the 
true base of Ihe h 3 dtOoUoride of fuchsin. 


which, in the moment of its formation, under- 
goes a molecular transformation into 

c*h.<ch.‘ - 

H0--C--C,H4--NH, 

Rosaniltne 

(Triaminodlphenyltolylcarblnol) 

Manufacture of Fuchsin, 

1 . Arsenic add process . — ^The properties of 
the ‘ aniline oil for red * have airewy been dis- 
cussed. The mixture of bases known under this 
name is transformed into the dye-stuff by heat- 
ing it with arsenic acid. Tho latter is prepared 
by oxidising arsenious acid (white arsenic) by 
means of nitric acid in closed earthenware jota. 
The escaping nitrous fumes are condensed in a 
tower, in which they meet an opposing current of 
water and air. The nitric acid is thus regener- 
ated, and may be used again. Practically, there- 
fore, the formation of the arsenic acid is acoom- 
I plished by the oxygen of the air. The arsenic 
I acid solution obtained has a sp.gr. of 1*85-2*3, 
and contains from 66-75 p.c. of orsenio acid 
H 4 A 8 O 4 . 1,500-1,700 kilos of this solution are 
required in order to oxidise 1,000 kilos of 
‘aniline oil for red.‘ These quantities of the 
reagents are introduced into enamelled cast- 
iron pots, closed by lids ; a mechanical stirrer 
and a tube for Uie escape of the vapours should 
be' provided. The mixtuie is then gradually 
heated to 180^ This temperature ilioaki be 
strictly maintained during the whole operation. 
If the temperature rise above 190^ the dye-stuff 
already formed is decomposed. FVom dight to 
ten hours are required in order to complete the 
reaction. Luring the whole time vapoun 
escape, which should be condensed in a leaden 
coil connected with the escape tube, and cooled 
by a current of water. At first distillate 
consists chiefiy of the water introduoed with the 
arsenic acid. Later on, the water formed in the 
reaction distils ; at the same time some aniline 
oil goes over. The total quantity of the aniline 
escaping the leaction is one-thir^ or even one- 
half, of the quantity originally us^ The m^t, 
which is ve^ thin at first, gradually becomes 
viscid ; at the same time it assuiims a brown, 
metailio lustre. Samples should be taken tnm 
time to tin^. When the tnelt becomes brittle 
on cooling, the reaction is fipoished, and the fire 
should be drawn. The melt is then at once re- 
moved from the pot. In some fadloriee an 
opening is pfbvi(M lor this puipose ia the 
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lowest part of the pot, which is closed by a lid 
and screw whiist^the heating lasts. As a rule, 
however, it is prderred to remove the cover of 
the pot, and to ladle out the melt. The latter is 
sprm on trays made of sheet iron. On cooling, 
it solidifies into cakes, which are very brittle, 
and break up into smalllumps on being handled 
The crude melt contains the colouring matter 
in the shape of arsenite, together with an excess 
of arsenious and arsenic acids, some coloured 
by-products (v, infra), and a large quantity 
of tarry impurities. In order to obtain the pure 
dye-stuff, the crude melt is introduced into 
horizontal wrought-iron boilers, in which an 
eccentric horizontal stirrer is made to rotate. 
Water is added, the lid of the boiler is closed, 
and steam is introduced at a pressure of from 
four to five atmospheres. After several hours’ 
vigorous stirring, the greater jmrt of the rosani- 
line arsenite has been dissolved by the water. 
The liquid is then forced through felt Into iron 
tanks, where it is allowed to cool down to 50^ 
A suflicient quantity of salt is then added to 
peoipitate the whole of the colouring matter. 
By the addition of the salt a mutual deeomjK)si- 
tion takes place. Sodium arsenite is formed, and 
remains in the liquid, whilst tlie colouring 
matter is precipitated in the shai>e of chloride. 
It settles o\it as a thick green tar of metallic 
lustre, which solidities into a brittle substance 
on cooling. The su|H*niatant aqueous liquid is 
then draw'll off, the crude fuchsia is chipped out, 
and introduced into another extractor, similar 
to the one used for treating the melt. A very 
small quantity of soda ash or chalk (about .} p.c, 
of the weight of the crude dye-stuff) is arlded, 
and a second extraction takes place. I’he liquid 
is again forecd through felt into large wooden 
vats, in which some wooden boards are sus- 
pended. When the vats are filled, a small 
quantity of hydroclvloric acid and clean butler- 
^t is added to each vat. In these vats the 
dye-stuff separates out, in the siiapcj of tine 
glistening green eiy'stals. The largest crystals 
are generally deposited near the surface of the 
liquid. When the crystallisation is finished, the 
mother-liquor is drawn off, and the crystals are 
collected and sorted according to tiicir shape and 
aize. The largest cr^'stals are soj<l under the 
name of * diamond fuchsin.’ 

Bw-produd^.—The residues of the first boiling 
may oe subjected to a second extraction ; as a 
rule, some hydrochloric acid is added in this 
case. A deeply-coloureil solution is thus ob- 
tained, from wmch an impture culounng matter 
may precipitated by the additioji of salt. 
This colouring matter is sold under various 
names {tnagenia cake, cerhe, grenadine, rnarocm), 
and finds a rea<ly marked.. It dyes a magenta 
coloip, which is less brilliant than the shade 
obtained with the ciystals. A third Ijoiliiig is 
sometimes necessary. The colouring malU^r ob- 
tained from this is very impure. It is, therefore, 
dhisolved in weak hydrf>chloric acid, and some 
zinc -dust is added, wrhich reduces the magenta 
contained in the liquid. On precipitating with 
salt, a oolmifing matter of a brown shmh.^ is 


opined, which is sold as * Nangking,’ or ‘ leailier 
town.* black insoluble residue of the thiwl 
1^11 contains some dark-blue cfilouring 
matters^! the induline series, i^ich arc, how- 
not worth the trouble of extracting. 


The moth6^1iqttors from the crystals contaiti 
a yellow oolouri^miatter of great fastness and 
purity. This substance, known under the name 
of phoiMm, belongs to another ^up (ff dye- 
sinfR, bein^ a salt of diaminopSenyliacridine. 
For extracting it from these motto-liquors, the 
latter should be acidified with hyorooblorio 
acid, and some zinc-dust added until all the 
fuchsin present in the liquid is reduced. The 
phosphine, which is not so easily reduced by. 
zinc-dust, may then be precipitated by the 
addition of sodium nitrate. The amount of 
phosphine formed varies according to the com- 
position of the aniline oil and the temperature of 
the melt. It is never considerable, and very 
often the quantity present is so small that it is 
not w'orth while to separate it {v. Chbysamline, 
vol. ii. 246), 

Jiecovery of the armiious acid. — Formerly 
the residues of the manufacture of magenta were 
left in the factory yards or thrown into the sea. 
At present this is nut all<»wed, and the manufac- 
turers are invariably for(‘ed to recover their 
arsenious acid, so as to prevent the poisoning 
of wells ami stream.s. The recovery, as it is 
now carried out, is so economical that the value 
of tht‘ arsenious acid obtained covers the cost of 
working the process. The j)n>cesR, which was 
worked out by A. L<‘<)iihardt, consist^} in burning 
the solid residues and using the heat for evapo- 
rating the arsenical liquids. The dry residue of 
the evapnrati<«i is introtlueed into the furnace, 
and burned along with the solid residues. Caro 
is taken to introduee no more air than is neces- 
sary for burning ihv organic matter. By this 
precaution a comphqe volatilisation of the 
arsenic in the metallic stall* is obtaintHl. The 
vapours of arsenic are led into a highly-heated 
conibu.stion-cha!nlK‘r. Her<* they m! mixed 
with the necessary quantity of hot air to com- 
jdetely burn the im'tallic arsenic into arsimioufl 
o.xide As/J^. The vu|Kmr« of the latter are then 
led through condensing (diambcrs similar to 
thosf‘ uscifl in the inanufar'turc of white arsenic. 
In these chamlx^rs the arseniou^ acid is deposited 
in the shape of a while fK»vder. From time to 
time the chambers are u|Hmed, the arsenic is 
rciDOved,*and used again for the manufacture of 
syrupy arsenic achl by the aid of nitric acid. 

A certain stock of arst*nie is thus HUtficient to 
carr)' on the mauuCaclun* of fuchMin for an 
indefinite prirKl. 

2. The nitrohefcene process.-— This prooeeta 
was originally invented by Cfmpier, of Paris ; 
but it was for the first time successfully worked 
on a large scjale bv tlie firm of MeiaU^r, Lucius 
und Bruiiing, of iiik‘hst am-Alam. Other firms 
followed in the course' of time, and at })rosent 
this process has practically superseded Um out 
with arsenic acid. 

It was originally suppom^ that the nitfo- 
benzene useni in this process enters into Uie 
rosanitinc formed, after having served as an 
oxidwer. At present it is generally reoojpiMi 
that the nitrobrmzcne merely acts as tm OEkUsiiDf 
agent, and that, in so doing, it is titoforatoi ito 
tarry matters, which are useto and rsmain in 
the residues. The natnro d iha idtro oompmuid 
used is, therefore, of no infineiiee cm the eompo* 
sitkm of the dye-stuffs obtained. Fine nlt»* 
benzene, or a mixtnre of nitiobenantts witik 
nitrotoluene, may be used. imli 
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more easily, thaa ai^ other nltro ooxjipbuhd; 
it hai8» thmfore, been used adv^ta^ by 
the writer. ^Nitrotolueim has little tendency 
to act as an oxidiser. If, therefore, a mixture of | 
nitrobenzene with the two nitrotoluenes (the so- 
called ^ nitrobenzol for red ’) be used, the p- 
nitrotoluene escapes with the distillate. 

The advanta^ of the nitrobenzene process 
consists, therefore, not in an economy of ingre- 
dients, but in the fact that by its application 
magenta free from arsenic may more easily 
obUined. The yield in good crystallised fuchsin 
is slightly larger (if only the aniline used be 
taken as basis of the calculation) than in the 
arsenic acid process. This increase of yield pays 
for the increased price of the oxidising agent. 
In times when commercial benzene is cheap the 
process compares favourably with the arsenic : 
acid process, whilst it was at a disadvantage 
when the prices of benzene were high. At the 
present time, benzene is so cheap and plentiful 
that the nitric acid consumed in this process is 
|ierhaps a more important item in the calcula- 
tion of its cost than the benzene. For working 
this process it is a condition tliat the manu- 
facture of aniline bo carried on in the same 
works ; the di.stillates are a mixtui’e of aniline 
and nitrobenzene, which must l)e returned into 
the reduction process before they can be used 
again. 

The process is W(irkcd with different projior- 
tions and in a different manner in different 
works. It is based on the following facts : 
amline and nitrobimzone do not react upon each 
other ; nor docs a reaction take place if aniline 
hydrochloride be added. But if a small quanity 
of iron chloride be present, a reaction sets in, at a 
temperature of 160'\ If the aniline and aniline 
salt used are pure, a dye-stuff of the induline 
group is obtained; but if p-toluidine and o- 
toluaine be pixmmt in the necessary pnqwrtions 
ordinary fucksin is the result of the reaction. Q'iic 
nitro compound, however, attacks the fuchsin 
already formeii, and part of it is therefore de- 
composed again. For this reason, quantitative 
yields cannot be obtained. At 190'" the action 
of the nitrobenzene bt^comes so violent ibat all 
the colouring matter is destroyed. Tlie V*?*^!'-*^* 
care is, therefore, required in this process, and 
the temperature should never allowed to rise 
over 175®. Cold-air flues, and even arrange- 
ments for cooling with W'ater or ico, are therefore 
invariably provided in connection with the 
melting-pots. The size of the latter has been 
constantly increased, because it is easier to keep 
large vessels at a constant temiiorature than 
small ones. Enormous pots, capaole of working 
one or two tons of melt, have been used. Excel- 
lent arrangements for stirring should be pro\dded. 
It is a good plan to make the melting-pots of 
spherioad shape, and to give the stirrer an 
ohlique position in this spherical pot. No water 
should 1^ present in the mixture, as in this case 
the nitro comwund is simply reduced into 
! aniline 1^ the ferrous chloride, and the reaction 
[ stops. The hydrochloric acid used sliould, 
Uherdore, be mixed with tho necessary quantity 
|o{ the anUine and the mixture evaporated until 
|it solidifies into * aniline salt cake ’ on oooiii 
the iron chloride solution is addt 
that the cake obtained is intimately mixed 
Ifdth the Ixm salt. This ceke is then oissolyed 


in Uie rest the anOine, the aifxo oonmnnd 
added, and the mixture heated until m re- 
action sets in. Other manufaetnrers mkx to 
add iron filing or dij ferrous cMorioe to the 
mixture of amUne with aniline cake and nitro- 
benzene. An ingenious patent, taken out by 
Herran and Ghau^, proposed the use of certain 
double salts of the general formula RjClcSRCly, 
such as ferric ferrous chloride, ferric zinc oUoride, 
aluminium zinc chloride, and others. The addi- 
tion of iron filings, originaily proposed by Ooupier 
is not customary at present. Anhydrous zinc 
chloride, which has also been prc^)08ed as a 
means of starting the oxidising action of the 
nitro compound, has not proved satisfactoiy. 

The following proportions have been pro- 
posed : 

100 parts aniline for red, 

50 „ nitrobenzene, 

3-5 „ iron filings, 

and a sufficient quantity of hydrochloric acid to 
neutralise two-thirds of tho aniline (H&usser- 
tnann). The quantity of nitrobenzene is too 
large ; it may very well be reduced to 40 parts, 
or even less. 

Wurtz gives the following proportions : 

38 parts aniline, 

17- 20 „ nitrobenzene, 

18- 22 „ hydrochloric acid, 

2 „ iron filings. 

The following is Coupler’s mixture r 

67 parts toluidine, 

95 „ nitrotoluene, 

65 „ hydrochloric acid, 

7 „ ferrous chloride. 

The large quantity of nitrotoluene proposed in 
this prescription is due to the fact that only the 
o-nitrotoluene, of which about 50 parts are pre- 
sent in the mixture, acts as an oxidiser. The 
p-nitro comjK)und is recovered in the distillate. 

The following proportions were used by the 
writer in regular factory work ; 

400 kilos aniline for red, 

222 „ hydrochloric acid, 20®B^„ 

247 „ o-nitroioluene, 
and the ferrous chloride prepared from 
9 kilos iron borings, and 
41 „ hydrochloric acid. 

Half of the aniline is dissolved in the 222 
kilos of hydrochloric add, tho solution of the 
ferrous chloride is added, and the whole evapo- 
rated in a stone still before being mixed with 
the remainder of the aniline and tlie nitxo*^ 
toluene. 

The nitrobenzene melt cannot be nnsbed eo 
far as the arsenic acid melt. When nnickjed it 
should not solidify into a brittle mass on oooliag. 

It should be still soft, owing to a proportion of 
umK»mbined amline which it still contains* Sbfe 
aniline must ho extracted by boiling wlA a small 
quantity of dilute hydrochlorio add., After ite 
removal, the melt becomes brittle on cooling, 

U is worked gp in the Leonhaidt extraotota, in 
exactly the same manner as desoetbed lor . 
Msenio add melt. 

Later mpromnenis^^U has alrea% bead 
rsaid Umt seveniTsyntbetical inetlioda have been > 
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proposed for the manufacture of magenta, wliioh 
met, boireTer, udth no success. Gradually, 
however, improvements have been introduce 
into the old melting processes, vhioh, beine based 
on theoretical considerations, hate given mvour- 
able results. The most important of these 
improvements is the one described in the German 
patent 5S937 (and additional patent) of the Farb- 
verke vorm. Meister, Lucius und Bruning in 
H5chst-am*Main, dated November 27, 1889. It 
consists in replacing, in the nitrobenzene process, 
the * aniline for red * by a mixture of diamino- 
diphenylmethane and aniline. The patents 
refer only to the production of the diamino- 
diphenylmethane, which is prepared by first 
acting with formaldehyde (the well-known 
‘formalin’ of commerce) upon aniline. The 
methylene-aniline obtained is heated with aniline 
and aniline hydrochloride, by which means 
diamino-diphenylmethane is easily formed. If 
instead of CiHjN : CH„ methylenc-aniline, 
any of its higher homologues be heated with 
the corresponding bases, the homologues of 
diammo-diphcnylmcthanc are product. By 
introducing these bases instead of p-toluidine 
into the magenta melt, very large yields of the 
dye-stuff are said to be obtained. The dye-stuff 
prepared by this method is sold under the name 
of ‘ Neu-Fuchsin ’ (new magenta). 

Later on a patent was obtained by Cassella 
& Co., of Frankfurt-am-Main, the essence of 
which is probably the same. It consists in 
introducing methyl alcohol into the arsenic acid 
melt. Formaldehyde is probably thus pro- 
duced, which is at once transformed into di- 
aminodiphenylmethane. By introducing chlori- 
nated anilines into the pararo.saniline melt the 
chlorine substitution products of Tosaniline have 
been obtained, wliich are remarkable by being 
much more bluish in shade than either para- 
rosaniline or ordinary magenta (Cassella & Co., 
B. K. P. 21923, 1913). 

Acul wwgcnta.— The ordinary fachsin or 
magenta has l)eeu used for dyeing cotton, wool, 
and silk. But its properties ma& it necessary 
to use neutral or very slightly acid baths. This 
is a considerable drawback to its use on silk or 
wool, especially in combination with other dye- 
stuffs which require distinctly acid dyebaths for 
their successful application. It was, therefore 
a decided advance to introduce a suJpho deriva- 
tive of magenta into the market. This step 
was realised by H. Caro in 1877 (Eng. Pat. 3731, 
1877 ; D. R, P. 2096, Badische Anilin- A Soda- 
Fabrik). Caro proved that magenta, which 
shows a marked resistance to ordinary sulphuric 
acid, may easily be converted into a trisulpho 
derivative by treatment with fuming sulphuric 
acid. The ordinary crysUdlised hydrochloride of 
magenta is used. It is introduced in a finely- 
powdemd condition into fuming sulphuric acid ; 
the mixture is then heated to a temperature 
not below 120® and not above 170®. Hydro- 
gen chloride is given off, and the suJpho deriva- 

is foqned. When the opration is finished, 
it is diluted with water and worked up in the 
tisoai maoner, by first prej*arir^ the (ime-sait 
and .llieii converting it into thee sodium salt. 
TSO pm derivative has the composition 
the higher homolt^ 
PfsHir«A«S|Na,; the ord»m;y acid magenta 
if a mbi^ of the two. TbS oonstitnUon of^ 


I the para derivative may be represented by the 
following formula : 


NH, 

'^SO.Na 


-o 


;.NH. 


from which it will be soon that the sulpho- 
groups occupy the orfAo positions relative toj 
the amino groups. It forms a metallic greei]| 


colourless triamino-triphenyl carbinol being 
formed. 

Acid magenta may also be obtained by act- 
ing with chlorosulphonic acid upon dry mmnta 
base (E. Jacobsen, D. R. P. 8764, 1879 ; Eng. 
Pat. 2828, 1879). 

By using the various by-products of m^nta 
instead of the pure dye-stuff, acid derivatives of 
these may be obtained which prove particularly 
valuable for dyeing mixe^d shades. 

Magenta base (red base, rosein base). A 
large projwrtion of the fuchsin produced is 
transformed into the corresjwnding b^, the 
composition of which has already bt^en discuswd. 
For tlio production of a good base, crystallised 
fuchsin only should be used. This is dissolved in 
a large volume of boiling water, and made alka- 
line either with milk of lime or with ammonia. 
In the latter case, the product obtained consists 
partly of the amino derivative already men- 
tioned. No caustic alkali should be used. 
From the filtered solution the base settles out 
on cooling in cry’stals, which have the shape of a 
fern-leaf of jiale pink w^lour. In the air tiuy 
generally b^omc darker, because a certam 
amount of magenta carlKinaie is formed on their 
surface. ^ The base thus prei>ared is sold for 
conversion into violets and blues (g.v.). 

COTX^URINO MaTTEBS nXRlVEl) FROM 
K08AMUNE. 

The brilliant researches of A, W. Hotoaim 
prov^, at an early period, that rosantlme is 
capable of having the hydrogen atoms of its 
amino group replaced by alkyl group, and 
that the substances so formed are remarkable 
not only for the brilliancy, but also for the Sp^t 
variety, of their shades. Hofmann bimaeu in- 
troduce the alkyl radicles of the fattiT aeries 
into the molecule of rosaniline, and tnui ob- 
tained the colouring matters which for a long 
time played an important prt under the name 
of Hofmann’s violets, Girard and Do Ldre 
discovered a method of introducing the phenyl 
and other aromatic group into the mole^e of 
rosaniline, and thus inaugurated the manu^* 
ture of aniline Moes. It was then attemppd, 
first by Lauth, to produce alkylated 
by direct oxidatiott of aU^ted aniline^ and this 
method proved of great piactiflal imporiwice » 
the han£ of Rudy* altbou|^ tte theory of this 
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process was only understood at a much later 
period. FuiaUy» a syat^ietidBd method for the 
production of certain alkylated rosaniline deriva- 
tives which cannot be msranoed by direct alkyla- 
tion of rosaniline itsen, was cUsoovered by Kem, 
whose processes are based on the theoretical 
researones of Miohler. 

^1 these colouring matters will now be 
described, and the methods of their formation 
discussed. 

1. Hofmann’S violet CseHs^NsCl, hydro- 
dtloride of triethyl-roMUiiline 

NH(C.H.) 


O' 

C=<^^NH(C,Hj)Cl 

6 


0 , 
6 


NH(C.H.) 

is obtained by heating magenta base with ethyl 
iodide, bromide, or chloride, and a sufficient 
quantity of alcoholic soda solution to neutralise 
the acia formed in the reaction. The magenta 
base is prepared by decomposing a very weak 
fuchsin solution with milk of lime or ammonia. 
kVom the filtered solution the base crystallises 
in small leaflets of a pink colour. The alkyla- 
tion is effected in closed vessels of copper or 
cast-iron, which are heated to SO’^-lOO® by 
st^m or in a water-bath. The trimethyl-ros- 
aniline hydrochloride, which is slightly bluer in 
shade, was formerly also preps^. This is ' 
no longer employed. By using less of the alkyl 
haloids than is necessary for completing the re- 
action, redder shades were obtained, which were 
mizttti^ of the mono- and di-ethyl- or methyl- 
tosanilines. In commerce, the more or less 
red(^ tinge of their shade is marked by the 
addition of the letter R, thus : Violet R* RR, up 
io6R. 

2. Hgthyl violet B. C. Lauih, wishing to 
find a new method for the production of Hof- 
maim’s violets, tried to oxidise methylated 
aniline. He obtained a violet of much tluer 
shade. Bardy worked out tlie method, which 
was patented by Poirrier and Chappat (IV. Pat. 
71970, dated Juno 16, 1866). The product ob- 
tained was proved to be the hydrochloride of 
pentamethyfpara-rosaniline 

N(CH,), 






This dye-stnff, which became of great im- 
portance, was for a long time known under the 
name of Violet de Pane, At present it is sold 
by tbe vario% colour works under the name 
Methyl Violet B to 3 B, 

The mode of formation of this colouring 
matter is very interesting. Many researches 
have shown that it is best prepare from pure 
dimethyl-aniline, which should be as free as 
possible from every trace of monomethyl- 
aniline. If three molecules of dimethylaniline 
be oxidised into one molecule of the dye-stuff, 
one of the six methyl groups present serves to 
form the central carbon atom, whilst the other 
five remain combined with the amino groups of 
the dye-stuff formed. 

The process of oxidation employed is totally 
different from those resorted to in the manu- 
facture of magenta or fuchsin. Cupric chloride 
is used as an oxidiser at a temperature which is 
little above that of the atmosphere. The cuprous 
chloride formed is again transformed into cupric 
salt by the oxygen of the air. The air should, 
therefore, have ready access to the mixture. To 
fulfil this condition, a porous condition is given 
to the melt by the admixture of sand or other 
indifferent materials. Cakes are formed of the 
mass, and these are left on trays in a hot 
chamber. The following proportions have been 
recommended : 

100 i)arts sand, 

10 „ dimethylaniline, 

3 „ cupric nitrate, 

2 „ sodium chloride, 

1 „ weak acetic acid. 

The cakes, which sliow a dull greenish colour 
at first, gradually assume a bronze lustre and 
become hard and brittle. They now contain 
the violet formed as an insoluble oompoimd 
with cuprous chloride. To obtain the violet 
the cakes should be powdered, and all soluble 
substances extracted aith water. The double 
salt of violet and cuprous chloride should* then 
be decomposed. Various means have been 
adopted for this purpose. 

llie original process consists in treating the 
material with a weak solution of sodium sul- 
I phide. Insoluble copper sulphide is formed, and 
I the free violet is dissolved. From the filtered 
solution it may be precipitated by the addition 
of salt. It comes out in the shape of a gold- 
coloured tar of metallic appearance, whidi is 
collected and dried in jacket nans. When dry 
it forms a brittle mass of metallic asj^t, show- 
ing no tendency whatever to ctystsuise. It is 
sold under the name of * Methyl violet B * or 
‘ direct violet.* 

The use of sodium sulphide has this incon- 
venience, that any excess of the reagent acts as 
a reducing agent on the violet, transforming 
it into ito leuoo compound, which cannot be 
separated from the .violet, and impurs its 
strength, besides producing other com^ioations* 
To remedy this drawbi^, several factories 
used gaseous hydrogen sdphide instead 
the *sodittm* compound. Hydro^ sulphide 
has no reducing action on the viclet in neutral 
or slightly amd solutions. The uae^of this 
gas on a lavp scale is, however, extremdly 
dangerous, and aoeidentB, which happens^ 
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insoluble 

out as sulphate, whilst the copper remains in the 
solution. The violet sulphate is now carefully 
washed, re-dissolved, and re-pre(;ipitated in the 
shape of chloride by the addition of common 
salt. 

Another process, which gives equally good 
results, is ba^ upon the fact that the insoluble 
compound becomes soluble if the cuprous chlor- 
ide contained in it be oxidised into cupric salt. 
JFor this purpose the crude cake is triturated 
with a solution of ferric chloride. It is then 
filtered off and washed. The violet, which has 
become soluble, may now be extracted with 
water, and precipitated by the addition of 
salt. 

Great improvements have been effected in 
the melt itself* First of all, it was recognised 
that the cakes, if left to themselves, were apt to 
lose too much dimethylaniiine by evaporation ; 
they also remained insufficiently oxidised in 
their interior. To obviate this, the u.sc of bread- 
kneading machines was resorted to, through 
which a current of air was blown. This current 
was made to pass through a vessel containing 
sulphuric acid, after leanng the machine. 
Complete oxidation was thus obtained, whilst 
the rase which distilled over was recovered in 
the add. 

Later on, the quantities of the copper salt 
were reduced, and some j^tassium chlorate was 
added to the mixture. This yielded the necessary 
oxygen, the presence of a current of air became 
superfiaous, and the evaporation of the base 
could be stopped by using closed vessels or 
kneading maclunes* 

Another great inconvenience is the sand. It 
is necessary as a diluting agent, but in the 
aftcr-operations it is very troublesome, being 
very heavy and producing great wear of the 
apparatus. It was, therefore, a great improve- 
ment to use clean salt instead of sand. The salt 
is quite as indifferent as the sand, but after 
having done its duty, it may U*. easily removefl 

solution, leaving the insoluble compound of 
the violet and cuprous chloride in the srape of a 
fine dark rawder, which is admirably fitted for 
hei^ worKed up into soluble product. 

% such improvements it was possible to 
raise the yield of colouring matter, which at 
first hardW reached 45 or .50 p.c. of the di* 
methyianimie used, to 90 p.c. and more. If we 
remmttber that 30 p.c. of pure colouring matter i 
is a iak yidki in the manufacture of magenta, 
we may well understand that^metliyi violet, 
alUioiii^ maanfactiued from a much more 


expensive raw material than fuchsin, s^ 
became much cheaper than its patent sub- 

The yields of violet have hew to- 

creased by a curious procedure. It consists in 

adding some phenol to 

of the phenol, which may to ^ 

a solvent ; by its nse the yield of videt tooomes 

of violet. espeoWly by 
the older methods, there is always some tn- Md 
tetra-methylrosanilino formed tte 

penta-methyl derivative, tocanse tto m^yl 
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repeatedly, have led to the abandonment of 

its use. , ,, 

The following methods admit of the ex- 
traction of the violet without the use of 

first is based on the fact that, although 
the violet combines with cuprous chlonde in 
the shape of its hydrochloride, this is not the 
case if the two be pr^ent 
therefore, the crude insoluble melt is boiled with 
dilute sulphuric acid, the violet gws into the 

were added in order to precipitate th 5 ^^^t,Jhe^^ violet is, there- 

' ‘ ‘ fore, slightly redder than it ought to be. To 

compensate for this loss, Bardy treated his direct] 
violet with benzyl chloride, and thus intro-j 
duced benzyl groups wherever methyl was 
wanting. The violet of very blue shade thus 
obtain^ was brought into commerce under the 
name of Methyl viM 5 B or Benzyl viokL It 
has now lost its importance, having been to a 
great extent replaced by the very beautiful o^- 
tallised violets obtained by the synthetioal 
method of Kern. 

3. Iodine green and Methyl green. It has 

already been said that Hofmann’s process of 
direct alkylation of rosaniline does not go 
beyond the tri-alkyl derivatives. If the action 
of alkyl halides be still continued, ammonium 
bases are formed. Thus by beating Hofmann’s 
violet vith methyl iodide in a methyl alcohol 
solution, Keisser obtained (180G) a colour- 
ing matter, wliich was manufacturea and sold for 
many years under the name of iodine green, A 
similar dye-stuff was prepared from methyl- 
violet in a like manner by Bardy, who used, 
however, methyl nitrate instead of the iodide. 
After several explosions, the use of the nitrate 
was abandoned, and methyl chlonde or bromide, 
also ethyl bromide, were used instead. The 
dve-stuff thus obtained was sold under the name 
o{ methyl green. It did not contain any iodine, 
and was therefore much cheaper than the iodine 
green, which it quickly replaced. 

(tiemically, the two may be considered as 
homologues of similar constitution, viz. as 
methyl ammonium derivatives of hexamethyl- 
rosaniline and hexamethyi-{>ararosanilme. fo- 
dine^reen, being a derivative of ordinary tos* 
aniline, contains one tolyl group ; 

N{CH,)* 

(V'"- 

I 

0 

Iodine green, Cir^Ctt^A 

The metlwJ gioupg in this fmmtiia inav 
also partly ra replarad by ethyl gnmpi if 
ordinary Hofmann^s vkki were iised as a Hm 
material. 
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Urtfajrl gmea is the oorteeponding derlTative 
of pamoMailiiM ; 

N(CH,), 


0 

(!!=<^=N(CH,)sC1 


N(0H,),C1 

Methyl green, CjeHssNjCli 

Both these dye-stuffs were brought into com- 
merce in the shape of their zinc double chlorides. 
The iodine green formed a dark powder, whilst 
the methyl green formed pretty green needles 
or leaflets. 

To prepare these dye-stuffs the violets were 
simply heated with the alkyl halides in closed 
enamelled iron vessels to 120^. Some wood 
spirit, or common alcohol, was added as a sol- 
vent. A pressure of 10-12 atnio8})hcres was 
observed, which decreased when the reaction 
was finished. The crude product was dissolved 
in water. This solution was of dark-blue colour, 
because there was always some violet which 
remained unattacked. To separate this, the 
solution was shaken up with amyl alcohol, which 
dissolved out the violet. The green remained 
in the aqueous solution, from which it could bo 
precipitated by the addition of zinc chloride and 
common salt, To obtain crystals, the crude 
green was re-crystallised from spirit. 

These greens have now almost entirely been 
replaced by the diaminotriphenylmethane deri- 
vatives already described, which are not only 
more brilliant in shade, but also much more 
stable and at the same time very much cheaper. 
Iodine green and metliyl green are decomposed 
and turn a dirty violet even by the action of a 
gentle heat, as produced in the pr 9 ces 8 of 
cylindering fabrics, and on many other occa- 
sions. 

PararoianiUne derimtiifea prepared hy Kern's 
wriW.-^-Another way of prep^ing alkylated 
pararosanilines was indicated by Keni, who 
started from the observations published by W. 
Michler fBer. 1876, 9, 710). This chemist had 
shown that by acting with carbonyl chloride 
COQi uTOn dimethylauiline, dimethylamino- 
benzQvl chloride is formed, which acts again on 
dimeinvlaniline, yielding tetramcthyldiamino- 
benzophenone j 

C-0 

At the same time, as Hichlor observed, an in- 
tense blue odouxing mattcf' is formed. A. Kern 
(1883) f<4toiifed up Michler’s observations, and 
discovered not only the nature of the blue 
emouring matter, hat also the conditions under 
which it may be obtained as the sole product 
of the reaoUcm, The ooloaxing matter wved 
be pure bexametbylpawommilin^ the forma- 


tion of which is due to the action of another 
molecule of dimethylaniline upon tetramethyl- 
diaminobenzonhenone. This action is, however, 
not very energetic, and must be intensified by fbe 
addition of certain substances, or by substituting 
for the ketone certain of its more active deriva- 
tives. A number of different processes have 
thus been worked out, the more important of 
which will now bo described. 

A. Kern’s original modification of Michler’s 
experiment is based upon the fact that tetra- 
methyldiarainobenzhydrol, the secondary alcohol 
derived from the ketone tetramethyldiamino- 
benzophenonc, acts readily upon aromatic 
bases, forming triphenylmethane derivatives. 
This process is described in Kern’s Eng. Pat. 
5450 (1883), and the corresponding D,R.P. 27032, 
Bad. Anilin- und Soda-Fabrik. Tetramethyl* 
diaminobenzhydrol : 

HC-OH 

which had already been obtained by Michler by 
the action of sodium-amalgam upon the ketone 
may, according to this patent, be prepared in- 
dustrially by lulling a solution of the actone in 
amyl alcohol uith caustic soda and zinc-dust. 
When the reduction is finished, the alcohol 
is blown off with steam, the residue dissolved 
in hydrochloric acid, and purified by fractional 
precipitation with caustic soda. 

The product thus obtained may be condensed 
with primary, secondary, and tertiary aromatic 
bases, yielding in every case alkylated derivatives 
of paralcucaniline ; thus, for instance, with 
dimethylaniline the leuco base of hexamethyl- 
rosaniline is formed, if the two be brought 
together in a solution in weak sulphuric acid 

HaoH 

+H,0 

This leuco base may be oxidised into the corre- 
sponding dye-stuff by the method indicated for 
the production of benzaldehyde green— viz. by 
the action of lead ix^roxide upon the hydro- 
chloride of the leuco base. The hsmrnsikf^* 
aniline hydrochloride thus obtained is a beauti- 
fi^y crystaliine substance, which forms green 
crystals if agihydrous, or bronze- 

coloured prisms if containing water of crystal- 
I lisation. In the latter case, its composition is 
C„HMN.a,8HjO. The iwwer of crystallisa- 
tion w this substance is very remarkable if we 
compare it with the ordinary violet obtain^ 
by direct oxidation of dimethylaniline; this, 
being a mixture of the iotra-, penta- and hexa- 
mcthyl-xosanilinca, shows no tendency whatever 

^ lUn tbTprooUs described diethyl-aniline be 
substitute for dusethyl-uiiline, both for the 
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production of the hydrol base and its subsequent tHds pfooess ieads, of course, only to pm* 
tiransformation, the result is, of course, hexa- rosaniline derivatives in which t^ three amino- 
ethylrosaniline, which cannot be ^pared by mups are substituted in the same manner, 
any other process. This product is manufao- Besides the hexamethyl- and hexaethyl deriva- 
tnzed and sold under the name of 'Ethyl tives, the trimethyltriphenyl derivative has been 
pvrpfe, 6 B ’ (ethyl violet). It is a veiy beauti- obtained from methyldiphenylamine (Amer, Pat. 
nil colouring matter, dyeing fine bluish-purple 327953, Kem and C. Mmler). It was, therefore, 
^ades. a great improvement when a method was found 

Very soon a simpler method than the one for effecting the condensation of tetramethyl- 
describe was discovered by Kem and Caro diaminobenzophenone with all kinds of primary, 
(D. R. PP. 26016 and 29943 ; Eng. Pat. 4428, secondaiy, and tertiaiy bases. This method, 
18^). It was based upon the fact that the which was worked out by Kern and H. Caro, 
a^on of tetramethyldiaminobenzophenone upon consists in the intermediate formation of the 
dimethylaniline, which, in Michler’s experiment, tetramethyldiaminobenzophenone chloride : 
already had yielded a small amount of colouring ' 

matter, may be modified by the addition of 
certain substances, such as aluminium chloride, 
zinc chloride, and others. If these be present, \ 

the reaction of phosgene gas (carbonyl chloride \ 

being more active than the ketoie 
reacts most easUy upon bases of eve^ 

■“ “ description. For the mlnuScture of colouri^ 

pH^uct, tvbch re^s at once upon another i.nWj,fhA AtiWinJ 


/.h.-n<ch* 

CClj 


A i T “T" reacts most easUy upon bases of evei 

nef ■“ “ description. For the mXnuScture of colourb 

S T“ mattem it is not necessary to isolate the chloride 


^ of Urn base, forming hexamethyl. 

^ * to react with phosphorus trichloride upon a 

C H mixture of the ketone with the base which is to be 

• ^CHa introduced into the triphenylmethane derivative. 

TT V This process is described in the D. R. P. 

Hj s>(i.n3),nLi 277891, the Phig. Pats. 4850 and 5038, 1884, and 

a large number of corresponding American 
{mtents, which contain many examples of its 
C3H4'N(CH3)2 application to the production of dye-stuffs. Of 

I (nest*, however, only few have obtained lasting 

importance. Tliesi* are basic colouring matters 
j ‘ of a beaut if ul blue shade, and interest ing becauss 

C4H4 ’X(CHj )3 they are the only members of the triphenylinC' 

i of the processes here dc- thsne ^up whie'h contwn the wphthyJ rwiicfc 
sen indicated and nstented. ® bas the con- 


\h,n< 




C.H.XtCH,), 


Many modifications of the processes liere de 
scribed have also been indicated and patented, 


Thus, instead of the carbonyl chloride, thio- formula ; 


carbonyl chloride (^CI, may be used, which 
yields with dimethylaniline the thioketone 

,C.H.-N<g5. 

cs 




The latter may replace the oxygen compound in and 


' C H 

It is prapared by mixing together 

10 kilos totramethyidiaminobenzophenone 


ail its applications. 9 yioa a-naphthylpbenylamine, 

Again, tricbloromethyl ehioroformate and adding 

Cl-CO*0*CCIs ^ phosphorus irichlorido to the mixtuie, 

- k-* u u 1 reaction, which seta in at ones, ii 


suba^utea for the carbonyl chloride. 


TW Wtowing is the nJethod used at p««mt S»U.‘" 

; A similar dyestuff, analt^ous in ite con* 
M diethylamlme) «titution, but of a somewhat mote rediUah ahad<^ 

a t«m. iH obtained if instead of a-naphtiiyl|ihenylaiiiine, 
wionoel'byl'U'Wtpbthylaniine bo uaod. It, ii 

^ JSS a naphthyl-p-tolylamioe bo takott iu^ 

napbthylphonylamino, and oondfiiiM 
rr. fi totra.;thyfdiminobei«oph<m^ a bhio of 

a very green4 shade ia obUinad. It ii iold 


eanstie soda, and the excess of dimethylaniline 
dtivnn off ndtii steam. The base of the colour- 
ing imilar k then diswlved in weak sul^nric 
^ «ad mi^jdtated in the shape of its chloride 
byfheiHfiii&Aof ooBimonidt. It is then »■ 
Stoat irater. 




isomimjfEm&lfE oolourino uattbbs. 


Another blue of reiy red ehiKie is the one 
sold uoder tlie name Vkhri^hlmiR 

It is prepared from tetrametbyldiaminobenzo- 
pbenoneando-naiUithvlBiethylpnenjrlaminfl. Its 
constitution is probably 

C,H4-N(CH^, 


i=/^=N{CH,),a 

In describing both the green dye-stuf s derived 
from diaminotriphenylmethane and the old and 
important magenta group, it has been mentioned 
how much the dyer values the possibility of 
dyeing the useful shades which these colouring 
matters supply from an acid bath and of thus 
being enabled to combine them with all the other 
wool dyes capable of such application, especially 
the azo colouring matters. The same necessity 
exists for the various shades of violet here 
described. 

This want was at first supplied by the 
means which had proved successful in the case 
of ma^nta, viz. by the direct sulphonation 
with fuming sulphuric acid of the various 
violets, especially the redder shades obtained by 
the reaction of alkyl halides upon magenta base. 
The colouring matters thus produced were intro- 
duced at the end of the seventies under the name 
of Acid violets to which letters denoting the 
shade (R and B) were added. But they did not 
meet with the same ready reception that had 
been offered to acid magenta. It is now known 
that the sulphuric anhydride of the fuming acid 
is veiy apt to attack the alkyl groups and thus to 
tamiw ^e shade of the violets. 

The new synthetical method which had pro- 
duced Crystal violet and its many congeners and 
which is apparently analogous to the synthesis 
of Victoria green and its numerous homologues, 
could not fail also to indicate rational methods 
for the production of acid violets of every con- 
ceivable shade. 

Some of these methods consisted— in strict 
analogy to what had been done in thd group of 
the preens— in introducing the benzyl group into 
the molecule of the dye-stuff and utilising the 
oapaoity of this radicle for sulphonation. All 
the variations of this method ipven in the de- 
scription of the acid greens are fl^missible in the 
violet group. In this way the following dye- 
sthffa have been obtained, tue structural formula 
of which need not be given 

Acid vktet 6ft 7B and N, prepared by 
the sulphonation of pentaroethylbenzyl-para- 
rosaniline or by the oxidation of the mono- 
sulpbo derivative of })entamcthylbenzyl-leuc- 
aniline. 

Acid violet 6B or Ouinea violet 4B. This is a 
disutj^o derivative, obtained by oxidising the 
aeidi wUoh may be obtained by the coiumnsa- 
tion (A dimethyl-p-aminobenzaldehyde with 
ethylbcmzylaniUne tulphonic acid. The cone* 
ownding deritatlvo of diethyt-p-aminobenz- 
aldehyA is also mani^nred. 

Anofthar daas of acid violets is derived 
from imelbyUkdMmy]^^ which may be intro* 
dttoed kM td by ftU tbo 

VtttUMpnmm daidfert. The udditioniU 


phenyl group entering into the moleoule of 
the feuco bm of the dye-stuS derived from 
it by oxidation is capable of can^jdng a sulpho 
group which mj^ te introduced into it by the 
usual means, tims Aliali vioUt 6B and Acid 
violet 7B can be prepared, whilst in Add violet 
IBN ready formed methyldiphenylsnlphonio 
acid is condensed witii dimethyl-p-aminobenzoio 
acid. 

The process oi introducing elements capable 
of being sulpbonated into the syntbei^ of los* 
aniline derivatives may be carried still farther. 
Thus a useful due-stuft called Wool geeen, is 
manufactured by several firms by condensing 
tetramethyldiaminobenzophenone (Micfaler’s 
kotohe) with B-naphthol and sab^quently 
Bulphonating the insoluble dye-stufE so ob- 
tained. 

Rosaniline blues or phenylated rosaniUiies. 

These are of great importance, forming by far 
the majority of blue aniline dyes in the market. 

' The chemistry of these compounds is, how- 
ever, extremely complicated. The blues sent 
into commerce are not chemically pure sub- 
stances, but mixtures of various isomerides ; it 
is very difiicult to classify them. Moreover, 
they are known under a great variety of 
fancy names, many of which "are applied to 
products of different composition by different 
firms. The following is an attempt to classify 
the various blues. 

The method of phenylation is very remark- 
able, and quite different from the methods of 
substituting fatty radicles for hydrogen in the 
amino groups of rosaniline. The general method 
in this case consisted in treating rosaniline base 
I with the halogen derivatives of these radicles. 
Owing to the great stability of chlorobenzene 
OeHsCl, the same process cannot be applied to 
the phenylation of rosaniline. This takes place, 
however, with great facility if we allow aniline 
to act upon rosaniline, ammonia being given 
off as a by-product : 


f-O-’ 


KH,C1 + 3C,H„NH, 




NH, 

ParalttcbsiQ 


c-<^=NH(c,H,)a + mit 


hydroohlorids 

(AosiaUliie bliM)^ 

It hM tliady been ahovn Uirt » cooiMiw* 
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able difference exists between pararosaniline 
hydrochloride or parafnohsin and the ordinary 
fuchsin of commerce. The former is a uniform 
compound OxtHigNsCl^iHiO, whilst the latter 
is a mixture of parafuchsin with at least two 
isomeric homologues. Both these substances 
may be phenylated ; their phenyl derivativos 
are blue colouring matters of great intensity and 
beauty. But a greater difference is found to 
exist between the phenyl derivatives of para- 
rosaniline and those of ordinary magenta than 
even between the two kinds of fuchsin them- 
selves. 

This method of phenylation, which has been 
indicated by Ch. Girard and G. de Laire, is 
invariably resorted to. It cannot, however, be 
applied on a practical scale to the hydrochloride, 
as assumed for simplicity’s sake in our equation. 
Experience has shown that organic acids must 
be used in order to get good results. The 
majority of organic acids have been tried for the 
purpose; at present, how*evcr, only two aro 
used, which give distinctly different results, viz. 
acetic and benzoic acids. The reason for this 
difference has not been definitely ascertained, 
but it is a fact known to every manufacturer that 
blues of a greenish shade can only be obtained 
with benzoic acid, whereas acetic acid yields 
more reddish compounds. 

The phenylation of rosaniline cannot be 
pushed fisher than the formation of triphenyl- 
rosaniline. The tetra-, penta-, and hexa- 
phenyl derivatives are not known. But even 
the formation of triphenylrosaniline, such as it 
is indicated by our equation, takes place in three 
successive stages, the phenyl groups entering 
the molecule one after another. It is, however, 
practically impossible to separate these stages. 
If, in the beginning of a blue melt, a certain 
amount of mono-phenylrosanilino bo formed, 
the reaction proceeds simultaneously on this 
and on rosaniline, which has not yet been 
attacked ; thus, in a second phase, monophenyl 
and diphenyl rosaniline, and rosaniline (which 
has not yet been attacked) will be present 
together. To these the triphenyl compound 
wm presently be added, a very complex mixture 
being the result. By a more prolonged action 
it is possible to eliminate rosaniline itself and 
its monophenyl derivatives completely from 
the mixti^. But some diphenylx^anifine will 
always remain present. Moreover, all those 
compounds seem to exist in various isomeric 
modifications. It is a mixture of these which 
forms the ordinal^ crude or 0^1 blue. 

If, instead of pararosaniline, the ordinary 
rosaniline of commerce be used for the produc- 
tion of the blue (as is the case in most instances) 
the product becomes even more complicated by 
the presence of the homologous compounds. 
Some process of separation which splits up the 
crude product into fractions of different shades 
and reactions must be resorted to ; and although 
some of these are crystallised, it cannot be said 
with certainty that they represent chemically 
pne individualB. 

Menu- and dl-phefl^pararosanlUiie have 
hitherto not been prepaid in a«pure state. 
Nothing ean, therefore, be said of their properties. 
Tfh^SBiSlpifirD^^ hydrochloride 

C„H,,N,C1 ' 


is the purest and brightest blue known. It 
is now invariably prepared by the phenylation 
of pararosaniline, but it may also be obtained 
I by melting together diphenylamine and oxalic 
acid. The formic acid evolved in the decom- 
position of oxalic acid serves to link together 
three molecules of diphenylamine into one of 
triphenyl leuco aniline, which is then slowly 
I oxidised into the rosaniline compound. It 
I was this method which was formerly used for 
the production of this blue, which therefore is 
still &equently described as JHphenyhmim blue ; 
it is also sometimes called Meihyl bluet because 
mcthyldiphenylamine was occasionally used for 
I its production. Other names for the same 
product are : 

Bleu direct, bleu lumihre, him de Lyon, bleu 
de MvJhottee, bleu de nuit, bleu de ParU, lighi 
blue, night blue, Paris blue, Bavarian blue. \ 

This product forms a microcrystaUine powden 


of a bronzy appearance, completely insoluble in! 
water, sparingly soluble, with a brilliant blue 
colour, in spirit. Its transformation into the 
soluble diphenylamine blues of commerce will 
be described hereafter. 

When the same process of phenylation (the 
particulars of which will bo given below) is applied 
to the ordinary rosaniline of commerce—which 
is, as will be remembered, a mixture— various 
products are obtained. Of these the following 
may be said to have been isolated ; — 

Monophenyl -rosanilines. These arc the pro- 
duct of a very moderate i>henylation. They are 
still soluble, in the shape of their acetates, in 
water, and dye fine purple shades. They have 
now, ouing to the greater cheapness of methyl 
violets, almost completely disappeared from 
the niarkot, in which they formerly played an 
important part under the name of Begina purples 
or Begim violets. It was customary to pre^re 
them, not by the action of pure aniline on 
magenta acetate, but rather ny that of the 
recovered oils or ichappis from the magenta 
process, which contained a largo proportion of 
o-toluidinc. The action of the latter is slower 
than that of aniline ; it is, therefore, easier to 
stop the reaction before a considerable proportion 
of the diphenyl or ditolyl rosaniline is formed. 
The regina purples coD.sisted, therefore, to a 
great extent of the o-tolylrosaniline, the 
acetate of which is represented by the following 
formula : 


Cr- 

0 


Begina purple. 

DtpbMiylraiaiilUiiei. These were inTariaUy 
obtained, together with the puiples, tern 
which they are distinguished by their compbte 


I 


TBIPSENYLBlirrHAirE COLOURING MATTERS. 


190 


insolubility in water. They are, however, still 
of a purpfe shade ; they ares invariably present 
to some extent in erode tri-phenylrosaniline 
blue, if the latter b^repared with acetic instead 
of benzoic acid* This is the reason why such 
blue is always of a redder shade than the blue 
prepared with benzoic acid, in which the 
proportion of diphenyl derivatives is reduced 
to a minimum. A product which consists 
ohieAy of diphenybrosanilines, is known under 
the name of spirit purple, spirit violet, or opal 
violet; it has also been sold as regina spirit 
purple. From it the soluble violets and purples, 
and alialine purples of commerce are derived 
by sulphonation. 

TrlphenylrosanUines (see Supplement). The 
triphenyl derivatives of ordinary rosaniline 
thay be subdivided into two classes : crystal- 
line and uncrystallisable blues. The former 
may bo extracted from every crude blue 
melt prepared with benzoic acid. They repre- 
sent in a state of approximate purity the tri- 
phenyl derivative of the higher homologue of 
pararosaniline, and may therefore be represented 
by the following formula : 

»<&'*• 


Cr"‘ 

I y — \ /W 


0 


I 


It is to this product, which forms the base of 
the high-class alkaline and water blueiii of com- 
merce, that one should reserve the name of Opal 
Hue, which has, however, been indiscriminately 
applied to a number of various produ(|^8. This 
0^1 blue forms, in the shape of its pure hydro- 
ciuoride, a mass of distinct, though very small, 
glistening crystals of a greenish brass-colour. 
It is completely insoluble in water and in spirit. 
If it be tr^ted with alcoholic caustic soda, the 
free base is obtained in the shaj)c of a tany^ 
substance from which the acetate may be pre- 
pared by dissolving it in glacial acetic acid, and 
re-precipitating with water. This acetak* is 
soluble in spirit, and, though sparingly, also in 
water. It was formerly sold and used u?ider the 
name of Opal blue b 5 /or cotton, Ocniian blue, 
aessian blue ; dso the names of Bleu lumibre, 
Bleu de nuU (originally used for the para deriva- 
yere oocasionally applied to it. In Ger- 
it was sold under the name of FeirAlau, 
opru-hlau. The latter expression is applied, 
however, to blues soluble in spirit, not only 
to tlUB aoeUto. Its use has been much restricted 
Of late, owing to the unwillingness of the dyer to 
we spirit ip the dye-bath. 

™ second class of kiphenyl derivatives 
SiJw rowhiline, comprises the uncrystal. 
M»ble portions of crude blue melts. They 
a mixture of triphoz^^ and diphenyl. 


rosanilines in various proportions, quite in- 
separable by the means which are at our disposal 
They are (in the shape of hydrochlorides) in- 
soluble in water, soluble in spirit. Caustic soda 
transforms them into a mixture of the corre- 
sponding bases, which are tarry masses. Their 
shade varies from a purplish-blue to a distinct 
clear blue of great strength and purity which, 
however, always shows a purplish nue if looked 
at by artificial light. This blue forms the 
starting-point for the production of innumerable 
brands and qualities of alkaline and water blues, 
varying in their shade and in the purity and 
strength of their colour. They are designated, 
according to the redness of shade, by the letters 

3 R, 2 B, R, B, 2 B, and 3 B, whilst 4 B, 5 B, 
and 6 B may be said to be reserved for the 
derivatives of the true opal blue of varying 
purity. A large number of fancy names, 
such as China blue, Marine blue. Serge blue, 
<fcc., have been invented for this kind of 
blues. 

Besides these blues a special kind of low- 
class blue should be mentioned which, under 
the name of BlacUey blue, has enjoyed, and 
still enjoys, much favour, especially for dyeing 
paj)er-pulp, and also for the production of ch^p 
woollen materials. This is the sulphonation 
product of a peculiar kind of phenyl ros- 
aniline, prepared by acting with aniline upon 
crude magenta. It is consequently very impure, 
but also very cheap. It contains a mixture of 
the phenylation products of all the substances 
contained in crude magenta. 

Trl-p-tolylrosanlllne has been prepared by 
acting with p-toluidine in the presence of ben- 
zoio acid upon ordinary rosaniline base. It is 
a blue of remarkable beauty and brilliancy of 
shade, which oilers, however, great resistance 
to the process of sulphonation. It has, therefore, 
only b^n manufactured and sold in the shape 
of its hydrochloride, which is soluble in spirit. 
It is sold for dyeing cotton under the name of 
OrUnlichblau (Hochst) or 6 B extra opal blue 
(English man\ifacturers). It has largely gone 
out of use of late years. 

Manufacture of blues , — An immense number 

an§ a larger number still cireulates^ amongst 
manufacturers. It would be perfectly useless 
to reproduce any of them. The principles upon 
which they are based may be thus briefly 
stated 

For the production of good blues a per- 
fectly pure magenta base is the first require- 
ment. For its preparation crystallised fuchsin 
only should be employed. If orude magenta or 
any of the magenta residues (cerise, grenadine, 
Ac.) be used, the base obtained can only be 
employed for the production of BhcHeg Hues, 
Pure pararosaniline, the base prepared from 
parafuchsin (Neu-fuchsin), should be used for 
the production of the so-called diphenylamine 
or methyl-blues (direct blues) ; whilst crystal- 
lised base from ordinary fuchsin forms the 
stariing-TOint for all the oidniaiy blues from 

4 R to OB, as well as for regina purples. 

The second condition for the pi^uotion of 
good blues is the use of veij pure aniline, per- 
feotly free from toluidine. It was in manu- 
facture of bloqi that the neocssitv of 
with pure aniline was first felt. The term anUm 
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far blue was, therefcoe, and is still occasionally, 
applied to peifectlv pure aniline, boiling within 
nne degree, and jiving a specific gravity of 
1*0268-1*0270. Such aniline can only be pre- 
pared from pure crystallisable benzene. 

If thew two conditions— pure magenta Base 
and pure aniline— be fulfilled, the shade of the 
blue obtained is still dependent upon : 

1. The proportions of base aim of aniline in 
the molt. It may be said that greenish blues 
will only be obtained if a very large excess of 
aniline be used, whilst reddish blues are pro- 
duced in melts rich in magenta base. 

2. The time and temperature of the melt. 
The formation of blue begins below 100°. It 
proceeds quickly at a higher temperature ; 120°- 
140° may be assumed to be the most favour- 
able ^mperature. From 140°-180° certain im- 
purities (diphenylamine ?) are formed, which 
impair the tendency of crystallisation of the 
blue. The temperature of high-class blue melts 
should therefore not be raised above 140°. The 
time required by a blue melt de])ends upon the 
proportion of base to aniline, and, to some extent, 
the quantities operated upon. The process pro- 
ceeds quickly in highly-concentrated melts. 
Melts for high-class blues, which contain a large 
proportion of aniline, require prolonged heating 
— ^20 hours, and even more, before being finished. 
As a rule, the promss of the melt is tested by 
placing a drop of tne melt on filter paper moist- 
ened with spirit. The gradual change of colour 
may thus be observed with great accuracy. 
When the melt is finished, there should be no 
reddish rim visible in the 8])ot produced on the 
paper. 

3. The nature and proportion of the acid 
used in the melt. It has already been said that 
organic acids only should be used, the action of 
hydrochloric acid being too slow. Acetic and 
benzoic acids are now used exclusively. The 
action of acetic acid is quicker than that of 
benzoic acid, but it seems impossible to trans- 
form all the rosaniline into its triphenyl 
derivative by the use of acetic acid. Benzoic 
acid acts more slowly, but it continues its action 
until all the rosaniline is transformed into the 
triphenyl derivative. At the same time, the 
whole of the melt is, even with benzoic acid, not 
entirely transformed into ciystallisable onal. 
Moreover, acetic acid produces (by its simulta- 
neous reaction on aniline) some acetanilide, 
which remains in the blue and is apt to prevent 
Its subsequent ciystallisation, whilst no benzani- 
li(to is formed by heating aniline with benzoic 
acid. For these reasons acetic acid is cm- 1 
ployed in the production of low-class reddish- 
blues (in concentrated melts), whilst benzoic 
acid is used only for the production of high-class 
opals. The greater part of the benzoic acid 
may be recovered from the melt, whilst the 
recovery ol the acetic acid does not pay. 

There is no advantage in using other acids 
instead of acetic and benzoic acid. As a rule, it 
may be said that the fatty acids (formic, liutyric, 
viderio adds) act similarly to acetic acid, 
wiiilit the aromatic acids (toluic, phthalic, 
dimaittki adds) may take the jfliace of the 
befizdeadd. 


for blue metts are based. Takitg the quantity 
of magenta base to be operated upon as uni^, 


titles ; large melting-pots are therefore used a 
rule. While the melt is in progress ammo 


the qijiiuitity of aniline|Mlded varies friim four to 
twentv-five times Ks weight, the quantity of the 
otganic add from ^ to 4. llie conditions 
of time and temperature have already been 
stated. 

The apparatus necessary for blue-making is 
very simple so far as the melt is concerned, 
enamelled cast-iron pots with a lid and stirrer 
being always used. In the early times of the 
manufacture of aniline colours it was believed 
that blue melts could only be made in ulass, 
and on a very small scale. In the ‘ Fuchsin * 
factory at Lyons the blue was therefore manu- 
factured in large numbers of plass flasks heated 
in a sand-bath. At present it is bdieved that 
blue melts are best under control in large ouanj 
titles ; large melting-pots are therefore used as i 
rule. While the melt is in progress ammoniA 
is given off, which carries a certain amount of 
aniline away. It is advisable to condense thisi 
aniline, and to absorb the ammonia by water or \ 
sulfuric acid. \ 

When the melt is finished it must be worked \ 
up. This may be done by a variety of methods. \ 
Of these the simplest — which is, as a rule, re- 
sorted to in the manufacture of low-class and 
Blackley blues — consists in neutralising the melt 
uith a quantity of caustic soda just sufficient to 
saturate the acid added to the melt. The 
excess of the aniline is then driven off with 
steam and recovered. The blue base remains 
in the still, anil is run out whilst still hot, in 
a tarry state, together with the water. On cool- 
ing, it solidifies into a very brittle mass, which i 
may be powdered, dried, and subjected to the 
process of sulphonation to be described here- 
after. 

For the production of high-class blues this 
simple process cannot be adopted . A separation 
of the crystallisable opal from the uncrystallis- 
able blue, which invariably accompanies it, must 
take place, and for this separation the melt re- 
quires a special treatment. For this there are 
two distinct processes, of which one is very 
complete, although costly, l)ecause it requires 
large quantities of spirit. We may call it the 
EngliM ^ proceaSt because it was worked and 
carried out chiefly in English factories. The 
other process, which is now used in most of the 
German works, is very rapid, and requires but 
little spirit. On the other hand, it does not give 
so pure a product ; we may call it the (kma» 
process. 

The English proem is the final outcome of 
the original French proo^ lor working up the 
blue melts, which consisted in boiling ftem out 
with dilute hydrochloric acid. The aniline wat 
dissolved out together with the oiganie acid 
present, whilst blue remained in the ehape 
of its hydrochloride as a fine bhie precipitate, 
which was filtered off and washed. It wae then 
ready for sulphonation. When it was dieooveied 
that this blue was a mixture of dlieient oolcNir- 
ing matters it became cniitoniaip to eepefate 
these by boiling the crude blue wiw spirit 3!kii 
dmohid out the lower-class bloei, leavtac a 
better product as a residue. 
process frequent^, a resklue im obtained 
fast which was quite inaobible in qjklfit TUs 
reprerented the purest opal |t 

was by this tedim ptinmm that 01 ^ 

*Biett Mavi,* or ‘ sCn UAmm OMmiU 
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iBHnoeiuidMtsfiei^^. jniei^ The ealphoaatioa of triphenykoaaml^ 

jpxoeese nnoh takea place very eadly, the f benyl wdiclcs 

tJme gave better yields and a purer colour by attached to the amino i^upe bemgrea^y rob- 
producing the opal blue in a oryetaUieed con- stituted by the aulpho group SO|H. As there 
oition^ in udiioh it is total]^ insoluble in spirit, are three of these phenji radicles present, th^ 
This process consistod in adding to the melt sulpho groups may be introduced mto the mow- 
(prepared with be^ic acid and a large excess cule of the blue. The pure, crystallisable, h«h- 
01 aniline), while still hot, a certain quantity of class opal blue is more ea^y sulphonated tton 
aniline hydrochloride ; on cooling, the opal blue, the common blues. The sulphonation takes 
being gradually converted into the hydrochlorido, place in progressive stages, one sulpho goup 
settled out in small glistening crystals, whilst the being introduced after the other. It is diflBoult 
low-class blue remamed dissolve in the aniline, to introduce more than two sulpho grwps by 
The opal was then filtered off, and washed with the use of ordinary sulphuric acid, ^^big 
spirit until ouite pure. If necessary, it could be sulphuric acid must be resorted to in order te 
re-oonverted into base by treatment with alco- produce the trisulpho derivative. As this, 
holio caustic soda. The base, re-dissolved in however, is hardly ever required, being much 


produce the trisulpho derivative. As this, 
however, is hardly ever required, being much 
too soluble for the purposes of the dyer, common 
sulphuric acid is invariably usw, but the 
* extra-strong * quality of 95-97 p.c. H 1 SO 4 is. 


re-oonverted into base by treatment with alco- 
holic caustic soda. The base, re-dissolved in 
aniline, could again be converted into hydro- 
chloride by again adding aniline hydrochloride. 
The opal then came out in very fine crystals, 


which represented the blue in a state of greatest as a rule, preferred. 


purity. The aniline liouors obtained from these 
oiystaUiBatioDS had to oe distilled in order to re- 


If this acid be allowed to act upon on aniline 
blue, the reaction begins at about 30® and 


cover the spirit. They were then made alkaline results at first in the formation of the mono- 
in order to decompose the aniline hydrochloride sulpho derivative. The following arc its pro- 
present, the aniline was driven oi! by steam, and perties : 

the remaining low-class blue obtained in the In the free state triphenylrosaniline mono- 
shape of base as described. Owing to the largo sulphonio acid forms blue flakes, wmeh are 
quantities of spirit used for washing the crystal- quite insoluble in water, in a solution of 
lised opal, ana the consequent loss of spirit by bicarbonate, or even in weak ammonia. Sodii^ 
evaporation, this process (which may be recom- carbonate dissolves it on boiling ; caMtic soda 
mended for laboratory experiments) was costly, in the cold. The solutions are perfectly colour- 
and unable to compete with the rapid and cheap less. They contain, in fact, the sodium wit of 
German process. monosulpbotriphenyltriaminotriphenylcarbmol i 


German process. 

Tht German proem is based upon the foci | 
that Uio crystallisable blue opal is insoluble in a 
very hot solution of aniline hydrochloride, whilst 
the common non-cryatallisablc blues are soluble 
in this liquid. The solution of the aniline salt 
must, however, be so concentrated (in order to 
act properly) that it would solidify into a mass 
of ciystals if cooled in the least degree. It is 
rather fused aniline hydrochloride that is re- 


quited, and not an actual solution of the wit in combining with wool in 

water. In order to operate properly with wool remains colourless, but after wasnea 


C,H.-N<§“‘ 

The dry sodium salt is jet b^k. 
This compound has the curious pro 

Z..V am allr&linA 


roperty of 
latn. The 


such liquids, closed vessels must be used. The with water it becomes bnllmntly blue ii un- 
following is the principle upon which the mersed in weak sulphuric acid. , , . . 

plant in the roaiority of German works is This curious property, discovered by «icnol- 
instructed. • son, has l>ecn made use of by wool dyew, who 

Near the melting-pot a battery of closed iron prefer the * alkalme or Nicholson bluw w wi 
vessels. lined with lead, is erected. The first of others for the prmiuction of bnght and bnlliant 
these is filled with a quantity of hydrochloric blues. , 

acid, just sttfiicient to neutralise the aniline con- The alkaline bluw origmally manufoOTU^ 
tained in the blue melt. The melt, when by Nicholson and other makers were w n^^ 
finish^ is introduced into tliis vessel by means as iiossible the pure^ium salte of ^ mon - 
of air pressure. The vessel is fitted with a sulpho derivative. Owing to the ^ffic^y^ 
stitrer, which stirs up the mixture into a homo- dissolving them even m boiling ww^now 
geneons mass. This is then prwaed into a kind of alkaline blues was pmuwdiare 
second vessel, which contains some filtering on; these uew airline blues contain a ^ 
arrangement, upon which the blue crystals are tion of the disulnho denvative. 
deporited. The liquid which issues from this blue powders, e^ly soluble m ^ ^ 

vessel Is dduted with water, when the common solution which is d^meUy blue. The w 01 
blue hitherto dissolved in it is quickly deposited, these now alkalme blues is exactly similar to 
The Une oiystals remaining on the filter are that of the old quality. _t_ ..trind 

washed with water, and may be purified by If the sulphonation of the Oj^l blue be 
boiliim them with spirit farther by raising the temperature 

^ , me$ in uwler.-Veiy Uttle of the the reaction to continue for a longer 

^ that is mamiiMured is used in the opal monosulpho add ? 

•tile, Tk aoiubl^ in spirii By far the largest replaced bjk the disulpho ^retiv^ JIM is 
nnemosttnn aI u mm. inoninKlA tn veult sulnhuTio aCKU DUS sawier 


ottw in mter in oedw to bMome . .olnWe in pu» wrter, with wi MA 

IbriUtpupoMindphomh orioor. 
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This salt contains probably the oompotind re< 
presented by the^folloving formula : 


0 


fo- 


NHo 


0 


^<C.H4- 


-so. 


The disulpho derivatives of the various 
classes of tripnenyl-rosanilines are known under 
the names of CoUon blue, Water blue, China him. 
Navy blue, Guernsey blue, and many others, i^ hich 
are again sub-divided by the use of the letters 
R and B. Thus a 6 B cotton blue is the disulpho 
acid of a very high-class, crystallisabie 0 ])al 
blue, whilst a 4R Guernsey or Navy blue would 
be a reddish-tinted blue, manufactured from an 
opal prepared with acetic acid and a small 
excess of aniline in the melt. 

The process of sulphonetion, though very 
simple in theory, requircvS great care and atten- 
tion on the part of the manufacturer. The 
sulphonation is carried on in cast-iron pots into 
which the necessary quantity of sulphuric acid 
is introduced. The opal blue, which should be 
finely powdered and jierfectly dry, i.s then 
stin^ in, and the tempraturc raised gradu- 
ally. Samples should be ' drawm from time 
to time, and the precipitate produced by the 
addition of water must be examined as to its 
solubility in water, weak ammonia, sodium car- 
bonate, and caustic soda. When the desired 
degree of solubility is obtained, the liquid is 
poured into water, and the blues filtered off and 
carefully washed. When quite free from acid, 
they are dissolved in the necessary quantity of 
caustic soda ; the solution is then filtered, and 
evaporated to dryness in jacketed pans. Cotton 
blues should be freed from the excess of sul- 
phuric acid by the addition of slaked lime. 
The solution of the calcium salt is filtered and 
converted into the sodium salt by double decom- 
position with sodium carbonate. Afte^* another 
nitration, the solution of the blue is evaporated 
to dryness. Certain artifices are required to 
produce porous masses, such as the brand know'n 
as China blue, which is manufactured for exix>rt, 
and k r^ui^ to possess a given bulk for a 
given weipt. 

Appendix to basic iriphenylmeih.ane colour* 
ing matters, 

AoniSlilie. This dye-stuff, although a deriva- 
tive ddiphenylmethane, is so closely connected 
witli the manufacture of crystollisable violet 
Ihdtit oamioi be omitted from this article. 

,'lthftS been shown that crystal violet, as well 
•tYlhtoria blue and other dye-stuQ^, are manu- 
liikWid ffOM dimethtd and diethyl dtatnim)- 
Now, if the^ ketones be heated 
with aifhnoiitiiiii chloride in the presence of 
ftinc an interesting Inaction takes 


place at the temperature of IfiOMfiO®. 11k 
oxygen of the ketone is replaced by the imino 
group NH, thus: 



?<CH, 

C.H 4 

C,H, 

CO + NH, 

= H,0 + C»NH 

1 

1 

0,H. 

CA 

^^CH, 

>i<ss: 


The iraidcs thuif obtained are j^ellow colour* 
ing matters, and have received the name oft 
auramines. The auramino of commerce is imino*| 
tetraraethyl-di-p-amino-diphenylmethane hydro- 
chloride, containing one molecule of water of^ 
crystallisation : 

It forms a* yellow j)owder easily soluble in water. ^ 
It is exclusively used for dyeiiig and printing on 
cotton. 

Sub.siituted auramincs may be obtained by 
using the hydrochlorides of primary bases in- 
stead of sal-ammoniac. Thus a phenylated 
auramine of orange etdour may be produced by 
acting with aniline hydrochloride upon tetra- 
mcthyldinminobenzophcnone. 

The aiiramiucs acre discovered by Caro and 
Kern in 1884. They form the .subject of the 
Eng. Pals. 5.112, 1884, and 5741, 1884, and the 
D. R. PP. 21K)(i0and 31030. (Sie art. AuiuJiniB, 
vol. i. 431.) 

11. The Aurin Group. 

The members of this group contam oxvgen 
in the place of the |»entavalcnt nitrogon of the 
preceding one. If magenta and its congeners 
may be considered as quinonc-imides, the 
aurins are the corresponding quinones. 

The generic relation between the fuchsin and 
the aurin grbups will l>e l>est seen by showing 
how the typical representative of the former, 
parafuchsin, mav be transfomed into the firk 
representative of the aurin group, aurin itself* 

We know that parafuchsin, if treated with 
an excess of acid, is transformed into the tiiadd 
salt of trianunotriiihcnylcarbinol ; 

C-C,H4-Nlf,Cl4 21101 4-H,0 

cU.NH, 

\CA'NH*'HCS 

Now tills Halt, if treated wiUi nitsoui add* is 
transformed into the coirofpondli^ diaionilioi 
compound. 

yCgHiNH/HCI 

HO-<J^,H4*NH,’Ha*f?NaNO,+SHa 
Thit, OB being boiW Biftb |»M. 




nitrogjon i|,nd ii tmaafoimed into trihydroxy- 
tripbenyyirjri&ol • 

H0--C^C,H4*N,a+8H,0 

/C,H 4 * 0 H 

« 3 N,+ 3 Ha+HO-CfC*H 4 -OH 

\C4H4*0H 

The latter loses, in Mu nascendit one mole- 
cule of water, being transformed into its inner 
anhydride, anrin : 

C4H4OH 

/C.H4OH I 

H0-C;^4H40H=H404-C-C4H4-0 
\CeH4OH I 

C4H4-OH 

Thus aurin is parafuchsin in which all nitro- 
gen has been replaced by oxygen. 

This mode of formation has long been known, 
not lk)r aurin itself, but for its higher homo- 
logue, rosolic acid, which was prepared from the 
ordinary fuchsin or magenta by the process 
described. The many co-ordinate points of 
aurin and rosolic acid were recognised at 
an early perio<L On the other hand, chemists 
were aware of the distinct difference between 
aurin and rosolic acid, which is just as con- 
siderable as that existing between parafuclisin 
and its higher homologue. 

When an insight into the nature of the 
fuchsin group had been obtained, the knowledge 
of the constitution of the aurin group follow^ 
as a natural consequence. 

But even before this was the case, another 
connection was discovered between aurin and 
fuchsin. 

It had long been known that aurin (the mode 
of formation of which will bo given later on) may 
be modified by heating it with alcoholic ammonia. 
F. Persoz produced a red dye-stuff, which he 
called PaaniM, by this procH^ss. This had, in 
all probability, the following constitution : 

C4H4-OH C,H4~0H 
^*C,H.==0 or ^^=(.’,H4=NH 

In 1878 , Dale and Schorlommcr, whoso re 
searches on aurin are of great importance, 
showed that aurin, by voiy prolonged heating 
with jdooholio ammonia, may be transformed 
into pararosaniline 

C,H4-0H 

I /0.H4NH, 

C«C4H4«04-3NH, CfC4H4NHj+2HjO 
i / V 4 H 4 ’NH 4 

C4H4OH HO 

Thus the connection of the two typical dye-stuffs 
ym deffnHely established. At present we know 
that tike aunn mup contains tne acid counter< 
parts of the basic members of the fuchsin group. 
A coi^iderable number of them are known end 
described in chemical literature. As, however, 
wmest of them ere of no practical value 
it would us^ess to enumeiate them in this 
^ thm^om d<^ibe only theSe 
^ anrinjioup which eate of some 
TSsee are very few of 
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1. Anrfal CjiHifOi* The discovery of this 
substance, or one very nearly related to it, dates 
as far back as 1834 , when F. Bunge, the pioneer 
of the chemistry of coal-tar, observed that crude 
oarbdio acid (containing oiesol) was transformed 
into an acid red dye-stuff by oxidation. Later 
on ( 1859 ), Kolbe and Schimtt and F. Persoz 
simultaneously observed that pure phenol, when 
heated with oxalic acid, or with oxalic acid and 
sulphuric acid, was transformed into a similar 
red substance. The manufacture of the new 
dye-stuff was first taken up in Lyons by the finn 
of Quinon and Mamas, l^ter on, it was carried 
out on a large scale by C. Calvert and by C. 
Lowe ; also by Roberts, Dale A Co., in Man- 
chester. The cmde aurin thus obtained is a 
non-crystallisable, brittle, pitchy mass, of a 
brilliant green metallic aspect, insoluble in 
water, but soluble in caustic soda solution, with 
a magnificent red coloration. It dyes silk and 
wool from an acid bath, producing an orange 
shade on those fibres. It was much used on 
silk in former days, but its use has been aban- 
doned since the introduction of the azo- colouring 
matters, which produce brighter and faster 
shades. 

The researches of Dale and Schorlemmer, 
Zulkowski, and others have shown that common 
aurin consists of a mixture of a number of sab- 
stances which, in a pure state, are well crystal- 
lised. Of these, aurin itself C14H14O4, oxyaurin 
CX4H14O1, mcthylaurin C2 qH} 404, and pseudo- 
rosolic acid CjoHxjOi, may here be mentioned. 
All those substances are produced by the action 
of nascent formic acid (generated from the oxalic 
acid) upon phenol. This mode of formation of 
aurin itself may be represented by the following 
equation : 

C4H4’0H 

3 C,H, 0 H+C^ 0+0 = ^=/~\= 0 + 3 H ,0 
\OH I N — / 


C,H4.0H 


A large number of other reactions have been 
obser\'ed in which aurin is formed to a greater 
or lesser extent. Thus, for instance, it is ob- 
tained by acting with formaldehyde, with 
iodoform,* with chloroform and caustic potash 
on'phenol. These reactions have never attracted 
the attention of manufacturers, aurin having 
lost its practical interest. 

The sodium salt of crude aurin is known in 
commerce under the name of Yellow Coroffin. 

2 . Peonln, corallin red, aurin red is the 
sodium salt of the reaction product of alcoholio 
ammonia ui>oii aurin, which has already been 
mentioned and the constitution of which is given 
above. 

3 . Azulin is a simUar product, of a dirty 
violet shade, obtained bv heating aurin with 
aniline. It is probably phenylated pnonin : 

C4H4--OH 

t 

C-C4H4-O 

4. RnzoHo add is the name which was 
originally given by Bunge to the oxida^n pro« 
duet of crude wlMlk add. For a long time H 
was eonsideredlo bo identical with aurin. At 
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promt this name is rosemd for tho product 
obtained firoxn the ordmaxy fuchsin of oommeroe 
the diasotising process. It forms magnificent 
Uue needles, wmch, being homologous to true 
aurin, have the composition C 2 oH]gO| : 

OH 


A /CH, 

0 

i-o=» 


It dyes silk and wool orange shades, similai* 
to those obtained with aurin. It is of no prac- 
tical inteiest. 

5. Chrome violet 02 sHi 30 ,Na 3 is the only 
member of the aurin group which is of 
considerable practical value. It is the sodium 
salt of aurin tricarboxylic acid : 

OH 


0 “ 


■q-" 

O ^COOH 
-~COOH 


It was discoverod in 1889 by Sandmeyer, and 
patented (D. R. P. 19970, J. R. Geigy). It is 
proparod bv acting with formaldehyde, or with a 
miacturo of methyl alcohol and s^um nitrite, 
upcrn a solution of salicylic acid in sulphuric 
add. The carboxyl groups are in the ortho- 
potion to the hydroxyl group. Tho result of 
this amn^ment is that the dye-stufi combines 
roadtly vi&i metallic mordants of the iron ^up, 
and e^jedaliy with chrome mordant, producipg 
violet shades of considerable fastness on cotton. 
It is chiefly used for printing on cotton. 

The process patented for the production of 
ehxmxie violet is interesting, because it forms a 
genetal and excellent synthetical method for the 
production of the aurins. It is strictiv analogous 
to the lynthetical method adopted for the pro- 
duction of * Nen-fuchsin ’ by the * Farbwerko ' 
of Hdohst. Two stages oday be distinguished In 
Ihepooeis: 

W In the first stage, formaldehyde (or 
iDethy)a}| acts upon two molecules of the 
idmaol— ’in the case of chrome violet, salicylic 
add’^-forming the diphenylmethanc derivative 
(xnethyleiie salicylic acid) : 


+H.0 

^ CA<Sh 

Tlito metioB my Im faeUitoted by the addi- 




rion of condensing agents, such as hydroohlorio 
acid and others. , 

(b) In the second stage, the d^nylmethane 
derivative is simultaneously condensed and oxi* 
dised with another molecule of the phenol into 
the corresponding aurin by the mixture of sub 
phnric acid and sodium nitrite : 

CH./ +C.H4<gOpH+0 

V H ^COOH 

- H.O+(^=C.H,<g^H 

T 


Any phenol, or substitution product of a i^noK 
may be substituted for the salicylic acid in thia 
process. \ 

Later on, N. Caro (Ber. 25, 940) prepared^ 
a large number of carboxylated aurins by this \ 
process, substituting resorrylic, gaUic, and creso- \ 
tinic acid for the salicylic acid in the patented 
process. The compounds obtained proved to bo 
very similar to. chrome violet. 

6. Of the largo number of aurins prepared, 
only one more need bo mentions here : 
pittacal, a curious substance discovered in 1835 
by Reichenbach in certain portions of beech* 
wood tar. Liebermann more closely invest!* 
gated this substance, and gave to it the name of 
eupUionic acid (Ber. 1876, 9, 334; 1878, 11, ■ 
1104). Hofmann determined its constitution 
(ibid. 1878, 11. 1455; 1879, 12, 1371,2261). 
Pittacal is hexamethoxvaurin : 

OH 


I R'° 

1 OCHj^H, 


l^-OCH, 


I formed by the simultaneous oxidation of di* 
metbylpvrogalloj : 

yOH 1 
C,H,f0CH, 2 

\0CH, 3 
and dimethyl methylpyrogallal ; 

/3H, I 
p „ /-OH 4 
5 

\0CH, 6 

which are both contained k wood tat Tha 
methyl gronp of the second oomponnd yhddi the 
central carbon atom in toeiumw my as noeiinvad 
wito orosol k the formation of the loicdk add 
observed by Rrnigii, 

Pittacal is an oiange •nfasUik^ 
k bcauitfd inyatok am Ikimiklik 
caustic aihiUs is of a hm&M hha ookm 
By heatkg pRtoeal with 
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obtained^ vkdet ooloWog matter, wbioh proved 
of no praoticel value (v. BcrmroNio Agio, voK ii. 
«89)/ 

. III. The PhthilbIh Oboop. 

The phthalelns were diecoveied by Baeyer 
in hie memorable researches on the condensa- 
tion of phthalic acid with aromatic hydrocarbons 
and phenols. Their constitution was, however, 
at iust misunderstood. In 1860, when the 
curious properties of phthalic anhydride became 
more dcmnwely known, the error was corrected 
and the phthalelns were recognised as congeners 
of the tnphenylmethane group. 

It is a weU-known fact that every o-dicar- 
bozylic acid is capable of forming, by losing the 
elements of water, an inner anhydride. These 
anhydrides act very easily on phenols, in some 
cases without the addition of condensing agents. 
Water is again eliminated, and a dye-stufi 
formed in eveiy instance. Of the many colour- 
ing matters thus obtained, only those prepared 
from phthalic anhydride have, with one excep- 
tion, become of general and practical interest, 
and these will here be described. 

The central carbon in these dye-stuifs is 
afforded by one of the carbonyl groups of the 
anhydride of an o-dicarboxylic a<4d. If we 
restrict our consideration to phthalic anhydride, 
the formula may be thus modified : 


X-Ru/ ^0^ 

phthalic acid being l)cuzene o-dicarboxylic acid. 

Phthalic anhydride, although perfectly sym- 
metrical in its constitution 

/\./V 


hence Uie near relation betwm the j^thalelnt 
fuohsin, and aurin groups. 

Formerly it was conridered as probable that 
the anhydride structure of phUkslophenone waa 


group becomes free after the condensation has 
taken place and that it simply serves as a ^t- 
forming group of minor importance. The 
quinonoid structure is slated to the pyrone ring 
which is always present in all the really nseful 
members of this group. PhenolphtbaJ^n and 
diaminophthalophenone, which do not contain 
the pyrone ring, are of no value as dye-stuffs. 
The constitution of the more important members 
of this group will be seen from the stmctuial 
formulae given for each of them. 

1. Phenolphthalein C20H14O4 was discovered 
by Baeyer in 1871 (Ber. 1871, 4, 658). Its con- 
stitution is 

/C.H4-0H 

Ci^C4H4-OH 

\C4H4*C0 

0 

' J 

it may be considered as a substituted phthalo- 
phonone, but as in the free state it has no 
quinonoid structure, it is also colourless. It is 
easily prepared by heating phthalic anhydride 
with phenol in presence of sulphuric acid or 
stannic chloride. It forms pale-yellow crystals, 
which dissolve with a fine red colour in caustic 
al^lis. In the salt so formed the quinonoid 
structure is established and the substance there- 
by becomes a dye-stuff : 

ONa C4H4-OH 


o 


c-o C.Q,.0 


acta, in condensations, like an asymmetrical com- 
pound, only one of the carlmnyl groujM being 
attacked and losing its oxygen. Thus, by being 
condensed with two moleculeH of benzene it 
yields diphenyl-phtbalide or phthalophenone : 

■ 


which is the parent substance of <dl the phtha- 
Icins, just as triphenylmeihane is the }iarent 
substance of the fuchsin and aurin groups. 
Biphei^hphtlialide, however, is but the inner 
aikmrsde of triphenylcarbinol o-oarboxylio 


The practical importance of phenolphthalein is 
very small. Its only use is that of an indicator 
for alkalimetric purposes. 

For observations on the colourless salts of 
phenolphthalein and on its value as a colori- 
metric standard, see Kober and Marshall, J, 
Amer. Chera. Soc. 18U, 33, 59. For the 
behaviour of phenolphthalein derivativee as 
indicators, see Rupp, Arch. Pbarm. 1911, 66« 

2 . TetmnUra^ndpkihiUelnCmfii^fliitM 

been proposed as an orange colouring matt^ 
for wool. Its sodium salt 0|oH4N404|Na| is 
sold as an orange powder under w 

AuroHne, It was discovered by C. Diejto, H, 
Bull, and T. Hall, and patented in England 
under 3441 ( 1889), in Germany under 52211. Jn 
a pure state free tetranitrophenolphthaleln lorteu 
onnge orysUls, melting at 

It has long been kimwtt tlmt pbeim9»uiun 

is not a good dye. The same awOw to all the 
ordinary typical phthaMns. ntthato^enone 
(dipbenylphtoidide) is hot a poor ohnnoMOt 
but its propwUes ate at once improved 
•bwady been shown ajmve) « ^ 
tsdbdei in ttsjBohsn^ be 

another 

to ehiomogens containing the pyrone wt 


TBIPHIlNYmETHANE CK)LOUItINO MATTERS. 


combmed with the structure of triphenylmethane 
derivatives, which, by the introduction of auxo- 
dbromio groups, give rise to some of the most 
beautiful dye-stuffs yet discovered. As in all 
oases, the auzochromic groups introduced 
may be either the hydroxyl or the amino 
group ; and in the latter hy^gen may be re- 
place by organic radicles. We thus get 
phthaleln colouring matters of either phenolic 
(^d) or aminic (basic) character. For a long 
time the former alone were known; we will, 
therefore, consider them first. 

A. Acid pUhaltin dye-stuffs. 

The prototype of these is — 

1. Fluorescein This beautiful sub- 

stance is formed most easily if pbthalic anhy- 
dride and resorcinol be mixed in molecular pro- 
portions and heated to 190^ In the factories 
this operation is carried out in enamelled cast- 
iron pots, heated in an oil bath. The ingredients 
melt, and large quantities of steam are given off. 
When the reaction is finished the mass solidifies 
into a cake of dark-brown colour, which consists 
of almost pure fluorescein. 

In this reaction two molecules of resorcinol 
combine with one of phthalic anhydride. At the 
same time they interact upon one another, 
losing one molecule of water, and forming the 
pyrone ring : . 


ai^Iiy see Baeyer,^ 
iiL ^ 


Annalen, 1910, 972, 80^ part 






1 moL PhUuOic 
anhydride 


2 mols, Besorclnol 


0.Q 


2H,0+ c( )0 


Sodium salt of Fluorescein, ^showing qulnonoid 
structure combined with pyrone ring 

The crude fluorescein obtained in the manm- 
iacture, os above described, seems to contain two 
modifications of the substance (which may 
isomerides). By treating the crude cake witi 
boiling spirit, a certain amount of. a soluble, non\ 
ciystailisable fluorescein is extracted, whilst the 
greater proportion of it remains undissolved, \ 
and is obtained as a crystalline residue on\ 
filtering. Tliis process of purification is invari- \ 
ably used in the manufacture of the dye-stuff. 
Both the soluble and the insoluble part are 
worked up in the manner to be described here- 
after, the insoluble fluorescein giving the better 
and purer qualities of the dye-stuffs, whilst the 
low -class qualities are made from the soluble 
fiuorc.scein obtained by evaporating the alcoholic 
extract. 

A small quantity of the fluorescein manu- ,< 
foctured is transformed into its sodium salt 

CjoHiqOjNa, 

w'hich is sold, under the name Uranin, in the 
shape of a yellow powder, very soluble in water. 

It is used for dyeing pale yellows on silk. 

If benzyl chloride and some sulphuric acid 
be added to the fluorescein melt a substance is 
obtained wliich is supposed to be benzyl-fluor- 
escein : 

C H 

c ;o 

.i-C.lli’CO 


0 / \ 


Fluorescein 


Finoresoein in a free state has thus a con- 
stitatioii quite analogous to that of phenol- 


juuingly so in the majority of other solvents. 
I, howimr, we dissolve it in alkaline liquids, it 
liStones, like phenolphthalein, its qulnonoid 


nature and this chan^ is marked by the inten- 
sity ^ its colour, in caustic alkalis and in 
ammonia H dissolves with a brown colour. The 
idtttim especisllv when duute, a most 
fniOiaat and bmtifm green fluorescence. 
Hence He name of the substance. 

Conemisig the natuie tfa# changes which 

take |daoe when fluoresoi^ is treated with 


Its sodium salt is sold as a yfflow dye-stuff 
under the name Chrysolin, This substance, 
discovered by Reverdin in 1877, is not of much 
practical importance. 

By far the greater part of the fluoresoeiii 
produced is trensformed into very beantifiil red 
colouring matters by the introductioii of halpgsii 
atoms into its molecule. The dye-stuAi so pte* 
pared are kflowu by the generic name of Sonnt * ; 

If fluorescein be treated by subetitutiiig ns- 

J nts, it is generally observed that four atoms' 
hydrogen are replaced by other groups. 
Further investigations have shoim th& mM 
substitution tahes place in the phenyl radteies, 
which entered the fluorescein m Mie ibano of 
resorciiml, whilst the phenyl ladktodmim , 
the phthalic anhydride is never attielm^ 
reagents. ' , 

The most important ^ M 

prepwredit 

% foifo C|«H|0|Br|S:|i the potaashim wR 


1 
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of teteatomoOiaoreft^ Hie sodium salt is 
also ooeadonally met with, Wi it does not crys- 
tallise so well. The constitutional formula of 
eosinis; 


yC,HBr,'OH 

c y) 
!Lc,h/co 

L— J 

(In a free etate) 


Br 


o-i 

KO^ Br/ N)K 
(As potassium salt) 

Eosin is prepared by acting with four mole- 
otiles of bromine upon one molecule of fluor- 
escein. The crystaliisable, modification of the 
latter is used for the manufacture of a good pro- 
duct. On the small scale a solution of the 
fluorescein in glacial acetic acid is prepared, and 
the bromine introduced gradually. 

For manufacturing purposes glacial acetic 
acid is too expensive. The following process, 
which admits of operating in aqueous solutions, 
may be used instead. 

The bromine is dissolved in exactly the neces- 
sary quantity of caustic soda, and the solution is 
evaporated to diyness. The resulting salt con- 
sists of a mixture of sodium bromide and sodium 
bromate. It is dissolved in water and mixed 
with a solution of the theoretical quantity of 
fluorescein in caustic soda. The mixture is then 
aoidifled with hydrochloric acid. The bromine 
generated acts at once upon t he fluorescein, and 
the precipitate obtained is eosin, which need 
only ne dissolved in a solution of potassium car- 
bonate and evaporated to crystallisation. 

The quantity of bromine used may be reduced 
to hall (two molecules or four atoms) by using 
a mixture of potassium bromide and potassium 
or sodium chlorate, instead of the salt obtained 
by evaporating the solution of bromine in caustic 
soda. 

This process, although cheap and simple, is 
not generally used, because the bromine is found 
to act too eneigetically. A certain amount of 
the eosin is destroyed, and the remainder is not 
so briUiant in colour as it might be. 

The brominaUon proceeds much better in an 
alcoholic solution; alcohol is, therefore, fre- 
quently used for the purpose in the manufacture 
of oosin* The fluorescein is finely ground, and 
suspended in strong spirit. *The necessary 
quantitv of bromine is added. The bromination 
takes {dace slowly and gradually, and an excel- 
lent product is obtained. The spirit is recovered 
by mstiUationu 

In order to reduce the bromine in this as 
in the aqueous process to two instead of four 
^lecules, the addition of a chlorate is necessaiy . 
But a chlorate must be used which is soluble m 
spirit. Cupric chlorate is preferred to any other. 
It IS piepued by mixing concentrated aqueous 
solutmu of sodium ohlorate and cupric chloride 
or sulphate. Tbe solution obtained is added to 
thoopwatkm in progress. 

J??*® • dark-brown powder, or 

ojJ«-bTOwn erysUb with a green motallio lustre* 
^ jx^aasiam salt may alM be obtained In 
ram-oolojuai eiysti^ by le-crystallisatkm from 
Apmt. Ttase cq^^ 


tailisation. ' Accoidins to strength and purity of 
shade, the commercim eosins are distingu^d 
by certain letters and additions, such as * eosin 
B,’ ‘A,» ‘GGF,» ‘DH,* ‘extra,’ ‘extea-fine,’ 

‘ soluble,’ and others. All these brands dissolve 
euily in water, with a scarlet coloration. 
Dilute solutions show a marked greenish 
fluorescence, 

Eosin is used for dyeing silk and other 
fibres, also for staining paper, and for preparing 
red inks of a very fme scarlet colour. Large 

E itics are used for the last-named purpose. 

is not a fast colour, but its brilliancy of 
shade secures a ready sale for the large quantities 
produced. 

3. Eosin soluble in spirit (Primrose, methyl 
eosin). These names arc applied to certain pro- 
ducts, which are produced oy boiling eosin, dis- 
solved in spirit, with caustic soda and methyl 
iodide, or ethyl bromide. The carboxyl group Is 
thus alkylated, whilst the hydroxyl group re- 
mains combined with alkali. The somum salts 
thus obtained form glistening ciystals, insoluble 
in water but soluble in spirit. They have the 
constitution : 

O'- 

C.0 < >-»' 


OR 


Br/’^ONa 


in which R stands for either methyl or ethyL 
Small quantities of these substances are prepared 
and employed as an addition to the vermilion 
used in cotton printing, in order to increase the 
brilliancy of its shade. Spirit eosin was formerly 
also used for silk dyeing, but for this purpose it 
has been replaced by the bluish eosins soluble in 
water, to be described later on. 

If the hydroxyl group of eosin is also to be 
alkylated, this can only be effected by acting 
with alkyl iodide or bromide upon the silver salt 
of eosin. The dialkyl-ethers thus obtained are 
colourless. 

4. Eosin scarlet (Eosin B, BN, BW, scatiel, 
J, JJ, V, d;c.). iSodium salt of dinitrocUbromo- 
fluorescein C^qH «N jO^Br^Na.^. 

If fluorescein be treated with nitric acid, 
dinitrofluorescoin is obtained, which has found 
no application as a colouring matter. But by 
subsequent bromination it yields a brilliant 
scarlet. The same product (or an isomeride 
very similar to it) may be prepared by first 
brominating the fluorescein and uien treating it 
with nitric add. 

This dye-stuff was hailed with enthusiasm 
when it made its appearance in 1875, but its 
use was soon much restricted bjr the introdno- 
tion of the scarlet azo-dyes which are quite as 
brilliant, and at the same time faster, cheaper, 
and more easy in their application. 

5. Srythrm (Bluish Eosin, DianBiin, Prim- 
rose soluEk, Purosin B, and other names). 

This is thelodium salt of tetcaiodofluoiescem 
Ci^iOtl«Nas. The potassium salt is also met 
with oocasionaflv. It is prepmd by iodmating 
fluoiesoein with mdine ana oxidising agrats, such 
as merouzic oxi^, iodic add, cupric oUmt^ 
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Ac. It may also be prepared by introducing 
iodine monochloride into an alcoholic suspension 
of fluorescein. 

SrvthroBin dissolves in water, with a fine 
red colour, and very slight fluorescence. It dyes 


red colour, and very slight fluorescence. It dyes 
silk in shades which are much more bluish than 
lAose obtained with eosin. 

Erythrosin was introduced into the market 
in 1876 by Bindschedler and Busch. It was 
well received by the silk dyers. Owing to the 
high price of iodine, a mixture of eosin and 
Bengal red is now used for producing the same 
shades. 

Ihere is one application, however, for which 
pure erythrosin is still required~for producing 
orthochromatic dry plates for photographic pur- 
poses. As a sensitiser of silver bromide, ery- 
throsin holds a prominent place amongst all the 
colouring matters hitherto tried. 

Di-iodofluorescein was sold and used for a 
v&j short time as an orange dye-stufl, under the 
name * Pprosine J' 

6 . Phfoxin {Potassium salt of dichloro- or 
tekachtoro- tetrahromojluorescein). 

This colouring matter, discovered in 1876 by 
Ndlting, together with the following ones, formed 
a new departure in the manufacture of the eosin 
dyes. The characteristic feature of these sub- 
stances is the fact that they contain halogen 
atoms substituted for hydrogen, not only in the 
resorcinol groups, but also in the phenyl group 
derived from the phthalic anhvdride. Now, it 
has already been said that a substitution of this 
kind cannot be effected in ready-made fluore- 
scein. To prepare phloxin, therefore, or any of 


but with the anhydrides of dichloro- or tetra- 
chioro- phthaKc acid. Dichlorophthalic acid is 
best prepared by oxidising dichloronaphthalene, 
whilst tetiachlorophthalic acid may bo obtained 
by c^orinating phthalic anhy^de in the 
piesesce of finely mvided iron. Both acids give 
colouring matters of very similar shades, the 
tettadliloro derivatives being but very little 
bluer than the dichloro derivatives. The pro- 
oeei manufacture of the dye-stuffs is identical 
with that described for eosin. The constitu- 
tidual formula of phloxin is 

?? <>-»■ 
a-/ 

A; 


If dnived from tetrachlorophthalk acid. The 
phloxia derived from dkhbrophthalic acid cou- 
taias, of com, two atoms of chlorine less. 

Oommerrial j^xin is a red powder, soluble 
in water, witli a ted colour and no fluorescence. 
It dyes beaatifiil bloish-ied sbaderon silk, which 
lesemlde those obtained with mythiosin. 

7. Is the monomethyi ether of 

j^loxm. It isiolulde in s|flritpand dyes shades 
Stitt bhier tium |Uc^ 


8. Bengal red {Pose Bengsis N) 
CiAa^IAK, or CaoHjCliI AK, 

is the iodo derivative of this series. It is the 
bluest eosin dye-stuff obtained. It is veiy ex- 
pensive, umI was formerly used in large quan- 
tities to produce the most brilliant bluish-teds 
on silk. It has now, to a great extent, been 
replaced by the rhodamines. Its meUiyl 
ether, soluble in spirit, received the name of 
Cyanosin B. Its application never became im- 
portant. 

The phthalein derivatives of resorcinol are 
all very brilliant dyes. There are, however, 
some other acid phthaleins which, although im- 
portant as colouring matters, are of much mo^ 
sober hues. They are derivatives of pyrogalloL 

9. Gallein C 20 H 12 O 7 . If phthalic anhydrifle 

be condensed with pyrogallol, the reaction takM 
place quite as easily as with resoroinoL Tl» 
product obtained is, as might be expected, 4 
dihydroxyfluorescein. The constitutional formula 
now' adopted for gallein is \ 

yyO 


oU \ )- 


/ \-0H 
\)H 


For the manufacture of gallein it is not 
necessary to prepare puiv pyrogallol. Gallic 
acid may be used instead, wliich, losing ct^bon 
dioxide, is at once transformed into gallein by 
the action of the phthalic anhydride. ^ 

Gallein is generally sold in the shape of a 
violet paste. It is sparingly soluble in water, 
easily soluble in caustic alkalis, with a bright - 
blue coloration. It dyes mordanted wool and 
cotton. Chrome mordants are used preferably, 
and dark-violet shades are obtained. 

On account of the similarity 0 ! the anplioa- 
tion of gallein to that of alizarin, gaUein is 
also sold under the name of tnohi or 

Anthracene purple. 

10 . Cosrulein (.l/tmria grun, Anihmene 
green) CjoIlgOi. This is one of the most impor- 
tant dye-stuffs for wool and cotton, dywing a 
beautiful and very fast olive green on ebreme 
mordants. The colton printer uses it constantly, 
both pure and mixed, with other dye-stuibi of the 
alizarin family. 

It was discoven;d in 1871 by A. Baeyer, who 
obtained it by heating gallein with ooncenUilad 
sulphuric acid to 200 ^ By the same prooem it 
is now prejiared in immense quantitiei on th# 
large scale. 

In this process the substanoe loies one mole* 
cule of water and the carboxyl group lovmi a 
new bexi^on ring by condensrag with the 
neighbouring benzene ring, thus : 



' •* JE V Aw' 
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CamMsi ^ bl4iok Mate, insoluble in 
water. It is soluble in oauAio alkalis, with a 
greenish-blue coloration 

U. Ccemltln S {scMU ctsmUin) 

CI|oHjoOig6sKat 

This is the product of the reaction of sodium 
bisulphite upon ccBmlein; its manufacture is 
carried on by the Badische Amline and 6oda 
works at Ludwigshafen. It forms a black 
lewder, soluble in water, with a brown colora- 
tion. ^ It is easily decomposed by the addition 
of adds or by heat. It is used for the same 
purposes as cosrulein, and is very convenient, on 
Moount of its easy solubility. In dyeing with 
it, it is, of course, decomposed, the ordinary 
cosrulein being deposited on the fibre. 


B. Basic phthalein dye-stuffs. 

For a long time these were not known. The 
manner in which they might be obtained had, of 
course, su^eated itself to the consideration of 
chemists, but the substances required for their 
srathesis seemed to Ikj quite out of the reach of 
the manufacturer. In 1887, however, M. C(*re. 
sole, of the Badische Anilin- und Soda-Fabrik, 
successfully effected the synthesis of the ^t 
basic phthalein, which proved to be of such 
value that a thorough search for a good means 
of preparing the necessary ingi'edieuts was made, 
which led to complete success. 

To obtain the basic substanco analogous to 
fluorescein, it is merely necessary to replace one 
of the hydroxyl groups of resorcinol by an 
amino- group; or, in other words, to employ 
m-aminophenol instead of resorcinol : 



.NH.C! 





2H,0 


Experience has shown that the compound 
thus oDtained hue no practical value. If, how- 
ever, diethyl m-amiuophcuol is used instead 
of the m-aminophenol, a most beautiful colouring 
matter is obtahied, known under the name of 
1. Rbodan^ B The com- 

mercial product is the monohydxxichlorido : 



It {orau iiMdln of o i 

la bott 

spint, Auw a Hioi 


nifioent orange fluoiesoence, winch. disappears 
on heating, and reappears in the cold. This is 
the most beautiful red colouring matter ever 
prepared, dyeing silk, wool, and cotton a most 
brilliant pink of a bluish shade. 

The process described for the prodnerion of 
rhodamin is patented by the Badische Anilin- 
und Soda-Fabrik, £ng. Pat. 15374, 1887; 
B. R. P. 44002i The diethyl-m-aminophenol is 
prepared from diethylaniline by heating it with 
fuming sulphuric acid to 60^ diethylanikne m- 
sulphonic acid is formed, which yields the phenol 
by fusion with caustic soda. 

There is, however, another process for the 
manufacture of rhodamin, discovered by the 
Farbwerke of Hochst (B. R. P. 48367, 1888). It 
consists in treating free fluorescein with phos- 
phorus pentochloride, when the fluorescein 
chloride 



is formed. This is transformed into rhodamin 
if heated with diethylamine under pressure. 

2. Rhodamin S O^oHssN^OsCI, and 


These two colouring matters, which are identical 
in thoir practical properties and applications, 
are not, strictly speaking, triphenylmethane 
derivatives ; nor are they derived from phthalio 
acid. They must, however, be mentioned here, 
because they are near congeners of rhodamin B. 
They are obtained by treating dimethyl- or 
diethyl- m-aminophenol, not with phthalic, but 
with succinic, anhydride. Succinic acid is the 
typical o-dicarboxylic acid of the fatty series. 
Like phthalic acid, it forms an anhydride, which 
condenses with resorcinol into fluorescein-like 
dye-stuffs ; these, however, offer no practical 
interest. The succiueins of dimethyU and 
diethyl -JM-aminophenol, however, show a suffi- 
cient difference from rhodamin to be manu- 
factured and sold as a special brand. The 
constitution of the dimethyl compound may be 
represented by the following formula : 



It is, therefore, nut a triphenylmethane 
derivative. It is sold in the shape of its zinc 
double chloride. 

Rhodamin S shows great affinity to unmor- 
danled cotton. It is one of the few members of 
this group which may be considered to be what 
is now calleda substantive colouring matter. 

The properties of rhodamin S are vei^ 
similar to (luwe of rhodamin B. It fonts 
tals with a giwR meUllic Icwtre, easily soluto 
in water, with a red colomtion, and a marked 




m 
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ydlow flnoresoenoe* The shades obtained with 
it m^ellower than those produced with rhod< 


Bhodamin B and S remained for some time 
the only important members of this magnificent 
group of dye-stufEs. After a while, however, 
some new representatives of it made their 
apmarance, of which the more important may 
be nere shortly described. 

Bhodamin 6 CssH^NsOiCl is obtained by 
heating rhodamin B with aniline hydrochloride. 
One of the ethyl groups is split ofi in the shape 
of ethyl chloride and the recovered dye-stufi is 
a tri-ethyl-rhodamin which dyes wool and silk 
in red shades of a much more yellowish tinge 
than the original rhodamin B, 

The process of alkylation, which produced 
such remarkable results in the eosin group, 
proved equally applicable to the rhodamiiis. 
It was carried out at first by using alkyl chlorides, 
but later on it was discovered that a much 
cheapr and simpler way to the same end 
consists in saturating alcoholic solutions of 
rhodamins with hydrogen chloride. As this is 
a method which is exclusively applicable to the 
alkylation of organic acids, the ]» 08 sibility of 
using it for the rhodamins formed a proof of the 
presence of a free carboxyl group in the dye- 
stuffs and went a long way in establishing the 
modem views about their constitution. 

Bhodamin SB, Anisoline, was the first of the 
alkylated rhodamins. It dyes a more bluish 
shade of red than rhodamin B, and is, if j) 08 sible, 
even more brilliant and pure in its tinge, which 
strongly resembles that of certain fiowers such 
as the * Crimson Ham bier ' rose. 

Bhodamin 6G was obtained by the same 
process from syoi-diothylrhodamin (produced 
by the condensation of phthalic acid with 
two molecules of mono-cthyl-m-aminophenol), 
and has consequently the following eoastitution : 
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When once the constitution of the rhodamins 
was recognised, it was clearly seen that they 
may also bo considered as derivatives of o- 
benzoyl-benzoic acid : 

0 
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Suitable substitution products of this acid 
may therefore be used for the synthesis of 
thodamins. This is important beoiusc it enables 
us to produce asymmctrica} rhodamins, whilst 
the oxigiiial process was applicable only to the 
produdyoii ii symmetrical members of this 
impeetant class td dye-stafis.^As an example 
of this method, Skdamin L2 OM may be qooM, 


which is prepared by acting with dimethyl- 
amino-hydrooxybeuzoylbenzoic acid : 

0=0 OH 
^OE 

upon monomethylresorcinol and subsequent 
esterification of the product obtained. This 
dye-stuff is consequently quite asymmetricid 
and has the constitution : 






N(CHa)aCl 


^OCH, 


(X’.Hb - • \ 

It djvs silk, wool, and cotton a beautiful yellow- 
ish red. 

If in the proiess given for the production of 
rh{»damiu 12 (»M the monomethylresorcinol be 
replaced by m-amino-p-cresol : 

KiL^/^/OH 


. 1 

Clj/''/ 

a new and cx(‘ecdingly beautiful dye-stuff is 
obtained, which is sold under the name Iriaatnin 
G or lihodin It dyes silk, wool, and mor- 
danted cotton a flaming, beautiful ri^. 

Several other members of this group have 
been prt*pared by various methods, amongst 
which the reaction of formaldehyde upon 
ready formed rhodamins may be mentioned. 
All the rhodamins have also been found ap- 
plicable not only to the regular dyeing of textile 
fabrics, but also to the staining processes so 
laigely ust'd for paper, wood awl amfectiemery. 
Very large quantities of these dyes arc used for 
such purfK^wys. 

Few groups (»f synthcliial dye-stuffs have 
proved so prrdific as that of which a short 
dew'ripiion ha.«» here been given. The iriphenyl- 
rnethanc group contains some of the oldest arti- 
fi<;ial colouring mailers known, but for more 
than half n century it has continued to yield 
new additions to the vast numlicr of such com- 
pounds which chemical science has placed at the 
disposal of our textile industries. 0. N. W, 

SuprLKMisnT. 

Recent progress iu this group of cokittis, 
which already contams dyes of almost every 
siui<te, and suitable for nearly all kinds of dyeing 
prwrcHses, has mainly towards the w- 
auction of oolours having greater fastness than 
is possessed by many of the earlier membeii ot 
the group. It is interesting to note that whilst 
work has been undertaken in very muneioas 
directions, the most important iwndts 

have thus far been obtained n]^ a law fairly 
well defined lines. 

In addition to the ^ictensioii of Ute fmp in 
new direciioni, some inteieUlng eonetoaioiii in 
connection with the constHeMoii d pheigMed 


' j 


Ji 


ooloubing matters. 


Ittduiks Med to be noted, wbUst the connection 
between ooloiir and ohemioaf constitntion and 
other pioblemii of a theoreldcal nature con- 
oemlng the tiiphenylmethane oomponnds hare 
not ceased to olaiin attention. 

The application of Brilliant Green as an 
antiseptio and in connection with the detection 
of ty^oid carriers, is of considerable interest, 
and oar knowledge in this field has been greatly 
added to by the work of Fairbrother and 
Renshaw (J. Soo. Chem. Ind. 1922, 41, 134 T), 
whilst Oai^la (Eng. Pat. 14742, 1912) claims 
that compounds of the rosaniline ^oup which 
have halogens in the * ortho * position to the 
amino group are of value in medicine on account 
of their action on tripanosomes. 

I. The Fuchsin Group. 

(A) Dkmino-triphenylmelhane derivaiivM, 

In this group the extension of the ‘ Patent 
Blue ’ class calls for most notice. Substitution 


Ph-CH,— 
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(II) 


by the use of ethyl-benzyl-aniline and mono* 
ethyl-o-toluidine respectively in place of di- 
methyl- pr diethyl-aniline in the mrooesses for 
the manufactuie of 'Patent Blue.’ When 
patent blue itself is oxidised (D. R. PP, 
60961, 61478; Friedl. 3, 152, 153) a new dye, 
Oyanin B (M. L. B.), is produced, which is 
faster to light and washing than patent blue, 
and dyes similar shades. Concerning the struc- 
ture of cyanin B, little is definitely known, 
but it is considered probable that during the 
oxidation an ethyl group is removed. 

Very interesting and useful results have been 
obtained from investigations of the effect pro- 
duced upon the tinctorial properties of com- 
pounds of the malachite green type 


o- 




by substitution in the third phenyl group. Not 
a little of the work of this nature has resulted 
from the desire to explain the very bluish 
shade of patent blue and its fastness to 
alkalis in comparison with other closely related 
colours. 

In the first instance it was considered that 
the hydroxy group present in the 'meta* 
position was responsible for these differences, 
oandmeyer (J. Soc. Dyers and Ck>ls. 1895, 154) 
and Suais (Bull. Soc. chim. 1897, 517) inde- 
[)endently succeeded in showing t^t this was 
not the case, but that the effects mentioned 
were duo to the sulphonic acid group in the 
‘ ortho ’ position to the methane carbon atom. 
This conclusion was arrived at in two ways: 
(i) by condensation of benzaldehyde o-sul- 
phonic acid (see Vol. L p. 569) with dimethyl- 
aniline followed by oxidation of the leuco com- 
pound thus produced, and (ii) by condensation 
of tetramethyl-diamino-diphenyf-carbinol with 
mctanilic acid, elimination of the amino group 
from the resulting leuco compound, then oxida- 
tion of the product. In either case the final 
product is the ortho-sulphonic acid of malachite 
green, and thb resembles patent blue in that it 
gives dyeings fast to alkali and more blue to 


derivatives such as Patent Blue A, (I), and tone than malachite green. The two series of 
Cyand FF (Casella), (II), have been produced reactions may be represented thus : 


^-SOjOH -f 2- 
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By the use of such groups as NO,, COOMe, CN, observation o4 Suais (Bull, Soc, Ind. M^ouee, 
or the halogens d and in plaoe of the sul- 1912, 82, 703) is of interest. He oonolodes that 
i phonlo acid group in the ortho position, it has the property of fastn^ to alkalis is not , 

f bm posii^ tb produce otimr products having to the dyes ooi^^aiiui^ an acid groups ibs 
properiiiB. In this opnneotion a further * ortho position to the oentiaL carbon atott, 
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but is shared by the * meta * diaso-sulphonates 
of this series. As instanoe of this class of com- 
pounds he mentions a green dye obtained by 
oxidation of the leuco bi^ : 


— N* 


=N‘SO,OH 


C,H,, 

NH4*S03— CeH*— CHj, 


This latter is produced from the oorrespo&dki|; 
amine by treating its diazo compound with 
sul^te. 

^e following axe some representatiTe com- 
meroud products in which ortho substitution 
of the type mentioned above occurs : 

Srioghucine A 

C.H, 


>-A OH A-N< 

' \AI/U x;h,-c.H4-so,nh, 


cr 


.SO3OH 


is obtained by condensation of benzaldehyde 
o-sulphonic acid with ethyl-benzyl-aniline sul- 
phonic acid, oxidation of the leuco compound 
produced and conversion of the product into 
the add ammonium salt (D. R. P. 89397 ; Frdl 
4, 184). It gives bright shades fast to al^li. 
Eriochiorine is said to be the above mixed with 
yellow and violet. 

Bens^l Oreen B is a product in which the 
sulphonic acid group in the ortho position to the 
methane carbon atom of erioglaucine A is 
replaced by a clilorine atom. 

Setoghucint, obtained by condensation of 
o-chloro- benzaldehyde with dimethylaniline and 
oxidation of the leuco compound formed 
(D. R. P. 94126), is o-chloro-malachite green. 
When the same aldehyde is taken but condcased 
with ethyl- benzyl-aniline, or mono-ethyl-o- 
toluidine, the dyes produced are Grun 2B 

and 8etocganine respectively. The introduction 
of farther substituents in the benzaldehyde used 
is exemplified in Glacier Blue, which is made 
from 2:6-dichloro-benzaldehyde and mono- 
methyl-o-toluidine (D. R. P. 71370), and Night 
Elite B, made from 2-chloro-6 nitro-benzalde- 
hyde and ethyl-benzyl-aniline sulphonic acid. 
M interesting extension of this series is found 
in tibe dye produced by the condensation of 
benzaldehyde 2 : 4-disulphonic acid with one 
molecule of diethyl-m-amino-phenol and one 
molecule of mono-ethyl-m-amino-p-cresol, closing 
ihepvi one ring then oxidising the leuco com- 
pouTO thus formed. The dye gives red shades 
on silk, but does not colour cotton (U.S Pat. 
1006738). 

The development of malachite green deriva- 
tives has not been entirely along these lines, 
and a number of * para ’ compounds have been 
described (cf. Fr. Pat. 422843 ; Eng. Pat. 1913, 
7757; and J. pr. Chem. 1915, 91, 341). 

AzoOrun 




X'OOH 


V\oH ’ 
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a ‘ meta ’ derivative, is an interesting colour 


which is a member both of the triphenyl-metL 
and of the azo group of dyes. It is formed I 
diazotisation of m-amino-malachite green 
coupling with salicylic acid, and is a moid 
colour giving yeKlowish-green shades on chron 
mordanted wool. It is also used for 
printing (c/. also Eng. Pat. 234960). \ 

Green dyes of considerable fastness are also' 
produced by condensation of benzaldehyde (or 
homologucs not containing an amino group in 
the para j^sition) with alkyl, or aiyl, derivatives 
of m-toluidine sulphonic acid and oxidation of 
the leuco compound formed. Alternately, the 
condensation product of benzaldehyde and 
fn-toluidine may be sulphonated then oxidised 
(Bayer, Fr. Pat. 461810). The dyes are 0 ! the 
type: 

Me 

I 


t * 

A number of mordant colours derived from 
malachite green, chiefly by the introduotio& 
of hydroxyl and carboxylic acid groups into the 
third phenyl residue, are include in the 1 


of chrome colours of the Bayer company, e.g. 
Chr(me viola (I.) (D. R. P. 58483 ; Fril. 3, 120). 
Chrme bordeaux (11.), and Chrome green (IlL) 
(D.R. P.60606; Friedl. 3, 25), 
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An interesting comparison of the properties 
of Malachite Green, with those of an analogous 
hrane dye, has been made by Renshaw and 
Najrlor {J. Amer. Chenu Soc. 1922, 44, 862), 
whilst Bogert and Nisson (Proc. Nat. Acad. Sci., 
1924, 10, 421) have similarly compared a bis- 
triphenylmethane dye. 

(B) Triamino-tripJienyUmethane derivatives, 

^ this group considerable interest is attached 
to the work dealing with the phenylation pro- 
mote of rosaniline and p-rosanilinc. Bacyer and 
Villiger (Ber. 1904, 37, 2870), Umbiecht (Ber. 
1907, 40, 145), and Knecht (J. Soc. Dyers and 
Col., 1907, 119), have succeeded in showing that 
toe phenylation of rosaniline proceeds rather 
differently from what has been generally 
assumed in the past. As the result of this work 


it is oonoluded that whilst p-rosaniline may be 
converted into triphenyl-p-rosaniline by phenyl- 
ation in toe usual manner, in the case of 
rosaniline the reaction cannot be made to 
proceed beyond toe formation of diphenyl- 
rosaniline. It is considered that this difference 
is due to steric hindrance, toe methyl group in 
the ortho position to one of the amino groups 
in ordinary rosaniline preventing the entrance 
of the phenyl nucleus into the amino group of 
that aromatic residue, whereas in p-rosaniline 
this effect is not observed, as no methyl group 
is present in the ortho position to any of the 
amino groups. Baeyer and Villiger concluded 
from the examination of a sample of commercial 
I aniline blue that it consisted of almost pure 
I diphenybrosaniline. The production of ppp- 
tnamino-triphenyl-methane colours from deriva- 
tives of pp-diamino-triphenyl-methane is of 
interest and forms a link between the products 
of this and of the preceding group of dyes. 
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a^ it is stated that this should prove Jto be a 
cheap technical method for the production of 
dy^of this type. Inpassingfrom (I.) to (IL), the 
snade of toe dye changes from green to blue. For 
this type of process, see also D. R. PP. 292998. 
293322 (M. L. B.). 

Mulhause, 1912, 82, 
o9l) describes the treatment of crystal violet 
(mmnta, Paris violet, malachite green, and 
roiUiant green react similarly) with w-toluylene- 
toomine at 160M80T., whereby a yellow 
fluorescent basic dye is produced and dimethyl- 
aniline liberated. It is probable that the 
p^uots produced in this way are identical 
with t^ compounds obtained from the con- 
densation of Michler's ketone with m-diamines 
(Rim. Pai 1362. 1896). 

In connection with the development of this 
of dyes, the relationship that exists 
wtwew mocyanin A (which may be pro- 
pared by i^nsation of tetra-methyl-diamino. 
owyorol monosulphonic acid wito dibensyl- 
aniimn»mo- or di-eulphonjc audd and oxidation 
?S?S? prodnoed (D. R. P. 

^ ^ colour 

FiM W (IWJt k petoaps worthy of 


M i-methane compounds containing a halogen 
oxy group in the para position to the 
methane carbon, with amines or their salts 
(Fr. Pat. 474260), or by similar treatment of the 
corresponding para sulphonic acid derivatives 
(D. R. P. 287003). The latter process is 
exemplified by the formula: 

^ 80,0 
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mention. This is clearly seen by comparison 
of their respective formula : 
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The important colour Azo Orem («ee above), 
is directly derived from mpp-triamino-tripheuyl- 
methane, and green azo-triphenylniethane d^ 
oioaeiy related to it are mentioned in D. R. FP. 
175825, 175826 (M. L. B.). 

According to Copisarow (Chem. Soc. Trane, 
1920, 117, 1642) Carbazd Blue is a tricarbazyl- 
methane compound represented by (Cj j(H,NH),C 
"sCjjHyNHCOOH. It is produced by fusing 
togewer carbazol and oxalic acid, and the 
linkage to the central carbon atom is presumed 
to be in the para position to the nitrogen atom 
in each carbazol neucleus. 

Auramine. 

In D. R. P. 287994, the Badische company 
indicate that very good yields of N substituted 
4 ; 4'-diamlno • diaryl > thio • benzophenones are 
rea^y obtained from the corresponding hydro- 
carbons by treatment with polysulj)hide8. The 
products are useful for the production of 
auramine derivatives (see article on Auramd^e, 
voL i. p. 431). 

11. Aubin Group. 

In this group a considerable number of 
colours have been described which are related 
to the members of the diamino- triphenyl- 
methane group in the same way as aurin is 
related to jpara-rosaniline. 

Most of the colours of this sub-group contain 
carboxyl groups in the ortho position to the 
hydroxyls, and are of value as chrome colours. 
As in the case of the compounds of the Patent 
Blue group, increased fastness to alkalis is 
obtains by the introduction in the third benzene 
neucleus of a substituent (halogen, sulphonic 
acid, &c.) in the ortho i>osition to the methane 
carbon atom. The following are tj'pical com- 
mercial products of this class : 

Eriochrome cyanin Jt is obtained by con- 
densing benza)dehyde-o-suiphonic acid ^ith 
o-oiesotinic acid and oxidising the leuro com- 
pound produced (D. R. P. 189938 ; Frdl. 9, 
200). This colour gives red dyeing.s on wool 
u^ich change to violet- blue when after-chromed. 
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If o^msotinic acid is condensed with an o- 
ehkvo-beimaldehyde, and the produc toxidised. 
the resulting aye is Eriochrome azwol B 
(p, B FP. 198009, 199943 ; mi 9. 201, 204). 
For the preparation of Chrome azurol S, an 
Mhloro-lwiiaaldehyde sulphonic acid is used in 
the eondensation (D. R. P. 1999C3 ; Frdi. 9, 
204). Members of the Chromoxan series of 
tos are said to be produced in a 

•mdlsi^iMiner from naphthalene aldehydes, 

use of pmita* a^ tetra-ehloro-benzalde* 


has been described in D. R. P. 234519 (l^yer) 
and Bng. Pat. 13970, 1916 (Casella) respectively. 
The use of chlorination products of xylene— 
which are first converted to chloro-aloehydo- 
benzoic acid derivatives — ^for the production of 
dyes of tMs group has also been described by 
Casella (Eng. Pat. 16317, 1914). 

When di-ortho-substitution products of 
benzaldehyde are used it is stated that colours 
of great depth and fastness result (D, R. PP. 
199943, 213502). 

In patent literature various chrome colours, 
belonging to this group, are also described, in 
which the non-hydroxylated benzene nucleus 
contains an amino, or substituted amino group 
(Eng. Pat. 12130, 1910; Fr. Pat. 4174W; 
D. R. P. 252287 (M. L. B.) ; Fr. Pats. 424’3E3, 
425676 (Bayer); and Eng. Pat. 10336, llll 

« and these products give fast shades 
romed. \ 

Azo colours which are members of this ^up 
have also been investigated, and the Bayfr 
company (Fr. Pat. 4133^1 ; U.S. Pats. 1021364 
1021365, 1021366) describe the production oi 
dyes which give yellow to red shades on wool 
from an acid bath, the colours passing to blue 
or black when after-chromed. These products 
are obtained by condensing amino- benzaldehyde 
(or its nuclear substitution products, e.g, 
o-chloro-7/j-amino-l)ciizaldehydc) with 2 mols. 
of an aromatic hydroxy-carboxylic acid, diazo- 
tising and coupling the Icuco compound pro- 
ducctl, then oxidising the pn^duct. Green and 
Sen (C’hera. Soc. I*roc. 1912, 28, 137) have also 
examined azo dyes of somewhat similar type, 
but obtained by condcasing azo-aldehydes with 
hydroxy-toluic or salicylic acids. The following 
formula represents a typical member of the 
scries obtained by them : 

^.Me 
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The dyes are jMdygenetic, dyeing wool directly 
in red shades, and producing various shades 
with different metallic mordants. The final 
oxidation may, in the production of the chrome 
lakes (which are blaok), be carried out on 
fibre by dveing with the azo-methane derivative 
then treating with an acid solution of bichromate. 
A similar dyeing with a leuco oom^und, 
followed by simultaneous oxidation and iorma> 
tion of chrome lake on the fibre, is referred to in 
respect of other dyes of this 8ub*group in Eng. 
Pat. 25007, 1910 ; Fr. Pat. 421564 (A. G. P, A.). 

In the true aurin group~>ihat oontainiiw 
dyes derived from ppp-tribydroxy-tfipheoyt 
carbinol— considerable attention has bean paid 
to the production of ebroma colours. A nutnber 
of such products, belonging to Uia triphaiiyl* 
methane or diphenyl-naphlhvl-iiiathaiia froupa, 
havebeendescribad(c/.B.R.1^.216MM,2l75^ 
216686; Eng. Pat. ilOSi^ 1811, Ac.), most of 
them bt^piapaiad by e o ndanaatfc m mhydxaaty* 
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aldehydM (or thair derivatiTO) with hydroxy- 
oarboxylio bMb (or dertvatives), though use 
has also been made of the methylene-disalicylic 
aoid process. This work has resulted iu the 
range of colour obtainable with this type of 
dye being considerably extended. In a large 
number of cases the after-chroming of material 
dyed with these products gives rise to a very 
marked change in shade. 

Products have also been investigated in 
which the hydroxyl group in the third benzene 
nucleus is in the meta position to the methane 
carbon atom (Fr. Pat. 404800). In such cases 
the meta hydroxyl group may be introduced 
either by use of hydroxy- or amino-aldehydes ; 
in the latter case the amino group is converted to 
hydroxyl by use of the diazo compounds either 
before or Mter the oxidation of the leuco tri- 
phenyl-methane derivative (D. R. P. 234805). 


III. Thx Phthalxin Qboup. i 

Here questions of structure and constitution 
have been responsible for a considerable amount 
of work. On the other hand, evidence is not 
lacking of attempts to extend the list of com- 
merciidly useful products belonging to this 
group. The structure of the salts of the 
phthaleins has been discussed at length by 
Green (J. Soc. Chem. Ind. 1909, 638), whilst 
the production of isomeric forms of fluorescein 
and their salts has been described by H. v 
Leibig and their probable constitution con- 
sider^ ( J. pr. Chem, 1912, 86, 472). The effect 
of the introduction of additional auxochromes 
into compounds of the phthalein and benzein 
series of dyes has been studied by Watson 
(Chem. Soc. Trans. 1916, 107, 1579). 

Various attempts have been made to obtain 
new dves of this series, and the following are 
typical examples of these. By introduction of 
nitro group, either by use of nitro dcrivativos 
of phthalic acid, or nitro-resorcinol and its 
derivatives (D. B. P. 245231), products have been 
obtained which give good dyeings on chrome 
mordanted wool. D. R. P. 290608 ^escribes 
the condensation of pyrogallol (or other deriva- 
tives of resorcin having a para position to one of 
the OH groups free) with a-hydroxy-naphthoyl- 
o-benzoio acid, whereby chrome mordant dyes 
of the phthalein series are produced. Wool 
dyes have been prepared by treatment of eosin, 
or idiloxin, with aniline, whereby the halogen 
is wholly or partially replaced by the amine 
residue, followed by sulphonation of the product 
(Chem. Zentr. 1913, 2, 2126). Colours of this 
group have been described by Lucius and 
Brumng (D. R. PP. 290640, 291883), in which 
selenium has been introduced into the molecule 
by treatment of phthalins-~obtamed by 
function of phthaleins— either with selenium 
halides or selenium oxy-chloride. 

In the rhodamine group it is interesting to 
note the description by Block (Bull. Soc. Ind. 
Mulhouse, 1913, 83, 81) of the use of tetrachloro- 
phtholio anhydride in the production of deriva- 
tives of rhodamine, as in the acid group it may 
be used^for the preparation of phmxin. When 
condensed with dimethyl-m-amino-phenol it is 
stated tiiat it yields a dye giving mades which 
are very fhst to tight and aUiali. 


Intermediates^ 

In conclusion, it should be noted that the 
extension of the triphenyl-methane group of 
ekes has given rise to a considerable amount 
of investigation of the derivatives of benzalde- 
hyde and to the manufacture of quite a number 
ot these, which were previously but rarely met 
with. For further details the article on Bxkz- 
Aij)EHYDE, vol. i. 565, should be consulted. 

A. £. E. 

TRIGEMININE. Pyramidone butyl chloral 
hydrate. 

TRILITE. Syn. for trinitrotoluene, used as 
an explosive. 

TRINOL. Syn. for trinitrotoluene. 

TRIPHYLITE. A manganese lithium phos- 
phate LiMnPOi, occurring naturally as large, 
rough (orthorhombic) crystals and coarsely 
cleavable masses. By the isomorphous re- 
placement of manganous oxide by ferrous oxide 
it passes into the closely allied mineral lithio- 
nhylite (LiFePO) 4 . The colour is grey or bluish, 
but, the mineral being readily weathered, the 
masses are usually dark brown on the surface, 
Triphylite occurs in pegmatite-veins, often in 
association with spodumene and other lithium- 
bearing minerals, and sometimes with tin ore. 
It is found at Bodenmais in Bavaria, Hurdaux 
and Chaiiteloube in Haute-Vienne, Branchville 
in Connecticut, Pala in California, the Black 
Hills in South Dakota, and King^s Mountain in 
North Carolina. Containing 8T-9‘4 p.c. of 
lithia, it has occasionally b^n collected when 
mining for other minerals, and used as a source 
of lithium salts. L. J. S. 

TRIPLASTITE. An explosive consisting of 
a mixture of di- and trinitrotoluene (70 pts.), 
gun-cotton (1*2 pts.), and lead nitrate (28*8 pts.). 

TRIPLTTE. Fluo-phosphate of manganese and 
iron (Mn,Fe)([Mn,Fe]F)P 04 , crystallised in the 
monoclinic system. Calcium and magnesiam 
are also often present in small amount. The 
rough crystals and compact masses are dark- 
brown to black with a resinous lustre; the 
powder is yellowish-grey. Sp.gr. 3*^*8 ; 
H. 5-5i. The mineral is soluble in hydrochlorio 
acid, and with sulphuric acid evolves hydro- 
fluoric acid. It occurs in pegmatite-veins and 
in quartz- veins in the vicinity of granite masses ; 
and is found at Limoges in France, Rabenstem 
in Bavaria, Ac. In the Singar mica mines, 
in the Gaya district of Bengal, it occurs in con- 
siderable quantity as large masses with pitch- 
blende. A variety containing very little wn 
and of a pale salmon-pink colour is found with 
wolframite and bismuth minerals in White 
Pine Co., Nevada. L. J. S. 

TRIPOLFTE or TRIPOLI e. DutoMiTE. 

TRITICUM, Couch grass or Agropyrum of 
the B.P. The dried rhizome of Agrapuron repens 
(BesMY.). 

TRIT0L,TR1T0L0. Syrnfortrinitiotolnene. 

TRITOPlKEe. Opxxjm. 

TRIXIDIN. Trade name for an emulsion 
of antimony trioxide. 

TROOHOL A neutral unsaponifiable o^- 
stalline substance obtained by the saponifloatkm 
of red Japanese bird-lime made &om the bark eA 
Trochodmbron ardioides. Alter puriffcation by 
precipitation frqin chbroform solution Sy li|^t 
petroleum and reorystallisatioii from ehloiolennv 
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Alcohol, troohol forms colourless needles or 
prisms C|«H440t,i(C2H|0+H|0), 252 % 

20*^ (in chloroform alcohol). Yields a 
dtocstofe, colourless prisms, m.p. 217^ ; dibewsoaU, 
colourless needles, m.p. 172° (sintering at 145°). 
IVochol occurs as the palmitic ester in the 
hird-lime ; by heating the components together 
at 200° in a vacuum the ester is obtained 
as a colourless viscous substance (Hidekichi 
Yattagisawa, J. Pharm. Soc. Japan, 1921, No. 

471, 405; 1922,179). Trochic acid 
white powder, m.p* 225% eidsts in the biixi-limo 
in the free state (c/. Yushichi Kishizawa, J. 

Chem. Soo. Japan, 1922, 43, 154). Trochol 
yields a diphenylcarbamateQ^fiAfix(CO'lilil?h)^, 
colourless prisms, m.p. 167° ; fonnaU, nacreous 
scales, m.p. 306°, and pMhalate, a white crystal- 
line powder, m.p. 224°-228°. On oxidation with 
hydio^n peroxide in glacial acetic acid the 
alcohol gave a dihydroxymonoketone, trocholone 
an amorphous powder, m.p. about 
100°; trochol peroxide (CjjHijOjjj, colourless 
icales, m.p. 215°; {semicarbazone, fine white 
needles, m.p. 290° ; acefyl derivative, fine white 
needles, m.p. 205° ; oartme, small white needles, 
m.p. 217°), and irocholic acid C24H42O4, white 
granules, m.p. 282° (diacetate, white crystalline 
powder, m.p. 145°). The authors conclude that 
tiodiol is a secondary-tertiary, but not a 
primary alcohol. When a mixture of trochol 
and chromic anhydride is treated with water 
an odour of butyric acid is produced, and acetic 
acid can be isolated by the distillation of the 
mixture with steam (Hidekiche Yanagisawa and 
Norikazu Takashima, J. Pharm. Soc. Japan, 

1923, No. 494. 251-258; Chem, Soc. Abstr. 

1023, 124, i. 1008). 

TROGERITE v, UBANitm. 

TROIUTE* A name applied by Haidinger 
to ferrous sulphide FeS, occurring in meteorites. 

F. Ptbbhotite. 

TRONA, URAO, or NATURAL SODA. The 

sodium carbonates occurring as minerals are 
thermonatrite Na|CO„HtO (orthorhombic) ; 
natron (g.i7.)Na2COs,10U2O (monocUnic) ; trona 
Na|00|*NaHC02,2H20 (monoclinic) ; and pos- 
sib^ the anhydrous salt. Of these, trona is 
by far the most important and constitutes 
the larger part of the deposits of natural soda. 

It forms b^ of white, cavernous material with 
adcular or bloded crystals lining the cavities ; 
and is usually intermixed with more or less 
eartiiy matter and sodium chloride and sulphate. 

It is ^posited from the water of soda-lakes and 
forms an efflorescence on the surface in desert 
r^ons. The Natron Lakes of Lower Ej^pt 
are well known, and similar lakes and sunace 
effloreseences of soda are met with in many 
parts of the Sahara and Sudan. Extensive 
demits are found in the neighbourhood of 
Lake Chad, and a large deposit has been opened 
uu at Lake Magadi in Kenya Colony, East Africa. 
iJie latter has an area of 324 so. miles, and the 
feserves of over a hundred million tons of soda 
aife beto constantly increased by springs in the 
Islse. The material contains 98*5 p.o. of soda 
msHiis, with sodium chloride 0*2s and sodium 
suiiibile D*t p.o. Soda-lakes also occur in the 
westemirtsles of North America, viz. in Arizona, 
0a!if^3^ and Nevada. ^ 

The pme * trona* is said to be of Arabic 


origin ; and * urao ’ is a native name lor the 
80& deposited at the bottom of a lake at 
Lagunilla in Venezuela. 

Ri^erences.— F. W. darke, Bata of Geo- 
chemistry, 3rd ed.. Bull. U.S. GeoL Surw, No*^ 
616, 1916 ; A Lacroix, Mindralone de la France 
et de ses Colonies, 1909, vol. iii. K. Wegseheider 
in C. Dorter’s Handbuoh der Mineralohemie, 
1911, vol. i. 141-193. L. J. S. 

TROOSTITE. A constituent of steel inter- 
mediate in characteristics between sorbite and 
martensite (^.v.). It is obtained by quenching 
highly heated steel in oil or by quenching from 
the transformation temperature in cold water, 
and is plentiful in tempered steels. 

It acquires a deep brown or black tint when 
etched with picric acid, and can thus be dis- 
tinguished under the microscope. Benediolp 
regards it as a colloidal solution of carbon m 
iron (J. Iron and Steel Inst. 1905, ii. 352 ; 190% 
ii. 217). The name troostite is also given to 4 
variety of Willemite (j^.v.). 1 

TROPACOCAINE v. Cocaine and SrinuBTia 
DEUOS, TeOPKINES. 

TROPAEOUNE v. Azo- coloueiko uatibbs. \ 

TROPEINES. The Solanaceous Alkaloids. 

This group comprises the following members, 
and possibly others not yet fully examined : — 
Atropine and hyoscyamine C17H11O4N ; 
Noratropine and norhyoscyamine 

Apoatropine and belJadonnine Ci^HiiOjN ; 
Tropacocainc Ci^HijO^N {see p. 221) ; 
Hyoscine (scopolamine) C„H»0*Ni 
Meteloidine CijHgiOiN. 

These are all tertiary bases except nor* 
atropine and nor-hyoscyamine, and on hydrolysis 
furnish an acid and an amino alcohol. Of the 
eight naturally occurring alkaloids only three are 
of importance in medicine, viz. atropine, hyos- 
evamine, and hyoscine. Uomatropine, a syn- 
thetically prepared iropeine, is also of importance 
in medicine. The best known sources of 
three alkaloids are belladonna {Airopa BeSa* 
donm (Linn.)), henbane {Hyoscyamus niger 
(linn.)), stramonium [Datura Stramonium 
(Linn.)), all of wliich are used in medicine. 
Other ]Jants which contain them in im]X>rtant 
quantities, and either are or may be usm com- 
mercially as Sources of the alkaloids, are Hyos* 
cyamus mulicus (Linn.), U, albus (Linn.), and 
//. retkukUus (Linn.), Datura Meid (Unn.), 
D, arborea (Linn.), D, quercifolia (H. B. and K.), 
Duboisia myoporoides (H.Br.), Dvboisia Mch* 
hardtii, Scopolia earniolica (Jaoq.), and 8» 
faponka (Maxim.), Mandrafjora offieinarum 
(linn.), and Solandra longifolia. As a rule, at 
least two of the alkaloids are found together in 
each plant, but II, muticus is remarkable in 
containing only hyoscyamine. It is probalde 
that atropine rarely, if over, oocuii pre- 
formed in plants, and the traces geim^y 
found in the extracted alkaloids are due to 
racemisation of hyosovamine either dariug the 
drying of the plant or oy the action of ohttmtcal 
apnts used for extraction. In general, the 
alkaloids are present in the stem, Mme, root, 
uid seed, and the amount of total alkaloid pie* 
sent in each of these parts shows great verienon. 

Pr€paraium,^TlM method need Ikx dm 
extractson of theee alkaioidi wies to souse 
extent with the material employedi hut the 
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ioUowi^ g^iml pi!O 06 (« gira good results as a 
rule. The iuely-groimd, air-o^ drug is 6Z« 
hausted woolatioa with cold 90-95 p.o. 
aloohol and tiie greater wt of the solvent re- 
moved by distillation. !l%e semi-solid extract 
is then treated with dilute (0*5 p.c.) hydrochloric 
or sulphuric acid, until no more alkaloid is 
remove. This acid liquid is filtered, shaken 
with small quantities of chloroform, if necessary, 
to remove traces of chlorophyll, oil, or other 
soluble non-basic matters, then made slightly 
alkaline with dilute ammonia, and the all^oid 
extracted by means of chloroform. The latter 
is distilled off, leaving, as a rule, a clean gum-like 
residue. From this, by solution in chloroform 
and careful addition of light petroleum, hvos- 
cyamine may be caused to separate in ciystaUine 
form. If hyosine be present it remains dissolved 
in the chloroform, and mav be caused to separate 
by further addition of light petroleum. The 
salts of these alkaloids being more stable than 
the free alkaloids they are best purified by 
reorystallising their salts from water. Hyos- 
cyamine may be finally purified by re-crystallisa- 
tion from alcohol by addition of water. The 
best source of hyoscyamine is the Egyptain 
plant, Hyoscyamibs mtUkus, 

Estimation of Total Alkaloids. Dunstan 
and Ransom have devised the following methods : 

For the roof.— Exhaust by hot percolation 
20 grms. of the finely-powdered root with a 
mixture of equal parts of chloroform and 
absolute alcohol. Agitate the solution with 
two successive quantities of 25 c.c. of distilled 
water, adding a small quantity of dilute sul- 

E hurio acid. The salts pass into the aqueous 
kyer, and the colouring matter remains dis- 
solved in the chloroform. Wash the aqueous 
extract with a little pure chloroform to remove 
adhering impurity, then add ammonia in slight 
excess, and dissolve out the liberated alkaloids 
by agitation with chloroform in the usual 
way. The residue of alkaloid left on the 
evaporation of the chloroform is dried at 100® 
and weighed and finally titrated (Pharm. J. 
1883-4, [iii.] 14,623). 

For the kaves,--20 grms of the finely- 
powdered dry leaves are exhausted with absolute 
alcohol. The liquid is largely diluted with 
water, acidified with hydrochloric acid, and 
repeatedly extracted by agitation with chloro- 
form until the whole of the chlorophyll, fat, &c., 
has been removed. The liquid is then made 
alkaline with ammonia, and extracted with 
chloroform, which, on evaporation, loaves a 
residue of alkaloid. This must be dried at 100® 
before being weighed. This process ai^wers : 
equally well for stems or fruit capsules, and for j 
86^, if the latter are first extracted with light 
petroleum to remove oil (Pharm. J. 188^, 
fiaj 16, 237). I 

JSfsetract of the Imvcs.— F rom 1 to 2 gms. of | 
tho extract are dissolved, as far as possible, in : 
warm dilute hydrochloric acid, any residue being 
extracted wm the dilute acid until all the 
awoid hae been dissolved. The acid liquid is 
then extracted with chloroform until nothing 
further is removed, and, after this treatment, 
JUade alkaline with ammonia, and the free 
wWoid tmmi by agitating again with 
wwofomi, whidi on eyapoiatio& leaves a 
i^ue of alkakdd tibat is dried at 1(K)®C. and 
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vrai^ and finally titrated (m. 1885-6, [iii.] 

Akoholk esaroct of ihe roof .— 2 grms. of this 
extract are dissolved as far as possible in dilute 
hydrochloric acid. This solution is then treated 
as describedmnder the leaf extract (ibid, 1885-6, 
[iii.] 16, 777). 

No method is yet available for the quantita- 
tive separation and estimation in mixtures of the 
individual mydriatic alkaloids, but the approxi- 
mate amounts of each present may sometimes 
be determined by careful fractionation with 
gold chloride. 

Atropine Oi 7 H 2 sO,N is the racemic form of 
hyoscyamine, from which it is readily formed by 
the action of alkalis. It was first obtmned 
by Mein (Annalen, 1833, 6 , 67) from the root 
of Datura Stramonium (Linn.), and called by 
him daturine, Geiger and Hesse obtained it 
independently {ibid, 1833, 5, 43 ; 6 , 44 ; 7, 269) 
from belladonna root, and their material was 
analysed by Liebig, who assigned to it the 
empirical formula now in use. Atropine is 
stated to occur with hyoscyamine and a little 
hyoscine in belladonna and stramonium and 
with more hyoscine in Scopdiajaponica (Maxim), 
but there is reason to believe the alkaloid 
does not exist pre-formed in plants, although 
it may be produced in the course of preparation 
by the action of alkalis on hyoscyamine. In 
any case, the commercial alkaloid is now 
obtained invariably by conversion of hyoscy- 
amine by the action of ve^ dilute alcohotio 
alkali hydroxide (Will and Bredig, Ber. 1888, 
21, 2797 ; cf, Gadaraer, Arch. Pharm. 1901, 239, 
294). 

Properties . — ^Prismatic crystals, m.p. 118®, 
Readily soluble in alcohol or chloroform, less 
soluble in ether or hot water, spturingly soluble 
in cold water. The aqueous solution is alkaline 
to litmus, hsematoxylin, and phenolphthalein. 
The fact that atropine is alkaline to phenol- 
phthalein serves to distii^uish it and its isomer 
from most other alkaloids. Atropine is opti- 
cally inactive. One of the most remark^ie 
properties of atropine is that of causing sustained 
dilatation of the pupil of the eye, a property 
which is often marie use of in detecting it and 
other alkaloids of this group, several of which 
exert this mydriatic action. A drop or two of 
an aqueous solution, containing 1 part of atropine 
in 130,000 parts of water, when introduced into 
the eye of a cat is sufficient to produce this 
effect. When taken internally atropine is 
highly poisonous. It diminiwes glandttlar 
secretions, causes paralysis of the vagus termina- 
tions, and acts as a sedative to involuntary 
muscles. Some of the alkaloid is apparently 
excreted unchanged in the urine. 

The ordinary salts of atropine are crystaliine 
and soluble in water. The sulphate 

is commonly used in medicine ; it forms colour- 
less needles, m.p. 187®-188®, 194® (dry). The 
aurichloride B*HAuCi| appears as an oily pre- 
cipitate when nroduoori in the ordinary manner. 
This soon sdliaifies to a crystalline mass, which 
mav bo re-oiystallised from water acidified with 
hydroohloiio acid. The crystals melt at 137®- 
139®. This sak and the niorate, m.p. lf5®-176® 
are useful for the identiuoation of the alkaloid. 
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Binee the coimpondiDg salts of the other 
idkaloids of this group melt at different tem< 
perattttes. 

^eoctioM and eonsftfuilKm*— Among the 
eharaotoristic qualitative reactions of atropine 
may be mentioned one which' has been 
moMed by Labat (Bull. Soc. Phann. Bord. 
April, 1914, 148), and consists In treating a 
p^ole of the alkaloid with 2 c.o. of a 10 p.o. 
solution of sulphuric acid and adding one drop 
of a saturated aqueous solution of potassium 
chromate, on warming, the characteristic 
hawthorn odour develops and changes to that 
of bensaldehyde. The latter odour is also 

S roduced when the alkaloid is boiled with a 
ilute solution of sodium hy^bromite. This 
well-known test introduced by D. Vitali (Zeitsch. 
1 ^. Chem. 1881, 20, 563; Pharm. J. 1881, 
[iii.] 12, 459) has b^n modified by Arnold 
(Arch. Pharm. 1882, 20, 564), also by Pliickigcr 
(Pharm. J. 1886, TiiiJ 16, 601), whilst £. 
Beckmann (Arch. Pharm. 1886, [iii.] 24, 481) 
]^ts out that veratrine gives a somewhat 
similar reaction unless certain modifications are 
em^yed ; and Droop Richmond (Analyst, 1918, 
xliii. 506) demonstrates other points which 
should be noted. Other characterististic colour 
reactions are described by Richard (Chem. Zeit. 
1904, 28, 1048). 

llie reactions of atropine and other alkaloids 
with mercuric chloride were described by A. W. 
Gerrard (Pharm. J. 1884, [iii.] 14, 718), who in 
a later paper (Pharm. J. 1891, [iii.] 21, 898) 
modifies and more precisely defines the metliod 
of making the test, and gives details of the dis- 
tinctive reactions observed with atropine, 
hyoscyamine, homatropine, and hyoscine, under 
these conditions. The value of Gerrard's test 
has also been confirmed by Fluckiger (Pharm. J, 
1886, [ill] 16, 601), who* found cocaine gave a 
pure white precipitate which very soon turned 
red. 

Amongst the more modern researches which 
may be mentioned are those of Eder in the 
Schweiz. Wchschr. f. Chem. u. Pharm. 1913, 
51,228; and Schweiz, Apoth. Zeit, 1917,54; 
the latter of which contains a series of papers on 
the detection of atropine, whilst Wasicky 
(Zeitsch. anal. Chem. 1915, 54, 393) describes 
a oolorimetric method of identifying atropine and 
allied alkaloids by means of p-dimethylamino- 
benzaldehyde. 

In 1917, Rasmussen (Bc;r. Deut. pharm. 
Qes. 1917, 27, 193) described a method based 
on the precipitation of the sparingly soluble 
sUiootungstate 

4Ci;H„0,NSi0„12WO,2H,0,4H,0 

BA foreshadowed by 0. Javiilter (Bull. Sci. 
Pharm. 1910, 315); this sail is soluble in less 
than I part in 40,000 water. 

Atropine readily undergoes hydrolysis with 
either acids or alkalis ; in the latter case it yiel^ 
tropio acid and tropinc in accordance w’tn the 
equation 

C„H„0,N+H,0*C,H„0,+C,H„0N 

Atropliie. Tropic acid. Aoplne. 

Whj^the hydrolysis is effected by an acid, 
•espe^liy concentrated hydrochloric ac^ the 
tapopio aeSd loses the elmnents of water, and 


atropic acid 0|Ha0a results, whilst at a high 
temperature this latter compound is more or 
less changed into its polymem a and ff-isa- 
troido acid 

The hydrolysis of atropine is preferably 
effected by heating the alkaloid with saturated 
barium hydroxide solution to dO** or 80^ for a 
few hours. Dilute sulphuric acid is added until 
a drop ceases to give a pink coloration with 
phenolphthalein. The liquid is filtered, and the 
mtrate acidified with hydrochloric acid and 
twice shaken with etlier, the ether is separated, 
and on evaporation yields the acid constituents 
of the hydrolysis ; to obtain the basic product, 
the i^ueous layer is shaken with an excess of 
alkali hydroxide and extracted with chloroform. 

Atropine yields an anhydride {apofUropine) 
(see below) when heated with dilute nitric acid 
(Pesci, Gazz. chim. ital. 1881, 11, 438; 1882, 
12, 60), which Hesse subsequently isolated from 
belladonna root and named atropamine ( Annalen, 
1892, 271, 124 ; c/. Merck, Zeitsch. anal. Chem. 
1892, 31, 229 ; and Hesse, Annalen, 1893, 277, 
290). Apoatropine is not mydriatic. 

Tbopikb CgHnON forms large, colourless 
tablets, m.p. 63°; b.p. 229°; sp.gr. 1*0392 at 
76°/4°, soluble in water, alcohol, or ether. It is a 
strong base, which forms c^stalline salts. It is 
poisonous, but does not dilate the pupil of the 
eye. Tropine and tropic acid unite to form 
tropine tropate OgHjgNO'CgH^oO*, and this salt, 
when heated with dilute hydro(4iloric acid, 
loses water and furnishes atronine, identical 
with the natural alkaloid (Ladenburg, Annalen, 
1883, 217, 74), iSiinilarly, by heating other 
organic salts of tropine with dilute hydrochloric 
acid, dehydration occurs, with production of 
the acyl derivative of tropine. The bases thus 
formed have b(‘en called by I.*denburg tropfines. 
In this way / atropine (/-tropyltrojxdne), d» 
atropine (d-tropyltro})eine), pflew/oatropine (atro- 
lactyitropcine), and atropamine (apoatropine, 
atropyltropeinc) have been prepared {cf, Wolffen- 
stein and Mamlock, Ber. 1908, 41, 723; and 
Wolffenstein and Itolle, ibid. 1908, 41, 7:13). 
Several of the tro|)eincs exert a mydriatic 
action. PhmylglycUlyUrQpeim or inandelyl- 
trojieine t'uHjiOjN is used in medicine under 
the name /*owwiffopw. Its mydriatic effect is 
less persistent than that of atropine. As a 
result of Laden burg's work it has bron generally 
assumed that only those trot>eines produce a 
mydriatic effect which contain an alcoholic 
(not phenolic) hydroxyl in the aromatic add 
residue, thus acetyl-, lienroyl-, and salioyl- 
tropeines are not mydriatic, whilst mandelyltro- 
fieine is mydriatic. Jowett and Pyman find 
that this is not strictly true, mydriasis being 
produced by terebyltropeine (Chem. Soc. Trans. 
1906, 89, mO), and only slightly by o-carboxy* 
phenylglyoeiyltrqpdne {Ufid. 1906, 91, 93 ; 1908, 
95, 10^; and Imc. int. Cong. Appl Cbem. 
1909) which should be veiy active. Certain 
tropeines containing a lactone group become 
]m active when the laotonic grouping it opened 

the action of alkali 

Tropine hat been the eubjeot of ntitneroue 
investmattons especially by Ladenbuig, Helling 
and Wilist&tter eulmiiiatir^ in ite synUmaie by 
the last-named from suberone at a staiUng-polat 
(Ber. 1901, 34, 3)63; Annaten, im m 
(>n the basis of thses leiiilhi tropte aa^t^^ 
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<uw now geaendly npmented by tbe following 
fomnlio— 

CHj-CH-CH, 

Me-]lr is-OH 

nopIne. 

GHj-CH-CH, 

Me-]lr (!!H-0'0C-CH(C,H,)CH,-0H 
(Ih-Jh, 


OH, 


Atropine (tropyltropelne). 

Tropino undergoes a series of interesting 
decompositions under the action of various 
reagents. The most interesting of these are as 
follows : When heated with dehydrating agents 
it furnishes tropidine CgHijN (Ladenburg, 
Annalen, 1883, 217, 177), a strongly alkaline oil, 
b.p. 162^-163®, sp.gr. 0*9467 at 19®/4°, which has 
an odour recalling that of coniine. On oxidation 
with chromic acid tropine yields in turn tropinone 
C,Hi,ON (Willstatter, Ber, 1896, 29, 396), m.p. 
4l®-42®, b.p. 224®-226®, iropinic acid CftHisOiN 
(Merling, Annalen, 1883, 216, 348 ; Willstatter, 
2 .e.), and finally eegonink add C 7 HiiO;,N {see 
under Cocaine)^ which was shown by Willstatter 
and Bode to be N-methylpyrrolidine- 2 -acetic 
acid (Ber. 1901, 34, 619), thus proving the 
presence of a pyrrolidine ring in tropine. For 
a detailed account of the important researches in 
the tropine series, Schmidt's Uber die £rfor< 
scliung der Konstitution und die Versuche zur 
Synthese wichtiger Pflanzenalkaloide, i. 1900; 
ii. 1904 (£nke, Stuttgart), should be consulted. 

Atropamine {Apo-atropine) C 17 H 21 O 2 N is the 
anhydro derivative of atropine (Pesci, Gazz. 
chim. ital. 1881, 11, 638; 1882, 12, 60). It is 
reputed to occur naturally associated with 
atropine and hyoscyamine in the solanaceous 
plants (Hesse, Annalen, 1892, 271, 124 ; Merck, 
kitsch, anal. Chem. 1892, 31, 229 ; and Hesse, 
Annalen, 1893, 277, 290) ; but is best prepared 
from cither of the two latter alkaloid^ by 
adding the substances gradually to strong 
nitric or sulphuric acid, or by heating them 
with acetic or phosphoric anhydrides. 

Atropamine crystallises from ether in prisms, 
m.p. 60®-62°, which are very slightly soluble in 
water and petroleum other, readily in alcohol, 
chloroform, benzene, and carbon bisulphide. 
It forms salts which crystallise well from water. 
The s^rin^ solubility of the hydrochloride and 
hydrooromide affords a ready means of separat- 
ing atropamine from the other alkaloids of this 
group. The anrichloride crystallises from water 
in fine yellow needles, m.p. 110 ®-! 12 ®. 

On hydrolysis atropamine yields atropio acid 
and tropine 

CitHn0,N+H,0 --=C\HaO,+C,Hi 50 N 
Atropamine is optically inactive, docs n 
reddm j^Qolphthalein (Wng thus unlike atr 
pine and hyoscyamine), but colours red litmi 
moft. It m a Utter taste, does not posse 
inydriatie prqierties, but produces a burnii 
sensation dropped into the eye, Tl 
hydroeWoiide 237®-^6% fora 

ie 8 floti,and the auriehioride B^H^AnC)., needk 


B^emfine This alkslokl is 

stated to oecur in the leaves and root of Akitpa 
Belhdonm (Linn.) (Hubschmann, J, 1858, 376 ; 
Kraut, Ber. 1880, 13, 165; Durkopf, ibid. 1889, 
22, '8183 ; Hesse, Annalen, 1891, 262, 100); and 
is generally found in the mother-liquors of 
hyoscyamine and atropine. According to 
Merling (Ber. 1884, 17, 381) it has the formula 
CX 7 H 21 O jN, and is isomeric with anhydro« 
atropine (apoatropine), and this was confinned 
by Hesse (U 1892, 271, 123; 1893, 277, 295), 
who stated that it can be prepared by the 
action of ( 1 ) sulphuric acid on atropine or 
hyoscyamine, or ( 2 ) hydrochloric acid on atropa- 
mine (apoatropine). Belladonnine is a resinous, 
uncrystallisable base, which is hydrolysed with 
much greater difficulty than the other sola- 
naccous alkaloids, yielding tropine C^Hi^ON 
and atropic acid (Merling). It appears to be 
devoid of mydriatic power. 

The salts arc amorphous B^HjPtCL and 
BHAuCli, are yellow pulverulent precipitates 
quite insoluble in cold water. 

Homatropine (MandeiyUropeine) 

CeUsCH(OH)CO^CgHt^N 
is the chief artificial tropeine used in medicine. 
It is a lower homologuo of atropine, in which 
the CHjOH group is replaced by OH, and is 
prepared by passing hydrogen chloride gas 
through a mixture of 7 parts of tropine, 10 
parts of mandelic acid, and 2 parts of water ; 
it crystallises from dry ether in prisms, m.p. 99®- 
100 ®, it is also soluble in castor and olive oils, 
and such solutions are employed in ophthalmic 
surgery for instilling into the eye. Homa- 
tropine resembles atropine and hyoscyamine in 
its general physiological effects, but it is much 
less toxic and in small doses is a true hypnotic* 
It has a powerful mydriatic effect which is pro- 
duced and passes off more rapidly than is the 
case with the natural tropeines. Homatro- 
pine hydrobromide crystallis^ in flat rhombic 
prisms" or plates, m.p. 212®-214®; the hydro- 
chloride has m.p. 219®-227®; the sulphate, 
m.p. 222®-226® ; the anrichloride forms yellow 
prisms slightly soluble in water, it is precipi- 
tated first as an oil, but subsequently b^mes 
crystalline; homatropine methobromide haa 
m.p. 192®-196®. 

Hyoscyamine C 17 H 2 SO 3 N. An isomeride of 
atropine. It is the most common of the 
solanaceous alkaloids, being the principal 
alkaloid in Atropa Belladonna (Linn.) (Shmidt, 
Arch. Pharm. 1905, 243, 303), and Hyoscyamw 
niger (Linn.), and If. aJbns (Linn.), the sole 
mydriatic alkaloid in //. maficus (Linn.) (Dunstan 
and Brown, Chem. 80 c. Trans. 1899, 75, 74 ; 1901, 
79, 72), and the chief alkaloid in Datym Stramo* 
nium (Linn.), Duboisia myoporoides (R. Br.), 
Scopdia carniolka ( Jaoq.) ( Dunstan and C2iaston, 
Pharm. J. 1889-1890, [iii.] 20, 401), and 8. 
japonica (Maxim.) (Soluuidt, Arch. Pharm. 1888, 
[iii.] 26, 185, 214), and in other similar ^nts ; 
it exists in minute quantities in lettuce, loctiica 
virooa (Linn.) and L Scaruda (Linn.) (Dymond, 
Chem, Soc. iSrans. 1892, 61, 90), 

Preparation.— Hyoscyamine may be ex- 
tracted from the various plants containing it by 
means of the process described in the introdtto^ 
tion to this s^ion. The best souriB of tb# 
alkaloid is the stem and leaves of 
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mvtkua, since this material is free from other 
m^rdriatio iJkaloids of this group. It may also 
be obtained from henbane or stramonium. In 
preparing the alkaloid great care must be taken 
not to leave it in contact with alkalis, since these 
readily convert it into atropine. H^oscyamine 
is but little used in medicme, and is generallv 
used merely as a source of atropine, into which 
it readily passes by simple raoemisation. When 
atropine and hyoscine are also present in the 
plant these alkaloids are obtained with the 
hyoscyamine. The isolation of pure hyoscy- 
amine from the mixture of the alkaloids is a 
difficult operation. The greater part of the 
atropine may be removed by repeated ciystal- 
lisation from dilute alcohol, the hyoscyamine 
for the most part remaining dissolved. The 
isolation of pure hyoscyamine can be effected by 
repeated crystalli^tion from hot petroleum, 6i 
it may be usefully accomplished by converting 
the alkaloid into the aurichloride and repeatedly 
cxystaHising this salt from dilute hydrochloric 
acid until it melts at the proper temperature. 
The alkaloid may be regenerated from the 
aurichloride by decomposing it aith hydrogen 
sulphide in the usual manner. 

Hvoscyai mine crystallises from alcohol or hot 
petroleum in slender needles with a peculiar 
tendency to come out in a jelly-like mass, it 
melts at 107°. In its solubilities it closely 
resembles atropine. The specific rotatory 
power of the pure base taken in 50 p.c. alcohol 
is [a]p— 22°, but as met with in commerce it 
generally contains a small proportion of atropine, 
and rarely has a higher rotation than [a]p~-21° 
(Carr and Reynolds, Trans. 1910, 97, 1328), It 
resembles atropine in taste and physiological 
action, though its activity is much greater. 

When heated the alkaloid sublimes, with 
partial decomposition, and it is said to be 
slightly volatile with steam. When hyoscy- 
amine is heated to a temperature slightly higher 
than its melting-point, it is converted into 
atropine (Schmidt, Ber. 1888, 21, 1829). This 
conversion also takes place with great facility 
when hyoscyamine is warmed or even allowed to i 
stand in the cold, with caustic alkalis or alkali | 
carbonates, but it only takes place extremely 
slowly in presence of ammonia (Will, Ber. 
1888, 21, 1717, 2777). Hyoscy-amine exerts 
a strong mydriatic action, and is a powerful 
poison. 

Many of the ordinary salts of hyoscyamine 
are ctystallinc and soluble in water. The 
sulphate B|*H|S 04 ciystallises well from 
atowol and mrits at 205^-209°. A 4 p.c. 
aqueous solution gives [a]p— 27*8°. The auri- 
cUoride B'HAttdi crystallises from alcohol in 
anhydrous golden yellow hexagonal plates, 
fitp. 165°; out, uiuBcd atropine anriobioride, 
it does not melt when heated under water. 
This salt is less soluble in acidified water than 
atropine aurichloride, from which it may be 
sefMted by repeated crystallisation. 

Hyosoyamine auribromide B*HAuBr 4 ,HtO 
evymliiss tn deep red-coloured and highly 
te^fons needles, the anhydrous saK sinters at 
155° and melts sharply at 160°. The hydro- 
bminklie^foriiii fine needles, m.p. 151°; the 
pknate ciystaUisee in plai^ nap. 166°; the 
mlaie mm vsiy long prisms, tn.p. 176°; and 


the methobromide emtallises in oolouriess 
crystals, m.p. 210°-212°, 

i2eaeikms.->The qualitative reactions of 
hyoscyamine are, for the most part, identical 
with those of atropine. When heated with acids 
or alkalis, like atropine, it undergoes hydrolysis 
into tropine and tropic acid. On revers^ this 
reaction by heating together the tropine and 
tropic acid, atropine mid not hyosopmine is 
formed. According to Gadamer (Aren* Pharm. 
1901, 239, 294) hyoscyamine is, in the first place, 
converted by alkalis into atropine, and it is 
really this alkaloid which is hydrolysed. The 
same author sta^ that by the action of water 
at atmospheric * temperature hyoscyamine is 
resolved into r-tropine and l-tropio acid, and 
consequently hyoscyamine must w 2-tropyl-r- | 
tropine ; Amenomiya {ibid, 1902, 240, 498) has I 
synthesised Z-hyoscyamine and d-hyoscyamine. \ 
Ladenburg and Hundt's d- and Z-atropines \ 
(Ber. 1889, 22, 2590) are regarded as mixtures of 
d- and Z-hyoscyamine with atropine. 

As in the case of atropine, atropamine and 
bcUadonnine result from the action of strong 
acids, and acid anliydrides upon hyoscyamine. 

Detection , — Hyoscyamine may be detected 
by its mydriatic action and by most of the 
reactions described under atropine. Its partial 
separation from atropine may be effected by 
recrystallisation from dilute alcohol, but it can 
only be completely separated and identified by 
preparing its aurichloride, wliich is characterised 
by its melting-point. 

Hyoscine (l-5copoZaminc) Ci,Hs,i 04 N‘H| 0 . 
This alkaloid was first isolated by Ladenburg 
(Annalen, 1880, 20(J, 299). Some years later, 
E. Schmidt (Arch. Pharm. 1890, 228, 139, 436) 
obtained a crystalline alkaloid from Scopoiia 
carniolica, which he afterwards found to be the 
chief constituent of the alkaloid obtained by 
Ladenburg {see Hesse, Annalen, 1892, 271, 120 ; 
1893, 276 84; and Schmidt, Arch. Pharm. 
1892, 230, 207; 1894, 232, 409). Hyoscine 
occurs in small amounts together with hyos- 
cyamine and other alkaloids in many solanaoeous 
plants, and is more abundantly present in the 
various species of datura (Arch. Pharm. 1905, 
243, 303). Its exact constitution has recently 
been decided by Hess and Wahl (Ber. 1922, 5^ 
1979), following much work on the subject by 
Willst&tter and his coUaborators (Zeitsch. 
physiol Chem. 1912, 79, 146), Hesse (Ber. 
1918, 51, 1007) ; and King (J. Chem. Soo. 1919, 
115, 476). From the work of these authors, 
hyoscine is the Z-tropyl ester of oscioe, 
^OT-CH-CH, Ph 

I liMeiHO-CO-iH 

I®, OH 

Further, Turin (Trans. Chem. Soc. 1910, 
97, 1793) has shown that scopoline may he 
obtained in its optically active form, and 
must contain either one or two eeymmetrio 
carbon atoms; while King (Ic.) shows U 

S oscine to be a mtdeoular oombinatioii 
Z-tropyl-d-oBcine, and Z-tiotnrl-Z-oiiriiie. 
Z-Hyosoine base is an iwcxystcUisaUe oil 
rea^ soluble in water. The spedfio lOtatimi 
of an aqueous solution has ham loooided at 
[a}j^- 28 % but the alkaloid emyloyed mj bivo 
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been paHly moemifiod dnifng its isolation, there 
being no method of pnr^^g the amorphous 
base. 

Hjrosoine. hydrobromide B»HBr3H|0 has 
m.p. l93®-194% [o]p (in trater)— 26*9® ; it forms 
large rhombrio tablets; the commercial salt 
generally contains 11-12 p.o. of water and is 
variable in its optical rotation, owing to the 
presence of d-f-hyoscine. The picrate forms 
slmider matted needles, m.p. 187M88®, the 
auriohloride, j^gUow prisms, m.p. 198^-200®, and 
the anribromide, brown prisms, m.p. 210®. The 
auriohloride forms needles witl^ serrated edges, 
m.p. 204®-205°; the auribromide forms red 
leaflets, m.p. 187®-188®. 

By the action of alkalis or by direct heat 
hyoscine is racemised to i-scopolamine. Hyos- 
ome resembles atropine and hyoscyamine in its 
physiologioal action, producing more powerful 
out less lasting paralysing effect upon the 
peripheral nerve endings and depression of the 
motor area. It does not, however, stimulate 
the brain initisdly, and is consequently employed 
by preference for cerebral affections. It is of 
great use in acute mania. 

When warmed with dilute alkalis or barium 
hydroxide l-hyoscine is hydrolised, yielding 
troj>ic acid and a new base, which has been 
variously called oscine, scopoline, or oxytropine. 
If hydralysis bo effected with dilute hydro- 
chloric acid Z-tropic acid and d-Z-oscine res^t. 

d-l-Hyoscine {i-Scopolamine, Atroscine) 
OpHsiOiH is the optically inactive isomeride 
01 hyoscine. It forms 2 crystalline hydrates; 
with 2HjjO, m.p. 37®-38®, with IHjO, m.p, 66 ®- 
67®, the anhydrous base molts at 82°-83®. It 
furnishes crystalline salts, the hydrobromide 
crystallises in rhombic tables, containing SHjO, 
and has m.p. 181°, other salts are the hym'iodide, 
m.p. 192°, the picrato, m.p. 173°-"174°, the ' 
aurichloride which forms needles with one edge 
serrated, m.p. 214°-216°, and the motho- 
bromide, m.p. 216°“217°. 

Oieine (Scopoline) CgHisOaN results from 
the hydrolysis of hyoscine (Hesse, Annalen, 
1892, 271, 114; 1983, 276, 84; Luboldt, Arch. 
Pharm. 1898, 236, 11 ). It crystallises in prisms 
from light petroleum or chloroform, m.p. 109°- 
110®, b.p. 241°-243°. It is rea^y soluble in 
water and alcohol, and less readily in ether. 
Oscine is optically inactive, but unlike tropine 
it qjsn be resolved into its d- and Z- constituents 
(Turin, Trans. Chem. Soc. 1910, 97, 1793). 

Like tropine, oscine contains a hydroxyl 
group and is readily ostorified, forming a scries of 
esters, the soopoleines. None of the scopolcines 
have been used in medicine. 

t-Osoine yields a crystalline monoacetyl 
derivative, m.p. 63°, a benzoyl dorivarivo, 
m.p, 68®-70®, together with other orystsdline 
salts. The hydmhloride forms (hydrated) 
tabbts and (anhydrous) i^isms, m.p. 273°- 
274®, the picrate orystallii^ in flattened rhombs, 
m.p. 237®-238®, the d-Z-isomerides have the same 
melring*polntc. 

HaatogOfllie CijH|| 0 |N was obtained by 
Ahrens 1889, 22, 2169) from Mnndragora 
offioimihm (Lhm.), and from the same source 
Hesse tX pr. Chem. 1901, [ilLl 64, 274), along 
with hyoic^jwiidiie, Imedne, and norhyos^- 
Aoomhpg to Xhomi and 


1901, 34, 1023), Ahrens* mandragorme was 
merely a mixture of hyoscvamine with hyoseine 
and possihly a third alkaloid (v. MANnnaooEa 
BOOT, vol. iv. p. 210). 

Meteloidlne Ci 3 H 2 i^N was obtained by 
Pyman and B^olds (C^m. Soc. Trans. 1908, 
93, 2077) from Datura metdoides (DC.) along 
with atropine, and hyoscine (scopolamine) to 
the extent of 0*07 p.c. It crystallises in 
tabular needles, m.p. 141®-142®, and furnishes 
a crystalline, optically inactive hydrobronude 
B*HBr, 2 H 80 , m.p. 250° (anhydrous), and an 
aurichloride, m.p. 149°-150°. , On hydrol^is by 
baryta water meteloidine furnishes tiglic acid 
OHMe : CMe*COOH and a new base tdoidine 
OgHxsOtN, which crystallises with IH 3 O and 
has m.p, 168°-169° (anhydrous); the auri- 
chloride B‘HAuCl 4 ,iH 30 has m.p. 226°, and 
crystallises in hexagonal plates. 

Norhyoscyamine CigH^iOsN occurs in Seo- 
polia japonica (Maxim), Datura Metd (Linn.), 
Datura meteloides, Dubmia Myoporoideet ZHc&oi- 
aia Leichhardtii, Salandra longifolia, and Mandra- 
gora offjcimrum. It is a white crystalline base, 
m.p. 140*6°, strongly basic in character (being 
allmiinc to phenolphtholcin). It forms beautifully 
crystalline salts, of which the following have been 
characterised : the hydrochloride, m.p. 207°, the 
sulphate, m.p. 249°, oxalate, m.p. 245°-246°, 
aurichloride, m.p. 178°-179°, platinichloride, 
m.p. 141°, picrate, m.p. 220 °. A solution of the 
base in 60 p.c. ethyl alcohol gives [a]|)--23‘0°. 
On treatment with methyl iodide it yields 
hyoscyamine (its nitrogen methyl derivative), 
and by the action of duute alkalis gives rise to . 
noratropine (Carr and Beynolds, T^s. Chem. 
Soc. 1912, 101 , 946 ; Petrie, Proc. Linn. 600 . 
N.S.W. 1917, 815). 

I Noratropine CieH 2 i 03 N is a white crystal- 
line base, m.p, H3°-114°, which readily com- 
bines with water forming a monohydrate, 
m.p. 73° ; it is optically inactive, being the 
racemic modification of" norhyoscyamine, it 
forms well-crystallised salts of which the follow- 
ing have been characterised : the hydrochloride, 
m.p. 193°, the sulphate, m.p. 257°, and the 
aurichloride (B,HAaCl|), which forms rosettes 
of leaflets which melt under hot water and 
crystalliso on cooling, m.p. 157°. 

Both norhyoscyamine and noratropine 
possess mydriatic properties, but are less a<^ve 
than hyoscyamine or atropine. 

Pseudohyoseyamlne was the name given to 
a compound isolated by Merck (Arch. Pharm* 
231, 117) from the plant Dubmia myoporoHee. 
The formula CiyEggOiN was wrongly assigned 
to it ; subsequent investigations, however, of the 
alkaloids of this plant (Carr and BeynoUlSt 
Trans. Chem. Soc. 1912, 101, 946) have shown 
that the so-called pseudohyoscyamine 0 ! Merck 
was impure nor-hyoseyamine contaminated with 
a little hyoscyamine 

Sotodrine* Solandrino was the name given 
by Petrie to the alkaloid isolated from soumdra 
leaves in 1908. "When later it was characterised 
it was found to be identical with norhyoscya- 
mine (Z.C.) • 

Tropieoeaine (Bewsof^peeudotropeine) 

CiAAN • 

was first Isolated bv Oiesel (Ber. 1891» 24, 2386), 
from Java coca baves and subeeqmtly by 
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mm {I pt. Cbem. 1902, [^.1 m ^ 
Wnsvim coca. Hara and Sakamoto have 
. toeftked the preparation of trapaoooaine from 
tke petroleum extract of coca leaTes produced 
in Ja?a (X Pham. Soc. Japan, 1924, 508, 38; 
fmttL Boo. Ahstr., 1924, 120, i. 870). It crya* 
taJliaeB in needles, m.p. 49^ and its solubihty 
In dilate ammonia affords a means by which 
it ean be separated from the accompanying 
a^kidoids. Its alcoholic solution is strongly 
alkaline and optically inactive* The hydro- 
boride has m.p. 283° (decomp.), and the 
anrichloride, m.p. 208°. 

On warmmg with either mineral acids, or 
alkalis, the base undergoes hydrolysis and 
furnishes benzoic acid and pseudotropinc 
(Lie^rmann, Ber. 1891, 24, 2338). 

Pseudotropine CgHnON is isomohc with 
tropine, it forms colourless tablets or prisms, 
is optically inactive, and has m.p. 108°, and 
b.p. 240°; it readily esteiifies with organic 
adds, furnishing a series of derivatives which 
their analogy with the tropeines have been 
called pseuodotropeines, but, unlike the former, 
exert no mydriatic action. F. H. 0. 

TROFILEKE v. Ketones. 

TROTYL Syn. for trinitrotoluene, used as 
an exidodve . 

TRUFFLES, subterranean fungi, highly 
mnaed as food. Many species are known. 
Kdnig divides the edible truffles into two chief 
classM-- 

(1) White truffles, the best of which is the 
African truffle, Tuber niveutn (Desf.) or Terfezia 
Leonie (TuL), but also including the Italian 
truffle, Tuber magnatum (Pico.) or Tuber album 
(Balh.), with a garlic-like odour, and the German 
white truffle, Tuber album (Bull.) orChceramyces 
meandrtfarmis ( Vitt.), of much less value. 

<2) waek taffles, which include the highly 
iffib P^nch truffle Tuber melanoepermum 


(Vitt.), which is usually in size between a walnut 
and an apple, of dark brown or black colour, 
and oovem with polygonal warts. It possesses 
a stipog aromatic odour, resembling that of the 
strawberry; the winter truffle, T. brumale 
(Vitt.) occurs in France and Italy, resembles the 
Fimieh truffle, but has not such an aromatic 
smell and taste. The summer truffle, T. 
rntUmn (Vitt.) is the one most usually found in 
IBnyl^y generally in beech, oak, or birch woods, 
and in mmy soils. It is gathered from July to 
September. 

Kdnig gives, as the mean composition of 
truffles— 

Water frdeiii Fat K-frce extract Crude fibre A«h 
77-1 7*6 0-5 6*6 6*4 .1*9 

Chatin (Ck>mpt. rend. 1890, 110, 376, and 
435) found the dry matter in French trofiSes to 
taty from 20*8 to 25*0 p.c. of the original fib 
rliutlsrial, and to contain from 4 to 9 p.c. of its 
nitrogen, and from 5*6-1 1 *2 p.c. of ash. 
tin ab in different samples, contained : silica 
10^ p.e., potash 17-28, soda 0 6-2*1, lime 
OiMNb magnesia 0*2-3*!, ferric oxide and 
mm dl altimma 8*2-8'4, manganous oxide, 
ti«a«i toO*05, idiCMphoitis pentoxide ]8’4-80*2, 
stittwjikmift 2*l-4*6, chlorine with traces of 
4lodiiie(n2-0*4p.c. Mach ]aige%pK>|}ortions of 
potash and pliosidKm pentoxide wm fouiid in 
tim adh of trate by ICohinuwrh and 


quoted by Kdnlg« The amount of alumiiia is 
also apparently very variable, sinee Plssi 
(quoted by Kdnig) found, in the aidi of blaek 
truffles, 5*77 p.c. of alumina, in that of white 
irufflsB, 7*17 p.o. 

As to the nature of the nitrogenous con- 
stituents of truffles, little appears to be Imown ; 
probably a considerable proportion of it is in 
the non-proteid form. 

In the non-nitrogenous extract, mannftd, 
trehalose and malic and citric acids have been 
found. 

For an examination of the tubuhne or 
Caucasian truffles, and of various species of 
Terfezia, known as ‘terfas* and ‘kames’ in 
the north of Africa and in Western Asia o. I 
^atin ((^mpt. rend. 1893, 1 14, 46 ; and Revue f 
intern, des falsific. 1893, 14). \ 

Truffles are sold, either in the fresh condition, \ 
imbedded in lard, dried, or cooked and pie- ^ 
served in olive oil, or in hermetically aemed 
cases. 

Konig gives, as the mean of 9 analyses of 
the sir-dried product — 

Water Protein Fat . N free extract Crude fibre Ash 
4*4 33*9 2*0 24*9 27*1 7*7 

H. I. 

TRUXILLINES i\ Cocaine and the Coca 

ALKALOIDS. 

TRYEN,p-iodo-oBulphooxy-cycIo*hexatriene 

pyridine. 

TRYGASE r. Syntretio drugs. 

TRYPAFLAVIN (DiaminomeiAylMdimum 
chloride), a yellow dyestuff employed thera- 
peutically in the form of a 0*1 p.o. solution as a 
bactericiae. The solution is sensitive to sun- 
light and turns brown on exposure even to 
diffused daylight. Kept in the dark, or in dark- 
coloured bottles, especially in strong solutions, it 
may be preserv^ unchanged. 

TRYPAN BLUE AND TRYPAN RED, Azo- 
dyes derived from benzidine having a strong 
trypanocidal action. 

TOYPSIN V, Fermentation. 

TRYPTOPHAN, pindole^a'amifioprophnk 
acid * 

CCH,-CH(KH,)CO,H 
I ! II 

: ! OH 

\/\/ 

NH 

It has been known since the researches of 
Gmeiin, Barnard, and others of the earlier 
physiologists that on tiypUc digestion a sub- 
stance is formed from proteids that gives 6 
reddish-violet coloratiou with chlorme^ or 
bromine. Other methods of deoomposlug pro- 
teids, such as putrefaction or alkali or idid 
hydrolysis, give rise to the same sobitaueiL lor 
which the name tryptophan was sugoasMl hf 
Neumeister (Zeitsch. Biol. 18IM, und 

piykinehromogen by Btadelmaim (ttlil. 4AI), 
The compound itself was not kaowA mdll iW) 
when Hopkins and Cole (X Pby^* IMI, 17, 
418) isolated it from the mdnoti 
ttyptic digestion of oeemn; thqy ifflowed tiiat 
it possessed tiie formula C|iKj|0|N|, jleUedI 
soatok and indole when hesM. end niapifai 
Heumslstmk suggaitioft nawitd H iMMiHeiik 
tma$ ffnmmat 
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AnllkiM i^Bgbtiible oii^ («k ftiomirf), uid 
^ is 8eM!iM by ffimtl at tlie i^pttin^y toluble 
* double «all it f6nni iriili meromio iralpliate. 
It is mOet odtivenleiitlv mpmd &om oasein or 
the lonner yieldinff 7*^ gnus* and the 
' latter 13-^14 gtm» per kilo (mnbeig/Chem. Zentr. 
1906, IL 892 ; Neubeig and Popowski, Bioohem. 
Zeitseh. 1906, 2, 357). The protein substance 
fttmi yeast, cereidsin, contains 2*3 p.c. of trypto- 
nhao (Thomas, BulL'Soc. chim. fool. 1914, 1, 
67 ; Onslow, Biochem. J. 1921, 15, 392 ; see also 
Logie, J. Path. Baot. 1920, 22, 224). For its 
oooorrenoe in urine, v. Abderhalden (Zeitsch. 
physiol Chem. 1912, 78, 159); Fearon (Bub. 
J. Med. Sci. 1920. (iv.) 1, 28). 

Conslitulion and syniAesis.— The formation 
of indole (Kuhne, Ber. 1875, 8, 206 ; Nenoki, 
ibid, 336), of scatole (Brieger, ibid. 1877, 10, 
1027), of scatole carboxylic acid (E. and H. 
Salkowski, ibid, 1880, 13, 2217) and of scatole- 
acetic acid (Nencld, Monatsh. 1889, 10, 506) on 
putrefaction of proteins was attributed by Nencki 
to the presence of a scatoleaminoacetic acid in 
the protein molecule ; and when Hopkins and 
Cole found tryptophan to have the empirical 
formula CnHi 202 N 2 to yield indole, scatole, 
scatole carboxylic acid and scatoleacetic acid on 
putrefactive decomposition, they regarded their 
substance as Nencki's hypothetical scatole- 
aminoacetic acid 
C-CHj 

C,Hy V cH(NH,)CO,H C, 

ra 

Boatoleaminoacetic acid. Scatoleacetic acid. 

C-CHj CCHs CH 

NH ihl ra 

Scatoleoarbcxylic add. Scatole. Indole. 

Ellinger (Ber. 1904, 37, 1801), however, showed 
that Hencki's so-called scatole carboxylic acid 
was not identical with the synthetic product 
obtained by Wislicenus and Arnold (ibid, 1887, 
20, 3394) from the phenylhydrazine derivative of 
propionylformio acid * 




CCH, 

CH/CO,H 


ne and 


from aconio acid) wil ^ ^ 

subsequent treatment of the ester of the hydra- 
zone with alcohol and sulphuric acid 
C(CO,H) CH, (X0O,H)CH, OE CH, 


ilHr-oJx) 


H 






iH(OH)iojr!lH(OH) do, 

CHi-CHg-CO.Mo 

-►caIsh 

' Xh 

0<H,-CO,H 


■ ..1|8 

M (Bmr, 1905, 38, 2984) furihur showed 
n<^^s scatoleao^ a^ was idendcsal 
with indole protonic add obtained hy a dmilar 
synthetic process from ethyl propkmae^- 
malonate 

(co,Et),(m<®,<)Hi:CT:(omu 
"^CH,(CO,H)CH,‘Cffl[,*^^ 
->C,H5*N,H:CHCH,- 


CCS. 




From these considerations it follows that 
tryptophan must be mdole-3-a-aminopropioiuo 
acid or indole-S-jS-aminopropionio acid, and that 
it possesses the constitution of the former com- 
pound was shown by Ellinger and Flamand (Ber. 
1907, 40, 3029), who prepared it synthetically 
from indole 3-aldehyde and hippuric acid. 

' q-CHO 

Indole-3-aldehyde C^Hi^^H is obtained 

by oxidising tryptophan with ferric chloride 
(Hopkins and Cole, J. Physiol. 1903, 29, 451 ; 
Ellinger, Ber. 1906, 39, 2515), and can sdBO be 
prepared by the action of chloroform and 
potassium hydroxide on indole; it condenses 
with hippuric acid to form an arihefone, os Its 
hacetyl derivative (Ellinger and Matsuo^, 
Zeitsch. physiol. Chem. 1920, 109, 259), which 
on hydrolysis yields a-benzaylaminoindolyU 
acrylic acid. This compound on reduction and 
subsequent hydrolysis yields a-amino*j3-indole* 
propionic acid, identical with dl-tryptophan 

CH,-NHCOPh 
NH 


55 

^io,H 


0-CH=C^ 

c,h.Och 

NH 

C-CH:CNHOOft 


but was in reality the isomeric indoU acetic acid 
C-CHgCOOH 

iopropionio acid (obtained I 


C.H.< 


DH 


do, I 


, obtained synthetically by 


C-CH,’C!H(NH,)CO,l 

Ellinger and Flamand (Bers 1907, 3(^ ; 

Zeitsch. physiol. Chem. 1908, 55, 81 

Pfop^ies.— -The tryptoiihaii obtained from 
pToteids is Iwvorotatoiy in aqueoue aolidaon. 
Hopkins and Cole (J. PhyrioL 1901, 27, 418) 
found [a]p-33^ H. Fischer (Zeita^ phy^C 
Chem. 1908, 55, 74) found .{a:^-841P to one 
I specimen, whilst others gave valnm Tiahfto. 
I from -29-7<tf to ~40'3**; Abderhalden 
Baumann (ibid. 412) found (ol|^^30*32^ 
alkaline or acid solution, 1-trypitophaa i« Aittft* 
wtatoiy, luiTia|(ta^ +6-7 to+8'3* iaa 
[rnmm In JT/UbOH Mh«ai», oi. 



ramoPBAN. 


iA 10-12 p.o. N/IN&OH solation (Abder- 
liAld«A and K^pe, ibid, 1907, £2, 207; Abd»« 
iialdan and Baumann, /.c.) ; lower valoeB were 
found l^Pi8ote(*x.), Wp+SW to 6*69® in a 
2-^p.c.aolutbnofaN/lNaOH8olation. This is 
probably due to partial raoemisation as Abder- 
balden and Baumann (/.e.) found [a]|f^+5*27° for 
a specimen that had been repeatedly recrystal- 
lisM ; a 6 p.c. solution in N/1 hydrochloric acid 
gave [al^+ 1 *31° (Abderhalden and Kempe, lx,), 
1-Tryptophan crystallises in six-sided and 
zbomoio plates, is sparingly soluble in cold, 
readily so in hot water and has a slightly bitter 
taste ; it darkens when heated at 24(r and melts 
at 252° (Hopkins and Cole, lx.), at 273° (Neuberg 
and Popowsky Ic,), at 289° (corr.) (Abderhalden 
and Kempe, lx.). The brown piment found 
in its solutions on standing is probably a con- 
densation product (Abderhmden, Zeitsoh. 
physiol. Chem. 1912, 78, 159). 

dl-Tiy^phan is prepared synthetically and 
also reaMy formed from 1-tiyptophan which j 
racemises on oiystallisation from pyridine, orj 
by the action of ammonia or by heating at 170° 
with hydrochloric acid (Abderhalden and Bau- 
mann, Ic, ; Allers, Biochem. Zeitsch. 1907, 6, 
272; Neuberg, ibid. 276); the racemic com- 
pound dif ers from the natural compound only 
in bdng optically inactive and in having a 
sweet taste. For the dissociation constants, see 
Aristides Kanitz (Biochem. Zeitsch. 1910, 29, 
126). 

Jleadians.-^Tbe Adamkiewicz or Liebermann 
reaction given bv certain proteins— namely, the 
formation of a blue-violet ring at the junction of 
the two liquids when concentrated sulphuric 
add is addM to a mixture of the protein with 
acetic add or ether-— is due to the presence of 
tryptoj^an in the protein and of glyoxylic acid 
in the ascetio add or ether (Adarnkiewicz, Ber. 
1875, 8, 161; v. Liebermann, Zentr. Med. 
Wiasens^ 1887, 321, 450; H<mkins and Cole, 
Bpoc. Epy. Boo. 1901, 68, 21 ; J. Physiol 1901, 
n* 4m Cole, J. Physiol 1903, 30, 311 ; 

> .^jOlsbome and Hairis, J. Amer. Chem. Soo. 1903, 
Budachzi, Zeitsch. physiol Chem. 1906, 
48, 145; Bakin, J. Biol Chem. 1907, 2, 289). 
Aeoor^g to Homer (Proc. Camb. Phil. Soc. 
191% 16, 405), who has studied the behaviour of 
, tiypUmhaii towards * oertain aldehydes, it is 
iommekyde rather than glyoxylic add that is 
the substuioe essential to the formation of the 
chaiaoledstic violet colour in the Adamkiewicz 
rsaedon (see also Fearon, Biochem. J, 1920, 14, 

: mh 

; Fta Ofther odour reactions of proteins due to 

prssenoe of tryptophan, see Cole (Ic.); 

" (M ; Fleig (Froe, Soc. Bid. med. 1908, 

4% 192): B^eim (Biochem. J. 1, 233); 
NSgMMtedm (Bdtr. CSimn; Physiol Path. 1908, 
IL IMs Hdmrod and Levene (Biochem. 

IvlO, 25, 18) : Mdmer (Zdtsch. physiol 
^Ohnii. 1919, 107, 2031 
' . Iha led-violet colour produced by ohbiine 
or hmsto water on tiyptophaniiis only given 
W hm tryptophan, not by its polypepQdes 
3 m qptocmm attams a maximum when the 
amoaot df hdogsn Is eqnivd^ to four atoms 
per gmm mdeouie of ttyptcphaiL and when 
eooMlmited oohri^ 


mdpltateB of the monohdogen dedvaHvei an 
obtain^ OuHnO,N|a and GaHuO|N|& 
^niese cmnpoonds ate sduble in amyl aloohcl, 
ether, or ethyl acetate, and die tne of these<r 
^sdvenis has been aufflmeted to tender the ^ . 
action more intense. The addldon cl emm of { 
hdogen converts the red compounds Into ydlow 
perhaloids CxiHiiO|N|Cl| and 0|iHaPfNj|B|^,’'.! 
(Neuberg and Popowski, Biochem. Zeitsdi. 190% 

2, 357; Neuberg, ibid. 1910, 24, 423; Abdms ^ 
halden and Kempe, l.c.), > 

Deletion and estimation.— According to 
Herzfeld (Biochem. Zeitsch. 1913, 56, 258) a 
distinct blue colour may be detectkl if there is^ < 
1 part of tryptophan in 1,000,000 by means of 
p-dimethylaminobenzaldehyde ; 20 grms. of 
p-dimethylaminobenzaldebyde are dissolved in 
500 0 . 0 . oonoentrated hydrochloric add and ' 
500 c.c. water. To 50 c.c. of the solution to n 
tested 10 o.c. of the reagent are added and the , 
mixture diluted to 100 o.c. with ooncentratea 
hydrochloric add. The colour can be eetimatedt 
against an ammoniaoal copper sulphate sdution ; \ 
see also Fasal (Biochem. Zmtsch. 1912, 44, 392) ; \ 
Thomas (Ann. Inst. Pasteur. 1920, 34, 701) ; \ 
for a colorimetric method for the estimation of 
tryptophan, Levene and Bouiller (J. Biol 
Chem. 1907, 2, 481) ; Fiirth and Nobel (Biochem, 
Zeitsch. 1920, 109, 103, 124); Fiirth and 
yeben (ibid. 1921, 116, 224; 1921, 122, 58); 
Ide (Z. expt. Med. 1921, 24, 166); Liischer 
(Biochem. J. 1922, 16, 556). 

For the estimation of tryptophan in proteids, 
Homer (J. Physiol 48, iv— v) recommends 
hydrolysing the proteid with baryta and i 
estimating the trypophan by means of bromine 
which has been standardised agdnst a known 
solution of pure tryptophan. See also Folln 
and Looney (J. Biol Chem. 1922, 51, 421), 

For the microchemical detection of trypto- 
phan in plants, see Kretz (Biochem. Z. 1922, 
130, 86). 

Tryptophan is decomposed on heating into 
carbon dioxide, indole and scatole ; when fused 
with potassium hydroxide, scatole, to tibe extent 
I of 65 p.c. of the calculated amount, is the chief 
I product (Hopkins and Cole, l.c.). 

I Ti^tophan is coloured yellow to orange by 
j Bacillus proteus vuiffaris only at Pg 8*jM*4 
I The practical bearii^ of this is conomed sdtb 
the manufacture of Stilton cheese (Mattick tod 
WilUams, Biochem. J. 1921, 15, 218). I-Tnrp- 
tophan is converted by B, proleus into 
lactic acid (Sasaki and Otsuka, Bioohmm % 
1921, 121, 167). 

In the animal economy, tiyptoidiaii mdet^ 
goes bacterial decomposition with the fonnar 
tion chiefiy of indole ; in the case of dogs it i» 
partially converted into Itynurmk mi (4^ 
iydroxyqmnolm BxarbtJSpylk acid) 

0(0H) 

(«ii Qnaroum) tad eiontod m Cm *' 
wtoinirtaMoadtaarpte ph t i i Ma ia i witoc irw iii d ' 
ezontiMi l^iianato mU 
1S79, U, 1873; Vita. mi. Btft U|L^Sa |ii4« 
171; UoaMik IMI, ^ IM; A M{ UMh, - 
tadto«lLirfi,«kd.Cltak 1887. ». 487; 


m 


IW. IB97» and iladoMm, Amt. i 

J. ¥kym\. 189$, % 1; Camw, Bet. 1801, 34, 
2I?<)3 $ MMiiel iMd BoimeuiBr, Bzoo, Aiaer. 
fimnol. Soo, 1900, fx*-x; Amt. J. nkjaioL 
ml, 5, 427 ; Oie0,i&td. Wl, 6, 191 : GiaeiMer 
and Lanfisteia, B^tr. dhem. Phyeiol. rah. 1901, 
1, 287fflU&g«r, Ber. 1904, 37, 1801; Abder- 
halden, Lodbn and Pinousiohn, Zeitsoh. physiol. 
Gbem. 1909, 92, 139 ; Homer, J. Biol. Oietn. 
1915, 22, 391 ; Matsuoka, J. Biol. Ohem. 1918, 
85, 333 ; Spftth, Monatsh. 1921, 42, 89). 

Ijllinger and Matsuoka (Zeitsoh. physiol. 

^ Cliem. 1920, 109, 259) find that when indole* 
pymvto acid (I) is administered subcutaneously 
So a dog, it is possible to isolate from the urine 
l^nurenio acid in amount rather less than one- 
^ of that obtained when tryptophan is in- 
jeeted ; and the oonclusion is drawn that the 
oonreision of tryptophan into kynurenio acid 
lit beat reinvented by the scheme 

y— OCH,-CH(NH,)-COOH 

_OC!H,-COCO,H 

II 

\nh-ch 

-»CO,H-NH-C,H4-COOH,-00-CO,H 

-»NH,-C,H4C0-CH, -CO-CO, H 

< CO-CH, 

J 

N-C-CO,H 

>C(OH):CH 


th* 


(I) 


\]5Js====SS( 

t>2-MethyUryptophan 

C,H4--0-CH,*CH(NH,)COOH 


ICOaH 


-CMe 


crystallises with IMeOH in colourless prisms, 
m.p* 263^-273'’i according to the rate of heating ; 
^6 ptcrate, CijiHuO^Ni'CiHsO^N,, ciystallises 
in orange plates, m.p, 173® (Barger and Ewins, 
Bio-Oiem. J. 1917, II, 58). 

8qUb of 1-fryptopAon.— I-Tryptophan has an 
acid region towards litmus, and forms salts 
both with acids and bases; the cofper salt 
(^ilfifiiOtNi)tOu, sparingly soluble grey-blue 
piecipitato (Abderhalden and Kempe, Zeitsoh. 
]^ys]oL CShem. 1907, 62, 207) ; the silver sail 
f eoditm salt has [ft]jj-|-2*50® 
in 8 p.c. solution (H. Fischer, f.c.). The hydro- 
OuHi,0,N,*HCl has m.p. 261^ and 
Iai;^--13’44® in 2 p.c. aqueous solution (H. 
Fi«her); the picrafe CnHuOjN,’C*H,0,Nj| 
forms i^ht red lustrous needles or plates, m.p. 
196®-196® (decomp.) ; the picrokmate 

forms onu^ needles, m.p. 203®-204® 
(Mayedi, ZeitioL physiol. Chem. 1907, 51, 261). 

tsfers and a^defivotioes.— The methyl ester 
GteH||H|*COOUe forms crystalline plates, m.p. 
afv.n/ — X, iiis hydrochloride 

G|oHaN,'00,Me>Ha 

k miotOBoopic needles, melts ndth 

dNNMmos!^ ^ehydmUorids 

C,oH„N,<X)a-HCa 

(eo»,) (Abder< 

“ 




I: ijjqMttm Itt 


tin 

derhaUve (%iHiiO.N|<SK>|Fh 
xneltB and decomposee at 185® and fonns « 
Bpatiiu^ scdnble aodHim salt; the 0-naphtha- 
Unesulphome derivativn Ci|HHO,N,'SO,*CioH>r 
melts at 180®, the eodtwm saH at 304® (cmt.) 
(Abderhalden and Kempe, le.; SHinger and 
Fiamand, Ber. 1907, 40, 3029). 

d-Tryptophan-anhydride, nup, 230®-^® (de« 
comp.), has [ 0 ]p +20*59® in water {Iklnkel 
and Feldsberg, Biochem. Zmtsdh. 1921, 120, 
218). 

Other derivatives of tiyptophan are mojw- 
chloroiryptophan CuHnO*N|Ca, an moryima 
red precipitate, m.p. 2^ , converted by excess 
of chlorine into the perchloride OuHnO,N,0<:3|r 
a yellow precipitate decomposing at about 100®^; 
nmohrmotrypt^han CJiiHuOjNjBr, an amor* 
phous red precipitate with a black reflex, m*p« 
270®-*280® ; the perhromide Ci|HiiO|N*Br*Br| is 
yellow and decomposes at 75® (NeuWg m 
Fopowsky, Biochem, Zeitsch. 1906, 2, 367). 

The bdaine of tryptophan is identical with 
the alkaloid hypa/phmm^ discovered by Oreshofi 
(Mededeelin^n uiFs Lands Plantentuin, 1890, 
7, 29) in the seeds of Erythrina hypapheras 
(Boerl.), and is of considerable biochemkal 
interest as it is the only natural^ oceuiring 
simple derivative of tryptophan* The alkakxia 
can be synthesised from l^tophan by the 
action of methyl iodide, sodium hydroxide and 
methyl alcohol, which yields the ioaHe of me^ 
a-trimethylamino- 0-immpropionaU 

iW 

m.p. 197®, and this on hydioysis gives 
phorine or a-trmethyhmino-p-iiM^ 

0 — C*CH,*CH--CO 

iifo.'l) 

of which the nitrate has m.p. 215®-*220® elcd 
[a]^+94*7®. Gieshoff found [a],>91®-93®iarthe 
natural base (van Bombuigh imd Baigei^ Gkem. 
Soc. Trans. 1911, 2068). M. A* W. 

TSCHEFFKINITE*'® A titaim<4diloals 
cerium earths (Ge*Ot, &o., 23-47 p.e.)ol douMld : 
composition, and probably on^ |m alteiathhi 
product lacl^ in bomogeneity. Two exa^pm''- 
( R. Hermann, 1866) idiow ThOt 20*9 and 14^ 

The mineral is black, opaque, and pitehy, 
a brown weathered crust on theextenkir. §Mr* 
4*2<4*5. It is found in pegmatite jn the lawn 
Mttts., Urals; Kanjamalai Bill, Mte 
in Madras; Kelson and Bedford ocwM 
Viroinia, here as masses up to 20 &•; and in 
Madagascar. Lk 8* 

TSCHENorCHEN. Chinese oohis of a bnis 
or bronte-yellow colour, oontimdiig ISM4 p.& 
copper, 26^ p.o. sine, and firom M p.0. ^ 
2-4 p.Q. ironpand 1-6 p.e. lead ; and ooeashm^ 

• This b the uuuiflyaQMpted speUag, hot Obi^ 
- tbs Ba^ 

^Fteneh. 










• ' • r !#, - 

mmm. 


^aJfy imiOI qvaatitifii 6f wMm6ix% umu, and 
' aldod {?&0ji«in» CSwia. Zentar* if59, 484). 

: : < WHSuron^ Thett&enic^oalnaiDefOT 
; ^iiiiiiiosiiun^iltatt (29H|)^4^AL|B0|}«^d4H|0, 
i > & nature it is fomid as etystaOuie msta on 
y ligniteoontainiogstxeaksidiryTltdsatTsoheri^ 

' Brfix» and l^x in Bohemia. Ihe white, fibrous, 

eabo-octahedial oiystalB 

/ /found. In some quantity it has been found in 
, ytumlttous shale near Wamsutter in Wyoming 
; (B. T. Bii^on, J. Wash. Aoad. Sci. 1922, 12, 
49). It is also recorded as a yolcanio product 
, hm the sdhitaia of Pozauoii near Kaples. 

L. J. S. 

TSOHEWKINITE v. TSCilBFPKiHlTE. 

1SS‘HONG, A mixture of white lead, alu- 
mina, ftoto oxide, and silica, used by the OUnese 

pigment used in porce- 
lain painting. CSonsists of a mixture of stannic 
.^,and lead silicatea with copper oxide or cobalt 
and gold. 

ITOBA, The Malay name for Derris eBipftea 
‘ ' (Beath.), used in Jaya to kill fish. Contains 
iiMmn OiiHiiOs, white crystals from alcohol, 
iD.p. 163M65^ soluble in most organic solvents, 
^ insoluble in water, acids, and alkalis. Reduces 
^inmfttiimM.1 silvenand alkaline copper solutions. 
Brodnoes in fish, hop, and mammals general 
motor paralysis. Lethal dose for rabbit (intra- 
venous} 0*009 grm. per kUo (Ishikawa, Jap. 
Med. lAt 1917, 1, 7; Chem. Abstr. 1917, 11, 
2371; cf, Greshoff, Ber. 23, 3537; ran SiUe- 
voldt, An*. Hiann. 1899, 237, 595; Power, 
Ar dbu Ph am. 1903, 6, 1). 

TOf A V. TBayEBTor s. 

TOIf or TOLCAHIC TOFF (from IteL Tufo), 
A pyiodbstie rock consisting of more or 
eomnacted dust and fragmentaiy material 
laptH, icofia), ponced by voloanio 
mnlosioai. !nie composition varies between 
dependin g on the kind of lava or 
it^tk Itom whion the material has been derived ; 
^ distinguish rhyolite-tuff, trachyte- 

jiiidselte^tuff, basalt-tuff, palagonite-tuff, 
and idtiabsslo-taff. Farther, there may be an 
^ IlifiwmBix^^ of fragments of sedimentary rocks 
■ nod othor foreign mater^ ; and if deposited in 
. , waiter th^ are stratified, and may shade off into 
;v alM^I<tiwistone»sandstone, Ac. They also vary 
much hi teature and physical charsoters, m>m 
loose and ttkky to hard and compact. Those 
Intcefaedded with the older sedimentary strata 
4 may have their characters so obliterated that 
' . d ifibmit to recognise as tnfis. For 

, ; tastanee, the geemi roofing slates of the EMiish 
LiJm IMacl were depomted as tnffs in Ordo- 
; . yieliai tunes; and other silicified toffs are now 
uimI for road-stones. 

!|!!hepomobfia^ of the Rilegrean Fields, the 
hod oi liohia, and elsewbere near Naples, is 
an kie^Mimil trachyte-tuff which has been 
axtemivefy used, mimd with lime, for making 
iQrinttUe mortar, cement (pozzolanic cement), 
CQMWtiL and art^Moal stone. The colour varies 
from vaBow to grey {info giaUo and hfo bigio). \ 
■A Amu w&ufy tuff which haa been used fi^ 
too Jitoo porpoae (Boman cement) ainoe the | 
Ifoai of the Bmnani also oocqm in the extinct 


:v. 




ivolmnk) distil Hoiiealibt^ ; 

fr a mmcomimst, toough eon andeai^ wm 
granidar ti4 iu which the cataoombi aie exca- .. 
mtod; 1 ^ a harder stoeqr.tiifi (fitb Ittoifr), 
lemplo^ aa a building stw. . Another com* :: 

pact tuff, which has been much osed as a huffding . 

stone in ancient and modem . 

jMuertno f Altoww) of themlba& Hills . 

Thift is a leucite-basalt-tuff, showiu blaok 
grains suggestive of peppercorns embedded in a 
gray ground. Sandy voloanio tufb simil a r in . 
character to pozeolana occur at many other < 
localities, from some of which it is expmtod frr ; . 
the manufacture of cement, tjg* 

Auvergne, Hungary, Canary Islan^ (hge ; 
as *tosoa*), Crimea, £Mel» In the Bihd'lt, Is ';; * 
known locally as trap (or duckstein), am' ‘ 
extensively quarried in the Brohl and N 
valleys, between Andemaoh on the Rhine 
the Lecher See. This also is a trachyte 
composed largely of glassy fragments of gp' 
with fragments of grauwaoke and day„_ 

It is dull and earthy with a yellowish, grey, 
brown colour; 40-70 p.c. is soluble in h^ 
chloric acii The looser material is used for 
manufacture of hydraulic cement, whilst tcM^ 
of the more compact is employed as a bniUffng 
stone, and as a fire-stone in ovens. The 
is very porous (weight per cubic foot, 85J lbs. ; 
porosity, 29-45 p.c.), is easUy worW, a^ it 
hardens on exposure ; on account of its lij*t* 
ness it is especially adapted for vaults and 
wches. . , 

Analysis 1 is of ydlow pomolana (ptoum 
tuff) from Cape Posilipo, Naples (also CO| l*lw 
Mn,0, 0*54; 90 p.c. of the material is Soluble 
iu byiochloric acid ; sp-gr. 2*46) ; H postolium 
from near Naples (ignited material; alto. 
NaC12*56); III red pomolaim from newRoine^ 
IV, trass from Brohl valley, Rhine; V, tiaas 
from Anderaach; VI, blue tss« 
from Plaidt, Nette valley, Rhine (also MnO 0*88). 

I n. in. IV. V, VI. 

63*27 5914 46*15 58*32 57*5 53*07 
15*53 21*28 23*19 20*88 10*1 18*28 
4*37 4'76 6*42 4*15 8*9 848 

3*10 1*90 8*52 2*19 7*7 1*24 

Mgb . 0*68 — 2*25 1*10 M HI 

K;0 . 8*22 4*37 3*01 

Na.O . trace 6*23 trace 4*11 l8*78 

^ 9-g4 10*40 5*87 12*6 12’78 

98*71 100*24 99*94 100*58 5w 88*59 

TULA METAL An alloy of 
and lead made at Tula in Russia. ; ' 

TUlfQ OIL is obteined from tha leedi M 
Almritu cardala (MuidL Am) 
data [BL]: Ektacoeea turmm 
mmii (Ibyaadm vmAm t 

4. /cmfiL troes iodlg^ 

Ttoes b^g^ to msema «tolto rifcfr 
abundantly in Indo-Chiiia, Toddp, Ann am, M 

form a will in iMA 
having a hard iheU and an dbi 
enctosed: in China the oil ill . 

* nut cuL W in aad Amciito 

as China wood oU . .. ^ 

These Undi of itodfi ito 


SiOf . 

AliOy . 





Vii ■’ 



jpilaw. dtelip MitA Tim imA id thi 
immurn tm ii miflar Hm ^ 

^irfiioh^SK A 

Ammsefiaiiiu^ 

viK^lte) 1504, (HSbt) lM-4 ; ?«hie, 

m4$«4v»lM,04; ^gr. at 15W, 0*9342; 

bad n^, 1*5078 ftnd 
1*5116 xespectIvBlv, and showed ft decrease In 
tefraefcive mdez of 0*000395 for each 1^0. rise in 
tempmtiixe (H. E. Cbldsmith, Ind* Eng. Chem. 
192a» 16, 786 ; J. Soc. Chem. Ind. 1923, 938 A). 


OIL . Iff 

^ k billmMMb Mweea ^ of 

OUnefta tmm dl and raw iiaaeed dt (Qaidner 
and Ba%, we. 138» 0.8, Biina Vanmotaneri 
Assoc, Vor. 19llh Tkm m four spades of 
tongoiliaaes In Japan* da* (a) Japanese inns 
oil tree, AlmUm (6) Chinese tnng oil 

tree. A, ^otdU, (t) iBangtong tnng oil tree, A, 
monkmt and (iQ Balojiiy (or tioptoal) tnng cdl 
tree, A. mdueiam (better known as eandmnt 
oil). Of these (a) is grown ifi. oter theinteiior 
of the oonntiy and the others in Eoimosa, 
Other analyses are as follows 


Oil contents. 
tsi seeds, p.o. . . . 

In endosperm, p.c. . 
Time for drying at 95^C 

Sp.ff. (15^0.) . . 

Add value . . . 

Saponif. value . . 

Iodine value (Wijs) . 
Itehraot. index (25^*0.) 
Beiohert-Meissl value 
tJnsaponif. matter, p.o. 


(min.) 


(«) 

(b) 

(0 

(4) 

. 37*77 

44*11 

87*43 

23*61 

. 59*15 

66*29 

59*78 

70*66 

. 65 

55 

60 

270 

. 0*9340 

0*9488 

0*9372 

0*9267 

. 0*47 

1*62 

0*69 

0*80 

. 194*79 

196*76 

194*31 

195*13 

. 161*37 

167*17 

154*85 

146*31 

1*5065 

1*5210 

1*5147 

14786 

. 0*39 

MO 

0*35 

0*71 

. 0*41 

0*69 

0*99 

0*97 


J, C3iem. Ind. 
Japan, 1923, ''26, 316<^21 ; J. 8oc. Chem. Ind. 
19% 42, 786 A.) 

Analy^ of the oil from A. motUana and 


Japanese A. /ordit, and a comparison with the 
proposed American standard, baaed on the 
exammalion of oils from the Chinese A. fordii, 
are as folUowB 


A^montana, 

Specific gravity at 18715®C. . . . 0‘9467 

Refractive index . ..... 1*494 

Add value 3*4 

Saponification value 203 

tJnsaponifiable matter, p.o 0*6 

Iodine value 141*4 

Heattest 16^' 

Iodine jelly test 45'^ 

« Title test »» 54-54*5 


A,fordti 

(Japanese). 

0*9439 

1*4917 

m 

204 

167*7 

19*6" 

36" 


American 
apedfleatloo. for 
China wood oU. 

0-93»-0*043 
n“l-616.1«a0 
7*0 max. 
190-196 
0*76 
163 
12 " 


The heat test is considered the most satisfactory 
criterion (Ran, Robertson, and Simonsen, 
Indian Rorest Rec. 1924, 10, 1 ; Analyst. 1924, 
49,399). 

In China the seeds are roasted, crushed 
between stones, and expressed in wooden presses. 
The kernels contain about 63 p.c. of oil, but 
ykld only 40-41 p.o. The cold-drawn oil is 
pals yellow {white twig oil), and is the variety 
ehieOy imported into Europe as China wood oil 
The ml obtained by hot pressing is dark brown 
{Vafib dmg oil), and is consumed at home; it 
Tm an unideaBant taste, and its odour is more 
prononncd than that of the white tung oil, 
which is also somewhat unpleasant. 
odotttV attributed to damaged kernels, precludes 
^ ita ttia fot many purposes. Tung oil is also 
f mmand k Madapscar, where the oil Is known 
thaimiitte *Rako^ oil,* probably a cor- 
fPttlpiioh <0f *banoottUer^ (Akwike tmmana; 

6Q)« ^The Ohinm and Japanese oils 
m hriina value, and 

Jloaar (eei Gkmkrktiei under 
lUm ^Xbe dhiel ahiMints 


China; comparatively smaller quantitiee alt 
export^ from Japan (Rokkaidol 
Tung (China wood) oil contains 
saturated fatty acid and relatively littfe 
acid, eloosteanc acid, CigH||0», beiiiff the riUH 
raoteristic acid. Both the giyoende im the fatty 
acid (a-acid) derived from it clumge to isomerio 
forms (fi) of higher melting-point by exposure to 
light or under the influence of catstyns (Bauai 
and Herberts, Chem. Umschau, 1922, 
of, Morrell, J. Soc. Chem. Ind. 1918, ill If 
does not yield any ether-insoluUe bromide, b 
the *elaidin test* an oUy layer Is obtained 
resting on the loww, nearly sdidj^ue^ when 
stirred up, the whole mass fiowt. 


s-rieostearate, which changes 

of light into the solid gsometiM fsoM)^ 
fityoetyl l-elmostearate. Bo^ % and te 
|«trifityoerides increase in wright M about the 
same rate wto exposed to the efr in tb^ 

After ateadiflg f or 10 nmathi in a 
glass bottik iMnasteariu beoame I ‘ 

epetone m ^ longsr b«^ 
aboetSto^, BbOl-eiid 




'Ly 

|l 








mp. 48^ And i 
tiUigoilwltiidL 


^4Ktai!Mti^ it with «t]^ alool^ aad iraotton* 
' «M 3 r ory irtel l MiiM P tha extract from this BdTent 
«t About 0®. Another acid (nup. pie. 

" ^SIWIAnlv A AlAmwrAMA 


; ; / ■ TUm 6a!^'-T;'" _;■■ ; /;v;^ 

^Tvfiy* were prepared 1 21<40 jdasn^ and it is eoncluded lhai tang o3 
itood for some tune, hjlii niB% a abw^^ii^ oU, and that the xa|M 

f jad’.dfaea . 1 mm miL 


" — ~ Awi# V if |#vAjuiunowiuu/t wuu lo m uuuuiubi wa 

wmaiOT A oleavage product, was obtained in which md^ure acts as the ooegul 
tS? ?*?a ^luWe in odd doohol, Sohmidt, Fudwn-^eit. 19S4. 29, IMlj 

,ATuM* KmIA e1ai.*erA a lavr^ai ^ /Ui v.. w 


anpaxent rate of drying in moJst vt ia not 
'iCyiQd ’ in ^ nauai sense (f.e. osidataim and 
poltymetisation), but is a oouoida] coagulation 
in which md^ure acts as the ooegulint (W. 


’ D lA J atwuui, QUimuuii, f OfWsbeU;. IViOAt AiSOA { tf, 0O«i 

After ^10 days a thin layer of the a-acid was Chem. Ind. 1924, 43 B, 604). . 

■ tiwirfonned into a dear veltow ^p, vliitet AohaiaotNuUeiiiop 6 i^(dtai«dlb^tt^ 
S?i transformed into a dear forms a jelly on being heated to 2 o 5 ®for A ehffict ' 

■ fwiS!t!?*?2f e»P“so«>- tinw, or even when kept at 180* ite to honr W > > 

i^tvo of the thrw potoble geometrical iso. two. Xang oil gelatinised by heating to Ml*-.: 
nModMrfdsBOstea™ acid have been obtained 260»C. tod extracted with etli«yield«mtt»*aot^ 

- ^««-»adi 8 probabljrthe which eon be divided into tw &MtiW-h^ .' 


!• ^Tt. ^ lyw-wttTw Aurm. breairaeui, wiin aceDone, Y1Z» IZ 11*0. 01 Atnifiie 

Broto nation of toth a- and g-adds yields the insoluble oil, a bimoleenlar ifit^eertl^d 
!*““ (“-P- 11* )• tr^. elnosteario acid, and 88 p.o. of3to& In’ 

fsii^ ^ X ^-geometrical acetone. The former fraction (i 


^ A X r .xe e ttwwue. xiiB lormcr iracuon (UlMK Oil] IS - 

jsoi^iae, ^ treatment with bromine, is con- soluble in benzene, ether, and chlwAhn, and 
' SmSi ^ peculmnty confined to com- is converted by heating or exposure W air Into 
double linkings separated a solid insoluble mass having abouttwe taM 
^ two mewymne groups, a constitution which iodine value as the acids from the thidToil and 

isolated from the solid itoroduct 
, IS adduwd m favour of the view that insoluble in ether obtained by heating ftng oil. 

a-mto tiio ^-acid plays Coagulated tung oil contain, in add-on to 
tmyuttiepart m the mechanism of the drying unchanged oil. nilv And aniid 


...x-A xl. L . Kiuig uu UUUl/tunS, U aOQmiOn W 

' ?** mechanism of the di^s unchanged oil, oily and solid pdymiitiiaiiios ' 

^ » colloidd products both in the sol and gd^^Tsnb- 
»"'* *» naphthenic acid, linseed oil, and 
® 5 .“®!,°^ ooloplinny, which prevent the coagalation of 

a M mpri^ gem. PiMehau. 1924, 31, 69; to pass into the gel form. The formation of the 
Otoiaj&^Abatr. 1924, 126 , 1 .^/. Boeseken gel is favoured by exposure to the air, ttee of 
and (Bw. trav. Chim. 1926, 44, temperature, and by Ue additito “a UtS 

gelatinised oiL It is also caused by the aotito 
^^elsBostetooaj^^three double bonds of light, with the initial formatito of a-el«o 5 ^» 

Ktt.’Sxrc.wa 

donWeb^ can to Mtmted wito bromine oil dries, with the formation of crystalline nuum 

B-etoostearin, but heated (t.e. polymaised) 
,^nr la mp. Kaufm^ thus found two tung oU, on the contrary, dries evei^tod- 
ol ^ od to haw the following clssostearin is in this ^ not piewnt ( 5 . 


" ^ , r . — wavxM, A.AO iUBiuussvu, Xi. uei. u. jjetimcL luza. 43 . 

I 13 P-o- 162-163; Chem. Zentr. 1923, 94 [iv.] 297; 

I*' t ^nalitative test for posnre to the light the oil also beoctoM SoBd. 

***• oonswte in treating The j^y-like mass so obtained romm 

r' ®°“® elasticity, is insoluble in the ordinaiy 

••• ynift ^1 * 5 ®“ l*‘*r®‘*??.*’*® *®*^“** *“*' «l‘®we no tende^to 

in the absence of air. A yield of melt again on being heated to 260®. Kie 

obtained. gelatinisation is not due to oxygen abs<«ptkm» 
iT strong since it takes place when air is excluded* &an- 

' ' si * ®S “*”®®** man (Analyst, 1912, 37, 643) has ma^ac^d 

^ examination of various polymerisation tests^ 

' does liM^ oil, the skm it has shown that greater importance aho^ be 

' " attached to the h^ness oftho jelly obtainail> 

wax*}£^ and baa no elasticity. Therefore, under stAnHarfi r>nnHit«Ama fi*** aUxTjSS 


I . __V j ' ^ wxavwix Ittoivv I^ACavUl uuuwiAnoe WWU lO no- 

plate, when diy, is opaque, attached to the hardness of the jelly obtainail> ■ 
no elasfreity. Therefore, under standard conditions than to the tima » 
ce linseed oil, but is never- required to effect the polymerisation. Thn 

AR A cnihafifnfA i* A 1. . xi _ . r^y 


, ttoltol^midj.a.utot]rutefo7u: A wJ,Ttto“bJr3r^^ 

' • ¥^® oot for Browne method, which is eommo^ enqlayat 

■ ^ va^hes, rubber by varnish chemists, and is officially adopted by 

•}“ ^be American Society for Testing Ma«en^{A 

. ^ Me used in place ^yet, 1912, 37, 410). It oto^ in heat& 

■ /-'i.-i-.- nSr j m .. ® of tto oil at 282* and noting, tha ■■ 

■ ,j*_ i^y^'T'Tung oil appears to required for complete in Bdi 6 n.ti w«^ p*A -*-i iikf‘ 

i ***’ *** “®* ^ “ore t 1 ^ 12 minntee tela ifinagA' 

j* always imnU^ o, ctaiAed and Jameson (Ana!^, 1920, 46^ 228) 

' ‘ a a bout 14- toe Atty aoid, whidi to«^ oeMmto d» 

• :■¥ taww. te fhu extent of tom l« 9 to 4 ^rsh«toLr«^ 

'^1 ■;;. ******* ’**v.****.^‘^'^'^ . 
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\t 


^ . {i«utoz«M8ohil8ndfiod^ 
or $aa otto wtoat ht idiDpped on tmu ol% | 
if immetody ibiidi&d^and if & oil ; 
to ton inortody dtolvod in otorofoimr a 
Jelly i« obtained, bromine to no sto aota 
on the oil. ‘ ‘ 

Wim n iolntio& of 1 gnn. of the oil in 
, , t e.0u o| oblorofona, » owed mik 5 c.c. of 
. « mniated eolntion of iodine in chloroform, 

' ^'(the whofe ia converted into a stiff jelly after 
abolitt i mins. With 2 grms. of the oil the jelly 
; $1 so stiff that it oan be granulated. 

Investigation of the effect of glycerol, oleic 
acid, resin, * ester gum,^ paraooumarone resin, 
and linseed oil on the rate of gelatinisation of 
tung oil shouv that their efficiency in prevent- 
ing this change falls in the order given. 
Tnitf oil containing 6 p.c. of glycerol can 
be Hbodied,* ag. at 280^0., without difficulty. 
Tung oil containing lead linoleate equivalent to 
0*02 p.o. of lead, when treated in this way and 
dissolved in turpentine, dried rapidly to a 
smooth tough, transparent film (F. H. Rhodes 
and T. J. l^tts, Chem. and Met. Eng. 
1023, 29, 533; J. Soo. Chem. Ind. 42, 1923, 
1081 A). 

In China and Japan tung oil is used chiefly 
as a natural varnm for wood, for caulking 

C CS and boats, as a common adulterant of 
uer, and also for lighting. Large quantities 
are also consumed for water-proofing paper and 
all kinds of tissues. The oil is further employed 
in admixture with powdered lime as a mortar. 
The lampblaok of the best kinds of Chinese ink 
are obti^oed by burning the oil with a regulated 
amount of air. The cold-drawn oil is stated to 
be used in medicine as an emetic and also as a 
purgative. It should be noted that the raw oil 
u poisonous. J. L. 

TUNIWTEH. Sym. W. At.w. 184*1. Al- 
iheogh found in most of tlie tin deposits through- 
, our the world, the mineral wolfram which 
' funusto the bulk of the tungsten of commerce 
and its products, appears to have been regarded, 
until the middle of the eighteenth century, <rather 
as a constituent of camterUe than as an associ- 
ated mineml The term * wolfram * was, in fact, 
appamtiy applied to it on account of its 
causing loss of tin in smelting, in the same 
sense that antimony was called *th6 wolf* by 
’ the alchemist because it devoured the base 
metals when employed in the refining of gold. 

The word * tungsten* is of Scandinavian 
<ari^ and signifies * heavy stone,* in allusion 
io the high sp^ifiio gravity of wolfram. 

In 1781, Soheele obtrwed a yellow powder 
(whicif he termed tungstic acid) by add treat- 
mto of t{ha aqneous estraot from the fusion of 
n toliin tovy lime mineral with potassium 
: tobotoe. TheproduoUondayeUowcolouzinff 
; :inntto hy direct add treatment of this minerm 
(atowiidstetod 

noted by WouHe, who did not, however, explain 
itc natoe. Sttole's work was confirmed and 
amplified by Bergman in 1782, and the following 
yw, hb fbiQim pi^lb, to brol^ 

. ' to itated .te ham shown to pieaenoe of tung- 
^ to to in wi#im and to ham tonced 



adtoal^ hut its oommon i 
metab (ittobhdeaum, ho.) and ham nietab 
{mUamf, m), ton which it b difficult to 
effect a ^ resulted in a smalbr 

output and a lower price aa compared with 
wolman. Among oih^ rninerab may he inett<* 
tioned reiwk, a variety of ferbeiite, FeWOi, 
cuto-sekedtb (bW 04 <HiW 04 , stotb or fwapib 
PbW 04 , and oeto) W0|*H,0 

and ferriiungsHte The la^ 

named minerals are commonly found as an in- 
orustation produced by the weathering of 
tungsten minerab, but oocasionally occur 
massive, and the author has an interesting ^oe 
of the former which was sent to England as 
scheelite, but is almost pure tungstio add, 
apparently of colloidal origm. 

The principal countries where tungsten 
minerab are found are (in order of importance) 

United States (chiefly west of the Rocky 
Mountains), Burma (mainly from Tavoy, soutii 
of Rangoon), Bolivia, Portugal, Aostrato 
Japan, South China, Spain, South Africa (in- 
cludiim Rhodesia), Austria, Germany, France, 
and England (Cornwall). The world's pro- 
duction (mostly wolfram, although notabb 
quantities of scheelite are mined in United 
States, Australia, New Zeabnd, and Sou^ 

Africa) b estimated at nearly 20,000 tons in 
1917 against about 8,000 tons in 1913. The 
largest producers are United States (about 
4,700) followed by Burma and Bolivia with 
about 3,000 and nearly 4,000 respectively. 

The British Empire produces about 30 ]p.c. of 
the total world’s production. For a useful sum- 
mary of the occurrence of tunmten ores, ses 
6. J. Johnstone, J. Soc. Chem. Ind. 1918, 37, 

R. and later. 

Although their value mainly depends on to 
amount of tungsten which they contain, almost 
the whob of the output being absorbed in to 
manufacture of the metal and its toys, to 
minerals are invariably sold on their tungstio 
acid content. The best concentrated or hind- 
pioked material contains up to 74 p.o. WO|, 
but the usual value of that sold in bulk varies 
between 65 and 72 p.c., the latter being eon* 
sidered high grade. The sale of to ores was, 
before the war, more often a matto of private 
treaty, although schedules, ooveiing of 
various percentages and showing umits for 
P, S, and otto impurities, were puUbhed by 
sove^ firms in the United States. The home 
consumption of ores of tungsten was com- 
paratively small before the war, when most of 
the ore produoed within the Empire was bought 
and smelted by to Germans, who oepaiaied 
it and exported to thb country to manufiotiired 
tungsten metal. At to oothieak of war, to 
ton existiDg makers of to eommefCbl metal 
C tungsten powder*) and ferro-tungsten In 
England very largely increased tob output, 
ara other concerns commenced to iwu- 
factuie, notably one organised byanas!|0toiott 
of the large steel interests. The prise wSB- 
ram and scheelite rapidly ipse to m^ 
doubb that obtaining before to lirar, until tyl 
otes of tungsten produced within to Eduhiu 
were oommandeered, by agreemant beewm ..v^- 
to Imperial W Oofomal govenamai^ii^^^::^^^^ 

a^u^mfi^fiM Tholmria 
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lirto 56«. {ftfterwaid* to 60«0 
WO| fof woh I p.0. per ton of ow) ^ 
65 p.0* or oTOTi 6(L d^uotion being made b^ 
the buyer for ea(ih unit or part of a unit 
. bdow 4o p.o., and 6d. per unit brfow 60 p.o. 
^owii io 66 p.0. Ore containing lower per* 
eentages is salable at approximately the same 
rate of penalisation, and, if the^ impurity is 
' chi^y tinstone, the tin is paid for if over 4 p.e., 
as it then usually pays for electro-magnetic 
separation and recovery of the tin. A large 
proportion of the wolfram ore immrted into 
this country is ' concentrated * at the mine by 
hand-picking, but in some centres it is separatea 
from the gmigue by finer crushing and wot 
dressing, m the case of the Burmese and 
Bolivian production, the wolfram is more 
frequently associated with tinstone. Below 
2 p.c. tin (metal) the concentrate is sold direct 
to the smelters; above that amount (and 
the ores or concentrates sometimes contain 
as much as 36 p.o. Sn and over) it is separated. 
For methods m analysis of ores and concen- 
trates, m Hutchin, Analyst, 1911, 36, 308, and 
Inst. Mi*'- and Met. 1918; also Frantmann, 
Zeit^ angew. Chem. 1911, 24, 2142. 

The treatment of the mined ore varies 
aooording to its nature and the associated im- 
Ities. In Cornwall, where the ores are 
uently arsenical and the recovery of the 
ham Is chiefly subsidiary to the tin, the 
treatment consists usually in wet-dressing the 
crushed ore on tables, roasting the first rough 
concentrates, re-grinding and concentrating, 
and finally dry-dosing by means of electro- 
magnetic separators. The last-named opera- 
ti(m, v^ch Spends upon the fact that wofiram 
. weakly xnfii|;netic to an electro-magnet, pro- 
yides the only available means of mechanically 
separating wolfram from tinstone and other 
. heavy minerals which accumulate during the 
" eonoentiation. Three or four products are 
/ ..■.eommo^y produced, viz. fairly clean wolfram 
: ' {from 60 to ^ p.c. WO,), an intermediate or 
tizmy ynMmti, which is returned to the plant 
: fonr m-treatment, a strongly magnetic iron 
; ’ which is valueless, although commonly 

, ^ Staining 3 or 4 p.o. WO„ and a fairly clean 
concentrate containing usually less than 
" 2 p.c. WO|. Much of the imported ore or 
ooBcenlti^ firmn Burma or Bolivia contains 
indfram la a less fine state of division, and 
ebotro-magnetie separation is carried out on 








the material with no preliminary treatment 
other than crushing and grading into various 
siaes. Xu this case, only two final products are 
chUdaed^ viz. wolfram containing from 66 to 
. 73 p.e. or even 74 p.c. WO,, and a non-magnetio 
‘leieot* containing from } to 2 p.c. WO, and 
tram 60 to 70 p.c. tin (metal), according to the 
,C0Q06iitration of the original material. In the 
tJnited States most of the wolfram occurs free 
tram rin and in a gangue of a comparatively 
apeeSfio gravity composed chiefly ot silicious 
‘^■",4iwtter« In this case a simple concentrating 
.oMsuiing of crusher, jigs, and ahaking 
js auffident. Wolfram^ is, however, 
exttendty finable uid liable to slime on crushing, 
'cud jwt oaie must be exercised to minimise 
the am which are in anyxase considerable. 
Sh aaibjfiMtoiy method has yet been devised 
^ ,,|ir ss^tisc of ag oie oonMa* 


ing bcth wdfram and aeheefite with 
Budi a» b lomul in the Shan States {Bnima) I 
ehwwhem. SdieeUtab heavy sad ncm-magneboi 
and zemaipB with the tinstm when either wet* 
dies^ or eleotro-magnetic sepazsaimi. is 
employed. It is invariat^ present In wolfmm ' 
oree, although frequently in more traces. 

For the estimation ol tin in wolfram, WS' 
0. F. Lubatti (C3iem. Boo. Trails;^ 1028, 128, 
1409-1411). 

For estimation of molybdenum in t 
$ee W. J. King (J. Ind. Eng. Chem. 192 
360). ■ -■/ ,> 

The composition of selected sperimens' of ti^e ' 
principal tungsten minerals of the nature • 
wolfram is shown in the following table, com;^]e4 
from published and private sources, f 
Dr. W. F. Hillebrand of the United Sti 
logical Survey, and H. E. Wood of the C 


1,15, 



Wolfram. Ferberite. 

Colo- Burma Siam Com- Spo- Colo- < 
rado wall kane rado radovl 

P.c P.o. P.c. P.c. P.c. P.o. P.c.\P.o. 

WO, 74*10 75-41 76*00 73*16 76*0 75*9 76*68\76*6 

FeO 11*07 17*33 16*06 22*78 18*0 23*0 0*24^ 4*4 

MnO 14*36 7*13 8*20 3*06 3*0 0*6 88*40 18*6 

The above analyses are all those of picked 
specimens, any silica, lime, alumina ana other , 
gangue matter being ignored. Traces of 
columbium, tantalum and other rare metids, 
as well as of tin, copper, and bismuth, are 
commonly present in actual combination, ev4si 
in selected crystals. I 

Eairruaion of tungsten in Unti/rade ofes*-r* 
Two grms. of ore are fused with d parts of 
sodium peroxide in a nickel crucible. TAie fused 
mass is leached with 100 c.o. of water, the ]iQu|d 
filtered, and the precipitate well washed. The *, 
filtrate is heated, acidmed with nitric arid, and 
made alkaline with ammonia; the preridtate 
is left to settle and filtered oE The hot filtrate, 
faintly acidified with nitric acid, is treated wttii 
excess of mercurous nitrate solution Inllowea by 
ammonia until the precipitate Mts black ; the 
liquid, however, should remain faintly arid and , 
contaiZi mercurous nitrate. The pr^ptate is 
filtered off, washed with boiling water and 
dried, and the paper ashed separately. The 




litM to constant wript in a 
»le and fused with potssrittM' 
lisulphate, and the cold mass is mded wfrh 
hoi water and a fragment of ammonium ear-, 
bonate; if the resultu^ solution is not perisotly 
clear, the fioccubnt precipitate (silica or alumini^ 
is filtered off, ignited, and wri|Mi and the 
we^t subtracted ^m the first, iuaptic^ arid 

49, 298). ="•' ■ 

Eaimaticn 0/ ttmgtUn in 
Two to tiuw gnu. of the rted ti» diiidnd in ' 
89-100 0.0. of 1 ; 1 hydnwhlorio mU tirf 1k» 
Mlntion b evaponted to 40 e.0, StUt add fi 

aod tbe ^tdaUa^Butsial immm o/dl^ 
eolonr. Tlw aohitioB b «o(ded Mow 40% Ow 
evaponted to IS oa. osd Mbd wMt. 
e.ail of atnog l^diMilptio aeid oad d or S' 
ot straw MboSoorio Md, SO OA^.of 
water an adaid aod ttw aelailiitt'ja Wild.' 
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V Mmaifmm ttamiiM- 

tvn of ton^rten (W tin loda fmioii method) 

. Md lefro-tiiQ 9 Bteii (by the thentaH or electric 
Inmaoe method) dema&ds ui oie OT ' oen- 
. centrnte ae fcee from impnritieB as possible, 

. tDidjf^ eddb makers' Teqniremmts differ in 
normil tfanes, iJiis is only because those whose 
xequiiements are less stringent are themselves 
prepluwd to cany out the necessary purification. 
Objectionable impurities, inasmuch as they affect 
' either or both the quality of the resultant product 
. , and the ^Id, are Sb, As, Bi, Cu, Sn, P, S, and 
6i, and they should be remove^ so far as possible, 
bdh»re riie chemical or metallurgical treatment. 
In the sodium carbonate fusion method, arsenic, 
phosphome, and silica are highly objectionable, 
owing to the formation of soluble tungstates ; 

' freedom from tin, copper, and bismuth is not so 
important as it is in the thermit process, when 
thM metals, if present, appear in large proportion 
in the too^alloy. In the electric furnace method 
of rednotion these metals are objectionable, but 
are to some extent volatilised in the process. 
' ^Wolfram is preferred to scheelite by the users of 
; riie soda fusion method, but amixture of the two 
minerals is an advantage in the thermit and 
electric furnace treatment. Some users object 
to hubnerite, or wolfram containing an excess of 
manganese over iron, but no discrimination is 
made in the market ; wolfram, ferberite,hilbner» 
ite, and scheelite, all fetching the same price per 
unitofWO,, 

« The treatment of tungsten ores for the manu- 
' faoture of metallio tungsten ( * tungsten powder ' ) 

' or of its oxides or salts comprises a series of 
operations which, although chemically and 
metsllurgically simple, require extreme care and 
expmience, and result in heavy losses even under 
; the best conditions. The first step is the pro- 
duction of sodium tungstate by the * Oxland ’ 
process, patented in 1847 and still used with 
practical^ no modification. It oonsistB in 
neating, m a reverberatory furnace, the finely 
powdera ore with from 5 to 10p.c. more than the 
, . theoiptioai amount of sodium carbonate (some- 
- ^ the addition of about 5 p.G. sodium 

A iiitliite). The charge is maintained at a bright 
red heat for from two to three hours and is 
X!id>biod occasionally by hand. The mass is not 
Idldwo^ to fuse beyond a pasty condition, in 
wh)^ state it is withdrawn when the reaction is 
compteted, Bodium sulphate in place of ^e 
carbonate was proposed by Oxland, but its use 
; neoet^tatjBS a higher temperature and results in 
lriCgm% furnace and in the nature of 
. pmam, and has met with no general applioa- 

tjom The firatted charge or * melt ' is broken up 
when eoU, reduced to powder and dissolved by 
maaoa of live steam in a boiler provided with 
' itinm, Th» tungstate solution and residual 
md (ocmMilBg maitt]^ of ozideB of kon and 
lilieio) Is pumped through a filter press and 
am osjBfienmad to the xeqi^^ 

ie"Oi!3|lt al1i t e d in vata. 

of ttmgstk. aeid, the 


Mbeii, the hot CDBeentsalied sofotten of sodium 
tumBtite k run direct frimi the ova|Kir^^ 
boimig hydrochlorio arid (strongmt oommerriai / , 
HOI, 8p.gF. about 87°Tw.), the gtamdar, yeDow ? 
tnngs^ arid being wached by decantatkm, 
pneied and ealriim The etrength of the - ^ 
solution of both tungstate and arid and the / 
method, Cf admixture and washiim, lequixe the 
most oaceful supervision. Unost m best ^ , 
oonditions, both temporary and permanent, r 
losses are heavy, partly from the pmucthm of , 
a soluble acid tungstate and pSmy kom the;: 
formation of colloida) tungstic arid. The pro:* 
duction of both is minimised by the me of pore 
ores, by precipitation with a lazge^xoess of acid 
at the highest pmsible temperavnre, and by 
washing rapidly with dilute acid. ' Any atseno* 
or phospho-tungstates which may have bemi : ' . 
formed are not decomposed 1^ Hul, and rifilcO'^^ 
tungstates also result in loss ofWO«, by remain* ^ 
ing partly in solution or, if deoompos^ hinder 
settlement and introduce 6iO| into the pnBoipi* 
tated WO,. In order to recover any tungstate 
or tungstic acid in solntion, it is usual to treat 
all filtrates and wash waters with lime, the 
precipitated calcium tungstate being either 
mixed with a fresh furnace charge or put aside 
for special treatment. 

The third and final step in the manufacture 
of tungsten consists in the leduolion of the 
calcined tungstic acid with carbon, which is 
usually carri^ out in crucibles, eithM in coke 
wind furnaces or xe^nerative furnaces of.., 
the Siemens type. The calcined tungstic hold f 
is finely ground and intimate)^ mixed with the ; V 
purest anthracite, in the proportion of riighriy \ 
less carbon than is theoretioally reouired for 
the reduction of the metal with produotloa el 
carbon monoxide. The temperature is xeM \ 
slowly until it reaches about llOO'^Cl at whmn < 
it is maintained for some hours, wheh the 
crucible is cooled in a reducing ataaoeplim,^ 
The partly sintered mass is removed km the 
crucible, nnely ground in a ball iniil, wsilied 
free from undecomposed oxide, free earbon and, 
particles of crucible, heated with a weak sohi* 
tion ef sodium carbonate to remove lemainlng 
traces of oxide, and finally dried as a fine^ . 
grained but distinctly granular powder.. Bw*. 
posals have been made from iime to Ihne to ' 
carry out the reductimi by means of mdseer:,;: 
gas, while hydrogen is always used Hhm Um: \ 
pure carbon-free metal is required.. - ' 

Metallio tungsten may also be prepared W . 
the direct reduction of sodium tungstate wila ^ 
carbon at a heat sufficient to vwtiliae fheXr' 
sodium whioh is simultaneomily prodnoed, or 
by similarly reducing oaloiiiin tungstate and;'' 
dissolving out the Ihne whioh remalni wlA the' 
resultant powdered metal, <« : l^xetahitt.^V: 
tung^o acid with metallio rinO. The meal 
obtained thus and by many other apperently 
simple processes is, however, always impure, : 
and the only oommeicial methra known , 
consist in the reduction of tungstie arid the ,> 
processes already referred to. 

Ihe mriting-points of timgSt6n4&iQlybd8nmn 
aUoys lie on a stiai|ffit lino oonnsoring ri» 
melting-pointB of the riementib and the xiiiao» > 
ftroctuzei are aU homomeous. The im tens 
a oontinuous fufea d; ndied osyriam. ; The,,i: 
eleetrioal eondnotivity tempeiatnie j ‘ 
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W&m tiiii; ilu 8 ooeffident m^y be tised to 
oetonulne mdl pn^rtioiw of molybdenum 
m tnaptea (W. Gdss and J, A. M. van Liempt, 
anoxm Chemu 1925, 128, 356-360; 
J. Soc. Cbem. m 1923, 42, 1227 AJ. 

The accented standard specification for 
tungsten powder in England is as foUows 

p.o. 

Tungsten 96-99 

Carbon 0*6 

Silicon 0*3 

Manganese . « . .0*3 

Sulphur 0*06 

Ph(Mphoru 8 .... 0*02 

toenic ..... Trace Icombined 

Tin 0*05 >not over 

Cop^ Trace )0*06 p.c. 

Calcium 0*1 


Tungsten . . . . • 76-80 

Carlin 1 *0 

Manganese ... * 1*5 

Silicon 1*5 

Calcium 0*5 

In the event of manganese and silicon 
not exceeding 1 p.c. each, calcium may 
be 1 p.c. 

Copper 0*36 

Tin 0*36 

Sulphur 0*07 

Arsenic 0*06 

Phosphorus 0*06 

The following table shows the composition 
of a number of t 3 'pical varieties of tungsten 
powder and ferro-tungsten m made in S^gland 
at the present time (iron omitted) : — 


Tungsten 
Carbon . 
Silicon . 
Managanesc 
Copp^ . 
Tin 

Phosphorus 
Sulphur 
Lime , 


1 

P.c. 

83*36 

0- 54 

1 - 06 
0-81 
0*03 
0*276 
0*019 
0*005 
0*02 


2 

P.c. 

84*82 

0*027 

1*96 

0*21 

0*022 

0*177 

0*055 

0*007 

0*134 


3 

P.c. 

80*74 

0*04 

0*99 

0*815 

0*22 

0*214 

0*031 

0*035 

0*0104 


4 

P.c 
86*72 
0*75 
0*130 
0 395 
Nil 
0*196 
0*009 
0*005 
0*021 


5 

P.c. 

81*79 

0*53 

0*40 

1*33 

Trace 

0*285 

0*016 

0*022 

Nil 


0 

P»c. 

98*51 

0*109 

0*26 

0*036 

0*012 

0*059 

0*003 

0*004 

0*041 


7 

P.o. 
96*45 
0*129\ 
0*28 , 
0*03 \ 
0*18 
0*029 
0*004 
0*046 
0*164 


Nos. 1 , 2 , and 3. Ferro-tnngstcn pro- 
duced by the aluminium or ‘ thermit * process. 
Balance, metallic iron. 

Nos. 4 and 5. Ferro-tungsten produced bj* 
the electric furnace. 

Nos. 6 and 6 , Tungsten powder produced 
by reduction of AVO 3 by carbon. Iron is 
usually about 0*5 or 0*6 p.c. (For analytical 
methods, see Arnold, Zeitsch. anorg. Chem. 
1914, 88 , 748, and R. Fiebcr, Chem. Zeit 1912, 
36,334.) 

Feiro-tungsten is an allov usually con- 
taining from 80 to 85 p.c. ‘it is made on a 
large scale by the ‘thermit’ process (y.r.) 
and in the electric furnace. By the former 
method two qualities are mad(; by at least 
one English firm, viz. one very low in carbon 
and containing about 2 p.c. silicon, for the manu- 
factnm of magnet and other steel, and the other 
containii^ about 0*5 p.c. carbon and about 
1 p.o. silicon for high-speed tool steels. In the 
electric furnace the ore is commonly smelted 
with carbon as a reducing agent, and the result- 
ing alloy decarburised and refined. It is stated 
that one American firm smelts scheclite with 
iron sulphide and carbon in the electric furnace 
an alloy low in carbon. 

The loss of tungsten is high in all methods 
2 * ™®c^wn. It is estimated that yields of 
®\aod 88 J p.c. respectively are obtained 
m the thermit, electric furnace, and soda fusion 
pwwaes, but these figures vaiy considerably 
mdm^nt works and are probably not on the 
ferro-tungsten, losses 
to the slags my be prlly recovered by re- 
In the electric furnace there is 
Urn by volatilisation. 

™ ®*®®ption of a very s&all amount 
(probably under 1 p.c.), the whole of the world’s 

^ ^ ^ manufacture 

Of alkrirsWbj chiefly in those ftown as ‘h^- 


speed ’ fool steels. The original * self harden- 
ing ’ steel of Mushet. first made in 1 857, contained 
about 6 p.c. W. 7'ho modern high-speed steels 
contain iK'tween 16 and 20 p.c. W. and from 
2 to 4 p.c. Cr., and have the property of red- 
hardness, i.c. ability to retain their temper at 
the dull red beat which is reached when cutting 
metal at a h*gh s}K*<‘d. Arnold and Read (Proc. 
Inst. Mech. Kngs. March, 1914) attributed this 
property to the presence of tungsten carbide. 
They showed that with about llj p.c. W 
prcf^ent in the sleds they examined the w^holo 
was present as WC displacing FcjC With 
lc.s.s tungsten the tw*o carbides FcjO and WO 
were present, and with more tungsten the 
excess was proserit as a tungstide (Fe^W). 
Tungsten may he introduced iuto steel in the 
form of mcullic powder or ferro-tungsten 
alloy. The prejudice against ferro-tungsten, 
which formerly existed among high-speed steel 
makers, due in some measure to the im- 
purities present (high carbon, Ac.) and irregu- 
larity of the tungsten content, appears to bo 
largely disa})j)caring under the innuence of tbo 
excellent products which are now being manu- 
factured in this countr>% ami the scarcity of 
the jjowder in the early days of the war eertainly 
helped the manufacturer of the fmo-aUoy. 
Tungten powder is preferred by a number of 
the £ngli.sh steel makers, and tot 


the use is eoually divided between the two. 
There is con.Hiderablo loss by oxidation to ih» 
case of both, but users of the torro^tnngiteii 
claim there is less danger of loss than with 
tungsten powder, and that it la cheaper. Par 
particulars concerning alloys and the afiaet of 
tungston upon the hardening and tampering 
of%h- 8 peadtoolsteel,seeR. iHadf * * 

A Steel l^t. 1903, 64, U ; Edwaids A 1 
M 8.^ lOU; Ud a i. BdwMdi. m 
PhyikHMamnina fttfotki of Sfod. 1916 , 
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Pure metalHo 

tbe prodiiotion of ductile tuui^teu, &c., is 
V frodtiCed on a ielatxy«^y smaU scak but bas 
some highly important uses. A high 
degree S purity is xeqiired» end the usw 
method of manufacture is by reduction with 
hydrogen, in electric resistance furnaces, of 
tungstic acid, purified by solution in ammonia, 
erystaliisation of the ammonium tungstate, and 
re-precipitation by hydrochloric acid. The 
reduction is carried out at a temperature between 
1000® and 1100°C. The metal powder is 
pressed in a hydraulic press into the form of ! 
rods, which are then sintered at a temperature 
of 1300®0 in a current of hydrogen. The metal 
bar, which is still extremely brittle, is worked by 
hammering and rolling at a temperature of 
1500®C. in a special machine through which 
hydrogen is flowing. Owing to the ease with 
which tungsten oxidises at a high temperature, 
cooling must take place in hydrogen. In the 
case of wire, the bar is worked down to about 
30 mils in.), when it becomes ductile at 
the ordinary, temperature. The finer sizes are 
drawn while red hot through diamond dies. 
For a description of the methods for preparing 
ductile tungsten and filament.s, see II. E. Slyers, 
Trans. Amer, Inst. Chom. Eng. 1911, 3, 172; 
B. W. Moore, Mot. & Chera. Eng. 1914, 3, 186; 
also Electrical Rev. 1014, 74, 595. 

Tungsten as ordinarily obtained is a powdered 
or semi-fused, crystalline, brittle metal, harder 
than glass, and having a sp.gr. of between 16*5 
and 17, That obtained by Moissan in the 
electric furnace had a sp.gr, of 18*7 and was 
softer than gloss. A method for causing small 
crystals of tungsten to grow into large single 
crystals by taking advantage of the thermal 
dissociation of tungsten hexacbloride is described 
by van Arkel (Physica, 1923, 3, 70; J. Soc. 
Cnem. Ind. 1924, 43, B. 427). The properties of 
pur© wrought tungsten are entirely different 
from those of the powdered or ordinary cast 
metal. It is grey-white, lustrous, tough, and 
non-magnetic, and can be rolled into thin sheet, 
welded at a yellow heat, t^nd drawn into wire 
considerably thinner than onc-thousandth of 
an inch, It melts at 3100®±00®, PiAmi and 
Meyer (Ber. Dent. Phys. Ges. 1912, 14, 326), 
Langmuir (J. Franklin Inst., 1915, 
490), 3645®-3665®, Worthing (Zeitsch. Physik. 
1924, 22, 9 ; Chem, Soo. Abstr. 1924, 126, 
ii. 289). Its tensile strength increases as the 
drawing proceeds. Wire of 5 mils diameter has 
a tensile strength of 460,000 lb. pr sq. in., 
that of 1*2 mils rises to 580,000; bard drawn 
piano wire having a tensile strength of 507,000 
Ib. The sp.gr. of the pure wrought metal is 
from 19 up to about 19*5 in the finest wire. 
Tungsten has the lowest coefficient of expansion 
of any known element except the diamond 
within thn ninge of ordinary tomperatuics 
(Worthing, iPhys. Bev, 1917, 038). The hard 
draim wue bas an electric resisUnco of 6*2 
ndetobmat cubic centimetre at 25®, the 
tempefatui^ coefficient for 0® to 170® being 
Owli. The corresponding figure for annealed 
wire U 6*0. lOie spectrum of tungsten has been 
invesiimted, among others, by W. S. Qorton 
1910,?!^^^ &^yeii(CompAi»nd, 
. Wk 91) i Bloifii (Aid, 133) ; and Lemon 
316, 802)* mdlatN of 


beat and li^l from tungsten at high tempera* 
tuies bas been studied by Zwikker (Proo. K. 
Akad. Wetensch. Arnsterdam, 1925, 28, 409 ; 
Ohem« Soc. Abstr. 1925, 128, ii, 1041 ; see ako 
Worthing, Zeitsch. Pbysik. 1024, 22, 9; Sol 
Absts. 1924, 27, 528). 

Emiseim of posUm ions from hoi tmgsten,-^ 
Tun^ten at tomperatuies approach^ the 
melting-point emits positively charged ions. 
The positive ions ore not due to the presence of 
residual traces of gas; they only appear at 
temperatures above 2500®, and they are very 
heavy or very slow-moving particles, little 
affected by a magnetic field of 400 gauss, and 
probably consist of charged atoms or molecules 
of tun^ten. The positive emission is much 
smaller than the electron emission at the same 
temperature and, like the electron emission, 
increases rapidly as the temperature is raised. 

At the highest temperatures the positive 
emission decreases rapidly with time* A 
tungsten spiral which has been made to ^ve 
a large electron emission gives a larger initial 
positive emission when the potenti^ tube is 
reversed (\V. A. Jenkins, Phil. Mag. 1924 [vi], 
47, 1025-1047 ; Chem. Soc. Abstr. 1924, ii, 443). 

Tungsten Is unaffected by water or air at 
ordinary temperatures, but when heated in 
air above .300®C. it oxidises rapidly and bums 
at a bright red heat. Molten sulphur or phos- 
phorus attacks it slowly, while at a red heat 
their vapours rapidly convert it into the sulphide 
or phosphide. It is attacked by fluorine at 
ordinary temperatures with incandescence, and 
by chlorine at 250® to 300®C. It dissolves very 
little hydrogen and show’s no tendency to react 
with nitrogen at temperatures up to 1600® 
(Sie verts and Bergner, Ber. 1911, 44. 23f^). 
Tungsten is readily attacked by fused oxidisii^; 
salts, such as aUmlino nitrates and peroxides. 
Fused bi -sulphates and alkalis or alkaline 
carbonate also attack it, but their solutions 
have no action. It is readily oxidised when 
heated with oxidising agents such as lead 
peroxide, potassium chlorate, Ac. At ordinaiy 
temperatures it is unaffected by bromines, 
iodine, and sulphuretted hydrogen. Sodium 
hypoclilorite has a considerable solvent action . 
on the fine powder, which is also soluble in 
an ammoniacal solution of hytfrogen peroxi^. 
Strong or weak hydrochloric acid has no action 
upon it at ordinary temperatures, but the 
strong acid slowly attacks it at the boffiiig-point 
and produces a coating of black sub-oxide. 
BoUing dilute sulphuric acid has no action, but 
the hot strong acid attacks it slowly. C3cn* 
centrated nitric acid has but little action, but 
the dilute acid produces a yellow ooat^ of 
tungstic acid which, as is also the case with 
aqua regia, appears practically to prevent 
further action. Hydrofluoric add. does uot 
affect the metal even when hot, but dissolves 
it readily when mixed with nitric add. 

Tungsten combines directly wiUi silicon 
and bcuon at or near the mdting-poitii. It 
bas been alloyed with many metals such as 
aluminium, copper, manganese, and nidkd, but 
the alloys aip not yet in extensive use. It 
enters into the composition of *deeUW the,: 
new cobalt-ohromium alloy used in jatthM • 
sted. Irman (Metall und En, 1915, iS| 
hmstigatsd nJc&d-tuiigsten altoya 
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. tiut with 18 ^ W the alloy was very dnctile 
vejy resutakit to dUote sulphuric add. 
M alloy of tungsten with 1 p.o. thorium and 
, (1*2 D.O* nlatinum is said tn TimdnnA ft. fAiitfK 


(ToiifotrNDS Of Tuitosxbk. 


0*2 p.o. platinum is said to pr^uce a tough, 
’duotila iJloy (U.S. Pat. 1167827, 1916). Sohir- 
wdster (^hl und Eisen, 1916, 996) finds 
tungsten increases the tensile strength of aln> 
minium, and that the hardness of the hot-rolled 
v alloys increases at first but becomes constant 
at 1 p.c., the ductility falling slowly. For 
properties of tungsten at high temperatures, 
ess Langmuir, Phys. Eer. 1910, 7, 302. 

^ As a winder for electric furnaces tungsten 
wire is cheM)er and said to be superior to 
platinum. Omng to its high melting-point, 
heat conductivity and hardness, tungsten 
appears to be eminently suitable for electrical 
contact devices, and is superior to platinum as 
a material for the targets in Rontgen (X-ray) 
tubes. Owing to its high melting-point (over I 
3000® as compared with 1755® for platinum) it 
can be placed directly at the focus of the cathode 
rays, and radiographs of sliarper definitions can 
be obtained with much shorter exposure than 
with platinum (Coolidge, J. Ind. Eng. Chem. 
1912, 4. 2). Tungsten has been suggested as 
a catalyst for the production of ammonia from 
atmospheric nitrogen (Eng. Pat. 1161, Jan. 15, 
1912, and U.S. Pat. 1910, 175693). and has also 
been used for valves of aeroplane engines and 
ultra-violet ray electrodes, and valves for wire- 
less telegraphy. There is reason to think that 
a considerable future use for this metal lies in 
the manufacture of laboratory and other 
utensib, as, although not so resistant to certain 
reagents as platinum or tantalum, there arc 
many purposes for which its special resistance 
to such reagents, coupled with its greater 
cheapness, will render it of special value. 

It is now generally recognbed that tungsten 
is one of the most important metals other than 
those commonly .spoken of as commercial 
me^. The saving which has bcHm intrt)duced 
by its employment in the manufacture of high* 
s^d steel and in the form of fine-drawn wire 
in the electric light industry shows very 
remarkable figures. A recent bulletin bsued 
^ the United States (Jeological Suncy (F. L. 
Hess, Bull 662), states that one man and one 
lathe can do as much work with high-speed 
tungsten steeb as five men and five lathes could 
formerly do with simple carbon steels, and that 
hundreds of millions of dollars’ worth of labour 
b saved annually by tbb means. The ‘Mineral 
Resources, 1910, estimated that, assuming \ 
the present lamp consumption to require ! 
^ million 25-watt tungsten lamps per annum, ( 
the saving in current effected by employinfi ( 
tun^ lamiw in place of the old carbon lamm 1 
would result in an annual savinc of between 
^50,000,000. Since that time ^ 
imps ^ with nitrogen have been placed on t 
and other improvements have been ] 
•^ted which have made the incandescent i 
eiectm mmp more efficient and the savine verv 1 

rntpufactured in i 
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i Tungsten is said to form a number 

i, of oxides the separate exbtenoe of which is not 

• definitely settled Thus, when sulphuric add 
B acts on metallic tungsten under va^dnif oon&« 

• tions, the blue oxides, WO, W1O0, W4O1, WgOi, 
I are formed ; sulphurous acid acts on tungsten 
t forming the oxide W^Oh* <^nd a beautiful purple 
r oxide with a yellow metallic lustre, W|Os, is 
, obtained by heating ammonium metatungstate 

to a bright red heat or by fusing tungstic acid 
1 with potassium iodide (Desi, J. Amer. Chem. 

> Soc. 1897, 19, 213). On heating tungstic oxide 
, with carbon a blue or purple oxide is produced 
I at 650® to 850®, a chocolate-brown mixture 

1 oxides at 900® to 1050®, and metallic tijmgsten 
i above 1050° (Davb, J. Ind. Eng. C3ieim 1919 
I 11,201). \ 

Tho hydroxide W50i|,H20, a dart blue 

> powder uith a purple lustre, is formed) when 
I tungstic acid is reduced with stannous cluoride 

and hydrochloric acid, or by heating acid 
with hydrogen iodide in a sealed tube at ^00®. 
With ammonia it yields ammonium imitate 
and the hydroxide WgOg.HjO (Allen and 
Gottschalk, Ainer. Chem. J. 1902, 27, 3281. 

The only oxides which are definitely Imown 
are W(\„ \V203, WO3. 

Tungsten dioxide WO^ may be propaiod by 
the reduction of (he trioxide or an alkaline 
inctatungstate with zinc and hydrochloric acid 
(Pfordten, Ber. 1883, 16, 50H) or by lieating 
trioxide to a dull rt^dness in hydrogen (Riche, 
Ann. Cliim. 1857, (iii.] 50, 29; Ureenwood, 
Chem. Soc. Trans. 1908, 1493). It may be ob- 
taine<l crystaUinc by rt'ducing lithium paia- 
tungstate with hydrogen (Hallopeau, Comnt. 
reiMh 1898, 127, 512;. * 

Tung.sten dioxide may bo formed by heating 
an intimate mixture of tungsten trioxide 
Wa *1^ wight of glycerol, ethylene glycol or 
.similar hydroxyl compound, to a bj^ht red 
heat for some hours (Eng. Pat. 18922, 1907; 
J. Soc. Chem. Ind. 1908, 22; m ttiso Van 
Idcmpt, Zeitw h. anorg. Chem. 1923, 126, 133). 

Tungsten dioxide, prttpared in tho wwt way 
is of a ^oppf r n^l colour, prepared in the dijf 
way it is a l>rown powder, it is readily pii diwH 
to the trioxidft ; heated in chlorine it yield* a 
yellow oxvchlroide WO-Qg. When amoiphmi* 
it is soluble in hydrochloric and in wilphurio 
acid, but is quite unacted on when cnvtiKline. 

Blue tungstic oxide W,0„ formed when 
tungsten trioxide is reduced with hydrogen at 
1 250 -300® (MalaguU, Oompt. rend. 1836, 1, 292) 
or by cdcdnilysing fused sodium iimptata 
(Bmiih, Ber. 1880, 13, 763), i* readily nxMleed 
to the trioxide. 

Tungiten trIoxJdc {tun^Hk arwfs or ankMit) 
wOj occurs naturally as woifnmim snd at 
tu7t^4it€ or memacUe (Walker, Amnr, J, 8eL 
1908, riv.] 25, ^5), also in the fonn eftauHtatii 
in icolfram and §chuliU* It may k 

by cakiiiingin cwtMt irfth 1*. tl» low 

the motrf, » mli^ » to bj'toto <to«Mio 
»«i^, V. below. ^ - : V,; ' ; ■ 

, Wa* 

noodle, wbioh lOAy bo obtatoiabv hutini tte 
uumtora, motel to » voty Ugb temanteM 
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1881, 114, 618 ) j ot hy pMi^ng hydiogea 
; «lilQrid 0 cm taagitle mA or a mixture d 
sodium tungstate and sodium carbonate at a 
white beat (Debrav, Oompt, rend. 1862, 66 , 
287). Xhegmenorbluecol^wbicbitoccasioD- 
allv exhibits is probably due to reduction at 
ordiaaty temperaturei by traces of organic 
matter. The yellow colour may be restor^ by 
heating in oxygen. Its sp.gr., when amorphous, 
varies between 6*27-7*13, when crystalline 
between 6*36-6*38. It melts at 1473^ and is 
insoluble in water. According to Matignon, 
tungsUo oxide does not melt at 2130° (Oompt. 
re^. 1923, 177, 1290 ; Chem. Soc. Abstr. 1924, 
126, ii. 48). When heated in hydrogen it gives 
the blue oxide at 250°, the dioxiae at a red heat, 
and the metal if the latter action is prolonged. 
It is also reduced when heated with ainc and 
oertain other metals (Del^pine, Bull. Soo. chim. 
1900, [iii.] 23, 676). When heated with chlorine 


or sulphur monochloride, it is converted into a 
volatile oxychloride and in the former case also 
into the hexachloride (Smith and Fleck, J* 
Amer. Chem. Soo. 1899, 21 , 1008; Bourion, 
Oompt. rend. 1908, 146, 1102; Defacqz, ibid. 
1319). 

The oxide is 8 olu))lc in hydrofluoric acid, but 
not in hydrochloric or nitric acids or in aqua 
regies See also Ehrenfeld, J. Amer. Chem. 

1896, 17, 381. 

Plastic masses of tungsten oxide for incan- 
descent lamp filaments may bo prepared by 
treating the oxide or hydrated tungstic acid 
with ammonia at — 20 ° or below, or when in 
alcoholic suspension with gaseous ammonia 
(Eng. Pat. 14860; J. Soc. Chem. Ind. 1908, 
1198, 1104). According to J. A. M. van Liempt 
(Zeitseb. anorg. Chem. 1923, 127, 215-220), 
temperature has little effect on the precipitation 
of tungsten trioxide by mineral acid, but con- 
centration of the acid has considerable influence. 
The oxide is precipitated as a mixture of the 
white and yellow forms, together with an 
absorption compound with water, and in order 
to obtain the precipitate in an easily manipu- 
lated form, it is advisable to use hydrochloric 
or nitric acid in high concentration and in excess 
(J. Chem. Soo. Ind. 1923, 42, 1174 A). 

Ttiwgsficocwfo.— Tungsten trioxide forms two 
weD characterised acids, WOjjHjO or HjWO* 
and (WOsliHjO or H 1 W 4 O,,. In addition the 
salts of a number of polytungstio acids are 
known (Schaefer, Zeitson. anorg. Chem. 1903, 
38, 142). 

For the hydrosols of tungstic acid, see Letter- 
moser (Verb. Qes. deut. Naturforsoh. Aerzte, 
1910, ii. 70); Muller (Zeitsch. Ohem. Ind. 
KoUoide, 1911, 8 , 93). For the hydrates of 
tungsten trioxide, see Hiittig and Kurre (Zeitsch. 
anorg. Ohem. 1922, 122, 44). 

Tui^lltle aeld H 1 WO 4 may be obtained bv 
precipitating a solution of a tungstate with 
. d hot acid. If cold acid is used, the 
white hf/dfoU H|W 04 ,H ,0 is formed, from 
WhMi ioe acid may w obtained by boiling. 
Thn^ ' ^ rates of precipitation of 

timptk a#4 iMn eodium tung^te V different 
aciito has been investigated by van Liempt (Rec. 
trav. diim. 1924, 43, 30; Chem. 800 . Abstr. 
1924, 125, ii. 194). It is prepared hf digging 
a tungrten mineial with hydxochlorio acid, then 
with ttfsa npia until the hrown powdar baa 


become yeOow, when the iron and manganese 
have been dis^hed out. The residud is well 
washed and then shaken with ammonia which 
dissolves the free tongstio add. On flltration 
and evaporation the tungstic acid crystallises 
out. 11 m finely powdered mineral smy he fused 
with calcium chloride or with alkali carbonates 
or sodium chloride. The mass is lixiviated and 
the calcium or other metallic tungstate residue 
is then decomposed with nitric or hydrodibrio 
acid. 

Tungstic acid may be prepared from wolfram 
or other mineral containing tungsten, by heating 
the mineral under pressure with a concentrated 
solution of potassium hydroxide, lime or baryta 
being added to form insoluble compounds with 
some of the impurities. 

The tunmtic acid is then separated from the 
solution either by fractional precipitation with 
acid, the imparities separating first, or the whole 
of the precipitate formed by adding sufficient 
acid is fractionally redissolved by rikali. The 
process is said to be economical, convenient, and 
to give very pure acid (Fr. Pat. 380040, 1908 ; 
J. Soc. Chem. Ind. 1908, 939). 

A continuous process for the manufacture 
of sodium tungstate and tungstic add from 
wolframite ore by fusion with soda-ash and 
sodium nitrate is described by Gordon and 
Spring (J. Ind. Eng. Chem. 1924, 16, 656; J. 
Soc. Chem. Ind. 1924, 43, B. 631). 

Tnngstic acid may be purified by treating 
tungsten trioxide with carbon tetrachloride 
vapour at a red heat. The resulting volatile 
chlorine compound is sublimed, condensed 1 ^ 
treated with agm regia; the tungstic acid 
formed is then farther purified by elution in 
ammonia and repredpitation with dilute nitric 
acid (U.S. Pat. 926084; J. Soo. Chem. Ind. 
1909, 794). 

Tungstic add is a yellow powder insoluble 
in water and almost so in all adds excemt hydro> 
fluoric acid, iu which it dissolves to the extent 
of 44*7 p.c. at 25°, 55*3 at 60°, using 60 p,^ 
hydrofluoric acid (Rosenheim and Bemhardi* 
Grisson, 7th Inter. Congr. Appl. Chem.^1909, 
Sect. X. 120). It is readily soluble in aU ca fis. 

A colourless alcoholic hydrochloric add 
solution of tungstic acid when electroUsed by a 
graphite anode, first becomes deep blue (eon* 
taining sexa- and quinqnevalent tungstmi), then 
green (containing only quinquevafent tni^ten), 
which on further reaction changes to dive 
green (mixture of quinque- and quadrivalent), 
then to brown (quadrivalent). Wh pdii^ 
platinum is used as cathodes only mreen 
solutions are produced ; with meremy eaiihodee 
of 0*026 amp. per sq. cm, of oathooe snri^i^ 
quinquevafent tungsten is fonned, whilst 
with 0*07 an^. and over, trivafent tungsten was 
produced. With lead cathodes the remts wete 
similar to those with meremy, exc^ that the 
tervalent tungsten formed viofet^iea solutions; 
Zinc cathodes also give rise leadily to die 
tervalent form (see also Oolfenhmana ifeekeri 
Zeitsch. Elektrochem. 30, 230; Abstr. 192^ 
27, 776). 

FkeshljSpiepaied tungdic add dssolw fe 
aqueous solutions d insst allphatia anta 
forming substitnted amnKmiuri Ipngititi 
suoh as {NlldR,),%Ot4,eBA 
on evapoiaticA. When 
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composed forming fhe amine, tnngstio add and 
the blue oxide of tungsten (Ekdey, J. Amer. 
Chem. Soc. 1909, 31, 664). It also gives ciystel- 
line precipitates with pyridine and quinoline 
(Rosenheim and Bernha^Gxisson, lo*). 

Colloidal tungstic acid may be prepared by 
adding hydrochloric acid to concentrated sodium 
tungstate solution until it has an acid reaction. 
The white gelatinous |)recipitate formed, pro- 
tected from currents of air, is washed by decanta- 
tion several times at 0 ® to 6 ® : 16 parts of the 
acid are then dissolved in 1 part of concentrated 
oxalic acid by gently warming, and the liquid is 
subjected to ^ysis. If the outer water is 
changed frequently, the oxalic acid may be com- 
pletely removed (Pappad^, Gazz. chim. ital. 
1902, 32, ii. 22 ; see Sabandeff, Zeitsch. anorg. 
Ghem. 1897, 14, 354). 

Colloidal tungstic acid may be obtained by 
dissolving 5 grms. of tungsten tetrachloride in 
about 50 0 . 0 . ^f a mixture containing equal 
volumes of ethyl alcohol and ether ; the filtered 
elution is diluted to 250 c.o. with alcohol and 
then mixed wiib an equal volume of water. 
The colloidal solution thus obtained behaves as 
a positive colloid ; it may be kept for some days 
without appreciable opalescence being observed, 
but ooagmation occurs more quickly by adding 
a larger quantity of water, and immediately 
when small quantities of neutral salts, hydrox- 
ides, or strong acids are added. Weak organic 
acids or rise in temperature exert no effect. If 
an electric current is passed through, a deep 
blue precipitate separates at the cathode (Muller, 
Zeitsch. Chem. Ind. Kolloide, 1911, 8 , 93; 
liOttermoser, Verb. Ges. deut. Naturforsch. 
Aertze, 1910, 11, 70 ; Wohler and Engels, Koll. 
Chem. Beihefte, 1910, 1 , 454 ; Zeitsch. Elektro- 
chem. 1910, 16, 693). 

The colloidal acid is also prepared by dialys- 
ing a 5 p.c. solution of sodium tungstate to 
which sufficient hydrochloric acid has been 
added to combine with the sodium. Colloidal 
tungstic acid forms a gum-like mass which may 
be heated at 200 ® without becoming insoluble 
and which at a red heat is converted into the 
trioxide. The colloidal acid has, probably, the 
constitution of the meta acid. 

Tnngstio acid and sodium tungstate are used 
in the production of colour resists for anffine 
black, 200 grms. sodium tungstate dissolved 
in 1 litre of gum tragacanth paste constitutes a 
white resist which may be rendered more 
lustrous and opaque by passing the printed 
tissue, after st^ming, through a solution of 
barium chloride. The compound thus formed 
may be coloured by pigments, such as vermilion, 
ultramarine blue and chrome, green, a series of 
pale resist colours being formed, along with 
which the usual albumin and tannic acid colour 
mixtures may be printed (Scheurer, Bull. Soc. 
ind. Mulhouse, 1900, 138; ibid, 1898, 122). 

Tungstic a^ may also be employed in the 
piodaotlon of resist effects upon p-nitraniline 
xiad and of discharge effects upon indigo-dyed 
ttjumes* In the latter case, the tissue dyed 
the indigo is padded in a solution of sodium 
tnnptate, dned and printed with at^iteara dis- 
ohi^ mixture oontainiog barium chlorate, 
potasahmi^feiTDCTOnu^ and a basic dyestuff able 
to withstand the oxidising action, such as 
r ultmnarine, or chrome yellow. 






The colours are rendered faster by the addition 
of albumin together with an alkali citrate or 
tartrate. 

IMatimgttte mU H,W 40 ,„ ra, 0 . tot iso- 
lated by SohdblerfJ.pr. Chem. 18W,fi.]88,3lO), 
may be prepared oy decomposing the lead salt 
with hydrogen sulphide or the banum salt with 
dilute sulphuric acid. It oiystellises in small 
yellow octahedra, very soluble hi water, ^ving 
a bitter solution, and loses its water of onrstal- 
lisation at 100®. (C/. Rosenheim and Kohn, 
ZeitscL anorg. Cffiem. 1911, 69, 247 ; %b%d» 1916^ 
96, 139). For its photochemical properties, see 
Vaailieva (J. Russ. Phys. Chem. Soc. 1912, 44, 
819). For its behaviour on electrolysis, see 
Leiser (Zeitsch. Elektrochem. 1907, 13, 690). 

Paratungstio acid, the acid corresponding to 
the salts of the formula 12 W 03 , 6 Mo 0 ,Aq| 
been prepared in dilute solution by x 
barium paratungstate with a quantity of 
sulphuric acid not quite sufficient for com] 
decomposition. The solution cannot be 
centratod even in vctcud without decomposil 
and when boiled it yields tungstic acid (Hi 
peau, Compt. rend. 1895, 121, 61). 

Tungstates, — ^Tungstic acid forms three series 
of salts: normal tungstates R 2 W 04 ,xH 20 ; 
paratungstates 3 R 20 , 7 W 08 ,a:H 30 , or 
5R20,12W03,a:H20 

and metatungstates R 20 , 4 W 08 ,«H 20 . Copaux 
(Compt. rend. 1913, 166, 1771) regards the 
paratungstates as hydrotungstates and repre- 
sents them by M 6 '[H(W 207 ) 3 ]* They may also 
be considered as compounds of 1 mol. of tlje 
tritungstato with 4 mols. of the hydrogen tung- 
state. Their derivation from normal tungstates 
may be expressed thus : 

M3W04+H20=MHW04+M0H 

and 

7MIIWO4+H2O 

=M2H4W80i2,4MHW04+M0H 
If, from analogy to the vanadates and molyb- 
dates, the action of hydrogen ions proceeds still 
further, hoxatungstaies should result, thus : 

2M2H4W30,2-M3HWe02o+MOH*f3H20 
and the so-called metatungstates are in reality 
the hexatungstates (Prandtl, Ber. 1915, 48, 692). 
The alkaline tungstates M 8 W 04 Aq are prepared 
by fusing a naturally occurring tungstate with 
sodium or potassium hydroxide or carbonate, 
preferably with tho addition of a silioious or 
other flux. The alkali tungstate falls to the 
bottom and may be tapped ofl’, or, after cooling, 
tho slag may be removed (J. Soc. Chem. Ini 
1885, 116; ibid. 1900, 542; ibid. 1899, 171; 
Eng. Pats. 30053, 1897 ; 6045, 1900). 

The sodium salt crystallises in thin prisms, 
soluble in 4 parts of cold, in 2 parts of hot water, 
the solution naving a bitter taste and an alkaline 
reaction. It has m.p. 698® (Parravano, Qaaia 
chim. ital. 1909, 39, ii. 55). 

The potassium salt forms large prismatio 
crystals, m.p. 894®. The ammoniuxn em is very 
unstable. 

Calcium tungstate CaW 04 oocurs native as 
Bchedite and may be prepared artiffolally by the 
interaction of oaloium chloride and a normal 
tungstate. If the amoiphovii white pied^tite 
so Stained is mixed with lime and heated in a 
current of hydrogen chloride, it is obtahmd 


< w 


drysUlline. 1 %g ^(»)nei^]Eidin^ hmim tung^tak 
{liiepatdd by Eotisseau for tt»e instead of 
white IAA. (Schomi; J« Soo. Chem* Ind. i900» 
, 740). 

The so-called di** fbnd tii-tnogstates of sodium, 
barium, and calcium do not appear to exist. 

Lead tungstate occurs native as Mzik and 
crystallises ia red tetragonal pyramids. 

Ferrous tungstate occurs as wolfram 

(reMn)W 04 

forming dark grey or brownish-black prisms. 

Manganese tungstate is found as habnerite. 
Qranger (Gompt. rend. 1898, 127, 106; ibid, 
1905, 140, 935) has proposed the employment of 
the tungstates in the coramic industry. 

, Ammonio copper tungstate CuW 04 , 4 NH„ 
deep blue crystals, readily decomposed. A 
similar zinc salt is also known (Briggs, Chem. 
Soc. Trans. 1904, 675). 

The copper compound 

Cu0,4W0a,6NH3,8H20 


has been obtained by the interaction of an 
ammoniacal solution of copper sulphate and am- 
monium tungstate. It forms small blue needles 
(Briggs, Z.C.). 

Sodium paratungstate NaioWi 204 i,Aq is 
known commercially as tungstate of soda and 
may be prepared on a large scale by roasting 
wolfram with soda ash and lixiviating the fused 
mass. The boiling solution is then nearly 
neutralised with hydrochloric acid and allowed 
to crystallise when large triclinic crystals of 
the salt separate. It is sometimes used as a 
mordant instead of sodium stannate in dyeing 
and calico printing. It also renders cotton, 
linen, &c,, non-inflammable. The corresponding 
potassium salt is formed in glistening scales 
when normal potassium tungstate is boiled with 
a little water. 

Sodium tui^state is much used both by 
itself and in conjunction with other iire-retarding 
compounds. In some experiments on its pro- 
tective action recorded by Sibley (J. Ind. Eng. 
Chem., No. 8 , 1921), impregnation df cotton 
fabrics with a 3 p.c. solution was found to 
be equally as efficacious as treatment with a 
more concentrated solution. For the protection 
of tulle, muslin, and other delicate fabrics im- 
pregnation with a solution containing 10 grms. 
tang^te, 125 grms. ammonium phosphate, and 
7 gima. boric acid per litre has Wn proposed. 
This solution is added to the finishing medium 

a , starch, or dextrin] in the proportion 1 : 4 . 

onium chloride, ammonium sulphate, and 
ejutninium acetate may also be combined with 
sodium tungstate. A medium particularly 
recommended for artificial silk can be prepared 
diluting a mixture of the following solutions ; 
IQO parts aluminium acetate (sp.gr. M3), 10 
parts acetic acid (sp.gr. 1*06), and 200 parts 
aodium tungstate ( 8 p.gr. 1*40). Water-resistance 
osn be imparted vy using an excess of the 
acetate ( 1 ^ Pat. 175746 of 1920). According 
to Mona (&g. Pat 4457 of 1915) zirconium 
' bydioxide may be applied to fabrics as a 
^dregei^ prepAed by steeping in a solution of 
m aoeto^nitmte oontalm&g megnesifun sul- 
pbi^ drainings heatiiig to 65*^, and finally 
One litn of the stds|^ mediiua 


sho^ oontain 200 grms. magzMum sulphate 
and 20 spis* of the aoeto-nitiate, j^ar^ by 
eve^rating zirconium nitrate wi& acetic add* 

To enbanoe the fire-retarding efiect, the treated 
fabric may be allowed to absorb phosphoric 
acid. Another method is to impregnate the 
material with a solution of precipitated zir- 
conium phosphate in concentrated oxalic acid 
(Pharm. J. 1924, 691). 

For various paratungstates, see Hallopeau, 
Ann. Chim. 1900, vii. 19. 19, 92; Taylor, J. 
Amer. Chem. Soc. 1902, 24, 629. 

Metatungstates M 2 W 40 io.Aq were dis- 
covered by Margueritte (Ann.^Chim. 1846, [iii.l 
17, 475). The alkali salts are leadBy formed 
when the normal tungstates are boiled with 
tungstic acid until the filtrate no longer gives a 
precipitate on addition of hydrocmoric acid. 
The other metatungstates are best prepared 
by double decomposition of the barium salt 
with the required sulphate or carbonate. The 
metatungstates have a bitter taste, are generally 
readily soluble in water and deposit tungstic 
acid on prolonged boiling. A large number of 
them a]^e known but there is considerable 
difference of opinion as to their constitution 
(Gopaux, Compt. rend. 1909, 148, 633 ; Zeitsch. 
anorg. Chem. 1911, 70, 297 ; Rosenheim, ibid, 
418 ; ibid. 1011, 69, 247 ; 1912, 75, 141 ; Just, 
Bor. 1903, 36, 3619), 

Pertungstates M'W 04 ,Aq are formed by 
boiling a paratungstate with hydrogen peroxide 
(P 6 chard, Gompt, rend. 1891, 112, 1060) ; or by 
electrolysing a slightly acid solution of sodium 
tungstate (Thomas, J. Amer. Chem. Soc. 1899. 
21, 373). More highly oxidised compounds are 
formed by treating the pertungstates with 
hydrogen peroxide (Melikoff and rissarjewsky, 
Bor. 1898, 31, 632; Pissarjewsky, J. Russ. 
Phys. Chem. Soc. 1902, 34, 472). 

Tungsten bronzes are compounds of the alkali 
metals with tungsten and oxygen, which, owing 
to their colour and insolubiuty in acids and 
alkalis have been employed as substitutes for 
bronze powders. Their exact constitution is 
not known, although they are generally regarded 
as compounds of the tungstates with tungsten 
dioxide. They may be obtained by the reac- 
tion of the tungstates heated to redness with 
hydrogen, coal gas, zinc, iron or tin. 

Tungsten bronzes may be prepared eleotrp- 
lytically by fusing tungstic acid with the calcu- 
lated amount of metallic carbonate and eleetro- 
lysing the mass. A series of brightly ookmred 
mixed alkali and alkaline earth tungs^ bronzes . 
of various compositions are descritwd by Bngeis 
(Zeitsch. anorg. Chem. 1903> 37» 126) and Schaffer 
(ibid. 1904, 38, 148). 

Four tungsten sodium brenm are known. 
NajW^Oig of a golden yellow colour, Na^WsOj* 
of a blue colour, Na^W^Of of a purple red colour, 
and NaiWsOjs whioh forms red-yeliow cubes 
and yiel^ a brown-yellow powder (Philipp, Ber, 
1882, 15, 499). 

Potassium forms one bronze, K 1 W 4 O 14 
(Knorre and^ohaffer, ibid. 1902, 35, 3407), 

BLuo lithium bronzes are described by Hslb- 
peau (Gompt rend. 1898, 127, 512), 

Tungstates gf the rare earths are moxifaed 
by Hit&cock (J. Amer. Gbmn. Soe. 1895, 17^ 

\mh , . , ? 
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Tumsum Aim i!ki HAt<oaBK8. 

Tungiteii bBiaehl&xlde W01( is prejMured by 
beating metalUo tungsten in excess of pure diy 
chlorine, particular care being taken to exclu<ie 
all traces of air and moisture in order to avoid 
the formation of the osychloride (Rosooe, 
Annalen, 1872, 162, 349). A small quantity of 
the latt^ is formed at the beginning of the re- 
action, however, in spite of all precautions. It 
should be driven off beyond the portion of the 
tube where the chloride is to be collected. 

: ITungsten hexachloride forms dark violet opaque 
crystals, which are very stable when pure but 
are rwwiily decomposed by moist air or water, if 
the slightest trace of the oxychloride is present. 
It has m.p. 276®, b.p. 346*7®/759*5 mm. 

On heating the hexachloride in a stream of 
nitjrogen with powdered aluminium and quartz, 
extracting the product with hydrochloric acid, 
concentrating tne reddish-yellow extract and 
saturating it with hydrogen chloride, it yields 
HW.d^aHsO in slender yellow needles, which 
rapidly lose hydrogen chloride on exposure to 
air (Ijndner, Ber. 1922, 55 [B], 1458). 

The salt K^WjClt and a number of corre- 
sponcUng salts of tervalent tungsten form green 
solutions and are powerful reducing agents 
(OoUenberg and Sandved, Zeitsch. anorg. Chem. 
1923, 130, 1 ; Chem. Soc. Abstr. 1924, 126, ii, 
61). 

Tlmgsten pentaehloride Wd^ is formed by 
the incomplete reduction of the hexachloride in 
a current of hydrogen. It is volatile and when 
redistilled forms long, pure black shining 
crys^ m.p. 248®, b.p. 275’6®. It is hygro- 
scopic and diasolves in water forming an olive- 
green solution, but most of it decomposes into 
the blue oxide and hydrochloric acid (l^scoe, 
f.c.). 

Tungsten tetrachloride Wd 4 forms the non- 
volatile residue in the production of the penta- 
chloride. It may also be prepared by the dis- 
tillation of the latter or of the hexachloride, or 
better, a mixture of the two chlorides in a current 
ei hydrogen. It forms a greyish-brown crystal- 
^ TOwder (Roscoe, /.c.). It is hygroscopic, 
infusible, is partially decomposed by water and 
is reduced by hydrogen to the metal. 

Tungstmi diehlonde WClj is best prepaxed by 
heating the tetrachloride in a current of carbon 
(^xide at the temperature of a moderately hot 
zinc batL It is a grey non-volatito powder 
partly decomposed and partly dissolved by water 
lonning a brown solution (Roscoe, IcX 

Tungsten dioxydichloride WO^CL, obtained 
by passitm chlorine over the dioxide, forms light 
lemon-y^low scales. Heated with ammonia it 

SS!!! ^ (Smith and 

shi^ Zeitsoh. anorg. Chem. 1893, 4, 381). 

.Tiwgten oxytetracW^^^ WOa^, beautiful 

s , ^hmchloiide over the heated trioxide. 

I?***® totthromWe WBr^-obtained by 
beati^ tungsten with dry bromme vaponr in 


blue oxide wben treated with water (Sehabffer 
and Smith, J. Amer. Chem. Soc. 1897, 18, 1098); 

Tungsten pentabromfde, prepared by passing 
diy hydrogen bromide over tungsten hexa- 
ohloiide at 300®„or better by the action of excess 
of bromine on tungsten, forms femdike aggre* 
gates of dark needles with green reflex, m.p«. 
276®, b.p. 333 ®. It is very hygroscopic, yields 
the blue oxide when treated with water and 
dilute acids and is decomposed by aUcalis, alksli 
nitrates, carbonates and bisnlphaies (Defaoqz^ 
Ann. Chim. 1901, [vu.] 22, 247). 

Tungsten oxybromldes WO|Br„WOBr 4 and 
the compounds WCljBrj, WCl#, 3 wBre are al^ 
known (Ilefacqz, Compt. rend. 1899, 129, 616). 

Tungsten ietriodide WI 4 , obtained hv the 
action of an excess of liquid hydrogen ioye on 


Hueosii anmfifa^ fume in air and a royal 


tungsten hexachloride at 1 10 ®, is a black <i|ystal» 
line substance of sp.gr. 6*2 at 18®, deconibosed 
by w'ater, alkali-hydroxides and carlw^atee. 
Soluble in absolute alcohol (Defacqz, Cdmpt. 
rend. 1898,127,510). > , 

Tungsten diiodide WIj, obtained by j the 
action of hydrogen iodide on tungsten hbxa- 
chloride at 400®, is an amorphous, insoluble, 
infusible, non-volatilo brown powder of 8 p.gr. 
6*9 at 18® (Defacqz, ibid, 1898, 126, 962). 

Tungstra hexafluoride WF 4 may be obtained 
by the interaction of tungsten hexachloride with 
anhydrous hydrofluoric acid or with arsenic 
trifluoride, or, best of all, antimony penta- 
fluoridc. It has m.p. 2*5® and b.p. 19*6®. Is 
readily soluble in alkalis, attacks glass and most 
metals and forms double salts with alkab 
fluorides. When acted on by water it yields 
tungstic acid (Ruff, Zeitsch. anorg. Chem* 1907, 
52, 256). 

Tungsten oxytetrafluoridc ^VOF 4 , obtained 
by the interaction of the oxytctrachloride and 
anhydrous hydrogen fluoride, iorms small 
colourless hygroscopic plates, m.p. 110 ®, b.p. 
185®~190®, is decomposed by water foraiM 
tungstic acid and absorbs quantities 01 
ammonia in the cold (Ruff, /.c,). 

Tungsten dioxjy difluoride is known in an 
impure state. For various double fluorides, tee 
Marignab (Ann. Chim. 1863, [lii] 69, 63); 
^larchetti (Zeitsch. anorg. Chem. 1895, 10, 06) ; 
^olati and Rossi (Real. Accad. Lincei, 1896, [v.] 
5 , ii. 223) ; Ephraim and Heymann (Ber. 1909, 42, 
4456). 

TuxOSTBK Ain> SULFBOB. 

Tun^tsn disulphide WS^ may be prepared 
by passing hydrogen sulphide over tus^rten 
hexachloride at 375®-^50\ or by fusing axij 
intimate mixture of pure dry potassium oa^ 
bonate, flowers of sulphur and tungsten irioxid|fl 
It is a grey-black crystalline powder, inicdv^l 
in water, fairly stable, and has sp.gr. 7*6 at 
(Defacqz, Compt. rend. 1899, 128, 660). 

Tungsten trisidphide WS|, best obtainerw 
treating a sulphotungstate with ezoest of add, 
is a brown powder which beoomes blaok when 
dried, is sillily soluble in cold water, mm so 
in hot water, and tead%in alkaUlqrdMmes and 
carbonates (Corkls, Annalen, 1885, 282, 244). 
It has been obtained in the eoQoIdd fiatd 6 
Winsdnger (Bull Asioo. Sd Ui.: 

W eomdontids, W 

1901, [Till % M) and WO,8 {Wiiittia|er, 







Lc,) md ft numW ol iftetaHus siibho^ ot tibio- 1 
tftjtig«tft{^ MiWfli (Ooxlfitot U*)t have been j 
desmbed. A and H-Mlmtde (UelsmAim^ J. 
1860, 92) and ft w also knoTO. 

Tami^ Sltffdii W|N,« WjKj, & number of 
oiynitrides, idtretamido and oxyniiietaznido 
compounds, and also a hydronrlamme tungstate 
have b^n obtained (WWer, Annalen, 1850, 78, 
190; m. 1858, 105, 258; Hideal, Gbem. Soc. 
Trans. 1889, 41; Wdhler, ibid. 1861, 3, 171; 
DesitU.; Allen and Gottschalk, f.c.). 

Tungsten cyanides have also been prepared 
by Rosenheim and Behn (Ber. 1914, 47, 392 ; 
Oisson, Ber. 1914, 47, 912). 


Tungsten and Phosphobus. | 

Tungsten combines directly with phosphorus 
when heated to redness, forming a dark green 
p5c^tdeWaP4. 

Tongsten diphosphide WPg produced by 
heating tungsten hexachloride at 450° in a 
current ol hydrogen phosphide forms a black 
crystalline mass insoluble in water, sp.ur. 5*8. 
The phosphorus is readily displa^d by the 
halogens and by sulphur and nitrogen at high 
temperatures. It may be reduced by heating 
with hydrogen, zinc or copper (Defacoz, Compt. 
rend. 1900, 130, 915). 

If tungsten diphosphide is heated with a large 
excess of copper phosphide in a graphite crucible 
in ft wind furnace and the product treated with 
dilute nitric acid, it yields the monophoephide 
WP, grey lustrous prismatic crysUds, sp.gr. 8*5 
(Defacqz, ibid, 1901, 132, 32). 

Another phosphide W.P is formed by re- 
dttdng a mixture of phosphorus pentoxide 
(2 mole.) and tungsten trioxide (1 mol.) in a 
charcoal crucible at a high temperature (Wohler, 
Chem. Soc. Trans. 1853, 5, 94). 

Phoiphotungstic oetd.— Tungstic acid com- 
bines with phosphoric and also with arsenic, 
antimonio and vanadic acids to form conmiex 
compounds of varying composition, ; WO 9 
si : 7 to 1:24 analogous to the molybdates. 
Phosphotui^tio acid is used as a iea|ent for 
the precipitation of alkaloids, proteins and 



some of their products of hydrolysis, also for 
the detection of potassium and ammonium salts 
with which it gives insoluble precipitates. It 
may be prepared by acidifying a solution of 
4 parts of sooium tungstate and 1 part of sodium 
phosphate with sulphurio acid and extracting 
the phosphotungstic acid with ether (Winter- 
stein, Chem. Zoit. 1898, 22 , 539). 

Some new series of phosphotungstates are 
rmoibed by F. Kehrmann and R. MeUet (Helv. 

Aeta, 1922, 6 , 942), including the simple 
M jy 3M|0,P|0c,6W0a,aq., of whioh the 
H|ppi, potassium, and ammonium salts have 
iRGu prepared in the pure state. 

Liteiftture on phosphotungstic acids and the 
'phosphotungstates: Kehrmann, Zeitsch. anorg. 
Qum. 1891, 1, 428 ; Soboleff, m, 1896. 12, 16 ; 
Bogetft, J. Amer. Chem. Soc. 1903, 25, 298. 

AnsimfftftpslovftitadaiM 
18(NH«)a04Bs0|»2lW0«4V,0al3H|0 ; 
6!n|i|0«AS|0|,2lW0|,5V|0|13ftq. ; and 
6BftO,AB«Oa,l7WO|,5iVsO«,4ftq. 

fts led sqfdUls by Cimyi (Gftsi. 


bhim.ltsl. 1923, 53,773; Gbem. Soc. AbBtra924, 

126, ii 117). 

TldllSten ftricttide WAs,, prepared by heating 
tungsten hexadiknide in a current of hydrogen 
arsmiide at 150^-860°, is a bla^ erystailiae in- 
soluble powder of sp.gr. 6*9 at 16°. 

Tungsten ehloroaisenide W,AsCl|, obtained 
by heating the above substances in a sealed tube 
at 60°-70°, forms hygroscopks bluish-black 
crystals, decomposed by water and acids (Be* 
fac^, Compt. rend. 1901, 132, 138). 

For arseniotungstic acids and iwtgsbOes, see 
Kehrmann and Euttimann (Zeitsch. anorg. 

I Chem. 1899, 22, 285). Yanadedungitaks 
(Friedheim, ibid, 1894, 6 , 11 ; Rogers, le,; 
Friedheim and Henderson, Ber. 1902, 35, 32^). 
Antimoniotungstaies (Hallopeau, Compt. rend, 
1896, 123, 1065). Zirconotungstaks (ibid, 1896, 
122, 1419). Alumino- and alumiwhphospho* 
and arseno4ungst(Ue6 (Baniels, J. Amer. Cb^. 
Soc. 1908, 30, 1846). 

Tungsten boride WB^, prepared by fusing 
the two elements together in an electric furnace,, 
crystallises in hard octahedra, Bp.gr. 9*6 (Tucker 
and Moody, Chem. Soc. Trans. 1902, 16). 

Tungsten and Cabbon. 

When tungsten trioxide is fused with 
calcium carbide in an electric furnace, it forms 
an iron-grey carbide, CWj, which is harder than 
corundum and has sp.gr. 16*06 at 18°. In the 
presence of a large excess of iron, the carbide 
CW, an iron-grey crystalline powder of sp.gr. 
15*7 at 18°, is formed (Moissan, Compt. rend. 
1897, 125, 839 ; Williams, ibid, 1898, 126, 1722). 

Tungsten carbides are formed when the 
finely divided metal or its oxides are heated in 
carbon monoxide, or in a mixture of methane 
and hydrogen. At 1000° W,C| is formed in 
carbon monoxide, and WC in a mixture of 
methane and hydrogen (1 : 1) at 80*^ (Hilpwt 
and Omstein, Ber. 1915, 46, 1669). 

W^C has been formed by heating tungsten in 
a carl^n electric furnace ; it melts above 2700^ 
and solidifies as a homogeneous substance 
(Ruf! and Wunsch, Zeitsch. anorg. Chism, 191<(C 
85, 292). Yoigtlfinder and Lohmann (B. R. F. 
286184, 1914) claim tungsten wbide to Imve 
a hardness of 9*8 compared with the diaiiiond 
at 10 . 

Two carbides of tungsten, W,C and WC, are ^ 
formed when naphthmene vapour acts on, 
incandescent tungsten filaments. These com* 
pounds at temperatures from 24^°K. to 
2790°K. lose all their carbon, the tus^t^ 
filament regaining the same conductivity as 
before carbonisation. Incandescent tal^;stcn 
may be carbonised by almost any hydrocarlM 
va^ur. Alcohol will also oarimniss ^e fila* 
ment, but at only ^ the rate at v^hich ftcet^letie; 
eifects the oarooniBation. The etaoti;M 
sisUvity of cold W|C is about 15 thaww that 
tungsten, but the temperature oosiyeiut of 


ture IS In agieement with that calculatad from 
the amounts of tungsten and W|C present ^ 
(M. R. Andrews, J. Phys. Qiem. 1993, 2L 2"^ : 

(Jbramtnm twgitsD eirblie CW|,3C|Qr. b ; ; 
fotiMd by.heating a mixtuxa of cfaiomio 
I tuugrtb add and caiton k a oaitam 
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fta el^tric itDiiaoe for five minutes with a current 
of 400 amperes at 75 volts and treating tbe 
product vuth warm hydrochloric acid, then 
^ with concentrated ammonia solution. It forms 
small hard stable cxystalline grains of 8p.gr. 
8*41 at 22^ By the addition of tungsten to 
chromium steels, the formation of this stable 
hard carbide might give rise to the production 
of new steels with special qualities (Moissan and 
Kouznetzow, Gompt. rend. 1903, 137, 292). 

Iron tungsten carbide 3W2C,2Fe3C, a mag- 
netic substance, sp.gr. 13*4 at 18"^, has also 
been prepared (Williams, ibid, 1898, 127, 410; 
Carnot and Goutal, ibid, 1899, 128, 207). 

Tungsten and Silicon. 

Tungsten sflieide WSij has been prepared by 
heating copper silicide with amorphous tungsten 
in an electric furnace, using a current of 800- 
900 amperes and 50 volts, the resulting product 
is then washed successively with nitric acid, 
caustic potash, warm hydrofluoric acid and 
water. It may also bo prepared by reducing a 
mixture of silica and tungstic anhydride with 
sulphnr and alumina. It forms brilliant, grey 
crystals, of sp.gr. 9*4, which are not magnetic and 
are very stable (Dofacqz, Cefmpt. rend. 1907, 144, 
848; fidnigsehmidt, Monatsh. 1907, 28, 1017). 

Ihe silicide WsSis is obtained by heating the 
trioxide with silicon in the electric furnace, after 
which the mass is suspended in dilute hydro- 
chloric acid (1 in 10) and electrolysed. The ex- 
cess of metal dissolves and the silicide is removed, 
washed with aquajegia, then with ammonia, and 
is finally separated from carbon silicide gravi- 
metricaliy oy suspension in methyl iodide 
fVigouroux, Gompt. rend. 1898, 127, 393), It 
tonus beautiful steel grey crj'stals w ith a metallic 
lustre, sp.gr. 10*9. JSee also Frilley, Rev. de 
Metallurgie, 1911, 8, 457 ; J. Soc. Chem. Ind. 
1911, 1018. 

Tungsten aluminium silicide forms black 
hexagonal crystals (Manchot and Xieser, 
Annalen, 1904, 337,360). 

SlIiGotungstie arids of the formula, i 

H8W,oSi08.,3H20 ; 

H.Wi2Si042,29H20, &c., 
were discovered by Marignac (Ann. Cliim. 
1864, [iv.] 3, 6). The acid corresponding to the 
last formula is formed by precipitating its salts 
with mercurous nitrate and decomposing the 
memay sidt with hot hydrochloric acid. 11 
orystaliises in large tetragonal prisms, is readily 
soluble in water, alcohol, and ether, and forms a 
vsluabie reagent for alkaloids. The salts, most 
of which are soluble in water, are prepared by 
.£%(ttling gelatinous silicic acid with metallic 
&|Mytungstates (Wyroubofi, Bull. iioc. franc. 

1096, 19, 219 ; Friedheim and Henderson, 

' > Oboanio 8alt 8 or Tungsten. 

Eaten of tungstic acid are described by 
Smith and Dugan (J. Amer. Chem. Soc. 1899, 

1916) ; aUtaii tungsten tarirate^by Henderson 
MM Barr Soc. Trans. 1896, 1456); 

Benderson, Orr and Whitehead {ibtd, 
18994 547); tungsten oxalatei by Rosenheim 
(Bar. i893» 26, 1191); tungsten cmnidu by 

ibil 


1915, 48, 1167; Olsson, Ber. 1914, 47, 917; 
Zeitsoh. anorg. Chem. 1914, 88, 49). 

Tungsten forms ozosalts which are readily * 
soluble and dif^oult to obtain free from the 
normal salts used in their preparation. The 
following have been described 
Sodium ozotuiigsten oxalate 

NaC204W0*,5H30 

and also the corresponding ammonium and , 
calcium salts which have only 1 mol. of water of 

^Accad. Lincci, 1908, [v.] 17, ii. 30). 

Complex compounds of the tungstic acids 
with organic acids have been obtained by Grqss- 
mann and Earner (Zeitsch. anorg. Chem. 1904, 

41, 43); and by Mazzucchelli and BokM 
(Gazz. chim. ital. 1910, 40, ii. 241) ; and addittve 
compounds of the tetra-, ^nta-, and hexa- 
chloride with organic esters oy Rosenheim and 
Loewenstamm (Ber. 1902, 35, 1115). T 

OxaMungstites, CklorotungstUes and othqr 
derivatives of quinquevalent tungsten have beefi 
obtained l>v Collenburg (Zeitsch. anorg. C^homi 
1018, 103, 247). 

Gerber (Mon. Scient. 1917 [v.] 7, 73-219) 
finds evidence for the existence of a new element, 
ne'duvgstenf 187, associated with tungsten, 
and w'hich, asitisspectroscopicallyiudistinguish- 
ablo from tungsten, he suggested may be an 
isotope of that metal {ef. Barbc, Mon. Sci. 1919, 

[V.] 9, i. 73). 

TUNGSTENITE. Tungsten sulphide WU, 
corresponding with molybdenite (MoS|), which 
it closily Kjsembles in physical characters. It 
occurs in some quantity intimately intermixed 
with pyrites, famore, and galena in a compact 
ore at the Emnm mine in the Little Cottonwood 
district. Salt Lake Co., Utah. Under the 
microscojjc it is s(»en in this ore as feathery 
flakes resembling grapliite in api^aranco. It is 
load-grey and o])aque with a metallic lustre, 
and soft enough to mark paper ; sp.gr. about 
7*4. The mineral is not oxidised by roasting 
in air, and is not attacked by hydrochloric or * 
nitric acids, but is decomposed by aqm regia 
(R. C. ^Vells and B. 8. Butler, J. Washingtott 
Acad. Sci. 1017, 7, 596). L. J. S. 

TUNGSTITE or TUNGSTIC-OCHBR A 
yellow, earthy mineral frequently observed in 
small amounts as an alteration ^oduct of 
wolframite and scbeelite, and Jong supposed to 
be anhydrous tungsten trioxide WO,. The 
original tungstic-ochre of B. Siliiman (1822) and 
the ‘ wolframine ' from Coniwall were, however, 
never analysed, and in the text-books the 
characters of the artificial orthorhombic crystets 
of tbe anhydrous oxide have been assumed lor 
the natural mineral. A mheral of 
appearance has been described undei^ the name' 
mcymacito (A. Carnot, 1874) with the eom* 
position W 04 * 2 HjO. T. L. WaUter (Amer, X 
8ci. 1908, 25, 305) suggests that these are leidly 
identical and that the conect foxmiila ih 
W0,*H,0. He describes a goIden-yelJow 
mineral occurring with wolfrmaite In of ± 
of gold-quartz near Salmo In Briildi CotemUa. ; ^ 
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ip;oUrftmit 9 in tiie Qenoftaia tungsten mine, { 
l)^r Tm^ mining idlettiot in the State of Wash- 1 
- ington, wais fotma by W- T. Schaller (Amer. J. 
Soi. 1911, 32, 161) to be a hydrated fexrio tung- 
state, Fe|0|*W0|*6Hs0, for which the new 
name /errtlungsf^ was proposed. This is pale- 
y^w to bxownish-yellow and orystaUised in 
mi nute h e xagon al scales. L. J. S. 

TURANITE. Hydrated copper vanadate, 
6Cu0*V,0*’2H,0, forming compact, spongy, or 
radially fibrous aggregates and reniform crusts 
, , of an <uive-green colour. It is found with alaite 

, (g.u.), forganite (g.v.), tyuyamunite 

(Ca0-2U0,-Vj0,*4H40) 

malachite, Ac., in the oxidation zone of the 
uranium and vanadium deposits which occur 
in limestone at Tyuya-Muyun in Fergana, 
Eussian Central Asia. L. J. d. 

TURANOSE. A sugar CiaHajOa obtained 
by heating melezitose with acetic acid. Is not 
hydrolysed by any of the ordinary enzymes and 
is consumed very slowly by yeast. Rotatory 
power [o]j^a=-f 71*8 shows no birotation (Tanret, 
Compt. rend. 1906, 1424) {v. Gabbohydbates). 

TuRBIDlMETRY. See Nbfhelometby. 

TURF. t>. Fukl. 

TURGITE V. Turitk. 

TURICINB 17. Betaines. 

TURITE, TURGITE or HYDROH HEMATITE. 
A hydrated ferric oxide, 2Fe20]|*H20, containing, 
according to the formula FejO, 94 *7, (Fe 66*2), 
H,0 5*3 p.o. It is sometimes soft and earthy 
with a bright red colour, being then included 
(together with earthy hamatito) under red- 
octo. It may also massive and compact ; 
with sometimes a radially fibrous structure and 
a smooth and brilliant mamillated or botryoidal 
surface, being then very similar to the kidncy- 
iron-ore (more strictly the Oer, Rother Crlaskopf) 
variety of hsmatite. Such material is dark red 
to black with a sub-metalUo lustre. Bp.gr. 
4*29^*49 ; H. 6J (harder than limonite). A 
characteristic feature is the dark cheny-red 
. streak, which is of a lighter shade than that of 
hfimatite. Crystals are not known, but the 
fibrous material is birefiingent with straight 
optical extinction. Few analyses show exactly 
the theoretical amount of water ; there seems 
rather to be a gradual passage on one side to 
hi^4tite (Fe|0,) and on the other to limonite 
(2Fe}08*BH|0, with 14*5 p.c. H^O). Compact 
or earthy red haematite often contains 1-2 p.c. 
The existence of torite as a distmot 
mmeral species has therefore been doubted, and it 
has been regarded as a colloidal material forming 
astam in the hydration of haematite to limonite, 
or ox the dehydration of limonito. Turite, 
howevH*, when heated in a bulb-tube decrepi- 
tates wil^ surprising violence, and in this respect 
it di&ts is(m both haematite and limonite. 
Its dshydration curve is quite distinct from 
Gtose ol Hmonite and goethite, Ocoorrenoes 
of fiteous mamillated turite and limonite at 
fislkbuty ixk Connecticut and Bridgeville in 
.tMTova Sootih show a sharp line of demaroa- 
#lhm bstteeh the two minerals. Turite was 
flint described from Uie TnrinsiQr ^ copper mines 
aewr BogOslovsk ip the Urals, and it has since 

" i JMS, item the idfseset Taxi rim 

d^tuvgitssdidtwritt am ttlstmos- 

yitmHPv ■■ ' • , 


been recorded with iron ores from aumy other 
Eussian bcalities. It is no doubt a mineral of 
common occurrence elsewhere with haematite 
and limonite ores (L. J. Spencer, Min. Mag. 
1919, 18, 339). L. J. S. ^ 

See also Iron oxides, art. Ibok. 

TURKEY-RED OILS v. One, Fixed, and 
Fats. 

TURMERIC {Indian saffron; Tern merita). 
The so-called turmeric root of commerce is the 
underground stem or rhizome of Cwrewm longa 
(Linn.), or of various species of Curcwma-~-€.g. 

0. tiMtoria, C. viridifiora (Roxb.), Ac, These 
plants, belonging to the Scitaminecs, are indi- 
genous to Southern Asia, and are there largely 
cultivated, being exported from China, Mac&as, 
Bengal, Java, Malabar, Batavia and Barbadoes. 
Those varieties which are derived from the 
central rhizomes are more or less round {Curcuma 
rotunda, Linn.), while the lateral rhizomes are 
long and finger-Bhai)ed (C. longa). When of 
good quality these commercial varieties are hard, 
and possess a dull, waxy, resinous fracture, the 
external colour being yellowish-grey, and 
internally orange-brown, but producing, when 
ground, a somewhat bright yellow powder, 
having a strong characteristio odour and a 
peppery bitter taste. 

The rhizome of Canm speeiosa, a West 
African plant, is said to bo exactly similar to 
East Indian turmeric in taste, smell, and 
chemical reactions (Daniell, Pharm. J. 19, 258). 

It is cultivated in Sierra Leone, and furmshra 
the so-called ‘ African turmeric.’ 

According to Pelletier and Vogel (Annalen, 
44, 297), turmerio contains cellulose, mm, 
starch, mineral matter, a strong-smmling 
volatile oil, a brown colouring matter, and a 
characteristic yellow colouring matter named by 
them Curcumin. Pectin and pectic acid are 
also present (Schutzenberger). Kachler (Ber. 

3, 713) found a notable quantity of potasrium 
binoxalate. 

Pelletier and Vogers method of isolating the 
enrenmin consisted in first removing the fatty, 
resinous, and other impurities by extracting 
pulverised turmerio with water and carbon 
disulphide, then dissolving out the colouring 
matter with boiling alcohol, and purifying it 
by successive solution in ether and uoohol, 
precipitation with lead acetate, subsequent 
treatment >vith hydrogen sulphide and ex« 
traction of the product with ether. It was thui 
obtained as an amorphous yellow powder, 

Lspage adopted a similar method, but after . 
extraction with carbon disulphide the colounhtt 
matter was dissolved in alkali, precipitated with 
acid, and finally purified by means of ether. 

Daube was the first to obtain oututtoriu in 
the orystallme state. He removed etaantU 
oil by passing a strong current of steam over 
the coarsely-ground turmeric, Umn thoroui^ 
extracted it with hot water, and finely trsi^ 
the dried xesidue with boiiii;ig bmsi^e. On 
cooling the solution thus Stained, ofude 
curcumin separated as bright orange-xed eivstal* 
line crusts, whjph were pr^wed bef^U bbtthig^ 
paper, and di^Ived in cold aloohol. After 
filtering off some yellow fioceulent. substanoe, 
the solution wasjpxecipttated with in alAholifi 
lolntibn of neutral lead acetate, adding , flnsi^ar - 
a little basic lead acetate in order to nevtEaBis 






TURMBEIO. 


Almofit entirely tJie liberated acetic acid and 
prevent thereby any eolation of the colour-lake* 
&e brick-rod precipitate was waehed with 
alcohol, enependcd in water, and decomposed 
' with hydrogen sulphide. The liberated cmr- 
cumin was extracted from the precipitate with 
boiling alcohol, from which it crystaUieed on slow 
evaporation. 

Benzene is vexy suitable for the isolation of 
pure curcumin, for although it is very little 
soluble in this liquid, the resinous impurities are 
not dissolved thereby. 

Gajewsky (Ber. 3, 265) obtained crystalline 
cuicumin by first extracting turmeric root with 
carbon disulphide, then dissolving out the 
colouring matter with ether, and purifying it by 
fractional ciystallisation from ether or benzene. 
He detected the presence of another colouring 
matter and also traces of an alkaloid. This 
chemist obtained an increased }neld of colouring 
matter by washing the dry ethereal extract with 
dilute ammonia to remove resin, then dissolving 
the brittle residue in boiling concentrated am- 
monia solution and precipitating with carbon 
dioxide; 250 grras. ethereal extract gave 100 
gnus, flocculent curcumin, m.p. 140°. Jackson 
(^r. 14, 465) also obtained crystallised curcumin 
by first removing the oil by long extraction with 
earlwn ^sulphide (sixty hours), then thoroughly 
extracting (sixty houre) with ether, and after 
washing the orange-coloured product thus 
obtains with cold alcohol or ether, ciystallisiiig 
from hoi alcohol. 

Perkin (Cliom. Soc. Trans. 1004, 85, 63) pre- 
cipitates an alcoholic turmeric extract with lead 
acetate, wariies the lead compound first with 
alcohol then with water, and decompoHc^s it with 
dilute suljdiuric acid* From the roixt ure of ]ca<l 
std^te and curcumin the latter is removed 
with boiling alcohol and the extract evaporated 
and poured into ether, which causes the separa- 
tion of tarry impurities. The ethereal solution, 
after evaporation to a small bulk, is treated with 
carbon wulphide and allowed to stand, the 
Cfystids whicn separate from time to time being 
mnoved. 0*56 p.e. of corcuntin was thus 
obtained from turmeric. 

Osreuxnin crystailuies from alcohol in orange- 
eolonred prisms, m.p. 165® (Daube), 172° 
(Oajcweky), 178® (Jackson), and 183° (Ciamician 
and j^lber, Ber. 30, 102), and is soluble in ether, 
forming a green fiuorescent liquid* Alkaline 
iohittoiis diasolre it with a reddish-brown colour, 
which when ncutndised passes to yellow, and 
on this acconnt it is useful in the form of * tur- 
meric paper * as a reagent for alkalis. Whereas 
Panbe assigned to curcumin the formula 
C|«HuO„ Gaiewsky (C4H4O),,, probably 

Jackson considered that C14H11O4 or CnHiiO* 
were more reasonable expii^ns, and of these 
Jai^n ami Menke (Amer. Chem. J. 6, 78) 
mfezred the formm*, and prepared the following 
harmomsing alth this view:— 

brownish-white 

potdir, Jmp. 100® ca« ; dihydrocurcwnin ankp- 
Jirty white no wder, m.n. IW 
brownish tar; 
viiHt^rOi, pale tndlow 

bfowttWi mM| dkatf/kmmin CttHuOi, 


yellow ihombio crystal, m.p. 154®; cnremaiii. 
fsl«5re»ideCi4Hi404Br4,p<^^ m.p. 185® ca. j 
ieMromoGureumin ™ » 

peslahremrettrewmindthfomute C|4H|Brf04*Brj4| 
red powder, m.p. 120® ca. i pokueim enrewaw 
KC„Hij 04, red powder, and dipetoiriiwi ear- 
ctw»iaKaCi4Hi404. red needles. Byfui^trith 
alkali curcumin gives protocaisrAaic acta, when 
oxidised with permanganate eaatfiftn, and the 
^‘ethyl ether by similar treatment yields tioniHie 
Of id ethyl ether. Jackson and Menke represented 
curcumin by the following formula 

C,H^OH)(OCH,)CH{C,H,)CO,H(CH:OCH,:Oa 

1 : 3 ; 4) 

Heller (Ber. 1914, 47, 2998) has (Jfijtained 
dikydrocurcumiut now shown to possote the 
formula C21H24O4, by catalytic reduo^n, as 
colourless needles, m.p. 95°-96°. ' 

Ciamician and Silber (Ber. 30, 192), as the 
result of methoxy determinations, assigned the 
formula CjiHjoO. or OigHuOjOCHj), to cur- 
cumin, and prepared diacetykurcumin 

needles, m.p. 170°-171° ; and curcumin dimethyl 
€f/<cr Ci4HijOa(OCTIs)|, yellow needles, m.p. 136\ 
Digestwl with hydrox^’lamine hydrochloride 
in alcoholic solution curcumin gave the com- 
I)ound CjiHijNOi (i.e. C2,HjoO|NOH-H|0), 
needles, m.p. 178°, whereas phenylbydraeine 
gave a substance crystallising in colouzless 
needles. 

Perkin (Chora. 8oc. IVans. 1903, 83, 140; 
1905, 85, 63). by moans of alcoholic potassium 
acetate, obtained from curcumin toe mono* 
potassium salt C^iHjiOiK, fine orange-red 
needles. A benzoyl-evrcumin^ pale yellow 
nec<lles, m.p. 176°-178°, was also prepared, and 
gave by the cryoscopio method numbers hannon- 
ising with Ciamician and Siibcr s formula. 

Molecular weight determinations, according 
to Jackson and Clarke (Ber. 1905, 38, 2712), 
indicated the cometness of the formula 

and again {ibid. 1906, 39, 2269) these authors 
pointed out that unless special care is employed, 
Zeisers method gives erroneous figures with 
curcumin. W’hen heated with hydriodie acW 
at liK)® a correct result is given, but above this 
temperature curcumin gives a colourless oil rich 
in io^ne (75*75 p.c.) which reacts with the 
alcoholic silver nitrate solutioQ. 

Von Koetanecki and Lampe {ibw* 1910, 43, 
2163) consider that Ciamician and SilbeFs 
formula C.iHj.Oi conecUy represtmte otareumte, 
and describe dmrhmethoiycmmin 

0,,H44O,(O'CO0CH|)i(OCH|), 

yellow prisms, ro.p. 150®, and dtefWtety* 
cwrcfimia, yellow leafieta, m.p« )49®*I5^« 

When curcumin is boiled with J^taiiium 
hydroxide solution, eomSie md eadfindk odd 

OCH, 

HQ<( )-CH{CH-00Ott 
MS {wodtiMd. A, » iMsS thw, <w* 


«idef tli#i Hie of tide oolouring 

matter Is as foyows:— • 

•CHiCHAH,(OOH0OH 

(1) (8) W 

Further support for this formula is giyen by 
the fact that curoumin, like ^^-diketoues, gives 
when treated with hydroxylamine an iso- 
oxazole derivative, and the compound prepared 
by Oiamioian and Silber is probably 
Aydroxy-3^3'-dme^i/-l : I'-distytylisozazole— 

yC^CH : CHC«H,(OCH,)OH 
CH^ ^ 

\ C^CH : CH‘C,Ha(0CH3)0H 
Byan and Dunlca (Proc. Roy. Irish Acad. 
1913, 32, 9) attempted to obtain dicinnamoyl- 
methane— 


CH,< 


CO-CH ; GH-CeH. 
COCH : CH-CeH, 


by eondmislng cinnamio ester with benzylidene* 
acetone in the presence of sodium wiHioot 
success, thouj^ with saturated ketones such a 
reaction proceeds nonually. Thus cinnamic 
ester and acetone give oinnamoyl>acetone 
(cinnamoyLaoetyi-methsne)— 

C,H,CH : CH-00-CH**00*CHt 
a substance crystallising in yellow needles, 
m.p. 83°~84% and capable of dyeing mordanted 
wool. 

Ryan and Algar (ibid. 1913, 32, 9) again 
obtained methyl cinnamoybpyruvate— 
prr ^CO.CH:CH-C,H* 
^“t^COCO'OCH, 

from cinnamyl methyl ketone and methyl 
oxalate which crystallises in yellow prisms, 
m.p. 70°, also capable of dyeing mordanted 
wool. Numerous compounds of tfa^ type have 
been described by Ryan and his co-workers, and 
in a paper by Ryan and Plunkett (t&td. 1910, 
199) a list of the dyeing properties of some of the 
compounds on wool is given, of which the follow- 
ing is an abstract : — 


— 

Chromium i Aluminium 1 Tin 

Iron 

Cinnamoyl-acetyl- methane . 
Cinnamoyl- benzoyl-methane . 

Methyl cmncamoyl-pyruvate . 

Cinnamoyl-pyruvic acid 

p-methoxycinnamoyl-pyruvic acid . 

3 • 4 • dimethoxyoinnamoyl • pyruvic 
acid 

Ourcumin 

Dark yellow 
Dark yellow 
Russet- 
brown 
Brown 

Chocolate- 

brown 

Chocolate- 

red 

Brown 

Light yellow 
Light yellow 
Orange- 
yellow 
Orange 

Bright 

orange 

Orango-rcd 

Orange- 

yellow 

Light orange- 
yellow 
Orange 

Bright 

orange 

Orange- 

brown 

Orange-red 

Bright red 
Reddish-brown 
Reddish-brown 

Deep reddish- 
brown 

Reddish-brown 

Dark ohooo- 
late-brown 
Brown-Mack 

# 


The shades given by these compounds are of 
a similar nature to thase produced by ourcumin 
itself, and the results of these authors thus 
support V. Kostanecki's formula for tjliis com- 
pound. In comparing the throe compounds, 
ourcumin (1), methyl 3-4 dimethoxy-cinnamoyl- 
l^vate (2), and 3-4-dimethoxycionamoyl- 
pyruvic acid (3) 

OCHj 


(1) C5H, 


/ 


CX)CH:CH- 


-o» 

’^CO-CH : 

OCH, 

< CO-CH:CH-/~\)CH, 
COOO-OCH, 

_OCH, 

C -CH;GH- 
<IOOH 


y~\ 


OCH, 


Rjnitt Mid KenkM o«t tint in all these 
eosytandi tha now dotUe ohiomoplune 

-■■-00-CHsCH- 


is present, together with the acidic methylene 
radical which is here the auzoohrome. Tlmuj^ 
in ourcumin the double chromophore occurs * 
twice, its effect is to some extent balanoed 
the fact that the methylene radical in 
XCO’CH,*CO-COOR 

possesses much stronger auxochromic property 
than in the group XCOOHj’COX, In cur- 
cumin, again, the auxochromic effect of the 
hydroxyls in the vanillin nuclei can onfy be 
sught. 

In 1913 Lampo and Milobedika (Ber. 46, 

2233) succeeded in synthesising dioinnamoyl* 
methane, the mother substance of curouaun, In 
the following manner : — 

Cinnamoyl-aoeto-acetic ester (Fuober, Ber. 

1883, 16, 166) 

C,H,-CH : CH<X)*CH(CX)Om)COCHt 
on hydrolysis and simultaneous loss ol carbon 
dioxide gives cinnamoyl-aoetone^ 

C|E,<2H ; CH<X)*CH,<X)-CH, 

The mouosodium derivative of this hiler 
when condensed with ,einiiamo;ri dhiorido gbPM 
dioinnamoyleaoetyl* methane (cynnamoyf-aoe^ 
tone)— 

iJo-CH, , '.r'isfij'; 
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which on hydrolysis splits off noetic acid with 
formation of dicinnamoyhmethane— 
CgH,*CH:CH*CO\™ 

This compound, which cijBtallisos in yellow 
pfcismatio needles, m.p. 144 , dissolves in sul< 
phurio acid to form an orange>red solution 
possessing a yellow fluorescence. Both in its 
chemical and physical properties it closely 
resembles curcumin, and dyes cotton yellow 
shades which, however, are weaker than those 
idven by curcumin itself. 

In 1914 (Ber. 47, 887) Heller described a 
stereoisomeiide of curcumin which ho named 
iao-eurcumin, and this he obtained as a reddish- 
yellow ciystalline solid, sintering at 140'^ and 
melting near ISO*’, by condensing vanillin with 
aoetylacetone in the presence of hydrochloric 
acid— 

/CO-CH, 

CH/ -l-2CeH3(OH)(OCH3)-COH= 

XX)*CHj 

: CH*C3H5(0H)(0CH3) 

•f2H30 

•CH : CHCeH5(OH)(OCH3) 

Ryan and Dunlea (Proc. Roy. Irish Acad. 
1915, 32, B, 657], however, criticised this state- 
ment. Ihey And that the first product of the 
action of benzaldehyde on acetyl-acetonc in this 
way is not benzylidene-acetone 

CeHjCH ; CHCOCflj-CO-CHa 

but a chlorinated compound w'hich on heating 
in vacud gives 

CHj-CO-C-CO-CHa 

cl 

^ CeH, 

Iso-curcumin thus may be the trivanillin 
condensation product, with which indeed 
Hellar*8 analytical results agree— 

CH.()(Op)C,H.-OT:C<Cg;CH:CH;C.H.(OC^^^^^ 

HeUer (Ber. 1914, 47, 2998), however, states 
that this criticism of Ryan and Bunlea is un- 
justified in that iso-curcumin is a chlorine free 
colouring matter. Iso-curcumin shows a faint 
reaction with ferric chloride, and is to be re- 
garded as a mixture of ketone with a little cnoi, 
whereas curcumin is decidedly enolic. A'My/- 
earbamah-m^curcumin melts at 142^ tSee also 
Ber. 1917, 50, 1244, and Ber. 1921, 54, 1118. 

Ghosh (Chem. Soc. Trans. 1919, 292), by the 
simple conversion of curcumin into »9o-cuFcuinin, 
confirms Helleris view that the two substances 
are geometrical isomerides. 

Ourcamin has been synthesised by an applica- 
,tion of the method employed for the synthesis of 
dicinnamoybmethane (Lampe and Milobedzki, 
Ber. 1913, 46, 2235). In this cinnamoyl chloride 
was cmidensed with ethvl acetoacetate and the 
^pfodnet hydrolysed, when cinnamoyl-acetonc 
reeulted. Condensation of this product with a 
second molecule of cinnamoyl chloride and 
hyd^ytls of the product gave^dicinnamoyJ 

:GH’CO'CRAcmBt«-> 
-COhCIfAo-^ 

^ . — J»:ClrW)|CB| 

By m^Ofhii^^boffiethoxyferuloyl chloride (I) 



in the place of oinnamo|l chloride, the dioarbo* 
methoxy4erivative of curcumin was obtained. 
It gave euroumin on hydrolysis (Lampe, Ber. 
1918, 51, 1347) 

OMe 

MeOaCOl^ 

\^CH:CH*COa 

(I) 

It is well known that a mixture of boric and 
hydrochloric acids imparts to turmeric paper a 
red colour which is turned blue by alkalis. 
This reaction was investigated by Schlumberger 
(Bull. Soc. Chem. [ii.] 5, 194), who found that 
when an alcoholic extract of turmeric is heated 
in a sealed tube with boric acid, a red cratalline 
boric acid derivative is produced, solfible in 
alkaline solutions with a purple- violet {colour. 
Boiling w'ater decomposes this compouni with 
elimination of boric acid, and fonnatmn of 
pseudo-curcumin, a yellow powder. the 
alcoholic solution of the boric acid com^und 
is digested with strong hydrochloric a^, a 
black substance separates, w'hcreas boric heid 
remains in the liquid. 

On extracting the black powder with a 
mixture of alcohol and acetic acid, the filtrate 
deposits green iridescent crystals of rosooyanino. 

Jio8ocyamn4 is readily soluble in alcohol 
containiag a trace of mineral acid and dissolves 
in ammonia solution with a blue colour. It is, 
according to Schlumberger, an unstable sub- 
stance, and if boiled for a long time with alcohol, 
is converted into jweudo-curcumin. 

Jackson and Clarke (l.c.) prepared roso- 
cyanine by heating a solution of curcumin in 
dilute alcohol with boric and sulphuric acids, 
and describe it as a purplish -red powder, closely 
resembline povrdered rosaniline. These authors 
considerea it to be isomeric with curcumin 
O11HJ4O4, and dcscriM an ammaniwn salt 
C14H13O1NH4, and a potassium salt C„H,,0,K, 
both of which jx>sses8 an intense blue colour. 

The tinctorial properties of curcumin are of 
.<ipecial interest, tor not only is it a strong 
colouring matter towards mordants, but with 
cotton, wool, and silk it behaves also as a sub- 
stantive dyestuff. In the latter case it is only 
neccss^ to add the material to a boiling 
decoction of the colouring matter. Though 
considerably employed up to within recent 
years by the woof and silk dyer in the formation 
of olives, browns, and other compound colom, 
turmeric is now but rarely used for dyeing 
purposes in Ei^land. In India, however, it 
appears to be still in vogue. 

Cotton is usually dyed in a decoction of 
turmeric rendered slightly acid by the addition 
of a tittle acetic acid, or alum may be employed* 
The colour does not resist ei ther the action of li^t 
or of alkalis, and readilv acquiree a broeniSm* 
red tint. Wool may be dyed iiitbout amr 
addition, keeping the temperature about 6(r« 
By previously mordanting with aimn a brigibia» 
effect is produced, wbeieaa tin mordant fpm a 
more orange colour. Poteisiuin Mremata 
and ferrous sulphate employod in a Attihur 
manner yield reiqiectively otive and b^wn^ 
coloured shades. 

Silk is pr^ere% dyed in an 
sometimee previously morianted; v 
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Tumeric is tho thiok orange-colotired 
Aromatic oil present to the extent of 3*23 p.c. 
in turmeric from which It can be extracted by 
meads of carbon disulphide. Boliey examined 
the portion distilling over at 230-250^, and 
considered it to be identical with oarvol, whereas 
Gajewaky {Ic,) found the portion distilling over 
at 220*’-228^ contains less carbon and more 
hydrogen than that which passes over at a higher 
temperature. On oxiduing the latter portion 
with chromic acid, an acid oil is obtained which 
contains valeric, caproic, and terephthalic acids. 
Jackson and Menke (l.c,) analysed that portion 
which distils over at 285^-290'", and gave it the 
formula OiiHg^O, and the name tumerol, and 
obtained tumerol chloride sodium 

tumerol CnH2,ONa, and turmerol wO’butyl 
eiJur Ci 9H270*C4H2. With permanganate tur- 
merol gave terephthalic acid, turmeric acid 
C11H14O2, and apoturmeric acid Ch,Hi 204 or 
GioHto04. According to Rupe (Bcr. 1907, 40, 
4909), when turmeric oil is boiled with dilute 
sodium hydroxide solution a substance, b.p. 
150^/12 mm., apparently not identical with 
Jackson and Menke’s tunucro), is produced. 
Stronger alkali yields an optically active ketone 
CijHigO, curcumont, b.p. U9°~120°/8 mm., 
which gives a semicarbazone, m.p. 119*5®- 
120*5®, an oxime, b.p. 159®/ U mm., and con- 
densation products with aromatic aldehydes. 
With permanganate the ketone gives p-methyl- 
acelophenone and terephthalic acid, and with 
alkaline hypobromito the acids 
m.p. 150®, and CujHieOj, m.p. 33®-34®. By 
the further action of permanganate the latter 

S 'clds a dicarboxylic ac!d C\2Hi404, m.p. 228®. 

upe, Luksch, and Stciiibach (Bcr. 1909, 42, 
1615) were unable to isolate from turmeric oil 
the turmerol of Jackson and j\fcnke, having 
sp.gr, 0*9388 at 20® and [a]|^ —27*46. By 
digestion with alcohol and 30 p.c. potassium 
hydroxide solution the ketone CijUigO, curcu- 
mone, was obtained, which has b.p. 12i®/i0 mm., 
sp.gr. 0*9566 at 20®, 1*50526, [a]j, 80*55, and 

yields the p-hrofinophenylhydrazont, m.p. 71®. 
It condenses with benzaldehyde to Jorm the 
compound Ci.R^O : m.p. 106®, and 

with niperonu and anisic aldehydes similar com- 
pound melting respectively at 86® and 77®-78® 
are produced. 

The acid C13H14O2 (/.c.), m.p. 33®-34®, is 
called eurcumk acid, and appears to be identical 
with Jackson and Menke s turmeric acid (Rupe 
and Steinbach, Ber. 1910, 43, 3465). By 
oxidation with permanganate it gives tere- 
phthalio acid, p-tolyl methyl ketone, and the acid 
C12HX4O4, m.p. 226®-228® {he.}, and this possibly 
consists of apoturmeric acid (Jackson and 
Menke). Although it was considered that 
curcumio acid might be y-p-tolylvaieric acid, 
the synthesiB of this latter compound showed 
that the substances are similar but not identical 
{ibkL 191 1| 44, 584). Again, curcumio acid is 
hot p*tolyl-a-methyibutyrio acid (Rupe and 
Btttm, ibid* 1218). Rupe and Steinbach 
oonmdw that ouroumone is to be regarded os a 
, bensene derivative containing two parasub* 
atitushta^ <»ne being methyl, and the second, 
One or of the groups 

(OaCem^iOOMe 
*0SMa^jBMa*COMe, or *GMeEtUOUe 


whereas in curcumio acid the group OOMe is 
replaced by COQH. 8ee also Sohimmel & Co. 
(Ber. AM 1911). A. G. P. 

TURMBRIG ACID v, Txjbhebic. 

TURMERDfS v, Tmivum ajsj> iis ns- 

BlVATtVSS. 

TURMERTL CHLORIDE v, Tubmisbio. 

TURNBULL’S BLUE. A variety of Prussian 
blue, probably a ferricyanide, v. Cyanides. 

TURNERS YELLOW. Patent yeUaw. Lead 
oxychloride SPbO-Pbdj. 

TURNIP. A biennial, cruciferous plant, pro- 
ducing in the first year a large root stock con- 
taining a store of carbonaceous and nitrogenous 
matter intended for the formation of flower- 
stem and seeds in the second year. This 
* root ’ is the chief valuable product for which 
the crop is grown. Many varieties, differing in 
the shape, size, and colour of the root, are known, 
but they may all bo classed as belonging to two 
species — the ‘ white turnip,’ or simply * turnip,* 
Brassica rapa (Linn.), or B. rapa rapifera 
(Metzger), and the ‘ Swedish turnip,’ or ‘ Swwe,* 
known often as ‘ ruta-baga ’ in America, Brassica 
campestris rutabaga (Linn.), or B. napus esetdenta 
(DC.). There are many varieties of each, but 
as a rule ‘ turnips * have rougher leaves, of 
greener colour, and the root ha^ white, or, in 
some cases, yellow flesh ; whilst ‘ swedes * possess 
smoother leaves of a bluish-green coloim, and 
the roots have yellow flesh. The leaves of the 
turnip spring directly from the root, whilst those 
of the swede arise from a distinctly marked 
‘ neck.* 

Both types grow best in cool, damp climates ; 
in hot, dry countries the roots tend to become 
very woody and fibrous. Swedish turnips resist 
frost better, and can be grown in stiffer soils 
than the white varieties ; they also keep better 
after gathering. 

According to Konig, the following figures 
represent the average composition of the tiyo 
types— 

Other 

Pro- N-free 

Water teln Fat Sugar ext. Fibre Ash 
White turnips 90*67 1*12 0*24 2*55 3*56 Ml 0*76 
Swedes 88*88 1*39 0*18 3*02 4*36 1*44 0*74 

Great variations in composition, however, 
bare been observed, the most important factors, 
ill order of itn})ortance, being apparently, season,, 
variety, size of root, district, and soiL Even 
with the same variety, grown under the name 
conditions, and with roots of approximately the 
same size, considerable variations in the oom<- 
position of individual roots are found, especially 
in the amount of sugar. Thus, GoUins (J. Soe. 
Chem. Ind. 1920, 20, 536) found in 25 in^vidual 
roots of XL Ail swedes, the proportion 0! sugar 
varied from 4*5 to 7*8 p.o., with an avmge of 
6*27 p.c. 

The variation with season is considsKahle ; 
Collins, as the average of 12 varieties of swedes 
grown in 1900, found a sugar content of 6*26 p.c., 
while the same varieties, in 1901, gave an 
average of only 4*05 p.c. of sugar. Analogous 
to the offeA of season is that 0! local dimate; 
even in Britain this effect is seen* In 1904 
several varieti^ of swedes were noviti aimiil- 
taneously in Clbibridgeshiie, Norfolk (2 oentasL . 
and Roas-shiie (4 eeutiea), and the iiM]tlii| 


TUBNIP. 


ciops were examined for dry matter and sugar 
ocmtent. 

The following figures show the sugar contents 
of 5 varieties, as grown at the various centres— 

Gam- I^orfolk Ross-sblre 

Variety brl^ 1 2 Mean 12 8 4 Mean 
F^*8 Bronsetop. 6-6 6*1 8‘0 7'0 7*2 7*3 7*1 8'0 7‘4 
Kew Arctic , 61 6*0 81 7 0 6-0 7*2 7*1 7*9 7*8 
M^um Bonum 6*8 6*7 7*6 6*6 6*8 7*2 6*6 8*1 7*2 

XL AU . . 6*0 6*0 7*4 6*7 6*8 6*8 6*7 7*6 7*0 

Carter's Elephant 6*3 6*0 7*0 6*3 6*7 6*9 6*8 7*4 7*0 

Average . 6^ 5*9 7*6 6*7 6*9 71 6*9 7*8 7*2 

These results clearly show that the roots 
grown in the moist, cool climate of Ross-shire 
were, on the average, richest in sugar, while 
those grown in the hot, dry climate of Cam- 
bridgeshire were the poorest (Guide to Expts. 
1906, Dept, of Agric. Univ. of Cambridge). 

So, too, Hen&ck (Bull. 1, Coll. Agric. Univ. 
of Aberdeen, 1904) found, as the average of 
analyses of 21 varieties of swedes, grown in 
Abe^eenshire, 11*7 p.c. of dry matter, and 
6*15 p.c. of sugar, while 9 varieties of tumijM 
ykld^ an average of 9*48 p.c. of dry matter, 
and 4*56 p.c. of sugar; and Wood (Guide to 
Expts. Dept, of Agric. Univ. of Camb. 1900) 
found as the mean of the analyses of 5 varieties 
of swedes, grown in Cambridgeshire (1 centre) 
and Norfolk (2 centres), 10*8 p.c. of dry matter 
and 6*6 p.c, of sugar, and for 7 varieties of white 
turnips 7*81 p.c. of total dry matter, and 4 24 I 
p.c. of sugar. 

The effect of soil upon the composition of 
the roots, although ijcrceptiblc, is not great. 
That of manuring is very great upon the jield, 
but is comparatively small upon tlie composition, 
exc^t in so far as it affects the size of the roots. 

effect of size of root, in any variety, is 
considerable, small roots being invariably richer 
in solid matter, especially sugar, than large 
ones. This is w’ell seen from the following 
analyses by Hendrick (J. Soc. Chem. Ind, 
1897, 16, 213) of two samples of 'Achilles’ 
turnips— 

Average wt. Dry 

of 1 root Water matter Sugar Total N Alb. N Ash 
6lb, loz. 92*8 7*2 3*93 0*192 0*108 0*56 

21b. 14oz. 91*3 8*7 4*62 0*148 0*076 0*04 
In view of these many circumstances affecting 
the composition of the roots, it is obviously of 
little vafue to attempt to give any representative 


composition of turnips. 

ft may, however, be of interest to quote the 
figures given by Kellner and by Warington as 
representing the average composition of tumi]i8 
and swedes. 

Kellner gives— 


Protein 

Fat 

N-free 

extract 

Crude 

fibre 

Ash 

1*6 

0*2 

8*2 

1*3 

0*9 

0*9 

0*1 

6*0 

0*8 

0*7 


partly as nitrates. Waarrington estimates the 
non-albuminoid nitrogen in turnips at 49 p»o« 
of the total nitrogen, but gives as the average 
digt^hU albuminoids 0*2 p.o. in swedes^ and 
0*1 p.c. in turnips. Collins (l.c.) found, in 
' Monarch * swedes, the real albuminoids varied 
from 0*47 to 0*63 p.c., while the amides, &o., 
ranged from 0*34 to 0*61 p.o. Hendrick (U) 
found the proportion of non-albuminoid nitrogen 
to total nitrogen varied from 27 to 42 p.c. in 
yellow turnips, and from 23 to 69 p.c. in ‘ Best 
of All * swedes. In the days when the ‘ nitro* 
genous substances ’ or ‘ albuminoids * in food- 
stuffs were estimated by multiplying the total 
nitrogen by 6*25, turnips, in common uith other 
roots, gave results on analysis winch in<^cated 
that they possessed greater feeding valim than 
actual experience showed them to haws. If, 
however, distinction is made between true 
proteids and amino compounds, amidem and 
nitrates, the nutritive value of tumiik as 
assessed by analysis, seems, in most oasa, to 
bo much less tlian their actual efficiency as rpods 
(r. Ingle, Trans. High. & Agric. Soc. Scotland, 
1910, 22, 178; also Hendrick, ihid, 150). It 
would seem, in fact, that either the true albumi- 
noids in turnips are much more digestible than 
has hitherto been admitted, or, more probably, 
that the amino coro|)oiinds may, under certAin 
conditions, bc^have like albuminoids, in building 
up animal tissue. 

For a study of the hydrolysis of the soluble 
protein of swedes, r. Williams (J. Agric. Soi. 
1917, 8, 182). 

The sugars present in turnips arc dextrose, 
I»vulose, and sucrose, the invert sugars largely 
predominating. Tlie other N-free extractives 
include pectins, pt^ntosans, and cellulose. 

The ash of turnij)8 varies greatly in composi- 
t ion and amount . According (o figures compiled 
by Konig, the whole ash varies from 4*9 to 14*0 
p.c. of the dry matter, while the t>otash in the 
ash may range from 26 to 62 p.c., the lime from 
5*5 to 15*9 p.c., and the pbo^homs pentoxido 
I from 5*5 to 18*9 p.c. The mean of 32 analyses 
of the ash gave— 

K,0 CaO MgO Fc,0, P|0, SO, 810^^ Cl 
45*4 9*8 10*6 3*7 0*8 12*7 .11*2 1*9 5*0 

The up]:H;r half of a root is richer in solid 
matter than the lower, and due allowance must 
be made for this fact in sampling turnips for 
analysis. 

Turnip leaves are sometimes used for feeding 
purftosos ; according lo Kellner they contain, on 
the average- 

water Protein Fat N-tree extract Crude fihrs Ash 
88*4 2*2 0*6 5*3 1*6 2*1 


Swedes 87*8 1*6 0*2 8*2 1*3 0*9 

Tunups 91*6 0*9 0*1 6*0 0*8 0*7 

Warrington’s figures arc— 

± . Amides, K-free Crude 

Water Proteids etc. Fat extract fltee Ash 

8«6dM 89*3 0*7 0*7 0*2 7*2 M 0*8 

Shnrips 91*6 0*6 0*5 0*2 6*7 0*9 0*7 

protdn, i.c. toUl Nx6*25, fc the above 
,, iMhlyses, oontains a considerable and variable 
nmMif of uott-proteid subs^ce. Kfink 
states that fiw 36 to 66 p.o. of the total nitrogeii 
is present, |M^y as amides or atmla, 


Turnips, like other plants of the genus 
Bfosstm, contain ihio comnounds, and when 
they decay or even suffer slight deoomnoaition 
bv boiling, they evolve unpleasantHmdung sul^ 
pnur com|Kmiids, among which mercaptans m 
probably included. 

Turnips reouire liberal suppHis of ^lOiqpiialss, 
and phosphatio manuma, general^ 
phates, are almost invam^ used m this 
crop. For a study of iho dMnailmi of {tei- 
phates and niteogra when i^M m ft mmm 
to turnips, s. Bomsrvilts and W 
ChMB. Ind. 18 W, W, a), A l. 
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tORFHITIini V* Om^ lEssnirruir: also 
ftmswB. ^ 

The modttcti(m of iamntino and rosiu in 
IVance during the last 10 years haa been as < 
foliovB 


Tear. 

Turoestiae 
metne tons. 

Besta 
mstrio tons 

1913 . 

. . 25,000 

85,000 

1914 . 

. 19,000 
. . 15,000 

64,000 

1915 . 

51,000 

1916 . 

. 17,000 

60,000 

1917 . 

. 17,000 

60,000 

1918 . 

. 20,000 

60,000 

1919 . 

. 25,000 

85,000 

1920 . 

. 35,000 

120,000 

1921 . 

. 31,000 

105,000 

1922 . 

. 32,000 

118,000 


For the temperature coefficient of refractive 
index of American turpentine, see G. Thompson j 
(Chem. News, Jan. 12, 1923, 120, 20'21). 

About 75 p.c. of the world’s supply of 
turpentine is produced in the United States, 
chieOy from the southern longleaf yellow pine 
(Pinus palusiris)t but other sjK'cies, such as the 
Cuban or slash pine {P. caribm or heierophylla), 
the rosemary pine (a variety of the loblolly 
pine, P. foSo), and the western yellow pine 
Ip. ponderoea) are also tapped; most of the 
remaining 25 p.c. is obtained in the south- 
western coast regions of France from the 
maritime or cluster pine (P. pinaster or marUima). 
The following States contribute to the American 
supply : Florida, 37 p.c. ; Georgia, 19 p.c. ; 
Louisiana, 15 p.c. ; Alabama, 12 p.c. ; Missis* 
sippi, 9 p.c. ; Texas, 7 p.c. ; North and South 
Carolina, which formerly produced the bulk of 
the world’s supply, now furnish less than 1 p.c. 

The oleo*resin is obtained by scarifying or | 
•chipping ’ the living trees. A V-shaped cut is i 
made about once a week immediately above the 
last cut, thereby forming a ' face ’ down which 
the gum exuding from the cut flows, collects 
in galvanised iron or baked clay cups holding 
1 to 2 quarts. The tapping season lasts from 
early spring to late autumn, the olco-resin being 
remov^ from the cups about once a month and 
taken to the stills in barrels. 

The distillation plant is simple and has not 
been improved materially during the last 50 to 
60 years. It consists of a copper still of 500 to 
lOCiO gallons capacity, with a still-head (genendly 
|removable) connected to a large copper con- 
"densing-ooii cooled in water. From 7 to 14 
bamls of oleo-resin go to make a charge, depend- 
ing on the size of the still and the nature of the 
deo-iesin. 

l^e oleo-resin contains some water and the 
distillate at the beginning consists of about 
45 p,o» of turpentine and 55 p.c. of water. When 
the water d^reascs to about 30 p.c., a small 
stream of water is admitted to the still. The 
jrield of turpentine varies from 16 to 22 p.c. It 
h mostly shipped in wooden casks holding 50 to 
63 U*S. gallons (231 cub. in.), treated internally 
, With glue to juemt absorption of turpentine by 
the wpod. Tank can of 5000 to 10,000 gallons 
mecity an used in the Western States (F. P. 

and V, 8, (kfoUlioh, U.a Dept. A^o., 
^xnaa a| OhesL BnUetiti Ho. 398, 19^ in 
abstraot, X Soo, Cham. Ind. 1921, 165 84* 

: .CMifuuty Aaerioan toqpe&tine Is iMe to 


attack iron in the presence of air, thus acquiring 
a deep red colour. This appears to be due to 
organic acids of high mole^r wei^t (Levy 
and DeMes, J. 6oc. Uhem. Ind. 1923, 42, 473 T. ; 
1924, 43, B. 103). 

Wood turpentine is obtained from stumps, 
sawmills slab, Ac., by destructive distillation or 
l^steam distillation ; the crude product is redis* 
tilled over soda-ash, and when thus refined, can 
scarcely be distinguished from the volatile 
portion of the oleo-resin exuded from the living 
tree (spirits of turpentine.) Refined wood- 
turpentine has the following characteristics: 
Bp,gr.atl5'’0-803; 1-468; initial b.p. 163" ; 

distillation range 91 p.c. below 170®; acidity, 
trace. About 70 p.c. distils below 160®, and this 
portion has been identified as a-pinene (Lambert, 

J. Ind. Eng. Chem. 1922, 14, 491; Analyst, 
1922, 400). 

The following are suggested by the U.S. 
Dept, of Agric. as specifications for thiee standard 
grades of turpentine : — 

Standard or No. 1 turpentine should have a 
sp.gr. at 20® of from 0*802 to 0*870 ; a refractive 
index at 20® of from 1*468 to 1*476 ; 65 p.c. 
should distil below 170°, and a layer of not less 
than 200 mm. should required to equal in 
colour the Lovibond yellow glass No. 1. On 
polymerisation with 38-normal sulphuric acid 
the residue should not exceed 1 p.c., should be 
reddish in colour and viscous, and its refractive 
index at 20® should be from, 1*500 to 1*520. An 
unadulterated turpentine which does not agree 
with these requirements may properly be 
regarded as not of standard or No. 1 quality. 

Second quality or No. 2 turpentine should 
have a sp.gr. at 20® of from 0*862 to 0*876 ; a 
refractive index at 20® of from 1*468 to 1*4^; 

90 p.c. should distil below 170®, and a depth of 
not less than 100 mm. should be required to 
equal the Lovibond yellow glass No. 1. The 
polymerisation residue must not exceed 1 p.c., 
and must have a refractive index of not less than 
1*50. 

Third quality or No. 3 turpentine should have 
a sp.gr. at 20® of from 0*805 to 0*880 ; a refrac- 
tive index at 20® of from 1*468 to 1*485 ; 60 p.c. 
should distil below 170®, and a depth of not tees 
than 50 mm. should bo required to equal the 
Lovibond yellow glass No. 1. The polymerisa* 
tion residue must not exceed 1 p.cr, and must 
have a refractive index of not less than 1*500. 

The following are the tests for adulteratioB 

•Straight* wood turpentines are readily 
distinguished from gum turpentines by their 
odour, or when they liave boon very carefully 
refined by the odour of the first ftamon, or of 
the residue from fractional distillatloii. One 
or both of these portions have the peeuUar 
• sawmill smell,* and the residue has a oatnphorio 
and somewhat nauseating odour characteristic 
of wood turpentine, which is quite difiemt 
from the mild , sweet f ramnee of gum turpentine^ 

Destructively distilled wood tumntkie «>d 
also rosin spirits are moie readily distiiigtiitdied 
from gum spirits by their odour than is wood 
turpo^tiiie i^paved by steam diitlllatk)ii; and 
they also me distinguiBhiDg odour zeactioiii 
wh^ mixed with sdphimras add or witlaln^^ . 
ddorie add. Whim steam-dMUed wood ; 
pentins haa hm lofinod so ^ 



TURPINTINB. 


95 p.c. of it distils ftt from 155^ to 170^ both oi 
tibeie colour tests are piaotioaily useless. 

At the present time a number of highly 
refined grades of pine wood oil (“kiendr’), 
obtained as a by-prodnot from the manufacture 
of sulphate wood pulp, are on the market apd 
employed for the adulteration of true turpentine 
oil. An extremely simple test for this adultera- 
tion is obtained with the ferric ferricyanide 
reagent. Two solutions are made up (a) with 0*5 
grm. of potassium ferricyanide in 250 c.c. of water 
and (6) 0*1 gnn. of ferric chloride in 250 c.c. 
Four C.O. of each of the two solutions arc mixed 
together and 3-5 drops of the sample to be 
te^d are added. With impure turpentine oils 
the formation of Prussian blue is observed 
within a few minutes. Pure turpentine oil 
within 3 minutes produces only a faint green 
coloration, or at the most slightly blue colour 
at the line between the oil and aqueous layer 
(H, Wolff, Zeitsch. angew. Chem. 1923, 36, 233; 
J. Soc. Chem. Ind. 1923, 42, 730 A). 

Turpentine adulterated with more than 
10 to 20 p.c. of coal-tar oils, or of gasoline or 
kerosene which have not been deodorised, may 
usually be readily detected by the characteristic 
odour of the mixture. The odour of rosin 

S pirits, while quite distinctive, is difficult to 
etect in mixtures uith turpentine. The 

E nce of petroleum oils is also indicated by 
les or * beads ’ persisting for a few inoraenrs 
on the surface of the turjientinc shaken in a 
partly filled bottle. I 

The presence of more than 10 p.c. of k(Tos(mo 
or similar mineral oils is readily detected by the 
spot which a few drops of the sample placed on 
white paper leaves on drying. Gasoline and 
other l^ht mineral oils do not leave this spot. | 
It is possible so to adulterate tu^niine that 
neither the specific gravity, refractive index, or 
flash-point is materially altered. Such careful 
adulteration is rare, but as adulterants cannot 
invariably be detected by making these determin- 
ations, and farther, as mineral oil is the most 
probable adulterant, it is more rational at once 
to polymerise the suspected sample, note the 
volume, colour and consistency of the un- 
polymerised residue, and determine its re- 
fractive index. 

If rosin spirits is present in notable quanti- 
ties, it may be detected by the amount of residue 
on polymerisation in conjunction with lowered 
initial boiling-point and the deep coloration 
piodnoed by mixing portions of the original 
tumntine of the fij%t fraction with sulphurous 
acid and with hydrochloric add. 

If the initial distilling temperature of the 
turpentine is less than 154^ and the original 
sample gives a reddish colour with sulphurous 
ackf and a greenish-red with hydrochloric wdd, 
and the rwidue from polymerisation is less than 
6 p.c., it is probable that the sample is aduiU^r- 
atM with rosin spirits. An odour of rosin 
spirits in the sample, or in any fraction, would be 
Gonfirmatoiv, and all tests should be repeated 
on the first fraction obtained with a fractionating 
^umn. At bwt the detection of small amounts 
i.^forinepiritsis very difiicuU, and^he procure 
'OBtiined may often fail to detect its presence. 

The mmioe of marked quantities of coal- 
tar oils, llMml, toluol, and xyill is detected by 
the odomv l^iower initial ^tilling temperatuia, 


<.e. between 80® and 166®, and bjy farther 
exanrinStion of the first fractions which distil 
below W®. The r^ of tempemtm on shaking 
during polymerisation is also indicative of the 
nature of the sample* Ooal-tar and petroleum 
oils do not raise the temperature more than 35® 
or 40® when mixed with sulphuric acid. When 
the temperature of turpentine mixed with 
38-normal sulphurio acid does not rise above 
50® or 60®, mineral oil, coal-tar oil, or some other 
oil than turpentine is present in large quantitiea. 
The older tne sample of turpentine, the greater, 
or at least the more rapid, the rise of the tempera- 
ture of the mixture. 

Benzene in turpentine may also be detected 
by the precipitate of NiCyjNHjCjHj, which it 
forms with nickel ammonium cyanide (Pritaskw 
and Jungkunz, Chem. Zeit. 1024, ffi, 555; 
Analyst, 1924, 49, 450). \ 

Non-volatile oils are easily detected by a 
distillation test (J. Soc. Chem. IndL 1911, 30, 
559). \ 

For the constituents of Indian tu^ntine 
from Pinu-s longifoUut lloxb., see J. L. Simbnaen 
and M. G. Rau ((!hcm. Soc. Trans. 1923, 123, 
549-5(i0) ; J. L. Simonsen {Chem. Soc. Trans. 
1923. 123, 2042-26(i6). 

Oil of turpentine from Ptnw laricio of Spain 
contains over 90 p.c. of /-pinene (Dupont and 
Barraud.Buli Soc. Chem. 1924, 35, 784; J. Soc,' 
Chem. Ind., 1924, 43, B. 720). 

Venice Turpentine. — The production of 
Venice tur|K*nlinc (trementina) in Italy is con- 
fined to the Province of Venetia Tridentine, 
formerly Austrian Tyrol t<*rritory, in the 
northern part of Italy. In this n^gion that 
sj)ceie8 of pine known as larch Is found in 
abundance on the slope's of the A])enmnes, 
and the dloiillation of turpeidino from the 
wood of this tree forms an lrn{M>rtaiit industry. 
There st^ems to be no inonoiK)ly of the industry 
as, according to the Journal of the Rt)yai Society 
of Arta, quoting a United States Consular report, 
the production of Venice turpentimo (known to 
the producers as olio greggio di laricc or Tyrol 
larch turpentine) is divided among a great 
number^oi indiriduals and small concerns. In 
some coses the municijml govenimcnt owns and 
operates distillation plants for the production 
of turpentin(%— an unusual occurrence in Italy. 
Venice or TjtoI larch turjwntine is sold by 
weight (Phann. J, Sept. 8th, 1923). 

TURPETH or TURBITH MINERAL An old 
name for basic mercuric sulphate Hg$ 04 ' 2 IlgCf, 
sometimes called Queen's yellow, o. Im- 
my. 

TURPETH or TURBITH ROOT* The root 
of the convulvulaoeous plant Ifomm Tnr* 


(K.Br.) [Opartvlina Turftmm (Peter)], 
found in India and Australia. It contains 
a volatile oil and a drastic rosin, 

isomeric with jatapin and stsammonin. 
When treated with dilute minend ackis this sub- 

acid (v* Boutron-Charlmd, 

Chim. 8, 131 ; Bpirgratis, J. pr. diem, fi.] 93, 97). 
TURPETHme.GLVCOSii>Xi. 

TURQUOISE or CALARB Oer.). 

A gem-stone whieb hm often hm pefMded is 
a hydrated aituidnkm phoiffi^ 

2Al,0,'P,d»,5H,0 


TtftOSIHE. 


aocKi^tii^lly oolouxod by oopper and iron pboa- 
pbaioB. It \m been B&vn* however, by S. L. 
Pendeid (Amer. J. Sol 1900, 10, 346) that the 
letter en^ into the constitution of the mineral, 
and he writes the formula aen- 

IAl( 0 H)„Fe( 0 H)|,Cu( 0 H),H]aP 04 


some analyses approximately two-thirds of the | 
hydrogen atoms are so replaced, and the formula 
b^mes Rj^HPOi, The amount of copper 
ranges from 2*0 to 8*6 p.c. CuO, and the iron 
from 0*1 to 4*0 p.c. FejOj,. The mineral is 
soluble in hydrochloric acid without discolora- 
tion ; when heated it loses water and blackens. 
It is opaque (or translucent in thin chips) with 
a sky-blue to green colour, and on the polished 
surface shows a soft, waxy lustre ; 8p.gr. 2*6- 
2*8 ; H. 6. Turquoise occurs os cryptocrystal- 
line masses, sometimes with nodular or stal^titic 
surfaces, in crevices in rocks, more especially 
in those of volcanic origin. The best quality 
of material has for centuries been mined near 
Kishapur in Persia, and kdng exported to the 
west through Turkey it came to bo known as 
turquoise. Deposits in the Sinai Pcnir^sula 
were worked by the ancient Bgyi)tians. Ancient 
mines, worked in prehistoric timc.s, are also 
known in Mexico and in the state of New Mexico. 
Considerable quantities (17 tons in 1900, and 
8J tons in 1910) are now obtained from Nevada, ! 
New Mexico, Arizona, California, and Colorado | 
(D. B. Sterrett, Min. Res. U.S., Annual Reports 
for 1910 and earlier). Mijiule ciystals of tur- 
quoise have been describeKl from Campbell Co., 
Viiginia; these are triclinic and isomorphous 
with chalcosiderite. Analysis of them gave the 
formula CuO*3Al2O3*2P2()j’9H20 ; written in 
the form of Penficld’s formula this becomes 

[6AI(OH)2][Cu(OH)]U3(PO,)4 

(W. T. Schuler, Amer. J. Sci. 1912, 33, 35). 

Turquoise has been imitated by subjecting 
to pressure a mixture of aluminium and copjxT 
phosphates. Very clever imitations ^re also 
m^ of glass ; these may be detected by the 
bright, glassy, couchoidal fracture when chipped 
at the eages-~the fracture of turquoise being dull 
and finely granular. 

Bonfi-ttarquoise or odoiUoliie is fossil bone or 
ivory ooloui^ by the iron phosphate vivianite, 
or perhaps sometimes artiiicially stained by a 
oopper solution. It can be recognised under 
the microscope by its organic structure. It 
effervesces with acid, and gives a smell of burning 
when heated. L, J. S. 

TUSSOL. Antipyrino mandelate. 
TUTENAGorTUTENAGUE. Chinm Bilver. 
FaehJ<mg, An alloy resembling German silver. 

TGTOOAINE. A local anaesthetic of the 
novooaine type (c/. Vol. vi. p. 637). Its action is 
ter6 powenm tham that of novacocaine (Schole- 
mm. Lancet^ 1924, 206, 965; Pharm. J. 1924, 
U8» 46; Wagner, Ai^. Exp. Path. Pharm. 1925, 
109^; Cbem. Soo. Abstr. 1925, 128, i. 1503). 

' !ltS4!IAUIN {kakymtin). Tr^e name 

lor cald um aeet yl aaliqylate. 

^ littiim to 


ooumaric acid, used in the treatment of in- 
operable cancer. 

TYUfATRIN. Trade name for sodium 
a^Uda^ylate. 

TTlfDAiLMErER. j8ee Nbthxlomstby. 

TYPE METAL u. Tin. 

TYRAMINE. Trade name for p-hydroxy- 
phenylethylamine hydrochloride, v. Ergot. 

TYRIAN PURPLE v, Pitbple of the 
Ancients. In Costa Rica a dyestuff apparently 
of the * Tyrian purple * class is obtained from 
shell-fish, and is used for dyeing silk thread a 
fast purple colour. 

TYROSINE, ji-hydroxyphenylahnine, p- 
hydroxy- fi^phenyha'aminopropimic acid 

HO*CeH4CH2*CH(NH2)COaE 

was so named by Leibig, who firsf obtained it by 
fusing freshly prepared cheese (rvpos) with 
caustic potash (Annalcn, 1846, 57, 127). It occurs 
widely spread both in the animal and vegetable 
kingdoms, forming one of the most common 
products of proteid hydrolysis, and occurring in 
the free state in the seedlings and young shoots 
of the vetch (Vicia saliva) (Gorup-Besanez, Ber. 
1877, 10, 781) ; the gourd (Cucurbita pepo) 
(Schulze and Barbieri, ibid. 1878, 11, 710, 1233} ; 
the Inplns (Lupinus bOeus, L. albus) (Schulze, 
ibid. 1878, 12, 1924; Wassilieff, Undw. Ver- 
Buchs Stat. 1901, 55, 45); in tho tubers of 
potatoes {Solanitm tuberosum) (Schulze, Ber. 
1879, 12, 1924), the swede {Brassica rapa)^ the 
dahlia {Dahlia variabilis) (Borodin, Botan. Zeit. 
1882, 590; Leitgeb, Chera. Zentr, 1888, 1397; 
Bertrand, Compt. rend. 1806, 122, 1215) ; in the 
tubercules of Stachys ttibif&ra{V[mia ana ^hulze, 
Ber. 1890, 23, 1698) ; iti tho juice of sugar beet 
(Bela vulgaris) (v. Lippmann, ibid. 1884, 17, 
2835), in celery [Apiuu gravedens) (Bamb^er 
and Lindsicdl, Monatsh. 1004, 25, 1030); m 
the unripe seeds of the French bean (Phasedus 
vulgaris) (Pfenninger, Ber. Deut. bot. Qes. 
1900, 27, 2*27), the pea {Pimm sativum) (Schulze 
and Winterstein, Zeitsch. physiol. Chem. 1910, 
65, 431) ; in the green pods of the broad beim 
(Bourqueiot and Herissey (J. Phann. Qum. 
1898 (vi.] 8, 385) ; in the juice of olderbrnries 
(Sambuevs nigra) fSack and Tollens, Ber. 1904, 
37, 4115); in fungi (Winterstein, Zeitsch. 
physiol. Chem. 1899, 20, 438). In the animal 
ki^dom, t^Tosine is found in caterpillars, crabs, 
spiders, and beetles (v. Lippmann, Ic.) and in 
cochineal (Warren de la Rue, Aimalen, 1848, 
64, 1) ; in the larva of LuoiUa OgeMf (Qessard, 
Compt. rend. 1904, 139, 644); it oceuta in 
Emmenthaler and in Roquefort cheeses (Bmieeke 
and Schulze, Landw. Jahrbucher, 1887, 16, 317 ; 
Winterstein and Thony, Zeitsch. phymol. Oto* 
1002, 36, 28 ; Dox, J. Amer. Chem. 1911, 
423). Under normal conditions, tyrosine is not 
found in the liver or blood of men and animals, 
but occurs under certain patholo^cal conditions 
(^riohs and Staedelcr, J. 1856, TOG; Hoppe* 
Seyler, Zeitsch. physiol. Oiem. 1881, 5, 3^ ; 
Keuberg and Richter, Deut. med. Wodmusch* 
30, 499; Huber, Archiv. Heilkunde, 18, 4^; 
Wyss, Schweiz, Zmtsdi. HeUku^ The 
presence of tyrosine in muscle «ui in all other 


presence of tyrosine in muscle «ui in all other 
organs which do not normally contain prodnets 
of digestion suggests putrefaction Jfiettrs^ 
Oompt rend, 158, 1934); v. 

Phann, Chim. 1913^ (ril] 8, 589) for its pnatoa 
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ill orine. It ean be detected by the Freriohs- { 
Stideler method in normal or pathological 
loines, in quantitiee of 0*2 gram in 400 0 . 0 . of 
urine and by Lippich's method in quantities td 
0*01-0*02 gram in 100 o.c. Tyrosine is some- 
times present in cases of acute yellow atro|)hy 
fSehumm and Papendieok, Zeitsch. physiol. 
Cton. 192% 121» 1). 

JV«ajafT£rfttm.— Tyrosine is most conveniently 
prepare from silk by hydrolysing with fuming 
hymx)chlorio acid, and eva^rating the product 
under reduced pressure to dryness ; the residue 
is dissolved in water and a stream of ammonia 
passed through the solution; it is then again 
evaporated to dryness, and the residue treated 
with cold water, when the tyrosine is left un- 
d^lved ; or the whole residue may be boiled 
with wat^ and animal charcoal, and from the 
filtrate pure tyrosine crystallises out quanti- 
tativdy ; one kilo of silk yielding 50’65 grms. of 
tyrosine (Abderhalden, l&itsch. physiol. Chem. 
1912, 77, 75 ; Abderhalden and Teniuchi, ibid, 
1906»48, 528). Marshall (J. Biol. Chem. 1913, 

15, 85) recommends obtaining it from the 
pancteaiio digestion of caseinogen ; the liquid 
on cooling deposits an abundant crystalline 
yield of tyrosine 

For the preparation of tyrosine from pep- 
tones, tee Beijerinck (Chem. Weekblad, 1919, 

16, 1494). 

/8y»lAcsw.-~Staedeler (Annalen, 1860, 116, 
57) was the first to show that tyrosine was an 
aromatic compound, since it yielded chloranil 
(tetr^hloroquinone) on treatment with chlorine ; 
but its constitution as p-hydroxy-fi-phenyl-o* 
aminopropionic acid was not established until 
1882 when Frlenmeyer and Lipp (Ber. 1882, 
15, IM; Annalen, 1883, 219, 161) prepared 
racemic tyrosine from phenylacetaldenydo by 
the following series of reactions : ^henylacekdde- 
hyde on treatment with hydrogen cyanide gave 
^^ylkKkmitrile ; this was converted by 
ammonia into the nitrile of 'phenylalanine which, 
on hydrolysis, gave phenylalanine; p-nitro> 
pkenylalamne on reduction gave the corre- 
sponding amino compound from which p- 
hydroosyphenylalanine (r-tjwsine) was produced 
by the action of nitrous acid. 

CA*CHi*C!flO-» C,H5 *CHjCH(OH)CN 
C,H, CH,-CH(NH,)CN 
C,H,*CHi*CH(NH.)CO,H 
NO,*CJl4*CH,*CH(NH,)CO,H 
Jra,*C4H4*CH,*CH(NH,)COJl 
HO*C4H4*CHjCH(NH*)COjH 

A more convenient method of synthesis is 
that due to Erlenmeyer jun., and Halsey 
(Annalen, 1899, 307, 138), in which p-hydroxy- 
bessaldehyde and hippuric acid conoense in tne 
presence of acetic anhydride and anhydrous 
sodium aetate to form the acetyl derivative 
of the ketimide of p-hydroxy^adfenzoylamino> 

. /NBi 

0nmme acid, OAc'C’iHi-CH : C( 1 . This, on 

f \oo 

hydtolyiis with alkali, gives p-hydroxy-a-henzoyU 
mmmcitmmkaeid 


acids into t^iyrtmne. Another method of 
synthesis which can also be extended to the 
preparation of halogenated derivatives of 
tyrosine is described by Wheeler and Hofimann , 
(Amer. Chem. J. 1911» 45, 368; el Whe^» 
Hoffmann and Johnson, Bio-Chem. J« 1911, 10, 
147 ; Johnson and Bengis, J. Amer. Chem. Boo, 
1912, 34, 1061). This method consists in 0(m- 
densing a suitable aldehyde with hydantoin, 
reducing and hydrolysing the product; thus 
hydantoin and anisaldehyde yield anitylidme- 
/CO-NH 

hydantoin MeO'CgHi'CHtC^^^ ^ which, 

when boiled with hydrogen iodide is converted 
into tyrosine together with a small quantity of 
i^p-hydroxyhenzoylhydarUoin (fyrostneAydei^jiloin) 

XO-NH 4 
0HC4H4CH4*CH( I \ 


from which tyrosine can be obtained by bailing 
with baryta water ; dUyrotxne may alsb be 
synthesised by condensing ethyl phthalimjho- 
malonate with p-methoxybenzyl oromide and 
hydrolysing the product (Stephen and Weis- 
mann, Chem. Soc. Trans. 1914, 10.5, 1152). 

Pfoper/ies.— -1-Tyrosine, the natural product, 
is also obtained by the resolution of d/ benzoyl- 
tvrosino through its brucine salt and subsequent 
hydrolysis of the l-benzoyltyrosine. It crystal- 
lises in long fiexiblc silky needles, soluble in 
2491 parts of water at 17^" (Erlenmcyer and Lipp, 
lx.), more readily soluble in hot water ; dissolves 
in 13,500 parts of cold 00 p.c. alcohol (Staedeler, 
I.C.), insoluble in acetone, ether or abeolute 
alcohol. It melts and dctcotnposes at 314’’- 
318** (corr.) when rapidly heated (Fischer, Ber. 
1899, 32, 3638) ; at 295‘^‘{(;ohn, Zcitsch. physioL 
CTiem. 1890, 22, 166) ; at 272*’ (Halwrinann and 
Ehrenfeld, ibid, 1902, 37, 18); 287'^ (Trans. 
Guiimess Lab. 1903, i. 57). 1-Tyrosine is 
lievorotatory both in acid and in alkali solu- 
tion ; the specific rotation varies with the con- 
centration. For a 4 p.c. solution in 21 p.c. 
hydrochloric acid, the natural product has 

[a]J®~-^7*98® (Mautlmer, Monatsh. 1882, 3, 
345), [o]f— 8-07" (Undolt, Ber. 1884, 17, 
2838); fa]u=““8*48® (Schulze, Zeitsch. physioL 
Chem. 1884, 9, 98) ; the synthetic product has 
(Fischer, Ber. 1899, 32, 8638). 
In a 4*6 p.c. solution in 4 p.c. hydrochlorio 
acid, the synthetic compound has [ 0 ^**— 18*2® 
(Fischer), and the natural product 14*6® 

to -lO'P (Schulze and Wintersiein, Zdtsebu 
physiol, diem. 1902, 35, 299); in a 5*8 p.c« 
solution of 11*6 p.c. potassium hvdroxlde, the 


HO<J|H4*CH;0(NHBz)C§4H 


HO*q|H4*CH.CH(NHBi)CO,H 

jhaiaed tati eosverted by bydrolysia with 


natural product has [aJp^-O'Ol® (Mauthner, U)* 
The molecular heat of eombustJon Is 1071*2 Cal., 
heat of formation 156*4 Cal. (Berthelot and 
Andr4, C^ompt. rend, 1890, 110, ^)* TU 
affinity constants of tyrosiM aiw: fiifl aold 
dissociation constant ai«4x 10**'% seoond asid 
dissociation constant its»»4xl0*^^ basio dk^ 
sociation constant A5«2*6xl0 (Kaaif»t 
Arehiv. 1907, 118, 5^, laU tingk 
band ul^ violet absofptkul ipeokm exUUted 
by solutions of tyiosbM, is motleaQy 
^th that of plaids 




mosm 


and otiter pioteids that contain no 
^^sme show continuous spectra (Blyth, €&em« 
Soc. Trans. 1899i 1164). Tyrosine is not 
affected by diasometiiane (Gcake and Nieren- 
etein, Bio«Chem. 1915, 9, 909). For the 
oxidation oi tyrosine, u. I^nis ( J. BioL Chem. 
191 W2, 10, 73). 
llS-imthffUyrosinef 

0H-0,H4‘CH,CH(NH-CH,)-C00H 

may be obtained from natural l-tyiosine by 
means of the monotoluene sulphonyl derivative ; 
it has [a]|^+ 19*75, and it is identical with 
natural rataline (Fischer and Lipschitz, Ber. 
1915, 48, 360). 

d-Tyrosine, obtained by the resolution of 
dl-benzoyltyrosine through its cinchonine salt 
and subsequent hydrolysis, has [a]y®-f 8*64® in 
4*6 p.c, solution of 21 p.c. hydrochloric acid 
(Fischer) ; the dextrorotatory tyrosine obtained 
by V. Lippmann from the white shoots of sugar 
b«t gave [a]j,= +6*85® in 25 p.c. hydrochloric 
acid ; a feebly dextrorotatory tyrosine was 
found by Winterstein and Thony (Zeitsch. 

e siol. Chem. 1902, 36, 28) in a very old 
monthaler cheese. 

df-Tyrosine prepared by hydrolysis of the 
synthetic benzoyl derivative crystallises in stout 
needles, melting and decomposing at 316® (corr.) 
when rapidly heated (Fischer, l.c,) ; its hydro- 
chloride is much less soluble in concentrated 
hydrochloric acid than are the salts of the 
optically active forms, and the racemic com- 
pound can thus be sej)aratc‘d from admixture 
with d- and l-tyrosine. By fermentation with 
large amounts of j^east in the presence of sugar 
ana nutritive salts, t^njsine is converted to the 
extent of 60-80 p.c. into \i-hydrory'plie,nyletkan6t 
(tyroaol) HO-C^H^-CH.-CH^OH, m.p. 03®, b.p. 
310® (compare also Hirai, Acta Schnl» Med. 
Univ. ImjMrial, Kido, 1918, 2, 426). The 
dihenzoyl atrivative melts at 111®; tyrosoi is 
also obtained by tbe action of yeast on jh 
hydroxyphenylethylamine (Ehrlich, Ber. 1911, 
44, 139; Ehrlich and Pishtsclumuka, ibid. 1912, 
45, 1006). According to Tsudji (Acta* Schol. 
Med. Kyoto, 1917, I, 439, from Physiol. Abstr. i 
1917, 2, 320 ; 1918, 3, 165) Bacillus proteus 
iAdgam attacks r-tyrosine, and 65*7 p.c. of 
d-tyrosine can be isolated. Tyrosine is con- 
verted to p-hydroxyphenylethylamine to the 
extent of 78*7 p.c. by the action of B. edi in a 
suitable medium ^asaki, Biochem. Zeitsch. 
1914, 59, 429). Bacterial action degrades 
tyrosine to ^enol W removal of the alanine 
side-chain, Sieke (Z. Hyg. 1921, 94, 314) 
describes experimental conditions for the 
culture of pnenol-forming bacteria and the 
morj^ologiccd, cultural, and serological be- 
haviour of Bacilhs edi phendogenes and B. 
pamdi phendogtm. Varieties of B. coU 
capable of fbnning phenol are widely distributed. 

By poto* ^ve decomposition, tyrosine is 
successively broken down into hydro-p-ooumaric 
. aiQjdHO</^ 4 <]SBj€Ht*CK)«H,p-hydroxyphenyl- 
mric add HO*C 4 H«m*GO,H, p-oresol and 
phenol (Baupumi lAO, 13, 279 ; Zeitsch. 
phyd^ Ohem. 4, 304), The admintstta- 
wm of to normal animals causes (he 

poodUelfen of phenol in tim urine, but no excess 
of hydi^ acidi (Sbudminasm, ftiU 1882, % 


234; Bied, Zentr. 1883, 209; Cohn, Zeitsch, 
physiol. Chem. 1894, 14, 189), except in one 
case when a man took 60 grms. of tyrosine in 
24 hours, and this produced alcaptonuria, homo* 
gentisic acid being found in the urine (Abder- 
halden, ibid, 1912, 77, 454). Inactive tyrosine 
administered to cats undergoes i^eotive de- 
composition, so that the urine contains more of 
the dextro- than of the naturally ocenrring 
laevo- variety, and on evaporating the neutral 
or alkaline urine containing the tyrosine, it is 
converted into the corresponding nramino add 
which, on subsequent treatment with add, 
readily loses water, yielding tyrosine hydantoin 
(Bakin, J. Biol. Chem. 1910, 8, 25). In the 
case of alcaptonurics, the administration of 
tyrosine or certain derivatives of tyrosine, such 
as mono-palmityM-tyrosine, distearyl-l-tyrosine, 
p-aminotyrosine, causes an increase in the 
amount of homogentisic acid excreted (Abder- 
haldcn and Massini, Zeitsch. physiol. Chem. 
1910, 66, 140; Wolkow and Baumann, ibid, 
1891, 15, 228). 

Dekctim and cstiwa/ibn.— -Tyrosine develops 
a red colour when warmed with Millon's reagent, 

I and can be estimated by means of this reaction 
(Weiss, Biochem. Zeitsch. 1919, 97, 170). When 
tyrosine is dissolved in a few drops of warm 
concentrated sulphuric acid, and the diluted 
solution neutralised with barium carbonate, 
the filtrate gives a beautiful violet colour with 
ferric chloride (Pirea, Annalen, 1852, 82, 262). 
If a few droi>8 of a solution of t3rro8ine are 
added to 2 c.c. of sulphuric acid contain^ 

3 to 5 drops of a solution of aldehyde in twice 
its volume of alcohol of 90®, the liquid acquires 
a gooseberry red colour, the intensity of which 
is proportionate, between certain l^ts, to the 
quantity of tyrosine present (Benig^s, Compt. 
rend. 1900, 130, 583). When tyrosine is added 
to a reagent consisting of 1 part of formalin, 
45 parts of water and 55 parts of wnoentiated 
sulphuric acid, a green coloration is develo]^ 
on ooiling the mixture (Momer, Zeitsch. nhysioL 
Chem. 1902, 37, 86). C/. Totani (Bio-CSiBin. J, 
1915, 9, 391). 

Tyrosine develops a rose-red colour tm^ 
the influence of tyrosinase, the colour chai^ging 
to a dirty \iolet, and Anally a black preoijntate 
of mdanin is deposited {v, TymmoH, art 
Fermentation). See also Eaper and WormaU 
(Bio-Chem. J. 1925, 19, 841 ; Happold and Baper 
(Bio Chem.J. 1926.19,92); Gortner (Proc. ffoc. 
Exp. Biol. Med. 1924, 21, 543; Chem. Boe. 
Abstr. 1926, 128, i. 474). 

Tyrosine is readily estimated by Utratjon 
with N/5 sodium bromate in the presence of 
hydrochloric acid and sodium bromide, the 
liberated bromine being absorbed by the 
tyrosine with formation of dibromotyiOBiiie 
(Millar, Trans. Guinness Lab. 1963* 1^ 1 » 

Brown and Millar, Chem. Soo. Tram* 1906, 
145). For the estimation of ^misine in proteina^ 
V, Plimmer and Eaves (Bio-dhem. J. 1$13, 913, 
7, 297); Johns and Jones (J. Bioohein* 1918, 
36, 319). 

For the estimation of tyrosine in the presenee 
of urio add, edb Herzfeld and Klinger (Bodiem* 
Zeitsch. 1918, 88, 283 ; Fiirth and Fldschmann 

e Kihem. Zeitseli. 1922, 127, 137); Folks and 
ney (J. Biol. ehem. 1922, 51, 421)^ 

For a miiaocbesaioal method of eefciiiirtil^;: 




TYBOSmB, 


tyrosine, eee Hanke and Koessler ( J. Biol. Chem. 
1922, 60, 236). 

8aU$ and dmvaiim,’-4-TyroBme forms o^- 
talline salts with mineral acids which dissociate 
in water, the hydrocMoride 09Hii03N*HGl,2H,0, 
hydrdbrmide C,HjnO,N*HBr, hydriodide 

CjHnOjN'HI 

CjHijOjN'HNOs, and sidpltaie 
C,Hn03N-HjS04 

are described (Haushofcr, J. 1883, 1177; Aloy 
and Eabaut, Bull. Soc. cMni. 1908, [w.] 3, 301 ; 
Siaedeler, Annalen, 1800, 116, 64) ; the platini- 
cMoride (C3Hii08N‘HCI)jPtCl4 forma yellowish- 
brown readily soluble crystals (Gintl, Zcitach. 
Ohem. 1869, 704) ; the picrclmaU blackens and 
r sinters at 260® (Levene and van Slykc, J. Biol. 
Chem, 1912, 12, 127). The followng metallic 
salts have been prepared, those of the heavy 
metals and the alkaline earth metals are sparingly 
soluble; the copper salt (CjHioOjNl^Cu dissolves 
in 1230 parts of cold or 240 parts of boiling 
water (Hofmeister, Annalen, 1977, 189, 24); 
the silver salts CjHjOaNAgjjHjO 

C,Hio03NAg,iH20 and C^HioCaNAg 
the mercury salts, CjHii03N‘2Hg0,2H20 
CgHii08N-2Hg0,H20 and C,Hn03N,3Hg0,H20 
the harium salt (CgHiQ03N)2Ba ; calcium salt 
CgHgOjNCa, the mercury-calcium salt 

(CgHg03N)2CaHg 

and the sodium salt CgHgOjNNaj (Vintschgau, 
J. 1869, 895 ; Baumann, Zeitsch. ph3'sird. (.’hem. 
1880, 4, 320 ; Causse, Compt. rend. 10(X), 130, 
1196j. Certain mercury salts are of thera- 
peutic application, o. Dr. Bayer & Co., D. 11. PP. 
267411, 267412, and Ho£Fmann-La Roche & Co., 
D, R. P. 279957), 

l-Tyrosirie methyl ester CgHioOsN’CHg forms 
colourless prisms, m.p. 135®-! 36® (corn); 
[a3^^=+25’75® in methyl alcohol solution ; the 
h^rocUofide OgHioOgN’CHgjHCl forms colour- 
less needles ; \-tyrosine ethyl ester 

CgHjgOaNC^Hg 

luM m.p. lOS'-lOS”, [o]j''+20-4'> in 5 p.c. 
alcoholic solution ; the hydrochloride 
C,Hjo 03 NC 2 Hg,HCI 

has m.p. 166® (Fischer and Schrauth, Annalen, 
1907, 354, 21; Fischer, Bcr. 1908, 41, 850; 
lilienfeld, Archiv. Physiol. 1894, 383, 555; 
Bdhmann, Ber. 1897, 30, 1978; Fischer, ibid, 
1901, 34, 433). Tyrosine amyl eHer, m.p, 68®- 
70®, yields a hydrochloride, m.p. I8i®-182® 
(Curtius and Donsclt, J. pr. Clicm. 1917, fil] 
96,327). 

hTyrosineanhydride CjgHjgOgNj has m.p. 
277®-280® (corr.), —223*8® in N/l sodium 

hydroxide (Fischer and Scrauth) ; r/, Graaiiani 
(Atti R. Accad. Lincci, 1916. [v,] 25, 1, 509) ; 
as anhydride (C,HgOgN)*, slender white ciy^stals, 
imp. 278®-279® (oncorr.), and an isomeric anhy- 
i dlide, a powder, m.p. 279®. are dt»scril»cd. d- 
fi, ^ 273®, lia«,|a]^55 +37*59® 

14411 alludine solution, and [oljj+93*87® in acid 
folitti^n (IVtokel and Feldsberg, Biochem. 

218).t l-fyrosineamide 
has m.p. 153®-'164® and 


+19.47®, condenses readily with ethyl 
chlorocarbonate to form the monocarbethoxyl 
HO*OgH4*CHa‘CH(NH*CO,Et)CONH| 
m.p. 155®-167®, and the dicainMoaeyl 
EtOjC*0*CgH«’CH8CH(NH*COaEt)*CO*NH, 
m.p. 186® (corr.), derivatives ; the dinapMhdlm^ 
svhhcmyl derivative CjgHagOgNiSg has m,p. 204® 
(corr.) (Koenigs and Hylo, Ber. 1908, 41, 4427). 

The following acyl derivatives of f-tyrosine 
are descrilMsd ; l^-acetyl-l-tyrosine, m.p. 166®, by 
methylation with methyl sulphate gives N- 
acetyl-O-methyl-Uyrosine, m.p. 147®-148®, which 
on hydrolysis yields 0-nMyl-Uyrosine, m.p. 
243® (Karror, Gisler and others, ijelv. Chim. 
A(jts, 1922, 5, 469) ; the benzoyl derii^ive 

H0*C4ll4*CH3CH(C03H)NH*C0CgH5 
m.p. 1G5®-106® (corr.), faf® = + 19.25^in 8 p.c. 
alkali solution, the 6rttcme salt is crystalline; 
the dibenzoyl derivative \ 

C,H,C00C,H4-CH,CH(C0,H)NH-C^,H, 
has m.p. 2ir-2l2® and forms a potassium and a 
cadmium salt (Fischer, Ber. 1899, 32, 3638, 
2454) ; the formyl derivative 

HOC4H4‘CH3*CH(COgH)NH-CHO,HgO 
m.p. I7r-174'’ (corr.), [o]f=+84-8‘’ in 6 p.c. 
alcoholic solution (Fischer, ibid. 1907, 40, 3704 ) ; 
the jxilmityl derivative 

H0*CgH4*CH,€H(C03H)xVHC0[CH,]jgC‘H, 

m.p. 133». la]“=- +24-35 in 1-8 p.o. nioo- 
holio solution ; palmityl-Uyrosine-palmUykthet 
C4,H„0,X, m.p. 95"-!Hi°. Iol-®!s+10-28” in 1-7 
p.c. aleohloic solution ; stearyl-Uyrosint-simryl- 
ether r'4gU7|OgN, m.p, 98®-i08® (AbdorhaldSen 
and Funk, Putsch, physiol. Cliem. 1910, 65, 
61) ; glycyl-Uyrosine methyl ester, m.p. 123®- 
124® (Geake and Niorenstein, Bio-Chem, J. 1016, 
9, 309) ; the ^■imphthdcnesviphmiyl derivative 
forms a hydrochloride CjgHj-OgNSCl, m.p. 170®, 
a sodium salt C]gIl|gC)|N»SNa, that decomposes 
at 173^, an ethyl ester C^tHgiOgNS, m.p, 140®- 
143® (Abderhalden and *Funk, ibid. 1910, 64, 
436) ; the di-B mplUhaknesdpJmyl derivative 

C,oH,S(JgO<’,HgCHgC;H(CO,H)NH'SOgC,*Hg 
m.p. about 120®, forms a sodium salt 
CgglljgO^NSjNa 

m.p. 252®-254®, an ammonium and a batUm salt 
(Fischer and Bercel, Ber. 1903, 36, 2692); the 
phet^tmeyanak dcrivativo 

HOCgH4*CHg'CH(CO,H)NU*CONH-CiH| 
has m.p. 104®, and forms a 5afiaia 
(C,.Hu04Ng)gBa,6HgO 

and a silver salt CigHiiOgNgAgtHgO (Fail and 
Zitelmann, ibid. 1903, 36, 3337} ; the 
imeyanate derivative melts at 206®-206® (Nett- 
bern and Manasse, ibid. 1906, 38, 2368).. 

For the hydrazides of the estem of tmilntt 
and bcnzoyityroslne, see OufMui and iWett 
(J. pr. Qiem. 1917, [U.) 96, 327). 
dUTrytmni/kw^ 

deeomposss a4 240V(Qii|(ni^ aiad 
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xend. 1906, 142, 


fl<jtd^[0*C,H4<Mg<H((X)|H)NH'<X)ra^ mjp. 
216% forms ii <^talline silver salt (JaS4, 
Zeit^ physioL Cnem. 1882, 7, 306). 

/NHCO 

ITyromO^daiMn H0*CaH4*CHg‘CH<^^ ^ 

melts and decomposes at 242*^-245^ (Blender- 
mann; l.c.). 

Tyrosf^-glyciTuhydaMn 
OOOH'CH,*N CO 


NH— CH'CHg'CgHg-OH 

has m.p. 217‘’~218° (Johnson and Hahn, J. 
Amor. (mem. Soc. 1917, 39, 1205). 

alkaloid sttrtn<zmine or geoffmjine from 
geoffroya bark is a melhyltyrosine, in which the 
methyl has replaced one of the hydrogens of 
the amino group (Hiller-Bombien, Arch. 
Pharm. 2^, 513 ; Blau, Zcitsch. physiol. Chem. 
1908, 68, 153 j Wali)ole, Chem. Soc. Trans. 
1910, 97, 94). 

O^MeihyUyrosine choline forms a crystalline 
iodide, m.p. 137^-139°, the aurichloride has 
m.p. 112-115° ; the ‘platinichloride, m.p. 
204°. 

Tyroeint'CholiM yields a crystalline iodide, 
m.p, 176°, tsid chloride {Kmtqt, Gislerand others, 

l. C.). 

Derivatives of l-tyrosino containing substi- 
tuents in the aromatic nucleus are: 3-mfro- 
l-fyf<wi»e obtained by nitration 

of l-tyrosine, forms yellow needles, m.p. 222°- 
224° (decomp.); [a]},® +3*21°, hydrochloride, 

m. p, 237° (decomp.); cf. Johnson and Kohmann 

(J. Amer. Chem. So<^ 1915, 37, 1863 and 2r»98) ; 
Wascr and Lewandowski (Hclv. C3um, Acta, 
1921, 4, 657). The barium and silver salts have 
b^n prepared, also the nitrate and stUphnie 
(Strecker, Annalen, 1850, 73, 70 ; Casimir Funk, 
Chem. ^0. Trans. 1912, 1004). 3-Amtno4- 
tyrosine needles, m.p. 287*5° (de- 

comp.), [a]p® —3*61°; hydrochloride, prisms, 
m.p. 176° (decomp.) (Wascr and Lewandowski, 
l.e,), prepared by reducing nitrotyrosinc. 3 : 5- 
j^nitrotyroeine C,H,0aN(N02)g,H|0, golden 
yellow crystalline plates, the ammonium and 
mercury salts, aJso the hydrochloride and the 

and thiohydantoin derivatives have 
hem prepared (Johnson and Kohmann, f.c. 
2164). 

Tyroeine sulphonic acid 

C*Hio(S 03 H)OaN, 2 HgO 

is strongly acidic and gives a beautiful violet 
colotir with ferric chloride. The ammonium, 
ct^im mid barium salts are described (Staedeler, 
lx*). 

Z»Brmclyroem 

HO*C|l,Br-CH|*OH(NHg)CO,H,HgO 

Im a sweet taste, decomposes at 247°-248°; 

decomposes at 190°->191°, the 
pmite tmd pbfifiteftkms are very soluble in 
watmrfJcjbiiioii end J. Amer. CShem. Soc. 

iDup, about 246° 


(deoomp.), prepared by tbe action of bromine 
vapour on the finely divided tyrosine (Momer, 
Zmtsch. physiol Chem. 1913, 88, 124), is 
obtained in anhydrous, long, slender needles 
grouped into bundles or in tmii plates hydrated 
with two molecules of water; it has [a]|P+l*3°, 
dissolves in 218 parts of water at 16° or 26 parts 
of boiling water ; the silver salt, the hydrochloride, 
hydrdbromide and sulphate are ciystalUne, and it 
forms an unstable perbromide (Corup-Besanez, 
Annalen, 1863, 125, 281 ; Millar, Trans. Guinness 
Lab. 1903, 1. Part 1). 3 : 5-Di-bromo-dl-tyroBine 
crystallises with one molecule of water in trans- 
parent four-edged prisms or thick pbtes, m.p, 
about 245° (decomp.); it is nearly twice as 
soluble in water as the l-isomcride, it is not 
decomposed by concentrated sulphuric acid 
even on heating (Morncr, Lc.). 

Chhrotyrosine, formed by the action of sul- 
phnryl chloride on tyrosine suspended in acetic 
acid, melts at 257"^ and forms a benzoyl deriva- 
tive, m.p. 195°, and a formyl derivative, m.p. 
198® (Zeynek, Zeitsch. physiol Chem, 1926, 144, 
246). 

Zi5-Dichlorotjfrosine, m.p. 252° (decomp.), 
prepared by chlorinating tyrosinehydantoin 
and decomposing with barium hydroxide the 
resulting 3 : b-dichlorc^yrosinehydantoin ; tiie 
hydrochloride has m.p. 260°-265° (Wheeler, 
Hoffmann and Johnson, J. Biol C3iem. 1911, 
10, 147). %\^dkhloro\iyrosine, prepared by 
the action of chlorine on tyrosine in the presence 
of glacial acetic acid, has m.p. 256°-260° (de- 
comp,), and the anhydrous hydrochloride gives 
in 5 p.c, aqueous solution [a]|®— 7*8°( Zeynek, 
Zeitsch. physiol Chem. 1921, 114, 275). 

3 : b-Vi’iodotyrosine, iodogorgonic acid 

HO‘C8HJ2*CH2.CH(NHj)CO,H 
is not found free in nature but is one of the 
constituent amino acids of certain proteids ; it 
was first obtained by Dieschel (Zeitsch. Biol 
1896, 33, 85) from gorgonin, derived from the 
homy skeleton of Gorgonia cavolinih This, on 
hydrolysis with barium hydroxide, yielded an 
iodo amino acid, hence name iodogorgonic add. 
It was shown by Wheeler and Jamieson 
(Amer. Chem. J. 1905, 33, 365) that iodogorgonic 
acid is a di-iodot}Tosine and can be prepare 
the direct action of iodine on tyrosine. That it 
is the 3 : 5-di-iodotyrosino was shown later by 
Wheeler and Johns (ibid, 1910, 43, 11), for on 
treatment with methyl iodide and potassium 
hydroxide it yields tne methylether eff a 
iodotyrosinetrimethylammonium iodide 

MeOC.HgIgCHjCH(CO,H)NMe0l 

which on boiling with sodium hydroxide y^ds 
3:5-diiodo-}^methoxyloinnamate. lodogo^^o 
acid occurs in a large number of jpioteM^ W 
isolated from 

m-, 76,353). 

3 ; ^-Di-iodthdltyrosine, prepared by hydho- 
lysis of the above-mentionM proteids, cmtal- 
haes from hot water in glassy right-aiul^ j^tes, 
from alcohol in hexagonal p!i^, alssolves in 
2164 parts of water at 15®, mdts and 4lieem« 
poses at 200®. • 

3s6-Di*ME9-l-lyroi^ prepared by the 


moswE. 


Mstion of iodine on ^tyrosine, melts at 204^ 
(Oswald)^ l96®-205® with decomposition 
(Wheeler and Jamieson); it has [a]^«+2*27® 
in 4*5 p.o, solution of 25 p.c. ammonia (Abder- 
halden and Guggenheim, Zeitsch. physiol. Ghem. 
1907, 54, 331). The hydroMrridi \ 

C,H| 03 NIj,Ha 

forms colourless needles, decomposed by water ; 
the ttdphaU C^HjOaNIajHaSOi is rea^y 
soluble ; the mver salt OgHfOjNIjjAgj ana i 
copper mU (CjHjOaNI^ljCujHaO form amor- 
phous precipitates. The aceiyl derivative 

CiiHn04Nl3 

decomposes at 226® (Wheeler and Jamieson, 
Amer. Ohem. J. 1905, 33, 365). The methyl ester 
C,Hj 0 l 3 *CH 3 *CH(NHj)C 02 Me decomjwses at 
192® ; its hydrochloride forms colourless needles 
that decompose at 211® (corr.), and yields the 
nitrale on treatment with dilute nitric acid 
(Abderhalden and Guggenheim, Ber. 1908, 41, 
1237), PdlniUyl-3:5-duiodo4yro8inepalmityl ether 
CiAjOjNIj melts at 55®-60® (Abderhalden and 
Slavu, Zeitsch. physiol. Chem. 1909, 61, 405). 

TyrosiTiebisazobenzenearsenic acid 

CaH 30 aN(N : N*C,H4-A803Hj)2,2H20 
is a yellow microcrystalline powder which is 
insoluble in the usual organic solvents (Pauly, 
Zeitsch. physiol. Chem. 1915, 94, 284). 

For the synthesis of o -tyrosine, v, Johnson and 


Soott (X Amer. Chem. Soc. 1915, V!, 1846). 
Starting with 2-thiohydantoin o-tyrdsine-hydaa* 
toin is prepared, and this on hydrolysis with 
barium hydroxide yields o4yrafins 

OH 

m.p. indefinite; the hydrochloride oiystallises 
from dilute hydrochloric acid in prismatic ctyfiiek 
which decompose at 180®. 

A full account of the chemistry and physio- 
logical properties of tyrosine will be found in 
Biochemisches Handlexikon, von Abderhalden, 
vol. iv. part 2, 681-702. M. A. W. 

I TYSONITE. Fluoride of cerium metals 
(Ce,La,Di)F 3 , crystallised in the hexagonal 
system. It is pale wax-yellow with resinous 
lustre, and a perfect pearly cleavam p^lel 
to the basal plane. Sp.gr. 6*13. The mineral 
alters very readily to the fluo-carbonate bast- 
nasite, and the chestmit-brown crystals sf usually 
found are really pseudomorphs of b^tnasite 
after tysonite with sometimes still aWcleus 
of the original mineral. Crystals and irregular 
masses up to several pounds in weight are found 
at several places in the coarse-grained granite of 
the Pike’s Peak district in El Paso CJo., Colorado. 
P. Geijer (Geol. For. Forh, Stockholm, 1921, 43, 
19) suggests that tysonite is identical with the 
Swedish iiuocerite. L. J. S. 

TYUYAMUNITE c. Turaijite. 


UARANA V. Guabana. 

ULCO. An alloy of lead with small amounts 
of barium and calcium, used as a substitute for 
antimonial lead in the manufacture of shrapnel. 
It is suggested that it may be employed as a 
bearing metal on account of its high melting- 
point, excellent structure, and low coefficient of 
frictio n. 

UL EXIHE c. C?Ynsn7E. 
tJLEXITE {Boronatrocalciie of G. L Ulex, 
1M9 ; Natrdborocalcite), A hydrated borate of 
sodium and calcium KaCaBjOgSHjO, con- 
taining 43*0 n.c. BgO,; sp.gr. 1*65; H. 1; 
slightly soluble in hot water, and readily 
soluUe in acids. It forms rounded, white 
masses, 2-3 ins. in diameter, consisting of a loose 
aggregate of fine, silky fibres; hence the 
popular name * cotton-ball.* It occurs abund- 1 
antly in the borate deposits of Nevada and 
California, and forms the main mass of those 
near Iquique in Chile, and Jujuy province in 

Argentina. L. J. B. 

inULMANinTB. Nickel sulph-antimonide 
NiSbS, crystallised in the cubic system with tetar- 
tohedia) symmetry. The antimony is sometimes 
partly tefiooed by arsenic ; and in the willy- 
amiU variety, from Broken Hill in New Bonih 
Wales, half the nickel is replaced by cobalt. 
The ndnerai is easily mistaken for galena, since 
; it has a good cubical cleavage. The cleavage is, 
^ however, less perfeo .than in gglena, and the 
' eoteor is steeCgrey rather than bluish-groy; 
fuitlMp, i dhaannit e (H. 54) readily scratches 
gaieiia, 8^gr. 6*6-6*7. T^ininem is decom- 
posed nitric acid with «^paiati(m d anti- 
noey dside sod eul^ It ocean in minend 


veins at several places in the Rhineland, at 
Lolling and Waldensiein in Carinthia, Mount Ar 
in the lienees, and as good crystals at Monte 
Narba in the Sarrabus district of Sardinia. It 
baa been found in small amount in a barytee 
vein in the New Brancepeth Colliery near 
Durham. L. J. S. 

ULMARENE {mrsoten). Trade name for 
salicylic methoxymethyl ester. 

ULMITE. A term applied to a fdim of 
humus* covering grains of a black friable sand- 
stone found along the coast of New South 
Wales (Steel, Proc. Linnoan Soc. N,S.W, 1921, 
46,213). 

I ULTRAMARINE. Ultramarine was first 
artificially made on a commercial scale in 1928, 
by Guimet, who earned the prize of 6000 francs 
offered by the ‘ Soci6t4 d’Encouragement * of 
France for its production at a cost not exceeding 
90.9. per lb. About the same time, Gmdin 
(Ann. Chim. 1828, [ii.] 37, 409) indepen- 
dently discovered how to prepm mtmmirae 
on a laboratory scale. According to Heintae 
(J. pr. Chem. 1891, [ii.] 43, 98), ultramarine was 
being made by Kotik, director of the lahoratoiy 
of the Kdnlgh PorzeUan-manulaktisr in Mrisien, 
at the time when Guimet and Cirndiii weit 
claiming the priority of the diseoveiy. 

Until 1828 ultramarine was ohUined 
powdering and washing lapU-lemU (g.e.) ; its 
compoiitioa was first determiiied WCSfineot and 
D4sormos (Ann. Chim. 1906, [i] 57, 317). 

PropeHies,^M&M eMramatino tm ocontb 
in commerce as a bright, «nif» hlns^ tepgbiMi 
powder, insolulfie In water. Iti eohsmiwoil 
elements ate feidlnin« 
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iiad oraen. Heated to 200®-800^ (Chabri4 aad Lovallois, Z.6.). Sdenium taoA id' 
idtawaterlna eeawdtoHiit^YMft <)<»)ourlesa iturkim ultramarines have also been produced, 
reridue &ee from sulphur, while sodium sulphide in wMoh sulphur is substituted by either 
passes into scdutimL It also loses its sulphur selenium or tellurium (Quimet, A nu, Chim. 
when Imated with mercuric oxide {Chabri6 and 1878, [v.] 13, 102 ; Plu^ue, Bull. Soo. obim. 

Levallds, Compt. rend. 1906,143.222). Ultra- 1877, [ii.] 28, 518; 1878, 29. 522; 1878, 30, 
marine is quite stable towards alka^, but is 51 ; Morel, tbid. 28, 522). Idght blue boron 
readily deoompoMd by dilute acids, some uZ^ramarine has been prepared by luring together 
sulphur being precipitated and hydrogen sulpMde anhydrous borax, boric oxide, and either s^ium 
evolved. It is also decomposed by alum solution, or potassium sulphide, sulphite, or thiosulphate 
owing to the formation of an aluminium deriva- (Hoffmann, Zeiteoh. angew. Chem. 1906, 19, 
tive, Yellow phosphorus reduces it to a leuco 1089 ; 1907, 20, 568 ; Chem. Ind. 1911, 34, 
compound, wmch again becomes blue when 699). 

heatra in air. The preceding reactions seem to Ultramarine blue crystallises in the regular 
indicate the presence of some kind of polysul- system, isomorphoos with the minerals hav/yn^ 
phide in ultramarine ; but it is unaltered by aodalite, and nosean. 

concentrated and fuming sulphuric acid, and Green nUramarim is formed as an inter* 
also by a mixture of glacial acetic acid and mediate product in the manufacture of ultra- 
acetic anhydride (Hoffmann and Metzener, Ber. marine blue, and is converted into the latter by 
1905, 38, 2482), reagents which instantly decom- roasting with sulphur. , According to Philipp 
pose polysulphides and thiosulphates. Ultra- (Ber. 1876, 9, 1109), sulphur is not taken up in 
marine withstands a rod heat fairly well, although the change from green to blue, which can be 
it loses its brilliancy, and becomes greenish ; effected by heating with water in a sealed tube 
hence it is difficult to imagine that the blue at 100° ; a small amount of sodium oompound 
colour is due to free sulphur, as has been sug- is removed by the water Heated in ehlorine, 
gestod (Patomo and Mazzucchelli, Atti B. green ultramarine turns bluish- violet ; sodium 
Acoad. Lincci, 1907, [v.] 16, i. 465), Ultra- sulphide solution turns it grey- 
marine blue when strongly heated in hydrogen White ultramarine is obtained by completely 
loses some of its sulphur, but still retains its excluding air during the roasting of the materials 
blue colour. It becomes violet when heated to in the manufacture of ultramarine, and is con- 
dull redness in chlorine. It possesses hydraulio verted into blue ultramarine when heated in 
properties and increases the binding power of either chlorine, oxygen, or sulphur dioxide 
cement (Rohland, Zeitsch. angew. Chem. 1904, (Philipp, Ber. 1876, 9, 1109; 1877, 10, 1227; 

17, 609). Bottinger, Annalen, 1876, 182, 311 ; Hoffmann, ' 

When heated with aqueous silver nitrate at ibid. 1878, 194, 1). ; 

120°-140° in a sealed tube for 15 hours, no Red ultramarine was first obtained by 
silver sulphide is produced, but a dark yellow Scheffer in the course of preparing th«* ordinaty i 

silver ultramarine is obtained, together with substance, by heating the materials very ‘ 
silver nitrite and other products (Unger, Dingl. strongly in a muffle freely exposed to air ; il - . 

poly. J. 1874, 212, 232 ; Heumann, Ber. 1877, contains less sodium and more aluminium than 
10, 991, 1345, 1888; 1897, 12, 60, 784; Bull the blue variety (Scheffer, Ber. 1873, 6, 1450; 

Soo. chim. 1877, [ii.] 28, 570 ; 1878, 30, 326, 327 ; Biicbner, Dingl. poly. J. 1879, 231, 446 ; Zettner, 

1880, 33, 60, 302 ; Annalen, 1879, 199, 253 ; Ber. 1875, 8, 259, 363). 

1880, 201, 262 ; Philipp, Ber. 1877, 10, 1227 ; Red ultramarine has been prepared by paw- 
Forcrand and Ballin, Bull. Soc. chim. 1878, [u.] ing chlorine and steam over heated ultramarine 
30, 112; Chabri^ and Ijevallois, Z.c.). Silver blue. It is also obtained the action of nitric 
ultramarine is produced by replacement of the oxide on the blue compound, sulphur being 
sodium inordinary ultramarine by silver; when removed in the process. It is decomposed 
fused with various metallic chlorides or iodides acids without evolution of l^rdrogen sulphide, 
the silver is replaced by other metals, and in but evolves sulphur dioxide, and is not changed 
this way have been obtained p^assium (blue), by alum solution Heated out of oontaot with 
lithium (blue), barium (yellowish-brown), zinc air it is changed into a blue product. It now 
(violet), manganese (grey), ultramarines^ Ac. yields hydrogen sulphide with acids 
Heated with the requisite or^o iodide, silver Yellow mramarim is obtained by heidaim 
ultramarine is decomposed, yielding ethyls the red variety in air for a short time at 360 , 
amyZ, henxyl, and phenyl uUramarinee, and silver or at a little higher temperature (Hoffmann, 
iodide (Pororand, Compt. rend. 1879, 88, 30; Annalen, 1878, 194, 1). Acoording to Bfiohner 
Bull. goc. ohim. 1879, [ii.] 31, 161). Mercurous (Ber. 1874, 7, 990), both the yfflow and red 
nitrate solution heatod with ultramarine 3 deldB forms are produced by heating mue uHramariae 
a greyish-Uue mercuro-ultramarine, which loses to 3OO°Hi00° in oxygen or std^ur dioi^ ; the 
mercury on heating and leaves a pure blue colour ohanges to m and then to yellow. If 
residue, which becomes yellow on heating and cWorine is pass^ over uHiamarine before the 
again blue on cooling, this change being capable formation of the blue variety is ocnapleted, at 
of indefinite lepeUUon. Cadmium yields an 410°, the colour goes green and then red^ah* 
blive-neen product. Lead replaces the sodium yellow (Zettner, Ber. 1875, % 259, 
comjuetely. Ammonium and calcium ultra- Violet uUramarins is obtained vdien the 
Inames nave also been prepared. Ferrous reddish-yellow product previously mentioned is 
tifaaniarine is dark greyiah-bluo and is readily heated wittf sodium hydroxide (Zettner, Z.c.).; 
decomposed by eoias. These suhstanoea re- It becomes blue when heated to null redness or 
finsim heated witii sodium when further heated with an alkali hyieoxU^„v 

moriqe* They do not evolve hydn)gen8dphi^ and nitric acid vapours turn it red, 

wdft cold hjitoSMo add The videt viririy was first pnyand by • 
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Leykaiif in 185^ by allowing moist oaJoium 
cbloride to react with warm ultramarine blue. 
In 18t2 Wunder prepared it by heating the blue 
fcam in chlorine at 300® and treating the product 
with water. It has been manufactured from 
ultramarine blue by heating the latter, in thin 
layers, on earthenware trays at 280®, and passing 
steam over it to remove sulphur. The tempera- 
ture was then lowered to 160®, and a mixture 
of chlorine and steam led over it for 3 hours. 
For farther details, and other methods, v. 
Wunder, Chem. Zeit. 1890, 14, 1119; ibid. 
Zeitsch, anorg. Chem. 1912, 77, 209. 

CompoMfibn.-— The various varieties of ultra- 
marine have not yet been satisfactorily shown 
to possess uniform compositions. In fact, 
commercial blue ultramarines are manufactured 
in three different grades, containing different 
proportions of silica and sulphur. Moreover, it is 
not possible to obtain products of identical 
composition even when, in repeated operations, 
the relative amounts of the different raw 
materials are maintained constant and the 
worKng conditions duplicated as exactly as 
possible. The following analyses of diflft?rent 
wmples ^ of ultramarine blue rich in silica 
indicate its variable composition : — 

Kawlins Parry and Coste 

li 2 r 6 6 

H,0 . ^ ^ ^ 07 

SiOo . 38*9 390 42-7 42*3 41-7 42-4 


direct union of a -part of the sulphur with 
metal ; fS) the nresenoe of a part of the sulphur 


38*9 390 42-7 42*3 
29*5 24 0 24-0 208 
21-0 19-2 200 19-5 
10-8 13-1 130 120 


25*2 24 0 
18*8 187 
14*2 15*4 


The differences in composition between 
ultramarines of different colours are shown by 
the foUowing numbers, taken from Jordan 
(Zeitsch, angew. Chem. 1893, 084) 


Sa of ea 

Si Is ll li 

21-5 1702 16*66 14*66 11*7 

16*6 15*81 15*39 12*55 13*1 

170 17*51 16*87 17*29 19*4 

6*4 7*91 5*69 11*38 13*3 

38-4 -- — - 42*1 


The two analyses of ultramarine blue (Phili])p) 
in the table refer to the varieties poor and rich 
in niica respectively. 

The coi^Uutum of ultramarine is naturally 
a matter of great uncertainty, in view of what has 
been said concerning its composition. It is 
commonly regarded as a combined silicate and 
polysulphide of sodium and aluminium, but 
objeorions to this view have already been 
mentioned. For the numerous formula) that 
have been proposed for ultramarines, v, Rawlins, 
J. Soe. Chem. Ind. 1887, 6, 701 ; Szilasi, Anna- 

& 1889, 261, 97 ; Guckelberger, ibid. 1882, 
182 ; Dingl. poly. J. 1883, 247, 343 ; Clarke, 
;iMaer. Chem. J. 1888, 10, 126; Brogger and 
! SidbstvSm, Jahresher. Tech. 1891. 454 ; Koh- 
land, Zeitsch. angew. Chem. lOdi, 17, 609; 
Handbuch der Anorganischeh Cheinie, 

,’ji 

\ ' The blue colour is consider^ to depend on 
(1) the presence of an alkali metal; (2) the 


metal ; (3) the presence of a part of the sulphur 
in a lower state of oxidation. Neither 
aluminium nor silicic acid is essential (Wunder, 
2^tsoh. angew. Chem. 1915, 28, 147 ; 1917, 
30, i. 161 ; 1920, 33, 23). 

The similarity in composition exhibited by 
ultramarines of quite different colours suggests 
that the actual colouring material may represent 
only a small fraction of the total mass ; it has 
been supposed that such a small amount of a 
coloured substance is present, disseminated 
throughout a colourless body in a state of solid 
solution (Rohland, l.e.). J. Hoffmann (Chem. 
Zeit. 1910, 34, 823) has suggested that this 
coloured substance is sulphur ; the comparative 
stability of ultramarine at a red heat jdoes 
not lend suy)port to this assumption, it is 
noteworthy, however, that were it not fot the 
presence of sulphur, ultramarine would be 
expected to be colourless. \ 

Alkali fusion of ultramarine converts^ the 
blue colour into a dark red. Since, according to 
Ostwald. alkali appears to enhance the disper^on 
of disperse sulphur systems, and since, as in the 
case of colloiilal gold, greater dispersion is 
accompanied by a change in colour from blue 
to red, it is considered that the above experi- 
mental result is in support of the theor}' that the 
colour principle of ultramarine is colloidal 
sulphur (I. T. Koine, ('horn. Zeit. 1923, 47, 613). 

The silicon dioxide in ultramarine may bo 
I displaced by boron trioxide without the dis- 
ap|)earance of the blue Cf>lour, and the amount 
of this substance may greatly vary without much 
alteration in colour. " ( ither solvents for colloidal 
sulphur manifest a blue colour ; thus potassium 
thiocyanate if dehydrated and heated to redness 
becomes blue, l>ut it becomes colourless on 
cooling ; phosphoric oxide also acquires a deep 
blue colour on fusing with sodium sulphide at 
tKK)®, but the colour di8ay)pcars on cooling. 
The blue colour of the solution obtained by 
dissolving clisulphur trioxide in concentrated 
sulphuric acid is probably duo to the presence 
of colloidal sulphur. 

Ultramarine is extensively used in a 
variety of manufactures. Its largo consumption 
is due to two characteristics: brillianoy as a 
body colour, and high colouring power. As a 
body colour it is used in calico-printing, and 
wall-paper printing, for colouring writing 
paper and printing-ink, preparing blue nigments, 
and blueing mottled soap. As a ^wnitening* 
agent it is very valuable, its great strength and 
purity of tone correcting the yellow tinge in 
writing and printing papers, cotton and linen 
goods, paper pip, whitewash, soap, starch, and 
even sugar, it is extensive! v used in the manu- 
facture of square and ball blue for laundry 
use. 

Teafs and analysis.-^i) Dilute 0*1 gnn. of a 
standard sample of ultramarine with 0*6 gnn. 
of pure powdered chalk, and determine tlm 
amount of chalk that must bo added to Oi grm. 
of the sample under examination in order to 
match the colour of the diluted standard ; tide 
gives an indication of the value of the sample, 
(ii.) Heat a sample in hydrogen to 406®. A 
good ultramarine hecmitei grey luad thmi greetju, 
the change taking about half an hoiirs a had 
q^edmen changes in a few minutes. 


1 


ULTBUOBINE^. 


257 


a little of the po^t under examination in a 
odd saturated solution ci alum, and note the 
of time reouired lor deoolorisatioii ; 
compare with a stauaard sample ground equally 
fine (iT.) Shalrn up with water and alcohol to 
detect admteration with coal-tar dyes. 

For the quantitatiTe analysis, the substanoe 
may be treated as a silicate readily attacked by 
dilute hydroohlorio acid (e. Akaltsis); in 
the filtrate from the aluminium the sodium may 
bo determined as the sulphate. The determina- 
tion of sulphur should be effected on a separate 
portion, by oxidation to sulphuric acid with 
aqua regia or faming nitric acid, and subsequent 
estimation as bc^um sulphate, ^ee also 
Andrews, Analyst, 1910, 35, 157. 

Manuxactube of Ultramarxee. 

The only ultramarines prepared on a large 
scale are the blue and green sodium-sulphur- 
ultramarines. Three chief varieties of ultra- 
marine blue are found in commerce : — 

Qlavber salt or sulphate uUramarinet the 
palest variety. It has a slight greenish tinge, 
small covering power, and is the form most 
readily attacked by alum. 

Soda uUramarine low in sulphur ^ a pure blue 
variety, darker than the preceding, and having 
more covering power. 

Soda vltramarine rich in sulphur and silica^ 
the darkest variety, with a reddish tinge. It 
has high covering power, and is the form most 
resistant towards alum ; consequently it finds 
extensive use in paper blueing. 

Ultramarine is produced when aluminium 
silicate is calcined with sodium sulphide; the 
silicate is employed in the form of china clay, 
or a similar material, with the addition of silica 
if necessai^ ; sodium sulphide is produced during 
the manufacture, either from so^um carbonate, 
carbon, and sulphui*, or from sodium sulphate, 
carbon, and sulphur. The relative proportions 
of the ingredients is an important factor in the 
manufacture of ultramarine, but different 
authorities recommend different mixtures. With 
materials of the best quality, the fojloif^ng 
mixtures are said to be the best for produSng 
the three varieties mentioned above 


mtiamiae blue 
China day 
Soda 

Glauber salt 
Carbon 

SiUca (Kieselguhr) 
Sulphur . 


Pale Medium Dark 


100 

9 

120 

25 

0 

16 


100 

100 

0 

12 


100 

103 

0 

4 

16 

117 


If the clay employed differs in composition 
from china day, the relative proportionB of 
day and silica must, of coarse, suitably 
adjusted. 

The manufacture of ultramarine blue is 
carried out either by (i.) the direct or (ii.) the 
inUrect process. An ultramarines rich in silica 
and a certain amount of the other varieti^ 
nooiermBUioaareinade by the former method; 
^ the majori^ of the ultramarines poor in 
silica afempam 1^ the latter method, in which 
gMn M found as an intermediate 
Both ^ese are dry processes; wet 
metiKxIl tkairC been described and patented, but 


do not seem to have been adc^tsd on a ] 
scale (Knapp, J. pr. Chem. 1885, [ii.] 32, 37l 
1888, 38, 48; Molvor, £ng. Pat. 9200, 1890 ; 
Molvor and Oruiokshank, Eug. Pat. 19411, 


For general accounts of the manufacture of 
ultramarine, v, Rawlins, J. Soo. Chem. Ind. 
1884, 6, 791 ; Pichot and Grangier, ibid, 1888, 
7, 573 ; Rohrig, Chem. Zeit, 1883, 567 ; Wonder, 
ibid. 1890, 14, 1119; Jordan, Zeitsch. angew. 
Chem. 1893, 6^. 

Baw materials.-^hina day, and French, 
German, and Bohemian pottery days are used, 
and alw^s require levigation. The day must 
be very finely divided, and free from excessive 
amounts of iron and manganese Oxides. For 
soda, the best soda ash, known as carbonated 
ash, is employed ; it must be stored in a dry 
place. The Glauber salt must be free from acid 
and iron, and well calcined ; it should be nound 
in stone edge-runner mills before use. Rod or 
stick sulphur, containing very little non-volatile 
matter, is usually employed, since poorer forms 
of sulphur produce dirty sh^es of colour ; like 
the Glauber salt, it is reduced to a fine powder 
before use. Carbon should not contain more 
than 4 p.c. of moisture ; that made from pine 
trunks is preferred, and is ground in hall mills 
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and stored in a dry place. Charcoal is sometimes 
replaced by pitch, tar, colophony, &o. If coal 
is used, it must be of good quality, and free from 
sand, stones, and pyrites. Silica is usualiy 
employed in the form of kieselguhr, but some- 
times quartz is used ; the latter is ignited and 
then quenched in water to cause it to break up, 
being finally dried and ground to powder. 
SiUcious carbon, such as charred rioe buries, 
may partly or wholly replace the carbon and 
silica (Cross, Eng. Pat. 3174, 1903). 

Direct process.— Hhe formation of ultramarine 
blue by this process is effected by roasting the 
well-mixed raw materials, allowing access of 
air during the operation. The successive opera- 
tions involved are mixing, roasting, lixiviating, 
wet-grinding, levigating, pressmg, drying, am 
sifting. 

The most intimate and cheapest mixture if 
obtained when the various raw materials have 
been, nound first in edge-runner mills, and then 
in Mance nulls. With mixtures containing 
much sulphur, the other ingrediente should first 
be well mixed, the sulphur then added, and 
farther mixing effected. The mixtures should, 
in any case, be caioined as soon as they are 
premia 

The * maB%’ oven, so called from the mixture 
being treated in a mass, produces directly very 
good ultramarine if oareMy managed. I 
gives an idea oi the onra^ment The raw 
materials, well mixed and ground, are riiovrikd 
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an to the floor of the ovon, puahod up to the end 
with a broad tahe» and, after being piled up to 
nearly the level of the bridge* are nearly flat- 
tened and oovered with thm tiles, the joints 
being filled in with a very thin mortar made 
with china day and sand. The oven having 
bew thus filled with about 1 ton of faw material, 
the front is built up, leaving a hole just above 
the levd of the tiles for observation, fitted with 
a loose brick, A small hole bdow this and 
about opposite the centre of the mass, fitted 
with a my stopper, affords a means of taking 
as the Duming proceeds. The heat is 
raised to a bright red, and as it rises 
jets of sulphur dioxide are seen to come 
from the cracks between the covering tiles 
and bum with feathery flames, increasing in 
length as the heat becomes greater, and gradu- 
ally dying away as the reaction is comjpleted. 
The heat is maintained at its highest point for 
from 12 to 18 hours, or until the process appears 
to be finished, when a sample is taken t^ugii 
the small hole by means of a long auger inserted 
right into the middle of the mass. The sample 
presents, if sufficiently burnt, a greenish- blue 
appearance, gives off sulphur dioxide freely 
without actu^y burning, and on being spread 
upon a clean tile quic^y loses its heat, and 
appears a blue colour with a tinge of green. 
The changes experienced by the mixture are 
interesting and remarkable. As introduced it 
is a yellowish-grey, and becomes successively 
brown, green, and blue. The brown, a dark 
rich colour, is very unstable, and burns on expo- 
sure to air to a greenish half-formed ultramarine, 
and, even if not exposed, slow combustion goes 
on until oxidation has taken place. The green 
is almost equally unstable. 

When the ^wn sample is found to be 
sufficiently burnt, the operation is concluded by 
closing the oven, plastering up cracks, and 
exduffing the air as far as possible. It is then 
left to cool down, which takes a week or 10 
days. On opening, the mass should appear 
dark blue, the bottom portion not being quite 
equal in brilliancy to the top owing to the 
greater degree of heat to which it has been 
subjected. A loss of about one-third of the 
original weight occurs, and the mass shrinks 
oonsiderably. 

Gharges amounting to 5 tons are treated in 
stone troughs, 17-20 n. long and 10-13 ft. wide, 
placed in a furnace in such a way that they can 
be reached on all rides by the flame. The 
troughs are filled to a depth of 12-10 ins. ; 
covered with firebricks, and caldnod for about 
3 weeks. 

Uttramarine blue is also prepared directly in 
riiaft fomaoes (lig. 2), described later on 
(p. 259). Various special furnaces have been 
patented (Fr. Fata. 410055, 1909 ; 407098, 
403247, 399211, 400103, 1908 ; 403077, 1909; 
425586, 1910). 

A rapid process for the direct preparation of 
tlm blue has been patented (Fr. Fata. 391779, 
391780, 1908). A mixture of china clay (35 
parta)^ carbon (10 parta), sodium alum (40 parts), ; 
rosin (8 parta), and sulphur (7 pgrts) is heated I 
lapidfy to ^00^-700^ and maintained at that ; 
tempoatiue few about 3 hours; the temperature 
is tttS raised to 900^ and the^uMS stirred weU 
for an hour to oudise it Fowdered sodium 


chlorate is then added and the mass stined for 
15 ; a forthor 30 mins, heating then 

follows. Ultramarine of very superior quality 
is said to be thus obtained. 

OurtiuB has patented a oontinuous process. 
Cast-iron retorts, similar to gas reto^ are 
employed, lined inside with fire-proof cement. 
They are set in brickwork, and connected with 
flues for removing the gases and reoeivers for 
oondensing sulphur vapour. The charged retorts 
I are closed back and front, but arranpment 
is made for the admission of air from behind, 
in order to quickly convert the green ultra- 
marine initially formed into blue. In a modified 
form of the process, green ultramarine is firirti 
produced, discharged into brickwork receptacles 
beneath the retorts, and directly oxidised to 
blue (Eng. Pat. 18527, 1890). 

The lixiviating, &c. is described later 
(p.259). i 

Indirect process,— The successive i|age8 in 






this process are mixing, calcining for ultra- 
marine green, cruslung, roasting to ultramarine 
blue, and lixiviating, &c., os in the direct 
process. 

The priqiaration of the ultramarine green is 
carried out in either a crucibk fumaee or a 
shaft furnace. The former is a kind of muille 
furnace, similar to those used in porodain works, 
of square (seldom round) section and lined with 
firebrick. The ground mixture is filled into 
tapered cnicildes of 12-16 ins. high, the Udi are 
fixed on with a mortar of oUv, ana the emriUea 
piled in regular rows in the /uniaoe. Afimiaoe 
will hold several hundred cmcihiee, the ifigNgate 
charge beinu 6-8 cwt. of mixture. Thetem^ra* 
tore it slowly raised until the orudfalei aie hi a 
bri^t-red heat, and this temiperatoe la then 
maintained until the formation of nteamaiine 
green la completed; from 7 to iO hom are 
required. It ii eisentrid to mainMn a tariff 
tempmtm throughout the haii^ 
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Wbffia the teeetion i« &iii^ all openings 
into the ftimaoe are shut tightly and the mmaoe 
allowed to cool down, a process that takes 
several dam I 

Shaft famaces are used for oaloininfi larger 
quantities, up to 2 tons, of material. These are 
large, oylincmoal, vertical fumaoes, lined with 
firebrick. The furnace is situated at the bottom 
of the shaft ; it is covered in by a firebrick 
vault, the fiat top of which forms the floor upon 
which the bottom layer of crucibles rests. 
Numerous openings in the vault allow the 
heating gases from the furnace to pass up into 
the shafl). The shaft is filled with crucibles 
charged with the ground mixture, and arranged 
layer upon layer. Another vault forms the roof 
of the shaft proper, and through openings in 
this the gases pass into a dome and tnenoe into 
the chimney. Fig 2 shows such a furnace. 
These furnaces possess many advantages ; they 
require no special fuel, accommodate large 
charges and permit the heat to be equally dis- 
tributed in a very satisfactory manner. Soda 
mixtures low in sulphur must be heated slowly at 
first in these furnaces, a bright-red heat being 
only attained in 4 hours. 

The ^ecn ultramarine thus produced exhibits 
a blue tinge on the surface, and if required to 
be sold as such, the blue outer portions must be 



Fig 3. 


removed. This is unnecessary if the product 
is to be directly converted into blue; it 
must, however, bo crushed and ground to 
powder. 

The material is crushed in roller mills to 
pieces about the size of peas. Glauber salt greens 
ore then ground in dry mills to a degree of 
fineness that must be determined by preliminary 
trials, since if gromid beyond a certain degree, 
the brightness of the final ultramarine blue 
suffers. Soda greens are much softer than 
Glauber salt greens, and the application of 
further pressure during the final grinding must 
be avoided as much as possible. They are 
usually ground in ball mills, wliioh may be so 
oonstruoted as to render the preliminary 
crushing of the raw green superfluous. 

The crushed ultramarine green is converted 
into blue by roasting it with sulphur; the 
change is completed in a shorter time by this 
process than if ammonium chloride, hydrochloric 
acid, chlorine, &o., are used in the place of 
8Ul|mur. During the process part of the sodium 
contained in the green becomes converted into 
sodium snlpbate. Two types of furnace are 
In extensive ose{i) nylindnm ot retort fumaoes. 
aadJU.)maJ^lumacea 

llm former type oonsiste of an arrangement 
of strong east*iron tubes, not exceeding ao in. 
long by It imdiaatetortgeneiaQy arranged in 


sets of three, so that the flame entirely sni* 
rounds them. They project about 2 iiu from 
the furnace, both at the haxk and front, and 
the ends are dosed by tight-fitting sheet-iron 
caps. The arrai^ement adopted in large works 
islndicatedinFig. 3 ; the furnaces are mounted 
in pairs, back to &ck. All the gaseous products 
pass into the narrow corridor a, dosed at both 
ends by doors; through openinge in the roof 
they pass into the flue B, and thence to the 
chimney. 

In the other type of furnace, the muffle is 
built into the furnace. The hearth is made of 
strong fireclay plates with lap joints, luted 
together, the whole surface being then smoothed. 
The hCarth of the muffle forms the cover of the 
heating chamber ; the products of combustion 
pass ]&om the grate upwards through flues 
arranged on the sides of the muffle-walls, thence 
over the arched roof to the chimney. If the 
muffle is constructed entirely of fireclay, it is 
built in completely at the back, and a semi- 
circular hole left in the front, the base of which 
is on a level with the hearth. This opening, 
through which the muffle is charged and dis- 
charged, can bo closed when necessary by a 
counterpoised iron slide ; and since sulphurous 
gases escape from this opening, it is arched over 
with a hood for leading these gases to tbs 
chimney, an arrangement that is far less con- 
venient and safe than that employed in the 
cylindrical furnaces. Sometimes the muffle is 
built with an iron top, and the front of the 
muffle closed with an iron cap. 

The actual roasting process is carried out 
either (i.) by adding siaphur to the ultramarine 
green before heating, or (ii.) by heating the 
green and gradually adding the sulphur during 
the process. The requisite amount of sulphur is 
7 p.c. with soda green, and fi-10 p.c. with Glauber 
salt green, of the weight of the crude green 
taken. In carrying out process (i.), the empty 
retorts or muffles are heated to a medium tA 
heat for soda green, or to bright redness for 
Glauber salt green. The mixture of green and 
sulphur is then quickly introduced, and the 
containing vessels closed. After half an hour, 
the product is thoroughly mixed and levelled 
down, a process that is repeated at half-hourly 
intervals, until all the sulphur has been burnt 
off. This is indicated by the manner in which 
the green colour changes to blue. A further 
45 mins, heating is given, and then the fire 
slowly reduced. The retorts and muffles are 
then tightly closed and allowed to cool When 
method (ii.) is employed, the retorts or muffles 
are charged with ultramarine green, which is 
raked over and levelled. The successive ^r- 
tions of sulphur added amount to about 1| lbs. 
each with retorts cwt. charge), and 4} Ibi, 
each with muffles (1| cwt chs^). The first 
addition of sulphur may be made when a lump 
of that substance ignites as soon as it is thrown 
on the ultramarine ; the chars^ is then raked 
over, and the sulphur allowed to bum away. 
This operation is repeated until a biMt blue 
product is obtyined; samples are withmwn at 
intervals and spread out with a sted spatula to 
examine the colour. The j^uct is then opoled 
as described undq|r (1), 

The filteringjmxes employed in tbe Ita w w i ib w 
process ate laade of j^ns, ft. long, wA 
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40-60 in. vide. About 6 or S in, above the solid competition soon brought this down, and created 
bottom a false bottom is mounted, perforated a demand. Guimet commenced the manofacture 
many f-in. holes, and covered with strong In IE2A Between 1830 and 1840 manufactories 
cotton filtering cloth. The cold, calcined ultra- were establii^ed at Cologne and Nuremberg ; 
marine blue is mixed with a small quantity of between 1840 and 1850 nine more were started ; 
bot water (75®-80°) in a vat, thorougnly mixed, 1860-1800 saw nine more ; 1800-1870 at least 
and transferred to a filtering box. In this a doaen, and from 1870-1888 four or fiye, while 
manner all the numerous filtering boxes are an equal number of the others had closed down, 
charged. The clear filtrates are united, and if At the present day there are about a hundred 
sufficiently concentrated (15°B. or more) the factories, mainly in Germany and France, 
liquid is run into crystallising tanks for the although a few are in England, Austria, and the 
recoveiy of sodium sulphate. Weaker solutions, United States, and the annual production of 
and the first two or tliree washings, are con- ultramarine is between ten and fifteen thousand 
centrated by utilising waste heat from the tons. 

furnaces. The ultramarine is washed with hot For further information on ultramarine, v. 
water until quite free from soluble sulphate, of Zerr and Rubencamp’s Treatise on Colour 
which the crude blue contains about 16 p.c. Manufacture, translated by Mayer (Griffin A 
It is then ground wet in upright mills between Co.) ; Bersch’s Mineral and Lake Pigments, 
hard stones until the requisite fineness is ob- translated by Wright (Scott, Greenwood A Son); 
tained. During this operation sodium silicate and Hoffmann’s Ultramarine (Viewegu. Sohn, 
passes into solution, and it is therefore necessary Braunshweig). \ 

to use soft water for the grinding. The whole is ULTRAMARINE, GREEN, r. Ulteaijarine ; 
then run into a large wooden vat and allowed also Chromium. 


to settle for 36-48 hours. 

The levigating process follows next. 


ULTRAMARINE, YELLOW, Ultha- 
MARiXE. The term io also applied to Barium 


top blue liquor ia baled out into another vat and aromUe. v. Bakidm ; also CiiROMlCH. 
left untal the extremely finely diwded particlea nvomiv r Om v« 

of colour have aettled ; the product is after- UMBELLIFEBONE t. Ocm bbsi- s, 

wards added to other pre|)aration8. The paste UMBELLULARIACALIFORNICA(A’u^). An 


colour equally distributed throughout the water. ‘ Pepi>er-wood,’ &c. 'flu* essential oil is an 
The larger particles settle rapidly, and after 2 aromatic ll({uid jKiscssing a ju'culiar punMcy 
hours standing the liquids are run into other to the presence of a ketone nmbdhhnt 
tanks. The next deposition of ultramarine 

takes 6 or 6 hours ; the liquid is then baled into ( qj ( .('Q 

other taidcs, and a further settling of colour for i ! \ 

12 hours is allowed* The liquid now baled off j tHg'C HAle j 

contains extremely finely divided particles; (;p[ (’AforCH 

they are precipitated in a fourth series of tanks 

by the addition of alum, dilute mineral acid, which forms 60 p.c. of the essential oil; the 
milk of lime or other saline solutions, and the other constituents are l ugcnol, 1-7; cugonol 
resulting blue paste is pressed. Passing from metbvl ether, 10; f pineiic, GO; cineol 


the first to the fourth series of tanks, the ultra- 
marine becomes successively lighter, ^er, bluer, 


20 0 p.c. ; safrolc and fatty acids, traces 
(Power and l*ecs, (‘liem. 8oc. Trans. 19(W, 85, 


and stronger. The different grades of product t)29; Tutin, ibid. 1906, 89, 1104; 1908, 93, 
are then dried in sheds exposed to air, or on 252) 

di:^ b^ heated by waste furnace heat, dmBELLUUC ACID r, IfESDECAToiOACms. 
or in special diying rooms, Ac. «««»» ■ tTt t 

The poduct dries in hard lumps, which must UMBELLULONE t?. Ladkus nobUsIS. 
be powdered and sifted ; for this pur^K^se ball UMBER. A brown mineral pigment, con- 
ing of a mixture of the hydrated oxides of iron 


be powdered and sifted ; for this pur^K^se ball UMBER. A brown mineral pigment, con- 
milh fitted with a continuous sifting device are sisting of a mixture of the hydrated oxides of iron 
employed. Very fine brands of ultramarine are and manganese, meidjamc&iiy associated witii a 
sifM in centi^ugal sifters or else in a Jasse large proiairtion of earthy matter of variable 


sifter. It then remains to mix together the character. The material is prepared for the 
various shades and sorts in order to produce market by grinding and levtgation. Raw 
the standards of sale ; this part of the work is umber is exported from Cyprus, Turkey, and 
of great importance, as the tinctorial power, Umbria in Italy (hence the name). It is also 
fineness of mvision, depth and purity of colour worked to a limited extent in Dmyridre and 
in each standard, have to be exactly reproduced Pennsylvania. 

in bulk. Sir A. H. Church (The Chemistry of Fainte 

In making the cbeai>ei brands of ultramarine and Painting, London, 1901) mvss tbs Mloiring 
blue, the pure material is mixed with from 10 to analysis of a choice sample of raw umb^ £mm 
50 p. 0 . of gypsum. The latter has an extremely Cyprus; water, given off at 100^., 4'S p.c.; 


50 p. 0 . of gypsum. The latter has an extremely Cyprus; water, given off at 100^., 
bad effect upon the brightness of certain kinefs water expelled at a red heat, imdiidii 
of uitramorme, which is minimyed by incor- matter, 8*8; Fe|0|,48'5; 
pmting a Httie glycerol or vaseline into the MgO, 0*5; AitO., 2*1 ; P.O|» 0*0; £ 

Wg, Ac., 0*3. PmicliheiniuiiiaM 


oKmto 

iOri’4i 


TEd ^Viriopment of the magufacture of ultra* exists as Mn|0|. For other an 
marine has heki remarkaUe. The price in the stennas, and oriiies, e. 0. H* 
yesf of its diioovscy was about 16i. per lb., but Nowii 1889, 50, 171 He tom 


dues, e. 0. H* Hmsl ia Ciu»e. 
», 171 HefiMuderudefierby* 


t 
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i^re tu&ber to the follotdng resulie: 
hygroBoopio tmter, 13^47 p.o. ; combmed water* 
617 : BaSO*, 3010 ; 1^0,, 4*43 ; CaSOi. 216 ; 
CaCO„2*61 ; ALO,, 8*08 j Fe,Oa. 22*60 ; MnO,, 
11*63. A Bample of muber^ Oildbeclc 
Fells, Oamberland, as prepared for market by 
grinding and washing gave: Fe^Oa, 4714; 
MnOaTll-n; CuO, 3*23; AljO,, 7*66; 810*, 
24*70; combined water, 618; OaO, MgO, 
traoe8el00*08 (J. Soc. Ghem. Ind. 18^, 963, 
where are given details of the method of pre- 
paration). 

Hurst regards most ochres as alteration 
products, formed mainly by the oxidation and 
hydration of pyntes in eitUf and mechanically 
mixed with silica, clay, and other earthy 
matter. Umbers may have been washed as a 
fine sediment from deposits of iron and manga- 
nese ores. The pigment termed burrU umber is 
merely umber which has been exposed to heat, 
whereoy its colour becomes somewhat reddened. 
Cologne umber is an earthy lignite. 

Bc/ercnces.— G. F. Merrill, The Non-Metallio 
Minerals, 2nd ed., New York, 1910, 104; 
chapter on Mineral Paints in Min. Res. U.S. 
Geol. Survey, annual volumes ; v. Ochbe. 

L. J. S. 

UNAL. Trade name for solid hydrochloride 
of p.amino]^cnol, used as a photographic 
devdoper. Rodinal is a concentrated solution 
of the same compound. 

UNDECATOIC ACIDS and UNDECYLIC ACID 
V, Hxndboa^oio Aans. 

UPAS ANTIAR v. Antiae eesin. 

UPAS TIEUTE V. Nux vomoA. 

URACIL t'. Eegot and Pyeimtoines. 

URALITE, A name proposed by G. Rose 
in 1831 for pseudomorphs of hornblende after 
augite from the Ural Mountains. (For a 
risumi of the literature, v, A. Wilmore, Geol. 
Mag. 1910, [v,] 7, 367.) Also used as a trade- 
name for a preparation of serpentine-asbestos, 
made into the form of boards for fire-proof 
partitions (v. Asbestos). 

URAMIL V, PYEiMiniKEs. 


URANINITE V. FiTGHBLEia)E. » 

Alfred Sohoep (Bull. 8oc. chim. Belg. 1923, 
32, 274>281) has ai^ysed specimens of Katanga 
nitchblende, estimating total uranium as 
lj|0| and UO| in presence of UOg by Hille- 
brand’s method of heating the mineral in a 
sealed tube with dilute sulphuric acid in an 
atmosphere of carbon dioxide, and volumetric 
estimation of the dioxide with potassium 
permanganate. The results lead to the con- 
mnsion that the purified mineral (i.e. uraninite) 
has the formula (UOg) 3 (U 03 ), (cf. Blomstrand, 
Chem* Soo. Abstr. 1 884, 1 102). This is discussed 
in oomparison with results obtained by other 
workers for pitchblende from Katanga and other 
souioeSt and also for thorianite, and reasons are 
dven for regarding the UOg as an oxidation pro- 
duct ci the UOg, of which the original mineral 
consisted. Thus the author maintains that the 
Imnnula of uraninite is UOg, as that of thorianite 
is TbO|, the two minerals being isornorpbous 
and analogotti in chemical composition. The 
pemnti^ ol the dioxide is greater in fi^esh 
JUgceimens of the mineral; some conrist of 
3Si0||t70|, in whicti all the nraoium compound 
has undergone caddalion. Ihorianite oontains 


various proportions of UOg, and isomorphous 
mixtures of the two dioxides may be prepared 
artifidally (Chem. Soc. Abstr. 1923, 1^, iL 
647). 

URANinL An early name for the * uranium 
micas ’ in use before these had been separated 
into the following speoies, the most important 
of which are autunite (calco-uranite) and 
toroemite (cupro-uranite) Iqq.v). 

Torbemite Cu(U 0 g)g(P 04 )g* 8 Hg 0 , tetragonal 

Zeunerite Cu(U 02 ) 2 (As 04 )g* 8 Hg 0 , tetragonal 

Autunite Ca(UOg)g(P 04 )g* 8 HgO, ortho, 
rhombic. 

Uranospinite Ca(U 0 g)g(As 04 )g* 8 Hg 0 , ortho- 
rhombic. 

Uranocircite Ba(U 0 g)g(P 04 )g* 8 Hg 0 , ortho- 
rhombic. L. J. S. 

URAMINO ANTTPYRIN. Trade name for 
antip 3 rrylurea. 

URANIUM. Sym. U. At.wt. 238*2 (238*17 
Honigsehmid; 238*5 Richards and Mcrigold; 
Lebeau). In 1789 Klaproth prepared from 
pitMlende some compounds of a new element, 
which he called uranium (Crell’s Ann. 1789, [ii.] 
400). The compounds of uranium were studied 
by Richter, Arivedson, Berzelius, and others. 

{ In 1840 Peligot showed that what bad previously 
been thought to be uranium was really one of its 
oxides ; he prepared the metal by reducing 
uranous chloride with potassium (Ann. Chim. 
1842, [iii.] 5, 6). The work of Peligot was 
confirmed and extended by Ebelmen (wid, 1842, 
[iii.] 5, 189), Wertheim (ibid. 1844, [iil] 11, 49), 
Rammelsberg (Pogg. Ann. 1842, 66, 318 ; 66, 
125), and Hermann (Ueber einige Uranverbind. 
Gottingen, 1861). 

OccMtTcncc.— Uranium is not very abundant ; 
its chief ore is pitchblende or uraninite^ which 
consists of impure UgOg, and is found in Corn- 
wall, at Joachimsthal (Bohemia), and other 
localities. It contains from 40 to 90 p.c, of 
UgOg (Hermaim, J. pr. Chem. 1859, [1] 76, 
326 ; Ebelmen, Ann. Chim. 1843, [iii.] 8, 498 ; 
t\'hitney, Amcr. J. Sci. 1849, [ii.] 7, 434 ; ^nth, 
ibid. 1857, 23, 421 ; Zimraermann, Annalen, 1886, 
232, 300). Clevite and brdggerite are varieties 
of pitchblende rich in rare earths. Camolile is 
‘a vanadate of potassium and uranium, found 
in Utah and Colorado (Friedal and Cumenge, 
Bull. Soc. chim. 1899, [ii.] 21, 328). SamarshiU 
is a uranotantalito of iron and yttrium, found in 
Siberia (Miask) and North Carolina (Bammels- 
berg, Po^. Ana 1877, 160, 658) ; fergnsonUe is 
a complex columbate of yttrium, cerium, 
uranium, calcium, and iron (Ramm^b^ 
1873, 150, 200). 

Schoep, of the University of Ghent, has 
identified several new uranium minexals, to 
which he has assigned the following formdm : 
cufitty PbO’5UO,*4HgO ; haeotUe 

3PbO*3UO,*3SiOg*4HgO 
(fetw>Mtti7e,Pb0*2U0g*P*0**3H,0; eoddite 
5UOg*2SiOg*6HgO 

hecquerelile, UOg-jcHgO. A uraaotitaiiocclum- 
bate of calcium containing small amounts of 
rare earth ha# been designed as mendedeeffik; 
the chemical formula w not been estabhthed 
definitely, but the mineral contains agproxi- 
matelv UiOg 23«6 p.a, and CaO 15 p.o. It is 
conskterea as a variety of helafk, but wmlaini 
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no water of crystalHsation (X Soc. Chem. Ind. 
1923, 42, 1061). 

Nearly all the phosphates, sUioates, and 
zirconates of the rare earths oontain small 
q^tHies of uranium, notably zeuoftme, 
mite, c6lnmhi% cerite, and monazite, ThoridfUte 
(«. THOKtUM) contains from 10 to 20 p.o. of 
uranosouranic oxide. See also Sa^iid, Le 
Badium, 1909, 6, 233. 

Naturally occurring uranium minerals are 
radioaotvre; it was from the pitchblende of 
Joachimathal that radium was first prepared, 
whilst helium was originally obtained from 
clevite. 

TreatmetU of wranium minerals ; prepartUion 
of urumttm.— The chief source of uranium com- 
pounds is pitchblende, which, after a pre- 
liminary roasting, is heated in a reverberatory 
furnace with sodium carbonate. The product 
is extracted with warm dilute sulphuric acid 
and filtered, the residue being used in the pre- 
paration of radium salts. The filtrate is worked 
up commercially for uranium oomj)ounds as 
described under sodium diuranate (p. 265). 
The following method is due to Wohler j the 
liquid is treated with hydrogen sulphide to 
remove arsenic, antimony, cop|)er, lead, and 
bismuth, and after oxidising the filtrate with 
nitric acid, excess of ammonia is adilod. The 
washed precipitated iron hydroxides and 
ammonium uranate are digested at KK)'’ with 
concentrated ammonium carbonate, containing 
ammonia in excess, to dissolve the ammonium 
uranate. The double salt, ammoniinn uranyl 
carbonate, ciystallises out on cooling the 
filtered liquid. From the mother liquor a 
quantity of ammonium uranate can be obtained 
by precipitating any zinc, nickel, and cobalt 
with ammonium sulphide, and evajwating 
the filtrate. Both amnionium uranate and 
ammonium uranyl carbonate leave the green 
oxide UsOg when ignited in the air. 

Camotitc is fused with potassium hydrogen 
sulphate and the mass extracted with* water; 
freon the solution the double sulphates of uranium 
and vanadium with potassium sulphate are 
ciystallised out. 1'he ciy^stalline product is 
reduced with zinc and sulphuric acid, and the 
vanadium then precipitatc;d with ammonia and 
ammonium carbonate. From tJie filtrate the 
nianittm Is thrown down as ammonium uranate 
by bdling (Gin, Chem, Zentr. 1906, ii. 1172; 
ef. Haynes, Mines and Minerals, 1909, 30, No. 3, 
139). 

Ssp^m of uranium from Oiorinm and rare 
mrtlfs in piteWJendc.— The mineral is dissolved 
in nitric acid and the silica removed in the usual 
manner. The filtrate is re|Kjatedly evaporated 
to drynm for the elimination of free acid. The 
residue is dissolved in water ; the solution in a 
beaker is neutralised exactly with a few drops of 
vcjy dilute ammonia, strongly diluted, and 
boiMfor 10 minutes with excess of thiosulphate, 
ifter standing 24 hours the precipitate is iUterod 
A well washed with water containing a little 
ilwia^hate, dissolved in hydrochloric add, 
nnd ra-pred^tated, after elimination free add, 
as More, if properly performed, the second 
Mo^tton removes the last of the cerium. 
™ contains port of the 
tnaaipi is dtedved in hydrSchlorio adi 
the ttediua predpitated as oxalate. The 


filtrate is evaporated to dryness in a poreelaiii 
dish, and the residue cautiouMy heated with 
strong Bul^hurio acid for the decomposition of 
the oxalic add ; the add is finally heated until 
strong fumes appear, and the uranium pre- 
cipitated with ammonia after cooling and diluting 
the solutioa The filtrate from the thiosulphate 
precipitate, containing the balance of the 
uranium is freed from rare earths by means of 
oxalic acid. The excess of precipitMit is 
destroyed as before, end the iron separated 
from uranium by precipitation with ammonium 
carbonate, uranium beii^ again precipitated 
with ammonia. The united uranium precipi- 
tates are ignited and weighed (W. Biss, Chem. 
Zeit. 1923, 47, 765-766; Analyst, 1923, 48 
626). 

Metallic uranium was first prepred by 


Pdigot (l.c.) by reducing the tetrachl^de with 
potassium. Zimmermann (Annalen, l)^, 216, 

J ) replaced the potassium by sodium W. Lely 
and Hamburger, Zeitsch. anorg. Chem. ^91 4, 87, 
209). It is better to employ the double bhloride 
of uranium and sodium, and magnesium may be 
used in place of potassium (Moissan, Compi rend, 
1896, 122, 1088). These methods are unsatis- 
lactoiy% since uranium tetrachloride is extremely 
hygroscopic. Uranium is best prepared by heat^ 
ing 500 parts of the oxide U^Og with 40 parts of 
sugar carbon in the electric furnace in a carbon 
tube. The product, which contains a little 
car})on, is purifttHi by heating it in a cruclMe 
brasqued with uranium oxick^ and embedded 
I in another erutjible brasqued with titanium, to 
prevent access of nitrogen to the uranium 
(Moissan, Compt. rend. 1893, 116, 349). i^duc- 
tion of uranium dioxide by carbon begins at 
1500® (Greenwood, (lictu. Sik\ Trans. HK)8, 93, 
1492). The oxides of uranium may also be 
reduced by heating with aluminium p<.iwder 
(Aloy, Bull. Soc. cbim. 1901, [iii.] 25, 163; 
Stavenhagen, Bor. iKtfil, 32, 3065 ; Stavenhagen 
and Schuchard, ihid. JO* >2, 35, WKl; Giolrtti 
and Tavanti, Gazz. chim. ital. 1908, 38, ii. 
239 ; cf. E. Rideal, J. Sm*. (‘hem. Ind. 1914, 33, 
673), Uranium may alsf> be prejiarod by the 
electrolysis of the fuscfl double chloride of 
uranium and s<idium, in an inert atmosphere, 
using earlx>n electrodes (Moissan, C!ompi. rend. 
1896, 122, 1088) ; and is obtaiiu^ in pyro- 
phoric state by heating its amalgam m a 
vacuum (F4r4e, Bull. Soc. chim, 1901, 1111.1 26, 
622). / 

According to B. W. Mwre ('rraiui. Atner, 
Klectrochem. Boc. 1923, 95), metallic ufinlam 
is conveniently prepred by reducing wi^ 
metallic sfKlium the green crystalline tetra- 
chloride, obtained by beating the oxide U|0| to 
for several hours in a current of aulpiiur 
chloride, vapottr, and subliming the produel In a 
current of chlorine. The resutting nils is 
broken up in an atmosphere of nitrogeti and 
mixed wRh metalUo mdinm that hm 
distilled in vaeuS and cut into small tdecei under 
anhydrous benzene. The mixtute Is in 
a steel bomb tn a vacuum, and the motion 
product is extracted first with ahaolute abdhol 
to remove exeew of sodhtm, then wM water to 
remove Kslium chloride, and finiik with 2 p-o. 
acetic acid. The heavy howm tutidve of 
metallic uraniiim la wuM wtlii aeitone imd 
dried »a wioKd. AyieU ot W ii.e,ef 
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xiotical ^lumtity oC matal coittoliui^ 99^8 p.o. 

U is readily obtained. Tfae poww is very 
pyroi^orio, bat may be pressed into discs in o 
b^anlio press in an atmosi^eie of nitrogen, 
and is then no longer pyrophorio. These Sscs 
may be melted by the arc in an atmosphere of 
rarefied argon to bright, steel-grey, ductile, 
metallio buttons, whioh readily tarnish on 
exposure to the air (J. Soo. Ohem. Ind. May 11th, 
1923,406). 

P^uperti^.-^Pure uranium is a white metal, | 
whioh takes a high polish ; its density is 18*7, 1 
and its specific heat 0*02765 (Zimmermann, I 
Annalen, 1886, 232, 310; Ber. 1882, 15, 851). 
It melta at a white heat, and oan be dis- 
tilled in the electric furnace (Moissan, Compt. 
rend. 1906, 142, 425 ; c/. ibid, 1893, 116, 1429 ; 
1896, 122, 1088). The most prominent lines in 
the emission spectrum are in the yellow (Thal6n, 
Ann. Chim. 1869, [iv.] 18, 239; Hasselberg, 
K. Svenska. Vet-Akad. Hand!. 1910, 45, 3; 
PoUok, Sol. Proo. Roy. Dubl. Soo. 1909, 11, 
33 1 ). Most uranium compounds possess marked 
absorption spectra (Morton and Bolton, Chem. 
News, 1873, 28, 47, 113, 164 ; Jones and Strong, 
Phil. Mag. 1910, [vi.] 19, 566; Strong, Zeitsch. 
physikaL Chem. 1910, 11, 668) and are fluor- 
escent, the fluorescence spectra having been 
studied by E. Beoquerel (Ann. Chim. 1872. 
[iv.] 27, 539) and H. Beoquerel (Compt. rend. 
1885, 101, 1252; 1907, 144, 459); v. also 
Beoquerel and Kamerlingh-Onnes {ibid. 1910, 
150, 647) for phosphorescence at low tem- 
peratures. 

Uranium in the form of powder is unaltered 
in dry air at ordinary temperatures ; it burns 
in oxygen at 170®. It unites directly with 
fluorine in the cold, and with chlorine, bromine, 
cmd iodine when gently heated. At 500® it 
oomlnnes with Bulx)hur and selenium, and 
at 1000® unites readily with nitrogen. It 
forms a orystaUiue carbide decomposed 
by water (Moissan, Compt. rend. 1896, 
122, 1088). It forms alloys with certain 
metals; that with iron is pyrophorio, this 
property varying directly with the content of 
uranium. 

Uranium powder decomposes water slowly 
at ordinary temj^ratures, more rapidly at 100®. 
It dissolves rea^ in hydrochloric, sulphuric, 
and nitrio acids. 

Uranium is closely allied to the elements 
ohromium, molybdenum, and tungsten; they 
all exhibit a maximum valency of six, yield 
acidic trioxides, and form numerous halogen 
derivatives in which their valencies vary from 
two to six. These halogen derivatives in 
general bear little resemblance to well-defined 
salts, as is indicated by their volatility, solubility 
in numerous organic media, and the ease with 
which thejr are hydrolysed by water. There 
are two principal series of uranium salts ; (i.) | 
the mtwm compounds, corresponding to the 
basio oxide UO| ; and (ii.) the wranyl compounds, 
in which the group UO* functions as a bivalent 
metallio radicle. Besides l^eae, there exist 
and pemramtes^ analogous 
to the oorreinKiiidiiig ohxomium derivaUves (e. 
0. deCoei^k, Bull. Acad. roy. Belg. 1909, 175). 
The granotti sidts are usually green or blue, and 
In ire mMf oxhBsed to uranyl o<mi> 

pmi^ ei^ iir> them^ of mddatdoii bdng 


pr<mrtaonal to tiie oonoentration of the solution 
ana inversely propoitiomd to the square of the 
eonoentration of the hydrogen ions present 
(MoCoy and Bunzel, J. Amer. Chem. Soo. 1909, 

31, 367.) They are obtained by the reduction 
of uranyl oompounds {v. Aloy and Auher, Btdl. 

Soo. chim. 1907, [iv.] 1, 669; Colani, Ann. 

Chim. 1907, 12, 59). The urawi^ salts are 
generally yellow, with a greenish fluorescence. 

They are highly sensitive to light, and are 
employed in photography (Niepce de Saint 
Victor, Compt. rend. 1868, 46, 448, 489 ; Title- 
stad, ZeitscL physikal. Chem. 1910, 72, 267; 

Bacon, Philippine J. Sci. 1910, 6, 281). Under 
the influence of light, uranyl salts are con- 
verted into uranous salts in the presenoe of 
the acid entering into the constitution of the 
salt and a readily oxidisable substance such as 
alcohol. The reaction which occurs is as 
follows : — 

4JO,CU+2HCl’fC4HBOH 

-UCl4+CH8*CHO-f2H,0 

Two molecules of acid are necessary for each 
molecule of uranyl salt. In this way, the 
fluoride, chloride, bromide, iodide, and sulphate 
have been prepared, and an aqueous solution 
of the nitrate. If an insufiicient amount of acid 
is present, basic salts are obtained. If the re- 
action is allowed to proceed further, a black pre- 
cipitate of uranous hydroxide is obtained (Bauer, 

Schweiz. Chem. Zeit. 1018, 2, 40 ; Hatt, l^tsoh. 
pbysikal. Chem. 1018, 92, 513). OxidalioDS 
and reductions brought about bv uranium com- 
pounds under the inuuenoe of light are closefy 
related to the changes which uranium salt 
itself undergoes. Thus when alcohol or dextrose 
is added to a 1 p.c. solution of uranium acetate 
the former is oxidised and the latter is reduced 
to the violet oxide U,Og,2H,0. If in addition 
metliylene blue is added to the above solution the 
dextrose is oxidised and the methylene blue is 
reduced, the uranium salt playing the lAle of an 
oxido-rc^ucing oatalyst. Aldeh^es and lower 
fatty alcohols can all be similar^ oxidised, and 
the progress of the reaction can be foUowed by 
the reduction of the uranium salt or of methylene 
blue; the phenols, although readily oxidimble 
under ordinary circumstances, behave anomal- 
ously, owing to the antioxygen character <d these 
substances, and they are not oxidised themselves, 
nor do they allow the oxidation of other sub- 
stances to proceed. A red coloration is produced 
on adding the uranium compound to the phenol 
Bolation, but no other apparent change oeoios. 

The solution does, however, contain a certain 
amount of uranous salt, and the violet oxide can 
be precipitated from it by heating to 100®0. 

(Aloy and Valdigni6, Compt. rend. 1923, 178, 

1229 ; J. Soc. Chem. Ind. im, 42, 574 
Uranyl salts are somewhat analoeoiis to baiie 
salts, but they are stable insmuMbu, being 
only hydrolysed to a slight exteni On 
electrolysis the uranyl ion UOt migrates to 
the cathode. Uranyl salts km axunerous / 
complex derhatives, ecmecially salts d \ 
organic adds {Dittrich, Zktsohu phyaiksl. Qmu 
1899, 29, m; Ley, thtd. 190^ 30, 193 j ^ 

Ber. 1900, 2658; Kohlschfitter, Annalen^ 

1900,311,1)* . • 

Uranium sans are radioaotive^ amUtixig 
raya, and producing a ndioiottvu ataDaaib,;Si:tl? " 
^ '■ '■ : - 
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cttUed Uranium-X («. ir^ra, Uiulotum-X and 
Badioloot). 

For the relation of uraninm-X to iiranium-2, 
eee Hahn (Zeitsoh. physikal. Ohem, 1923, 103, 
481), 

Atomic 'This was taken as circa 120 

until Mendel4eff pointed out the similarity of 
nraniiun to chromium, molybdenum, and 
tungsten, and proposed the value 240 (Annalen, 
Snppl. 1872, 8, 178; Chom. News, 1880, 41, 
39), which assigned to uranium a position in the 
Periodic dassincation in the same Group as the 
elements just mentioned. The determination of 
the specific heat of the metal and the vapour 
denai&es of uranous chloride and bromide 
(Zimmermann, Annalen, 1882, 216, 1) confirmed 
the views of Mendeleefi. The actual value at 
present adopted (238*5) rests mainly on the 
work of Zimmermann (Annalen. 1886, 232, 
299), Aloy (Ann. Chim. 1901, [vii.l 24, 418) ; of 
Richards and Merigold (Proc. Amer. Acad. 1902„ 
37, 365‘; Zeitsch. anorg. Chem. 1902, 31, 235) ; 
of Lebeau (Compt. rend. 1912, 155, 163) ; and of 
Honigsehmid (Compt. rend. 1914, 158, 2004). 

Oxides and Oxyacids. 

Uranimn dioxide or Uranous oxide UOa Is 
obtained by heating the green oxide or uranyl 
oxalate in a stream of hydrogen (Berzelius, 
Peligot, Ebelmen); or by electrolysing uranyl 
nitrate solution (0. de Coninck and Camo, Buil. 
Acad. Roy. Belg. 1901, 321); these raethtnls 
yield a brown pyrophoric powder of sp.gr. 8*2. 
The reduction of uranyl cliloride solution with 
magnesium or aluminium }nelds uranous oxide 
as a black powder (dc Coninck, Hid. 1909, 744). 
It is obtained as black, microscopic crj’stals by 
reducing crystalline uranic hydroxide in hydro- 
gen (Aloy, Bull. Soc. chim. ikX), [iii,] 23, 368) ; 
and as jet black octahedra by fusing the amor- 
phous form with borax, and wasliing the product 
with dilute hydrochloric acid (Hillc brand, Zeitsch. 
anoig. Chem. 1893, 3, 249). It is a basic oxide*, 
and dissolves in concentrated acids to form green 
uranous salts. It combines directly with chlorine 
and bromine, forming uranyl chloride and 
bromine, and bums when heated in air, the 
oxide U|Ob being produced. 

On a technic^ scale it is prepared for the 
production of ferro-uraniuin by fusing 35 parts 
of sodium chloride, 20 parts oi sodium uranatc, 
and 1 pjtft of powdered charcoal in a cast-sUd 
pol The cooled mass is lixiviated with waU'r 
and iJie uranium oxide washed by decanta- 
tion, and is freed if necessary from iron and 
alui^um by treatment with 5 p.c. hydr^ychloric 
acid. 

Ufinoui hydrofidd U02,2 Hb 0 is procijntalcd 
by adding an alktui to a solution of a uranous 
m% mid boiling; it forms black flakes, and 
readily dissolves in dOute acids (Aloy, Bull, 
Soo. chim. 1899, [ili.] 21, 013). 

IhlBftllll triOXi^, ttrunic oxide, uranic 
Onkjfdiride, or iiranyl oxide UO, is a chamois i 
powder, obtained by heating uranvl | 
idsoby heating Uje hydroxicle I 
or doable uranyl ammonium cari£nate to 250^ 
Am. (3iiin. 1842, [iii.] 6, 199; de 
MDd. 1901, J32, 204; Boll, 
Brn Wg, 1904, 363,* 448; Lebeoa. 

ItozidiMito 
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the green oxide when heated in air, and is 
reduced by hydrogen to uranous oxide. In 
oontMt with water it is transformed into uranic 
acid UO,(OH)b. When heated in vaeud at 502® 
it forms the oxide UsOg. 

This oxide is slightly basio, but only one- 
third of its oxygen can be replaced by acidic 
radicles; the salts thus produced are of the 
UOaRs, and are called wanyf compounds. 
Towards strong bases, uranic oxide behaves as 
an acid anhydride, similar to chromic anhy- 
dride. 

For heat of formation see, Mixter, Amer, J. 
Sci. 1912, [iv.] 34, 141. 

Uranic hydroxide or uranic acid U03,H|0 or 
UOs(OH) 2, is best prepared by heating a solution 
of uranyl nitrate in alcohol until no m(^ brown 
fumes are evolved, and washing the yellow pre- 
cipitate with boiling water (Malaguti, Atin. Chim. 
1843, [iii.] 9, 463). It may also be (^ined, 
mixed with the dihydrate, by ovapoi^ting a 
solution of uranyl nitrate to complete drjrness 
(de Coninck, Compt. rend. 1909, 148,11462). 
The dikydrak U03,2H,(), which is obtained as 
a yellow precipitate by boiling the double 
uran>"l ammonium carbonate w'ith water, loses 
water at 100®, and yi^-kls the hydroxide UO|,H|0 
(Ebelmen, l.c. ; for other methods, v. Jacquelin, 
Ann. Chim. 1842, [iii.] 5, 199; Riban, Compt 
rend. 1881, 93, 1140; Aloy, Bull. Soc. chinu 
1900. [iii.] 23, 368). Uranic hydroxide has a 
sp.gr. of 5*9 ; it does not alter in air, and when 
heated to it is dehydrated. For the 
preparation of the colloidal hydroxide, v, 
Szilard, J. Phys. Chem. 1907, 5, 488, 636. 

Uranosouranie oxide or Green oxide of 
uranium U,0g(=U0|*2U03) occurs more or lees 
pure as pikmendf\ It can bo obtained by 
heating any of the other oxides to a red heat 
in air, also by igniting ammonium uranate or 
any uranium salt of a volatile acid. It forms a 
dark-green, lustrous jx)wder of sp.gr. 7*2, 
insoluble in water; in conoontratoa acids it 
dissolves, forming a mixture of uranous and 
uranyl milts. This oxide is employed for pro- 
ducing a black glaze on porcelain. It is radio- 
active, *and has Ijeen suggested as a euitabla 
standard of a-ray radioactivity (McCoy and 
Ashman, Amer. J. Sci. 1908, 26, 521). 

A violet hydroxide can be obtained by the 
action of light on aqueous uranyl oxalate or 
alcoholic uranyl acetate (r. Aloy, Bulb Soo, 
chim. IflOO, llii.] 23, 368; ef. Aloy and Rodier, 
ibid. 1920, [iv.] 27. lOJ). A large numbex of 
riolet ci>mfK>unda of uranium exist, all of which, 
by loss of their acid radicles, tend to become 
transformed into the green hydrated oxide 
U,Ob, 2H,0. When lieated in a current of 
hydrogen the oxide U |0| idiows signs of reduction 
at 625®, the reduction being complete at 650®, 
the product being UO|. In a vaeoiutt U|0| 
may be heated to 2000® before it dissociates 
to UO,. 

Uranium pentoxida is a black powder, used 
for pniducing a black giaac on poromain, A^d 
ing to Zimmermann (Annalen, ISHb M2, 273) 
it IS a mixture of U|0« and 00|, 

Uranium pmtm UQi is only known hi the 
hydiuted hum as jMrufwme 00 ^ It 

is obtained by hydropn nanmw to a 
mixture of uranyl and vraaou* idlfliatia hi 
aqueous lolutioii, and diyhqi the jpiud^pitnts 
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ortit oonoentrated ftalphtoiio add (de Ooniadc» 
3x01 Acad. Roy. Belg. 1909, 692; o/. fairky, 
€9 imxi. Soo. Traaa. 1877, 31, 138 ; Zimmennann, 
Annalen, 1886, 232, 273 ; Alibegoff, ibid, 1886, 
233, 123), It forms a yellov powder, which 
losdi oxym when heated ; when treated with 
alkali hydrozideB it yields a mixture of alkali 
nranate and peraranate. 

Other hydrates are also known (Huttig and 
TonSchroeoer, Zeitsoh. anorg. Chem. 1922, 121, 
243). These substances are probably com- 
pound of uranium trioxide and hydrogen 
peroxide. It is doubtful if uranium tetroxide 
exists. 

UaAKATES. 

The alkali uranates are formed by precipi- 
tating uranyl salts with alkali h^roxides; 
those of the other metals by adding ammonia 
to a mixture of a uranyl and a metallic salt. 
They are yellow, insoluble in water, but soluble 
in acids. The majority are of the type 
MjO*2UO„ analogous to the dichromates (v, 
Brenkmann, J. 1861, 255; Patera, J. pr. 
Chem. 1850, 51, 125; Debray, Anm Chmi. 
1861, [Ui.] 61, 514 ; Grandeau, ibid. 1886, [vi.l 
8 , 224; Zimmermann, Annalen, 1882, 213, 
290; Ditte, Compt. rend. 1882, 95, 088; de 
Coninck, Bull. Acad. roy. Bclg. 1909, 173, 
835). 

Ammonium uranate. This is obtained as a 
yellow, voluminous precipitate by adding 
ammonia to a solution of a uranyl salt. It is 
prepared by boiling a solution of uranyl sodium 
carbonate with ammonium sulphate; or by 
boiling sodium diuranate ( 7 .?^.) with concentrateii 
ammonium chloride solution, and forms a fine, 
deep yellow-coloured powder, that is sometimes 
usea commercially, under the name uranium 
yeUow, in the preparation of uranium glass (f>. 
Stolha, Zeitsch. anal. Chem. 1864, 3, 74) and 
sodium diuranate. 

Potassium uranate K^UOt, obtained by 
fusing uranyl chloride a mixture of potas- 
sium and ammonium chlorides (Zimmermann, 
lc.)f forms yellow, rhombic crystals. 

Potassium diuranate KiUjOf is obtained in 
the form of a trihydrate by precipitating a uranyl 
salt with potassium hydroxide and <%ing the 
product at 100*’ (Patera, Uc.), 

Sodluin uranate Na 2 U 04 may be obt^ned by 
fusing the green oxide with sodium chloride and 
sodium carbonate (Ditte, Lc.; Zimmermann, 
I.C.). 

Sodium diuranate Na.U|OT is prepared 
commercially from pitchblende, which is 
powdered and roasted to remove the neater 
of the sulphur, arsenic, and molybaenum. 
The ore is then heated in a reverberatory 
ftttnaoe with sodium carbonate and a little 
sodium nitrate. The product is washed with 
water, when soluble arsenate, molybdate, 
tungstate, and vanadate of sodium are removed ; 
sodinm uranate is insoluble in water. The 
insoluble residue is dissolved in dilute sulphuric 
the sblution evaporated to remove excess 
of eoid, diluted end Altered from rilioa, lead 
. iw^te^ and baide sulphate and arsenate 0 ! 
^iibiinmth, and an exoess d eodlum carbonate 
ad&d, A sG^tion of uran^d so^um 
|i thm abtiteed» wldk the baric 


carbonates of iron, aluminium, nickel, and 
cobalt are precipitated and removed, The 
uranium is then precipitated as sodium diuranate 
by adding sodium hi^xide, or neutralising 
with tolphurio acid and boiling. The yellow 
precipitate is thoroughly washed, dried, aim pul- 
verised (Patera, J. pr. Chem. 1W9, [i.] 46, 182 ; 
1850, 51, 122; Giseke, J. 1852, 779; Anthon, 

J. 1860, 698 ; Kessler, J. 1857, 199 ; Hofmann 
and Strauss, Ber. 19(^, 33, 2316 ; ef. Metzger 
and Heidelberger, J. Amer. Chem. Soc. 1909, 31, 
1040). 

Sodium diuranate is found in commerce as 
the hexahydrate Ka^UjO^OHjO. It is a fine 
yellow powder, known as uranium ysZtoic, and 
is used in painting and staining glass and 
prooelain, and for making the fiuorescent 
* uranium glass.* 

PXBTJRANATES, 

These salts are formed by the action of 
hydrogen peroxide and alkali hydroxides on 
uranyl salts, and are usually* precipitated by 
means of alcohol as orange-yellow crystals. The 
sodium salt has the formula NaiUOi.SH^O. 
These compounds have been studied by Fairley 
(Chem. Soc. Trans. 1877, 31, 134) andMelikofi 
and Pissarjewsky (Her. 1897, 30, 2092 ; ZeitsoL 
anorg. Chem. 1898, 18, 59; J. Russ. Phys. 
Chem. Soc. 1902, 24, 472). 

A red potassium peruranate K^UO^fSHtO 
is obtained when peruranic acid is added to 
hydrogen peroxide containing alcohol, and the 
solution treated with potassium hydroxide 
(Aloy, Bull. Soc. chim. 1903, [iii] 29, 292). 
The formation of this substance may be em- 
ployed as a delicate colorimetric test for the 
presence of uranium (Aloy, ibid, 1902, [iii.] 27, 
734). 

Uranium compounds. 

Uranium tetrafluoride or Uramm fluoride 
UF 4 is the main product of the action of fluorine 
on uranium. It is prepared by adding hydrogen 
fluoride to a solution 0 ! uranous chmride, and 
forms a green powder, insoluble in water and 
dilute acids (Smithells, Chem. Soc. Trans. 1883, 
43, 125; Bolton, J. 1886, 209). It leaves a 
residue of oxide when heated in air ; and forms 
double fluorides with the alkali fluorides. 

Uranium hexafluoride UF^ is best obtained 
by the action of fluorine on the cooled pmita- 
chloride— 

2UCI*-f5F,=UF.4-UF4+6a, 

It forms colourless, monoclinio prisms, whioh 
sublime at ordinary temperatures under di« 
minished pressure. It melts at 69*2** under a 
pressure of two atmospheres, and bolls at 56*2^ 
The solid has a density of 4*68 ; the vapour 
gives a value 11*7 (aira^l). It is very hygio« 
soopic, and highly reactive (Ruff and Hriiudl- 
mann, Zeitsoh. anon. Chem. 1911, 72, 63; e/. 
Ber. 1909, 42, 492). 

Uranium lifehlotide UCl. is obtained by 
heaUim the tetrachloride in hydrogen (Fdtigot, 
Ann. €yin.ri842, 5, 20), and is a readwi^browii . 
substance, which easily dissolves in water, 
forming a red solution that s]owiy^vdifril> 
hydrogen and %ecomes green. 

Urudnm tetraridoiMk or Uramm eUorilt 



URANIUM. 


UQ 4 iB produced when nranitun is heated in 
chlorine, and is prepared by passing chlorine 
over heated tiranium carbide or a mixture of any 
oxide of uranium with carbon (P^ligot, Annalen, 
1842, 43, 268; Zimmermann, ibid, 1882, 213, 
320 ; 1883, 216, 8 ; Boscoe, Chem. Soc. Trans. 
1874, [ii.] 12, 933 ; Aloy, Bull. Soc. chim. 1809, 
[iii.] 21, 264 ; Boderburg, Zeitsch. anorg. Chem. 
1913, 81, 122). It forms dark-green octahedra, 
is volatile at a red heat, and the vapour has a 
density (airasl) of 13*33 (Zimmermann). In 
molten bismuth chloride as solvent the molecular 
weight is 373 (theoiy«!380*3) (Riighcimer and 
Gender, Annalen, 1908, 364, 45). It is ex- 
tremely deliquescent, fumes in the air, and 
readily dissolves in water with evolution of 
heat; the solution is a powerful reducing 
agent. The solution reacts acid, and on 
evaporation, leaves an oxychloride. Boiling ^ 
water completely hydrolyses the chloride. 

It forms double chlorides with the chlorides 
of the alkali and alkaline earth metals (MoLssan, 
Compt. rend. 1896, 122, 1088 ; Aloy, Bull. Soc. 
chim. 1899, |ii.] 21, 264). 

Uranium pentachloride UCIb is obtained by 
the direct union of the tetrachloride and chlorine. , 
It exists in two forms : (i.) long, dark needles | 
which are green by reflected, and ruby-red by 
transmitted light, and (ii.) a light-browm, 
mobile powder. It is very hygroscopic, and is 
decomposed by water. It cannot be volatiliHcd 
without decomposition; in an atmosphere of 
carbon dioxide, dissociation into the tetrachloride 
and chlorine is complete at 235° (Koscoe, C'hein. 
jSoc. Trans. 1874, 12, 933). 

Uranium tetrabromide or Uranoua brmide 
UBr 4 is obtained by heating the green oxide of 
uranium with excess of sugar charcoal, and 
passing bromine vapour over the heated mixture 
of uranous oxide and carbon thus produced 
(Zimmermann, Annalen, 1883, 216, 2 ; Alik^goff, 
ibid, 1886, 232, 132; Richards and Mcrigold, 
Zeitsch. anorg. Chem. 1902, 31, 250). It forms 
lustrous, dark-brown tablets of sp.gr. 4*838 
at 21°/4°. At a red heat it is volatile; the 
vapour density (air=l) is 19*46 (Zimmer- 
mann). It closely resembles the tetrachloride 
in pre^rties. 

Uianium tetralodide or Uranous iodide UI 4 is 
prepared by passing the vapour of iodine over 
powdered uranium heated to 600° in the absence 
of air (Guiebard, Compt. rend. 1907, 146, 921). 
It forms black, ciystiulino needles, which melt 
at about 600°, and have a sp.gr. of 6 * 6 . The 
aqueous solution is dark f^een and closely 
resemldeB the chloride in properties. 

Unmous myfluoride UOF, is obtained by the 
aorion of hydrofluoric acid on uranosouranic 
oxide*— 

U,04+6HF«U0F,+2U0,r,-f3Hj0 

It is a fine green powder, insoluble in water 
(Gioittri and Agameniume, Aiti R. Acad, 
lincei, 1906, 14, i. 114). 

Unmyl fluoride UOjFj is formed in the pre- 
oedi^g reaction, and is a yellow soluble mass. 
# ete eedste, according to Smithells (Chem. 

*bm, 1883, 43, 125) in a whife ciystaliine 
Je m# can be sublimed ; this modification 
ll hy carefully heating tee tetrafluoride 

la air^ ' Jt |;ygrosc<mic and lorms a yellow 
0 DlO|ioa te ildter. Both forms unite with 


potassium fluoride forming a lemon-yellow 
orystaUine doable salt UOiF.'SKF, wbiw can 
also be obtained from uran;|ri acetate and an 
excess of potassium fluoride. This salt is tri- 
motphouB (Baker, ibid, 1879, 36, 763). The 
oorrWponding doable salts of other metalB aire 
also known, and are converted into deep ydlow- ' 
coloured peroxyfluorides by hydrogen peroxide 
(Lordkipanidzd, J. Russ. Pnys. Chem. Boo. 
1900. 32. 283). 

Uranyl chloride UOgClji is obtained by beating 
uranous oxide to redness in a stream of chlorine. 

It is a yellow crystalline mass, stable in dry 
air; it is reduced by hydrogen at a red 
heat to the dioxide. Uranous chloride is 
soluble in water, alcohol, and ether, and its 
aqueous solution yields the monohtdrate 
U0jCl2,H20 on evaporation. A solutron cl 
uranyl chloride may be prepared by oxi^ng 
uranous chloride with nitric acid or by dissaving 
uranium trioxide in concentrated hydroclUorio 
acid (Mylius and Dietz, Ber. 1901, 34, 2774; 
de Coninek, Compt. rend. 1909, 148, 1769; 
Bull. Acail. roy. Belg. 1909, 836). Foi\ a 
table of sjKK'ific gravities of its aqueous, solu- 
tions, V. de Coninek, Ann. Chim. 1904, [viii.] 3, 
500. 

Uranyl bromide UOiBr, may be obtained in 
an impure state by heating uranous oxide in 
bromine vapour. It is obtained in aqueous 
solution by acting on uranous oxide with 
bromine abater, or by dissolving uranic oxide in 
hydrobromic acid. ' Yellow needles of the 
hydrated compound separate on concentrating 
the solution ; they decompose when heated 
(de Coninek, Bull. Acad. roy. Belg. 1902, 12, 
1025). 

Uranyl iodide UO^I^ is obtained by adding 
barium itxlidc in slight exceas to an ethereal 
solution of uranyl nitrate. It 8ci)arate8 from 
ether in red deliquescent crystals, and is not 
very stable (Alov, Ann. Chim. 1901, [vii.] 24, 
412). 

Uranium monosulphide U8 is a black, 

amorphous pow'dcr formed by heating the 
sesquisulphidc in hytirogen (Alibegoff, Ar^len, 
I8H6, 233, 131, 135 ). 

Uranium sesquisulphide U|Sb is a greyish- 
black substance formed by heating the tii- 
bromide of uranium in hydnigen sulphide 
(Alibegoff, I.C.). 

Uranium disulphide U8s is formed by the 
direct union of its elements at 600° (Moissan) ; 
at a higher temperature uranium bums vividly 
in sulphur vapour. The sulphide is best pre- 
pared by beating the double chloride of uranium 
and sodium in a current of bydr<»en laden with 
the vapour of sulphur ; or the dcmble ohloiide 
may be fused with sulphide of sodium, aiumisiumi 
mapesium, antimony or tin (Colani, Compi 
rend. 1903, 137, 382; Ann. ChinL 1907, 
[viiL] 12, 69). It forms liuge, slender, pearly 
crystals; the amorphous powder, obtakiod 
by beating uranous chloride in hydrogen 
sulphide, is greyish • black in colour. It 
oxidises in the air to uranyl sulphidd, and with 
nitric acid is raj^dly omimted into ursnyt 
sulphate. 

A Idaek, hydrated disulphide Is obteteod bgr 
preoipiiatmg a uranous sAt with ammouiasa: 
sulplmle; It rapidly oadfllsas k flhe ate to 
uranyl sulphide. a 

/ , ' / ,W 


USAHIUIL 


sntpWt 0O,S li obtained by adding) i 
ammodum empbide to an aloobolio eolutioii i 
of ttranyl nibr ate, washing the precipitate with 
. alcdiol and drying m vam6. By precipitating i 
in aqneouB eoluticm a brown hydrated form is 
obtained (Remd^, Coxnpt. rend. 1864, 58, 716). 

It rapidly decompoaea by heating to 180^* ; warm 
watev converts it into hy^^^ uranoua oxide 
and sulphuf. It disaolvea in dilute acids and 
in ammonium carbonate. When digested for 
48 hours with cold ammonium sulphide exposed 
to air, a deep-red solid is obtained, soluble in 
acids with the evolution of hydrogen sulphide 
and deposition of sulphur. This substance is 
called uranium-red (Patera, J. pr. Chem. 1850, 
k] 61, 122 ; Eemel4, Pom. Ann. 1865, 124, 158 ; 
Hermann, J. 1861, 14 ; Zimmermann, Annalen, 
1880, 204, 204). A complicated substance of 
the formula 5U08'2K20*KHS..a;H20 is ob- 
tained by precipitating uranyl nitrate with 
potassium sulphide and treating the precipitate 
with potassium carbonate (Kohlschutter, Anna- 
len, 1^, S14, 311). This is also called uranium- 
red ; adds decompose it, liberating sulphur and 
hydrogen sulphide. 

Uranyl sulphide is formed in black, tetragonal 
needles by heating uranosouranic oxide with 
sulphur and potassium thiocyanate (Milbauer, 
Zeitsch. anorg. Chem. 1904, 42, 448). 

The OTynulphide 2US2‘UOa has been de- 
scribed by Hermann (J. 1861, 260). 

Uranium selenides USe^ and UgSea are 
obtained in the crystalline state by heating the 
double chloride of uranium and sodium in a 
current of hydrogen containing the vapour of 
selenium (Coiani, Compt, rend. 1903, 137, 382 j 
Ann. Chim. 1907, [viii.] 12, 59). 

Uranyl selenide is produced by heating 
uranosouranic oxide with selenium and potas- 
sium cyanide (Milbauer, Zcitsch. anorg. Chem. 
1904, 42, 450). 

Uranium teliuride is prepared by 

fusing the double chloride of sodioin and 
uranium with sodium teliuride in an atmosphere 
of hydrogen (Coiani, l,c,). 

Uranium nitride U^Ni is a stable, greyish- 
black powder, prepared by heating' uranous 
chloride in ammonia, and igniting the product 
mixed with ammonium cliloride, once more in 
a stream of ammonia (Kohlschiittor, Annalen, 
IMl, 317, 168). Uranium imites directly 
with nitrogen at 1000^ a yellow nitride being 
produced, the composition of which is not 
known (Moissan, Compt. rend. 1896, 122, 
274). 

Uranium phosphide UjPi is obtained by 
fusing sodium uranous chloride with aluminium 
phosphide in a stream of hydrogen (Coiani, It.), 
The ofsemde UiAsi and aniimonide UjSbi are 
similarly prepared. All three compounds are 
obtained as l^k crystalline powders ; they are 
easily oxidised by nitiic acid. 

^ Uianhim boride UB, is obtained by sub- 
setting a mixture of the finely powdered con- 
itittteats to hydraulic pressure and using the 
iuaso as an electrode in the vacuum electrical 
Inthaoo. 

UriUkhmi oailridaUiCs is prepamd by strong^^ 
hoam ii mixture of 50Q parts of uranosouranic 
and 60 parts of carbon in the olootrio 
It is a teskous, crystalline soBd of 


8P.gr. 11*28 at 18^ and is bardw than quarto, 
although not so hard as corundum* It is decom- 
pcNMd by fluorine when gently warmed ; chlorine 
readily attacks it at 360^ whilst it reacts with 
oxygen at 870^ Uranium carbide is decomposed 
by water, a very complex change occurring. 
About one-third of the carbon is evolved in 
combination with hydrogen, mainly as methane, 
propane, butane, but mixed with a little ethylene 
and traces of acetylene; the gaseous mixture . 
contains about 15 p.c. of free hydrogen. The 
remainder of the carbon is convert^ into a 
mixture of solid and liquid hydrocarbons 
(Moissan, Compt. rend. 1896, 122, 274 ; Lebeau 
and Damiens, Compt. rend. 1913, 156, 1987). 

A shower of brilliant sparks is producea 
when two pieces of the carbide are rubbed 
together. 

Uranium siliclde USij is obtained from a 
mixture of silica and uranosouranic oxide 
by the aluminothermic process (v. Thermit 
PROCESS). It crystallises in the cubic system, 
and has a density of 8 0. At 500® it reacts 
with chlorine giving a mixture of uranous and 
silicon chlorides (Defacqz, ibid, 1908, 147, 
1050). 

Salts of URAiouM. 

Saturated aqueous solations of uranyl for- 
mate, acetate, benzoate, and citrate are unstable 
even in the dark. The propionate, butyrate, 
oxalate, tartrate, and salicylate are stable in 
the dark. The benzoate and salicylate are not 
reduced even in sunlight (Courtois, Bull. Soc. 
chim. 1923, 33 [iv.] 1773; Chem. Soc. Abstr. 
1924, 126, i. 285). 

Uranyl formate U08(HC02)2*H80, greenish- 
yellow crystal, readily soluble in methyl alcohol 
or water. Formed by adding hydrogen peroxide 
to a slightly acid solution of uranyl nitrate and 
treating the washed precipitate with excess of 
formic acid and evaporating the solution in 
vacu6. 

Uranyl acetate U02(G2H808)j,2H20 is pre- 
pared by dissolving in warm acetic acid the 
yellowish -rod mass produced by beating uranyl 
nitrate until evolution of oxygen commences. 
It crystallises in yellow, monoclinic needles, 
and is used in photography and also for the 
volumetric estimation of phosphates. 

For pther uranium salts of the monocar- 
boxylio acids of the fatty scries, m Oourtois^ 
Compt. rend. 1914, 158, 1511, 1688. 

Uranous arsenate UH|(A804)8,2H|0 (Alov, 
Bull. Soc. chim. 1899, [iii.] 21, 613 ; RammdG^ 
berg, Pogg, Ann. 1842, 55, 318 ; 56, 125). 

Uranyl anenate U02(HtAs04)|,3H|0, a 
yellow powder, insoluble in water and acetic 
acid, is obtmned by double deoomposirion 
(Werther, Annalen, 1848, 68, 313). Sevend 
arsenates occur as minends, e.p. irdgtriU 
(U0.)8 (As 04)|,12H,0 ; loofpttrptto, a basic bis- 
muth uranyl arsenate; and wumepinUe, a 
oalomm uranium arsenate, 

Uranyl bensoate UOJCIH.O.). (Oourtois, 
Bull Soc. chim. 1923, 33 [iv.1 1761 ; dem. 8oe. 
Abstr. 192^ i. 285). 

Uranyl brumateU08(Br0»)8,s;H:|0, v. Itam* 
melsberg, Pogg. Ann. 1842, 55, 77. ^ 

Utinotts eiriiotiato and nn^ eailHHiill m 
not known (Parkman, Amer. J.m 161^ 
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326). NumerouB double carbonates exist. Potas- [iii.] 12 » 567 ; Ebdlmen, ibid, 1842» [iii.] 5> 185. 
sinfii vranyl carbonate UOs( 0 Os), 2 K 2 OOt is ob- The hez^diydrate forms lemon-wow, fluo^ 
tained by dissolving potassium uranate in potas- esoent, rhombic prisms, which melt at 50*2° and 
sium bicarbonate and evaporating the solution d^iquesce in the air (Vasilieff, l.c. ; de Coninok, , 
at a moderate temperature '; the corresponding Compt. rend. 1900, 131, 1219, 1303 ; 1901, 133, 
ammonium and sodium salts arc prepared in a 90, 204 ; Bull. Acad. roy. Bdg. 1901, 222 ; 1909, 
similar manner (Ebelmen, Ann. Chim. 1842, [iii]. 743). Water at 18° dissolves twice its weight 


5, 189 ; Anthon, J. 1860, 698 ; de Coninck, Bull, of the salt. It is very soluble in alcohol and 
Acad. roy. Belg. 1904, 363, 448). They form ether, and is best purified by crystaHisatibn from 


yeDow, rhombic prisms, which are not v( 
soluble in water, but much more soluble in all 


the latter solvent. The aqueous solution is 
slightly hydrolysed, and has an acid reaction. 


carbonate solutions. The ammonium salt loses An icositeMrahydrate U02(N0|)g,24H20 forms 


ammonia on keeping. Another ammonium com- 
pound 2 U 0 |*C 0 s* 3 (NH 4 )BC 03 , 4 Hg 0 has been 
obtainedjby mixing uranyl nitrate and am- 


spontaneously at —35° and exists only below 
— 20 ° (Germann, J. Amer. Chem. Soc. 1922, 44, 
1466 ; Ley, Zeiisch. physikal. Chem. 1899, 30, 


monium carbonate (Giolitti and Vccchiarelli, 193; Bor. 1900, 33, 2668; Dittrich, Zeitsch. 
Gazz. chim. ital. 1905. 35, ii. 170), Uranyl physikal. Chem. 1899, 29, 449). 
calcium carbonate U 03 C 09 *CaC 08 , 10 H 20 occurs Uranium nitrate is triboluminesc^t, the 
as the mineral liehigiie in apple-green warty crystals occasionally exploding with a bright 
masses. flash in contact with water (I wanow ; Andrews, 

Uranyl chlorate U 02 (C 103 )o,a:H 20 is a very Chem. Zeit. 1912, 1463; Eichhom, ibil 1014, 


soluble substwce, which readily decomposes 38, 139). According to Muller (Cheml Zeit. 
when heated (Sammelsberg,l.c.).‘ 1910, 40, 38) this is not a property bf the 

TJran,! ebnmate UOj-CrO. i» obtained bv “It “ 

adding uranio oxide to boiling chromic aci^ unstable compound of a lower oxide of mftogen 


solution ; it crystallises, on cooling the solution, 


a uranium • ether addition compound 


in yellow needles, containing 6iH,0(Formdnek, The phenomenon only app^w^ 

Annalen, 1890, 257, 108), or 3 rf, 0 ‘(Orloif, Chem. the original aqueous solution contamed free 

Zeit. 1907, 31, 375). The double salt mtiic aerf. i 

Double nitrates of the type RU 02 (NO|)|, 
where K may bo potassium, ammonium, th^- 


K2Cr04*2U03*Cr04,6H20 


is obtained as Tellow monoclinic crystals by fH™' roWmm, or casium, but not sodimn oi 
treating potassium uranate with chromic acid. l*]h}n>n, .are obumed bj; crystallise solutions 
The ammonium salt is isomorphoiis with the the rtuxed salts m nitnc acid. Watodecom- 
preceding salt; the sodium salt contains 

lOHjO (EormAnek IcX vVendel, Bcr. 1903, 36, 4055; Runbach, » 6 td. 

nMitvi u 11 37, 461). For other double nitrates, «e 

CTV- Ui.t;in, CVm.Zentr. 1912, i. 208. 

tiniM^of nntjJ«!nni*tir«nvi dilute solu- Uranyl nitrate is used in photography, and 

“■tow TO.noj, I. pwipiM.! OP 

mii^ boiling solutions of’uraijl nitrate and 21 , 613). 

sodium iodato in dilute nitric acid ; it forms Uranyl phosphate U 08 *HP 04 . Tins is pre- 

S ow prisms, slightly sf)lublc in water. A c»Ftat 6 d in an amorphous form by adding a 
rate U 03 (I 03 ) 2 , 5 Hj 0 is also knoM-n (DitU*. phosphate to uranyl nitrate solution, 

lliise de doctorat ^ Sc. Paris, 1870). ^his precipitate! is continuously boBed 

Unmous nitrate has not yet been prepared in JT*!* a"* ‘T?? 

the 8 ob‘dform(Isambert, Compt. rend. 1875,80, convcrt<^ mto U 0 .HP 04 , 4 H, 0 , which 
10 g 7 i ' 1 ' t crystalliws in tetragonal pla^ (Bour^is, tbid. 

Onajl nlinte nO,(NO,), Is a yellow amor- 
phons compound obtained ty heating the tri- 
and tetia-hydrates in a cununt of nitric an- 


uranic oxide with dilute phosphoric acid, ani 


hydride at a temperature of 170°-180°. It f 

mots Tiolentlywitirether and dissolves readily 
in water with development of heat. It com- n 

bines with nitrogen divide to form UWNHjPO^jH.O is a ^nish-TOllow 

TTA /\TA ovr Cipitate formed by the addition of a soluble 

UU 2 (A 02 )t» 2 A 02 pfiosphate to a mixture of a nmnyl and an 

lie ttihyflrate U0,(N0J,,3H,0 cmtalUses in “'t- ^ 1» obtained to the voto- 

yellow, monoclinic forms, and melts at J 21 ‘ 5 - • of phosphates The pied^- 

the dihydrato is rhombic and melts at 179-3* “te is insoluhio in acetic acid. Upon igmtoi it 
(Vesilieff, J. Buss. Hiys. Chem. Soc. 1910, 42, t 

“ *be hexahydrato ... , 

UO.(NO,),.6H,0. It is formed when any oi the i 

A dissolved to nitifc acid, '^-^ofrfe or knirnU (0o(U0J,(PO,),,l®^) 

:fe;#aBd k prepared oonunereially by heating am- or wumk (Cii(UO|UPO^„8H,0). 

fluminm nreoato and dissolving the rreidue in „ ®»®yl hjjwi*«[jji8ei have been 

nitric (Jtnda, Oester, &it. Bent-Hfiti oo^oribed by Rosenheim end Itawwidt (Ber. 
^, 4*. 826). For methods W pr^S 1922, 65. [BJ l«S7). 

Iwn pitchblende’, », Piligot, Atm. <him, 1844, UO.iHJPO.J. 
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described by Rosenheim end Itawwidt (Ber. 
1922, 65, [B] 1967). Umupf 


UO,(H,jPO,), 


mUkNIDU DISD^EORATION PBODUCTS. 


is a miciooii^taliiDa ydkv powder, prepared 
ijgr ^tating Bolntions of one molecular pro- 
portion of uranyl nitrate with four molecular 

S 'iona of sodium hypophosphite ; almost 
le in water, but reawy soluble in an 
excess of sodium hypophosphite or uranyl nitrate 
solution. 

Unmyl salleylste U 0 |((XH. 0,)2 forms orange- 
ydlow crystals (Courtois, Bull. 600 . ohim. 1923, 
33, [iv.] 1761 ), 

Urauous sulphate 11 ( 804 ) 2 , SH^O 
pared by dissolving the green oxide in dilute 
sulphuric acid, adding alcohol and allowing 
the solution to crystallise. The mother liquor 
contains uranyl sulphate; on ex^sure to 
light it is reduced to uranous sulfate, and 
another crop of crystals is obtained. A large 
number of other hydrates are known, e.g. di-, 
tii>, tetra-, penta>, hexa-, hcpta-, and nono- 
hydrates (OrJolf, J. Russ, Phys. Chem. Soc. 
1902, 34, 381 ; dc Coninck, Bull. Acad. roy. 
Belg. 1901, 483 ; Kohlschiltter, Ber. 1901, 34, 
3628 ; Giolitti and Bucci, Gazz. chim. ital. 1905, 
35, ii. 151, 162 ; Giolitti and Llberi, ibid, 1906, 
36, ii. 443). The tetrahydrafo is a stable sub- 
stance, and the nonohydrato U(S 04 ) 2 , 9 Hj 50 
cr^tallises from aqueous solution in fp^en mono- 
clinic prisma that frequently exhibit twinning 
and are isomorphous uith thorium sulphate 

Th(S04)2,9H20 

(Rammelsberg, Zeitsch. Krystall. 1889, 15, 640). 
Uranous sulphate forms double salts vnXh 
sulphates of the alkali metals, €.g. 

U(S04)sK2804,2H20 

(Kohlschutter, Ber. 1901, 34, 3619). Aqueous 
solutions of uranous sulphate are readily 
hydrolysed, basic sulphates being j^recipitated. 

A sulp^te of the composition UH( 804 ) 2 , 
which is supposed to contain trivalcnt uranium, 
has been described (Rosenheim and Loebel, 
Zeitsch. anorg. Chom. 1908, 57, 234). 

Uranyl sulphate UCo'SCi i.s obtained by 
dissolving the hydroxide of uiuniuin trioxide in 
concentrated sulphuric acid and crystaUisiiig 
the solution (Schultz-Sellacfc, Ber. 1871, 4, 13) ; 
or by drying either of its hydrates at 300^ It 
' forms yellow fluorescent crystals. The hydrate 
UOg'SOifS^HiO is obtained by concentrating a 
solution of uranic hydroxide in dilute sulphuric 
acid ; the solution does not crystallise r^ily. 
Another method is to dissolve uraiiosouranic 
oxide in conoontrated sulphuric acid, dilute, and | 
boil with nitric acid to oxidise the uranous | 
sulphate present. The hydrate forms citron 
yellow pmms, which effloresce in air, losing! 
water and leaving the trihydrate U 02 * 804 , 3 H| 0 . 
This dissolves in twenty times its weight of water 
at ordinary temperatures (do Coninck, Bull, 
Acad. roy. Belg. 1901, 222 , 349 ; 1902, 94, 161). 
Dried ifi wuo or at 100 ** it retains 1 molecule 
of witat* When dissolved in moderately con- 
centrated sulphorio acid, a beautiful ^llow, 
duoresoent, mystalline add sulphate 

U0,S04-H2S04 

ctystaUises out. The pyiosulphate (UO|}|S20, 
dystaUlMS from a solution the aohywos 
In pyroivdphurio acid (Schults-Sellack, 
Bera8Tl4 4,l8). 


hydzoxylamine sulphate (Bimhaoh, Ber. 1904, 

37, 461); a salt T 1 ,S 04 -U 0 ,S 04 , 3 H ,0 with 
thallous sulphate (Kohn, Zeitsch. anorg. Chem. 
1908, 59, 111) ; and combines with equimolecular 
quantities of the sulphates of ammonium, 
potassium, lithium, csssium, and magnesium, 
forming double salts which crystaUlw with 
from 2 to 5 molecules of water (de Coninck, 
Bull. Acad. roy. Belg. 1904, 1171 ; 1905, 50, 
94, 151, 182 ; de Coninck and Chauvenet, ibid, 
1908, 50). 

A number of haaic sulphaiea occur naturally, 
e,g, zippiite (U 02 *S 04 *U 02 ) and uracomte 
(U02*S04*2U0j, 14H20), which are alteration- 
products of pitchblende. 

Uranyl sulpbite. The crystalline precipitate 
obtained by evaporating a solution of uranic 
oxide in aqueous sulphurous acid, or by passing 
sulphur dioxide into an aqueous solution of 
uranyl acetate, has the empirical composition 
U0j‘S02,4H20 (Girard, Compt. rend. 1852, 34, 
22). According to Kohlschutter (Annslen, 1901, 
314, 311) it is really uranyl sulphurous acid 
S 03 H-UO./OH, 3 H 20 (c/. Ley, Ber. 1900, 33, 
2659). 

Uranyl thiocyanate U02(CNS)s,8H20, ora^e- 
ycllow needles obtained by the action of barium 
thiocyanate on uranyl sulphate. Highly de- 
liquesccut and very soluble in water, alcohol, 
acetone, ether or amyl alcohol. Forms double 
salts with the alkali and alkaline earth metals 
(Pascal, Compt. rend. 1914, 15$, 1672). 

Tungstates, v, Rammelsberg, Pogg. Ann. 
1843, 59, 31 ; Lefort, Compt. rend. 1878, 87, 
748. 

Detection and wU'wmtion.— In qualitative 
analysis uranium is obtained together with icon. 
All the uranyl salts of weak acids, e.g, carbonate, 
sulphide, phosphate, &c., are soluble in ammo- 
nium carl^nate and the other alkali carbonates, 
The ferrocyanide, a brown precipitate, insoluble 
in dilute acids, is characteristic ; alk{^ turn it 
yellow. U ranium is usually weighed as uranoso- 
uranic oxide, or else as uranyl pyrophosphate ; 
uranous salts may be titrated with permanganate. 
F. Analysis ; and Finn, J. Amer. Chem. Soc. 
1906, 28, 1443 ; McCoy and Bunzei, ibid, 1909, 
31, 367; Giolitti, Gazz. chim. ital 190^ 34, 
ii. 166; Mazzucchelli, Atti R. Accad. Lincei, 

, 1906, fv.] 15, ii. 429, 494 ; Campbell and Grifi5n, 
J. Ind. Engin. Chem. 1909, 1, 661; Ibbotson 
and Clark, Chem. News, 1911, 103, 146 ; Sohwanc, 
Heir. chim. Acta, 1920, 3, 330 ; Augw, Compt. 
rend. 1920, 170, 995 ; Holladay and Cunningham, 
Trans. Amer. Electrochem. Soc. 1923, 43, 
329 ; Jander and Reeh, Zeitsch. anorg. Chem. 
1923, 129, 293; Moser, Monatsh. 1923, 44, 90. 
URANIUM DISINTEGRATION PRODUCT! 

• The disintc^Uon of uranium proceeds in 
, all probahihty in the foOowing mmmer: 

Uranium I, of atomic weight 238, exp^ an 
I a-particle and changes into uramium a., an 
. isotope of thorium. The half-period of this 
, first change is 5000 million years. Uranium X. 
is short-lived, and changes with a half-perioa 
of 24*6 days into uranium X| or brevium, in the 
Vth family, expelling a ve^ soft 3-radiation. 

, Uranium ^ has a half-penod of only 1*15 
) minutes, and expels a penetrating 3’ramaHon. 
, It produces urimium II, whioh alter twodeurite 
tt-ray changes ^ves, first, toninm, and iima 
i radium. UramumH is im isotope 
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‘atomic weight four units less. Its half- 
period is estimated to be about two million years. 
All uranium must thus consist of a mixture of 
two isotopes differing by four units in atomic 
weight, the ^portion between the heavier and 
^e lighter Doing 2500 to 1. No separation, 
or even partial separation, has as yet been 
effected. Independent evidence of the existence 
of uranium II is afforded by the fact that 
uranium gives two a-particles of different ranges 
per atom disintegrating. 

See also A. S, Bussell (Phil. Mag. 1923, 46, 
642) ; Soddy and Hitchins (Phil. Mag. 1924, 47, 
1148). 

Uranium X* Estimated at.wt. 234. A 
radioactive element produced by the disinte- 

r tion of uranium. It emits two kinds of 
rays, and also y- rays, and its presence in 
ordinary uranium salts is responsible for the 
penetrative rays they emit. Uranium salts, 
when freed from uranium X, only emit a-rays. 
In course of a few' months the jS-radiation 
is regenerated, whilst that of uranium X 
decays. 

Uranium X may be separated in a number of 
ways. When a concentrated solution of uranyl 
nitrate (sp.gr. of solution 2*05) is allowed to 
cool, the mother liquor left after removing the 
crystals formed contains about 85 p.c. of the 
uranium X present (Soddy and Bussell, Phil. 
Mag. 1909, [vi.] 18, 620). If crystals of hydrated 
uranvl nitrate are shaken with ether, two layers 
are formed ; the aqueous (low'er) layer retains 
the uranium X. In the puriffcation of a uranyl 
solution from iron, aluminium, &c., by pouring 
into excess of ammonium carbonate, the pre- 
cipitated impurties contain all the uranium X* 
If this precipitate is dissolved in concentrated 
hydrochloric add, and the solution oxtracU^d 
with ether, saturated with hydrogen chloride, 
the ferric chloride is removed, but not the 
uranium X, w'hich remains in the aqueous 
layer (Uoyd, J. Phys, Chem, 1910, 14, 509; 
S^dy, Plul. Mag. 1909, [vi,] 18, 861). It has 
been recommended to add a thorium salt to a 
many! salt, and then precipitate the thorium in 
acid solution as fluoride ; the precipitate con- 
tams the uranium X (Keetman, Jahr. Radio- 
aktivit&t, 1909, 6, 269 ; Kitzcl, Zeitach. physikal. 
Chem. 1909, 67, 725). Thorium fluoride is, 
however, quite soluble in uranium solutions 
when these are concentrated. By using a 
lanthanum salt containing a very litUe thorium, 
converUng the precipitated fluorides into sul- 
phates ai^ then precipitati^ by boiling with 
sodium thiosulphate, a precipitate is obtained, 
consisting maimy of sulphur, which on ignition 
leaves a very sli^t residue containing all the 
uranium X originally present (c/. Antonoff, 
PhaMag.l911,[v.]22, 431). 

The most practical way of obtaining a con- 
tinuous supply of uranium X as requim is to 
kew a strong ethereal solution of uranyl nitrate 
and to shake this with a few drops of water, 

< pour ike aqueous extract into excess of N/2 
ammonium carbonate, and Alter off the insoluble 
predip^ate which contains the uratuum X. 

Chemically, uranium X is an isotope of 
ikoriA; for its radioactive properties, o. 
|t4i>8)toor« 

On the Miuenoe of substances on the adsorp- 


tion of uranium X, o. (Zeitsoh. physikal. 
Chem. 1909, 67, 724) ; Freundlilp and Neumann 
(Zeitsch. physikal. Chem. 1914, 15, 587) ; Brown 
(Chem. Soc. Trans. 1922, 1786). 

On the y-radiation from uranium X, v. 
Kiohardson (Phil. Mag. 1914, [vi.] 27, 252). 

On the electro-chemical separation of 
uranium X and uranium, v. Rossi (Nuovo Cim. 
1913, [vi.] 5, i. 5). 

On the magnetic spectrum of the of 
uranium X, v. von Baeyer, Hahn ana Meitner 
(Zcitscli. physikal. Chem. 1914, 15, 649). 

Uranium Xa, v, Fajans and Gdhring (Zeitsch 
physikal. Chem. 1913, 14, 877) ; Fleck (Phil. 
Mag. 1913, [vi.] 26, 528) ; Hahn and Meitner 
(Zeitsch. physilml Chem. 1913, 14, 758). 

On the 7 - rays of Uranium X and their rela- 
tions to Uranium X| and Uranium XAeee Otto 
Hahn and Lise Meitner (Zeitsch. Phya^. 1923, 
7, 157-167; J. Chem. Soc. Abstr. 1923, 124, 
ii.676). \ 

Uranium X| is completely adsorbed by 
charcoal from a solution of uranium salt, but 
if a small quantity of a thorium salt is adc^ the 
uranium X^ is not adsorbed at all. If the 
thorium nitrate used is previously shaken with 
charcoal, it loses to a great extent its power of 
I)reventing the adsorption of uranium Xj. 
This is shown to be* duo to the fact that thorium 
nitrate contains colloidal particles, and these 
are responsible for the displacement of the 
equilibrium in the adsorption of uranium Xj 
(H. Freundlich and M. Wrt'sehner, Zeitsch. 
physikal. Chem. 1923. 106, 360-377; J.. Soo. 
Chem. Ind. 1923, 42, 1220 A). 

Unmliun Y, i\ Soddy (Phil. Mag. 1914, 
215). 

Uranium V, v. 0. Hahn (Zeitsch. physikal. 
Chem. 1923, 103, 461); r/. also A. Piccara and 
E. Stahel (Physikal. Z. 1922, 23, 1; 24, 
80). 

Uranium Z (symbol U-Z), the existence of 
which has been announced by Hahn (Bcr. 1921, 
54 (B), 1131), has been further investigated 
by Guy and Russel (Chem. Soc. Trans. 1923, 
123, 2618) ( 7 .r.). 

URANIUM MICA V. Autui^itk; ToBBsamxx; 

UBAinn. 

URANIUM YELLOW r. Uranittm. 

URAO. A native form of sodium sesqui- 
carbonate Na 4 U 2 (C 0 ,)«, 2 H 20 , found in Sou^ 
America, Africa, and other places. According to 
Cbatard (Bulletin No. 60.U.S. GeolSurv. 1^7- 
1880;, the formula of urao is 

NB,C0„NaHC0„2H,0. 

URAPURGOL (hdmitcH). Trade name for 
hexamethylenetotramineanhydiomethylene ci- 
trate. 

URARl V. CUBABA* 

p-URAZINE c. Hvdbazirbs. 

UREABROMIN. A molecular oomblDatioii 
of carbamide and calcium bromide 

0aBr,‘40O(NH,), 

prepared by mixing the two components in 
solution. It is reaoilv soluble in alcohol or 
water, insoluble in ether, light petroleum or 
benzene, and melts at It gtm all the 
ordinary reactions of its oomponeuts when 




diBSolvBd in vntdv. Used in medidne Mai 
substitute for aUadi bromides (Biltz, Pbarm. 
ZentL 1912,53,245)* 

URBA, cafftowide, am$^armmidefiO<:i^* 

oocurs in human urine to the extent of 1*5 p.c. to 
2 p.c. ; in the mine of other mammalia, espeoiallv 
the carnivora; in small quantities in the blood, 
bile, milk, perspiration, the aqueous humour of 
the eye, and other animal fluids (Wurtz, Compt. 
rend. 1859, 49, 52 ; Popp, Ann^en, 1869, 151, 
88; Argutinsky, Pfluger’s Archiv. 1891, 46, 
594; North, mo. Boy. Soo; 1886, 39, 443; 
Pautz, Zeitsch. biol. 1894, 31, 212) ; in the liver, 
muscle and blood of the dog-flsh, the blood con- 
taining 2*78 p.c. (v. Shroeder, Zeitsch. physiol. 
Ghem. 1890, 14, 576; Baglioni, Beitr. chem. 
Physiol. Path. 1906, 9, 50); in the bile and 
blood of other fish (Hammarsten, Zeitsch. 
physiol. Chem. 1898, 24, 322 ; Baglioni, lx,). 
According to Marshall and Davis ( J. Biol. Chem. 
1914, 18, 53) urea is present in all tissues and 
organs of normal animals; v. also Karr and 
Lewis (J. Amer. Chem. Soc. 1916, 38, 1615), and 
V. Cullen and Ellis (J, Biol. Chem. 915, 20, 
571). In the vegetable kingdom urea has been 
found in Lycoperdm hovista, PeoUiota camputm 
and other lugher fun^ to the extent of 4*3 p.c. of 
the dry weight, and is present in minute quanti- 
ties in the juice from the washed leaves of a 
number of plants and also in seedlings of wheat, 
barley, maize, peas, clover, and Iwans (Bam- 
berger and Landseidl, Monatsh. 1903, 24, 218; 
Gaze, Arch. Pharm. 1906, 243, 78 ; Goris and 
Maseru, Compt. rend. 1908, 147, 1488 ; Posse, 
m. 1912, 165, 851 ; 1913, 166, 667, and 1938 ; 
Ann. Chim. 1916, 6, 13 ; Compt. rend. 1919, 
168, 1164). 

As much as 13 p.c. of urea has been found 
in dried mushrooms that have been cultivated 
in manure (Ivanov, Biochem. Zeitsch. 1923, 
143, 62; Chem. Soo. Abstr. 1924, 126, i. 
353). 

A. niger and P. ghucum both produce urea 
in the presence of ammonia and carbohydrates 
(Fosse, Compt. rend. 1912, 156, 263). For the 
formation of urea by higher plants, see Posse ' 
(Ann, Chira. Phys. [ix.] 1 916, 6, 667). A number 
of plants hydrolyse urea in presence of chloro- 
form (Posse, Ann. Inst. Pasteur, 1916, 30, 
642). 

Urea was first obtained synthetically by 
Wfihler in 1828 from ammonium cyanate, which 
undergoes a spontaneous transformation into its 
isomeride urea when an aqueous solution is 


evaporated at the temperature of boiling water. 
The mechanism of the reaction has been studied 
by Walker and others (Chem. Soo. Trans. 1895, 
67, 746; 1896, 79, 193; 1897, 71, 489; 1900, 
77, 30), who have shown : (1) that the reaction 
is a reversible one, equilibrium being reached 
in a deoinormal solution when there is about 
95 p.c. of urea and 5 p.c. of ammonium cyanate 
present (cf, Lewis and Burrows, J. Amer. 
Chem. Soc. 1912, 34, 1515) ; (2) that the reaction 
is a bimolecular one ; (3) that the velocity of 
the reaction is thirty times as great in 90 p.c. 
ethyl alcoholic as in aqueous solutions; and 
(4) that pure dry ammonium cyanate passes 
rapidly into urea when heated at about 80®. 
Those authors suggest that the active molecules 
in the reaction are ammonium ions and cyanic 
acid ions, NH' 4 -{-CNO'=CO(NH 2 )j 5 ; and that 
the increased velocity of the reaction in alcohoBo 
solution is duo to the effect of the alcohol in 
increasing the rate at which the dissociated ions 
interact, and this more than counterbalances 
the diminution in the velocity duo to the dimin- 
ished degree of electrolytic dissociation of the 
cyanate {cf. Burrows and Pawsitt, Chem. Soc. 
Trans. 1914, 105, 609). Another explanation 
of the reaction offered by Chattaway (C3iem. 
Soc. Trans. 1912, 101, 170) is that ammonium 
cyanate dissociates into ammonia and cyanic 
acid, that these interact to form tsourea, which 
rapidly undergoes molecular rearrangement 

NH.-N : C : 0 $ H N : C : O+NH, 

^ HN : ^ H^-CO NH, 

Wheeler and others (J. Amer. Chem. Soc. 
1912, 34, 1269) offer a somewhat simpler ex- 
planation of the interaction between the cyanic 
acid and ammonia by introducing the idea of 
partial valency 

HN;C:0 H*N.C:0 

Werner has shown that cyanic acid is capable 
of existing in equilibrium in the two forms, 
normal and iso-, or, as he prefers to call them, 
enol and ke/o, the relative proportions being 
a function of the temperature. Being a wm 
acid in the enolic form, cyanic add would 
naturally }ield a very unstable ammonium salt, 
easily dissociated by heat, both in the dry state 
and in solution, and transformable into urea 
according to the following scheme : 








^H,NCONH, 


H*OCJN ^H-N:C:0 
(Bnol form) (Keto form) 


(Chem. Soo. Trans. 1913, 103), see also Werner Chem. Soc. Trans. 1903. 83, 1391) ; by heating 
and Peairon (ibuf. 1920, 1366). ammonium sesquioarlmuate or 

' Urea can be obtained from lead cyanate by bamate at 130®-i35® uiuk^ pressure (Bouxgecds, 
direct hydrolyria with boi^ water (Camming, Bull Soc. ohim. 1897, [iii.] 17, 474 ; and, 
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Becker, Ber. 1911, 44, 3473; J. Soc. Chem. Ind. i D.R.P. 301278, from Chem. Zentr* 1922, ii. 
1913, 34, 924 ; lug. Pats. 23939, 24117, 24042, 1135). 

1914 ; Matignon and Prdjacques, Compi rend. Urea is usually obtained from urine by 
1920, 171, 1003 ; Badische Anilin and Soda- treating the concentrated filtered liquid vitb a 
Pabrik, D. R. PP. 332679, 301279 ; Eng. Pat. bot saturated solution of oxalic acid and de- 
146060 ; Krase and Gaddy, J, Ind, Eng. Chem. composing the sparingly soluble urea oxalate 
1922, 14, 611) ; by the electrolysis of a solution thus obtained with powder^ chalk ; the filtrate 
of ammonium carbonate (Fichter, Steiger and is decolorised with animal charcoal and 
Stanisch, Verb. Schwerz. Nat. ges. 1916, 28, ii. evaporated until the urea cry^lises out on 
66; Fichter, Zeitsch. Elektrochem. 1918, 24, cooling. Anolhor method consists in extract- 
41); by passing a mixture of ammonia and ing the urea with alcohol from the syrup ob- 
carbon dioxide through a red hot tube (Mixter, tained by evaporating the urine, jpredpitating 
Amer. Chem. J. 1882, 4, 34). For the explana- the urea os the sparingly soluble nitrate by the 
tion of the mechanism of these reactions, see addition of concentrated nitric acid, and decom* 
Werner (Chem. Soc. Trans. 1920, 1046), posing the salt by boiling with barium carbonate 
Bailey (Oompt. rend. 1922, 176, 279). Urea and alcohol; the urea is obtained by orystallisa* 
is also formed by the action of carbonyl chloride tion from the filtrate. It can be purdled and 
on ammonia (Natanson, Annalen, 1866, 98, decolorised by boiling it in aqueous Solution 
287 ; Bouchardat, Corapt, rend. 1869, 69, 961 ; with hydrogen peroxide (Kunz-&au 80 , KoUoid 
Fenton, Chem. Soc. Trans. 1879, 35, 793 ; Zeitsclh 1919, 26, 240). I 

Hantzsch and Stuer, Bor. 1905, 38, 1041 ; Urea can be prepared on a large scale 

Werner, Chem. Soc. Trans. 1918, 694); by by passing drv ammonia into fused phenyl 
passing a stream of air charged \rith ammonia carbonate until the odour of ammonia is per- 
and benzene vapour or acetjiene over a heated sistetd.. The product is poured into fiot ^ater, 
platinum spiral (Herroun, Chem. Soc. Trans, when it separates into two layers (xmsist- 
1881, 39, 471) ; by heating a solution of carbon ing respectively of phenol and a solution of 
monoxide in ammoniuin cuprous chloride at urea; 5 kilos, of ]>henyl carbonate yield 1 
106® under pressure (Jouve, (’omjjt. rend. 1899, kilo, of urea and the whole of the phenol is 
128, 114); by the decomposition of copjjcr or recovered. The phenyl carbonate is obtained 
ammonium fulminate with sulphuretted hydro- in an almost th(‘oretical yield by passing dry 
gen (Gladstone, Quart. J. Chem. Soc. 1849, 1, carbonyl cldoride into a solution of phenol in 
228) ; bj^ the decomposition of an aqueous its equivalent quantity of dilute caustic s^ 
solution of prussic acid (Campani, Gazz. chim. (Hentsohel, 1884, 17, 1286). By a similar 
ital. 1871, 1, 472), or by the oxidation of po- reaction, guaiacol carbonate is rapidly con- 
tassium cyanide with potassium ]x;mianganate verted into urea and guaiacol when an alcoholic 
or sodium hypochlorite ( Volhard, Annalen, 1890, solution i.s saturated with ammonia (Cazeneuve, 
259, 377 ; fteychler, BuU. Soc. chim. 1893, [iii.) Conjpt, rend. 1890, 122, 999). 

9, 327). (For industrial conversion of ammonia Urea crystallises in m^lcs, or in four-sided 
into urea, set Matignon and Fr^jacques, Chem. rhombic anhydrous prisms ; it is readily soluble 
Ind. 1922, 7, 1057. In abstract, J. Soc. Chem. in water, 1 grm. of water dissolving 0 779 gnn. 
Ind, Aug. 31, 1922, p. 646 A. ^See a?ao under of urea at 5*5®, 1*00 grm. at 17*1®, and 1 *094 grm. 
Patents, p. 647 A., Bad. Anil ii. Soda Fabrik, at 20*92® (Krummacher, Zeitsch. biol, 1905, 
Eng. Pat. 182331). Urea is also (tUained by 46, 302). It dissolves in five parts of cold 
tiie hydrolysis of guanidine (Flenmiing, Chem. alcohol, is soluble in methyl and in amyl alcohol, 
Zeit. 1900, 24, 56), arginine (Schulze and and is insoluble in ether, ethyl acetate or chloro- 
likicmik, Ber. 1891, 24, 2701) or lysatinc form. The heat of c^>mbu8tion is 2*532 cal., 
(Drechsel, ibid. 1890, 23, 3096) with barium and the heat of solution 3*57 cal. (Krummacher, 
hydroxide solution; and is a constant product U.), For the entropy changes at low tempera- 
of oxidation with acid potassium pcrmanganatcj lure, ^tee Gibson, Latimer and Parks (J. Amer. 
of a large number of organic compounds Chem. Soc, 1920,42, 1533), 
containing nitrogen : for example, acid Urea melts at 130®-! 32®, and sublimes 

amidas and amino acids (Hofmeister, Chem. readily when heated under reduc^ed pressure at 
Zentr. 1896, ii 389; Jollcs, Ber. 1900, 120®-130® (Bourgeois, Bulk Soc. chim. 1892. 
33, 2834; J. pr. Chem. 1901, [ii] 63, 516), [iii.l 7, 45). When pure dry urea is heated 
and protmns (Ritter, Compt. rend. 1872, slightly ab<jve its m(4ting point it undergoes 
73, 1219; Hofmeister, l.e.; Hugounenq, rapid dissociation into ammonia and eyaaie 

Ck^pt. rend. 1901, 132, ]24<); Jollcs, Ber. acid 
1901, 34, 1447; Fosse, Compt. rend. 1912, .KH, Klf. 

164, 1187, 1819; 1919, 168, 320). Urea is NHjC/I « -f 

found abundantly when d-glucose, lavulose, \G HOCN*^HKtCO 

fuerose, dextrin or cellulose is oxidised in 

meeiiee d ammonia ; and much higher yields ^ .... , . 

^ am an obtamed by oxididsg under the CyMunc wd m proda^ m » mult of ^ 
Hme wpeaijnental condition* fomuddehyde or polyme^bon »» * .portion ol the ayub ^ 
nroteopiSe (Fo*«e,Ana Inst. Pa«tenr, 1916,30, onginslly prmnt in the 
642; Oompt rend. 1916, 168, 1164} 1921, 172, i* sunrfteneoudy formed by tim iMon 
68i 1840; 173, 31& *3^*“*® uncluaged um. 

Oyttuunlde is dowly converted into nree by NHjOO'NH'CO NH, wlm liMted Id IM* 
Am ertion d wstor (Schmidt, Arch. rhwm. decomposes into s^ooin ud add, 

361), i>y the action of dilute miniraJ cyan«ne aad C,*r,(OH)» and unmeUdo 
adds in iho ptesnice of fetraederiio oxide BN-CO'lIB'C(;JEfH)-NH‘CO 

OTwlnmhe vonn. Heister, Lndu* snd Br&iui^ I : I 
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(Wwflttw, Ohcwi. Soo. Tmut. 1013, 103, 2275; | 
C2idiii« $ 00 . Broe. 19U, 262). When nrea is j 
sttblixned in a Taoutim at 160M90®, the sub- ] 
limate consists of ammoniiiin^anate (Eaoales, 
Ckem, 2«eit. 1911, 35, 695). When an aqueous 
solution of urea is boiled, it is parisally con- 
verted into ammonium cyanate. The reaction 
is a reversible one, equiubrium bang reached 
in a N/10 solution, when there is about 5 p.c. 
ammomom cyanate present (Walker and 
Hambly, Chem. Soo. Trans, 1896, 67, 746; 
Fawsitt, Zeitsch. physikal. Chem. 1902, 41, 602). 
When heated with water in a sealed tube at 
180**, urea undergoes complete hydrolysis, 
forming ammonium carbonate. For the de- 
composition of urea by acids and alkalis, see 
Werner (Chem. Soo. Trans. 1918, 84; 1920, 
1078). Urea is decomposed by the action of 
nitrous acid, yielding nitrogen and carbon 
dioxide (Claus, Ber. 1871, 4, 140); compare, 
however, Werner (Chem. Soo. Trans. 1914, 863). 
Urea is decomposed when heated with dilute 
hydrochloric, sulphuric, or nitric acid, yielding 
carbon dioxide and the ammonium salt of the 
acid (Fawsitt, Zeitsch. physikal. Chem. 1902, 
41, 601 ; Werner, Chem. Soc. Trans. 1018, 113, 
84; Price, ibid. 1919, 115, 1364; Burrows, 
J. Boy. Soc., New South Wales, 1919, 63, 126). 
It is oxidised by a hot acid solution of potassium 
permanganate, yielding two vols. CO, and 1 vol. 
N (Wanklyn and Gamgee, Chem. Soc. Trans. 
1868, 21, 25). By the action of sodium hypo- 
chlorite or hjT)obromite, urea is converted into 
carbon dioxide, nitrogen, and water ; together 
with a small quantity of carbon monoxide 
(Hurtley, Bio-Chem. J. 1921, 16, 11). For an 
explanation of the course of this reaction, com- 
pare Sohestakow (J. Russ. Phys. Chem. Soc. 
1906, 37, 1) ; Dehn (J. Amcr. Chem. Soo. 1910, 
31, 1220); Werner (Chem. Soo. Trans. 1922, 
2318). Urea is decomposed by bromine, yielding 
cvanuric acid, ammonium bromide, and nitrogen : 
omorine has a similar reaction on fused urea 
(Smolka, Monatsh, 1887, 8, 64). Urea is con- 
verted into cyanamide NC-NHa by the action 
of sodium (Fenton, Chem, Soc. Trans. 1882, 41, 
262) or of sulphuryl chloride (Moureu, Bull. 
Soo. chim. 1894, [iii.] 11, 1068). Compare 
Wemer (Chem. Soc. Trans. 1915, 107, 716) for 
the rdationship of cyanamide to urea, and (i6id. 
1913, 106, 923) for the constitution of carba- 
mldes and isooarbamides. 

Urea readily undergoes bacterial fermenta- 
tion with production of ammonium carbonate 
(Miguel, Compt. rend. 1890, 111, 307; Frank- 
lana, Chem. Soc. Trans, 1886, 47, 175 ; Hatton, 
1881, 39, 266 ; Jacoby, Biochem. Zeitsch. 
1916, 74, 109) ; a ferment present in urine is 
|>artioularlv active in causing this decomposi- 
tion, and if this ferment is collated on papr by 
filtration, washed and dried at 36M0^ its 
aetavity revives when brought into contact with 
water; and such pprs, when previously 
eolou]!^ with tunnenc, form a convenient test 
for urea, beooming deep brown when dipped into 
a aolu^on o(mtaining even part of urea 
^usenlni, Compt. rend. 1874, 78, 132). For the 
aeoomposition oi urea by moulds, v. Kossowioa 
(Amer. Chem. Abe. 1913, 807). 

can be detected by the 
Imatioa cparingly eolnble nitiato or 
oialalib In tliui oMe (4 the latter salt, ^ 


prseipitatiott is facilitated by usiiu an amyl 
alcoholic solution of the urea and m the oxalic 
acid (Briioke, Monatsh. 1861, 3, 196). The 
bitirel test is the commonest test for urea. It 
consists in heating gently the urea until it oeases 
to evolve ammonia freely, dissolving the residue 
in a little water and adding a few £^)ps of very 
dilate copper sulphate solution, on the subse- 
quent addition of a drop of concentrated potas- 
sium hydroxide, a beautiful violet oobur is 
develop^. If the urea is in solution, it may be 
detected by evaporating to diyness witii hydro- 
chloric acid, heating the residue until it ceases 
to evolve thick white fumes and then dissolving 
I in ammonia ; on adding barium chloride solu- 
tion and stirring, crystals of barium cyahurate 
! separate on the lines of friction made by the 
rod ; or copper sulphate may be added to the 
ammoniacaf solution of the residue, when violet 
crystals of cuprammonium cyanurate separate 
out (Bloxam, Chem. News, 1883, 47, 285; 
V. Wemer, Chem. Soc. Proc. 1914, 30, 262, ^for 
proof that biuret is formed by the intera^on 
of urea and its dissociation product cyanic 
acid). Other colour reactions that can be used 
for the detection of urea are (1) the formation 
of a fine purple violet colour, when a solution 
of urea is treated with a concentrated solution 
of furfurol and a few drops of coneenirated 
hydrochloric acid (Schiff, Ber. 1877, 10, 773; 
Gauassini, Arch. Farm, sperim. sci. app. 1918, 
26, 238; from Chem. ^ntr. 1919, ii, 473); 
(2) the development of an intense blue colour 
when minute quantities of urea (or other com- 
pounds containing the ‘NH*CO‘NH| group) and 
methylfuril (CiHjO'CO’CO'CiHjO’CH,) are 
mixed on a filter paper and treaM with a drop 
of fuming hydrochoric acid (Fenton, Chem. 
Soc. Trans. 1903, 83, 187 ; Proc. Camb. PhiL 
Soc. 1911, 16, 64) ; (3) the development of the 
characteristic red colour of the sodium violuzate 
when the urea (or its mono- or sym. di-sui^ 
stituted derivatives) is condensed with malonic 
acid by cautiously heating the mixture moistened 
with phosphoryl chloride, the resulting barbitnrio 
acid dissolved in water, neutralised with solid 
sodium carbonate, and then treated with a 
cmtal of sodium nitrite and a drop of aoeric acid 
(\(^iteley, private commwikation) ; (4) urea con- 
denses with o-nitrobenzaldehyde when heated 
in alcoholic solution, the o-nitrobenzodiureide 
NO,CeH4*CH(NH<X)*NH,), thus obtained 
melts at 200^ and if present in very small amount 
may be readily detected by decomposing it with 
dilate hydrochloric acid and testing for o-nitio- 
benzaldehyde by the red colour it gives with 
phenylhydrazine (Liidjr, Monatshu 1889, 10, 
296); see also Arreguine and Garda (Anal 
Asoc. Quim. Argentina, 1921, 9, 183). Accord- 
ing to Fosse (Compt. rend. 1913, 157, 948) it is 
possible to precipitate urea bv means of its 
xanthhydrol derivative at a (ulution (d 1 in 
1,000,000, to identify it by analysis at a d&ation 
of 5 parts in 100,000, and to iuentify It miero- 
scopically at a dilution of 1 in 100,000; see 
also Wemer and Feaion (Chem, Soo. Trans, 
1920, 1360) ; and Bonn^ and Haushalten 
(Compt rend.eSoo. Biol 1922, 86, 395) ; Btfibel 
(Anat Aim. 1921, 64, 236). 

The determination ol^^the 
amount of urea fteamt in urine, Uood aamn 
or other animal liquidi^ is a prohiem of mah 
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phjBiologioal importance. Of the large number carbonate in sufficient amount to Hberato the 
of methods' that have been described for the ammonia formed in the free state is without 
estimation of urea» only those are now in use deletedous effect upon the aotivi^ of the ureiM. 
that inTolTe the conversion of urea into am- This observation is made use of in the following 
moniai under such conditions that other nitro- method : Three large test tubes are oonstriotw 
genous substances that may be present in the by drawing them out in a blon^ipe ffame in 
mcimen are not simultaneously hydrolysed, such a manner that the capacity below the 
!l^e most important methods are those of constriction is about three tunes that of the 
Folin and of ^ne^ct» Mdmer and Sjoquist, and liquid to contained. These tubes are fitted 
of Pfliiger and Bldbtreu. For estimation by with corks end connecting tubes as wash- 
the hypobromite method, see Philibert (J.Pharm. bottles, the upper end of the first inlet tube 
Chim. 1919 [vii.] 19, 335, 386, 434); Golse being provided with a three-way piece and stop- 
(tWd 1919, [vii.] 19, 20). For estimation by cock. Into the first tube 20 c.c. of watw, 
the xanthhydrol method, v. Fosse (Compt. rend. 5 c.c. of urine, and 3 to 6 grms. of soya-bean 
1914, 168, 1076, 1688 ; 1914, 169, 253, 367) ; meal are placed, and the central narrow tube 
Maestro (Chem. Zentr. 1915, II, 984, from Arch, is inserted and surrounded by a few glass beads 
FarmaooL Sperim. 19, 672) ; Frenkel (Ann. above the constriction. The remaining tubM 
Chim. anal 1920, ^ii.] 2, 234) ; Carra (Biochem. contain known volumes of Od N ^Iphurio 
terapia. sper. 1921, 8, 226), who has examined acid for absorption of the ammonia ligated, 
the various method for the estimation of urea, The tube containing the mixture is intnaersed 
states that thig method is very accurate. For a in a water- bath at 40®C., and a current of 
^ microchemical method based on this reaction, see ammonia-free air is drawn through the apparatus 
NiclouxandWelter(Compt.rend.l921, 173, 1490). at a rate exceeding 5^ litres per minute. Two 
I. Folin’s method is based on the fact that c.c. of saturated sodium carbonate solution are 
urea is quantitatively converted into ammonia introduced by means of the stopcock into the 
and carbon dioxide when heated with fu^ed tube containing the mixtui-c, and aeration is con- 
magnesium chloride MgCljjOHjO. In using this tinned for 40 minutes, after w'hich the urea is 
method for the estimation of urea in urine, 3 c.c. calculated from the titration of the standard 
of the sample are boiled for half an hour with acid. Results obtained with known amounts 
20 gims. of hydrated magnesium chloride (phos- of urea show a maximum error of 0*88 p.c. 
phoric acid or potassium acetate, v. Folin, J. (G. M. Wishart, Bir>-Chora. J. 1923, 17, 403- 
Biol. Chem. 1912, 11, 507) and 2 c.c. concen- 405; Analyst, 1923, 48, 501). 
trated hydrochloric acid in a small refiux Urea in urine or in milk may be estimated 
apparatus supplied with a special 3-bulb safety by means of urearo obtained from the seeds 
tube. After careful dilution, 7 c.c. of 20 p.c. of Canamlia ensiformis by extracting the 
• sodium hydroxide are added to liberate mag- powder with glycerol and wafer, then, after 
nesium hydroxide and the ammonia distilled about 3 hours, acidifying with hydrochloric acid 
over into a known volume of N/10 acid, the and filtering. In the cam^ of urine, the estima- 
distillation being prolonged until the con- tion is carried out by diluting about 5 o.c, with 
tents of the flask are almost dry. Allowance 50 c.c, of water and adding 3 c.c. of the solution 
must be made for the ammonia present in the of urease and 1 c.c. of 3 p.c. solution of calcium 
magnesium chloride (Folin, Zeitsch. physiol, caseinate to serve as indicator; after about 
CSiem. 1901, 32, 504 ; 1902, 36, 333 ; Folin and 3 hours, 40 c.c. of Od N hydrochloric add are 
Farmer, J. Biol. Chem. 1912, 11, 493, 507, 523 ; added, and the excess of ac4d titrated back with 
c/. Bock, ibid. 1913, 14, 295), In this method sodium hydroxide solution, the precipitation 
creatinine yields traces of ammonia and allantoin of the casein indicating the end-point In the 
yields aH its nitrogen as ammonia. Benedict case of milk, 10 c.c. are diluted with 40 c.o. of 
(J. Biol Chem, 1910, 8, 405) modifies the method water, 3 c.c. of urease solution are added, and 
adding to the urine potassiam hydrogen the estimation continued as above, Cow^s 
achate, zinc sulphate, a little powdered pumice, milk usually contains 0*25 to 0*30 grm. of urea 
and a piece of paraffin to prevent frothing ; the per litre, and, for the first few weeks after 
mixture is boilra to dryness, the residue heated calving, 0’75 grm. |)er litre. Goat^s milk is 
at 162°-165*’ for an hour, then mixed with richer in urea than that of the cow, the average 
sodium hydroxide and the liberated ammonia being 0*80 grm. per litre (G. Morimoto, Bio- 
distilled into standard acid. For the conversion Chem. J. Japan, 1922, 69; Ann, Ohim. anal 
of urea to ammonia by means of urease, which 1923, 5, 153 ; Analyst, 1923, 48, 394), 
does not decompose allantoin, v. Marshall, J. 11, In the Mdmer -Sjdquist metlu^ of estl- 
Biol Chem. 1918, 14, 283 ; Van Slyko and mating urea in urine, uric acid, purhis basei, 
Cullen, ibid. 1914, 19, 211; 1916, 24, 117; tyrosine, allantoin, ftc., are removed by pi^ 
Plimauex and Skelton, Bio-Chem. J. 1914, 8, cipitation with barium chloride and hyoioxkie 
70; 1916, 24, 117 ; Fiske, J. Biol. Chem. 1915, in a mixture of alcohol and other. Tba fiitmte 
23, 455; H^en, Chem. Zentr, 1916, 1, 997, and washings are evaporated at 65^ to about 
^ firom Ikui. mod. Woch. 1916, 42, 414; 25 c,c., a little water «id magnedla adM anfl 
Yamazald, J. Tokyo Chem. Soc. 1918, 39, the distillation continued unw the steam has 
^ This method, according to Ckura (le.), no longer an alkaline leaoUon* The vtfiume is 
exceilont results. Folin and Denis (i5fd. then concentrated to 10-16 c*o. and the nitrasn 
H16, 26, 601) give directions for the eetima- present estimated by the Kjdidatil method 
Mon of the nitrogen by direct eNcsslerisatlon (C^om. Soc, Abstr, 1891,766; eomfiiie TShimi* 
alter bydrolymng the urea by urease and stem, Zeiteoh. pbyrioL CbimL 
leigcmg the latter with phosphoric acid. IIL In the Pflfiger-BMbdeu mewd m the 

Whim crude soya-bean mell is used for the estoaiion of urea m uriue^the uHioMiiomociedr, 
, estimation of urea, the addition of sodium pounds other thso uiea art {uompilaj^ 
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fimgltio fusids; the urea deoompose^in tha 
aeutnliaed filtrate heating it viti^hosphorio 
aoid» and the ammonig estimated, lor working 
details of this and the other methods, see 
Abderhalden's Handlmoh der Biochemlsches 
Arbeitsmetboden, yoI. iiijpart 2, 776*782. 

Derivatives. ^Urea forms salts with 
metals; silver area CO(NHAg)j| (Mulder, Ber. 
1873, 6, 1019) ; monopoiaaaitm urea CON.H3K, 
eolourl^ needles ; dipotaaeium urea CON2H3K3, 
Mutinous mass (Franklin and Stafford, Amer. 
Chem. J. 1902, 28, 83). It also forms salts with 
acids, some of which combine with metallic salts 
to form stable (^talline double salts. The 
fuMe 00(NH2)2*]^03 forms sparingly soluble 
monodmic ciystals that decompose at 140^ 
^ubert, Compt. rend. 1907, 146, 378; v. 
Barker, Min. Mag. 16, 207, for oiystallographic 
constants); it is precipitated quantitotiveiy 
when cono^rated solutions of cyanamide and 
nitric acid are mixed at below 20° (D. R. P. 
285269, from J. Soc. Chem. Ind. 1915, 34, 1166) ; 
the hydrochloride C0(NH2)2‘HC1 dissociates in 
aqueous solution (Batta, Chem. Soc. Trans. 
1912, 101, 166); see also du Toit (Proc. K. 
Akad Wetensch. Amsterdam, 1913, 16, 655); 
the phosphate CO(NH2)2*HaP04, large rhombic 
crystals, readily soluble in alcohol or water; 
the phosphotungsiate crystallises in rhombic 
prisma (Drummond, Bio-Chem. J. 1918, 12, 6); 
acetate C0(NHj)2,CjH40a,2H20, large delique- 
scent crystals (Matignon, Compt. rend. 1891, 
112, 1367) ; glycine urea 

large crystals (Matignon, Bull. Soc. chim. 1894, 
[iii] 11, 675) ; the salicylate {ursal) 

C0(NH2)a-C;H403 

has m«p. 122° ; the acid salt C0(NHs)2*2C7H30| 
has m.p. 115° ; the quinate (urol, urocol) 

m.p. 107°; the picrate C0(NH2),-C«H,O3N, 
decomposes at 142° (Smolka, Monatsh. 1885, 6, 
915); the (mlaU [C0(NH2)3l,C3H304 forms 
rhomhio plates or prisms, sparingly soluble in 
water (1 : 23), less so in alcoholll : 62), amyl 
sdoohol, and insoluble in ether. With hydrogen 
peioxi^ urea forms the compound 

C 0 (NH 3 ) 3 *H 30 . j 

orystaUising in laige transparent crystals 
mmatar, J, Russ. Phys Chem. Soc. 1908, 40, 
376). Urea forms crystalline compounds wilA 
§id£um ihhride (X)(NH3)3‘NaC13^0 rhombic! 
pla^ or prisms, m.p. 60°*70° ; with ammomum 
chloride G0(NH|)|’X^4C1 quadratic plates or 


Zente. 1912, 63, 245); CaBr.,6CO(NH3)3, 
hext^onal {dates, m.p. 146° (Okuda and Fuji- 
waka,l.c.); with cofciim iodide Cal, ,6CO(NH,)3, 
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neeto that readily dissociate; with calcium 
nmte Ca(N’0,)«4C0(NH,)„ the compound is 
omtalline, readily soluble in water and not 
dmqiiesoeiit (Bosch, U.8. Pat. 136^83) ; with 
Mrride Caa„4CO(NH,)„ m.p. 168°- 
169^, stabk in air, said to be useful for sub- 
outaaeous i^ection in hay fever and asthma 
(KncQ A D.B.P. 806804, from Chem. j 
SSdulr. 1$I8, ii* 420; Okuda and Fujiwaka, J. | 
Boa 1919,40,404); withcalbt«m{ 


318343, from Chem. Zwr. 1920, ii, ^ij; with 
mercuric chloride CO(l%4)3*HgCl| ; with 
chlori^ CO(NH3)3*ZnCl3 ; » with cadmium 
cMoride CO(]MH,)„CdCl3 ; with silver nitrate 
CO(NH,)„AgN03 ; 'vrilh palladium chloride 
PdCl,‘2CO(NH,),; and wi^ magnesium 
bromide MfeBr,-6CO(NH,)„ m.p. 167°-170°, with 
decomposition, and MgBr,*4CO(NH3)3 decom- 
poses at 165°-170° (Mensenutkin, Petersburger 
mlytechn. Inst. 1906, 6, 101). Among the 
Qouble salts formed by urea are the paHnu 
chlorides [C0(NH2),‘HCl],-PtCl4,2H,0, hygro- 
scopic yellow prisms (Heintz, Annalen, 1879, 
198, 91) and [CO(NH,),]4-H,PtCl4, m.p. 119°* 
120°, red prismatic crystals (Hckard and 
Kenyon, Chem. Soc. Trans. 1907, 91, 902); 
the aurichlorides 2CO(NH2)|'HCl'AuCl3 and 
C0(NH2)2*HCi-AuCl3,H20 ; the guitUne hudrth 
chloride C2oHa4N202*HCl,CO(NH2)3*Ha,aa,0, 
and similar compounds containnm qtdnidine 
and cinchonidine (Biygin, Chem. &ntr. 1881, 
245) ; the double hydirobromide 

m.p. 70°-75°, decomposes at 130°-140°; the 
corresponding double hydrochloride is employed 
as a local anesthetic (Golubev, J. Russ. Phys. 
Chem. Soc. 1914, 46, 189) ; cotamine catbauM, 
m.p. 180°, possesses therapeutic properriee 
(Knoll & Co., D. R. P. 232786). The compounds 
\rith»»ercwrtcni<redc2C0(N’H2)2’Hg(N03)33Hg0, ^ 
2CO(NH2)a*Hg(NO,)2*2HgO and 

2C0(NH3)2*Hg(N03),*Hg0 

are obtained by precipitation between urea and 
mercuric nitrate under different conditions of 
concentration. Urea also combines with meiourio 
salts to form salts of the divalent radicle 
CO(NHHg)|, * mercurocarhamide ’ ; the hydrozide 

CO(NH-HgOH),; 
the chloride CO(NH'HgCI)2, and 

CO(NH-HgCl)3*CO(NH2),-2HOl ; 
the nitrate 

CO(NH HgNO,)2, sulphate CO(NHHg),S04, 

and the aeetaie CO(NE*EstOAc) (Ruapaggiari, 
Gazz. chim. ital. 1897, 27, 1, 1). Salts oontsin- 
ing chromium complexes and urea have bemi 
described by Sell (Proc. Roy. Soa 1882, 33, 
267; 1889,46,321). 

Acyl derivatives of urea, v. Ubxidib. 

Cmro and nitre dmvativee.^fdoiro^^ 

NH3CONHa 

decomposes at 71°, dissolves in five paxte of 
water at ordinary temperature, giviiig a neuttil 
solution that loses nitrogen and forms biuret 
It reacts riowly in aqueous solution with 
atiphatio ketones, yielding timmonoohlwchetmie 
(Behai and Deto^ Compt rend. 1911, 1121, 
681 1229) ; aim with ethylenio hydroearlKHis, 

wes (XHNHd),,. pwpmd bf paiitec a nai4 
Btnan of into a hwoooIm lolmoii 
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of urea in water, forms colourless plates that 
melt with deoompositioA at 82^ when cautiously 
heated and detonate when rapidly heated,' 
forming nitrogen chloride; on decomposito 
with ammonia in strong aqueous solution 

]^uraz%M “ formed (Chatta- 

way, Proo. Boy. Soc. 19^8, A. 81, 381 ; Chem. 
Soo. Trans. 1909, 95, 236 ; compare Datta, ibid, 
1912, 101, 166 ; Dowell, J. Amer. Chem. Soc. 
1919, 41, 124). 

Nkrourea NOj'NH'CO'NHg, prepared by 
the action of concentrated sulphuric acid on 
urea nitrate, forms sparingly soluble crystals 
that decompose on melting ; it is a strong | 
add, liberating acetic acid from its salts. The i 
potassium, so^um and mercury salts have 
been prepared. On reduction with zinc dust 
and sodium hydroxide, it forms nitrosourea 
NHj*CO*NH*NO, and this develops a purple 
colour with ferrous sulphate (Thiele and Lach- 
mann, Annalen, 1895, 288, 281), On further 
reduction it yields semicarbazide | 


8te Backer (Rec. trav. chim, 1012, 31, 1) for 
the electrolytic reduction of nitrourea. Car- 
haminoazomide NHg'CO'Ng from sodium nitrite 
and semicarbazide has m.p. 92^-93^ (Thiele and 
Stange, Annalen, 1894, 283, 1) ; ajanocarhamidt 
CN*NH*CO‘NHn (Mauguin and Simon, Compt. 
rend. 1920, 170," 998). 

The adicyl and aryl derivatives of urea are 
prepared by Wohler’s method from the corre- 
sponding mono- or di- substituted ammonium 
cyanate; by the action of ammonia on the 
taet^mc ester, and by the action of carbonyl 
chloride on the amine. For a description of 
these derivatives, see Michlcr, Ber. 1875, 8, 
1664; Schiff, Annalen, 1877, 189, 157; Michler 
wd Escherich, Ber. 1879, 12, 1102; Hemmel- 
mayr, Monatsb. 1891, 12, 89 ; Chancel, Compt. 
rend. 1892, 115, 2^ ; Schneegans, Arch. Pharm. 
18^, 231, 675 ; A. E. DLxon, diem. Soc. Trans. 
1895, 47, 559 ; Diels and Golimann, Ber. 1911, 
44, 3158; Onnizzaro, Gazz. chim. ital. 1871, 1, 
41 ; Letts. Chem. Soc. Trans. 1872, 25, 448 ; 
Phtem6 and Spica, Gazz. chim. ital. 1875, 5, 
388; Michler, !^r. 1876, 9, 396, 710; Claus, | 
thid. 693; Weith, ibid. 821; Pagliani, Gazz. 
chim. ital. 1879, 9, 28 ; Oosack, Ber. 1879, 12, 
1449; 1880, 13, 1088; Michler and Zimraer- 
mann, ibid, 1881, 14, 2177 ; Michler and Keller, 
m, 2181 ; Traube, ibid. 1882, 15, 2122 ; Kym, 
t5td. 1890, 23, 424; Kiihn and Landau, ibid. 
811; Miuiuelli and Comanducci, Gazz. ohim. 
itaL 1899, 29, ii. 136 ; Davis, Roberts, Brewster, 
J. Amer. Chem. Soc. 1916, 38, 731). For a 
summaiy of the alkyl substituUnl ureas, see 
Abderhalden's Biochemisches Handlexikon, 
1911, vol. i. part 2, pp. 772, 773. For ureas of 
^ nai^thaieno series, t>. Bayer & (Ho., D. R. PP. 
278122, 284938, 289107, 289163, and lor the 
di^mlHirea chlorides v. D. R. P. 285134. 

Drea l(Mnas condensation derivatives with 
hmBdMyde (Goldschmidt, Ber. 1896, 29, 2438 ; 
dm. Zeit. 1897, 21, 460; Di Palma, Boll. 
Ctoa. IWin. 1912, 51, 78 ; EinHbrn and Hi^m- 
Ber. 1908, 41, 24 ; Dixon, Chem. Soa 
Trim, 1918, 118, 288; VaiLl^r, Bull. Soo. 
dm ^ 1919, 28, 881); with Uikskms 
(Eftnif X pr. C^m, 1892, [ii.] 45^ 489) ; with 


malm anhydride (Dunlap and Phelps, Amen 
Chem. J. 1897, 19, 492) ; with oeefcme (Wein 
schenk, Ber. 1901, 34, 2185) ; with e%f oml- 
ocetofe (Muller, J. pr. Chm, 1897, [ii.] 55, 505) ; 
with hydrazine (Curtius and Heidenreioh, Ber. 
1894, 27, 55) with phmMydmdne (Edeleanu, 
Chem. Zentr. 1892, i. 628) ; with eMard hyd/raie 
(Coppin and Titherley, Chem. Soo. Trans. 1914, 
105, 32); and with aSkxan (Biltz, Annalen, 
1921, 423, 282). For the condensation deriva* 
tives of ureas with acid esters, v, Boeder, Ber. 
1913, 46, 2560. 

tsoUreas, ^ • mhamiiks. The tautomeric 
form of urea HN : C(OH)NHg is not known 
in the free state, but certain of its ethers 
have been prepared by the action of hydro- 
gen chloride on oyanamide and thp corre- 
sponding alsohol at 60M0°. ifelhw-isovrsa 
HN:C(OMe)NH. has m.p. 44M5°, 6.b. 82^/9 
mm.; the hydrochloride melts at] 130®; 
ethyliaourea HN:C(OEt)NHjf has m.p. 42°, b,p. 
95°-9r)^715 mm.; asym. phenylmetkylelhylisO’ 
urea HN;C(OP:t)NMePh has b.p. 137®/2l mm., 
the isomeric asy^m. phenylethylmcihylisourea 
HxV:C(OMe)NEtPh has hp. 126®/I6 mm. 
(Sliegiitz and McKee, Ber. 1900, 33, 807); 
propyliHourea hydrochloride melts at 64® and 
decomposes at 121® (Stieglitz and Noble, ibid, 
1905, 38, 2243) ; sym. m-nitrohenzoylphenyim- 
urea methyl ether ^ 

NOg CgHi-CO-N : C(OMe)NHPh 

has m.p. 124® (Bruce, J. Amer. Chem. Soo. 1904, 
26, 419). 

Thiourea. Isomerism amongst the deriva- 
tives of the sulphur analogue of urea is much 
more general than is the case with the deriva- 
tives of urea, and the convention has been 
adopted of limiting the term thiocarbamidse to 
derivatives of the true thiocarbamide 

HgN-CS-NH,; 

derivatives of the isomeric form HN : C(SH)NH, 
being called thioureas^ (Reynolds, Chem. Soc. 
Trans. 1891, 50, 395). 

Thiourea is prepared by heating ammonium 
thiocyanate at 160®>170®, the reaction is a 
l)aIanoed one ; equilibrium is reached in about 
an hour, when the mixture contains about 25 p.c. 
of thiourea (Refolds, Annalen, 1869, 150, 224 ; 
Reynolds and Werner, Chem. Soo. Trans. 1903, 
83, 1 ; Findlay, ibid. 1904, 85, 403). Thiourea 
can also be obtained by the action of hydrogen 
sulphide on oyanamide 

HgN-0iN+H,S-HgN<3S*NH, 

(Baumann, Ber. 1875, 8, 26). 

Thiourea crystallises in needles that melt at 
about 172® if rapidly heated ; the true melting- 
point cannot be determiiiod, owiim to tautomeno 
change ; it is probably above 177^(Findlay, leX 
Dertvattvas. The nUraU CSN|H«*ENO|, 
the hydrochloride and the eHm 

^ To distinguish between the thiee tsetnsrie team 
of substituted derivatives of thiourea, Bixon (Chem. 
Soc. Trans. 1895, 67, 564) propoees to des£mate the 
NH and KH. attachmento as w and k whSTSt the 
sulphur attachment is oemmtod by the fitbet8iiMitt 
the onmiffwud is HarigmiiKi i oceuuolliioniML Thus. 

nqiMttwIy, 






wtmm. 


wMe detIratiTv CSNaHvAgNO, are cmtalline I 
(Stereus, Ohem. 600 . Proe. 1902, 17, 210 ; I 
KumaJcow, ]^r. 1891, 24, 3956). Dithiocarb- ' 
amide dicUoride (CSNtH 4 ) 201 | can be crystal- 
lined from oonoentrated hydroobloric acid, and 
forms the dinitmt^ (CSN 2 H 4 )s(N 09)2 by the 
action of dilate nitric acid ; the d^omide 

and diMide are colourless and 

decompose on warming or by the action of 
solvents (Glaus, Annalen, 1875, 179, 135; 
McGowan, Chem. Soc. Trans. 1886, 49, 190). 
The potaasivm compound CSN 2 H 2 K(CSN 2 H 4)2 
forms needles, m.p. 145® (Werner, Chem. Soc. 
Trans. 1916, 109, 1120); aodyUhiocarbamidet 
m.p. 165®; diacdylthiocwrhamide, m.p. 151®- 
152® (Hohmam, J. Amer. Chem. Soc. 1915, 37, 
2130; Werner, Z.C.), 

For the cdkyl and aryl substituted derivatives 
of thiourea and thiocarbamide, aee Arzruni, Ber. 
1871, 4, 406 ; Miguel, Bull. Soc. chim. 1877, fii.] 
28, 104 ; de Clermont, CoMt. rend. 1876* 82, 
512 ; Blankenhom, J. pr. Chem. 1877, [ii.] 16, 
358 ; A. E. Dixon, Chem. Soc, Trans. 1891, 59, 
562; 1892,61,536; 1893, 63, 318, 538; 1895, 
67, 556 ; 1899, 75, 373 ; liK) 6 , 89, 892 ; 1907, 
91, 912; 1908, 93, 18; Werner, Chem. Soc. 
Trans. 1919, 115, 1168. M. W. A. 

UREASE V, FmsoBKTATioN. 

Urease is produced more profusely by pure 
cultures of Bacterium radicicola than by the 
nodules, particularly by viciss, trifoiii, and 
pisiforms. Urease is also, in certain cases, a 
product of normal papilionaceous plants (M. W. 
Beiierinck, Chem. Soc. Abstr. 1923, 124, i. 1157). 

J^m dried cultures of Bacillus 'proteus a 
soluble urease has been extracted by the use of 
various phosphate solutions (Tetsugora Taka- 
hata,Chem. Soc. Abstr. 1923, 124, i. 1167). 

The presence of two constituents in urease 
has been confirmed by N. Katd (Biochem. 
Zeitsch. 1923, 139, 352-365). The urease 
system consists of a thermo-labile constituent 
which possesses fermentative properties, and a 
thermo-stable constituent with no fermentative 
action which N, Kat 6 calls ‘ stable component 
X.^ This last, at urea concentrations above 
the ‘equivalent urea concentration* (/.c.), 
increases the activity of the urease, but has no 
influence at substrate concentrations below this 
j^ue; its action resembles that of glycine. 
The action of ‘ stable component X * is not 
due to alteration of the hydrogen ion concentra- 
tion nor to tlm presence of mineral salts (J. 
Chem. Soc. Ind. 1923, 42, 993 A). 

Urease eftects complete conversions of urea 
into ammonium carbonate. The sample of 
urea, in aqueous solution, is brought to exact 
neutralitv, a neutral urease solution (freshly 
extracted from jack-bean flower by means of 
water, the mixture being exactly neutralised 
with hydroohlorio acid) added, and the mixture 
kept at room temperature for one hour. A 
known excess of N/lO hydrochloric acid is thrni 
added and the carbon dioxide removed by 
eeratian. The excess of acid is titrated with 
N/10 sodiiun hydroxide ; each 0 . 0 . of N/10 add 
oonsamad is equivalent to 3 mg. urea originally 

C mt The re^ts are aoeorate to within a 
hnndredihi of 1 p.o. The method can be 


phosphate nuxtures (alter precipitating the 
phosphate with baryta), and aj^rs to be of 
quite general applicalson. Most salts have a 
depressant effect on the action of urease, and 
barium and calcium chlorides must be removed, 
prior to its addition (E. J. Fox and W. J. 
Geldard, Ind. Eng. Chem. 1923, 16, 743-745 ; 

J. Soc. Chem. Ind. 1923, 42, 901 A). 

UREIDES or acyl derivatives of urea are 
formed by condensation between urea and the 
acid with the elimination of water ; in the case 
of a monocarboxylic acid the product may be a 
monmreide RCONH-CO’NHj or a dvwMt 
C 0 (NH*C 0 R) 2 , according as one or two mole- 
cules of the acid condense with one molecule of 
urea. Similar products may bo obtained in tlm 
cases of the hydroxy acids and the di-carboxylic 
acids, but usually condensation occurs between 
one molecule of the acid and one of urea with the 
elimination of two molecules of a water and the 
formation of a cyclic ureide. The more im- 
portant cyclic ureides have already been de- 

fccribed ; they include glycolylurea ^ 

V. Hydantoin. Jd-Lactylureaf hydracryhrea^ 
%dr(mrori/CO<^g;^Qf>CH 2 V.PY»iMn)i»B 8 . ^ 

/NH'CO 

Oxalylurm CaC I v. Pababanio aoii). Jfa- 
\NH‘CO 

lonylurea CO<^y [^q>CH 2 V. jBaf 6 tfttricacid,art. 
Pyrimidines. Uydroxymalomjlureaf tartronylwea 
V.D 1 ALIIR 10 ACID. Mesoaxd- 

malonylurea CO<C^®.qq>CH*NOj v. DlUTUBio 

AOiD.iso^^ilroso;wa/onylwreoCO<^^.Q^C£NOH 
V. Viduric orid, art. Pyrimidines. AmiwmalonyU 
urea, amindbarbituric acid CO<C^g.QQ^CH*NH| 

V, Uramil, art. Pyrimidines. For the action of 
nreides on ethyldiazoacetate, v. Calcagni (Atti 
R. Ace-ad. Lincei, 1916, [v.] 25, 1, 643). 

Of the open chain mono- and di- ureides, the 
following have been described : formdurea 
NH^-CONHUHO, m.p. 168®-169® (Geuther, 
Marsh and Scheitz, Zeitsch. Chem. 1^8, 300; 
Gorski, Ber. 1896, 29, 2046), forms a memtry 
salt (Matignon, Bull. Soe. chim. 1880, [ii.] 34, 
207) ; acetylurea HjN-CO NH-COCH^, m.p. 218‘‘ 
(Bohrend, Annalen, 1885, 229, 30; Ber, 1896, 
28, Ref. 63 ; c/. Kohman, J. Amer. Ghmn. Soe* 

1915, 37, 2133; Werner, Chem. Soo. Trane* 

1916, 109, 1120), forms mermy, sHtm and 
cuprous salts (Matignon, Ic , ; e. also Picroni, 
Gazz. chim. ital 1911, 41, 11, 754, for mereuri- 
methylurethane hydroxide) ; alnl^etgktrea 

CO(NH«COCHa)t, 

m.p. 162®-163® (Schmidt, J, pr. Chem. 1872. [ii] 
5, 63 ; Werner. Ic.) ; dUoracetylvrea 
NHjCONH-CO'CH^a 

decomposes a4 160® (Tommasi, Bull Soo. dhimu 
1873, [ii] 19); irkhlmcet^wea, m.p. 150’ with 
deoomp. (Meldola and Tommasi, Chem.«^oe« 
Trans* 1874, 404]f^ hromaeetylwrea 
i NHjCONH-COUHjBr; 
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m 

^ribfmaceii^ww m.p 158^ (Baeyer, Annaleni 
1864, 130, 149); cffamcefylurea 

H,N-COOT*COCHaCN, 
m.p. 200®-210®; iaovdUryhrea 

NHg*CO*NH-C,H,0, 
iii.p. 191 inofu^<mu>imakrylurea 
CHMe,-CHBrCO*NH-CO*NH, 
{hromoural^f m.p. 149*^, is a narcotic (van 
der Eeckhout, Aren. exp. Path. Pharm. 1907, 
67, 338); it yields two coiamine derivatiTes, 
nLp. 126®-127° and 105®'110® respectively, 
and these have therapeutic values (Knoll 
& Co., D. R. P. 232785) ; butyrylurea 
H,N*C0*NH-C4H,0, 
m.p. m^isucdnylurea 

hfmzaylwea NHj^-&*NH(^Ph, m.p. 200®; ab- 


^CVUiULiUU ' 

gas); o>cA 2 (Woace(y 2 amtno&en 2 !oyli»fea, m.p. 222 
223® (effervesces); the mcte-derivative melts at 
252®- 253® (decomp.) (Jacobs and Heidelberger, 
J. Amer. Chem. Soc. 1917, 39, 2418). 

Carbonyldiurea decom- 

p^ on heating (Schmidt, J. pr. Chem. 1872, 
5, 39) ; carboxylurea, aUophanic acid 
H|K*CO*NH*COOH does not exist in the free 
state ; the esters can be obtained by the action 
of phosphoric oxide on the corresponding ure- 
thane (Biilmann and Bjemxm, Ber. 1917, 50, 
603) ; the methyl ester has m.p. 208® (Ephraim, 
Ber. 1893, 26, 2172), the ethyl eeteff m.p. 191® 
(Liebig and Wohler, Annalen, 20, 396 ; 59, 291) ; 
the amide KHj'CO'NH'CONHjjHjO is biuret^ 
m.p, 190®; it gives a purplish-violet colour 
with copper sulphate and potassium hydroxide, 
due to the formation of the double salt 

9H OH 

\b b / 


<^m,K 

OH 


\ 

KH,N-CO 

OH 


A similar reaction is given by proteids which 
contain two amino groups in the molecule, 
these mups being joined directly together or 
throng a single atom of nitrogen or carbon. 
The amino groi^ must be either two *CONU 2 
grom or one *OONH| group and one 'CSNHj, 
OfKHjKHf, or ‘CH.NH, group. Substances 
that are non-proteid in character but which 
contain the necessary groups will also give the 
biuret reaction, for example, oxamtde and 


The uretdes of substituied aminonapMhol 
stdphonie adds form dyes when coupled with 
^ diaaotised aniline or similar compounds, and may 
be employed as therapeutic agents for destroying 
blood parasites. They form metallic salts, which 
also possess therapeutic properties (Heymsnn, 
l^reSMl, Kothe, Ossenbeck, U. 8 . Pat. 1308071). 

; CkeboiiyMiwethawc, m.p. 108®, is produced 
;by the icti on of oietliaafi on carbonW cUori^ ; 

' lor tiw MUon of nnunmiiB and Mnuet on thk 
. oaaMnwl, »u Haina, Qnader and Hidirall 
Cbem. 80 c. 1919, 41, 1004); Diina 
< aad WnOdn (Ati 1999, 42, 2903). 

Ibiito «f fgpr. lie term itireide is also 


applied to certain condensation products of 
urea with aldehydes; these ace of the type 
RCH : N*CO‘NH| and the most important are 
those derived from the aldoses, wucosmside 
€H, 0 H[CH* 0 H] 40 H : N*00-NHt, thick rhomUo 
crystals, m.p. 207® (deoomp,), [a]J®-23*6® In 
10 p.c. aoueous solution; the psnto-oce^l 
derivative has nLp. 200 ®, 

and the ietrabmoyl m.p. 117®. QaMomimde 
is a white amorphous powder [a]p+15®; 

rmrmsemtide, m.p. 188®, [a]|f^-45’8®; lactose^ 
ureide (CijHjjOiJN-CO’NH, decomposes at 
240®, [a]^-f 2 *l®(Schoorl,Rec. trav. ohim. 1903, 
22 , 31; Mayer, Biochem. Zeitsch. IjB 
1345 ). M.r 

URETHANE u. Symbetio dbttgs. I 

URETHANES are the esters of caf5amic octa 
{aminofomk acid) H^N^COOH; the m add 
is not known, but it is said to occur in blood 
serum (Drechsel, J. pr. Chem. 1875, [i^.] 12, 
417; cp, Hofmeister, Archiv. Physiol. \ 1876, 
12 , 337), and in urine (Abel and Drwhsel, 
Chem. Zentr. 1891, ii. 713 ; Hahn and Nencki, 
Arch. Sc. bid. Fetersb. 1892, 1 , 4G7; Abel 
and Muirhead, Arch. exp. Path. Pharm. 1893, 
31, 15 ; 32, 467). The ammonium salt 
NH2-COONH4 

is produced by the direct action of carbon 
dioxide on ammonia in cooled absolute alcohol. 
It is a white crystalline powder. The sodium 
NaCH,mtMzO and potassium KCHjNOt salts 
are also crystalline ; the cakium salt 
Ca(CH2N02)2,H20 

is insoluble in alcohol and crystallises from con- 
centrated ammonia solution in four-sided 
prisms. 

Carbamyl chloride {chloroformamide) 
Cl-CONH^ 

prepared by passing hydrogen chloride over 
Wtod metallic cyanates, or carbonyl chloride 
over heated ammonium cliloride, forms long, 
broad needles, m.p. 50®, b.p. 6i®-ff2® (GkUter- 
mann and Schmidt, Ber. 1887, 20, 858) 

Urethane, ethyl catbamaie NH|'CCK)Et, pre- 
pared by the action of ammonia on ethyl 
carbonate or ethyl cblorocarbonate ; by heating 
urea nitrate with alcohol ; or by the action (n 
alcohol on carbamyl chloride, crystallises in 
laj^e pliable plates or prisms that break with 
a nbrous fracture|Subliine readily, melt at 60® 
and boil at 184®. xhe system urethane-benseoe 
forms a eutectic containing 97 mols. p. 0 . at 4 *2®, 
and solid solutions in the interval from 97 to 
100 mols. p.c. of benzene (Puschin and Maiaro^ 
vitsch, J. Boss. Phys. (mem. Soe. 1914, 46, 
1366). For the use of urethane ae a cryoeoopio 
solvent, see Bruni (Atti R. Accad. linoei, 1918, 
[v.] 27, L 321). When heated with watev or 
ammonia, urethane yields a small quantity of 
urea; for the explanation of this reaction, m 
Werner (Chem. Soo. Trans. 1918, 113, 628). 

Urethane has therapeotio propertieit ‘ 
employed as a hypnotic. Oerudn of its sul 
tutod dortvaiives We similar p^ertiss; 
example, phen^mthane or sapicf (as 

wM&sm or kedentt! 


for 
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^ flotani^ttretibne, m.p. 110^ (Blnoll k Co., 
D. R. P. 232786). 

UretliftDos irheii hoated with oaloium or 
strontium bromide yidd doable compounds of 
the urethane and the metallio bromide ; 

CaBr,^NH,<JO,Et 

is a powerful hypnotic (o. J. Soo. Chem. Ind. 
1915, 34, 1166; and Gebe A; Co., B. B. P. 
284734). 

p-BenQrlphenyl carbamate, m.p. 144^ p-iso- 
amylphenjd carbamate, m.p. 73M4®, p-butyl- 
phenyl carbamate, m.p. 123M24® ; p-iso- 
propylphenyl carbamate, m,p. 93^-96® ; p-butyl- 
phenyl N-dimethylcarbamate, m.p. 92®; o- 
allylphenyl carbamate, m.p. 122®-123®, are white 
powders, sparingly soluble in water, and possess 
anthelmintic properties (Synthetic Patents Co., 
U.S. Pat. 1262452, and Farbenfabriken vorm. 
Friedr. Bayer & Co., B. R. P. 296889, from 
Chem. Zentr. 1917, i. 714). 

4t’HydToxy-Z-ureiham‘phenylar8ine 

COaEt-NH*(iH3(OH)-AaHj 

is a white powder, (Farbwerke vorm. Mdster, 
Lucius and Briining, D. R. P. 275216, addition 
to D. R. P. 268220). 

Nitrourethane NO**NH*COOEt melts at 64®, 
is readily soluble in water and alcohol and forms 
metallio salts, the potassium, mercury, and silver 
salts having been prepared (Thiele and Lach- 
mann, Annden, 1895, 288. 304). From spectro- 
chemical considerations Briihl assigns the formula 

nitrourethane (Zeitsch. 

physikal. Chem. 1898, 26, 47 ; 25, 577). Nitroao: 
urethane NO’NH'COOEt melts and decomposes 
at 51®~52® and does not develop a purple colour 
with ferrous sulphate and potassium hydroxide : 
the silver, potassium and ammonium derivatives 
are yellow (Thiele and Lachmann, f.c.). From 
index of refraction values, Briihl rega^ nitro- 

sourethane as diazourethane j^^NH’COOEt 

(Ber. 1902, 35, 1148), whilst Hantzsch formulates 
it as an antidiazohydrate HO*N :K*COO£t (tW. 
1899, 32, 575). Dibromourelhane NBr«*COO£t 
has b.p, 100®-104®/ia-ll mm. (Diels and 
Ochs, JBer. 1907, 40, 4571). Ethylchloro- 
ear6a9iiafe NHCbCO^Et is obtained by the 
action of chlorine on ethyl carbamate if the 
solution is kept well cooled ; it is a pale yellow 
viscous oil, b.p. near 99® (decomp.) (Datta and 
Gupta, J. Amer. Chem. Soc. 1914, 36, 386); 
it is slowly hydrolysed by water, yidding ethyl 
4 - dUoromethyl^ck^methylenehydrazineimide 

l:3.^boxylate CH,a-CH<5}j^§«g}>NH, 

odknvleii needles, m.p. 143°, vUel foms a 
crystalline ocefyf derivative, m.p. 117®-118®, and 
mideelUbricte, m.p. 75®~76® (Datta and Chatter- 

Urethane forms condensation products with 
aJdehydes and keto acids. Ckhrdlwsthane 
Oa^(OH)NH<X>OEt has m.p. 103®; bro- 
OBr,*CH(OH)NH*OODEt has m.p. 
m Ber. 1874, 7, 628, 1078 ; Conrad 

imdBoel^ AidliK18,36,2m l^on,0ompt. 
fundv }90i« 183, 535; Shnon and C^vanne, 


llliouretiuuie, a mixture of the isomeric 
thfourethanes, is obtained by acting on an 
alcoholic solution of potassium thiocyanate 
with concentrated hydroohloiie acid; these 
correspond with two of the isomeric forms of 
the hypothetical thiocarbamio acid, ethyl 
xanthamtde NH^'CS'OEt, m^. 38®, and cur- 
honyUhioethykmine NH|*C!0*8Et (Blankenhom, 

J. pr. Chem. 1877, [ii.] 16, 358). 

M. A. W. 

URGIMEA. V, SQunx. 

URIC ACID, 2:6: S‘trioxypurine 

HN^CO 

oL 

was discovered in human urine by Scheele in 
1776 (Opuscula, 1776, 2, 73), independently by 
Bergmann in urinary calculi (ibid, 1776, 4, 232), 
and in * chalk-stones * by Pearson in 1798 
(Trans. Roy. Soc. 1798, 15). 

Uric acid occurs in the urine of all animals, 
though only to a small extent in the case of 
herbivorous animals ; the average daily excre- 
tion in normal man being 0*597 grm. (Hanzlik 
and Hawk, J. Biol. Chem. 1908, 5, 355). It 
occurs in the excrement of birds, reptiles, scaly 
amphibians, snails and insects ; the wing scales 
of the group of butterflies known as the white 
Pieridae contain uric acid, those of the yellow 
Pieridae contain, as their pigment, a yellow 
derivative of uric acid, which can be obtained 
synthetically by heating uric acid with water in 
sealed tubes at a high temperature (Hopkins, 
Proc. Roy. Soc. 1894, 57, 5). Uric acid is a 
normal constituent of the organs and blood of 
birds, but only occurs in human blood under 
certain pathological conditions. For its occur- 
rence in blood, v, Bass (Amer. Chem. Abs. 
1914, 1602). « 

Preparation.— ‘JJm acid can be isolated from 
serpent’s excrement, bird’s excrement or guano 
by boiling the material with dilute alkali 
hydroxide or milk of lime, Altering the hot liquid 
and precipitating the uric acid by addi^ excess 
of hydrochloric acid to the filtrate. Uric acid 
can also be obtained from the yellow add urates 
de]^ited from urine; this is boiled with 
sodium hydroxide until it ceases to evolve 
ammonia, the liquid is filtered and the add 
sodium urate predpitated from the filtrate by 
moans of carbon dioxide ; this is redissolved in 
sodium hydroxide and the solution decomposed 
by acetic acid, or the hot solution cf the aJkali 
sdt may be purified by boilii^ with a little 
TOtassium permanganate or dioh^mate and the 
mtrate decomposed by hydrochloric add. 

Uric add was first synthesised 
by Horbaezewski by carefully fusing glydne 
with 10 to 15 times its weight of urea in small 
quantities at a time, until a comd^pable quantity 
of piedpitate had formed in the molten mass ; 
the niio add was precipitated in the fonn of its 
sparingly soluble silver magnesium salt, whicb 
on treatment firstly with potassimn solphi^and 
Bttbsequentlgr with hydxoohlorio add, yielded 
pure uric add (Monatsh. 1882, 3, 796 ; 1886^ 6, 
366). Compare, however, Behrend (Aimakn, 
1925, 441, 2152 Chem. 8oc. Abstr. 1826Tiil)- 
Fttitliers^theMe wm effect 1^ HorbaMmn 
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(i&idL 1887, 8, 201) by foaing triehlorobctamide 
vitb 10 parte of urea 


HjN CO „ „ 

NH--CO-C^NHv 

« I II V!0+Hg0+NH4a+2HCl 

CO-^NH-C-NH/ 

and by fusing tricblorolactio acid with urea 
{ibid, 1887, 8, 584). 

In 1863, Baeyer (Annalen, 1863, 127, 3, 
234) synthesised psev^ric acid, starting with 
malonio acid and urea ; but it was not until 
1895 that Fischer and Ach (Ber. 1895, 28, 2473) 
showed that uric acid could be readily obtained 
from pseudouric acid by fusion with oxalic acid, 
or by boiling with hot dilute mineral acids 
(Fischer, ibi^ 1897, 30, 559) ; a complete synthesis 
of uric acid from malonic acid and urea is 
therefore represented by the following equations : 

co<g!^+g88^cH.-»co<|jg:g3>cHf4"‘ 

Barbituric acid 


6 iioNltrosobarbiturio 5*Aml&obazb)turioaGld 

acid (violaiio add) (uramll) 


S-Carbaminobarbiturlo acid 
(pneudchioAc add) 


-H|0 


SH’COC’NH\ 
Uric add 

This is the most important synthetic method 
of preparing uric acid, and by replacing 
urea by its alkyl or aryl substitdtra de- 
rivatives, it is possible to prepare tlib corre- 
sponding alkyl or aryl substitutoi uric 
acids. \ 

The synthesis of uric acid effected by Bduend 
and Boosen (Annalen, 1888, 251, 235),'^ start- 
ing witli etiiyl acetoacotate and uioa, is 
represented in tl\e following series of equa- 
tions : 


/NH, EtOOC 
do + >CH, 


H.VO, 


OCCHj 


CO >CX04 
'^xMICCOOH 


^NH.COsEt /NHCO 

■> do >CH (’() >(-:H 

^NH-CMe hydrolysis '^NH‘CMe 
4*])lcthyluracil 

/NHCO OH 
CO >CN04 


5-Xitronradl-4<carboxyIic add 5-Xltrouradl 


/NHCO J 
00 

"^NHCH 

b-AmiuooracU 


/NHOC 
CO ^’-OH 

5-llydroxyuracil 


0 


^mco 

C'O >C*OH 
'^XH*C>OH 

4 : ^-BUiydioxyuradi 


CO(XH,), XH-CO’CVXH, 

i II )CO 
CO-XH-C-XH/ 

Uric add 

^ Traube*s synthesis of uric acid, starting 
with cyanacetic acid and urea, is also im- 
portant, and by substituting alkyl ureas 
for urea, the method can l>e extended to 
the preparation of substituted uric acids, 
dyan^tylurea, pre|>ared by the condensa- 
tion of urea with cyanacetic acid, is con- 
verted by the action of alkali into 4 amino- 


2 ; 6-dioxypyriinidine, from which 4 r 5-diamino- 
2 : 6-di(fX>q»yrimidinc is obtained by reduc- 
ing its wonitroso derivative; Ibis diamine 
condenses with ethyl clilorofonnate to fom 
a uretlmne derivative, from the sodium 
derivative of which uric acid is produced by 
healing at 180'*-190‘^ (Bor. 1900, 33, 1376, 
3035). 


-»■ C0<gg*.S>CH. -> (.■0< 


NH-CfNH)' 


;>CH, 


-> 

^K:qOH) ' /KH-CO 
Of HOC -> (!0 >CNHfO,Et 

■ NH, ^\ruj<vis 






NH-COONHv 

1 II >’0 

CONHCNH/ 


FnperilM., Pure uric acid forms a colour- 
less ii^crocrystalliae powder consisting of 
Aombic transparent plates or prisms; as pre- 
cipitated from urine or guam> extracts, the 
Oryatali are yellowish red or brown. These 
exhibit, under the tnicroB(;oi)e, aharaeierisUc 
inegubntles in form, due to the rounding of 
the ^jh^ose angles of the rhombic prisms, and 
the inlerpeaetration of the cryslhls, and present 
the form of dumb-bells, whetstones, rosettes of 


prismatic crystals, six-sided irregtdar j^tes or 
nx'tangular plates with partly jag^ sionk 
Uric acid is odourless and tastdeei; H Is 
spaiingly soluble in wah^, one part dMitlng 
in 39,480 parts at 18*" (Uis and Pluil, IMtscdi* 
physiol. Chem. 1900, 31, 41), or 15,605 ports St 
3?^ (Gudzent, iW. 1909, 60, 27). Whan ihitai 
with water, uHe add dseomnoses so that tbo 
sdubUity tends to InerMis with the tliiifti the 
increase is only ootlesifata it tks mri df M pmsi 
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«nd then ite rapidly until at the end of 10 days 
the solululity is 11 times as great as at the end 
of a few hours, and in the same time the electrical 
oondnotivii^ has increased 05 times (Gudzent, 
he. ; cf* Bute and Herrmann, Annalen, 1923, 
104). The supersaturation which occurs when 
a Warm aqueous solution of uric acid is allowed 
to cool to a room temperature in contact with 
solid uric acid is probaoly the cause of the high 
values for the solubility found by Bensch 
(Annalen, 1846, 54, 190) ; Behrend and Roosen 
(Annalen, 1889, 251, 250). ' The molecular 
electrical conductivity of a saturated solution 
of uric acid is 32*24 at 18^ (His and Paul, Z.c.) 
or 33*92 at 37® (Gudzent, Ic .) ; the dissociation 
constant h«0*000151 at 18® or 0*000233 at 37®. 
Sit also Kanitz (Zeitsch. physiol. Chem. 1921, 
116, 96). Uric acid has the power of adsorbing 
precipitated colloids from their solutions. If a 
trace of dye is added to a hot saturated solution 
of uric acid, coloured crystals of the latter are 
deposited from the cold solution (Benoit, Compt. 
rend. soc. biol. 1919, 82, 1051, 1052). Uric acid 
is fairly readily soluble in lactic acid, acetic acid 
(see Rossi, Biochem. Zeitsch. 1913, 64, 297) or 
warm concentrated sulphuric acid. For the 
induence of hydrogen-ion concentration on its 
solubility, see Jung (Helv. Chim. Acta, 1922, 5, 
688). It dissolves in glycerol, but is insoluble 
in alcohol or ether; it dissolves readily in 
aqueous solutions of alkali hydroxides, of 
lithium carbonate, and of certain bases such as 
ethylamine, propylamine, piperazine, but is 
only sparingly soluble in solutions of urotropim 
(hexamethylenetetramine), lycetol (piperazine 
tartrate) or ammonia (Stevens and May, J. 
Amer. Chem. Soc. 1011, 33, 434 ,* v, also Hanzlik, 
Amer. Chem. Aba. 1916, 1226). The solubility 
of uric acid in a 1 p.c. solution of sodium 
salicylate is twice os great, and in a 0*1 p.c. 
soluuon of sodium 2 phenylquinoline 4-carbo‘ 
xylate three times as great as in water (Stem, 
Bioohem. Zeitsch. 1924, 151, 268; 1925, 159, 
192). 

Uric acid is not volatile : on being strongly 
heated it breaks up into urea, hydrocyanic 
acid, cyanuric acid and ammonia (Wilier, rogg. 
Ann. 1839, 16, 529, 619). When oxidised by 
strong nitric acid or potassium chlorate and 
hydrochloric acid, or ny chlorine or bromine 
water in the cold, uric acid is broken down 
into alloxan (mesoxalylurea (q,v.) and urea. 
For cyanuric acid as oxidation product of uric 
aoid» V. Venable and Moore (J, Amer. Chem. 
Soc. 1917, 39, 7750). Warm dilute nitric acid 
produoM parabanic acid (oxalylurea) {q»v,). By 
the action of such oxidising agents as potassium 
permai^anate, or ferricyaniae, lead peroxide, 
mercuric oxide or ozone in neutral or alkaline 
media, uric acid yields carbon dioxide and 
allantoin (glyoxyldiureide) (g.v.). According to 
Behtend (£malen, 1904, 333, 141) and Behrend 
and Sohults (ibid. 1909, 365, 21), the first 
product of oxidation of uric acid in alkaline 
media is cathox^k acid 

\nh<5(0H)-nh/ 

inMih on tieating (a) with an exoeM of idkali 
hydiotide tato up the idementa of waters 
forndttif dcidj{dikmim^ acid) 


(GOOH)tC(KH‘CO*NH|)^ (g.u. ; see also Behrend 
and Zkj^, Annalen, 1910, 410, 337 ; Bittz and 
Max, Ber. 1920, 53, 1964 ; Biltz and Robl, ibid. 
1967); (h) with acetic acid yields potassium 
hydmgen oxomk (Strecker, Chem. Soc. Trans. 

1875, 555) ; Biltz and Eobl (Ber« 1920, 53, 1967), 
have shown axonic add to be identical with 

/NH-C:N*00aH 
aUantoxanic acid COc I 

\nh-co 

When oxidised by hydrogen peroxide in 
alkaline solution, uric acid ^ddda idmeatbon- 

m«feCO<JJ|;^;^>CO(Sohote,Ber. 1901, 

34, 4130), carhonyldiurea CO(NH*CO*NHa)a 
and urea (Schittenhelm and Wiener, Zeitsch. 
physiol. Chem. 1909, 62, 100; c/. Venable 
and Moore, Ic.; Venable, ibid, 1918,40,1099; 
Moore and Thomas, ibid, 1120; see alsoOhta, 
Bioohem. Zeitsch. 1913, 54, 439). 

Uric acid is decomposed when fused with 
potassium hydroxide, yielding the potassium 
salts of prussic, cyanic, carbonic and oxalic 
acids. \\^en heat^ under pressure at 160®- 
170® with concentrated hydrochloric or hydriodic 
acid, it yields carbon dioxide, ammonia and 
glycocoll ; it is oxidised by a solution of copper 
oxide in ammonia (SohweizeFs reagent) in the 
presence of potassium hydroxide to urea and 
oxalic acid, and a similar oxidation is effected 
by boiling with ferric chloride. It is decom- 
posed by certain moulds (Kossowicz, Bied. 
Zentr. 1912, 41, 791 ; Chem. Zentr. 1912, ii 
1300, 1482 ; 1913, i. 640). 

For the physiological properties of uric acid, 
its origin, and the r61e it plays in the animal 
economy, see Article Urins ; also Biochemisches 
Handlexikon von Abderhalden, vol. iv. 1095- 
1106; and Oxidations and R^uctions in the 
Animal Body, by H. D, Dakin, 92. For the 
infiuence of djmgs on the elimination of uric add 
from the blood, v, Abl (Arch. £xpt. Path. Pharm. ^ 
1913, 74, 119) ; Denis (J. Pharmacol, 1915, 7, 

255, 601); Folin and Lyman (J. Pharmacol. 
Expt. Thor. 1913, 4, 539); Impens (Ohem. 
Zentr. 1914, 563). 

Detection,— Vfic acid is readily identified by 
the appearance of the crystals under the micro- 
scope. The most char^t/eristic and delicate 
test for uric acid is the * murexide test/ which is 
applied as follows : a few drops of strong nitric 
acid is added to the uric acid or urate and the 
solution evaporated to di^ess on the water 
bath, preferably in a porcelain basin ; a yelfewish- 
red residue of alloxantin is obtains which 
acquires the rich ourple colour of ammonium 
purpurate (mwexiae, q,v,) on moistening With 
ammonia, the colour changing to blue oti. 
the addition of sodium hydroxide. The nltrie 
acid employed in the test mav be xejdaeed by 
chlorine or bromine water, or oy a lew drops A 
concentrated hydrochloric add and a mnatt 
crystal of potassium ehlorate. Other 
reactions of uric add are described by (1) 
Denigbs (J. Pharm, Chim. 1888, [v.] 18/161), 
the uric add is oxidised to alloxan by evaporat- 
ing a solution in dilute nitric add ; on adding 
snooessiveiy 6o the residue a few drops (d coa« ' 
oentrated sulphuric add and of benzene con- 
taining thiophmu a bluish coloration is obtdmd; \ 
(2) Chmasslni (Bbll chim. farm. 1906, 47, Tift, j 
the uric acid urate is suspended in wateriM 
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dksolvad in 10 p.o. Bodimn hydroxide ; 8ubso< 
quent saturation of the solution with potassium 
persulphate and the gradual addition of 10 p.o. 
aino sulphate solution^ until the precipitate 
formed no longer redissolves, causes th^rooipi- 
tate to assume a bluish-green colour. lliiB test 
is not disturbed by the presence of proteins, 
other purines or pyrimidines, and may be ap- 
plied tot the detection of uric acid in urine or 
in Uood. According to Vitali {ibid, 1911, 60, 

. 799), sodium peroxide is the only oxidising agent 
that can replace the potassium persulphate in 
the above test, and no other metallic salt can 
be used instead of the zinc salt. (3) Folin and 
Denis (J. Biol. Chcm. 1912, 12, 239), a blue 
coloration is developed when a solution con- 
taining 1 mg. of uric acid is mixed with 2 c.c. 
of a solution prepared by boiling for two hours a 
mixture of 100 grms. sodium tungstate, 80 c.c. 
of 85 p.o. phosphoric acid, and 750 grms. of 
water, cooling and diluting to a litre (compare 
Leturc, Ann. Chim. anal. 1907, 12, 194 ; Bass 
and Wiechowski, Chem. Zentr. 1913, i. 331 ; 
Obermayer, Popper and Zak, ibid, 658). Tests 
based upon the reducing pro|)ertiea of uric acid 
are the formation of a yellow, brown, or black 
stain of silver, when filter jiaper previously 
moistened with silver carbonate is treated with 
a drop of a solution of uric acid in sodium 
carbonate ; and the reduction of Fehling solu- 
tion on boilinu an alkaline solution of uric acid 
with excess of the reagent. For the detection 
of uric acid in blood, Weber (Pharm. Zeit. 1912, 
67, 252) recommends the following method : the 
blood is treated with sodium chloride and |Jotas- 
sium phosphate to remove the proteins, the 
filtrate evaporated to a small bulk and saturated 
with ammonium chloride, the uric acid is thus 
precipitated as ammonium urate, which is 
collected and treated with a few drops of hydro- 
chloric acid and the crystals of uric acid idcntiti(*d 
under the microscope or by the murexide test. 

EtHmati<m.—The methods of estimating uric 
acid in nrine are based upon the' precipitation 
of the uric acid in the form of the simringly 
soluble ammonium or the double silver mag- 
nesium salt, and the subsequent determination 
of the uric acid in the carefully washed precipi- 
tate. Hopkins' method (Proc. Roy. 8oc. 1892, 
52, 93 ; J. Path, and Bacteriology, 1893, 1, 451), 
30 gnns. of ammonium chloride art^ added to 
150 C.C. of the filtered urine previously warmed 
to 40® to 45®, after about an hour the precipitate 
of ammonium urate is collected on a small filter, 
washed with a 10 p.c. solution of ammonium 
sulphate until free from chlorine, and trans- 
ferred to a beaker by means of a jet of hot 
water, the solution cooled and diluted with 
water to 100 c.c., 20 c.c. of pure c^mocutrated 
sulphuric acid are added, and N/20 fK>tas8iuin 
permanganate run into the acid liquid at (Kf 
until it acquires a pink tint jKjrmanent for some 
seconds and not chang«>d by stirring. Each c.c. 
of N/20 permanganate solution decoloristid 
> represents 0*00375 grm. of uric add. See 
j^vHerles (Emhth Inter. Cong. App, Clumi, 1912 
19 , 141); Telle (Bull. Sci. Pharmacol, 1918, 25^ 
206 ). < 

WOnier (Zeitsoh. physiol. Cltem. 1900. 29, 
?0)4ipomineiidt decomposing the washerl am- 
lisoiiimii urate with 1-2 p.c. sOdium hydroxide 
•ohttioii, heating the solution on the water-bath i 
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until it oeaees to evolve ammmua and then 
determining the nitrogen in the residue fay the 
Kjeldahl method: 1 o.o. N/10 sulphmrio add 
corresponds with 0*0042 grm. uric add; 
Kowarsky (Berlin, Klim Woch. 1917, 54, 987) 
recommends the estimation of the ammonia in 
t^ ammonium urate by the fmtnalin method* 
Folin and Shaffer's modification of Hopkins' 
method (Zeitsch. physiol. Chem. 1901, 32, 552) 
is as follows : A solution containing 600 grms. of 
ammonium sulphate, 5 grms. uranium acetate, 
and 10 p.c. acetic acid, 60 c.c. per litre is 
pared, and 75 c.c. of this solution are mixed with 
300 C.C. of the urine, kept for five minntM, 
passed through a double filter and two quantities 
of 125 c.c. each collected. Five c.c. o| concen- 
trated ammonia are added to each abd after 
al^ut 12 hours the precipitates of ai^ 
urate are collected and washed and the i 
in each estimated by the permanganate i 
The addition of uranium acetate is 
order to precipitate a small quantity c ^ 
material which is otherwise thrown down bn the 
addition of the ammonia, and which rwuoes 
permanganate. Ganassirii (Boll C!him. Farm. 
1914, 63, 257) uses a modification of this method 
for precipitating the uric acid, which is then 
estimated by means of standard iodine solution, 
the uric acid being oxidised to alloxan, see 
Curtman and Lchrmann (J. Biol Chem. 1918, 
26, 187). 

Salkowski's method modified fay Ludwig 
(Chem. Zentr. 1891, 390) consists in precipi- 
tating the uric acid in the urine (IW to 200 c.c.) 
with a mixture of ammoniacal silver solution 
and magnesia mixture {cf, Salkowski, Zeitsoh. 
physiol. Chem, 1913, 83, 152) ; the precipitate 
containing all the uric and phosphoric acids is 
filtert'd and washed with very dilute ammonia. 
It is then d(‘composed by a airm dilute solution 
of ptassium sulphide faming ptassium umte 
which passes into solution, the filtrate is acidified 
with hydrochloric acid, evaporated to a sn^l 
bulk, and the uric acid that separates on cooling 
is collf'cted on a tared filter, washed with wate^, 
alcohol, ether, carbon disulphide, wd again 
with ether, dried at 110® and weighed, set 
iSalkowski (Zeitsch. physiol Ohem. 1913, S3, 
162); Kretschmer (Bioebem. Zeitsch* 1913, 50, 
223) ; (iraves and Kt>ber (J. Biol Chem. 1915, 
20, XX.); (c. Bernard (Chem. Zentr. 1918, I, 
1364 ; from Bull. Sci. Pharmacol 1913, 20, 65, 
for a comparative investigation of difftteift 
methods; he maintains Salkowski's method 
gives the beat results). 

Folin and Shaffer (Zeitsch* physiol. Cbem. 
1901, 32, 652) recommend the following modifi- 
cation of the method in order to famtitate the 
removal of the silver from the silver magnealiim 
urate ; the double salt is decomposed by siti^ 
phuretted hydrogen in an acid sohttioii con- 
taining 5 to 10 C.C. of 1 p.c. ooj^per sulphate 
solution and the liquid boiled for a few tomutes 
before filtering {cl ^hneller, Ora* Zenti; 1913, 
1 1234). 

Folin and Mscallum rooommend n bblorj- 
metric method lor ostimaiing uric ioid Itt dUnte 
solution baited upon i\m Utie oekwr raducad 
when phosphotttiuntic add and m dblt ore 
added to (J* BioL Obont im ih W ; 
Fohn and Dania, m 1913, 14, M| ftM 
and KristeUar, Ora. Zaitte, 1915^ ^1^1 
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BenetUot And Hitdhoook, J. Biol Ohom. 1915, 20, 
619, 629). Tb» rej^aceinent d pbosj^otun^o 
1 ^ amenotm^o or arBeno-phoaphotongstio 
add giTea a greater depth of colour (Morria 
and Madbod, X Biol Ohem. 1922, 50, 55; 
Benedict itnd, 1922, 51, 187; 52, 387). It 
icT daim^ that ihe method aa modified by 
Benedict and BUtohcock (ibid, 1915, 20, 624) 
givea aa accurate reaulta aa the titration method 
of Folin and Shaffer (v, Morris, ibid. 1916, 25, 
205; Amer. Soc. Biol 1916, xiii. ; 1917, 
29), who recommends precipitating the uric 
add. with zinc acetate in alkaline aolution as a 
^reUminaiy to the application of Benedict's 
method. See Salkowski (Zdtsch. physiol Chem. 
1913, 85, 346) ; Kaschiwabara, (ibid. 1913, 84, 
223) ; Host (Zeitsch. physiol Chem. 1915, 95, 
88 ); Bo^rt (J. Biol Chem. 1917, 31, 165); 
Morria (Proc. Amer. Soc. Biol Chem. 1917, 
xxi. ; J. Biol Chem. 1918, 33 ; 1919, 37, 231) ; 
Cohen Tervaert (Arch. N4erland. physiol. 1918, 
2, 337) ; Zaleski and Sachnovflka (Russ. Physiol. 
J. 1919, 2, 14) ; Folin and Wu (J. Biol Chem. 
1919, 38, 81, 459) ; c/. Brown and Raiziss (J. 
Lab. Clin. Med. 1922, 8, 129); and Rogers (J. 
Biol Chem. 1923, 65, 325); Guillanmin (J. 
Pharm. Chim. 1922, [vii.] 25, 5) ; Thi6ry (ibid. 
87) ; Jackson and Palmer (J. Biol. Chem. 1922, 
50,89; 53,373). 

For the rapid estimation of uric acid in 
urine, Vaillant (Ann. Chim. Anal. 1922, [ii.] 4, 
178) titrates the liquid with a standard iodine 
solution made by dissolving 3*78 grms. of iodine 
and 15 ^ms. of potassium iodide in 1 litre of 
water, ^o c.c. of this solution oxidise 0*005 
grm. of uric acid to alloxan and urea. The 
analysis is carried out by measuring into a 
small tube 2 c.c. of iodine solution and 1 c.c. of 
carbon disulphide, and allowing the urine to 
fall a drop at a time from a burette, shaking the 
tube after each addition, until the carbon di- 
sulphide becomes first pale rose and then colour- 
less. The uric acid content per litre of urine 
is calculated by dividing the number of c.c. 
used into 5. Sugar and small amounts of 
albumin do not interfere ; larger amounts should 
be removed by heating to coagulate and then 
filtering. If the urine is alkaline a few drops of 
acetic acid are added (Chem. Soc. Abstr. 1922, ii. 
6681 

For the separation of and estimation of uric 
add and xanthine bases by means of potassium- 
zinc ferrocyanide, see Thi4ry (J. Phe^. Chim. 
1921. 23, 494). 

A colorimetric method, based on the action 
of uric acid on iodic acid, whereby iodine is 
liberated, is recommended by Autenrieth and 
Funk (^m. Zentr. 1915, 1, 1918 from Miinch. 
med. Wchschr. 1914, 61, 457); Maase and 
Zondek (Chem. Zentr. 1915, il 858). For a 
critical review of methods for estimating uric i 
add and xantho-uric substances, v. Sauz&t ( J. 
Phann. Chem. 5, 164, 445, 485). 

Dertvativel. All four hydrogen 

atoms of uric add are addio and can be lepla^ 

metals, aa is shown by the formation of salts 
2 ^ eaoh d the four trimethyl uric adds ; tAe 
V lydrogw atom S is the most addio, then 
kjdro^ 9, the hydrogen atoms 1 and 7 are 
dmiimikerln tlwaddity; hence urio acid 
l^’fes as a Iseble dibade add (BUts and 
Bm;, 1921^54, 1676|, and forms Uim 


series of salts, the normal urates of the type 
Na|CgHtOj^« are readily soluble in water and 
are never found in the animal system ; theocuf 
or diundee are sparingly sduble 

and occur patholomcally in gouty concretions ; 
and the ^[uadri- oTMmi-urates 

Na0gH,O,N4,C5H4O,N4 
are more readily soluble than the diurates and 
are the common form in which uric acid occun 
physiologically. 

Normal urates may be obtained by dissolving 
uric acid in the theoretical quantity of alkali. 
They are alkaline in reaction and are decom- 
pose by carbon dioxide, forming the add salt. 
The potassium salt K 2 CSH 2 O 3 N 4 is crystalline ; 
it dissolves with partial decomposition into the 
acid salt in about 36 parts of cold water ; the 
sodium salt Na 2 CfiH 202 N 4 ,H 20 is less soluble 
than the potassium salt, and is stated to be 
rendered more soluble by radium D (Gudzent, 
Zeitsch. 1 klin. Med. 71, 3-4), and to decom- 
posed by the a-rays from radium emanation 
(Mesemitzky, Compt. rend. 1912, 154, 770); 
according to Knaffl-Lenz and Wiechowski 
(Zeitsch. physiol Chem. 1912, 77, 303), and to 
Kerb and Lazarus (Bioebem. Zeitsch. 1912, 42 
82), radium has no action on the salt under 
sterile conditions, but accelerates the d^ada- 
tion of the compound in the presence of enzymes 
or moulds ; the cakium CaC 4 H 203 N 4 , strofnivum 
SrCaH 208 N 4 , 2 H 20 , barium BaCgHjOsKVHiO, 
and tei PbCgH 203 N 4 salts are sparingly solub^ 
The mercury salt HgC|H 208 N 4 is a white 
amorphous precipitate ; it does not give mercuric 
oxide with sodium hydroxide solution and is 
therefore probably a lactam salt (Auld, Chem. 
Soc. Trans. 1907, 1046). Zinc, nickel^ and 
copper salts ore describe by Curtman and 
Hart (J. Biol Chem, 1921, 46, 699). 

Acid or di-wrates . — ^According to Gudzent 
(Zeitsch. physiol. Chem. 1909, 60, 38), urio acid 
forms two series of primary metalHo srite 
(mono-sodium, potassium and aiumonium 
urates), which differ as regards solubility. The 
salts of the a-series cannot be obtainra pure, 
as at the moment of formation in watw they 
tend to pass into the salts of the b-series. The 
probable cause of the change is an intramole* 
oular rearrangement, so that the two series 
correspond with the two tautomeric forms of 
urio acid 

NH*COC*NHv N : C(OH) • C • KH. 

I It >0 I fl ^koH) 

CO-NH-C-NH/ C(0H) : N— C • 

Lactam Laetlm 

The unstable a-salts are probably the laekim 
urates, and the stable 5-salts the hdm niatei. 
The o-salts have solubilitiee and spedfio con* 
ductivities that at 18° are some 33^ n.<x, or at 
37° some 33*9 p.c. greater than m cone- 
spending values for the more stable 5-ealts. 

The sodmn salt KaO|HgOgN«,UE20 forms 
a crystalline powder soluble in parts of 
cold or 120 parts of boiling water, forming a 
neutral solution. The solulnUty of fimAly 
percolated sodium urate at 18° is 203 grms. 
or 9*8x10*4 grms. molecules per litre. On , 
keeping, or more particularly on stirring in 
contact with the solution, the solubility deWMB 
and approaohef that 0 ! the crystatUrMTinna^ 
pakmim salt KCgHM is amorpliMia 
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and drives in 800 parts of cold or 70-80 parts 
of boiling water; lUkium salt LiCsHtOsNi 
forms crystalline grains and is soluble in 370 
parts of cold or 3^art8 of boiling water ; the 
(mmomurn salt NH4-C(H30^4 is soluble in 
1500 parts of cold water and quite insoluble in 
saturated solutions of ammonium chloride or 
sulphate; and the 

(C,Hs 0 A)* 2 Mg, 6 H 30 
cakhm (CfH3O8N4)30a,2HsO, itrantivm 

haritm (C3H,0,N4)3Ba,3H30, and lead 

salts are described. For the formation of 
coiUndal uric acid in the presence of alkalis, see 
Schade and Boden (Zeitsch, physiol. Chem. 
1913, 83, 347); compare, however, Lichtwitz 
{M. 1913, 84, 416) ; Schade and Boden {ibid. 
1913, 86, 238); Gudzent {ibid. 1914, 89, 352) ; 
Haskins (J. BioL Chem. 1916, 26, 205) ; Kohler 
(Z. Klin, Med. 1919, 88, 14); Schade {ibid. 
1922, 23, 1). 

The quadri-waies are difficult to obtain 
pure as they readily break down into diurates 
and uric add ; according to Rosenheim (Lancet, 
1900; Zeiteoh. physiol. Chem. 1911, 71, 272) 
and KoUer {ibid. 70, 360) the quadri uratcs are 
only mixtures, in molecular proportions, of 
piima^ urates and uric acid ; they are stated 
to exist normally in the urine anid constitute 
the whole of the urinary excretion of birds and 
reptiles {v, Usiins). 

Adrekaline urde forms 

small pointed plates (Pauly, Ber. 1904, 37, 
1388). Pipenmne urate C4HioN„C5H403N4 is 
Bolubie in 60 parts of water at 17®. The 
phasphotungstale of uric acid forms reddish- 
brown cudcal plates (Drummond, Bio-Chom. J. 
J. 1918, 12, 5). 

Vrk acid qlycd 

NH-~CO 

l;(OH)-NH 


^ crystallises with half a molecule of w'ater of 
e^rstallisation ; it reddens at 150® and melts 
166®-! 68® (effervesces) (Biltz and Hoyn, Ber. 
1912, 45, 1677 ; ibid. 1914, 47, 459 ; Ann. 1916, 
418,7). 

4 ; b-Dimeihoxy- 4 : 5-dihydrauric acid 

m-co 


(£ <!|{OMc)-NH 

crystallizes in slender neerlles, m.p. 202®-20 
(<mcomp.) ; it is reduccKi by sodium amalgam 
soeie amd and by hydriodir add (D 1 ^16) on t 
to i-uric add (Biltz, Annalou 191 
B«. mi, 54, 2477). 

I nrate ('4H,OaN4-(;H,‘C3H4Ni 

* above 360® (Lyons and Reid, J. Am( 
CfceiB. Soo. 1917, 39, i727). • 

Crib acid forms the following condensaii 
with fonniddebyde 

IHfimaldehyik^vm acid CIH40,H4,2CH 
Uf a, sparingly soiulde compoui 


monobasic towards N/3 sodium hydroxide and 
forms a barium and a calmm salt (Weber, 
Pott and Pollens, Ber. 1897, 30, 2514 ; Annalen, 
1898, 299, 340). Fomalddtyde uric add 

crystallises in needles or prisms, decomposes at 
37®, and forms crystalline allmii salts; and 
anhydroformalddiyde-uric acid 

NHCO'GN^ CH. 

I II )CO >0 

CONHC-n/ —CH/ 

formed by dissolving diformaldehyde-urio acid 
in concentrated sulphuric acid ana^pring the 
solution into ice water (Nicolaicr, Chem. Itentr. 
1907, i. 949). For other derivatives of uric acid, 
e. Biltz { I . C .). M. L W. 

0-URIC ACID V . Pyrimidines. \ 
URIDINE V . Pyrimidines. \ 

URINE. The kidncyif; are compound iubuiar 
glands, and possess the power of excreting from 
the blood certain waste products whmh in 
aqueous solution constitute the urine. Its most 
important constituents arc the result of the 
breakdown of nitrogenous materials in the body, 
but these substances, urea, uric acid, &c., are 
not actually formed in the kidneys themselves. 
The liver is the most important organ for their 
actual formation; the kidney is merely the 
situation where they find an exit from the body. 
The characters of the tirirm differ greatly in 
different (yarts of the animal kingdom, according 
to the character of the food ingested, and the 
different metabolic habits of animals. The most 
striking difference is sc^en wdien one compares 
the liquid urine of mammals (in which urea 
is the main substance in solution) and the 
semi-solid urine of birds and snakes, in which 
urates form the pre|X)nderant constituents. 
In the following account attention will be in the 
main directed to the urine which is most familiar, 
namely that of man and other mammals. 

A man of average wejght and height, 
a normal mixed diet, passes from 1400 to 1600 
C.C. (about 50 oz.) daily, and this contains about 
50 grms. (1^ oz.) of solids. Its yellow colour 
varies considerably with the concentration of 
the urine, and is duo to the presence of a number 
of pigments, of which uroenrme (an amorfdious 
nitrogenous substance of doubtful composition, 
originally so named by Tbudichuin) is Uic most 
abundant. Another named urobilin, a deriva- 
tive of the bile pigment, is present in health in 
small quantities, but may lie considerably 
increased in certain diseases. 

The reaction of urine is acid ; this is partly 
due^o free acid, but mainly in acid salts, of whi<m 
add sodium phosphate is the most abundant. 
During digestion, howe\'er, there is a foitnarion 
of free hydrochloric acid in the stomach, and ft 
corresponding liberation of bases in the blood 
cames the urme to be less add, or even affukUne. 
Alkaline urine is also seen in herblvoroui 
animab and vegetarians ; here the food oontains 
excess of alkaline salts ol adds such as tartaric, 
citric, malk, Ac. These adds in the bo^ m, 
oxidised into caibonates whldi, passing into the 
urine, give it an aUcaUne reftotion. 

The ipedffo gravity varies invertriy 93 ^ 
Muitity of urine passed I tbe^iiiiftnrity dil^ewli 
on the amount of water bigsi^ aitd iSe on 
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the that kaves the body by by Wdhler (1828) from its iaomexide ammomam 

other ohaonelB, each as the skin. It varies oyanate.* 

normally from 1*015 to 1*025. A sp,gr, below It crystallises in the dimetrio system, and is 
1*010 should excite suspicion of hydkria ; one readily soluble in water and in dcohol ; it has a 
over 1*030 of a febrile condition, or of diabetes, faint saltish taste, and is neutral to litmus, 
in which disease it may rise to 1^50. The When treated with nitric acid, octahe^, or 
sp.gr. has, however, been known to as low lozenge-shaped tablets are formed of urea nitrate 
as 1*002 (aftCT large potations, urim poHu), (CON,H 4 *HiTO,) ; when treated with oxalic acid 
or to rise as high as 1*035 (after great sweating) prismatic crystals of urea oxalate 

(OOHW.W. 

.SteW ^nder 'the inlhenoe of certoin micro- 
ia rmu-hiJ Organisms which grow readily in gtale urine, it 
tore tile mne until the bodmg-]^t 18 rew^^ is eonverted into immoniom carbonate 
The distillation is carried out on the urine which 


has been acidified with phosphoric acid : at least 


[C0N,H4+2H40=(NH4)2C0,] 


one-quarter of the urine should distil over. Hence the ammoniacal odour of putrid urine. 
This distillate is a limpid colourless liquid of in the soil the urinary ammonia is converted 
intense urinous odour, and is neutral to all into nitrates by nitrifying organisms (see 
regents. It is not precipitated by alkalis or Soils). 


adds, nor “mth the bicarbonate and sublimate By means of nitrous acid, urea is broken up, 
mixture ; it does not react with Fehling’s shown in the following equation : 
solution, nor give the diazo reaction in neutral ^ . oiixrn -m . oix 

or acid media ; no apparent change takes place tONjHi-f iUrdUjj—tUgi-jlljO-f zNg 

with salts of silver, cadmium, iron, lead, mercury, Sodium hypobromito decomposes urea as 
or zinc. With Nessler's reagent it gives a follows: 

gr^-yellow precipitate similar to that pyen C 01 I,H 4 + 3 NaBr 0 =C 0 .-l-N,-l- 2 H, 0 -l- 3 NaBr. 
With many other substances, such as alkaloids, ** a'l* ii 

amides, all amines, organic ammonias, aldehyde A critical examination of this reaction shows 


gr^nM.yellow precipitate similar to that pyen C 0 N,H 4 + 3 NaBr 0 =C 04 +N 4 + 2 H, 0 + 3 NaBr. 
with many other substances, such as alkaloids, ** a'l* ii 

amides, all amines, organic ammonias, aldehyde A critical examination of this reaction shows 
and methylene derivatives. It is concluded that that there is always a deficit in the quantity of 
there is a volatikj body in normal urine rcsem- urea found, whether it is calculated from the 
bling ketone, but different from ordinary acetone, volume of the nitrogen liberated, the carbon 
precipitated by Ncssler’s reagent, and that it is dioxide formed, or the hypobromite used. Side 
to this substance that the characteristic odour reactions of a complex nature also occur under 
of the urine is due (£. Pittarelli, La Eiforma usual conditions, giving rise to a small amount 
Med. May Uth, 1923, through Lancet, June 9th, of CO. Moreover, other urinary constituents 
1923, 1172). (uric acid, creatinine, &c.) also yield nitrogen 

llie following table gives the average under the conditions of the exmriment. Hence 
amounts of the urinary constituents passed % the method which was formerly much used for 
a man taking an ordinary diet containing about the estimation of urea is now abandoned when 


100 grms. of protein in the 24 hours— 


Total quanity of urine 

. 1600 

Water 

. 1400 

Solids 

. 60 

Urea 

- 36 

Creatinine . 

0*9 

Uric acid . 

0*75 

Hippurio acia 

1*0 

Ammonia . 

0*66 

Sodium chloride 

16*6 

Phosphoric acid . 

3*6 

Sulphuric acid . 

20 

Chlorine . 

11*0 

Potassium 

2*6 

Sodium . 

6*5 

Calcium . 

. 0*26 

Magnesium 

0*21 


The most abundant constituents are, there- The 
fore, water, urea, and sodium chloride. We fiuenoed 
will take the most important individual con- on the amount of protein ingested.* The vodm 
stituents one by one. acid fragments formed by the digestion of 

Urea* The time-honoured formula of urea protein are utilised in two ways. A smaB 

- «u-a. co<^ 

aoo(uding to Werner by the oyclio formula waste products discharged as urea, ammonia, 
tr oreatinme, A8. The amount <rf such endqgsfNms 

J , This oiera a sattsfaotoiy ex- metabolism is constant. The other and Isiger 
^ ^0 part of the oiea^ products of the food jflAMg 

lor the bahaviour of urea during are deandnised and oonverted into urea to ^ 
was Jilt pre|iaied igriitheUoally Hrer, the im^-nitiogeaoai fatty residue Mai 


accuracy is required. The methods at presmit 
in use are those in which the urea is decomposed 
into ammonia and carbon dioxide ; the ammonia 
formed is estimated, but as the urine oontsinB a 
small amount of preformed ammonia tl^ has 
to be previously estimated and deducted kom 
the total. The methods of Momer and Sjoquist, 
Folin and others {v. Urxa) are examples ol this 
type of estimation, but the enzymatio method 
depending on the action of the enzyme urease 
contained in soy-beans promises to re{daoe all 
other methods. It was introduced by MarshalL 
Urease is a specific enzyme, which rapidly and 
quantitatively decomposes urea at 
into ammonia and carbon dioxide. The am- 
monia formed is driven oil in a suitable apparatus 
by a current of air, absorbed with standM 
I acid, and estimated by titration, aHzarin-red or 
methyl-orange being used as indicator. 


The quantity of urea is ptaotioally unin- 
inoed by muscular work, but depends mainfy 
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buhit, and so utilised as a source of heat and 
other forms of energy. This part of rnel^abolism 
ifi termed exogenous. Urea excretion is usually at 
a maximum about 3 hours after a meal, ^e 
conversion of amino acids into urea is, in part 
at any rate, duo to enzymic action ; e.g, aiginase 
is an enzyme which converts arginine (one of the 
more complex amino acids resulting from 
protein disintegration) quantitatively into urea 
and ornithine (di-amino-valeric acid). There is 
also no doubt that ammonia is an important 
intermediate between such amino acids as 
glycine (amino-acetic acid), leucine (amino- 
caproic acid), &c., and the final product urea. 
Ammonia so liberated unites with the carbon 
dioxide of the blood, and ammonium carbonate 
and carbamate are thus formed. The close 
relationship of these two salts to urea is apparent 
from their formulae— 


✓NH2 


Urea. 


Ammoniam Ammonium 

carbonate. carbamate. 

This view, though simple, must be modified if 
Werner’s conception of the structure of urea is 
accejpted. 

A small quantity of ammonia always slips 
through into the urine, because a small quantity 
of the ammonia-containing blood passes through 
the Iddney before reaching the organ (the liver), 
which is capable of converting it into urea. 
Acids are very toxic to the body, and the 
defence of the body against acids (administered 
as such, or produced in pathological metabolism, 
e.g, fotty acids in diabetes) is an increase of 
ammonia formation, or to put it more correctly, 
less of the ammonia formed is converted into 
urea. 

Creatine and creatinine . — Creatine is an 
abimdant constituent of muscular tissue; tn 
vitro by boiling it with baryta it takes up water 
and splits up into urea and methyl-glycine, as 
rfiown in the following equation— 


, C4H^,02+Ha0=C0NjH4+CH(CH8)ra,-C00H 
Creatine, however, is absent from normal urine, 
and only occurs in starvation and in other 
oondi^ns, in which there is a rapid loss of 
muscular tissue. Its normal fate in the body is 
unknown, since creatine injected into the circula- 
tion leaves the body in the urine unchanged, 
and leads to no increase of urea. 

It also is not converted into creatinine, 
which was formerly held to be its fate. Here, 
again, we have an instance of reactions, which 
occur in vitro, but not in vivo. Creatinine is a 
crystalline, strongly basic substance, which 
chemically is creatine minw a molecule of 
water. It is always present in the urine, and 
next to urea, is its most abundant nitrogenous 
constituent. Mellanby believes that certain 
products of protein catabolism, the nature of 
which is uncertain, are carried to the liver, and 
^m timse the liver forms creatinine ; this is 
transported to the muscles, and there stored as 
creatm, excess being then eliminated in the 
urine* The small amount of creatigine excreted 
in disease favours the view that the 
livegjllibe 0C^t agent in its production, as it is 
in vea and tme add^k In health the 

amount , of creatinine is very constant, and is 
not infitteoed by diet or muscular exercise. 


Ulie aeld (C1H4N4O,) is excreted as umtes in 
marnTnA-la fu quantities only, but in birds 
and serpents is the principal nitrogenous con- 
stituent of their urine. It can be readily pre- 
pared from the latter urine, in which it is mainly 
present as the acid ammonium urate, by dis- 
solving it in sodium hydroxide and precipitating 
with hydrochloric acid. It o^stalfi^ in 
rectangular plates and misms. uric add dis- 
solves in pure water in the proportion 1 : 16,000 
(Gudzent), and at 18° in the proportion 1 : 39,600 
(His and Paul). On oxidation it yields urea and 
oxalic acid, alloxan (C4HjN804) or allantoin 
(C4HeN408), being intermediate products, 
according to the oxidising agent employed. It 
can be best identified by the murexide reaction^ 
which consists in evaporating to dryne^ wita 
nitric acid ; the yellowish-red residue gives, on\ 
the addition of ammonia, the violet ammonium \ 
purpurate. \ 

Uric acid does not contain the COOH group I 
which is typical of organic acids, and in aqiieous \ 
solution its reaction is neutral. Nevertheless \ 
one of its hydrogen atoms is replaceable by a 
metallic radicle, and it acts therefore as a mono- 
basic acid, and forms primary salts (mopo- or 
acid urates). In the presence of strong bases 
it forms secondary salts (di-urates) ; these only 
exist in the solid condition or in the presenee of 
strong alkali. By water they are at once de- 
composed forming primary salt and alkali. A 
third series of salts (quadri-urates) was formerly 
assumed to exist, but these are merely mixtures ; 
of uric acid and primary urate. 

In water, urine and blood, wo have therefore 
only to deal with primary urates. It has been 
shown that the primary sodium urate 

(C5H8NaN408) 

occurs in two modifications, the a- and the 
/ forms. The unstable a salt is ^adually 
transformed in aqueous solution into the stable 
B salt, owing to an intramolecular change. 
These two salts correspond to two tautomeric 
modifications of uric acid, the lactam form 
(formula I) giving rise to the unstable, and the 
lactim form (formula II) to the stable salt. 


HN-C;0 

0 :il (Lnh. 

I II >0 

•n-c-nh/ 


N-C-OH 

HO-I 


H-N- 


N=(!!— 


\c-OH 


IL 


These facts have a bearing on gouty conditions ; 
normally the small amount of urate in the blood 
is held in solution. In gout the amount is 
increased, and the excess 4 b probably in ibe 
unstable a-form. The conversion of this into 
the jS-form gives rise to the deposition of urates 
in the tissues which occurs during the course of 
the attack. 

The quantity of uric acid excreted by an 
adult varies from 0*6 to 0*76 grm. daily. The 
method used for estimation is based on Hopkins* 
discovery, that when the urine is saturated with 
an ammonium salt (cb}oride or sulphate), all 
the uric add is predpitated as ammomum urate ; 
this is collected and the uric add in it deter- 
mined. The Min-Shaffer method is foimded 
on this reaction. Folin has also introduced a 
oolorimetrio meihod, which depwida on the 

* 'I- • ^ ' 


U 

ti 

b 


n 

d 


ei 

a< 

nj 

ni 

(K 


F 

(<J 


ai 

X( 


T 


m 

ac 

ai 

as 

m 

tii 

ez 


th 


- sij-^sps ss-g-g s s.g g-g-g E 



URINE. 


blue oobur urb acid itiikes with phospho- 
tnnmtio odd (v. Ubio Aon>). 

ui turds uric acid originates from the com- 
bination of ammonia and lactic acid. In 
ma mm als it mainly arises from the purine bases 
of the food, which are cleavage products of 
nudeb acid, the main constituent of the nuclei 
of the body celb . In tins process several tbsue 
enzymes come into play ; first nuclease liberates 
adenine (amino-purine 0sH8N4*NH2) and gua- 
nine (amino-oxypurine C5H5N40*NH2) from 
nudeb acid ; then ‘ deaminising * enzymes 
convert adenine into hypoxanthine (monoxy- 
purine C|^4N40) and guanine into xanthine 
(dioxypurine C4H4N4O8) ; oxidases step in next 
and convert hypoxanthine into xanthine, and 
xanttoe into uric acid (trioxypurine CJH4N4O8). 
The liver is the principal seat of these transfor- 
mations, and in some animals some of the uric 
acid so formed is destroyed in the same organ, 
and appears as allantoin and urea. So far 
as tbsue extracts can give a true picture of 
metabolism in vivo the human tissues are des- 
titute of the uricolytio (uric acid destroying) 
enzyme) 

Small quantities of purine bases are found in 
the urine in addition to uric acid. 

Hlppuric acid (OgH^NOa) in the form of 
hippurates ip present in small quantities in the 
urine of man, but is specially characteristic of 
herbivorous urine. This is due to the food of 
herbivora containing substances of the benzoic 
acid group. The condensation of benzoic acid 
with glycine to form hippuric acid appears to 
occur in the kidney itself, and may repre- 
sented by the following equation — 
CeHg-COOH-fCHa(NH2)COOH 
Benzoic acid. Glycine. 

=CH,(NHCOCA)COOH+HaO 
Hlppuric acid. 

For the estimation of hippuric acid in urine, 
see Snapper and Laquer, Archives N^rlandaises 
de Physiologic, 1921, 6, 48, which contains 
further references to the literature of the 
subject. 

Kynurenio and uroeanic acids are present in 
small quantities in dog’s urine. Kynurenic acid 
CiM. b hydroxyquinoline carboxylic acid 
(HO’CgHgN’COOH) and originates from one of 
the decomposition products of protein called 
tryptophan (indole-amino-propionic acid). Uro- 
canic acid (C|aH.2N404) is a rarer constituent, 
and its origin in the body is not clear. 

Inorganic constituents of urine. The principal 
salt is sodium chhride, and its amount varies 
with that in the food. The stdphaies present 
are principally those of sodium and potassium. 
They are derived from the metaoolbm of 
protein, and their excretion, although it occurs 
earlier than that of urea, runs parallel with it. 
About one-tenth of the total sulphates are 
ethereal sulphates, such as potassium phenyl 
sulphate and potassium indoxyl sulphate 
(unnary indican) ; the organic radicles originate 
from protem putrefaction in the alimentary 
canal, and abnormally great putrefactive pro- 
cesses there lead to an increase in the excretion 
of such sulbhates. Sulphur b abo present in 
the form of less highly oxidised organic com- 
pounds, usually Bjpom of as * neutral sulphur,’ a 
term whidi inefudes thiooyanio acid and its 
salts^ taurine, e^ystine, methyl mercaptan. 


Caffmates are only present in alkaline urine. 
Alkaline and earthy p^phaks are also present 
and small quantities of organbphosphates, for 
instance, glyoero-phosphates. They arise partly 
from the food, but chiefly from the metabolism 
of organic phosphorbed constituents of the body, 
such as nucleic acid, lecithin, and other phos- 
phorbed fats (phosphatides). 

According to Amberg and Mayer (Amer. J. 
Ph3^iol. 1922, 60, 564) minute quantities of 
citric acid occur in normal human urine. 

Abnormal constituents of urine. The most 
commonly occurring of these are albumin (in 
Bright’s disease) and other proteins, dextrose, 
acetone, aceto-ocetic acid, and j3-hydroxybntyrio 
acid in diabetes, lactose in nursing mothers, bile 
in jaundice, blood when hasmorrhage occurs in 
any part of the urinary tract, haemoglobin, and 
certain derivatives of haemoglobin in black water 
fever and other pathological states, and pus as 
the result of suppuration in any part of the 
urinary tract. 

Urinary deposits. Normal urine is clear 
except for a faint cloud of mucus. Formed or 
anatomical elements such as blood corpuscles, 
pus corpuscles, bacteria, entozoa, &c., may be 
present in various pathological conditions, and 
are identified by microscopic examination. A 
special chemical interest attaches, however, to 
crystalline deposits, and without entering into 
any discussion of the medical reasons that lead 
to their appearance, these may be briefly 
enumerated as follows : — 

A. In acid urine may be found— 

1. Uric acid, as whetstone, dumb-bell, or 
sheaf -Ibe aggregations of crystals deeply tinged 
with urinary pigment, looking like cayenne 
pepper. 

2. Urates. These are generally amorphous. 
The acid urate of sodium and ammonium may 
sometimes occur in star-shaped clusters of 
needles or spheroidal clumps with projecting 
spines. The deposit has the appearance of 
brick-dust, as it is coloured by one 01 toe urinary 
pigmente (uroerytbrin). This deposit dissolves 
on warming the urine. 

3. Calcium oxalate in the form of octahedral 
crystals insoluble in acid. 

4. d^tine (diamino-ditbio-lactic acid 

C,H„N2S804) 

in colourless hexagons ; a rare condition often 
hereditary. 

6. Calcium phosphate CaHP04,2H,0, rare. 

6. Leucine (aminO’Caproic acid) and tyrosine 
^p-hydroxyphenyla-aminopropionk acid), rare. 

B. In alkaline urine we may find— 

1. Phosphates ; calcium phosphate 

C3a8(P04)8 

which b amorphous ; triple phosphate 
MgNH4P04,GH20 

in ’ coffin lid ’ orystals or feathery stars ; calcium 
hydrogen phosphate CJaHPOi in rosettes, 
spherules, or dumb-bells ; magnesium phosphate 


Mg8(P04)2 in long plates. All are soluble in 
acetic acid without effervescence. 

2. Calcium carbonate OaOOs* bbouit-shap^ 
crystab, common in herbivorous urine, soluble in 
acetic acid with effervescence. 

3. Ammoniux^ urate C4H|(NH4)4N90, 
’ thorn apple ’ spherules. 

4. Leucine and tyrosine, very rare. 


t ■ CRISE. 


Of these deposits, urates in acid urine, and 
phosphates in alkaline urine are the com- 
monest i these are not necessarily j^thologioal ; 
thus urates mav form in the urine when it 
OQob, espedaily u that secretion is concentrated, 
€.^. dter sweating profusely. Urine, when it 
b^mes alkaline, always deposits phosphates, 
and the alkaline urine of herbivora is always 
thick for that reason. 

Urinary calculi. Concretions called sand, 
gravel, and stones, according to their size, 
may form in the kidney, the ureter, or in 
the bladder. They result from the con- 
glomeration of urinary deposits, the deposition 
occurring in concentric layers. The substances 
deposited in acid urine are most frequently uric 
acid, urates or calcium oxalate, or a mixture of 
these materials ; in alkaline urine, phosphates. 
If the reaction of the urine changes during the 
formation of the calculus alternate layers of 
these two sets of materials will be found. The 
uric acid calculus is generally regarded as the 
commonest form of stone in the bladder, but in 
renal calculi, as B. Moore has shown, the 
most abundant constituent is calcium oxalate, 
frequently mixed with calcium phosphate, the 
second constituent in frequency and abund- 
ance. Calcium is practically the only base 
associated with oxalic acid, phosphoric acid, and 
in less amount uith uric acid. All these acids 
form highly insoluble salts with calcium. 
Oxalic and uric acids are associated products in 
metabolism, and occur in cases of incomplete 
oxidation. 

The physical properties of a calculus — colour, 
hardness, smoothness, or roughness, give 
little or no clue to its chemical nature. A 
chemical analysis is always necessary, and this 
dves valuable indications for after treatment ; 
for instance, in renal calculi, consisting of 
calcium oxalate, the treatment should be de- 
signed to diminish alkalinity, to avoid calcium- 
li^ foods, and to induce the taking of exercise 
to propiote oxidation in the body. 

There are, in addition to these common 
forms of stone, others of a rarer kind, and a list 
of the different varieties of calculus is as follows — 

1. Those composed of uric acid or urates with 
little or no admixture mih phosphates. 

2. Mixed calculi, like the preceding, but 
containing often in alternate layers a large 

3. C^ciimi oxalate calculi, often containing 
small entities of phosphates and urates. 

4. Phosphate calculi : a stone composed of 
pure calcium phosphate is rare ; a nucleus of 
uric acid is geneially present. 

5. Calcium carbonate calculi are those 
generally found in the prostate. 

6. Cystine calculi are mostly small, smooth, 
and have a yellow tinge, turning to green on 
exposure to air. These are rare. 

7. Xanthine calculi are still rarer. 

S. Fibrinous calculi composed of fibrin or 
im^fHSBated albumin, have a glassy apparance 
on fracture ; blood calculi have b^n described 
in eases of renal hsematuria; * urostealith ’ 
calculi have been described, and lonsist of fatty 
anid with more or less cholesterol. One case of 
* iftdigo ^ calcnius has been described. 

No attem^ has been mal& in the foregoing 
outifne sMfm of the chemical properties of the 


urine in health and disease to give complete bib- 
liographical references. The literature of urine 
is enormous, and those interested in it should 
consult standwi works on physiology, phy^ 
logical chemistry, pathology, and medicine. 
One of the most trustworthy handbooks on the 
urine only, and containing abundant references 
to literature, is Neubaurer anOogei’s Analyse 
des Hams, edited by Huppert, Wiesbaden, C. W. 
Kreidel. W. D. H. 

URINOD CeHgO, a pale yellow oil, obtained 
from urine, slightly heavier than water, b.p. 
108®/28 mm. ; possessing a very penetrati^, 
persistent and disagreeable odour and to which 
the characteristic smell of urine is due. Is readily 
volatile with steam, reduces potassium perm|kn- 
ganate and ammoniacal silver nitrate in the cold, 
and reacts with Millon’s reagent, but not with 
Barreswil’s (Fehling’s) solution, or solution pf 
alkali picrate. The dmtfro-derivative, m.p. 78®, 
forms golden net'dles. Urinod acts with senn- 
earbazule ivith production of a compound, 
m.p. 254®, which crystallises in thin, hexagonal 
leaflets. When urinod is treated with bromine, 
two compounds are moduced ; one of these has 
m.p. about 1 10®, whilst the other is not melted at 
250®. The compound probably has the structure 
of cyc/ohexenc-4-one 

or the quinonoid constitution 

co<cS:S:>« 

Urinod does not occur in the free state in urine, 
but exists in a conjugated form, and is liberated 
by fermentation, or by the action of dilute 
sulphuric acid. It is very toxic, and may have 
some connection with uramia (l)ehn and 
Hartman, J. Amer. Chem Soc. 1014, 30, 2136). 

URISOL. Syn. for hexamethylenetetra- 
mine. 

URITONE (^ea:awtnc). Syn. for hexamethyl- 
enetetramine, 

UROCITRAL, UROPHENIN, v. Syi^theiio 

I>RrGS. 

URODONAL. Trade name for a preparation 
of hexamethylenetetramine, piperazine quinate 
and methylglyoxalidinc. 

UROGENIN. Trade name for an addition 
product of theobromine and lithium hippurate. 

UROL. Trade name for urea quinate. 

UROPHERIN V. Sauoyuo acid. 

UROPURGOL (helmitol, neurotjpine, forma- 
mol). The bexametbylenetetramme salt of 
anhydromethyiene-citric acid. 

UROSIN. Trade name for lithium quinate. 

UROTROPIN. HexameHhylenek^aminet r. 

Sy>^THETIO DEDOS. 

UROXANIC ACID, dirnrhaminmaknie aeid 
(C0oH)2C(NH€0'NHg)/i8 prepared by the 
gradual oxidation of uric add in alkaline adiv- 
tion by the oxygen of the air (Stftdeler, Annalen, 
1861, 78, 286; Strecker, ibid, 1870, 166, 177; 
Biltz and Bobl, Ber. 1920, 63, 1960) ; by oxi^a- 
ing an alkaline solution d uric add with 6 p.c. 
potasdum permanganate solution (1 atom id 
oxygen to 1 mol. of uric add) (Behrend, t&fi 
1904, 333, 152; Sundvik, Zdtach. phyalol 
Chem. 1904, 41, 343; Behxend and Sohultc, 
ibid, 1909, 366, 21 ; Biltz and Robl, Ic,). 

For the mechanism of the formation of 
uroxanio aci4 from urto add, m Bilte 
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VApWAN, 

Max (Ber. 03, 1964). The two oarbamido 
£^oup8 in uroxanio add can be quantitatively 
ebinmated by sodium zdtrite with the formation 
of mesoxalio add (Biltz and Bobl, Ic.). 

Uroxanio add crvatallises in indistinct tetra- 
hedra (decomp. 102^) ; it is sparingly soluble in 
cold water and insoluble in alcohol; it is a 
strong dibasic acid and its normal alkali salts are 
neutral towards litmus and phenolphthalein. 

It readily loses COj and yielA allantoic acid 
when shaken for several days with cold 96 p.c. 
methyl alcohol. When heated with water it 
breaks down into allanturic acid 
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mesoxalic acid and urea. The aniline and 
hydroxylamine salts are sparingly soluble; the 
latter V. melts at 1 55° ; the normal jihmyl- 
hydrazine salt. C 5 HgO<,N 4 * 2 ( crystallises 

in colourless plates, m.p. 130°-132° (decomp.), 
when boiled with water it is decomposed, 
yielding the phenylhydrazine salt of mesomltc 
acid phenyUtydrazone Ci 5 H,^ 04 N 4 ,|H 20 , this 
forms yellow needles that melt at"lM°-158°, 
solidify at 160° and then decompose at 183°. 
The normal silver, sodkm, haritim, and calcium 
salts of uroxanic acid are crj'st-alline. 

The potassium salt forms colourless crystals, 
a :b: c=0 *88576 : 1 : 1 *2044, and gives hydrates 
containing 3*5, 3, and probably 0 5, HgO ; the 
ammonium salt decomposes at 182°. The 
methyl ester decomposes at 213°, and is converted 
by boiling water into spirodihydantoin, which 
yields the di-silver salt C.H 204 N 4 Ag 2 , 2 H 20 
and the diammine copper salt 

0,H204N4[Cu{NH3)J 

(Biltz and Robl, l.c,). 

For the physiological action of uroxanic acid, 
see Saiki (J. Biol. Chem. 1910, 7, 263). 

M. A. W. 

URSAL. Urea salicylate. Auric acid eliminant. 

URSOL e. p. Phenylknediamine. 

URSOL P V. p- Amikopiienol. 

URSONE. Urson, A white crystalline optic- 
ally active substance C 2 ,H 4 , 0 *C 0 OH, 2 H 20 , m.p. 
273°, [a]^®=-f-58°, found in holly, mat(J, and 
other species of Ilex, and in many ericaceous 
plants. With sulphuric acid it gives an orange- 
yellow colour with green fluorescence ; an acetic 
anhydride solution gives with sulphuric acid a 
red coloration passing to violet, green, and 
blue; a chloroform solution shaken Mith an 
equal volume of sulphuric acid colours the latter 


yellow. Soluble i3 ethyl and methyl alcohols, 
chloroform, carbon disulphide, ether, and 
ethylene bromide. Yiel^ a re^y crystallis- 
able methyl ester (Dodge, J. Amer. Chem. Soc. 
40, 12 ; Nooyen, Pham. Weekblad. 1920, 67, 
1128). According to van Ber Harr (Rec. trav. 
chim. 1924, 43, 367) urson has the formula 
OajHgjOs, m.p. 279°-280°, and gives sesquiter- 
pene and CO| on distillation with zinc dust. It 
foms an acetyl derivative, m.p. 201^, a methyl 
ester, m.p. 165^ and an acetyl derivative cd the 
methyl ester, i|i.p. 246° It thus appears to 
contain a hydroxyl and a carboxyl group. 

URUSHIOL v. Lacqueb ; Kesins. Of 
Majima, Ber, 1922, 55 fB.] 172 ; Levin, J. Amer. 
Med. Assoc. 1924, 465 ; Pharm. J. 1924, 112, 236. 

DSNIC ACID CisHigO, (Stenhousc, Proc. 
Roy. Soc. 18, 222), CigHigOg (Patemo, Ber. 9, 
345). An acid found in certain lichens 
(v. Lichens). 

UVANITE. Hydrated uranium vanadate 
2U08-3V205*15H20, crystallised in the ortho- 
rhombic system. It occurs as a brownish- 
yellow pow'der disseminated in san^tone at 
Temple Rock in Emery Co., Utah. In appear- 
ance and mode of occurrence it thus resembles 
camotitc (g,v.), but it has not the clear yellow 
colour characteristic of camotite. The mineral 
dissolves readily in a solution of ammonium 
carbonate. The name uvanite is a contraction 
of the words uranium and vanadium with the 
mineralogical termination ife, (F. L. Hess and 
W. T. Schaller, 1914.) L. J. S. 

UVAROVITE V. Garnet. 

UVITONIC ACID V, Bone oil. 

UZARA. The root of a species of Gompho- 
carpus (N.O. Asckpiadacece) is used by medicine 
men in the region of the great African lakes 
ii^ainst diarrhoea. The action of an extract 
was first described by Gurber (Muench, Med. 
Wochenschr. 1911, 58, 2100) and was found to 
be specific on the intestine, resembling that of 
opium, but without the undesirable after effects 
01 the latter drug. A dried alcoboUc extract 
has been placed on the market in German^ under 
the name uzaron. According to Hennig 
(Arch. Pharm. 1917, 255, 382) the active 
principle is the glucoside uzarin (5 p.c. of the 
root) CjsHiosOso-f 9 H 2 O, relatively well soluble 
in water and hydrolysed by acids into one 
molecule of propyl alcohol, three of dextrose and 
thix'e of uzaridin CigHggOs, which is strongly 
bitter. The glucoside is only slightly bitter. 
Cf, Koflor, Arch. Pharm. 1917, 255, 560; and 
Holmes, Pharm. J. 1920, 507, G. B. 
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VALAMIN. Trade name for the isovaleric 
ester of tertiary amyl alcohol. 

VAL D’ARNO SUPERIORE RESIN t% 

Rxsxks. 

VALEARIN. Trade name for valeiyl 
trimeth ylamm onium chloride. 

YA LENTlNitB. Antimony trioxide SbgOj, 
oryntallised in ^ orthorhombic system and 
dimorphous with senarmontite (g.v.). The small 
tabular or prkmatio crystals arc often arrayed 
in fanodmped groups. They have perfect 
cHeavages in three plane dir^ions (the unit 
prism and the luaohypmaooid) parallel to the 


vertical axis, and consequently broken surfaces 
present a fibrous aspect with pearly lustre. 
They are white or greyish, translucent, adaman- 
tine in lustre, very soft (H. 2), and rcidily dis- 
torted. Sp.gr. 6*76. The mineral occurs in 
the upper oxidised portions of lodes, having 
results by the alteration of stibnite and other 
antimony minerals. It is found at Br&unsdorf 
in Saxony, I^ibram in Bohemia, Malaczka in 
Hungary, Algeria, Bolivia, Ac. L J. S. 

VALERIAN. The root of Valeriana 
nalie (Linn.) yields on distillation with watiw an 
essential oil of a pale yellow or greenish eoloim, 

V 




VALERI^. 


having a strong smell of valerian, an aromatic 
taste, and bM reaction; 6p.gr. 0*9(M)‘93. 
Thickens at ->•16^ and begins to boil at about 
200^ Consists of a mixture of valeric acid, a 
camphene, a stearoptene, and a resin (Pierlot, 
Ann. Chim. [iii.] 56, 291; Gerhardt, ibid, 
[iii.] 7, 276). 

Valerian root contains two alkaloids : chati- 
nine and valerine. One kilo of the fresh root 
yielded only 0*10 grm. of mixed alkaloids, 
chatinine predominating (Goris and Vischniao, 
Compt. rend. 1921, 172, 1059). ^ 

For the assay of Valerian Root, see Bullock, 
Phann. J. 1924, 113, 109. 

VALERIC or PENTOIC ACIDS C 4 H,COOH. 
Four isomerides are known. 

1. n VdUric acid CH 3 [CH 2 l 8 COOH, is found 
in pyroligneous acid, and occurs free and as esters 
in the animal and vegetable kingdoms, chiefly 
in the roots of Valeriam officincdie (Linn.) and of 
Archan^dka officinalis (Hoffm.), from which it 
may be isolated by boiling with water or sodium 
hydroxide. It may be obtained by boiling 
ihbutvl cyanide with potash (Lioben and Rossi, 
Annalen, 159, 58) ; by oxidation of a-hydroxy- 
oapioio acid (Erlenmeyer, Ber. 1876, 1840) ; by 
reduction of Isevulic acid(^-acetylpropioniG acid) 
with phosphorus iodide or sodium amalgam 
(Kehrer and Tollens, Annalen, 206, 233 ; Fittig 
and Wolff, ibid. 208, 109) ; by heating pro- 
pylmalonic acid (Juslin, Ber. 1885, 2504); by 
the fermentation of calcium lactate (Fitz, ibid. 
1880, 1309) ; and by the action of CO, on mag- 
nesium n-butyl bromide (Gilman and Parker, 
J. Amer. Chem. Soc. 1924, 46, 2816; Ohem. 
Soc. Abstr. 1925, 128, i, 228). A colourless oil 
having a disagreeable smell, b.p, 186°-] 86*4° 
(Fiirth, Monatsh. 9, 310) ; sp.gr. 0*9415 at 2074° 
(Lieben and Rossi) ; 1 vol. of acid dissolves in 
27 vote, of water at 16°. 

Methyl valerate boils at 127*3°, ethyl valerate 
at 144*6° (736*5 mm.), and wobutyl valerate 
at 167*0°-168*6°; sp.gr. 0*8544 20°/4°. 

2. isoFatertc acid, p-methylbutyric acid 

CH(CH,),CH,COOH 

Discovered in 1817 by Chevreul in dolphin oil 
Irom Dehhimts globiceps and D. phoccena, and 
termed by him phocenk acid (c/. Andr4, 
Compt rend. 1924, 178, 1188; J. Soc. Chcm. 
]^d. 1924, 43, 479). Found in other fish oils 
and in perspiration. In the roots of Valeriana 
officincdM (Linn.), Archangdka officinalis 
(Hoffm.), and in the berries of Viburnum 
Opvlus (Linn.). Formed in the putrefaction of 
albuminoids ; by the oxidation of glue, oleic acid, 
fats, and fusel oil (Lawkrow and Jazukowitsch, 
J. 1864, 337 ; Pierre and Pouchet, Ann. Chim. 
jiv.] 29, 229; Koizami and Ichinose, Japan. 
Pat 41910; Chem. Soc. Abstr. 1924, 126, i, 
269). Prepared by the action of alcoholic 
potMh on tsopropyl cyanide, and by long 
omling of amyl alcohol with sodium meth- 
oxide (Guerbet, Compt. rend. 128, 512). 
Colourless oily liquid, smelling like valerian root 
and putrid cheese; b.p. 173*7° (Kahlbaum, 
Ber. 1883, 2480), sp.gr. 0*931 at 20°. Soluble 
in 23*6 parts of water at 20°.. The valeric 
acid of pharmacy is prepared trom valerian 
rooi dr Irom amyl alcohol. The ammonium 
anol^ valerates are also used in medicine. 

For Quantitative estimation of isovaleric add 


in the presence of acetic add, v, (Siapman, 
Annalen, 1899, 114. 

Methyl iaovdlerate boils at 116*7°, and 
Ediyl i&ovaleraie at 134*3°. 

ieoAmyl isovalerate b.p* 

194°; dissolved in spirits of wine is used in 
confectionery as essence of appks. 

3. a-Memylbutym acid CHj*CH(C8H8)COOH 
is found in the oil of Archangdka officinalis 
(Hoffm.) (Ciamician and Silber, Ber. 189 d, 1816), 
and may be obtained by heating methyl-crotonio 
acid (tiglic acid) with hydriodic acid (Schmidt 
and Berendes, Annalen, 191, 117); by the 
action of sodium amalgam on bromomethyl-ethyl- 
acetic acid in a sulphuric acid solution (Pagen- 
stecher, ibid, 196, 109) ; and by heating methyl 
ethyl-malonic acid (Conrad and Btechoff, ibid, 
204, 151). On oxidising optically active adyl 
alcohol, a mixture of isovaleric and a-methvl- 
butyric acids is obtained which can ne 
separated by converting them into their silvW 
salts, silver tsovalerate being six times lek 
soluble in water than silver a-mcthylbutyra^ 
(Erlenmeyer and Hell, Annalen, 160, SOl t 
Conrad and Bischoff, ibid. 204, 157). A colourA 
less somewhat mobile liquid; b.p. 173°-174°, 
sp.gr. 0*938 at 20°/20° (Schiitz and Marckwald, 
Ber. 1896, 26). 

4. aa-Dimdhylpropionic act'd (CH 3 )sC'COOH. 
Obtained by heating trimcthyl-acetonitrile with 
strong hy(h*ochloric acid (Butlerow, Annalen, 
170, 151; 173, 355); or by the oxidation of 
pinacolin (Butlerow, l.c. ; Friedel and Silva, 
Ber. 6, 146, and 816). Crystallises in the regular 
system; m.p. 34°-36°, b.p. 163° (Sudborough ; 
and Lloyd, Chem. Soc. Trans. 1899, 475), 8p.gr. 
0*905 at 50° ; soluble in 45 parts of water at 20°. 

VALEROBROMINE(CH 3 ) 3 CH*CHBr COONa. 
Obtained by hydrolysing and neutralising the 
product formed by the action of bromine on 
valerianic acid. Used as a sedative. 

VALEROPHEN, Methyl ester of phenol- 
phthalein. 

VALERYDIN, VALIDOL, VALISAN, VALYL, 

i’. Synthetic deugs. 

VALINE, a-aminoieotKilerk acid 

CHMe 2 *CH(NHjj)COOH, 

was isolated first by Gorup-Besanez (Annalen, 
1856, 98, 1) from the pancreas of the ox, and 
occurs in the young seedlings of Lupinus luteus 
(L.), iMfinus albus (L.), Lupinus angustifdius 
(L.), Vkia saliva (L.), thQ etiolated seedlings con- 
taining more than the green plants (Schu& and 
Barbieri, J. pr. Chem. 1883, [i.] 27, 33 7 ; Schulze 
and Winter- stein, ZeitsSh. physiol. Chem. 1902, 
35, 308; Schulze, ibid. 1894, 20, 306; 1896, 22, 
423 ; Schulze and Oastoro, ibid, 1903, 38, 199 ; 
Wassilieff, Landw. Versuchsstat. 1901, 66; 46; 
Schulze, Zeitsch. physiol. Chem. 1893, 17, 193 ; 
Menozzi, Ber. 1888, 21, 619) ; in zeln (Osborne 
and Clapp, Amer. J. Physiol. 1908, 470); 

Dakin (J. Biol. Chem. 1924, 61, 137); in 
Emmentlialer cheese (Winterstein, Zeitsch. 
physiol. Chem. 1904, 41, 500). Valine is one 
of the products of hydrolysis of such piotehiB 
as horn, Keratin, edestin, etc., and occurs together 
with leucine and proline in the fraction of esters, 
b.p. 60°-90°/10 mm.; it is formed in the 
autolysis of the pancreas and liver, and in peptic 
and tryptic digestion (Ftecher and Ddtpinj^us, 
ibid, 1902, 36, 462 ; Abderhalden and Voitino- 







V^IKE. 


rUA, ibid, 1907, 52, 348 ; liovene aod van Slyke, 
J* fiioL C&8I11. 1909, 6, 419 ; Lerene, Zeitsoli* 
ph^raiol. Ohem. 1904, 41," 393 ; Lawrow, ibid. 
1901, 33, 312). The valine ooourring naturally 
is the dextrorotatory form ; the raoemic form 
was prepared first synthetically by Fittig and 
Clark (Annalen, 1866, 139, 200) by the action of 
concentrated ammonia on a-bromoisovaleric 
acid at 100®; and later by Liijp (ibid, 1880, 
205, 1) by hydrolysing the aminoisovaleronitrile 
obtained by the condensation of isobutyralde- 
hyde with ammonia and hydrocyanic acid. It is 
prepared most conveniently, and the yield is 
70 p.c. of the theoretical, by Slimmer’s modifica- 
tion of Fittig and Clark’s method (Bcr. 1902, 35, 
400) ; 500 grms. of a-bromowovalcric acid with 
1500 gnus, of aqueous ammonia satuiated at 
16° and 600 grms. of powdered ammonium 
carbonate are heated in an autoclave at 100° 
for eight hours ; the resulting bro^vnish liquid 
is filtered and evaporated to one-third its bulk, 
when most of the amino acid crystallises out. 
The rest is obtained in the form of its hydro- 
chloride by acidifying the mother liquor with 
hydrochloric acid, evaporating to dryness and 
eiitracting the residue with 80 p.c. alcohol. 

Racemic valine can bo resolved into its 
optically active isomerides by the fractional 
crystallisation of the brucine salt of the formyl 
derivative ; the brucine salt of form yM- valine 
being less readily soluble in methyl alcohol than 
is the corresponding salt of formyl -d-valine : 
d- valine and valine are obtained by hydrolysing 
with hydrobromic acid the correspondin^ormyl 
derivatives (Fischer, Matsubara and Hilpcrt, 
Ber. 1906, 39, 2320) 

d2-Valine. In addition to the synthetic 
methods already described for the preparation 
of d/-valine, it can bo obtained by racemising 
the active acids by heating them with baryta 
water at 180° (Fischer, Zeilsch. physiol. Chem. 
1911. 33, 102). 

di-Valine crystallises in colourless plates 
from alcohol, has a sweet taste, and melts in a 
closed tube at 298° (corr.) with decomi)ositlon ; 
it is readily soluble in watei*, 1 imrt dissolving in 
11*7 parts of water at 1.')°, is almost insoluble in 
oold alcohol or ether, sparingly so iu lx>iiing 
alcohol (Slimmer, Lc) ; when oxidised by hydro- 
gen peroxide it yields wbutyraldehyde, iso- 
butyric acid (part of which is further oxidised to 
acetone and carbon dioxide), ammonia and 
carbon dioxide ; with lead peroxide or sodium 
hypochlorite as the oxidising agent, isobutyralde- 
hyde is the product (Dakin, J. Biol. Chem. 
1908, 4, 63 ; Langheld, Ber. 1900, 42, 2360) 
When dl-valine undergoes putrefactive de- 
composition it yields isovaleric acid and a small 
quantity of butylamine; the residual amino- 
valeno acid is Isevorotatory indicating an 
asymmetric attack by the bacteria (Neuberg 
and Kiurozag, Biochem. Zeitsch. 1908, 18, 435). 

' Salts and derivatives of dl-Fttitnc.— The 
copper saU (C|H;y,0,N)aCu, blue crystals soluble 
in 3644 parts of methyl alcohol at 20°, or in 
9230 parts of 96 p.c. ethyl alcohol at 21°, and 
wariimy soluble in cold water (Ehrlich and 
WendS, Biochem. Zeitsch. 1908, 8, 399) ; the 
silver salt C«H|oNO«Ag is ciysttdline and in- 
soluble in ooid water. The A^roc/ilortde 

C,HuO^N,HCl 


crystalline plates, readily soluble in water or in 
alcohol, insoluble in ether ; the nitreUe 
C*HnO,N,HNOa 

is a readily soluble crystalline confound. The 
ethyl ester 0HMe2'OEI(NHa)CO2£ft has b.p. 
63‘5°/8 mm. or 174° with decomposition under 
atmospheric pressure, sp.gr. 0‘9617 at 16°/4°; 
it forms a sparingly soluble crystalline picrate, 
m.p. 139‘5° (corr.), and a soluble hydrogen 
tartrate which on crystallisation suffers partial 
resolution into its optically active isomerides 
(Slimmer, Lc.). Of the acyl derivatives of 
d/- valine, the formyl derivative 

CHMej*CH(COOH)NH-CHO 
obtained by heating dl- valine with 1^ times its 
weight of formic acid crystallises in large 
rhombic plates from water, sinters at 137° and 
melts at 140°-145° (corn), is readily soluble in 
hot water, alcohol or acetone (Fischer, Ber. 1906, 
39, 2322) ; the benzoyl derivative 

CHMo,*CH(C02H)NH*COCgH5 
crystallises in plates, m.p. 132*5° (corr.), is 
readily soluble in alcohol or ether, sparingly so 
in water (Slimmer, Lc .) ; the phenylisocyanate 
derivative CHMcj •CH( COjH^NH *00 'NHPh 

forms colourless plates, soluble in 130 parts of 
hot water, m.p. 163*5° (corr.) with decomposi- 
tion, is readily soluble in hot alcohol, sparingly 
so in ether, and is converted into phenylm* 
yNH-CHPr^ 

propylhydantoin | by boiling with 

hydrochloric acid ; this compound crystallises 
from other in long needles, m.p, 124°-125° 
(corr.), and is sparingly soluble in hot water, 
readily so in alcohol or ether (Slimmer, Lc.); 
the carhamino derivative 

CHMe/CH(COoH)NH*CO-NH, 

crystallises in needles, m.p. 176°, is soluble in 
I 213 ])art8 of water at 20°, and forms ciystalline 
barium t mercury and silver salts (Lippich, Ber. 
1908, 41, 2962) ; the picryl derivative 

CHMej*CH(C02H)NH*C«H2(N0,), 
forms bright yellow needles, sparingly soluble in 
cold water, and has m.p. 171° (Hirayama, 
Zeitsch. physiol. Chem. 1909, 59, 290). dl- 
Vdinami^ CHMcg 011(^^11^)00^112, obtained 
by the action of liquid ammonia on the ester 
prolonged over a period of three months, 
crystaUises from benzene in colourless prisms, 
m.p. 78°'-80° (corr.), and ^elds a B-naphthakne- 
sulphmc derivative C„H,8 OgNsS, m^. 256°- 
257° (corr.), a carbethoxy derivative 
m.p. 143-144° (corr.) (Konigs and Mylo, Ber. 
1908, 41, 4427), and a hydrodihride 

CHMe2*CH(CO*NH2)NH2*HCl 

crystallising in the monoclinic system, and 
forming a crystalline platinichloride 

(CJEIi,0N2)aPtCle,H20 

(Lipp, Annalen, 1880, 205, 1). dl-Valim anhy* 
dride obtained by heating df^vaiine, 

or by heatingpthe ethyl ester under pressure at 
180°-190°, forms long colourless ne^es, m.p. 
303° (corr.) (Fischer and Schenkel, Aimslen, 
1907,354.1). • 

Whenj a-bromotsovalerylglycinamide ht 




ft atztan «( vt^h^eiM mhj/iriit (dikOtuo. uH {0^,0,N),Co, m» M^itaSiBe |^li^ 
pnfi)tpiptnziiu) tokto m of melM riodKd.st 18*. 

t3i6 jrftrfimcMcywfe is Also rsAdil^r soltiblo /SchidM) 
needles ton hot wAter» ]n.p. %iSPp and the and Barbieri, J. pr, Ghem. 1S88» 27, 387) ; ^e 




hy^mide of vdlylglyciwm*de pkrolonak has m’p. 170M80^ and tfltlS?+284® 

CHMe|*CH(NHjj)‘CO*NH*CH 2 *CO*NHa*HBr (Levene and van Slyke, J. Biol. Chem. 1912, 12, 

microBcopic needles from alcohol-ether, m.p. 

285P (Bergen, Zeitsoh. physiol. Chem. 1916, 97. 

293). o-Ammo-8-hydroi^wovalerio acid has CHMej *011(00811) -NH-CHO 

obtained by the resolution of (H-formyl-valine 

ooloftTleag Instrong plated, iSip. * 260°-260= f!if “f “f.3“ 

(deoomp.) ,* the naphthalene j5-sulphonyl derim- [®1 d ^ alcoholic solutiob; 

tke 0ibU.70,NS forms small colourless needles, d-v^ine phenykarhimide \ 


microscopic needles from alcohol-ether, m.p. 
285^ (Bergell, Zeitsoh. physiol. Chem. 1916, 97, 
293). a-lmino-d-hydroi^MOvalerio acid has 


ftfWVt|JU.«grV/|X'2» lUliUB BlUiUll UUlUUXlCMa uceuies, 

m.g (Schrauth and Geller, Ber. 1922, 65, 


m n 260°l2^° (coir.), and 1 

}-sulphonyl derim- [a]i^+12-8° to 13*27® in alcoholic solutiol 
colourless needles, d-v^ine phenykarbimide 
ler, Ber. 1922, 65, CHMej-CH(CO,H)NH-CO-NHPh 


. Foliftol CHMe,'CH(NH,)-0H,-0H, prepared ^<>5^ mic^pic^pnams, m.p. 147' (oorrfl 
rednoingvaline ethyl ester, is a oolonrless oU deopmposition (BWher, ^Matenbaw and 
with a strong odonr, b.p. 181'-186'/720 m.m.: Hilpert, le.), m.p. 154' (Schnlse and WinterJ 
. the kydroehlorwe, m.p. 114°, is very hygroscopic. 


Hilpert, IcJ), m.p. 154® (Schulze and Winter-\ 
stein, Zeitsoh. physiol. C^em. 1902, 35, 303), 


J)miaylvaliMl, prepared by reducing ethyl and yields the d^phenyliBopropylhydanioin 


u-dmdhjflaminoiBomlerate (b.p. 160°), gives wi& 
methyl iodide valinechoUne in the form of its 
iodidi, m.p. 195°; the auricKlande 

C8HjoON*AuCl4 


C„H„OA 

on treatment with concentrated hydrochloric 
acid. This forms colourless thin prisms, m.p. 
131°-133' (corr.), and has [ol®-97-6' in alco- 


forms y^w l^ete, m.^. 226 , the JioHo elution (Fischer, Matsnbara and Hilpert, 

eUnds. pnoBM. m.p. «0°-211' u ) , ^.p. 124» (Schnke and Winterstein, tc.)} 

«anw, Gto, Horlaoher, lecher, and cJdoroaeayU.vOim 

Thomann, Helv. chim. Acta, 1922, 5, 469). 

d-Valilie is most conveniently obtained from CHjCl-CO'NH'CHPr^'COjH 


the two to three weeks old etiolated seedlings ^ ^ noo \ r i20 i ik.do a 

0 tlA^liaeus^iaiA^dnMaM,;«mUnd^ has m.p. 113 -116 (corr.) Wg'+16-8';,?ycj(M. 

tion with, leucine, which is very difficult to iwline NH8*CH2*C0*NH*CHPr^*C08H has m.p. 
separate from valine, can be obviated by re- 264 ® (corr.), [a]?®- 19 * 7 ®in aqueous, - 10 * 6 ® in 
moving the cotyledons from the ywng plants hydrochloric acid or — 6 * 9 ® in sodium hydroxide 

“d a copper «lt._^ hpdmcWori* of the 


nraomB saiw oi \>us lonnyi aenvauve ^Jiscner, TtfR.Pft 

MaiteubaraandHilMrt.BOT^ anhydride CH 2 <"^.jJg>CHPr^ m.p. 266® 

d-Valine mystamses in colourless, shining six- ^ . r -.go . oo . i • i asm . 

sided plates. It melts in a closed capillary tube [a]p +20*8 in glacial acetic, +32*7 m 

at 315® (corr.) ; when heated in an open tube it aqueous or +41® in alcoholic solution ; l-eolpl-d- 
euldimes and decomposes partially with forma- mine CioH|oO|N2,liH20 becomes anhy<&0U8 
tion of the anhydride. It dissolves in 11 parts at 95°/] 2-15 mm. over phosphoric oxide ; has 
of watcff at 16*6®. The taste is first slightly m.p. 308® (corr.), and faff -70*6® to -74®; the 


ol vftter ftt 16-6'. The taste is first slijhtlv nup. 308' (corr.), and [off-70-6' to -74'; the 


im (TOU pS n 10 «.) {8d>d» nd ud 8d.«bl.. « 


: WSnieratein, Zeitsch. physiol. Chem. 1902, 35, 
l i The synthetic compound iniepared by 
> ^ the formyl derivative has [a]^ 
+®;W in 20 p.o. hydroohlorio acid, or [a]|® 


363, 136] 

i-m 


is obtained by the resolution of the 




aysttUisfttioD ot raline as dm 
toMliaiaQftoid aad d alanine aa the ^^ho- 
Imitta, s. Lpnoe and (J. ffioL dim. 
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iieid «ofa«bioii'' 

(Itete, U). A; 

i{k a4*61 p.0; lolotlon Ql20p.o. Iiyto 

C0BDU[4t*CH(CX)^)^NH^ 

ozystaOises in Bioflll priuiui, sinters at 150^ and 
melts at 166® (oorr.); it lias [a]J®-12‘93® to 
IZan^ in alooholio solution, or +16*9® in 
aqueous solution ; l-mUnt jJanyliaocyanaU 
has in.p. 147® (corr*) d^mp., and 
[u]^— 19*02® in absolute alcoholic solution, and 
yields l-p?^/isoprop^%dan^*nCi 2 H| 40 |Ns on 
^ treatment with hydrocMoric acid. It has m.p. | 
131M33® (corr.) and [a]|®+97‘22® in absolute I 
alcoholic solution. For iso-mlt?^, a-amino- 1 
a-methylbutyrio acid, v. Qadamer and Rukop | 


VALONIA (Foio»&, Fr. ; Fafonea, Acker- 
ioppen, OrkfUaliache Knoppem, Ger.). An im- 
portant tanning material. Is the acorn cup of 
certain species of oak, usually Quercia Aeguopa 
(Linn.), and probably Q, macrolepaia, Q. graeca, 
Q, Ungeii, and Q. coccifera (Linn.). The former 
is most prolific in the highlands of Morea, 
Roumelia, Greek Archipelago, Asia Minor, and 
Palestine, whereas the Q, macrdepaia forms 
great forests in Greece. These acorn cups have 
a diameter up to about 4 ins., and in good 
condition possess a bright colour. 

The fhiit ripens in Asia Minor about July or 
August, and the trees are then shaken, and the 
material left on the ground to dry ; this is subse- 
quently collected into heaps, and allowed to 
mrment for some weeks, until tho acorn con- 
tracts and falls from tho cup. The acorn, 
which contains but little tannin, is employed for 

I^C^em distinct qualities of valonia are 
known, the best (chamada) collected about 
April before the fruit is ripe, a second {rhahdiaki) 
m September or October, and a third little used 
infenor variety {charcda), 

Smyrna valonia may contain 40 p.c., Greek 
19-30, and Candia valonia 41 p.c. of tannin 
matter, which consists of a mixture of a gallo- 
tannin and an ellagitannin. Valonia is, indeed, 
an excellent source for the preparation of ellagic 
acid, because it so readily yields a product 
ew to purify. Extract of valtmia frequently 
UBiflbrgoes fermentation with deposition of ellagic 
acid, and to avoid this the employment of 
antiaepticB is to be recommended. 

Valonia is especially suited for the manu- 
facture of sole leather, and together with 
gilUbier and other materials for dressing 
feather, hut is little employed for dyeing 
purposM (c/ Procter, Principles of Leather 
Maiiiifeetufe, 259). A. Q. P. 

vamadhhte, A mineral consisting of lead 
chtoo«vanadate (FbCl)Pb 4 (V 04 )| cryat^ised in 
te.^xagonai extern and isomorphous with 
, upilila and pytomorphite (w.u.)* formula 
, 19*4 p.c. V|0|, but this is often partly 

W phosn^e and araenio oxides; 

The 

minnai Jms small hexagonal prisma mhally 
rimply hy the basal pfeoe; at 
ou^ and baml-ahapad. 


pceor, the' odour it iistta% yeUoaM oO 
bzownl^ bat eiystafe from Ansona am bs^ 
soarfet. Spgr, 93*7*2. When touched wi£ a 

a d nitrio a(M a yellow coath^ of vaoadic 
is formed on the crydals; this afiorda 
an ea^ test fbr reoognisiag the mineraL 

Vanadinite is a mineral of secondary oti^ 
in the upper portionB of lodes of lead ore, am it 
sometimes occurs in assodatkm with gold. It 
was formerly found in some quantity at Wan- 
lockhead in Dumfriesshire and near Klagehftirt 
inCarinthia; and now abundantly in several of 
the mining districts of Arizona and New Mexico. 
It has been met with at Broken Hill in Norihem 
Rhodesia, and in Morocco. In^rtant locali- 
ties in Arizona are the Red Cloud mine in 
Yuma Oo., the Mammoth gold mine in Pinal 
Co., the Globe district in Gila Co., and in Fima 
Co. and Yavapai Co., &o. In New Mexico at 
the Sierra de ios Caballos near Lake Valley m 
Sierra Co., Magdalena in Socorro Co., George- 
town in Grant Co., Ac. It is also of abundmt 
occurrence at Santa Marta in Badajoz, l^>ain. 

In New Mexico and Arizona, and also in 
Spain, the mineral is mined as a source of vana- 
dium. The concentrate containing the vanadi- 
nite, together with desoloizite, is treated in lead- 
lined vats with dilute sulphuric add heated by 
steam, and the vanadium obtained in solution 
as sulphate, the lead remainiDg in the insoluble 
residue. The solution is decanted and evapo- 
rated, and the vanadium salt heated to give 
vanadio oxide. The bulk of this promict 
appeam to be used in the manufacture of 
vanadium-steel, and to a limited extent also as a 
pigment. Other minerdis that have been worked 
for vanadium are camotite, desoloizite, patronite, 
and roscoelite (qq»vX ll J. S. 

VANADIUM. Sym.V. At. wt. 51*0. This 
element was discovered by Del Bio (Gilbert’c 
Ann. 1801, 71, 7) in a lead ore, vanadmie, ficom 
Zimapan in Mexico; the di^veiy was con- 
firmed by Sefstrom (Pogg. Ann. 1^ 21, 48), 
and by Wohler and Berzelius {ibid, 1821, 2^ 
1 ; e/. Collet-Descotils, Ann. (%iin. 1805, [L] 
53, 260). Upon the work of B^zelios was 
based the view that vanadium was allied to 
chromium and molybdenum and, like thciKt, 
yielded an acidic trioxide, fund this idea Was 
current till Roscoe, in 1867, showed that tho 
substance believed to be the metal in earlier 
investigations had been either an oxide or a 
nitride, and that the compounds of vanadinm 
in general showed that the element belonged to 
the phosphorus group. According to Aston, 
vanamum is simple with an atomic wmgjht cl 
51. 

Occafrencs.-*-Minerals containing a ferge 
proportion of vanadium are rare, but the meUl 
is very widely distributed in small quantitieB. 
Vanadium occurs as vanadio aeid in vamdm 
with the native copper of Lake Snjperior, and in 
ofetfe (Nenadkevitsch, Bull. Acad. St. Peters- 
bourg, 1999, 185) ; as lead vanadate, with lead 
chloride, in midiwU \ as dudodadk^ a basic 
lead and zinc vanadate ; as hydrated vanadate 
of lead and conper in ifioCimmiM and jmiMbm 
as vanadate of copper in fwumle (Neiu^^ 

I.C.); as lead vanadacte containing lino and 
num^ese in deqlsnife, ortneiM, and snspiidils; 
as vanadate of lead and arsenic in e ndWW fe; as 
bfemoth TUdadSibte in pncAsHls; as Ml 








hekvaatBiDde^l^^ andasYanft* 

diw sididdde V|6s wiUi salphur, in pofromle 
fflitel)rand, ibid, 1907, 24, 141 ; 

mg, & IiSIq. J, 1906, 82, 385 ; Tnms. Amdr. 
laat. liin. Eng* 1910, 40). Su also Vanadium 
OivB [Monographs on Mneral Besonroes pre- 
pared under the direction of the Imperial Insti- 
tute, John Murray, London, 1924. 

vanadium is present in magnetites and in 
most other iron ores (Pope, Chem. Soo. Ahstr. 
lOOO, ii. 409), and becomes concentrated in the 
residues from their treatment, especiallv by the 
Ihomas-Gilchrist process. It is said to be 
diffused, with titamum, through all primitive 

r ite rooks (Dieulafait ; Hillebrand, Amer. J. 

1898, 6, 209 ; 7, 294), and has been found by 
Deville in bauxite^ ndile, and many other 
minerals, and by Bechi and others in the ashes 
‘cd nlants and in argillaceous limestones, schists, 
una sands. Jorissen has iound vanadium in 
the ooal of Li4ge (Bull. Acad. Roy. Belg. 1905, 
178). Soacchi has observed its presence in 
inorostationB on the Vesuvian lava of 1631, and 
Donath has found as much as 0*16 p.c. of 
vanadio add in a sample of commercial caustic 
soda (Dingl. poly. J. 240, 318). It occurs in the 
sun and has b^n found in stony meteorites 
(Hasselbeig, Vetensk. Akad. Svenska. 1899, 56, 
131). 

Ammonium metavanadate was 
formerly prepared on a commercial scale by the 
Magnesium Metal Co. at Patricroft near Man- 
chests. 

The mineral employed was moUramite 
(PbCu),(V04)|,2PbCu(H0)j, which occurs in 
the oopper-Wring Keuper beds at Alderley 
Edge and Mottram St. Andrew’s, in Cheshire, 
as a film on the grains of sandstone. The 
sand is digested in concentrated hydrochloric 
addi and the acid liquid is withdrawn. The 
\ imlntion, with the washing of the residue, is 
ixmoeiQdnt^ and evaporated with an excess 
jia{ nunnonittm chloride, forming ammonium 
a^vaaadate, which, bdng insoluble in a con- 
nsutrated solution of ammonium chloride, is 
prei^j^tated. After being freed from copper and 
npeated ciystidiisation, it is gently 
roasted in a porcelain vessel, with production of 
vanadium pentoxide. This is suspended in 
water and Bal]jeoted to a current of ammonia 
gas, with formation of ammonium metavanadate, 
the sdution being separated from the silica, 
phoumhates, Ac., which are not affected by am- 
moii&,i8 mystallised until fi«e from phosphates, 
and gently imted to produce pure vanadium 
: pentoxide (e. Itoscoe, Phil. Trans. 1867, 168,. 1). 
The chi^ ores from which vanadium is or 
nmj be derived are patronite, carnotite, roscoe- 
/ IBe^ vmijuUmte and asphaltite. The chief 
dppoeits d vanadium ores, mainly carnotite, in 
the United States are in South-Eastern Utah and 
Xirth- Western Colorado, but at present the only 
. wrnmdium produced from native ore is obtahied 
v' IS a by-pmuot from carnotite worked for its 
sriShusoBtent. Theprindpalsdkceofsn^^ly 
jAWMt is in Peru, where deposits ooonr at 
about 80 miles |p tbe north-west 
pinesi beie 

is iotmd m tb ooal dq^^ 


(paW 


out ^ firee sulphur the ore coutshis from 30 to 
52 p^e. of vanadium oxide (ViO|). The 
asphaltite deposits of Peru freemently oontahs 
considerable amounts of vanadium, the ash 
yiel^g from 25 to 40 p.o. of vanadi^ oxide. 

Vatmdium ores are also worked in Kew 
Mexico, and carnotite, rosooelite, and vanadinite 

a its are found in Colorado, Utah, Nevada, 
(la, and Oklahoma, mainly for the pro* 
duction of ferro-vanadium and vanadium steel. 
Small quantities of vanadium are also ob 
from Argentina (rafaetite), Chile (c 
South-West Africa (mottramite), arid 
(vanadinite). 

Two consignments of 25 and 30 tons, i 
tiveiy, of vanadinite concentrate, ave 
13 p.c. V2O5. from the Kaffir’s Krall mine j 
the Transvaal, constitute the first importanlb 
shipment of this ore from the Union. \ 

To extract it from vanadinite the mineral is 
fused with potassium nitrate, alone or mixed with 
sodium carbonate, the mass is lixiviated, and 
the solution acidified, or, better, evaporated 
with ammonium chloride in order to precipitate 
alumina and silica. Prom the clear solution 
barium chloride and ammonia precipitate the 
barium salts of vanadic, chromic, and molybdic 
acids, &c., and on treating the product with 
sulphuric acid, followed by ammonia aud j 
water, the vanadium goes into solution as ^ 
ammonium motavanadate, which is finally 
precipitated by the addition of ammonium 
chloride. Vanadio acid may also be separated 
from mixtures of sodium vanadate and silicate ^ 
the addition of more vanadic acid. This precipl* 
tales the silica and leaves only fairly pure sodto 
vanadate in solution (Herrenschmidt, Compt. 
rend. 1904, 139, 862). 

Gin (Proc. Seventh Int. Cong. Appl. Cbenu 
London, 1909) smelts the vanadinite in the 
electric furnace with 6p.c. of its wei^t of carbon, 
which is sufficient to reduce the oaae metals, 
leaving the vanadium in the slag in the fmn d ^ 
trioxide. The slag is pulveriM and gently 
heated in a current of air until the trionde is 
oxidised to tetroxide; at this stage sodto 
cM'bonate and a little nitrate are added to com* 
piete the oxidation to vanadio anhydride ; the 
mass is then fused, cooled, pulverised and 
treated with boiling water, which dissoivee the 
sodium metavanadate together with the phos- . 
phate, silicate and aluxninate. The cooled ; 
solution is treated with carbon dioxido to 
dpitate silica, and then atnxnoninm oacbonM Ii 
added and tbe solution concentrated" unUf ; 
ammonium metavmiadate i$ predpitaiKdL , *flde ' ^ 
is washed, dried, again washed wjA 
acidified with nitric acid, and oaldsed to cMib ” 
vanadic acid. When eleotric-funmoe 
is inadmissible, it may be nplaeed by treatmeiit ' 
in a water-jacket furnace^ in wUcli eaie tiii 
lead and copper are separated, and the slag Ik 
oxidised on tbe hearth d a fmrbCNl^ 
and mixed with sodium oarbonato and nlMi« ' 
OTfdternaMvely.tlmTaiiadifefoai^ .. 

with sodium biidphate b an ken or iM 
when tile nacthm baa oaaaad» ite xoiaiiar^ 
on to piatea d iUiwgtiel, | " 

4q(iaM idtii aiaiMiliMi 





■ V- t ■■ TAJiMHolt jw'; 

<ni^ai|lt«tartitMtel)fiBglBtiodai»dd«^ i]» wnl numnw (Kriaid, Cfasm. Zeit. list/ 
ilM proeML llw oopnr, sOrar, ind aaenio 47^ 171 ; 3 . Soc. Ofaem. Ind. 1«28, 81U). 

Aeewffiiw to Wits wd Onioixl 8 m .? 

'' 'ornmMik minll tin im aod ehim. 18K2,^]S8,tt; Oompt.SM>d.j^<ffi},^' 
wn iyn ft miavied. !![lu^ loliiti 0 n now contains slafis prodn^ wfailo woarkmg tlia IttonaMaHl^ 

^ jaoadlum k tlie fotm tA tldotonadate, ohn^ process at the Oeensot iionworke contain 


whk& k ccmmted into vanadinm snlphic 
oratralising with dilute aoid» and ihe sulj 


nearlv 1*5 p.o. of Yanadiom, tik quantity of 
metal thus concentrated amounting to 60»000. 


is conYertM into vanadio acid by roasting kilos (nearly 59 tons) annually. 


(J* Soc. C&em. Ind. 1911, BO, 218). mend the following process 

Vanadium can be separate from arsenic or 1 kilo of the rou^y broken 
phosphorus by precipitation of vanadio acid a quantity of hydrocUorio 


rated amounting to 60,000. 
m) annually. They reoom* 
process for the s^araUon ; 
^ broken dag is treated with 
Dohlorio add insuffident to 


nom an addihed vanadate solution. A vana- attack the whole (about 1 litre of add of 
dkite concentrate containing 10*24 p,o. V,0«, 22^^.) without stirring, 3 litres of water hekg 
0*28 p.c. As, and 0*27 p.c. r, was fused wilh added, and the whole remaining at rest for 
sodium carbonate, sodium hydroxide, and char* 2 days. The solution, having a Bp.gr. of about 
coal. ^ The lead present was reduced to the 27^B6. at 36°, is decanted and diluM to i5°BAt 
metallic state and the sla^ extracted with hot and the i^ca is removed. The solution contains 
water. After acidifying with sulphuric add the the vanadium in the hypovanadio condition, and 


, solution was boiled with live steam for several may be used at once for the production of ftwilk** 
hours. A 97 p.c. recovery of vanadio acid free black. If it is desired to produoe hypovana* 
from arsenic and phosphorus was obtained (H. die phosphate, the solution is nearly neutralised 
A* Doerner, J. Ind. Eng. Ohem. 1923, 15, 1014; and about 250 o.c. of saturated ammonium 


J. Soc. Chem. Ind. 1923. 42, 1182 A.). 


acetate solution is added. The bluish-grey 


Determination of phoephorua in vanadium precipitate produced, oontaking phosphatw of 
ofSS.^Predpitation of the phosphorus as am- iron, aluminium, and vanadium, is re-dissolved 
monium phoephomolybdate from a solution and agam treats with ammonium acetate, tibe 


relatively large quantities of vanadio preoipits 
I an orange-brown precipitate which ifthi 


litate containi^ about 20 p.o. of vanadnun. 
the slag oontaks less than 1*5 p.o. of vana- 


contains considerable amounts of vanadic acid, dium, the hydrochloric acid solution is neutral- 
The method recommended by Treadwell (Kurzes, ised by the addition of a further quantity of 
l>hrbuoh der Analytischen Chemie, 6th ed.), finely-powdered slag. '!l^ solution becomes 
mvolvkg previous reduction of vanadio acid to colour!^, and a greyish grsmular precipitate 


vanadyl sulphate, is also unsatisfactory for separates, containing tne whole of the vanadium 
determining small quantities of phosphorus m and smaller proportions of the othw less soluble 
vanadium ores ; the precipitate is greenish- phosphates. The precipitate is re-dissolved and 


vanadium ores; the precipitate is neenish- phosphates. The precipitate is re-dissolved and 
ydilow, and the results are too high. U^e most re-precipitated as before. For the preparatioii of 
•atisfactory of several procedures tested was ammonium metavanadate, the phosphatio pre- 
found to be the foUowkg : 10 grms, of finely- dpitate is roasted at mdpient redness, and the 
divided ore is dissolved m 75 o.c. of hydrochlorio ocnreous-yellow mass of impure pentoxide is 
acid and 25 o.o. of water, and the solution is dissolved with the aid of boiled 

oxidised with nitric acid and evaporated with <x)lourleB8 and filtered, the ammomummetavaiia- 
30 0 . 0 . of sulphuric add (1:1) until strong, white date bekg predpitat^ ^ the addition of excess 
fumes are evolved. The cold mass is dissolved of ammonium chloride, mm 4 kilos, of siagocm* ' 
in 100 cue. of water, and the sand and lead taking 1*5 p.o. of vanadium, about 250 gnus, 
sulphate axe removed by filtration. To the of ammonium metavtmadate may he produced* 
filtrate 50 uo. of strong nitric acid and 1 grm. of It is a colourless transparent salt, or white 
fine tk pQwdmr are added, and the mixture is powder, difficultly soluble k water, ksduhie k 
sh stam M the latter has dissolved, then set a concentrated solution of ammoidiim chloxida 
Siida oyernis^t k a hot place. The Imuid is andkether. It was formerly used, kofmjimo- 
dilttted with 400 o.o. of hot water and mtexed. tion with sodium chlorate, as an exma-caiiier 
The ureoi|dtate is heated k a nickel crucible, k the lormation of the finest anilke flae^ on^ 
hlld the raridue fused with 5 grms. of potassium an extremelv Small quantitv of the salt h^sx 


diluted with 400 o.o. of hot water and mtered. tion with sodium chlorate, as an exma-caiiier 
The ureoi|dtate is heated k a nickel crucible, k the lormation of the finest anilke flaefc^ on^ 
hlld ^ raridue fused with 5 grms. of fotassium an extremely Small quantity of the salt h^Sg 
oyaiude, which reduces tk and arsenic to the required for a large amount of anOke. 
metsUio fim. The fused mass is dissolved k ^ter attempted (1896) to employ the ash 
water, the solution filtered, aod the filtrate boiled of an anthracite from Yaiffi (Peru) oontaking 
with hydrochloric acid to expel all hydrocyanic 28 p.o. of vanadium, but was unsnocessfhl. 
acid. It is transferred to a g^nated flask, mketak k which it ooouxs with 

imted with potassinm ferroevaS^ until a spot uranium, vanadium may he extracted 
tsitfiivn a mown colour with uranium acetate, with potassium hydrogen sulphate^ Ifadviiitiiig 
when itis diluted to 500 c«o. 450 o.c. is filtered the mass and oonomitiatkg the sdution ^us 
.fibrnnigh a dry paper, treated with a solution of obtained. The soktion is reduced with ikc and 
cm dfanalidnm ttlt containing about 0*1 grm. of ihe vanadium precipitated with and 


than with a slight excess of ammonia, ammonium carbonate (Gk. Slektioeimas. Zek 
pkckltate, uhkh oontaks all the phos- 1906, 13, 119). 


Modi, is colleoted, washed free from Haynes states (Mkes aik Mkenlsi 19^ 
end' teroowiide, and dissolved k IS^that vanadium is eactaaoted ism ceruMlik 
. JMcMld. The solution ia evaporated k WastCkdoaado,lydiB8(dvkioo^ 

riioa^ lAd the fiftxate ii evaporated and vanadium with hot aodkm eailNMHdii 
ofaktine qompounds. aoktkii, predpitatkg the uaaite 

aoda, and thxodkg down the vaaadttnm-.l^g 






TANAiqm r'-/}' 

■Em iMnr and Soli^ X Soo. Clua. ]iid.|o{t^(W«fai8<ndAio]4Aiii^ 
1916, as, 175. 380). !niAmixi!a»offlEUflo^^ 


¥kidk and HAMann xeoonifflend that the is piao^ ia a magneeia oracible and fied ; tiia 
‘ ttodied m ba treated with 16-20 p.c. Bah^uric heat oi xeaetiba is suffide&t to la^ tibe ledueM 
add, the aeid liquid neutralised by the addition metd, which is afterwai^ fouid as a^mspaot 
of fresh ore, and the clear solution fractionally mass in the crucible (Mutfamann, Weiss and 
pceoipitated with limestone, whereby a complez Eiedelbauch, ibid» 1907, 866, M). 
miztm, rich in vanadium, is obtcuned, fiom It was formerly supposed that QoMaohinidt s , 
irhkdL element may be extracted by any aluminium reduction method would not give 


lodmaxy method (U.S. Pat. 880762). pure vanadium from the pentoxide (KowmI and 

Tt 18 probable that in future American Kaufmann, Zeitsch. anorg. ^em. 1905, 46, . 
oamotite ore will for the most part be delivered to 352), but under certain conditions Vogel and 
the reduction works as concentrates* The most Tammann have, by this method, obtauM a 
usual process for Haaling with these is as follows : roguius containing 99 p.c. vana^um, with/ a 
They are first boiled in autoclaves with soda ash little silicon and aluminium {ibid, 1909, H, 
and water, with stirring, for 6-10 hours. This 225). • v . L 

converts radium and barium salts into the According to Ruff and Mar^ (mtm. 
oarbonates, 90 p.c. of the uranium present angcw. Chem. 1912, 25, 49), vanadium trioxidh, 
into Hodinm uranyl carlx>nate, and 30 p.c. melting at about 2000^^, gives better results than 
of the vanadium into sodium vanadate. The the pentoxide . . \ 

treated oonoentrate is settled, decanted, filter- Reduction of the oxide with metallic oaloiuml 
, pes^, and wasW free from sulphate. The according to Muthmann’s method, givw 
filtrate and washings contain the uranium and product containing only 91-93 p.c. of va n a dium , 
vanadium salts and are evaporated. The cake A purer regulus is obtained by reducing with a 
is addified with hydrochloric acid and boiled, mixture of calcium and aluminium (Prandtl and 
pressed in wooden filters, and washed. The Bleyer, ibid, 1909, 64, 217). 
cake is discarded. The filtrate contains radium Vanadium produced by the reduction of the 
and vanadium, and the former is precipitated pentoxide in the electric furnace contains 
as radium barium sulphate and removed on 10-25 p.c. of carl)on and consists chiefly of 
vacuum filters. The cake is washed and boiled vanadium carbide VC, a silvery-white, highly 
with soda ash, caustic soda and water, the ciystalline and extremely hard substance of . 
resulting carbonates are pressed and washed, sp.gr. 5*405 and m.p. 2705“. A product con- ! 
converted into chlorides, and are then ready taming less carbon can be obtained by con- 
for fractional crystallisation. The utmost care ducting the operation in an atmosphm of 
must be taken against contamination by sul- hydrogen (Moissan, Compt. rend. 116, 1225 ; 
phates during the stages of this process. The 122, 1297 ; Zeitsch. anorg. Chem. 14, 174). 
uranium is separated from vanadium by ciystal- The pure metal can auK) be obtained the 
lisation as so^um uranyl carbonate, dissolved electrolysis of a solution of sodium vanadate in 
in water, acidified, and boiled. Any vanadium hydrochloric acid, using carbon electrodes and 
present is remov^ by addition of a small a current density of 0*018-0*020 amp. p» sq, 
quantity of ferrous sulphate, and the uranium cm., and maintaining the temperature about 
precipitated as ammonium uranate. The vana- 80“ (Ck>wpcr'Coles, Bug. and Mm. J. 67, 744 ; 
mum in the acid solution from the barium von Bolton, Zeitsch. Blddxochem. 1906, 11, 
radium sulphate precipitation is precipitated 45). 


with ii]iie,*and the calcium vanadate added to Un the small scale it can he obtained bvpiHk 
the solntira remaining from the sodium uranyl ing a mixture of hydrogen and vanadyl chlmls 
earbonate crystallisation, and the whole boiled vapour over incandescent platinum wire, wlum 
with sodium carbonate and a small quantity metallic vanadium is deposited as a sih^r- 
ol mairgineBe dioxide. The solution, con- grey coating, or ^ passing the chloride over 


On the small scale it can be obtained by 


dioxide. The solution, con- grey coating, or w passuig the ohJonde over 
0 . of the vanadium, is ^tered, sodium hydride. The reduction of vana^ittm 
led with sulphuric acid, and trichloride witli sodium yields a product con- 


takimg 95-98 p.c. of the vanadium, is filtered 
'^elmoet neutralised with sulphuric acid, anc 
freed from pho^hate nredpitation will 
iodinm ahunisate. The solution is ooneen< 


with taining about 96 p.c. of metal and of D|^ 56]9. 
leen- Properites.— Inxre vahadixun is a silve^w^ 


tiated end vanadic acid luecipitated boiling metal, similar in appearance to oaet liOn, mid 


with a slight ezeess of sulphuric add. By this 
process a minimum yield of 80 p.c. of each other elements of its group. lU heidiisiMi ts 
product is obtained from earnotite (K. B. Thews 7*6 on Mohr's scale, ana it is as brittle ai dhtts, 
and F, J. H^le, J. Ind. Eng. Chem. 1923, 15, Its 8p.gr. is 6*688 at 18*7 (sp^. 5*5 at 
1159-nei ; J. Soc. Chem. Ind. 1924, 43, 55 B). Roscoe), and its specific beat Is 0*124 
Prtpttrtaim of metallic vamdmn.-^Bomm and Monnet,0om]k rend. 134, 542 1 
gsve two meUiods for the mepuation of the Weiss and Riedmbaudk, U.), 
n^Mo) the reduction 0 * vanadium nit^ the atemik heat to be 6*4, oonflilBS the 
; wluch never gives a pure product ; wekht of 51. Heat of eomboftlDO 4 t 

w (3) tM nsduotion of anhydrous, oxygen- (to ^0|) is 2456 cais. . > ' 

free vanadinm chloride in dry hydro{gsti. For The melting-point is very li||^ M the data 
" »tter method waa the only one given by varioits investkatoia eie not fri MW* 
toewnW i^ieb the we metal oouM be ment. Werner von Bol^ lKdil| the 
: Md Sotolemmer, Treatise metric method of Laanier, 

win ITiFT 11m ladMa^ 


itallises in bexagonai ihombobedrm Mm the 
»r elements of its group. Its hiidiisiMi is 






v^jiiamis. 


' itfotut* 

It 3» atal^ hk mM or dty alv «l oidhary 
aind^fxMud mhce retoiu its 
lustra fo^wecJcs. li&iiiiftetodupcml^lMfomiiie 
wolef, aqueoiii alkali solutions, h^idrodilorio 
sold, or sold sdlphtivie add. It is mssohed by 
l^m^norio add or hot snMorio add forming 
^ean solutions, and is attacked by nitric add or 
0^ ngia. Melted potash or saltpetre rapidly 
dissolve the metal with formation of an alkali 
vanadate. Metallic vanadium leduces solutions 
of mercuric chloride and bromide, cupric 
chloride and bromide, and ferric chloii^ to the 
lower haloid salts, and it predpitates the metal 
from solutions of auric chloric, silver nitrate, 
platinic. chloride, iridium tetrachloride, ftc. 

Alloys of vanadium can be ptepred in the 
electric furnace by the reduction of the pntoxide 
in presence of a second metal or its oxide 
(Moissan, Compt rend. 1896, 122, 1297). By 
fusing vanadio acid with aluminium in the 
necessary proportions, Czako (Comet, rend. 
1913, 156, 140) has prepared alloys of aluminium 
and vaniMliuin, and has isoli^ ciystals of 
AlsV and AIV. The hardness of the alloys 
increases with the vanadium content up to 
60 p.c.| after which it diminishes. The chief 
industrial use of vanadium is in the prepration 
of special steels, which are largely used for 
motor-car work; it is introduced into the 
molten steel as ferro-vamiium^ an alloy pre- 
psured by eleotric-fumace methods. The addi- 
tion of 0*l-4)’25 p.Q. of vanadium to chromium, 
manganese, or other opn-hearth or crucible 
steels greatly increases the elastic limit and the 
ultimate tensile stress without reducing the 
ductility (J. Kent Smith, J. Soc. Chem. Ind. 
1906, 291 ; c/. Auchy, J. Ind. and Eng. Chem. 
1909, 1, 455). 

Colloidal solutions of vanadium have been 
preparad hy Svedberg (Ber. 1906, 39, 1712). 
According to Prandtl and Hess (Zeitsoh. 
anoig. Chem. 1913, 82, 103) they are best ob- 
tained from the solutions of the vanadic esters, 
especially toi. butyl orthovanadate, as the 
alcohol is easily lomoved by boiling, Biedel 
(Cliem. Zentr. 1914, i. 1738) found that iso- 
amyl orihQvanadate (CgH^JiVOi, b.p. 16P/19 
nun, is the most convenient ester. This is 
bailed in water until a homogeneous dark red 
idatioii Is obtained. After removing the 
amyleDfi hydrate by ether the deep red solution 
contains about 8 p.c. vanadio acid. 

OXIDIS OV VAVADnill. 

Thera are five oxides of vanadiun, analogous 
to the oxides of nitrogp— 

Vanadium suboxide, V,0 ; 

» monoxide, hypovanadious oxide, 

VjO, ; 

v» sesquioxide or trioxide, V.Ot ; 

n ' dioxide, hypovanadio oxide, 

V,04(ya); 

.11. pentozkks Tunadic anhydri^ 

iho flmt Ihrae of these act as baski oxides, ! 

the last two briiavu I 
: mifc haaio cntdai and acid-foniiiag 


tttttaBIc wanadl^ Mo sake of this 

oxide haveheehmeparad, 

Vaaiidina TA or VO is 

obtained as a hxstrous gray solid by tMUchig the 
higher oxiiies with metallio ptaseioin, gs by 
pssing the vapour ei vanadyl trichloride wlra 
hydrogen Over rad-hot carbon, or by beating 


the solid omhloride VOd to a rad heat in 
hydrogen, li has sp.^. 3*64, is brittle and 
conducts electricity. At a rad beat it burns hi 
air to form the trioxide, and it combines diractly 
with chlorine to form the oxytriehloride. ISna 
oxide was supposed by Berzelius to be the 
metal. It is a black amorphous pwder 
5*768. 

Vau^him monoxide dissolves in acids to 
form the correspnding salts, which have a bhie 
or violet colour and act as pw^rful xedticang 
agents. The solution in hyd^Uoric acid has 
b^n sumested as a reagent for the removal of 
arsenic &m hydrochloric acid gas in the piooeis 
of manufacture, the arsenic being xedimed to 
the free state and remaining suspnded in the 
liquid (D. R. P. 164355). 

Vanadium trioxide V^O,, obtained by radno- 
ing the pntoxide with hydrogen or carbon at a 
red heat, is a black pwder of Bp.gr. 4*7, mup. 
2000"^. Heat of formation 302i>10 caL (Eim 
and Friedrich). In air it oxidises, slowly at ib» 
ordinary temperature, quickly when heated, 
forming the ^oxide V^Oi. It is insoluble in 
most acids. 

Vanadium dioxide VaO^ or VO9 is pepared 
by the oxidation of the trioxlde or by the 
partial reduction of the pntoxide. It is a steel- 
coloured pwder composed of daric indigp- 
coloured crystals. It dissolves ja adds to 
form solutions of vanadyl salts of a banght blue 
colour, and in alkalis to form wnadikB 
A V204,7H|0, or V ^ 

obtained as a greyish-white preripitate by adding 
sodium carbonate to a solution of a vanadyl 
salt. At 100° it loses 4 molecuka of wafnr, 
forming V|04,3H40. 

Hypovanadk acid {mnadioua apid) H4VA 
has bran prapred by boiling a solute m the 
dioxide VO| in aqueous sulphurous acid. It is 
a pink crystalline pwder (Gain, Oompt. rand. 
1906, 143, 823; see also ibid, 1154), and can 
exist in a green isomeric form (Gain, ibid, 1907, 
146, 403 ; Ann. CSiim. 1906, [viiL] 14, 224). 

The salts in which VO4 is the acidic oxide aie 
derived from the prtial anhydrides HgVA ^ 
HgV40|. 

Poktesium and sodium vanadUes 

ara praprad by adding excess of oauilic sOmH 
to a solution of vanadyl sulphate or <ddori4s 
(v. Koppl and Goldmann, Zeitsoh. eadoE. thmu 
1903, 36, 281). They fbnn radM^toww; 
crystalline scales and dusolvn in waise to Me* 
b rown solutions. 

Vanadlim psnteiiia V A ^ 3^ 

of most oommweial pra eessss tothouil i SMitiow 
of vanadium firom its ons. The sure okidb ti. 


with water and talng tiw 




kM» (liMipML Chan. Salt. IWI, 

$tm sSm/ub. Chtaa. i«hL UK KS 
IBM.U tnrniHm 



-'..-■y-'-!: -rm. 
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pentoxide foni» krge rhombk 
i-.^V . 1 ^^ of a fiojB ruby^vd colour by transmitted 
^rif- of ap A 3*36» soluble in about 1000 parts 
ri ' of irater wiu formation of a yellowidii tasteless 
solution which reddens litmus ; this appears to 
. . he a colloidal modification of vanadio acid. At 
^ 668 ^ (CSarnelley) it fuses, forming a red liquid, 

; ' which reorystallises in needles, with incan- 
desoenoe, on cooling. When the molten acid 
is poured into water it yields a solution of the 
o(mc»dsl modification (Miiller, Zeitsoh. Ghem. 

; Ind. KoUoide, 1911, 8, 302). 

When prepared by heating ammonium 
metayanadate, treating the residue with nitric 
add and drying at a gentle heat, it is a yellow, 
hygroscopic powder which forms hydrates with 
1 , 2 , and 8 molecules of water, and is soluble in 
, water to the extent of 8 parts in 1000. When 
the oxide is heated at 440^ or fused, two different 
sparingly soluble modifications are formed 
(Ditte, Ompt. rend. 1885, 101 , 698). 

The propertieB of colloidal vanadium mnt- 
ozide have been studied by Dumanski ( J. Buss. 
Phys. Chem. Soc. 1024, 54 703; Chem. Soc. 
Abstr. 1924, ii, 195). 

Vanadium pentoxide is reduced to VjOi by 
the action of SO|, or by evaporation with hydro- 
chloric acid or hydriodic acid in absence of air ; 
to V 1 O 3 by magnesium and hydrochloric acid, 
or by hydrogen in the dry way ; to VjO* by 
rdnc and hydrochloric acid (Glasmaim, ^r. 
1905, 38, 600; Chapman, Analyst, 1907, 32, 
250) ; or by s^ing with mercury in presence 
of suljhuric or hydrochloric acid : 

2 Hy 0 |+ 2 Hg*f 8 H|S 04 - 2 V 0 S 04 -hHgt804+4H,0 
If a sufficieiu^ of sodium chloride is present the 
whole of the mercury is precipitated as mercurous 
chloride, and a blue solution is obtained which 
may be quantitatively titrated with per- 
manganate : 

10VOSO4+2K3InO4+ 12H,0 

«10HVO,+K,6O4+2MnSO4+7H,SO4 
(McGay and Anderson, J. Amer. Chem. Soc. 
1922 k 44, 1018). The determination of vana- 
dium by leduotion with hydrogen neroxide and 
titration with permanganate has been studied 
^ Hothersall (J. Soo. Chem. In<L 1924, 43, 
270 T, 853 B). Vanadic acid volatilises with 
hydrochloric acid or to a slight extent when 
heated with slkaline chlorides. 

She pentoxide was former^ used in the 
pKeiNuation of aniline black, and it acts as a 
cankar of oxygen in many reactums, e.y. the 
efeetrcdytio oxmtion of organic oompoura in | 
add solution (Meister, Lucius and Bruning, 
])» P. 1726^), and the oxidation of sugar 
^ to fmSk add or of stannous to stannic chloride 
Moeser and Lindenbaum, J. pr. Ghem. 

. 146 ; D. R. P. 183022). 

the analysis of oommerdal vanadic acid, 
^^./.^iSse fkesiieau ( 8 ih Internat. Gong. AppL Qiem. 

1, 123 ; J. Soc. Oi^m. Ind. 1912, 31, 921). 

* .*■ ■ • 

l/if Vaiwdic Acids and Hair Saks, 

,: 'V- OrtkowHiadie acid H 1 VO 4 has jiot been pre- 
•- Y^'peved* 

JMimuadie add HVO, may be obtained j 
by bdliog 00 m metaviiisdam with aqueous I 
ndpinimadd. Amixtuieofbrownaiidydi^ ! 


ciystels k first pixKiuoed, tlm Icammr heitig » ^ 

diasdred on continued boiling wHh ems cf 
sulphurous add. The tmnainiiig mystak 
conskt of metavanadio add. The Mid may 
also be prqwred by addition d a solatiqa .d 
ammonium metavtumdaie to one of ooppdP < 
sulphate containing excess of ammohlnm 
chloride, imtil a permanent predpitate k , 
duoed, and heating for a few nours at 75^ . we 
whole of the vanadium is slowly precipitated, , V 
the colour being finer when predpitation is stow ' 
(Qerland, Ber. 1876, 9, 874). Metavanadto acto 
forms brilliant golden or orange-coloured sosks, ^ 
which are used as a pigment in place of gold 
bronze under the name * vanadium bronse«* > 
Pyrovanadic acid H 4 V 2 O 7 , prepared by tip . 
action of nitric acid on an add vamdate, isja 
brown precipitate which when air-dried hss tik 
above composition (von Hauer, e.t.). \ 

Hexavanadic acid H 4 V 4 O 17 , formed when A 
solution of pervanadic acid is allowed to standi 
is known only in solution (Diillberg, Zeit 8 ch*\ 
physikal. Chem. 1903, 45, 170). \ 

The following sodium vanulates are known, ^ 
and may be taken as typical of the vanadates 
in genenJ— • 

Sodium metavanadate, NaVOj ; 

„ orthovanadate, Na^V O 4 ; 

If pyrovanadate, NaiV.O, ; 

„ tetravanadate, NajHVjOi, ; 

„ hexavanadate, NajH^VtOi^ 

(v. also von Hauer, J. pr. Chem. 1866, [i.] 69, 385 ; 
1859, 76, 156 and 929; 1860, 80, 324 ; Gamellev, ^ 
Chem. Soc. Trans. 1873, 323). In solution the 
meiavanadates are most stable, and the ortho* 
vanadates least stable, the pyrovanadates being 
intermediate. This is the reverse of the bider 
of stability of the phosphates. At high tempera- 
tures orthovanadates are the most stable salts, 
being |»roduoed, e,y., by fusing alkali carbonates 
with vanadium ^ntoxide. The aikafi pjfiih 
vanadates^ prepay by fusing the pentoxtito 
with excess of alkali carbonate and erystsUkittg 
from water, are soluble, whilst the pyrovaiiadskis 
of heavy metak are mostly insoluble. 

The alkali metavanalaUs are obtained 
boOing a solution of alkali osrbonate witil MO 
pentoxide, and are colourless salts wbMi ghno 
yellowitii-red anhydro-salts on treatment udth 
acid. The meiavanadates of heavier metak are 
usually yellow. Pure stiver metavansdata k 
precipitated on addition of stiver nitrite to 4 
neutm solution of an attudi vanadate (BrovfXfiiaf 
and Palmer, Amer, J. 8 oi. 1910, 30, SSM^. . 

A test whidi dktinguitiies betkeen OltiljO»\ 
and meta* vanadates droends on tiia coim of 
tiie copper sdto of tim acids wbkh aw . 

and li^t yellow mmMy* : . 

A series of double staanates and vanadakfi^ 
of sodium has been described 1 ^ PauiW ikd 
Bosenthsl (Ber. 1907, 40, 2135). 
tungstates and vanadides by 
(Zeitsch* anoig, Chem, 1915, 9fi» 191^ 
polyvanadates have Ako been |snptaid 
Kosenheim and PSeck (Ztitselu AnoHb ' fl hi|Si'" 
1916,98,223). 

By intmncdiig vsnadfatm i|Sn»wd|fc..jl^^ 
aqueoas tolnti cn d ioew<AdtilL4i|A!>filil^ " 

bs tajud. 

miig 




ViatmutL 






Pm maik acid HVOi^ peepaxed iddliig 
fiaefy uowdeced TBiUKtittm pentoxide to » iolu- 
tioA of IwdRMeii peroxide eddified ^th mU 
phnrio mk]« ronns yellow erystals eoluMe is. 


^ iS?^ gWng » deep-red eolntion (Wer^« J« 


ilbeta. Soo. Afaetr. 19S4» 126, ii, 

A muaber of molybdeao-vaiiadetee moh as 
4K|0,4MoOa,3V,0|,7H,0 and 

8K,0,6Mo0„2Va05,7H,0 
have 1)680 prepeied (Caimeri, Qaxz. ohim. ital. 


pr. CSiem. 1661, 83, 195 ; PissaqewBky, SSdteoiu 
phynU. Chem. 1903, 43, 173). Theoetomm 
ictU KVO 4 foima a yellow mtoocrystall^ 
clpitate (aee also Melikoff and Pissaijewwy, 
Zeitech. anorg. Ohem. 1899, 19, 504; Pusar- 
jewsky, ibid, 1903, 32, ^1; Melikofi and 


asanezky, ibid, IMl, 28, 242; Melikoff Mid 


l^ C 8 , 779 : J. Chem. Soc. Atetr. 1924, 128, jeihohamnofl, Ber. 1909, 42, 2291 ; Angw, 


1, 118). 

Ammomm metavanadate NHiVOf is the 


Oompt. rend. 1921, 172, 1355). 

Yanadisdenum acM 3V|0|*4Se0|,4H|0 and 


most impc^nt sdt of vanadfe ^ It may iu gaits have beten deroribSdV P^iidd (Ber; 
be prepued by dissolving vanadium pentoxide gg 13051 

in ezoea of aqueous Mnmonia and then, by vmdhim ttllnoilde YBbSH-O onstallises 

evaporation or by adding alcohol or excess of dark-green octahedra from a solution d tiie 

ammonium ohiondo, It 18 thrown out of solution trioxide in hydrofluoric acid. Addition of 
as a white crystalline powder. . potassium fluoride jpreoipitotes the doMe 

Pore ammonium metava^te (d 2-326) is iotattnm taU 2KF-VF,3iO as a I«i(^ green 
prepared by saturating with ammonia moist crystalline powder. 

-vanadium pentoxide and crystallising from a Vanadlnm VF4, a brownish- 

very dilute ammonia solution. One hundred hygroscopic powder, rt«liqii cm ing to a 

parts of water dissolve 6-18 parte of the salt at blue Uquid, is produced by the action of hydr^ 
16° Md 10-4 parte d 32° ; it is only slightly on tim tetrachloride. 

solnUe m hot alcohol and m ether. When Vanadyl difloorUe VOF, is nrepared by heat- 

heated in a vacuum to 136°-210“, the salt yields vanadjd dibromide in a current of hydrogen 

anhvdrons ammonium trivanadate; above fiJoride. It is a yellow powder of mjar. 8-396 
210^ ]owM oxides of vanadium are formed. ino 

L.ni 1..1.2 • _ - . .. - - .... 


Vanadium teMuoride VF 4 , a btownish- 


On boiling an aqueous solution, soluble am- 
monium divanadate and the insoluble tri- 
vanadate are formed. By the action of 4 p.Q. 


Vanadyl trifluorlde VOF, is formed by the 
action of hydrogen fluoride on vanadyl tii- 
cMoride. It forms yellowish-white hygrosoopio 


aoetio aoid on boiling solutions of ammonium crusts of 8p.gr. 2-459, dehquesdng to a browmali- 
metavanadate, the divanadate veiiow solution. Melts at 300® and boils at 


metavanadate, the divanadate yeiiow solution. Melts at 300® and boils at 

2 VvOe(NH J.0.3H.0 ^ in a current of o^gsou 

* * Vanadium pentafluorlde VF,, obtain as a 

Is obtdned, which on desiccation losro 2H,0. sublimate by heating the tetrafiuoride m 


Use of 10 p.o. aoid gives the ^vamidate I nitrogen. Is reawy soluble in water, alcohol, 
3 V, 0 |(NH 4 ), 0 , 2 H ,0 (d 2*594), desiccation of chloroform, acetone and light petidepm. 
which gives an anhydrous red salt (d 2*163). Sp.gr. 2*177; b.p. Ul*2®/758 min (EuB and 
The pimously described yellow anhydro^ licuett, Ber. 1911, 44, 2539). 
trivanadate has d 3*029. When the acetic aoid Numerous double fluorides have bieen ds« 


eeatritioii of tlm acid add^ With a 1 
exeess of hydrochlorio acid, reduoticm of 


chesou, Ann. 1^. Univ. Jassy, 1910, ^ H7)* 
Vanadlnm tetnahlorMe Vd 4 is foni^ the 


vanadate also takes place (M. Lachartre, BuU. action of excess of chlorine on the metal or 
See, (Aijjms 1924, [iv.] 36, 321; Chem. Soo. the mononitr^. It is prepared by nsasfing 
Abstr. 1924, 126, ii, 409). the vapour of vanadyl triohloiide witn onloriiie ^ 

A 'yamuflum ink* is produced by the over iM>hot sugar oharood, or by the eetio^ of 
hdditien ol gallic add to a mixture of neutral chlorine on thelmpnre metal obtoined by 
amtaonhmmetavatia^ This sdunidt's method (Koppel, Ctoldieeim aadl 

I. ildc ia not destroyed by oddai alkaliB, or chlorine Kaufenann, Zdtsoh. anorg. Chenu 1006» 4Ki 
Imt dow not appear to be permanent. Soerensen and is separated from admked oxyohkii^ 

; .(J,S(K».Chmu.Jnd. 1,185) recoup feaotionaf distillation. It is readily dtadned 

AitNdon of lib. neutral ani^ by the action of chlorine on finely poedbied 

metelOgali^of watartopiodu^ vanadium carbide. ItisbestprepaMbyheat^ 

rvliiQl ^^ dye on leather which has been ing the trkhbride in a stream (d idiknjiw 
taneed without^. and liokfett, Ber. 1911, 44, 506), or by piwing 

A * drier* forliDBeed oil may be prepared by chlorine over heated ferro-vaoedinm : 


feaotionaf distillation. It is readily bbtabed 
by the action of chlorine on finely pow d ere d 
vanadium carbide. ItisbestprepaMbyheat* 


yWjmi'jM. Vanadium ia said to be superior 

■ ; ^MleedllBdiyiiuEpc^ (Msrtes, J. Amer. Chem. Soo. 1913, 35, 671). 

fihui man manganese or cobalt Heat of formation 166d:4 OaL 
to Oasdner (Oiie. 149, Paint Maau- It ii a deep brown-red, visoone 
17.8., April, 1922) the time of fumee in air. It bo^ at 154®, asud 
oil rioearised with vanadhim or expoaed to l^t loesa oUoriae, 
bEom that df oil triohkaide It haa ^gr. JL 


1 ' 


Mit of formation 166d:4 OaL 
It ii a deep brown-red, visoone 








Icttiiifttiffii oi a blaa kdajto of TMoadj^ 
filSoddo* ItlBKdoMeineaibon^tradil^^ 
Tbepeniackioridedim not appear to eaist. 
tridiloride YCk is obt^^ 
deccmiposition of the tetrachloride^ bj pasaiDg 
the vapour of the tetrachloride with hydrogen 
through a red-hot tube, or by heating the 
tiisul&de in chlorine (Halberstadt, Ber. 18^, 
. 15, 1 d 19). It is prepfured by passing first the 
vapour of carbon disulphide and then dry 
chlorine over heated vanadium pentozide, or 
more easily by heating vanadyl trichloride or 
vanadium tetrachloride with sulphur (Rtdf and 
Liokfett, Le*). Hydrogen chloride reacts at 
fiOOMOO*’ with vanadium to give the trichloride 
(Meyer and Backa, Zeitsoh* ahorg. Ohem. 1924, 
136, 177). Heat of formation 187d:8 Gal. 

The trichloride thus obtained forms beautiful 
pwple tabular crystals, resembling chromium 
tnohloride. Heated in air, it decomposes 
^Idins the pentozide. Heated in nitrogen 
it is G^mp^ed into the tetrachloride and 
‘^"^dichloride. When heated in hydrogen it does 
not volatilise, but is reduced to the diohloride. 
Its ^.gr* is 3*0, and it is extremely hygroscopic. 

!nie hydrated salt VCls,6HjO is obtained by 
evaTOrating in mcu6 a solution of the trioxide 
in nydrochloric acid (Locke and Edwards, 
Amer. Chem. J. 1898, 20, 594), or by reducing 
electrolytically a solution of the pentozide in 
hydrochloric acid and saturating the resulting 
action with hydrogen chloride (Piccini and 
Brizzi, Zeitsch. anorg. Ohem. 1899, 19, 394). It 
is a green crystalline powder, and when heated 
begins to d^mpose before all the water has 
bera driven off. 

Vanadlmn diehloiide VCI 2 is prepared by 
redndng the trichloride, by heating to redness 
a mixtm of the tetrachloride and hydrogen, or 
by beating the silicide 7812 in chlorine (Moissan 
and Holt, Oompt. rend. 1902, 135, 78 ; Bufi and 
Lickfett, 2.C.). Heat of formation 14^74 Cal 
It forms dtiiquescent, apple-green hexagonal 
^tei having a micaceous lustre ; it dissolves 
m water to form a solution which bleaches 
singly, and is a more powerful reducing agent 
ffWMi than chromous chloride (Piccini and 
Ifaiino, Zeitsch. anoig. Chem. 1902, 32, 68). 

Whm the solid is heated in hydrogen the 
pioe metal is obtained (Boscoe). 

ymW tileUofIde VOGli (vanadium ozy- 
triMfride) is pr^Mured (1) by the action of 
dbloiine on the mozide, some pentozide being 
fonned acooiding to the equation 

3V,0,+6CI,=:4V0C1,+V,0, ; 

(2) heating the pentozide to a dull red heat 
mastream<^eh]orme; (3) by heating a mixture 
fihe pentozide and carbon in a current of 
ohMiie ; (4) by passing dry hydrogen chloride 
ejver a mixtiize ot vaniulium and phosphorus 
, paotozidM at 60^ (Ephraim, Zeit^. anorg. 
Obem. 1903, 35, 66); (5) by chlorinating a 
mixture of the pentozide and sulphur ; (6) by 
htating the trichloride in a current of oxygen, 
9bat of formation 200±4 dil. 

‘ ISie product is usually dark-coloured from 
\Um Mo se n ce of the tetrachloride, %nd is bwt 
hy distillation over metallic sodium in 
i& atttfiqiibin of carbon dk>zi(^ 

A Mpto in acetic acid ma/be obtained by 


of the piriktiuride in 
; Kanfaz^nn, ibid 190^ 

INne vimadyl tiiohlorkle is a toon-yri^ 


poses it with formation of vanadip and hydro- 
chloric acids, and with a large quanti^ of 
water it yields a yellow solution (see Agalonof, 

J. Buss. Phys. Chem. Soc. 1903, 35, 649).\ 
Heated in a current of ammonia it ^^ds the 
mononitride. At 70® it combines with ether 
yielding the compound 7‘Cl,(OC|H5)j, 
lising in red needles (Bedson, Chem. Soc. Trans. 

1876, i. 309), and it forms a oompound with 
pyridine. ji 

Vanadium may be quantitatively volatiljm 
as the trichloride by heating its compounds m a 
current of carbon tetrachloride vapour ( Janna»h 
and Harwood, J. pr. Chem. 1909', [ii.] 80, 1271. 

Vanadyl diehloiide VOClg, cmtallising m 
deliquescent green tablets, is formed whm 
the oxytrichloride is heated with zinc at 400 t 
(T horpe), or with hydrogen at a red heat. The 
latter method of reduction yields vanadyl 
monocMoride VOCl, a flocculent brown powder, 
insoluble in water, and divanadyl mcmochloride 
V 2 O 2 CI, a yellow crystalline powder. Double 
compounds of VOClj, with the hydrochlorides 
of pyridine and quinoline, have b^n described 
(Koppel, Goldmann and Kaufmann, Zeitsch. 
anorg. Chem. 1905, 45, 34.5). 

Divanadyl tetrachloride V202Cl4,5H20 isj 
obtained as a brown, amorphous deliquescent^ 
mass by the evaporation of a solution of the 
mntoxide in hot concentrated hydrochloric acid. 

It dissolves in water to a blue solution which 
is turned brown by hydrochloric acid or alcohol, 
possibly owing to the formation of different 
hydrates (Crow, Chem. Soc. Trans. 1876, ii.453). 

Another oxychloride Vo08Cl2,4H*0 is ob- 
tained by similar methods as a dark-green 
deliquescent solid (Ditte, Compt. rend. 1886, 

102, 1310). 

Vanadium trlbromide VBrs is prepared by 
the action of dry bromine on the metal on 
jthe mononitride, on vanadium carbide Y^Ci, or 
a mixture of the trioxide and carbon at a red 
heat. It is a deliquescent solid which is very 
unstable and loses bromine even at the ordinary 
I temmrature. 

The hydrated bromide VBr„6H|0 is nre- 
pared in a similar manner to the oorrespon&i^ 
chloride (g.v.). 

Vanadyl tribromldo YOBr„ prepared bv 
pawing bromine vapour over the bMted tri* ^ 
oxide, is a dark-red liquid, sp.gr. 2*967 at 0^ 
b.p. 130® under 100 mm. Heated to 180® it , 
suddenly decomposes into free bromhw ai^ 
vanadyl dibrmide VOBr., a brownirii-yoQoir . ; 
powder. This on farther neating yields vOBri 
a violet powder, of sp.gr. 4*0, whm is evei^uadly ; 
decomposed into vanadium trifaromidn 1 

vanadium trioxide (Buff and Lickfett, 191 L 

44 2534). * : 

’ Vaimdiiim triiodidi (hydrated) YI.,6HtO is 
prepared in the same manner as the eornapoMl^ 
bromide. . 

Dlmadyl V,0,I«,8H,0 k okaimd 
as a daik-otiioured deliquMMnt loBd Ar ; . 
action of kydriodk acid off vamditt : / 


fmuHm wiiniiiiUMii VS, iA/Usoad, hf \ 
hoirtfaig tli6 geMiiijaMide in %(faogen, is 4: 
brown powte flomble w niteio m£L 

Vanadiiim mviMpbldi (wmadium trimd* ' 
fkiide) V|S| is pr^paved by beating the trioxide 
in a nraront of hydro^ sulpiikto or the 
l^todde In the vapbnr of oarb^ disnlphide. 
It is a greemeh-blaok powder (Kay, Chem. Soo. 
Trans. 1880, 728; cf. Wedeldnd and Horst, 
Ber. 1912, 45, 262). 

Vanafium pentasulphlde VsSs is obtained as 
a black powder by heating the trisnlphide with 
sulphur. This sulphide is acidic and raves rise 
to a series of thumnadakSf which are best pre- 
pared by passing hydrogen sulphide into cooled 
solutions of the corresponding vanadates. 

Vanadyl sulphite 6yo,*4S02,9H,0 is ob- 
tained as a dark blue crystalline powder by 
reducing barium vanadate with sulphur dioxide. 
Gain has described a sulphite dVOs'SSOstlOHsO, 
crystallising in silky blue needles (Oompt. rend. 
1906, 143, 823 ; see also ibid. 1907, 144, 1157). 

Vanadous sulphate V804,7H20 is best pre- 
pared by acting with sulphur dioxide on a sus- 
pension of vanadium pentoxide in sulphuric 
add and then reducing the solution electrolyti- 
oally. Oil evanoration in txicuS the sidt is 
obtained in reddish-violet monoclinic crystals 
which appear to be isomorphous with ferrous 
sulphate. The solution of the salt is a powerful 
reducing agent and bleaches strongly. 

Vanadous sulphate forms a series of double 
salts with the alkali sulphates (see Piccini, 
Zeitsoh. anorg. Chem. 1899, 19, 204 ; Piccini 
and Marino, ibid. 1902, 32, 55; Marino, ibid. 
1906, 60, 49 ; Rutter, ibid. 1907, 52, 368 ; and 
Zeitsch. Elektrochem. 1906, 12, 230). 

Vana^um sesquimi^hate VsCSOJ,, prepared 
by reducing a solution of vann^um pentoxide 
in sulphuric add with magnesium, or by the 
electrolytic reduction of vanadyl sulphate, forms 
a green solution from which green crystals of 
the acid uaXi V2(S04)^H,S04,12Hj0 separate 
out. By diwolving this ^t in water, adding 
sulphuric add and heating at 180^ in a current 
of carbon dioxide, the sesquisulphate separates 
out as a yellow crystalline powder, insoluble 
in water (Stahler and Wirthwein, Ber. 1905, 38, 
3978). Alkali vanadium sulphates of the form 
MV(to4)| have also been prepared (Rosenheim 
and Mong, Zeitsch. anorg. Chem. 1926, 148, 25 ; 
mm Soc. Abstr. 1925, 128, i, 1411). 

Several vanadium alum have been prepared. 

Vanad^ sulphate V, 02(804)2 is prejiared (a) 
ia the insoluble form by dissolving the dioxide 
VO| in sulphuric acid and heating the solution 
at (Gerland, Ber. 1877, 10, 2109 ; Koppel 
and Beli^dt, Zeitsch. anorg. Chem. 1903, 35, 
164) I {b) in the soluble form by heating the 
tasmde fonn with water at 130^ or by dis- 
sdlvihg the dioxide in sulphuric acid, evaporat- 
ing, and tfeatina the residue with alcohol. 
Bm ferula are mue, and by crystallisation of 
the icduble fonn under Cerent conditions 
IMabes with 13, 10, 7, 4, 3, and 2 molecules 
Of water are obiabned^ 

. aeld solutions deposit the arid 

(crystallising with 5 
wmaddk of water, when heated it gradually 
loess wiifaBr, yielding vinous hmt hyckates, 
andtdMByjn^ 


;'; 3 « :: 

inohns mkrese^ geeen tetramud 
iDhthk in ^ter (Soimri and 
Bekendt^ la. ; wn, Oompt. rend. 1^« 14% 
1164 ). - 

DiraiMidyl trMjj^te (V0)f(80«)4is obtained 
in ruby-red ootahedra by boiling tiie pentoxide 
with excess of sidphuric acid (see IHtte, ibiA 
1886, 102, 77). Other ham saHs, «.g. 
(V02)0(804}| and VO(OH)S04, have bew 
described (see Gerland, Bw. 1878, 11, 98). 

Vanadium pyrophosphate V«(P^07)2,80E|0 
is formed as a flocoulent green jffecijpitate wh^ 
an alkaline pyrophosphate solution is added to 
a solution of vanadium ammonium alum (Rosen* 
heim and Triantaphyllides, Ber. 1915, 4$, 5^). 

Vanadium mononitride VN may be obUuned 
by the direct union of its elements or by heating 
ammonium metavanadate or the pentoxide to 
whiteness in a current of ammonia. It is a 
brown powder, oxidised to the blue oxide when 
heated m air. * 

Vanadium dinitrlde VN2 is a black powder 
obtained by the action of ammonia on vanadyl 
trichloride. 

Many phosphovanadic and arsenovanadic 
acids are known, giving rise to numerous deriva- 
tives (see Ditte, Compt. rend. 1886, 102, 757 ; 
Gibbs, Amer. Chem. J. 1886, 7, 118, 209 ; Fried- 
heim, Ber. 1890, 23, 1530, 2600 ; Gain, Oompt. 
rend. 1907, 144, 1271 ; Mawrow, Zeits^ 
Chem. 1907, 55, 147). Blum has described a 
series of phosphovanadic molybdates (J. Amer. 
Chem. Soc. 1908, 30, 1858). 

Vanadium boride VB is formed by hkating a 
mixture of its constituents in the electric arc. 

It is a hard metallic looking substance. Stable 
towards alkalis and acids but readily decomposed 
by fused alkali hydroxide. 

Vanadium earbide VC, obtained by hearii^ 
the pentoxide with carbon in the electric 
furnace, forms hard crystals of 8p.gr. 6*405; 
m.p. 3100® Abs. 

Vanadium siUeides. Two silirides are known: 
VsSi, 8p.gr. 5*48 ; and VSi,, e^gr. 442. Both 
are obtained in the electric furnace from the 
oxide and silicon. They are hard, crystalline 
substances, having a metallic lustre (Moissan 
and Holt, Compt. rend. 1902, 136, 78, 493; 
Meyer and Baoka, Chem. Soc. Ahstr. 1924, ii, 
558). 

A vanadium aluminium ailiride 
has been described by Manohot and 
Annalon, 1907, 357, 129). 

For wnadic esters am other organic vafmikm 
compounds, see Hall, Chem. Soc. Trans. ISST* 
51, 751 ; Prandtl and Hess, Zeitsch. mbm. 
Chem. 1913, 82, 103 ; Barbieri, Atti B. Acoaeu 
Lincei, 1914, [v.] 23, ii. 408 ; Mertee and 
J; Ind. Eng. Chem. 1916, 7, 1037. 

DatscHon and estmaium of rnneMm.-^ 
Vanadium mav be detected qmllMadlif by the 
behaviour of Its compounds on oaddaito and 
reduction, vribw or nd sohitLona oi vanadates 
yielding blue sdutions of vanadyl salts on 
reduction with aino and acid, Addhaon d 
ammonium chloride to a sohition of a vanadate 
p^pitates white ammonium metavimadaha 
llie moat delicate test known for vanadtm 
consists in adding hydros peroxide and rite 
to a adution of a vanadate acidified withnob. 
't^nriearid; aiUteoriedooloiiriBprodmd 
m the Ofmui Myar (G,,Weiiher, J. pr, dmA^ 






mii>iuic» 


1W| {i] 88» 196; Oikiiipi^fu», (Sum* SSentr, dJinideteth^ drying of the bea^ 

1904, [u.] 1167). VaiMuiiimmy^^ Lad., 1606, 160). . « 

mclrooopioiuly (m Purvis, Trans. Oamb. f or cna the o 

&1. 6oo. im, 20, lOS ; PoUok, Sci. Proo. Roy. the mtiUe beans, v. 1803; 707; im, 
DnbL Soo. 1909, 11, 631). 1896, 679; m, 1900, 847 * iM. 1901, 1048; 

‘ Per the arc Bpectriun of vanadium, sse W. F. ^fkL 1906, 1117; iM 190% 1002; Fr* 

1UP L moo io oooooe ioaa 


Ke^ (J. Washington Aoad. 8(4. 1923, 13, 367285, 1906. 


317-^25). 

. Vanadium is usuall: 


l^ose who habitually handle vaidfla tbeani 
are often subjected to a cutaneous affa(44en in 


by oxidation methods sdter other reducible the form of an eruption on the hc^, ihoe, or 
metids have been eliminated. 5ee art. Akalysis, neck, which causes intense irritation; this is 


and also Hartmann (Zeitsch. anal. (jhem. 1925, 
66, 16). 


)bably due to the oily juice whioh ezudea 
im the beans. To avoid the afieotion, good 


For the volumetric estimation of vanadium in ventilation of the factories and thorough Wash* 
steel, sec A. T.Rtheric^ (Analyst, 1923, 48, 588). ing of the hands are recommended (davede, 
Atmic fwipW.— The atomic weight of J. Soo, Chem. Ind. 1908, 1082). i . 

vanadium was estimated by Roscoo (Phil. Commercial vanilla beans are almost bladlt^ 
Twns. 1868, 158, 1) to be 61*23; by Prandtl 15-20 cm. long and 6-*9 mm. thick. TheyaieW 
and Bleyer (Zeitsch. anorg. Chem. 1909, 66, 162 ; a flattened cylindrical shape, tapering towarn 
1910, 67, 257) as 51 *07 ; by McAdam ( J. Amer. each end, wrinkled and flexible. The ben 
Chem. 1916, 32, 1603) as 60*96 ; and by varieties, chiefly the Mexican, are the largestr 
Briscoe and Little (Chem. Soc. Trans. 1914, 105, they are very dark, glossy, and frost or giori 


1310) as 50*95. («.e. become covered with white crystals) vny\ 

VANADIUM INK e. Vanadium. quickly. Tlie inferior varieties are shorter, \ 

VANADIUM MICA v, Roscoeute. lighter in colour, and do not f^t much. 

VANILLA is the dried fermented pod of Fauiflona are the cured fruits of uncultivated 
certain orchids, indigenous to Mexico, but also vanilla plants ; they are usually of poorqmdit^. 
found in Java, Reunion, the Seychelles, Brazil, The unripe beans are said to contain oonilerm 
Peru, on the banks of the Orinoco, Parahyba and two enzymes, one of which converts ooniferin 
and other riv^ of South America. into conifeiyl alcohol and glucose, and the other 

The chief cultivated variety is V, planifdia oxidises the former to vanillm (Lecomte, Compt. 
(Andr.), wMch is grown on a considerable scale in rend. 1901, 133, 745). 

Mexico, Reunion, Mauritins, Madagascar, the Best Mexican vanilla beans contain 1*69- 
Seyd^Hes, and in Java. The long fleshy stem 1*86 p.c. vanillin, Bourbon 1*91-2*90, Java 2*75, 


Mexico, Reunion, Mauritins, Madagascar, the Best Mexican vanilla beans contain 1*69- 
Seyd^Hes, and in Java. The long fleshy stem 1*86 p.c. vanillin, Bourbon 1*91-2*90, Java 2*75, 
of the plant clings by its aerial rootlets to trees, German East A^can 2*16, Ceylon 1*48, Tahiti 
and bettts a greenish-white flower. The fruit 1*55-2*02, but the flavour of vanilla does not 
.is a pulpv pod, about 6-12 ins. long and half an depend merely on the quanti^ of vanillin it 
inch thmk. In Mexico the plant is cultivated by contdns (Busse, Zeitsch. Nahr. Genussm. 1899, 2, 
planting cuttings at the feet of trees left in a 519). The best qualities of vanilla beans contain 
clearing of the forest ; those root in a few weeks less actual vanillm than the (dieaper varieties, 
and bw in the third year. In Reunion and in In addition to vanillin, the beans also oon- 
the S^helles the plants are trained on trellis- tain vanillic acid C|Hs(OH)(OCHa)CO|H, rerina, 
w<»4l Bupported by trees, and are fertilised by fat, sugar, and 4-5 p.c. ash (Winton m 8Qm- 
hand. Care has to be taken to gather the pods man, J. Soc. Chem. Ind. 1902, 1300 ; U.8. 
at tile proper time of maturity, as if over ripe 931^5 ; ibid, 1909, 1062 ; Gautier and Kling, 
tl^ split in. drying, and if under-ripe they are Ann. Falsif. 1910, 3, 200). Anisyl alcohol and 
dewdent in flavour. anisaldehyde have also been detected ( Wathamil, 


The fruit is usually gathered in the late Chem. Zentr. 1909, ii. 2181). 


aatnmn when full grown, but just before it 
. 


When the green vaniUa pods are exposed to 
ultra-violet rays, they emit a smell of variPlin, 


The curing of the fruits consists essentially the process being aooelerated by a rise in tem« 
of a slow pfooess of diying in w»m air, using perature and by previous immersioii in dihte 


eHhor artiflcial or solar hkt, but the details manganous chloride (Pougnet, Compt twA* 
vanr in diflmnt countries ; thus in Mexico the 191 1, 152, 1184). 

gatnmed pods ate allowed to lie in heaps until l^ctuxe or essence of vanilla is formed hi 
tii^ begin to shrivel, after which they are exti^cting the ground or out up vanilla (10 part^ 
heated, eithm exposure to the sun or in witii a mmuro of alcohol and water, and mixl^ 


ovens^ when they g^uaUy ao(i uire a dark- the extract with 20 parts of reflnad 4|ie 
hrowA 6(dour. In Reunion and Madagascar the whole being made up to 100 parts. 

,*pods ate immersed in boiling water for a few The extiicts ohtaiiied from aevmxd vatlsim 
seconds, and then exposed to the sun for a few of Tioilla and tento beioii> using 
weeka m woollen doths until they acquire the aloolK4,etiier,aoeto&e, and cmAcm t s Ssa mfl ^ 

. p^brownrolom. As they become dry, they when eompased with that obtolned tiMi : 
aWhxge a vmd liqmd from the upper end, akxihd diowed that the alecMo idfnsti I#: 

nqpeito as segaids qualHgr 

ffliwsrous^v pocked for the market (usrbon tetiudiloride givii^ 

' ^ ^ himdred in It la poaaihte, however, that a sinlfatthMQf ttt* . 

’ of vanilMr beans in Madagascar traction with ether or eaihOA tatnMildMdItb 

. .. ® ^ •'* •»« "MPM to MO «M»bU.Soc. Own, ut 


siqpcito aa segar 

aw a« us^v packed for the market (wrbon tetieefaloride dvi 
in mndl bun^ of fifty or one hundred in It la poaaihKa, however, 

' . oa^TPhe yield of vam^ beans m Mada^sscar traction with ether or 


021,600 and 2000 Ih., re^pectirfty. 

It hae ahs> been eo^iBiled to use catohim 


VWI, mu 


; 7 >>v *■ ■■ V TiaMr. ' ■; ■■■';•; m 

I3i« iilM «iiiyiiDtB »{0MiEiiaed iir on » oommieroafll seale hm not 

or from tonkft bepHtt;] battnooKl^yBii^^ 


goM kutelita ntti^ of » zedn m a leindt of the reaction 

parte of TaaiBa^ ^ i of iooitt bea^^ rery rapid omOk !b ihe new piocen the jmt 
moat oonMioial imitaaone contain no vanilla, oonsiata cd a aerwa (A fonr towers partly 


Roared with caramel (Winton and mlvennan, Bodinm hUnlphite, while the third and jbnrtili 
In the pieparatibn of inferior extracts are amal lffi r and contain sodimn carbonate and 


weak idcohol andf alkali aie employed ; these 
can be diatinguished from good eztiaota by 
shaking a few o,o. with 3 volumes of water, 

— 1 1 1 J - a 1 L 


>yed ; these hydroxide respectively. Ozonised air is drawn 
extracts by through the towers and the vaniliin dissolveB in 
9B of water, the bisulphite solution as formed. After S hours 


whmi, if no alkali has been employed, a floccuient the aqueous layer is run off, the bisuiphite coin- 
red precipitate will be formed. With hydro- pound decomposed with the requisite quantity 
dilono a^ a good extract should mve only a of sulphuric acid (determined by titration of 
BUt turbidity (Hess, J. Amer. Chem. Soc. a test sample), rendered slightly alkaline wi^ 
1699, 21, 719). sodium carbonate, and extracted with benzene. 

Vanffla in the form of its tincture, is em- The crude vanillin recovered from the benzene 
for flavouring chocolate and confectionery, solution is crystallised thrw times from water, 
Lt IS also largely used in the manufacture of the last crystallisation being from water corn- 


liqueurs and perfumes. See also Vanille, pletely free from iron. The power required lor 
Vanilline, Vaniile-Extracten. W. L. Utermark, ozonisatiou is given as | kva. per oz. or vanillin 
Amsterdam J Kolonial Instituut, 1922. (B. 0. Wood, Met. & Chem. Eng. 1923, 26, 606 ; 


VANILLIN (4>hydroxy-3>methoxyb6nzaIde- J. Soc. Chem. Ind. 1923, 42, 626A). 
hyde C«Ht(OH)(CHO)(OCH,)) is contained in A 95 p.c. yield and a much purer product is 
vanilla beans (v. Vanilla) ; in Hdbenam nigra said to be obtained by oxidising eugenol, iso- 
(E.Br.)(Liromann,£6r. 1694,27, 3409); in da^ eugenol, coniferin, or conileryl alcohol, simul- 
tubers (a5ta. 1906, 39, 4147) ; in the woody parts taneously with air and ultra violet rays at 50^- 
of plants {ibid, 1904, 37, 4521) ; in the fruit and 60® (D. R. P. 224071 ; J. Soc. Chem. Ind. 1910, 
roots of Avem ^iva [L.] (Rawton, Compt. rend. 1036). 

1897, 797). It also occurs in many other The conversion of tsoeugenol to vaniliia by 

plants, in resins, balsams, and other sunstances ozonised air has been studied by Briner, Patiy, 
(Oampaul and Grimaldi, Bull. Soc. ohim. 1890, and E. l>e Luserna (Helv. Chim. Acta, 1924, 


{Oammnl and Grima 

hiL] 3, 468 ; Weld, ToUens and Lindsey, Ber. 7, 62), by conducting a current of ozonised 
1690, 23, 2990 ; Thomas, Arch. Phann. 1899, air at varying concentrations of ozone (5 p. 0 . to 
237, 271 ; Knitl, ibid, 256; Itallie, ibid, 1901, 19 p.c.) into a solution of isoeugenol in carbon 


239, 506). 
vanilla po 


Vanillin may bo obtained from tetwhloride, at temperatuies from 15M60^* 
by disintegrating the latter with The highest oxidation efficiency obtained, in 


sand and extracting with ether or a mixture of terms of ozone consumed, was 20 p.c. at the 
ether and alcohol (Tiemann and Haanuann, loweet temperature. At hi^er temperitoes 


Ber. 1676, 9, 1287). 

Vanillin may be obtained artifleiaUy by 
oxidising conili^ or coniferyl alcohol with 
chromic acid; by oxidising eugenol or, better, 


the efficiency falls off rapidly and the quantity 
of resinous by-product formed inoieaaea (Chem* 


Soc. Abatr. 1924, 126, i, 290). 

Vanillin may also be prenared by disaolving 
14*2 kilos protocateohuio aldehyde in oonoen- 
trated sodium carbonate solution, and mixmg 
it with 12*6 kilos of dimethyl sduhate. The 
whole is heated on the water-batn, aoidifled. 


chromic acid ; by oxidising eugenol or, better, Vanillin may also be prepared by dissolving 
isoeu(^nol with air (Fr. Pat, 316526, 1902 ; 14*2 kilos protocateohuio aldehyde in oonoen- 
Pat. 4909, 1902 ; J. Soo. Chem. Ind. 1902, trated sodium carbonate solution, and mixmg 
722 ,* t&^. 1903, 439). According to A. Lowy it with 12*6 kilos of dimethyl sdpbate. The 
and Oatberine M. Moore (Am. Electrochem. whole is heated on the watw-batb, addifled. 
See. Trans. 1922, 42, 273), contrary to the claim and extracted with ether. The latter is evapo^ 
of B. R. P. 02007 (1697), no appreoialfle pro- rated, and tJm vanillin extracted from tlmseas^ 
portion of vanillin coula be obtained by the with chloroform (J. Soc. Chem., Ind. 1902, 274 ; 


deotrolytio oxidation of isoei 


la b^y susoeptibte to oxidation to a wide 
variety of posaible products and vanUlin itself iSire vanillin may be tynthesised by tin 
la readily oxidised eleotrolytically (Soi. Abstr. following method, the yield teig 70-60 m. dl 
IIKH, 27, 675). In the oxidation of the sodium the theoretical : 1 grm. molecule of a meti^ or,/ 
aaRa of isoeugenol, or of acetyl isoeugenol ethyl ester of mesoxalio add or of m ^ 
in prsnence of aromatic amino carboxylic adds, diketonio acid (or of the free add) la added, w 
ex^nottag aoetylvanillin from the pmucta of a solution of 250 gnus, of one ^lodda in 


^nol. The latter see also ibid, 1897, 633 ; ibid, 1694, 1216 ; ibid* 
lation to a wide 1895, 1061). 


ithedsed by tin 


mUlin itself Pure vanillin may be 
(Sd. Abstr. following method, the yieli 


the laiMDn, converting into the bisulphite 500 grms. of glacis} acetic add. The whole la 
OPni^nnnd^^ treating successively with add kept at the ordinary temperatoro for 16 hennb 
« mjiediiiin hydroxide (Sieveis, and Givaudan after whidi it is heated at 60® lor eoinBe4M% 
9 Bwiia Pat 69053); with ozone or and thoi dilated with water and ihahen wNh 
oiMwlalr(Td)lat,Com|n^ ether. The ethereal extract is wealed 

BulL Soo. ohim. 1903, 29, 45 ; Fr, Pats. 326775, cUute aqueous sodhun carbonate, dWlled 
1909; U.S. Pat 829^, 1906; J. with 'steam to remove guaiadDl (ff pnaent) 
tjttk tim*. Ind. 1903, 619) ; with peroxides nod oxidflsed with oopper chloidde or MatatSb 
1694; 14928, 1696; J. Soo. vaiulioyloarbo»lio am being formed. The 
Aint m 199& 606; tltd. 1897, 633); or latter, when heaM with an equal waUit 


. Pats. 1624, 1896; ibid, of dunethyl-p-tolnidine at 170®, yldda m 
vdikii is extiaotid from the awdldad mh 
irntgaad by by meaae o! ether (Gktyot and Otyt JPi 









mmL i90B» 14^» 92^ aay iJbo te A iii Wlw^ 

:if»lMaed by tiMUDig goakool idtb hydro- yaatiHn itan^yields a mdl ^ 

iq^aalo Mid, hydioddocio add, and smc 0 ^ hydmetk oyMudo (Jomeii, J. Soo. 
ja the yceeenoe of infniodal earth (D. E. P. 

ldM7; Chem. Zentr. 1908, i. 73). . iniAii oxidised with ferric chloridi* mtrie 

A nearly theoretical yield of vaidUm eodii^ a^ or with fungue extract, or with gm arhhio ^ 
hyhrhgen iruihi e^irion, Tanillin forme deAydrodw 


Bed through a boiling mixture of vaail- 
ide-y-tolueneBiilphonio ester (154 pte.), 


[CA(CHOKOCH,KOH)], 


' d^ xylene (1000 pts.), and palladised hubm white needles, m.p. 308*'--304*^ (Tiemaim, Ber. 
aalphi^ (5 p.c., 30 pts.) until evolution of 1885,18,3493; e. Lerat, Bull. Soo. ohim. 1904, 
hydrogen chloride ceases (Eng. Fat. 131161). [iii.] 31, 270 ; Bourquolot and Marohadier, t5tA 
Vanillin has also been prepared by other 1248 ; Bentley, ibid. 1900, [iii.] 24, 942). 
methods. Vanillin may be estimated by oonverrins it 

The process of the Ozone Vanillin Go. (U.S. into its hydrazone by treatment with a hycbra- 
Pat. 829100) consists in passing ozonised air zido (HanuS, Zeitsch. Xahr. Oenussm. 1900, I, 
into a mixture of woeugenol and sodium 531,657; 1905, 10, 585) ; or by conrerthtt 


eadly Bcparated. The production in the United dioxide with a stream of carbon dioxide, then 
States in 1919 was 134,700 lbs., valued at extracting the vanillin with ether ; the ether ia 
41,365,900 (Census of Industrial Products), evaporated and the residue weighed (Bu8sc,\ 
1^ttefoBs4 and Morel describe a method of ibid. 1899, 2, 519; Doherty, J. Roy. Soc«\ 
mroducing vanillin from phenol which consists N.S.W. 1914, 47, 167). For other methods, see ' 
in nitratiDg the phenol, separating the ortho- J. Soc. Chem. Ind. 1893, 718 ; ibid. 1903, 514. 
and pamlerivativeB by steam distillation, Or it may be estimat^ colorimetrically by 
methylating the ortho-nitrophenol by dimethyl adding a phosphotungstic phosphormolybdio 
sulri^te in presence of caustic soda to produce acid solution to an acid solution of vanillin, and 
o-nitroanisol, which is then reduced by zinc comparing the intensity of the blue colour 
powder in presence of calcium chloride to o- produced with that fonn^ under like conditions 
aminoanisole. This is converted by diazotisation by a standard solution of vanillin. For details, 
into guaiaool, which by treatment with formal- m Folin and Denis, J. Ind. Eng. Chem. 1912, 4, 
dshyoe and bydroxylaminobenzenesulphonic 670. Ch* 1 c.c. of the vanilla essence is extracted 
addyirids vanillin. with ether, the extract evaporated over the 

l^bese reactions may be thus represented : water-bath, and the aqueous solution filtered 

n u r< II ✓'OH o dilutiri to 50 c.c. in a Kessler glass. Ten 

CfHiOH--^ drom of freshly preiuirod bromine water and 


lliese reactions may be thus represented : water-bath, and the aqueous solution filtered 
n u r< II ✓'OH o dilutiri to 50 c.c. in a Kessler glass. Ten 

CfHiOH--^ drojis of freshly prejuirod bromine water and 

nrn nrlr drops of 10 p.c. ferrous sulphate are then 

C*H 4 <l;iX 04 H 4 <«|, * added, and the green colour matched against a 

* 0*2 p.c. solution of pun vanillin. Methods lor 

w n w /OCH, ^ p w /rSiT* /o 1 determining vanillin are critioally reviewed Iw 

^ ^ Radclille and Sharpies (Perf. Ess. (HI Reo. 19M, 

15, 396, 437 ; 1925, 16, 20, 51, 87, 166. 197, 271, 
i 4 lsniti(re*--Tiemann, Ber. 1891, 24, 2877 ; 353, 387). 

Ani^ and Bousien, Bull. Soc. cbim. 1895, 13, A refractometric determination of vanillin 
,619; Botiveanltyibtd. 1898,[iii]19,75; Verley, in vamlla sugar may be made by shaking 3 gnns. 
fMA 1901, [iii] 25, 48 ; J. Soc. Chem. Ind. of the sugar with 3 c.c. of ether for 1 mmute, 
1996,6^740; tbtd. 1902, 68 ; tbtd. 1908, 644 ; and allowing to settle. The butyro-refiaeto- 
Bar. 1904, 37, 4149 ; Frdl. 1S77>87, i meter readings of the ether used and that of the 
693*690; 1890*94, iii. 894-900; 189i-97, iv. ethereal solution of vanillin are then taksii. Ihe 
1273-1991 ; 1897-1900, v. 101, 110 ; 1902^ difoenoe multiplied by OA gives the pereentaga 
viL 765; 190^, viii 1280, 1281 ; 1907-10, of vanillin in the sugar. Tbetempevi&iireoftCd 
ix* 162, IISK), 1166. prism should be the same for both readings. 

VaniUiii fenui white needles having a strong A vohimetrio method of determinint ruMn 
ohameteristio taste and smell, sup. 80**-8]^ depends on the formatiem of a hydre-derivarive 
h.p. (without decomposition in a stream of by the intmotion of vanillin and p-tdnidiiie 
oarhon dioxide) or 170^/15 mm. It is soluble in dissolved in SO p.c. alcohol. Ihis eomponni 
90-100 parts of water at 14% and hi 90 parts at contains the origmal hydroxyl group ii the 
76^*90^ ; it is readily soluble in ether, aloohol, vaniUin, and is therefore solufie in aibti» 

^ Chiirmdscdubility in aqueous giving a ydkiw solution. A measured eseam of , 

and aquem dyoerol are given by itan&d a&ali is added, loUowed iiy 

^ W24, 16, paratively lane Tdnme of eold wi4m» fSt 

1^. aqueous solution is add, and addition of standaid add first nofdxillial 4^ 


® turWdHy, the Ires dsrivwdve hdng 

SSi^r^nT”riii ooioBT practically inaolnUe in the liquid {haag. Ihi 

lytonea, md other volunmof alkatiieqiiiiedlorfitot^^ 
MMSBOsa , ww wiw aoetona and its honm* vaniHin is thus oblaliied* Aseniiiii'iifldii jiiu*' 
yteeme o^i, fcM bwoaM obtained »b«a iST mIUiMiSR 
^ (Roe^ta-... Mtad. odntetata 








ea r .Sire ssss s.^esgrr&sgiS-rsis:? g 


■■■ • ■■..V tismm ■ 

- -• ,/ ‘ ■ '• , ■■ ‘ f . 

iritii add it fa adriudda | mi U*); 


to w a giatittotiiio mediod. Ko aainpb of oon 


flnt-dMa TialUin ocmtaini moia tlum 1 p.o. I 
of add (at TanUUo add), though some d the S^XllEOfiui! 
sampka had' been kept in oaidbdard oontamen m.p. 176^(BeD 
for 10 jeaii. The gradmetrio method aaff- Ber4l8d9,32, 
fleeted oomnriaea the precipitation of yanillm Vanillin fo 

r __ I £ 1 


174^ (Benlii^, Amer* 


S^Xltroviiiilm has mj. 137^ 6-iiitloviiiffiiii» 
>. 176^ (Bentley, 1 . 0 .; mhorrandSumukiuiiiy^ 
r. 1899, 32, 3^6). 

Vanillin forms an okkwtme, m.p. 12r-122'’ 


^ aa the aemLoarbasone from dilute acetic acid (Decker and Klauser, iM, 1904, 


adudoru Tim joedpitate ia easy to waa^ ^^lenylhpdfazone, m.p. 105^ (iHemann and 

filter and may he dried in a water owen for 6-8 Kees, i5id. 1885, 18, 1662) ; an oatne, m.p. 
hoors, without losing a weighable quantity by 174M76*’ (Kndpfer, Monatsh. 1909, 30, 2^ ; an 
Tolat^tion. The vanillin may be separated aceiyl derivative, m.p. 11° (Plsehorr and Sumu- 
Irom impuxides, such as piperonal, by dissolving leanu, Ic,) ; a henaoyl d^vative, in.p. 75*’ 
die semi-oarbazone in ammonia solution. (Womer, Ber. 1896, 29, 143) ; also a <&• and 
Vanillin semi-carbazone, by virtue of its hydroxyl iriVtio derivative, in which the oxygen of the 
group, forms a soluble ammonium salt, giving a aldehyde group is replaced by sulphur, m.p. 
y^w solution, whilst piperonal semi-oarbazone 129^-130^, 235 -237**, respectively (Manehot and 
is insolude. Test analyses in which piperonal Zahn, Annalen, 1905, 345, 320 ; Worner, IxX 
was added to vanillm gave results agreeing with VantUinacetic acid CHO‘CeH,(OMe)0*CH|*OOtH 
the actual percentage to within 1 part in 450. has m.p. 188"^ (Gassmann and Krafft, Ber. 1895, 
The oxidation of samples of purified vanillin 28, 1871). 


The oxidation of samples of purified vanillin 28, 1871). 
exposed to air, moisture, and light was practically Vanfllfal-p-pbenetidine {eupyrin) 

OH<)^^0CH.)CH,«.CA-OOA 

vanillin in alki^ behave similarly is formed by the interaction of vanillm and jh 


oxidation proceeds much more rapidly, while 
solutions ox vanillin in alkali behave similarly 


to alkaline pyrogallol solution. The following 
oorrected melting-pomts are given: vanillin 
semi-oarbazone, 232^0. ; piperonal semi-car- 
bazone, 218°G. ; vanillin-p-nitrophenylhydra- 
zone, 148^0. (S. B. Phillips, Analyst, 1923, 48, 
367-873 ; J. Chem. Ind. 1923, 42, 948 A). 


L. The following phenetidine at 140^ ; m.p. 97^*. It is said to 
given : vanillin have hypnotic and antinenralgic propertiea 
«ronal semi-car- (D. R. P. 91171, 96342; Frdl. 1894-97, iv. 
utrophenylhydra- 1183, 1185). 

Lnalyst, 1923, 48, BenzaldhranlUln forms microscopic needles, 
1923, 42, 948 A), m.p. 221-5‘’-222‘5° (Rogoff, Ber. 1901, 34, 


Oxidising agents, in particular ferric chloride, 3881 ; ibid* 1902, 35, 1961). 


convert vanillm into deAydrodironitttft Methyl ether of vanillitt (veratialdehyde) 

(C4H,(CH0)(0CH,)(0H).J, (CH 30 ),C,H,*CH 0 may be obtained by the 

StffS.laSsS'SiSrSffi; 

SSLSSuKitaioWoiiiiin. SiSf 7!ffS 

an .TTtk. »lnUon to ho i. ho.tod in . ^ . toV*. 1 “Ol. rf pot^ 


iO e. 0 . «{ tiw mlnbon to be tertod i8 heated m a »_ - i|,.„ j„ 

bath a solution of calcium chloride “ » » then a«w^ uj drops. Wlm to 

^ leaction u oyer to solution is made dMto 

distillate are (K>Uected. further quan^ties of lAVAr in extracted with ether, and nn 


O^ni^^orya^iiri^^ possesses hypnotic properties. Theoone^ond- 
Ahrtf d^vntiye CH,OC,H,(OC,HJCHO 

y^i^iLL^ntim' roM*^ M 7 vanillin have also been pi^and 

AAA PAlWkAAro r?kAroa . 


Gbem. Ind. 1923, 42, 1197 A). 

For other methc^, see Fetlenberg, Chem. 
Zeatr. 1916, ii. 391 ; Dox and Plaisauce, Amer. 
Ja Phacm. 1916, 88 , 481 ; Estes, J. Ind. Eng, 
Ohem.1917,9,142. 

VaniUin is freouently adulterated with 
ooumarin, ooetanillae, and with aoctyl iso- 
eugmiol (Hess and Fro^tt, J. Amer. Chem. Soc. | 


o-Vanillin (ta-methoxysalicylio aldehyde) 
(CHO:OH:OMe~l : 2 : 3) is, in Impure state, 
a solid which crystallises from water in pak 


lighter yellow. 




irtMi.’ in & 


MVmilliAiwhei&tJngv^&w (v and RoWnson, Chem. 800 . Ibiis. 


1916, 49, 1261. 

!lhe root of a speeJes of CMomiim of 
Uganda, where it is temed Jfwnwb, contains an 


mwTiancvae Of ViniUsW. ^o^ous constituent CAOi^OMe, m-p. 

VasBlkianitt salts with sfac, Uad, MdMmi, b.p. 257^-208^ whhm forme tliin, eoJourieHi 
end M the type (C|If,0,)M^ (Tie- ptates, is isomeric nuj^UUin, and y^ an 

inaitt a iw Ber. 1974, 7^ OlA. oeime, m.p. 138% and a j^nnyl-hydieMM, 












VANTBKUfVfSS. 


:v;fi|IMil^ pumm of thift 
:;4li^«idt^ tke abmiim-4il1» 

•^’W^belmiriliaU near Sta^urt, was deteoM by 
' ^ sewalanalyBeB 

; {itf Mtorial from an apparently homogeneoiu 
ipeflUtteii, wbich was found to oonsist of a miz- 
taia of Tanthoffite, loewite, aphthitalite, halite, 
Ao. Saoh intimate intermixtuxea of mineials 
of diffietent kinds are really of the nature of 
imiki, and they must be studied hy the methods 
' of petrography ; namely, by the examination of 
thift sections in the poiarii^ microscope, and 
liy sepuating the individual minerals with the 
help of heavy liquids (e.^. mixtures of methylene 
iodide and benzene or tetrabromoethane and j 
toluene). Similar mixtures containing vant- 1 
hoffite have also been found in the Bwlepsch | 
mine at Stasafurt. The mineral has also been.| 
observed as nodules embedded, with loewite, 
in bloedite at Hall in the Tyrol. It is colourless 
with a vitreous lustre, and a flat-conchoidal 
baetuie ; sp.^. 2*7 ; H. 3^. The mineral is 
named after J. H. van ’t Hoff, who, when its 
occurrence in the salt deposits was discovered, 
iuooeeded in preparing it artificially. When 
mystals of blo^te (NajS04*MgS04*4H|0) are 
heated in contact with their mother-liquid to 
lybove 70*^ they are transformed first into loc- 
wite (NatS04*s%S04*2H40} and then into the 
aohydious sdt 3Na,S04*^S04. L. J.JS. 

VAFOOR DENSITY v. SpEcmc gbayity. 

VAREC. KdpvAoDisJt. 

VARIOLARINe. Lichens. 

?AR]SCffTE, One of the many minerals 
ooDiistiim of hydrated aluminum phosphate, 
here the formula A1P04,2H.0. It forms 
cooeietioDary and compact nodular masses, 
sometimes with a minutely crystallised (ortho- 
HiQmbio)*sitifaee. The colour is bright apple- 
green (due to chromium) ; 8p.gr. 2*5~2*6 ; H. 
4^ it was first found in 1837 in l^on 
Voig^aiid (the ancient Varisda), and within 
leo^ years has been mined in considerable 
quantities (31 tons in 1909, and 2| tons in 1910) 
at wvml places in Utah and Nevada. It is 
used as a ^m-stone, taking the place of green 
turquoise (I). B. Sterrett, Min. Res. U.8. GeoL 
Sumy, Annual Reports for 1910 and earlier). ^ 
li. J. S. 

f ARIBH (Syn. Femw, Er. ; Lac, Fimw, 

^ Get). A varnish may be described as a homo- 
geneow fluid, which, when applied any suit- 
aide means in a thin layer over the surface of 
any object, dries either by the evaporation of 


I fm Am tloB dfilsetrtim diyi^ 
oantam, binding and lefts^ the zeriB» and 
akhoi;^ they take longer to diy, they an 
gmvally move lustrous and damble. When 
i vazehdi u used as the vshioie w msdina pot the 
applioatioa of a pigment or a pMi toan bfafeoti 
an enamel is pioduoed. Such enaanels dry with 
a gloss, and save labour by oombiaiiig pa i n t i n g ^ 
and vamiahing in one operation. solvents 
employed in making the various vamkhea axe . 


tion of the volatite solvent and the oxidation 
of the oomponent oils and resins to a more or 
lem impervious elastic film of varying degrees 
of hudness and of generally good weather- 

UmOalirta nwrwMwyrijM 

Yaimjdies, in the drying of wbich heat is 
aiflied in a welLventilated compartment to 
uij^ the solvent and to complete the oxida- 
Mim so that the film is uniform like glass, 
one termed stoving vaxmshes. The simpieit 
pBtUL of varniiA is the spirit vamirii, which is 
ttSMlIy a adution of a more or less elastic solid 
XB a UOktile solvent. Spirit vsiniihes dry the 
moiAinigo^t hut axe liable to be brittle and 

to a huge extent, 


spmt and^ leoenuy, mgner aiipnauc aioonoiat < 
c,g, isopropy^ butyl and amyl alcohols. linseed 
oil is the <u^g ou in most general use, but tmm 
oil (China wood oil) is coming more into demaao, ^ 
Wamut and poppy oils axe artists’ medhoia. 
The solids, t.e. resins, Ac., mostly em;^ye^n 
oil varnish making are: 1. Copal, moittdm 
Kauri, Manila and Congo ; 2. E^, inoludll|g 
its i^lyceryl ester; 3* Aiphaltum, indadins tle^ 
various pitches. Recently i^thetic resins 
been tri^ in the form of ooomaione redns aim 
phenol formaldehyde resins incorporated with: 
rosin (Albertols). The resins are solid bodice, 
generally more or less coloured, amor]^0tts 
usually with a vitreous lustre, which melt as a 
rule at comparatively low temperaturesoften with 
decomposition. They are insoluble in water, 
but partially or wholly soluble in a number of 
solvents, e,g, alcohol, ether, acetone, carbon 
tetrachloride, benzene, light petroleum, tur- 
pentine, Ac. In practice the vamdh maker 
is more concerned with the properties of fibb, 
varnish film than of the oiqpnal leatn, and 
although, generally speaking, the hardest lusm 
gives the hardest film, the properties of the 
film are greatly affected by the other ingiudieitta 
of the varnish and the skill with wi&h they 
are incorporated. 

Reiini.— The resina have been damifiedMto 
hard, medium and soft. Among the bald raliiu 
appear Zanzibar and Amber. The medhuft 
resins indude Kauri, West African and Ckdd 
Coast copals. Among the soft rsc&ne ire 
Manila (East Indian) and South Amerieon resins. 
Among the spirit varnish resinB sheilae, dammar, 
sandal^ are hard resins, whereas mMtie and 
rosin are medium, and elemi, oleo-redn tuXpen^ 
tine and Burgundy j^h are soft. Theadntiiiity 
of a resin may be said to be in inveiie pnmertlon 
to its hardness. The hard lesiiis ana Mini- 
hard resins are but very slightly soluble in thfir 
original condition at the ordinary iempeiiturst 
but they are easily dissolved 1^ tuxpeiiiitiB, 
linseed oil, and other solvents, by |eevjM{y 
heating them in such a manner as te eauiellMai 
to lose by destructive dkrtfilatbn 10<^ Mi 
or more of their weight of a resumus oflaeomng 
to the resin dealt with. This pardsl desilMl^^ 
distillarion of the hardw resins is mmmst: 
beforo they wiU dissolve in oB oteMM 
The temp^ure to whidi tiia xedbis aniik bs 
heated before they become aofadde, is Ujl^ . 
in the case of the haxd resiiis than s( fihn salt 
resina 

Oil Variddiii.--Tfaefliitpioe^ > 

an (d yanudi is seleotion of fibs gm j w 

theiT'lo ^ 
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Mtai «tmi iMt ilM nitli «i tfaw Mra k nnkring w font loMk 

tfa»aiL !B» |kkkliwrtiB^ eoppett Otlm no&al tolmto for eopito lwi9 bem 

wefiionkKkaeQfporWIf^ ytoiodmit e.^ Ikwod ool loAa, an! akxAak 

ftw a ladd fin» mH H k paAtOfy Hqmd at terpiaeol» bat tl^ hava met wkh no 

aihantWr-^^^abciodorlidk^^ tacoeaa ^ aifeot of tiie aolfOBt maMala 

Iko pot, wfakb la ooDneofeed to laxga flaaa m on the fiididied prodnot ia drieteiioiia, ndaoi 
lihka tlie mmiA *fmm* are ooadeaied. they imoi he xeMvad, aiiah k 

!Qi0 Aping oil, ipeeia% ehoaen for vuaM feadbh. The weight 5f ike gum ■xm * ki um 

1- 1 1 T-i.- - ait—V— 


rnakiny am olaKined, ia heated and added operation haa been ateadUy on the l a e i ii i o» aad 
aaniioul^ at the right moment to the *nin' nowadays the old ohaige of | cwk ia Inomaied 


« the whole being hi 
lag eoatintied nntil 


it well stirred, and the to over 1 cwt. and the whcde optfl 
le mi^uie ia peifeetly performed with complete aalety, 


eleac» Ihe driers are added in aevend ways, preoantions are taken. 

! either in the form of a lead and manganeae The nomber of varieties of oil vandshes k 
aoap dkicdved in oil or as solid lead and man- li^; as many as 2(Xiniay be listed, each hav^ 
gaoeaa eomponnA, and the mixture boiled with 

^ ! .j3i xi j ^x^j 




atiniiig until the driers are inoomrated. The i cation, although long and short oU vamUhea, 
pot ia then removed from the me, and when based on the proportion of xerin to oil,ia the 
•affluently cooled, turpentine or white spirit most acceptable. The most important daawa 
ia added gcaduafly, stirring all the while until are, coachbuilders' vamiifaes, indnding tiioae 
the whole is thoroughly mixed. Much Mam- for carriages, motor cars and rattway wmfc $ 
mahk vapour is evolved during these operations, boat, marine and spar vamuhea; deematofS* 
a^ it ia necessary that the varnish house should varmshes for inside and outside woriL Other 
be BO oonstruoted that the vapours do not come classes include furniture vaniiahea, dear and 
in contact with fire. daok stoving vamishes and black japans con- 

After the addition of the thinnera the varnish taining pitches. Goachbuildeta* yanima (bc^ 
ia strained into a tank, and allowed to stand and carriage vamMea) must give films whieb 
until clear for use. The time required for this are dust d^ within 12 hours and do not cvadt 
varies, and as all varnishes improve by age, the nor show ‘ bloom; ’ moreover, they will retain 
longsr they are tanked the better. In some their lustre for several years, if wsahedkomtia^ 
cases the driers, consisting of litharge and dry to time and occasionally polished with wax. 
white copperas (cryst. ZnSO|), are churned at Undercoating vamishes, harder than finidung 


•nifaoea of much greater lustre than new ones. coat. A film of a blooming varnish shows after 


theas are thoroughly incorporated the vamiah 
will be free from mts and blemishes on its 
surface, while, if well boiled, a vamiah ia said 
to flow more freely and to dry more rapidly. 
Bxoeaaive boiling, however, oauaea the varnish 
to stouten and thua to leqniie more thinnera to 
bring it to a working oonaiatency, and the 


horoughly incorporated the vamiah TOiar. Blooming is not oonnned to oil vanuan 
B from mts and blemishes on its films. The general fozmnlm of Goaehbn&daa* 
ile, if well boiled, a varnish is said vamishes may be summarised as foUowa : 


some olli and gums stouten more rapidly than 
otbnra, and the final result has to bo rnani^ 

' pakM according to drcumstanoes. 

Tim dryfam of oU vamishes varies oonsIderaUy 

uji " sxi j 


Flolshliig body varnish . ! 

SO lbs. 

Blastic ooarii vmmbh 

SO „ 

Hardelastlevanilsli 

so „ 

Quick bard drying var - 1 
nU. . . . 

flO .. 


Undezooating vamuhes diow btoom wlm 


■mwiiiaiwo to oomDositioD. and within not ooveied by an elastic finish . Boat vamUsi- 

limifea to too proportion of metaUio driors should give a water-resisting film and to ow H 
pmaent as woli aa to the objects to which not become opaque on immomott in watori' 
him to be applied ; thua a gold aiae may dry these, as as uankm WBuhea, gmn% 
in a law nrinutea, while body or coach vainiahee contain CJhina wood oil Wbiiit a ito el 
leqiike Ifi-M boon, and even then should be Ihueed oil never attains a Agree ol baraMV 
alIbwedfiorSdaystohaiden. to witbstand abraam, Ckina wood oil 

rMsnt yeaiB many attempts have been harder and more weatoer-mdalfog d o iffl n i r 
made to pMan oil vaimahea vdthout previous Owing to the r^pid gdatoAatioa « wood m 
Mtoiflillmiim. Onfyonehaaledtosttooeai. 
hi toMk idL toot in which na phthale ne 
miJi^ toiMBio ia emnloved# Bv toia mooeaa, 

- alMt iWl^aiitad tin oopih ua 

H W Ul iw l Ik a wl i Hmteiw Iqr oikte 

» l<(:inc5o^oT liotMd ott or othir 
'«tt to aMid to. too aoMaa aad too 
,to'toiMU:ot. ~ 


TgjPjg 

mtai afe 


sppi 

Siii 













'.inndtlM, 


_ , YAwaia ■ ^ 

di;^ ntidty lo tint in 12 boat tatim: tfMhfttohtdgaUi. 
be niroed down to a flat soifaoe upon imta gtringyaiidttoeeod^ 

> finiZi v«ie1? ^7 be SSli^S giOk ta^Uae or Mta^ . 

HrtiionB of gam to oil may be 1 : 1*26. It it eviitet that the vanetka of blam irOl be 

i« «« . Yi m K 1 11 m.'rn a *11 1.^.^ 


eoat Other yaneties of decoraton’ vaniishea bri|At or dead { e.g. Berlin blaok for «afM ana 
include : churoh oah, drying with a hard film> fenders, in which the introduotum ol a naok 
: not softening appreciably np to 40®0., saitable pigment such as carbon black produces 
for ohuroh seats ; floor varnish, softer than appearance. Coach and moifxt buUdem require . 
ohuroh oak, with a gum and oil proportion of a quick black for iron work, drying in ab^ an i 
1 ; 1*4 or 1 ; 1*67 ; front door varnish, which hour, a black petrol-resisting vuiujui of bruliaat 
must combine elasticity with hardness and lustre, drjdng and hardening ouict^, ai^ a 
lustre; furniture varnish containing rosin: dead black metal priming, capable of stoding 
oili»l:M0,in which rosin is often intro- great heat, for the exteriors of oyHnders <a 
duoed, and thin coats are applied, rubbing down motor oars. f 


between each coat until the requisite bnllianoe Black Stoving Enamels are of great 
is obtained. and a similar classification holds, as in the ow 

Black Japw and Bituminous Varnishes of resin oil varnishes as to elasticity, bodyjw 
occupy a spe^ position, since they have for viscosity, and temperature of 
their characteristio ingredients a bitumen or coating, under-coating and fipisbing, brttB]]m& 
asphalt. Both gum resin and oil may or may dipping and spraying modifications are in 

not be present, as the asphaltic substances use. \ 

differ far more widely in their hardness and The marked difference between clear 
elastieity than the various gum resins, and their nishes and black stoving enamels lies m the 

piopertfes can be modified with greater facility, presence of bitumen. The remaining ym* 


The most important bituminous varnish in ponents are drying oils with their atiend^t 
the higher branches of the decorative craft is driers and thinners, chi^y kerosene, sin^ the 


known as blaCk japan. The term 


temperature of stoving is higher thui that of 


as applied to substanoes which promote the resin-oil varnishes, viz. ldOM77^. Some 
drying of apaint film, denotes generally liquids black stoving enamels contain no resin or rosin, 


which dry to a hard ^ possessixig considerable but generally a certain proportion is present; 
ooheienoe. Japan driers give a harder film but it is difficult to identify the resins in the 
than the oleo-diiers, which are elastic and of presence of a mixture of bitumens, especially u l 
a diying-oil character, whilst japan driers are stearine pitches have been used. Plow m 
of the nature of a resin varnish containing surface are important prop^es. The fi nis h i ng 
leein, or rosin with lead and manganese. The coat must have a high lustre andhaidness, and 
specific purpose of Uack japan is in the pro- should show no runs or rivelling at the edges 


fuctlon of a brownish-black ground of special under the oonditions of application, dmping, 

J i.1. Jia ! £ 1 .Ikf 


tnnsbicettce or depth, thus differing from pig- brushing, or spraying. The produetion of higb- 
mentid pieparatioos (black enanuw), whi^ quality coatings demands careful sdeetton of 
appear to rraect their depth of colour ^m the me components and of the pfoportfeiM in the 
iunaoe only. The main use of black japan in mixings. If an under-coating ft used it must 
the coach-building trade is for panel work, be adnerent to the surface and be nist nrsm* 
The vanush is obtained by aiftigamating tative, providing also a grip for the tfnishi n g 
qpecfetly treated oil of great drying power with coat. Tft under-coating possess small elasMty, 
auitaUe bitumens, in the same maimer as mat hardness, good hio^ power, but no lustra^ 
described in the manufacture of copal varnish. They may oontain a pigment such aa earbott 




Of irsather resistanoe, so that it requires a 
coating ol a suitable finishing varnish. The 
ait ol the vanush makernonsists in the prepara- 
lioii of a mixing of ^eat degree of depth and 
intenrity of colour without employing so high 
a propoftion of bitumen that the solubility ol 
ihe hmr in the enst^ coat takes place, a 
condition manifestmg itself by the appearance 
on the finished work of a greenish fluoresoence. 
It is difficult to ghre a genml formula for these 
qostb^ as the qualify depends on the sefection 
101 ike materiak The proportions may be 
as equal quantities of hard 
mMpbattiim or petroleum ptoh, and boiled 

<m UW topentme, and white spirit th^ 
^wtoliig Black Enamels are made on a 
liplnc ^um to ike ocachmaken’ black japans, 
kit consist of materials which axe not so carefully 
«^*.**pbaltiim, rosin, boiled oil, and 




leave a doll uniform surface for the fin ls king 
ooat. The composition and mode cl prcpaia- 
tion is variable. Amonfi the many pumdisd 
formulis a mixing contaming ai|kaltoiiit ssiin, 
and boiled linseed oil in the proportiotts of |0 ; 
2*6; 60, with petroleum or toipsntkie muf bs 
con^r^ as fsiriy representative. Xka piOo 


Some oontain only tetoh, 
- ‘jAd ^ ^ turpentine, and axe known as 


- 


— — VWUIJ WWM, 

^ turpentine, and axe known as 
link Umks, for whiol the following 
I may bs.conaidAied as fairly xeiueisii- 


in Uie traife have been issued by tte BsHUi: 
Bnrineertng Standards Asiooialkin^ , ^ 
Such bmok stoving enameli, Isige^ iHM 
on ironwork, have gieat iieii 4 lier«nriltiM 
power, but recently cellulose air-diylQ| Uadk 
cnamelB have been jmt forward. ItislmpcMIde 
in the space available to ooarider adofinaMar 
I the great variety of deooratiie tad 
ooatmgs, as well as tkelf adTanfagM Wl 
driecto. 

For furtker lebnooe 
B. & MbnpiQ’. IteMlt Mdji# €W|iif : 
fmmU. mi ' ' 
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WMm; tMr S, ftiMw Vdiii^ Bohrate Hum fom tl* istm of HtOko 
tt^XwBeo^ ltt(j IbX (odbd Novolik by Boekdud). 

mood a&d R & XmekB. Beiini» Kitoal oad analaftra* to idwIlM in their ooHibS 
SynthetiOr 1926 ; 3!U of fimmtB, thisB; &ey am oololiie in alcohol i 

Mata and Vainialiei, J. X Fox and T. H. In hy^ottbona. Una aeoood iju 
BoiHea, 1926. ihat in i^doh te main ia acdnbla 


They am 
fyruatlbn- 
^inaol^ 
of xeain ia 
and fiwilUo: 


8]M Vndaliai.— The mionfactam of aiddt only in an intenne^ate atage and boooMi:; 
misidim ia mnoh leaa complicated than that of insoluble and infoaible on heat ^eatment^ 


(he oil pmpaiatione, the form^ being simply dnally in the resUe oaodlHon, 
aolutionsoloimormomreainainTaKiouBBolyents. the intermediate raM stage. Balmei BSo» 
Qn the evaporation of the solvent a coating of and Bcdoelaque are examples of this la^ typt ' 
tiSSnw is obtained, consist^ practically of the Baekeland terms these latter xesins fismtdi, 
uhofaaDged mtins. The retins employed for this aa they do not possess all the propertim Sommen 
pdiposB am ohiedy shellac, sandarac, soluble to the natural resins. 


maniia, dammar, acaroid, elemi, benzoin, 
mastic and rotin. The solution of the retins 
is aibeted either cold or hot, as circnmstances 


For details as to preparation and farther 
>lication reference must be made to Cszle^ 
is, Synthetic Betins and their Bastiea, 


require, heat presenting the advantages of 1923, and to the Chemistry of Ffaiuml and 
rapid solution and clearing, urhile the palest Synthetic Rosins by Barry, Bmmmond tied 


yamisbes are obtained by the cold 'process. 
To facilitate solution the gum should be kept 


brrell, 1926. 

The chemical changes occuning during the 


continually agitated, thus preventing the mannfaotnie of these substances are not yet 
particles m gum from forming a mass. It wUl understood, although oontitierable advanca 


be readUy seen that the laiger the surface of the has been made during the last few yeaxe. The 
ffum exposed to the solvent the quicker will be vi^eties of resin produced is dependent on tins 

r-L^ A X. 


the solution. A revolving chum is used, and amounts of formaldehyde and phenol used and 
the rotation keem the particles in motion and whether the catalyst is acidic or basic in cha- 
inevento t^m from caking tc^ther. When racier. Baekeland ( J. Ind. Eng. CSiein. 1909, i, 
the gum Is all dissolved the varnishes are set 169) nses ammonia as catalyst. Anamdcata^ 
aside to settle, and are ready for use almost mil tend to produce a soluble resin, wher^ 
immediately. They dry very rapidly and are, an alkali favours an inaolnble ^ resin. The 
generally speaking, harder and more brittle greatest development of these resins has bm 
than oil varnishes, and as their drying is merely in the direction of monldiog and i nsulating 
dependent on the evaporation ot the .solvent oonmnnds. 

addition of driers is not required. Within Irormaldtiiyde-area Resins. — Oondenstitioin; 
recent years many forms of artificial or synthetic products of formaldehyde with urea and thios^ 
xesins have come into use. They may be broadly nave been used to give visoous products which 
classified into (1) condensation retins-~e.g. the may be eelatinis^ in severm hours. . 
formaldehyde-phenolic resins; (2) polymerisa- reaction takes place in two stages, a oendensation 
.lion tetins--e.g. the oOumarone resins, which p^se followed by a polymerisation phaes. 


classified into (1) condensation retins— e.g. the may be 
formaldehyde-phenolic resins; (2) polymerisa- reaction ti 


^tion rBtins--e.g. the oOumarone resins, which p|^ followed by a polymerisation phMS. 
are obtained by the treatment of certain dis- The solid resins obtained are transpamnt, 
tillatei from coal tar naiihtha. Condensation colourless, stable, taking a high polish, aoid may 
resins are such as are made by preliminary be used aa substitutes for glass ; FoUopas m 
inteiiction of at least two chemical substances, the Beetle Products Company resuia are 
generally involving elimination of water, examples. In Poliak’s Schellan eohitioiii the 
RetinifioaUon may be completed by a poly- resin is maintained in water solution fay alkali 
meriting action. salts of weak acids, e.$r. sodium acetate or a 


ally involving elimination of water, examples. In Poliak’s Sch( 


RetinifioaUon may be completed by a poly- resin is maintained in w 
meriting action. salts of weak acids, e.$r. 

FormaMtiiyde phenolie reshis.— The most borax solntion of shellac, 
important oondenBation resin is made from ConmarODe Resins a: 


important oondenBation resin is made from Coamarone Resins are obtained from the 
formaldehyde and phenolic compounds. Bake- fraction of solvent naphtha ISOMKXI^TS., ai^ 
lito is the ^jfpioat example. Amongst other are polymerised as regards oertain (d their 
tnMle piodacta of timilu character are— in constituents by sulphuiio add to yieu 26-40 
Anittioa, Bedmanol, Oondentite, Amberite, p.c. of resin. These resms are not vmafily 
PheuQfoxm, Sibolite, Nuloid, Amberdeen, Abalao, soluble in alcohol, and benzene, tolnene, sdvent 
etc.; ia France, Melutite, Oerite; in Great naphtha, and turpentine are the best sotveiiitai ' 
Bmifo, Slo, Bakelaque. There is a marked They are misdble with drying oilli. Tka 
dhtonoe in the properties of the formaldehyde difmrenoes in the technical ooamaidas lesliHi 
retina oompared with the natural depend on the vamldepiopoiiioim of indmi^ 


Mias, The natural retins can be melted, but ooumarone present. The Mowhigiaa ton 
not ^nn,” and cooled, without great cha^ in for a ooumarone dl vantiihi Onna vnnA 
thdr solnXnfity or fusibility, but the pSsnd oontaihiug 15 p.o, of linned Ofil Is kgmpm 


mim ehaning at 20(rC. ; moieovsr, ortiiuBganeis 
$ %mum insolubfe in all ordinary heai^ refined 
tajAtesfoquindaxemiitobl^ I6<m 

It is {Ms niMkiM! ohsnne in ooinnaiBae aia 


Msiaeoi 

titinim I 


leavy refined coshtar AK^thai Km. 
6<m vaAiitii mixtuies eon 

immam ass dessribed by Kiiun Bsyp 

SaMeS^Ind. 

and 4iisl 
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TlJiinpSi 


t^IMm and tlw 

ioQfted of oeliitott ivitk flifezia I 

idd and ao^ add foApBodvaly. Tbsm\ 
ntMrtaiioeB ars aditlila in oeftak nuDtims of { 
liqaida, iMck hm a ooniqMaathrdsrJ 
bd^ rate cd ov«mxation» and when die soltttloiiB ; 
amapzaad on Bwd aoE&m 

wing the oelhilose ester in me form of a j 
' oantumoiiB By making oertain addithnai 
to the original solutions, the hardness and 
adhedmesB of the films may he modified. 
Owing to the rafadity widi whiim the solutions 
dry, they may be applied at ordinary tern- 
pezaiuzes, although a warm room is advantage- 
ous. As a rule a coating is dry undw an hour. 
All otganio protective coatings consist of highly 
poi^miMiBed structures. The degree to which 
the Qikinal cellulose is depoiymerised or 
degraded in structure before and during the 
inanuiaotuiB of the ester determines to a con- 
iideialde extent the properties of the resulting 
....varaiih* 

Ittmelloiose Vanibhes.*--The cellulose ester 
vandshes may be either transparent or opaque. 
The transparent varnishes may be coloured in 
piaodoally any tint so as to give a coloured 
tbmiaqpaient lai^ner coating. The opaque 
vanmihes containing pigments may also be 
obtained in any colour, and are usually termed 
enamels. It is customary to include all solutions 
ol cellttkm esters used for protective or decora- 
tive coatings under the general term of cellulose 
yamidice. Thev may be applied by brush, 
hut better results are obtained by dipping or 
bf use of an air spray. Under proper conditions 
the Scduttons dry with a high polish, and the 
films resist water, petrol, soap, turpentine, 
weak acids and weak alkalis. 

(Mlidofi oitnts laequers.~The common 
. .metid lacquer usually contains not more than 
fi pwc. d oelMose nitrate, in a mixture of sol- 
vents, and serves to delay the tamishkg of 
metal, not acting as a finishing material. In 
Older to increase the solid content it was neces- 
easy to p^uoe cellulose nitrate, which, when 
; diisolvea in suitable solvents, gave a solution 
of low visoosily. The addition of natural 
leshis WBsioimd to impart adhesion and rubbing 
isopscte in varying degrees acoordmg to the 
xain employed and the amount us^. The 
oomfiattmitB of fidihing lacquers may be: 
edlulois nitrate d low viscosity, resins to make 
Ike ihtt i^beiy and haroUiolvents which control 
dm rate d dqnng, degree of gloss and viscosity 
d the lacquer, and ^iasticides to remain in the 
Am alter the aohents have evaporated and so 
lo give it elasticity. Scrap oeUuloid as a sub- 
olitnte Iw odluloae nitrate has many drawbadn, 
not to be recommended. The 

B n* d the soft or medium hard 
yl alcohol, ethyl, btiiyl and 
ethyl lactate and amyl fomiatB 
advents. D. B. Keym dassifiee 
so three groups: (1) low boiling 
Dg the viscosity d the lacquers 
a high rate d evaporatjon; 
dUng, giving the faoqnen the 
w; (8) ^;h boiling, aci^ as 
i, pssventing die prec^tton 
or theiedn. $ 

'wm nHHHdmpipmNe nay ae .. emmii' n 


camfal eonsi^tiOB d their eladkdly mnst 
be talmm M as to pievmit sabsequert 
d the mu. Pigmented hmquem and enamefi 
have been used for maiy yean as protte t ive 
coatings for bathroom fitnne^ cycto and m 
lamps and furniture. The fouowiog proportions 
d cellulose nitrate, resin and |damide have 
been found sarisfaotoiy for interior lacqM 
enamels: cellulose nitrate Ifijparts; X0riX»\ 
6 parts; plastioide 2 parts, tuiis ratio 
give a hard and elastic film juovided too modi 
pigment is not added. lor further detuSa , 
reference may be made to F. Sproxton, Oslluloia 
Ester Varnishes, 1925. j 

CeUulose acetate vaniishes.-~Soluti(ms| d 
cellulose acetate in a mixture of high pd 
low b.p. solvents are used for tautm&g md 
weather-proofing linen fabric composing the ymg 
surfaces of aeroplanes. A typical three-cm 
formula would be cellulose acetate 6*6 parW 
acetone 50, alcohol 24, benzene 24, hmm 
alcohol 2 and triphenyl phosphate 1*6. For 
durability the dopes mu^ he specially pigmented 
and generally require a protective coating of a 
seaplane oil varnish. 

Natural varnishes or laeqners.— Japanese 

lacquer is the milky juice exuding from the 
trunk of Shw vemictfera (Tsi-chou, varnish 
tree). The tapping of the tree resembles that 
of pnus for turpentine oieoresin. The raw 
varnish, which is frequently adulterated with, 
tung and perilla oils, is known in Japan as* 
Ki-umriii. The peculiarity of the varnish is 
that it hardens omy in a moist atmoqiheie and 
remains in a tacky condition to sunlight and heat 
It is the most durable varnish known and lesists 
the action of air and water excellently. It is 
stated to be the best protective ooaring for 
aeroplane propellers. The application of the ^ 
lacquer is said to bo dangerous to western 
workers owing to the pecuuar poisonous juro* 
perries of the uru^icl in the resin. The zesin 




has been invesrigatod by Japanese ohemis^, 
who have ^rnthesised hydrourushiol, the reduc- 
tion product of the active |irinoipk Japan 
lac. A concise account of Cmnese and Japanese 
manuf actnze will be found in the Bulkrin oi the 
Imperial Institute, 1910, 8, 32 ; and in Stewart 
Di&’s Arts and Cnfts of Old Japan, 1906. 

K. B. IL 

VARVICITE. ByinUed wmganm m 
Mn0|*Mn|0|,H|0 (Bammelsbcrg), or 

Mn0*3Mn|0„H,0 
(Phillips) (v. Makoanxsx}. 

VASOTONIN* Tirade name given ' a ; r 
oombination of yohiminiie and uMbaal / v 
produces a M of blood pressure, and mwie ; ' 
to have oomideiable ther ap e a nt io eafaw fflbfcnu • 
See. Ahstr 1910, ii. 726)* i, , . ; 

VATDTB8. Thetm*vitdSye*&Miki^ 
to those dyestufis wiidi, Woo Mtoib He 
•oluble in water, dilute rndds, 
whidi, on being toaated Vllk euMbie teAm ; : 

» yield lenoo. 

I* tiM ' 

•Ikitbw ud 1 b 
fluh kr mUk IBm--' 

0 ^ ik An 


m Is Qtarei irlOi t^-lonuiiite of |b» 
ongiaai oobtoief wttor. Hio duusMitoriito 
lamew of the tSfeww tluif prodnoed u, in » 
luge moMiin, doe to bflohifriliiy of tho 
dyrataS. / 

Indigo iMfldtoh im lonnerljr m mify 
known i«t dye, i$hy 4ufthe moit Importont 
of tbi$ eethoB of oolonxing matteitt, aod kw 
boon nsod in dyokig from tfino immomoiial. A 
blne^ dyod witn it on cotton, is still referred 
to 08 » 'vatted Une,* whilst in the woollen 
indmtary the term * wooded blue * means a blue 
whi^ is dyed either wholly or in part with 
indm* 

in preparing or * setting* the indigo vat, 
nations metho<u are employed in prance to 
hdng about the reduction of the indigotm. 
this is ejected either by purdy chemical or by 
bacteciolosical means, hut in either case the 
product of the reaction is the same, viz. indigo 
white, Cx,Hi}Na 02 , or graphically, 

OH OH 

n^v/Vi 

\/Nnh/ VnhAv/ 

which dissolves in caustic soda with the forma- 
tion of either the mono- or di-sodium salt 
(Ci,HnN,0,Na or CnHi^NjO^Na,), according 
to the amount of caustic soda present in the 
bath. It has been shown that indirubin and 
thioindigo red also require 2H for reduction, 
and bv analogy it is presumed that the other 
indigoid dyestuffs behave similarly. In aqueous 
solution, the mono-sodium salt of indigo white 
has been shown to be an electrolyte, though it 
is not so strongly ionised as sodium chloride 
(Knecht and Batcy, J. See. Dyers, 1910, 
171). 

The so-called chemical vats are distinguished, 
according to the reducing agent employed, as 
the copperas, the zinc, and the h^^rosulphite 
vats. They are used in cotton dyeins, but the 
hydrosuipbite vat also finds a limited applica- 
tion in wool dyeing. In the setting of any 
Ind^ Tat, it is essential that the indi^ should 
he m n findy divided state. The 20 p.o. 
^ftiioial indigo paste contains the colouring 
im^ in a sufficiently finely divided oondi- 
tkm for the purpose, but the natural {moduct 
amt m ground, oefore use, to an impalpable 
powder. 

1%e coppems vat depends upon the reducing 
aotion of IktrouB hydroxide, and is made up d 



ith the cobras forms ferrous 


iya 04 +Ca(OH>«»Ve(OH)i+ 

wUfih is im ledueee the indigotin to indigo 

white: 

. “2!lte(uHj44'CnH2|NjO| 

hi' the msM of lime 
^Inthe 
tMoitel 


pa afuhed ma wMi w ote dtendoa) Twte > 
At the prseenl time, iho ooppeas vat k not < 
kigdy used in this eouatry, S» mahi aeeoas , 
beii^ ihat ito me mvdvee a consideiahle hae in ^ 
Indigo, and the sedhsent in the vat le vsety 
bulky, (hi the other head, the blues obteaM s 
m the ceppeas vat ace festerlhaa thqseditetesd 
in the zinc or hydiosulphite vate* r ' 

In tiie ztve vat, zinc powder is the ladnoteg 
agent. For satisteotory working, this di^uld 
contain not less than SO p.a of metalfie anc. 
The ypi is set with indigo, zino powder ana lime 
(or caustic soda). The redaction map he re- 
garded as taking place as follows : 

Ci.HioN,02+Zn-f2NaOH 

=Cj.H2oN,02Na,+2k(DGH)4 

although, according to Binz (Chem. Ind. U, 
1902), it is probable that combinatiim of 
indigotm with the alkali takes place first, witii 
theformation of a compound 

CieH,oH 40 ,- 2 NaOH 

which then reacts with the zinc, formiag the 
same products as shown in the above equation. 

This vat is the one which is most largely used 
in cotton dyeing. 

The hydirotnUphiU vat depends upon the 
reduction of the indigotin by sodium hpdrosul- 

S hite, which is usually prepared by stirring zinc 
ust into commercial sodium bisulphite, in the 
' proportion of a pound of the former to a galkn 
of tm solution ; and after allowing to stand for 
gome time, adding to the solution an exoess el 
milk of lime. The so-called 'stock vat* or 
oonmntrated vat is made by dissolving ite 
indigo in this muddy liquid. (A pcodnet of this 
ki^ containing about 3 p.c. of indigotm, was 
formerly sold under the name of ' rednoed 
indigo.*) This stock vat serves either lor 
ma fring m or for replenish^ the dye vat 
proper. I^e reduction by means of sodtem 
hyposulphite may be regarded as ta k i n g pfauo 
according to the following equation : 

By employing artificial inffigo paa^ teutete' 
soda, and the solid ccomiercial sodium hydianpl- 
phite, which is now pleed on the hmsw in an 
almost pure condition and at a xeasonaUe piiee^ 
it is pomble to obtain a vat ]pactkM%^^:^ 
firomeediment. 

The dyeing of cotton in the indigo vwt ask 


the management of the vats »qim taniu 
supervision and oonsiderable psaetuial oxpeii- 
enoe. In hank dyeing, the wettedmnt hildBi 
are immersed in the vat and tinned by head 
under the smteoe of the liquid until thowiM^ 
impregnated with the vat liquoK^ ate Anicii 
am withdmwn and wning, te 
letnmed to the vaL The hanha am then ex- 
to te an, m order to ater el te 
oxidation of the indigo whito to tedigotiz 

teite d<^teBd te nnmte of 
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VAT Dpa 


0ZI6 and the same or in diisrent rats. Al- 
though it is possible to obtain a dark shade by a 
sit^le dip in a strong vat, this is not practised, 
beoause it would result in a large pro^rtion of 
lAe indigo being loosely fixed and much of it 
would be lost in washing off; besides, the 
resulting blue would * rub off * very badly. The 
oxidation of the indigo white taken up by the 
fibre from the Tat is usually regarded as Wng 
place in the following manner 

Ci,H,oN,0,Na|-f-0+H20->Cj,H,oN20, 

-i-2NaOH 

though under chosen conditions it has been 
shown by Herzog and Manchot that auto- 
oxidation may take place, resulting in the 
formation of equal molecular proportions of 
indigotin and hydrogen peroxide (Annalen, 
316, 318). This ‘interesting observation may 
account, according to Orowther, for the presence 
of isatin in the hydrosulphite vat (J. Soc. 
Dyers and Col. 1911, 146). It is further evident 
that the dyed cotton material removes a con- 
siderable amount of alkali from the vat. Where 
lime is used in the vat in place of caustic soda, 
an accumulation of calcium carbonate on the 
fi]^ occurs through air exposure, and the goods 
therefore soured, after dyeing, in dilute sul- 
phuric acid. In the dyeing of cotton warps and 
of piece goods, the material is guided through 
the vat by means of submerged rollers, so that 
it passes many times up and down between the 
time of entering and leaving ; excess of liquor 
is expressed at the point of exit by means of a 
pair of squeezing rollers. In case it is desired 
to give the pieces two or more * dips * in the 
same vat, they are stitched together, end to end, 
so as to form a continuous band, and, after 
leaving the vat, are passed up and down over a 
series of loosely running w^ooden rollers (which 
are usually placed immediately above the vat 
in order to economise space) for a sufficient 
length of time to allow ot the oxidation of the 
indigo white before they re-enter the vat. 

The reason why indigo white shouhl be taken 
up from its aqueous solution by the cotton fibre 
is imperfectly understood. It has been sug- 
i that it is a case of mutual precipitation 
m colloids, but as it has been dofiniUdy 
shown (see above) that indigo white lacks some 
of the most essential properties of a colloid, this 
theory cannot hold good. In any case, the 
affinity of indigo white jbr cotton is but slight, 
as, when once taken U]^it can be completely 
removed by continued washing with cr)ld, air- 
free water, whereas a boiling solution of dilute 
caustic soda removes it from the fibre almost 
instautaneously. The afflinity of indigo white 
for cotton appears to be similar in character 
to that of tannic acid for this fibre (Knecht and 
Nair,f6td.l912,28). 

If the cotton to be dyed in indigo or other 
vat dyes has been previously mercerised, darker 
shades are obtained than on untreated cotton. 
Th« same applies with regard to indigo and 
oertam indigoid dyestuffs if the cotton has been 
previou^ dyed manganese bronze or has bwn 
steeped for some time in strong nitric' acid (see 
Mi yiBei asyoj. In the latter case, the increase 
in is due in a greater measure to ilight 
iiitiatloii ot this fibre than 0 the mercerise 
effeot of the acid. 


Indigo dyed on ootton is sometimes ssiooi- 
ated wiSi o&er colours. Thus, if a light shade 
of ind^ is ^topped’ or subsequently dyed, 
chrome yeUow, plUsing and very fart sh^es of 
green result. The ola-fashionea •fsrt black 
was obtained by a combination of a heav^ shade 
of indigo and catechu brown. The dyeing of a 
black of this description was practM by the 
Incas of Peru prior to the Spanish invasion. 

Indigo dyed on cotton iif usually regarded 
as fast to wasliing and to light. Strict^ 
ing, however, those qualities are only relative, 
for by repeated washing in soap or continued 
exposure to light, the colour (especiallv in light 
shades) gradually fades. But in it 

always retains the characteristic colour of i| digo 
and does not change, as is the case with ! nort 
other blues, to an unsightly grey or drab k It 
is noteworthy that the fastness of indigo to %ht 
may be considerably enhanced by trealing ubo 
dyed fabric for a few minutes in a boiling oiluto 
solution of copper sulphate. \ 

In Egypt, Persia, India, China, Japan, and 
other Eastern countries, where dyeing is still 
almost entirely a household industry, fermenta- 
tion vats are generally used for cotton dyeing. 
Such vats arc occasionally used in this country 
for tho dyeing of goods for certain markets. 
The fermentation vat imparts a certain peculiar 
smell to tho goods dyed in it, and unless they 
possess this smell, the natives in some markets 
will not accent them as indigo-dyed. A piquet 
known as inaigo essimoe, cujisisting of a mixturp 
of the methyl ethers of a-napthol and fi-iiapthol, 
is put on the market for the purpose ot imitating 
this smell on material dyetd blue with dyes 
other than indigo. 

The dyeing of wool with indigo differs from 
the dyeing of cotton in that whereas ootton is 
invariably dyed cold, the temperature of tiie 
vat for w'ool dyeing must be maintained at from 
50® to 55®. Another point of difference is that in 
t he of wool, the time of immersion in the vat 
has to be much longer than in the case of cotton. 

For wool dyeing, especially where fermenta- 
tion vats are used, natural indigo is generally 
preferred to the artificial product. 

Only one of tho vats ^merally used in cotton 
dyeing e4in be used with advantage in wool 
dyeing, viz. the hydrosulphite vat This is set 
with indigo, sodium hydrosulphite and am* 
monia. .^tliough the cost of working this vat 
is greater, as far as materials are ooncemed, 
than that of tho fermentation vats, ibis is more 
than compemsatod by its greater output. It It, 
however, only suitable for light to mediutn 
shades of blue. 

The fermentation vats, of wfiicb a oonsldef-. 
able variet)' are in use in different oonntrki imd 
sometimes in one and tbe same countrv# 
appear at first sight to depend lor their aeiion 
upon different principles. But it li probalUo 
that in all casta the action depends qpon a 
bacterial dffcomposition (butyric acid termsnla* 
tion) of the carbohydrates, la which hydioisn 
is generated. Various eubetances eontili^ 
oarbohydntes, each as bm^ Bouf< 
treacle or dates, are used ste iShh ^ 
potash, or soda lor the puipeis* fli 
and utsnsflement of fiwiiisntitiou^^^ 
oonsklerahie skill and expeiiiiice, AMt hi 
large wmfhs theis matliis sns lUMhr the sols 
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Donliol of tii0 * bln» n^ii whom intelli- 
gonoe «nd oflSokooy tho prosperity of the works 
kuig^ii^iids. 

Toe fermeotatbo vat mostly used in this 
oonotry is the so-oalled wood vai, vdiioh is set in 
a vessel having a capacity of from 1600 to 
3000 gals, withlndigo^ woad, bran, madder and 
liine» the temperature being maintadned at 60^ 
The fermentation will have set, as a rule, in 
from tiiree to five days, and the vat will then be 
read^ for use. Once set, a woad vat simply 
requires replenishing, from time to time, with 
the necessary additions of indigo, lime, and bran, 
and may remain in use continuously for many 

S ars* It should be explained that in this vat 
6 woad, which in former times (before the 
introduction of indigo from India) was the only 
indi^'bearing dyestuff used in this country and 
on tne Continent, now acts solely by virtue of 
the bacteria which it contains, for in com- 
mercial woad there is, at the present day, no 
indi^n, the whole of the colouring matter 
having bmn destroyed by bacterial action. 

Dyed on wool, indigo resists the action of 
light better than when dyed on cotton. 

The disnlphonic acid of indigoiin, which is 
obtained by heating the dyestuff to about lOO*' 
with excess of concentrated sulphuric acid, is 
known commercially as indigo extract or, 
in the form of its sodium salt, as indigo 
carmine. It dyes wool 'at the boil* from a 
bath containing sulnhurio acid and Glauber salt 
a much brighter shade of blue than that ob 
tained in the vat, but the colour is neither fast 
to light nor to soap, and goods so dyed cannot be 
classed as being dyed with indigo. 

Silk is seldom dyed in the indigo vat, al 
though fast and pleasing shades can be obtained j 
in this way. I 

Indigo m printing.— In textile printing, 
notably in calico printing, indigo may be 
regarded as the most important individudi 
dyestuff in use at the present time. This is 
partly due to the favour which it finds with the 
jmblic as being pleasing to the eye and relatively 
fast, and partly to the variety of styles to whicn 
it lends itself in this branch of textile colouring. 
Effects are obtained with indigo in printing in 
three entirely different ways, viz, by direct 
printing, by the discharge process, ana by the 
rerist process. 

In direct printing, the indigo is not printed 
on to the fabric in the reduced condition (a 
process which would obviously sugg^isi itself 
at once to anyone acquainted with its properties 
and its application in dyeing) owing to practical 
difficulties which this mode of application en- 
tails. The process in actual use is the so-called 
glucose process, in which glucose and caustic 
soda serve as th» reducing agent. The pieces 
are first prepared by padding in a solution of 

S and are then ^ed. The finely ground 
ii made up with strong caustic soda 
led wiUi maiie starch and British sum. 
This ii printed on to the prepared cal ioo and the 
.goods are run through a rapid ager containing 
air-free moist steam* the time required for this 
traatmnt bdmg about hatf a minute. Duri^ 
the tteaning, tha indip is reduced to indigo 
vddta which dissolves m the cauitk soda and 
' the llheeo. By subsequent 
n^poisia% Siliv ttw indigo white, idowty omises 


back to indigo blue. The operations of pre- 
paring in glucose and drying may be dispensed 
with by aading to the printing colour a suitable 
reducing' agent such as the formaldehyde com- 
pound of sodium sulphoxylate (hydiosulphite 
NiE.). This has no action on indigo in the cold, 
but reduces it on steaming for two to three 
minutes. The goods are then exposed to the 
air as in the glucose procers* 

Indigo may also be prodneed on the fibre in 
printing (or in dyeing) by means of indigoad, a 
product discovered by Messrs. Sander and Bader, 
and recently introduced Ity Messrs. Durand and 
Huguenin. The new product is a comparatively 
stable compound of indigo white, soluble in 
water and in caustic so^. The printed or 
padded pieces are run through a weak bath of 
nitrite of soda and acid, when the indigo instantly 
develops on the fibre. The blues obtained in 
this way are faster to rubbing than those ob- 
tained in other ways. 

In the discharge process, which lends itself 
to a greater variety of effects, the whole piece is 
first dyed to the required dei>th of blue in the 
vat and the colour is then removed locally either 
by destroying it by means of oxidising agents or 
by reducing it to the leuco compound and re- 
moving this by means of boiling dilute alkali. 
The former process, which is the one chiefiy em- 
ployed, consists in printing sodium chromate, 
suitably thickened, on to the blue fabric. After 
printing, the goods are run throt^ a warm 
solution of sulphuric and oxalic acids, when in 
consequence of the liberation of chromic acid, 
the indigo is oxidised to isatin and this is ^ 
moved in the subsequent washiim, a white 
pattern on a blue ground resulting. For coloured 
discharges, the chromate is mixed with albumen*^ 
and a suitable pigment, such as vermilion or 
chrome yellow, and the goods are run, a^r being 
printed, through the mixture of adds at a 
temperature high enough to coagulate the 
albumen. The fixation of the pigment and the 
destruction of the indigo thus take place simul- 
taneously. The process is capable of many 
modificationE. Thus, in order to obtain a 
bright scarlet on a blue ground, the indigo-dj^ 
fabric is padded first with an alkaline solution 
of jS naphthol, dried and print^ with a colour 
containing diazotised p-nitraniiine and sodium 
dichromate. The p-nitraniline red thus formed 
resists the action of the chromic acid fonned 
when the pieces am run through acid and a 
bright red on a blue ground results. 

uidigo may also be discharged by 
on sodium nitrate and running the goodsi 
warm sulphuric acid of 100®Tw. (Freib 
process). 

In tne redaction discharge process, the pieces 
are printed with the formaldehyde oompound 
of sodium sulphoxylate with or without the 
addition of a catal^t such as anil^uinone. 
They are then steamed in the rapid ager to 
reduce the indigo and immediatdiy ran wough 
a boiling bath of caustic soda, soda ash, or 
sodium mlicate. The indigo white is ^us com- 
j^tely removed and there is no tendering of the 
msewiged plaoes, as is invariably the case when 
the chromate discharge is used. - 

In tlw lesisyirocesB, the fabric is first 
with a meoluMnoal or with a * riMndeal npUli^: 
;n^l»thea4y«d 



liM \mck piiated no odour is fixed, and a viute 
pattern a blue ground results. Inthefiast, 
and deo to some extent in Buronean print 
worics, max is used as the resist Aftmr dyeing 
it is removed by soap and alkali. When the 
goods are handle (as in dyeing) after the ihx 
has been printed on, the latter cracks in places 
so that in the dyeing some of the reduced indigo 
liquor penetrates through the fissures, wiiht the 
result wat fine blue veins are afterwards seen in 
the pattern. This defect is characteristic of all 
true Battick work, which the modem printers 
are at pains to Imitate. 

The * chemical resist’ mostly used at the 
present time is a very thick colour containing 
copper sulphate, lead nitrate, and China clay, 
usually thicken^ with flour and Brit^i gum 
and wilhi or without the addition of such 
mechanical resists as tallow or rosin. As with 
the wax resist, the dyeing is best conducted in 
the dnc vat. By increasing the amount of lead 
nitoate in this resist so as to exceed its equivalent 
in copper sulphate, and running the gci^s after 
dyeing through sodium dichromate, lead 
chromate is formed in the resisted parts and a 
yeUow pattern on a blue ground results. 

Vat Dybs othbb thak Ij^dioo. 

Although it has long been known that indi- 
mbin (an Isomeride of indigotin which occurs in 
sdmost all natural indig<M) can be dyed in the 
same manner as indigo, it has never found any 
technical application, partly on account of the 
shade it yields being undesirable and partly for 
other reasons. The tetrabromo (5:7:5': 7') 
derivative, obtained by brominating the arti- 
ficiaOy prepared djwtuflf in nitrobenzene 
solution is, however, a useful vat dye, and comes 
into the market under the designation Ciba 
Hdiotrope B, Iniophanol, which was dis- 
covered in 1882 by Kopchlin and Witt, is a 
vat dye, and although it was a (onimercial 
article in the ’90'8 it was never much uscfl, 
mainly because it produced loose colours, and ii. 
is now entirely obsolete. 

The enormous development in the vat colour 
mdustiy that has taken place during the last 
few years may be traced, on the one hand, to the 
discovery of indanthrene blue by Bohn in 1901, 
and on ths other hand to the synthesis of thio- 
indigo red by Friedl&nder in 1905. At the present 
time there are well over one hundred individual 
dyestuffs which may be strictly classed as vat 
dyes, without taking into account the large 
number of sulphide colours (g.u.) which, in a 
sense, might also be classed as vat dyes. It 
would obviously be out of place to embody the 
wdiole of our present knowledge of the rat dyes 
in tins work, as that would require an amount 
of apace which would not be commensurate with 
1flie gei^ interest attaching to the sobjeot. 
Is Ifc® fcDowing, it will therefore be nnder- 
atood tiiat tile examples given are only typical 
! ’*fV*®* oJasses. For farther information 

CMlto mlqMt of vat dyes, see Engi, Chem. Zait, 

’ nw, IIWj Sohn, Ber. 1910, 987 j Staebk, 
1**7- i I'Wedlioder, i&uf. 
191L 640; Kumm, Firber-Zeit. 1911, 336; 
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m. 1618, 188^1.. E. TBee, iUd. 1614, 88 ; 
Truttwin, Bnsyklopldie der Efipenlaibstofb« 
1990; J. F. Thom si^ C. E. In^d, Vat 
Coiours, 1923; The ‘Colour Izictex^ of tie 
Society of Dyers and Colourists, edited by 
F. M. Bowe, 1924 ; Knecht, BawsonandLoewen- 
thal, A Manual of IMng: Knecht mid 
Fot^igill, The Principles and Practice of 
Textile Printing, 1924. 

These vat dyes may be classed under two 
headings, viz. as (a) indigoid dyestufib, and 
(5) anthraquinonoid dmtuffs. "The former 
come into the market under various trade names 
such as indigos of various brands, the Durindme 
colours (British Dyertuffs C/orporation), Ala* 
anthrene colours (British Alizarine Co.), and 
the Ciba colours (Soc. of Chem. Ind., Baael^), 
while the latter are represented by Ae Dot- 
anthrene colours (British Dyestuffs Corporation^ 
the Caledon colours (Solway Dyes Co.), and the 
Cibanon colours (Soc. of Chem. Ind., Basel)! 
r. Indtooid Dybstitfps, Vol. III. p 620. \ 

The bromo derivatives of indigotin aie^ 
brought into the market under different designa- 
tions, such as indigo pure B.B.N., ciba blue, 
indigo K2B, and generally yield, in dyeing and 
in printing, either redder or greener shades of 
blue than indigo itself, according to the amount 
of bromine which they contain. Thus indigo & 
h 5 bromoindigo, ciba blue 2B is 5:7:5': 7‘- 
tetrabromoindigo, and indigo KG consists mainly 
of 4 : 5 : 7 : 4' : 6' : 7' hexabromoindigo. There 
is no object to be gained in substituting more 
than five hydrogen atoms in the indigo molecule, 
as the leuco compounds of the more hig^v 
halogenated derivatives are so sparingly solubie 
as to i^lude their practical application. The 
6 : fi'-dibromoindigo synthesised by Friedlloder, 
and shown by him "to be identical with the 
Tj/rian purple of the ancients, is not a com- 
mercial article. It is interesting to note that 
the 6 : 6'-dibromoindigo dyes an ametb;ptt shade 
(Twian piirjile) whereas the isomonc 5:6'- 
dibromoindigo (hidigo KB) dyes bhie. The 
position <»ecu]>icd bv the halogen atoms in the 
molecule is of inqmrtance in other instances. 
Thus the entrance of the halogen atoms in the 
para* position with reference to the nitrogen 
atoms causes but little alteration in the colour, 
although the shades are brighter thm those 
from indigo itself. If the baloffen atoma 
occupy the para- position to the GO groups, 
the dyes obtained arc reader in shade than 


Bany Barnett, 


Of homologttes of indigo, the 7 : 7 '«diiii 0 tliyl- 
indigo (meiAgl indigo B), and the 5 : 5*-dlinetliyl« 
indigo (met^ indigo JR) are the most important 
commercial representatives. The former dyes 
cotton a greener and the latter a tedder Aide 
of blue itM indigo itself. 

Thioindigo rstf B or thUmaphtlieiie indigo 

c.h.<®>c-c<‘J>>c,h: 

was diireovend b 1666 hj VtkiUukt wd 
is obtained by fuaiiig 
oiycnllio acid witii eantio potMli to fom Hwh 
mdoxyl, iriiicii is than osinad to the Ototoff 
Tbia dye lemlta tom tlw aetiM at odlieto- 
etoytoBe on (liiMalimf|k) aotd, follmwtIirtoM*' 
nMkt wfto folphtm nUeclnMik.'ew. a^ 
Mvny <d toil naiM <ii 


•;v , , VJST DXS». 

II ww^ni ih ifa» Mrtorjr ofl%aaio oolouriog 
lor it uijpeM ii|> » now field aad hu \ 
Mdted Iti tbft jairodiiotioa of a lorn samber cl ^ 
mw and valnable rat dyee. axtifiDial 
iatOfio aiui most otliar commercial rat dyea, 
tUcuiicygo red B oomes into the market in 
tlie form of a 20 p.o. paste. The pure colour- 
ing matttr in readily obtained from the dried 
paste by crystallisation from benzene or toluene 
m wdl-defined dark red crystals. Its solution 
in benzene is red and shows a characteristic 
intense yellow fluorescence. In concentrated 
sulphuric acid it dissolves with a bluish-green 
colour ; but on pouring the solution into water, 
the original dy^uff separates. By warmins 
with fuming sulphuric acid, it is sulphonated 
and the soluble sulphonic acid thus obtained 

n aol from an acid bath a full bluish shade 
Unlike indigo, thioindigo rod is not 
afleoted by oxidising agents, remmning un- 
affected chromic acid, alkaline ferrocyanide 
and bleaching powder; whilst, on the other 
hand, it is more readily reduced than indigo. It 
has been shown that the reduction of thioindigo 
red to its leuoo compound is analogous to tlmt 
of indigo, two atoms of hydrogen or their 
equivalent being required for one molecular 
weight of the dyestuff (Kneoht, J. Soc. Byers, 

1906, 156). Like indigo white, the leuoo com- 
pound dissolves readily in caustic alkalis, form- 
ing a yellow vat from which it is t-aken up by 
the cotton fibre, the red reappearing on exposure 
to the air. 

Of derivatives of thioindigo red, the following 
may be mentioned : 

Thioindigo red B.Q (dichlorothionaphtheno 


indigo) C,H,C1<^^>C=C<^®>C,H,C1; thio- 


indiffo red ZB 
indigo) 

tfUoin 


(diclilorodimothyithionaphthene 


COv /I u 


Upindioo piokt 2 B (dichlorodimcthyldimoihoxy - 
tbionaphthenc indigo); thioindigo orange B 


III 


(6 : fi'-Oiethoxyttiionaphi 
f4ioifi<%o gmg (7 : r-diamiiiotliioindigo) 
general it may be aud that the introduction of 
substituents such as OH, OCH|, OC^H^. SCHs. 
Sp|fi|, XH|, itc., in the para- position to the 
sulphur atoms produces a deepening of the 
shm to blue-violet, greenish-black, &c. Sub- 
stitution In the meta- position to the sulphur 
atoms produces ;rollowcr shades— orange, orang 
brown and eoarlet. Halogenation darkens too 


TUoind^ scarlet Jt 

obtainedl by tba action of thioindoxyl on isa 
contains ton diaiiotetistic grouping of th 
pdkoiudindof indirnbiii. When acu*d upon 
mmiM bk iidphurio add sdution it yields 
a irifiph is placed on the 

Mtbi ik» name of l5ioi9M% oidri K. 
^ tsOnmo^aiBiiio dorintlfo lopimta thio^ 



Slli 

taiaed by Hie coadmuaHan of Hiioindozy] wlHi 
Sioenai^thieae quinoaa and has the constitotum 


CfiK^>c. 



By the bromination of this dyestuff, Ciba red B 
results. 

Of other indigoid dyestulb, mention mav be 
made of Ciba ydlow ZG, w^ch is obtained by 
boiling indigo with benzoyl chloride and copper 
powder in nitrobenzene, and to which the con- 
stitution 

C.H4<n®>C=C<®^>C.H4 

! - CH — ' 

I 

C,H, 

has been described. The complete change from 
blue to yellow is remarkable. 

By the condensation of a-naph^ol with 
a-isa^chloride, a compound is obtained with 
the following or/^oquinonoid structure 

0 

\/\/ 

and is, in a sense, also mdigoid in charMttf. 
The tribromo derivative is fiiown as ^fizofin 
indigo ZB. The corresponding impound from 
alpha anthrol and dibromoisatin is known as 
Alizarin indigo 0, 

The indigoid dyestuffs all behave very much 
like indigo towards reducing agents, i.e. they 
yield louco compounds (eorres^nding to indigo 
white) which dissolve readily in caustic alkahs, 
and in this condition show affinity for the 
textile fibres. The affinity of the different dye- 
.stuffs for the cotton fibre varies, however, in 
eat‘h case, so that their successful application, 
c 4 jpecialiy in the production of mixra aha^ 
requires a considerable amount of practical 
experience. The reducing agent employed for 
these colouring matters (in fact for aU vat dyes 
other than indigo) is invariably aodium bydnwul- 
phite, for although it is not the most economtcal, 
it is the most elective and convenient reagent 
for the purpose and yields vats which aro free 
from sediment. In principle, the dyeing of 
ootthn with these dyestuffs is the same as the 
dyeing of indigo in the hydrosulphite vat The 
optimum temiwratures va^, however, aecording 
to the individual dyestuff, from the ordinary 
temperature (as used for indigo) to temDeritoaa 
as high as 70'^. The range of shadea okainable 
contains almost every colour of the spectrum, 
and some of these vie in brilliancy with the 
biUio colours* Most of the oolouxs are diaraoter«> 
iaed by great fastness, and are in ) 
superior to indigo. Hitherto no indigoid 1 
has been produced* 

Although originally applied 
printing on cotton and other 
methods have )een deviaed 
colouring matten cen be am 
In trooji dyHng^ by aubatituting i 



VAT DIJBS. 


the oaostic Boda in the Tat or neutralising the 
effect, on the ff bte of the oaustic soda by the 
addition of some soluble oil (see H. K&mmeierf 
J. Soo. Dyers, 1913, 68). 

In calico printing, the indigoid dyestuffs can 
be applied by methods similar to those employed 
for indigo, with the exception of the chromic 
acid discharge, which cannot be used owing to 
these dyestuffs being either not affected at all 
by chromic acid, on the one hand, or yielding 
imperfect discharges on the other. They can, 
however, be discharged by means of the form- 
aldehyde compound of sodium sulphoxylate. 
For further information on the use of these 
colours in calico printing, see N. Evans, J. Soc. 
Dyers, 1913, 144. 

Anihm^inonoid dyes.— The first of these 
dyestuffs brought into the market was tnddn- 
threne blue, a product formed by the action of 
molten caustic potash on jS-amiooanthraquinone, 
and possessing the constitution 

/\/\/\ 

I i II 

\/\co/Y\h 


requires 4H cMts equivalent. In this 
neotion it may be mentioned that in the quaiiti* 
talave estimation of alisarin by< titostion with 
titanous chloride in presence (ff sodium tartrate 
|J. Soo. J^rs, 1915, 241) the aaialogoua reduc- 
tion to desoxyidizarin 






\/\/ 

\AcoA/ 

It is a dark blue compound insoluble in water, 
dilute acids, alkalis and most ordinary organic 
solvents. It can be obtained in well-defined 
crystals from its solution in quinoline or by 
sublimation. Oxidising agents convert it into 
the yellow azine 

(containing 2 atoms of hydrogen less), but this 
is readily reconverted into the dyestuff by the 
action of reducing agents. Acted upon by 
hydrosulphite in presence of an excess of caustic 
sodS) indanthrene blue yields a blue vat from 
which cotton and other Testable fibres can be 
dyed in exceedingly fast Mades of blue. The 
composition of the leuco compound of indan- 
threne blue and other anthraquinonoid vat 
dyes is not known with certainty, but it is 
evident from ^e behaviour of anthraquinone, 
alizarin and the non-nilrogenous anthraquinonoid 
dyes that reduction takes place in the — CO— 
group, resulting in the formation of compounds 
analogDUS to oxanthranol 

or the isomeric anthrahydroquinoue, 

^CHOHv 


takes place, 4H being required. 

To what extent the four —CO — groups of 
indanthrene blue suffer reduction in the forma- 
tion of a ‘vat * is not known at the present 
time, and this applies also to the other anthin- 
quinonoid dyes. , \ 

Halogen derivatives (Cl and Br) of inda^ 
threne blue are also commercial articles and yicM 
in dyeing greener shades of blue which are faster 
to bleaching powder than ordinary indanthreni 
blue (w. Indanthrene), as the introduction 
of halogen atoms renders the oxidation to\ 
the azine less easy. Indanthrene blue QCD 
an dindanihrene blue QC are the dichloro and 
dibromo derivatives respectively of indanthrene 
blue. 

By the condensation of alizarin with 2 *. 3-di- 
atninoanthraquinone, a compound having the 
following constitution 


is obtained, halogen derivatives of which come 
into the market under the names algd blue and 
algol green. , . , j 

Fkmnlhrene or indanthrene ydJm is formed 
as a by-product in the manufacture of indan- 
threne blue, but is obtained in much better 
yield, accoiding to D. R. P. 138119, by the 
oxidation of jS-aminoanthr^uinone with anti- 
mony pentachloride in boiling nitrobensene, or 
by the action of manganese peroxide in nitric 
acid solution (D. R. P. 141355). h^vanthxene 
has been shown to possess the constitution 

il I: 




wli^ hi either case 2H would be required for 
nduetiim. The further reduction to 
amthmud 


and comes into the market in the form c! e 
yellow pacte. With caustic soda auff 
sulphite (or other reducing i^te) H yhm A 
deep cobalt-blue vat ftm w&ch fottoh 
up the leuco compound and is 
exposure to the air, a fast yellow. TneliafogSik 
derivatites of flavanthnne dye xedd«r mam 
than ffavanthzene itself . 

That nitiogen and eu^phataseiwt jw ie rti i ^ 
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^n$^titeota of Tat d^es is daUfm by the faet whilst aig6l')^nk E is the benzoyl deriyative 
thatf or i^mUhrem g(Mm orangt Q of a hydiozyaminoanthraqumone 

CO / ;CO. ^ 

opa ccQ^^. 




hI I 
\/\/\/\ 


A variety of shades are produced by the 
introduction of further groups such as OCH|, 


\/\/\/\ NH|, additional OH groups, &c., into the anthra- 

I I I i quinone molecule, followed by benzoylation. 

\/\/\/ Succinyl derivatives are also used. An example 

00 of these is the dyestuff known as dgol yellow dO, 

which is the succinyl compound of diamino- 
obtained by the condensation of two molecules dianthraquinone 
of 2 : 2'-dimethyl-l:l'-dianthraquinonyl behaves qq 

in exactly the same manner towards reducing CO—NH-C^HiC^^q^C.Hi 

agents and in dyeing as the other vat dyes of this 
senes. By the introduction of halogens into i * 

this dyestuff the shade is altered towards red. 

Thus, the brominated product represents An vtt.p w w 

threnescarktG, tO-JVH 

i"!!! It « noteworthy that the arylaminoanthra- 

antbrone molecules, vat dvos are obtained, the quinoueg as vat dyes for cotton, 

which (wo^anfArencBS) although some of them are, in the form of the 
is represented by the constitution sulphonic acids, valuable wool dyes. In this 

connection it may be mentioned that whereas 


is represented by the constitution 

/\ 


\/\/\ 

pn' ^ * 

; 1 ' ! 
\/\/\/\/\ 

i i i I 

which, when nitrated, yields indanihrene green. 
This vat dye produces a green on cotton which 
is not very fast to light. Indanthrene viokt BT, 
which dyes very fast shades, is a halogenated 
violanthiene. Violanthrene B extra is obtained 
by fusing halogen derivatives of benzanthrene 
with alcoholic potash. It is represented by the 
constitution 


alizarin is quantitatively reduced by titanous 
chloride in presence of !^chelle salt to desoxy- 
alizarin, alizarin orange cannot be reducM 
further than to j3-aminoalizarin. 

Another class of anthraquinonoid dyes, the 
anthraquinone acridones, are obtained by 
condensing 1 : 2 chloroanthraquinone carboxylio 
acids with aromatic amino compounds, followed 
by treatment with concentrated sulphuric add. 
Indanthrene violet 2B is a member of this class. 
It is represented by the constitution 

Q\nh 


violanthr^. Violanthrene B extra is obtained ^^\/\/^^\/\ 

by fusing halogen derivatives of benzanthrene \ \ i i 

“ I- N/\co/V\kh 

CO 

/V\A 

I I I I Some of the sulphide colours {q,v,) are also 

\/\/\/\/\ classed as vat dyes, though they do not appear 

^ I I I j to bear any relationship to the indigoid or 

I J I J anthraquinonoid dyestuffs as far as constitution 

Y Y I ^ concerned. The points of similarity are the 

I I j I use of hydrosulphite to form a vat and the 

\/ V/ \/ > fastness m the resulting colours on cotton. "Of 

00 these dyestuffs the best known is hydfon bhw, 

which is obtained by melting the indoj^end ii 
IndufUkrei^ violet BB and indanthrene violet carbszol (from p^nitrosophenol and oarbaaol) 

B are the difihloro and dibromo derivatives of this with a sodium polysulj^de rich in sulphur, 
t'htethrene. The dyeing is done at an elevaM temperature 

Borne of the dyestuffs of this series are (50M0*^), and shades are obtained which 
deilraUTSi of aminoanthraquinones and are resem^ indigo, though they are daimed to be 
^ reprssentad Iw comparatively simple constitu* faster. Some vat dyes obtahied from imthraoene * 
tional fonnnw. Tins, algol yelww WQ is or its derivathres,. such as (dgcl brown B, 
a*beiMwylaittjhoanthraquinone indanthrene olive 0, and the eUbanon odours are 

im riA n tr ^ sulphide dyes of unknown constitution. 

y. yCOs. The anthraquinonoid dyes are employed in 

^/\ cotton dyeing much in the same way as the 

r I J j indigoiddyes. ^neraUy speaking, they nqfilre, 

\y\tify\y however, a mudf iarger amount of oaustio soda 

0 1 in the vat and are not dyed oold» bvfc sB a 


CO) 




VAT DYSa 


taiMaitaie of 50^•^^ In d^^^killight shades, 
^ the a;^«bath is genen% exhausted under these 
! conditions. After the goods are soa^d 
hot, a jxrocess which in most oases consideraolv 
enhances the brillianov of the colour. With 
some of the colours, the fastness to bleaching 
powder is increased by steaming under pressure 
alter dyeing. Although no black anthra* 
quinonoid dyestuff is oown, a black of extra- 
ordinary fastness can be obtained on cotton by 
dyeing it iirst indanthrene green and then sub- 
jecting the dyed material to the action of 
bleacmg powder. The colours obtained with 
the dyes of the anthraquinoid series are generally 
somewhat faster to light than those obtained 
with the indigoid dyes. They are not applicable 
to wool dyeing owing to the necessity of keeping 
the vat strongly edkaline with caustic soda, 
with the Inherent risk of damaging or destroying 
the fibre. It has been suggested that a prelimi- 
nary treatment of the wool with fonnaldehydc 
would obviate this difficulty. 

In calico printing, the anthraquinonoid dyes 
hre Iftrg^ ii^d for some of the best classes of 
work. The usual method of using the indan- 
threne colours is to print a colour containing 
the vat dye, stannous chloride, ferrous sulphate 
and thickening, and after drying to pass rapidly 
through a hot strong solution of caustic soda. 
The &ation may also be effected in one opera- 
tion by using a printing colour containing (lie 
vat dye, hy&osulphite-tormaldehydo and soda 
ash, which the goods are steamed for 5-7 
mins, in air-free steam. The glucose process, as 
described for indigo, is also applicable to vat dyes 
in general. 

In steaming or * ageing* the vat dvea, it 
sometimes happens that the colours do not 
develop satisfa^rily on subsequent exposure 
to the air, and faulty goods thus result. This is 
due to over-reduction of the vat dye to a stage 
at which neither air contact nor oxidising agents 
will develop the colour. See Beinking: Ex- 
othermic reactions in the rapid ager, J. Soc. 
Dyers, 1922, 306. 

By the introduction of the vat dyes the 
public demand for fast colours, especially in 
dyes and printed cotton and linen mbrics, has 
Mn met, and it is now possible to obtain by 
me«i8 of them almost any shade fast to washing, 
li^t, perspiration, rubbing, and even bleaching 
powdbr. It should, however, not be taken for 
' gcanted that a vat dye is of necessity a fast 
oolotir. Those on the market have, however, 
genially been carefully tested and selected by 
the maimrs and usually possess this attribute. 
Many of the vat dyes are so fast that they can < 
hy put through the full bleaching process for 
ootUm pieoes mthout suffering any mate^ 
dlmiiuitaon of intensity and brilliancy, and ad- < 
vantage is taken of this in the produetion of < 
white fabrics with coloured stripes or figures. 

. Whiseas it was formerly necessary, in order to j 
rfilMn these eff^ts, bleach both warp and 
' Wilt Wears weaving, the Ueaehing is now laively ^ 


pared wirii, for instance, the baric and direet 
ootton colours. Even indigo itself shows tibai 
drawback, but most of the othw vat dyes show 
it to a greater extent. 

For the identifioation of the vat dyes in dyed 
and printed fabrics, see A. G. Green and 
G. H. iVank (J. Soc. Dyers, 1910, 83h also 
G. E. Holden (ibid, 1909, 47), A. G. Grew, 
W. Gardner, L. Lloyd, and G. H. Frank («6id. 
1913, 227), and J. L M. Jones and W. Kilby (ibid. 
1925, 127). Indigo can readily be distinguished 
from the other vat blues by dissolving the fabric 
in warm 80 p.c. sulphuric acid. The solution 
is poured into water and filtered through a small 
asbestos filter. After washing and drying, the 
residue on the filter is heatM to about 
with concentrated sulphuric acid and ad^ 
poured into water and filtered. Under tme 
conditions, the indigo is sulphonated and pasms 
into the filtrate with a bright blue colour, whei^M 
the other vat blues remai n unaffected. £. K. \ 

VAUQUEUNITE. Native lead and copp^ 
ciiromate. \ 

VAUXITE AND PARAVAUXITE. The^ 
occur on wavellite in brecciated tin-veins in 
rhyolite at Llaliagua, Oruro. Vauxite occurs 
as* radiating aggregates of sky-blue, triclinio 
crystals with a : 6 : c = 11510 ; 1 ; 1*2624, as* 
99*^ 32', iS=102‘’ 14', 7=110“ 14' ; d 2*375, H. ^ ; 
refractive indices a 1*551, $ 1*555, y 1*562, 
optically positive. Paxavauxite forms colour-, 
less, triclinic crystals of prismatic habit with 
good b (010) deavage ,* a:h: c«0*5058 : 1 ; 
0*6882, 0=97° 42', /3«110° 22', 7=100° 56'; 
d 2*291, H. 3 ,* ndraotive indices a 1*554, 3 1*558, 

7 1*573, optically positive. Analyses by J. E. 
Whitfield gave 1 for vauxite and II for para* 


MuO A1,0, 


HgO 

H|0 at above 
104* 104* 


mrim m still too expensive to a&it of 
Mbgwpkyad for any but the best daw 
olifMc. Xhis is doe in part to the high cost of 
imhliifMW, hut more espedUly to the fact 


I. 19*34 0*18 14*89 31*33 3*68 30*24 
11. 15*47 — 17*89 29*80 16*40 20*34 

The minerals are readily soluble in hydro- 
chloric acid. The water content of the paca- 
I vauxite varies considerably with the hummity 
I of the atmosphere. Formula) : 

1 Vauxite; 4Fe0,2AlgU„3Pj0g,24H|0+3fl,0. 

I Para vauxite : 

6Fe0.4Al,0„6PgO„26H,0+21H,0. 
(Samuel G. Gordon, rroc. Acad. Nat. Sd. 
Philadelphia, 1923, 75, 261-270; Chem. Soo. 
Abstr. 1923, 124, ii. 646). 

VEGETABLE BUTTOR v. Bassu oum ; also 
Oils, map, akd itats. 

VEGETABLE ETHIOPS. A form of char- 
coal obtained by the incineration of Faei. 
VEGETABLE FATS V. Oils, mxx), Aim fats. 
VEGETABLE IVORY. The fruit of Jf^t- 
ekfhas macrocarfa (Ruiz, and Pav.) found in 
Colombia, South America. 

VEGETABLE PABCHMENT v. PmMeid 
paper, art. Cxllulosb. 

VEGETABLE SPERMAGEa 
Waxxs. 

VELOerry of RBACnOlf v. Omam^ 

AFtmiTT. 

VELLOUHB 0. Pratao BAnx. 

VBNEnAI CHiUJI V. Bmmrn 
VENBIUX LAKE. Otimm Ue it Pm* 

MBSTS. 

VENSIUEBED. Fesriooxlde. 




vmjimnM. 


‘ ilrasciui IVUtlL A w)iii6 kad pigiSi^ 
ootttilBiQf a kiga patcoatage of barium mii> 


oomreried bito the emodin metihyl ether^ hlp. 
200^ As two methyl anthrauols are oapahle 


VBNmAGO 1IA0BA8PATANA (Gerten.) 

IB a large olimbing slorub belonging to the older 
MamwK€CB, the loot-bark of which fumishee 
a dyeetttff much valued in Southern India. It is 
very oommon in the Western Peninsula from the 
Konkan southwards, as well as in Ceylon and 
Burma, and, accord^ to Lostard, it is collected 
in Mysore at omtain periods of the year and 
exported to other districts of India* 

The following are a few of its vernacular 
names: pitti {Hindiy, raktapita {Bengali); 
pappili-chakka, surralpattai (Tamil); popli- 
ohukai (Kan) ; lokandi, kanwail (Bomb), 

The root-bark appears as dark purplish- 
brown scales, ribbons, or filaments, the dust 
from which, when it is ground to powder, irritates 
the throat in a marked manner. When treated 
with boiling water or alcohol it gives a red 
solution, which on addition of caustic alkaU, 
changes to a deep crimson. 

Perkin and Hummel (Ohem. Soc, Trans. 1894, 
65, 923), who examined this dyestuff, extracted 
the root- bark with carbon disulphide, and 
obtained in this manner a resinous colouring 
matter, verUUagiUt together with the crystalline 
non-tinctorial substances described below. 

VeiUikfgin CijHnO, consists of a reddish- 
brown brittle resin which, when distilled with 
zine-dast, gives a-methyl-anthraceno, and when 
treated with zinc-dust in alkaline solution 
behaves as a derivative of metkyl-atUhrap^inone. 
Dilute alkalis dksolve it with a purple-violet 
coloratioii, and the corresponding salts are 
obtained as violet precipitates on adding sodium 
or potassium chlorides to these solutions. 
According to Perkin and Hummel, ventilagin is 
possibly allied to alkanniu the 

colouring matter of alkanet, Anchuea tinetoria 
(liam.), and may differ from this merely by 
the possession of two additional hydioxyl 
group. 

Emodin monomethyl ether C,|H,jOb, m.p. 
200^ consists of orange-red n^les, and isi 
identical with that sub^uently isolated from 
the root of the Polygomm cuepidaium (Sieb. and 
Zttoo.) (Per^ diem. Soc. Trans. 1895, 67, 
1084). A *Bimilar, if not identical, substance 
was isolated by Sebwabe (Arch. P^rm. 1888, 
26r 569), and by Thorpe and Miller (Chem. Soc. 
Trans. 1892, 64, 6) from the bark of the Bhamnus 
fianguh (Him.}, and it is also present in rhubarb 
and the Mumsx ecklonianw (Ic,) and Goa 
powder. , 

r frihydroaBy^melhyl • anthranol monomethyl 
either (A), oolourJess needles, decom- 

SB about 26(r before melting, and is soluble 
alkaline solutiotis with a yellowish-brown 
ooloratioii. On gentle oxidation with chromic 
arid it is eonveitsd into emodin methyl ether, 
m.p, flOO* (Ic ), and the same reaction takes 
plaoe when Ks alkaline solution is oxidised with 


200^ As two methyl anthianols are oapable 
of existence, the isomerism of these compounds 
may possibly be thus explained 



place when its alkaline solution is oxidised with 
hydvmn peroxide. It closely resembles the 
dei^ydio-etnodk^anthraDol monomethyl ether, 
sttbseqaeuriy Isolated tm Goa powder by 
Turin and mem (Chem. Soc. Trans. 1912, loC 

a .mriksfaiifAmiiri moaomrikpl 
slier OJKtfiAf psk yrilow needles, m.p, 
^ chromic add is also 


Substance Ci^HgOg, orange-red crystalline 
powder, m.p. 275^-280®, is soluble alkaline 
solutions with an orange-red coloration, and 
when heated with zinc-dust gives a hydrocarbon 
which resembles a-methyl-anthracene. 

Substance Oj,HjgOg ? is a chocolate, crystal- 
line powder, soluble in dilute alkali with a yellow 
coloration, and this solution, on exposure to air, 
deposits a blue amorphous precipitote. 

Dyeing Properties, — On strip^ printed oalica 
the root-bark gives with alumina mordant a 
claret-red, not unlike that of alizarin boideaux ; 
with iron mordant a greyish-lilac, which in strong 
colours approaches a bl^k ; and with a mixture 
of the two a very purplish dark chocolate. The 
colours are moderately fast to soap, although 
considerably behind the alizarin colours in this 
resect. On oil-prepared calico ventilago gives 
witn alumina mordant a rich claret-brown, with 
chromium mordant a very black-purple, and 
with iron mordant a good purplish- blow shade. 
On wool chromium mor^nt gives a ^d 
pu^lish-brown, alumina a bordeaux red, tin a 
brighter red similar to an alizarin red, and 
iron mordant gives dark dull purple and 
black. On silk similar colours are juoduoed. 
No difficulty is experienced in dyeing with 
ventilago, and no additions to the dp-bath 
are necessary, except in the case of wool, 
with which it is desirable to add calcium 
acetate in order to correct the strong acidity of 
the mordanted fibre. Owing to the sught 
solubility of the colouring matter in water, the 
dyeing does not commence until the temperature 
reaches 70®-80®. The root-bark appears to 
contain from 8-10 p.c. of ventilagin. 

A. G. P. 

VERATRALBINE, VERATRIDINE, VEBA- 
TRINE V . Cevxdike. 

VERATROLE (o4methoxtfienzene) 

C,H4{OMe)| 

is best obtained by dissolving catechol (100 
grms.) in methyl alcohol (200 grms.) mixed with 
75 grms. of methyl sulphate. The mixture is 
cooled to ~5^ and 150 grms. of potash dissolved 
in 350 grms. of water are then added all at 
once. In 3 mins, the methylation is eom^te. 
The product is diluted with water, extracted 
with ether, and the extract is dried and distMled 
(Perkin and Weizmann, Ohem. Soo. Trans* 1906» ' 
1656). Verairole is alro formed by the dktilia* 
tion of guaiaool with lead oxide (PschoiT and 
Silb6rba6h,B<^. 1904,37,2149). Verairole forms 
a crystalline mass, m.p. 15*^, b.p. 205^ It yields 
a number of halogen derivatives (Cousin, Gompii 
rend. 1898, 127, 759; 1902, 135, 967; Arin, 
Obim. 1898, [vii^ 18, 483); also nitro dorbnh 
Mns (Cousin, (kmpt. rend It6| 


VKBATfiOLS. 


Wit (%em. Soc. Imw. 1909, 1163), 

ft ish&tiUSi 

(Borkm and Weizmann, ^c.) and other com- 
^tinds (SjDpp and Decker, Ber. 1909, 42, 1184). 

Veratrole reacts with hippuryl chloride in 
preaenoe of aluminium chloride, forming a 
oiystalline product, m.p. 155** 

CeHs(OMe)8CO*CH,-NH*COPh 
from which valuable therapeutic products are 
said to be obtained (D. B. P. 185596 ; Frdl 
190W907, 1184). 

For other literature, see Simonsen, Chem. 
Soc. Trans. 1917, 111, 69, 220; 1918, 22, 782; 
Jones and Robinson, ibid, 1917, 111, 903. 

VERBENALIN. A crystalline glucoside 
found in Verbena officinalis (Linn,), m.p. 181*5®; 
Ojj—— 180*3®. Hydrolysed by emulsin, yield- 
ing dextrose (Bourdier, J. Pliarra. Chiin. 1908, 
27, 49, 101). 

VERDIGRIS, VERT-DE GRIS, VERT DE 
MONTPELIER. Basic acetates of copper v. 
Acetic acid. 

VERDITE. An ornamental stone of a rich 
green colour consisting mainly of hydrated 
magnesium silicate coloured by chromium, ll 
represents a serpentine rock more or less com- 
pletely altered to talc. The chromium is 
probably present as the chn)me-mica fuchsite, 
which was no doubt derived from chromite. 
The rock shows mottlings of yellowish-green 
and bluish-green with splashes of brown and 
yellow, and it takes a high polish. Sp.gr, 2*8 ; 
H. 3^. It occurs in the Jamestown scries 
(Swaziland system) of chloritic and talcosc 
schists; and is obtained from small quarries 
at several places on the banks of the Kaap and 
North Kaap rivers near Barberton in the 
Transvaal, and more particularly at the Verdite 
mines at Jamestown near Barberton, which arc 
worked for talc with gold as a by-product 
(A. L. Hall, The Geology of the Barijerlon Gold 
Mining District, Union of South Africa, Gcol. 
Survey, 1918, Mem. No, 9). L. J. S. 

VERDITER, GREEN AND BLUE, t>. Copr ek. 

VERIDIAN. OuigneVs ffreen v. Chromium. 

VERJUICE. A kind of vinegar containing 
malic acid made from the juice of the crab- 
apple. 

VERMILION V.MERCURV. 

VERMILIONETTE. A red pigment made by 
adding eosin to white lead, barium sulphate or 
zinc white. 

VERNINE C„HuO.N..2HjO found by 
Schulze (Zeitseh. physiol. Chem, 1885, 9, 420) 
in seedlings of Ftcta saim, and later in a number 
of other plants. Is identical with guunorine, 
obtained by Levene and Jacobs (Ber. 19(K1, 42, 
2469) by the hydrolysis with water of guanylic 
acid. M.p, 237®, [a]^-60'52® in aikUine solu- 
tion. It is hydrolysed by acids to guanine and 

ft pen^, presumably d-ribose (Schulze and 
Tner, Zeitsch. physiol Chem. 1910, 70, 143). 

IVom the green leaves and berrieb of the 
oodse toee a pentoside has been isolated, con- 
tainiiig gtumine, which is probably identical 
witB guaaosiiie obtamed by Schulze and Trier 
bom other ptos and from«tmcleic add bv 
l09m and Jacoba It is suggested that m 


oaifeine in the leaves and berries ol the coBee 
tree is derived from gusnosine, the latter b^ 
converted successively into guanine, tantbine, 
and caBeine by the action of emmnes (T. de A, 
Camaigo, J. Biol. Chem. 1924, 58, 831 ; J. Boo. 
Chem. Ind. 1924, 43, B. 812), v. Ebckw. 

G. B. 

VERONAL. Trade name for diethylmalonyl- 
urea (CjHJjqCO-NHJ.CO, prepared by the 
condensation of urea and diethyl - malonyl 
chloride. A white crystalline powder of bitter 
taato, m.p. 191®. Soluble in water, ether, 
acetone, acetic ester. Used as a soporific 
Synthetic drugs and Pyrimidines). For the 
chemical detection of veronal poisoning; u. 
Macadie, Phann. J. 1913, 90, 134; Biohi^ 
Analyst, 101 9, 44, 192; van Itallie and wan 
der Veen, Pharm. Weekblad, 1919, 56, 1192; 
J. Pharm. Chim. 1919, [vii.] 20, 337. VertW 
and the malonylureas generally readily con- 
dense with xanthydrol to form orystallme 
dixanthyl derivatives which may be used for me 
characterisation and identification of tl^e 
malonylureas by observation of their melting- 
iwints (Fabre, J. Pharm. Chim. 1922, 26, 241). 
The veronal derivative melts at 245®-246. Thus, 
if a solution of 1 grm. of veronal and 2 grms. of 
xanthydrol in acetic acid is boiled for a few 
scconas and cooled a crystalline precipitate of 
a dixanthylated derivative is formed wnich can 
bo purified by washing with boiling alcohol and 
its melting-point determined. In toxicological 
investigation the veronal has first to be isolate^ 
from the viscera. lYom 100 to 150 gnns. of 
I material are digest^ on a water- bath for 3 
hours with a mixture of 95 p.c. alcohol and 5 
grms. of tartaric acid, cooled, filtered and con- 
centrated by distillation. The residue is dis- 
solved in 50 c.c. of distilled water, and after being 
made slightly alkaline, the solution is shaken 
up several times with ether to eliminate fatty^ 
matter. After acidulaiion with dilute sulpfauno 
acid the liquid is evaporated, and the mddne 
taken up thm< times with ether which dissolves 
the veronal The residue from the extract is 
purified by dissolving it in water, heating with 
animal clmrcoai, filtering and crystallising the 
filtrate. After several c^stalUsations the melt- 
ing-point can be determined. Tho search for 
those hypnotic compounds may also be made 
in the urine, since 60 to 65 p.c. of the veronal 
absorbed can be found in the urine excreted 
during the four fidtowiog days (Analysi, 1922, 
47,523). 

VEROPVRIN. Trade name for a mixture 
of ethylmorphine hydrochloride, veronal-eodluin 
and calcium acetvlsalicvlate. 

VERT DE CtfiGNEf v. CsBOiatii. 
VERVAIN. iJdehTd* (i-to- 

propyl-i.«tl>«iMluiiKeM 

poBKHCB a iinma odour mmlilio$ rtmia, 
but not of lucb oetieu^ m tluA of tho pHOt. 

A* it may be oirily uid .oaiMmiBiIlT V*<#***^' 

it it antldpnted tbM it will b. egrtaHf*^ Med 
in qmtbatle perfumoy. Ufeobtatadl^mB; 
dendng magDcahua eynyt ddoiid* wA diM 
^hofonna^ bydfoMai tto amhok fw 


orthofonut^ bydnihniat il 

fayda by mtMa (d ill Ui^ 
S • pnk yilio* 


Mad." II 










VBHjmHRBMB. 


im ; J. Soo. Gheia. 

&Mi 1923, 4S, 1009 A). 

VBSALVINS* SpL for kexameihylenetetra- 
mixie. 

VESIPIRIH. Trade name for phenyl aoeio- 
aalieylate, o. Sixioyuo acid and Synthstio 
DBVOS. 

VESTORIEN V. Eoyftiak blub ; ako 
Enakbls. 

VE8UVIAN1TB or IDOCRA 8 E. A mineral 
oonsist^ of a complex gilicate of calcium and 
aluminium, together with iron, magnesium, 
water, fluorine, boron, &c. F. W. Clarkek 
formula is R'^AljCafSiiOti, where R' 4 =Oa 2 , 
(A10H)„ H 4 , Ac. Crystals are tetragonal and 
usually green or brown in colour ; sp.gr. 3*35- 
3*45; H. 6 |. The mineral is of common 
occurrence in contact-metamorphic rocks, par- 
ticularly crystalline limestones. Lustrous, 
brown crystals are common at Monte Somma, 
Vesuvius (hence the name vesuvianitc). Green 
crystals from Ala in Piedmont are out as gems at 
Turin. A compact, massive variety h^ been 
found abundantly as blocks and boulders, I 
measuring up to 6 by 3 ft., at several places in 
California (Siskiyou, Butte, Fresco, and Tulare 
counties). This hiM been called calif ernite 
(G. F. Kunz, 1903), and is much used as a gem- 
stone and for larger ornamental objects. It is 
somewliat translucent, takes a high polish, and 
ranges from bright green to yellowish-green and 
white in colour, thus closely resembling jade in 
appearance (D. B. iSterrett, Min. Res. if.B. Geol. 
Survey, annual reports for 1909 and 1910.) 

Xi. tT. S. j 

VICIME C| 0 H 44 O,N 4 ,H 2 O was discovered by 
Rittlmusen (J. pr. Chem. 1870, [ii.] 1, 330 ; 1873, 
[ii.] 7, 374; 1881, [ii.] 24, 202) in the steeds of 
Vicia spp. According to Levene (J. Biol. Chem. 
1914, 18, 305 ; Levene and Senior, ibid, 1916,25, ! 
007) it is a mononucleoside, or glucosidc of 2 : 5- 
diaminotetrahydropyrimid-4 : 6 -dione ( 2 : 5-di- 
amino-uracil) of the following constitution : 

c.h„o.n<SSnh;)>^'« 

It forms needles, m.p. 242®, [qJJ^-I P7®. It is 
hydrolysed by 20 p.c. sulphuric acid at 100 ^ to 
dextrose and ditucine (of Ritthaustm) -2 : 5- 
diamiUo^uraotl C 4 H 4 O 1 N 4 . CV}mparo also John- 
son, J, Amer. Chem. Soc. 1914, 30, 337 ; Johnson 
aod Johns, ibid, 1914, 30, 545 ; Fischer, Ber. 
1914, 47, 261 1 ; Winterstcin, Zidtsch. physiol. 
Chem. 1919, 105, 258. 

Comrkini C|,Ht 407 N|,H 40 (?) was also found 
by Ritibausen in vekh sc<»d» and yields on 
hydrolMs aUoxantin, ammonia and a hexose, 

G. B. 

VlClAinil V, Qluoobidxs. 

VMSAIIOSB V. Cabbouydiutbii. 

VXCrOBIA YULLOW. Gold vellm, Anilm 
This coloitiing matter, 
^todUim by Mattenxwei, under the name of 
rtcforAi juiBois ot autftae (Wag* Jour. 
f9fl9, m), ixmaista of the potassium or am- 
nmute saJi oi a dinitrooreiol (liartios and 
WMaawbBir«2,209; y* Bommaruga, iWd. 2, 
It U by heating erei^ with 

tm tliikBS m mkjki at eulpEttfie a^^ at 
1 Wt mdi ^ ptodaei is e^le In water. 
Am Msoviiii |$s asoeis at 


means of barium carbonate, the cresol-aul- 
phonio aokl is converted into potassium salt, 
which in the dry state is nitrated by introducing 
it rapidly into about three times its weight of 
dilute nitric acid ( 8 p.gr. » 1 * 2 ), and is then 
poured into water, neutralised with potassium 
carbonate, and the resulting potassium dinitro- 
cresol crystallised out. Obtained in this way, 
the colouring matter is a mixture of the 
potassium salts of dinitro-o- and dinitio-p- 
cresol, and varies in colour accorcUng to the 
proportions of these. Thus Victoria vellow is 
yellowish in colour, and consists chiefly of the 
potassium salt of dinitro-o-cresol (m.p.»Bd®), 
which crystallises in yellow needles (Wicbelhaus, 
ibid, 7, 176; Piccard, tbid. 8 , 685), whereas 
saffron surrogate is distinctly reddish in colour, 
and consists chiefly (80 p.c. according to Piccard) 
of the potassium salt of dinitro-p-cresol (m.p.s 8 
84°), which crystallises in red needles (Armstrong 
and Field, Chem. News, 27, 318 ; Hofmann and 
V. Miller, Ber. 14, 567 ; Staedel, ibid, 14, 900, 
90G ; Noiting and Sails, ibid. 14, 986). 

Victoria yellow is soluble in water and dyes 
wool and silk orange, but owing to the fugitive 
nature of the colour is no longer employed for 
this purpose. Saflron surrogato is still used to 
some extent as a colouring matter for butter, 
margarine, vermicelli, cheese, Ac. (Piccard), but 
this is to be deprecated, since Weylk experi- 
ments show that the compound is poisonous 
(Ber. 20, 2835 ; 21 , 512). Cf, Nitbofebnois 

AKD THEIB HOMOLOGUES. 

VIENNA BLUE. Cobalt blue v, Pighehts. 

VIENNA GREEN. Emerald green v. Fta- 

MBNT8. 

VIENNA PASTE. A mixture of lime and 
potash used as a caustic to extirpate malignant 
growths. 

VIFERRAL. A polymerised chloral 
(CsHOOs), 

A white powder, m.p. 153®-155®, soL in water. 
Used as a hypnotic. 

VlMOPy^. Trade name for p-pheneti- 
dine tartrate. 

VINASSE r. Sugar. 

VINE BLACK. Blue black v, ThcaaiXTB, 

VINEGAR, AROMATIC, v. Aesno aoq>. 

VINEGAR PLANT, t. Acetic acid; Feb. 

MESTATtOK. 

VINOUNE. A mixture of coal-tar teds, 
mosdy rosaniline salts, used for colouring wines. 

VwOPYRIN V, Synthetic dbuqb. 

VIOFORM. Trade name for iodoohioto- 
hydroxyquinoline. A greyish-green powder used 
as a bactericide and antiseptic, and as a sub- 
stitute for iodoform (r. Synthehg drugs). 

VIOLANE. A variety of the pyroxene (f«.) 
group of mmerais of a rich violet colour, and 
occasioually used as an ornamental stone. It 
is a silicate of calcium, maguesiuiii, ahmuaiuiu, 
sodium, iron, and manganese (about 2 p.e. 
MuO, to which the colour is due). It aomeUmes 
formii prismatic crystals of the monodinic 
system, but more often compact masses with a 
lameUair* or fibrous structure. It is found, 
together with other sflieates cokmied by man* 
ganese, in the manganese mines at Ban Marcel 
In the Aosta valley. Piedmont. L J. Si 

VIOUIJIIN #Anibocvari» 8 * 
mummi v. brnARmaiKi. 


VIOLET BE PARIS OR VRHJTF DIREOT. 


VIOLET BE PAmS or VIOLET DIRECT* 

if6%2 vioUi V , Taipebnylmsthanb coioub- 
XBG MATTERS. 

VIOLET SB, 6B. V. TBlPHBETLlfETHAirB 

COLOURINa MATTERS. 

VIOLET R and RR and 5R. HofmanrCevioki 
V , Tbifhsnylmbtbaeb golourino matters. 

VIOLIN. An emetic substance contained in 
the common violet, supposed to be identical vdth 
emetine &om ipecacuanha root. 

VIOLINE or VIOLElN. A synonym for 
mauve or aniline purple. 

VIOLONES. Cloloured anhydro-bases ob> 
tained by acting upon pyiylium salts vdth p- 
hydrozyiated phenyl radicles by weak alkalis 
Bilthey and Burger, Ber. 1921, 54 [B], 825). 

VIOLURIC ACID v. Pyribiidines. 

VIRIDIAN. Hydrated chromium sesquioxide, 
v » Chromium. 

VIRIDINIC ACID V. Takeins. 

VIRIDITE V, THURmaiTE. 

VISCOSE V. Silk, artificul. 

VITAMINS. To deal seriously from a 
standpoint strictly chemical with substances 
which have never been isolated in a pure con- 
dition is, of course, impossible. The constitu- 
tion of the peculiar dietary constituents which 
have been called Accessory Food Factors 
(Hopkins), or Vitamines (Funk) is as yet entirely 
Unknown. They are not, however, merely 
hypothetical substances. The evidence for 
th^ objective existence is ample enough, but 
as this evidence is in part, so to speak, of a 
negative kind, and in any case depends upon 
studies in which impure preparations have been 
perforce employed, it calls for critical considera- 
tion. The fundamental facts which make 
necessary a belief in the existence and physio- 
logical importance of nutrients differing in kind 
from those which until lately were alone 
recognised, can, however, be quite briefly 
enumerated. 

Until fifteen years ago it was generally 
believed that the efficacy of a diet could bo deter- 
mined by three essential criteria. The first was 
the obvious one that it should provide enough 
potential energy for the current dynamic ne^ 
of the body. The second was that it should 
contain a certain minimum of protein, to 
exercise specific functions which the non-nitro- 
genous foodstuffs cannot subserve, and the third 
called for a balanced mineral supply. We now 
know that these criteria are insufficient. 
Although data from highly quantitative studies 
of human and animal nutrition have long 
existed in ^at numbers, these data were 
obtained during the administration of natural 
food materials. The fats, carbohydrates and 
jHOteins contained in these diets were accurately 
oalculated and the effects of their variation 
evaluated; but that these constituents (with 
the necessary minerals) were alone responsible 
lor the successful maintenance of the body was 
an ui^ustifiable assumption. Quantitatively 
tbj account for nearly the whole of the 
necessaiy supply, but hundreds o! recent 
eaqpeiiments observations have shown that 
them ate other substances in natural foods 

quanti- 
ties, iie. yA absolutely essdhtial for proper 
nutrill^ These axe the substances which, 


pending a knowledge of their nature, it is agreed 
to call vitamins. 

The assumption mentioned in the last paia- 
gia|di was unjustified, because the food con- 
stituents which were thought to cover sdl needs 
were never administered in a pure form. It can 
be shown with the gr^test ease that if an animal 
be supplied with purified protein and pure fats 
and carbohydrates, together with a salt mixture 
proved in other associations to be efficient, the 
food may be well eaten, well digested, and even 
fully metabolised, yet the animars nutrition 
fails, and it finally dies. What, however, 
endows the phenomena we are considering with 
their fullest significance is the circumstance that 
the purified foodstuffs just mentioned become 
wholly efficient and fully maintain growth, health 
and activity when material is added to them in 
amounts so small compared with the wnole 
quantity of food consumed that it would sUm 
almost negligible. This material must compnse 
at least three and probably more vitamins. The 
extraordinary importance of their nutritioj^l 
effects and the remarkably small concentration 
in which these effects are produced are 
characteristics which supply the only definitiolr 
of vitamins at present available. 

While, during the first decade of the present 
century, the facts just mentioned were being 
establish by feeding experiments done mainly 
I upon animals, evidence giving precisely similar 
indications arose from a new and enlightened 
study of certain human diseases. It was almost 
a pure coincidence that these two lines of 
evidence should have become available coU'^ 
temporaneously. Clear indications showing that 
the disease, Beri Beri, which mainly— though 
by no means exclusively— attacks rice-eating 

S ’ >tions, is intimately related to diet, was 
brought forward by Eijkman so far back 
as 1897. He showed that a condition very 
similar to the human malady could be induced in 
fowls by feeding them upn an exclusive diet of 
polished white rice, while a cure was at once 
established by adding rice polishings to the diet, 
or by replacing the polished grain by whole 
grain. The suggestion given by these experi- 
ments was followed up and observations made 
upon a great number of prisoners in the gaols of 
Java, and the fact established that Beri Beri is 
far more frequent among these eating rice 
deprived of the grain cortex than among those 
receiving the whole grain. This work was fully 
confimed by that of W. Fletcher, published in 
1907o8 (Lancet, 1907, 1776). The time was not 
even then ripe, however, for the simple interp^ 
tation of the facts. Only when later stu^ 
were published, and in particular those of 
Frazer and Stanton (Studies from the Inst, for 
Med. Research, Federated Malay States, No. 12, 
1911) did the clear conception ariso that the 
cortex of rice grain, unuke the endosperm, 
contains a specific substance of unknown nature, 
but certainly essential to life. It can be supplied 
in many other foodstuffs besides cereals, the 
circumstance that it has a local distriln^n in 
grains, toother with the one-sided ohaiaoter of 
Eastern dietaries, conspired to bring the facts 
tolight* The disease soux^ yields even Me^ 
evidence that healthy nutrition calls for asuj^y 
of a substance, or substances, not eompristd 
in the ordinaxy categories of foodstufta, Zti 
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taoideiioe aad oioe reAiiNkiioe to dfistmotion by beat It also 

ledJoagagatoa oonei^Qaof vbatmel»>!^ xesiste tbe affects of acids, but I 9 macb mom 
sow . ^ a Titandiu P^nceptions and sensitive to alkalies (MoOoUum and Biinmonds, 
prejudices led, bovver, to otber explanations J. BioL Cliem, 1018, 33,. 55 ; Daniels and 
of the disease. Ultimately, however, thoush MoOIurs, t&uf. 1919, 37, 201), Several attempts 
not until about 1912, the convergence of the to isolate it have been described. Funk 
pathologioal evidence and that obtained from obtained, from extracts of rice polishings and 
feeding experiments led to a somewhat sudden yeast, crystalline products cap^le of curing . 
emergence of the belief that nutrients must birds suffering from polyneuritis due to feeding 
exist with the potent qualities now attributed exclusively upon polished rice ( J. Phys. Ohem. 
to vitamins. 1913, 46, 173). Such results proved, indeed. 

Though all attempts to isolate the sub- the potency of almost inhnitesimal quantities of 
stances with which we are concerned have so the active substance, but unfortunately did not 
far failed, preparations have been made in a lead to its isolation. Funk believed at first that 
l^hly concentrated form, and work which, in a he had proved it to be a pyrimidine derivative, 
limited sense at least, is quantitative, has been but when his crystalline preparations were fully 
done upon them. Certain of the properties of purified they were found to be inactive ana 
the vitamins are well characterised in a chemical to consist largely of nicotinic add, which itself 
sense, and there is every reason to believe that is certainly without the characteristic activity, 
they will ultimately be isolated. It is as yet The purine base adenine has been stated to 
impossible, as already admitted, to define them possess the properties of this vitamin, the 


except in terms of their physiological 


remarkable statement being made that this 


They arise during the growth of the plant. For base exists in two forms— one a physiologically 
the animal they are essential, indispensable active form, which by molecular rearrangement 
nutrients. There is clear evidence that at least may pass over into a second and inactive form, 
three distinct members of the class exist and Certain synthetic a-hydroxy-pyridines have 
strong suggestions for the existence of a fourth, been said to have similar properties (Williams, 
Each has its own peculiar influence in the body. J. Biol Chem. 1916, 25, 437 ; Williams and 
While we are ignorant of their nature any scheme Seidell, 26, 431). These statements have 
of nomenclature must be unsatisfactory. It is been controverted, however (Harden and Zilva, 
best to use names without special connotations, Bio-Chem. J. 1917, 11, 172 ; Voegtlin and White,, 
and to speak simply of the A-, B- and C-vita- J. of Pharm. and exp. Ther. 1916, 9, 155). It 


mins, respectively, is a justifiable custom. 


must be admitted that all attempts to isolate 


The B-VUamiik — Although this substance the vitamin or to relate it to known substances 
has received as a prefix the second letter of the have hitherto failed. 

alphabet, it will be convenient to deal with it The B-vitamin is widely distributed in the 
fiist. It is the so-called ' water soluble vita- tissues of plants, and is stored, though in low 
min,’ or anti-ncuritic factor. If it be absent concentration, in many animal tissues. In the 
from the diet, a young animal fails to grow, and yeast cell it is especially abundant. As already 
soon, like the adult animal, develops symptoms pointed out, in the grains of ceiealB it has a 
which depend upon the occurrence of degenera- local distribution, beii^ present in the germ and 
tive changes in the nervous system, in the pericarp, but not in the endosperm. The 
human individual these symptoms in their more relative amounts present in various natural 


extreme form constitute the picture of Bcri Beri. foods have been ascertained by determining 
The substance, as its earliest name betokens, is on standard lines the minimum quantity of eM 
freely soluble in water. It is also soluble in food which is capable of preventing or curing 


80 p.o. alcohol, though much less so, if at ail, 
in absolute alcohol. Acidified methyl alcohol 


fiyneuritis in birds. The available data wiu 
3 found in the Report upon Vitamins issued by 

liT.j: 1 u n cj..*!. J 


extracts it from many tissues containing it. the Medical Research Council. 8uch expen- 
lasoluble in other ordinary organic solvents, it ments consume much time. Endeavours to use 
Miows a rather remarkable solubility in oleic its supposed effects upon the rate of growth of 
acid or olive oil (Myers and Voegtlin, me. Nat. yeast as a measure of its amount have on the 
Acad* of So. 1920, 6, 3). It is precipitated from whole proved disappointing (c/. Funk and 
aqueous solution by precipitants which throw Dubin, J. Biol. Chem. 1920, 44, 487 ; McDonald 
down organic bases : phosphotungstic acid, for and McCollum, ibid. 1921, 46, 525). No 
instance, or silver nitrate plus barium hydroxide, chemical means for its estimation are yet 
Ibis behaviour, together with the fact that very available. 

active preparations obtained by the use of these Vitamin C.— This is the antiscorbutic sub- 
precipitants contained nitrogen, led Funk to stance which, while present in most unooobed 
believe that the active substance was a base, foods, is found in exceptionally high conoentia* 
and, in conMuence, he suggested the name tion in certain fruits and in other vegetal 
vitamine, which is now attached to all members tissues. The very fact that it is an unstable 
of the class. Such precipitation may not be substance— easily destroyed by heat at tmnpeia- 
speoific, however, but may be due to adsorption, tures not exceptionally high, prone to oxidation, 
substance is freely adsorbed, for instance, and possibly destroys under the influence of 
by ioikr’s earth, and may be concentrated by catalysts .present in the tissues themsMves— 
its use. This property al^ allows of its sei^a- has bm in itself the direct cause of much human 
tion &om other vitamins (Harden). A silver suffering. Scurvy Mows almost automatically 


with high physio- 


Oempeund has been prepatM with high physio- when the substance is absent from the diet, lyd 
potency (Seiaell, Pub. Health B^rts, is often a devastating disease in communities 
VMkinKton, 1921)^ B-vitamin is a rela- out off from a supmy of fresh foods. The 
ihfactanco, ribsiwing considetahle tentative efforts which have so far been made to 
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isolate the antiBOorlmtio agent, though without 
sueoess, have served the useful purpose of makiog 
it clear that there is a definite substanoe to look 
for. We have not to deal with some vague 
* property’ of fresh foods, nor, as has b^n 
thought, with the influence of known constituents 
such as citrates, malates, or inorganic potassium 
salts. Because of its great importance to the 
body and the low concentration in which it is 
efficient the anti<8corbutic substanoe must cer- 
tainly be reco^sed as a vitamin. 

In the enoeavour to study its distribution 
among foodstuffs, and the rate pf its destruction 
by this or that agency, physiological methods 
have hitherto been perforce employed. For an 
account of methods whereby highly concentrated 
preparations of this vitamin are obtained and its 
mam properties demonstrated the papers of Zilva 
should be consulted (Bio-Chem. J. passim). The 
disooveiw of even a purely empirical chemical 
methodfor estimating the vitamin would certainly 
be of the utmost practical importance. Determi- 
nations of its relative concentrations have been 
made by observing for each kind of material 
under study the minimal curative or preventa- 
tive dose for scurvy in the guinea-pig. This 
animal reacts in a highly characteristic way 
when it is deprived of the factor in question, and 
also when after deprivation a supply is again 
provided (Axel Holst). Elaborate and careful 
experiments have been made on these lines 
(Gnick and Hume, 1917, d al). The vitamin 
is absent from drv cereal foods and from pulses, 
but appears suddenly in grains, beang, &c., 
dui^ even the earlier stages of germination. 
It is present in all fresh vegetables though in 
varying concentrations. It is usually destroyed 
when thc^ are dried, though it is stated that 
very rapid sun drying (an industry in Belu- 
chi^n) leaves it largely intact. Its concentra- 
tion in Mts varies considerably. Those of the 
genus Ctfrvs contain it in relatively large amount 
—08 the lo]^ established empirical treatment 
of scurvy with lime juice would itself suggest. 
The fact that the concentration differs, however, 
in the juices of different varieties of citrus has 
affected the history of anti-scorbutic treatment. 
On several occasions in the past, and even during 
tlm war, * lime juice ’ has appeared to fail and 
faith in its efficacy has consequently wavered. 
This occurred long ago when in the British 
Navy the juice of the West Indian lime was 
subrtituted for the lemon juice previously used. 
The explanation came when it was shown that 
the first-mentioned juice contained no more than 
one-fourth of the active substance present in 
the latter. Orange juice, on the other hand, 
contains about the same proportion as lemon 
Juice (Obick, Hume and Skelton, Biochem. J. 
12, 131 ; Davey, ibid, 1921, Id, 83). Orange 
juice retains its activity when wholly freed from 
its Cfdloids and from citric acid and calcium 


(Harden and Zilva, Bio-Chem, J. 1918, 12, 259 ; 
MoGleiidon, J. Biol. Chem. 1921, 46, ix.). 
Oiaoge or lemon juice evaporated to a syrup 
under reduced mssure at 40'’C. or concentrated 
hy rapid methods at higher temperatures, 
letaliie , its activity (Harden and Robison, 
]|ffio-C3ieiiL J. 1920« 14, 171). The condition of 
w vitiaiin in the tomato k apparentlv such 
as to malEe it exceptionally stab& In all cases 
s djgbtlyaeid reaotkm in the material makes 


for stability. Fresh tomato |doe, for instanee, 
boiled lor one hour lost 30 p.o. of its acidvity ; 
boiled for four hours it lost 70 p.o. When the 
juice was first made lEdig^tly lukaline, boilins 
destroyed it much faster (La Her, Campbell and 
Sherman, Proo. Soc. exp. Biol, and md, 1921, 
18, 122). In the case of vegetables (cabbage) 
heating for twenty minutes at lOO^C. may 
destroy 70 p.c. of the anti-scorbutic power 
(Delf, Bio-Chem. J. 1918, 12, 416). Oxmtion 
plays a part in the destruction of this vitamin 
(Zilva, Lancet, 1921, i. 478; Anderson and 
others, Science, 1921, 53, 446). It would seem 
to bo especially rapid in the case of some tissues. 
Fresh potato has marked anti-scorbutic power, 
but the juice, unto made acid, quickly loses it 
even at ordinary temperatures (Berzssqnoff, 
Compt. rend. 1921, 173, 417). The janti- 
scorbutic value of milk, even when frew, is 
relatively low, important as the function pust 
be to the infant. The actual concentration of 
this vitamin (and, indeed, of the other ^to- 
mins in cows’ milk) depends, how'ever, upon the 
nature of the food supplied to the cow (Hess ^nd 
others, Proc. Soc. exp. Biol, and Med. 1920, |8, 
39 ; Drummond and others, Bio-Chem. J. 1921, 
15, 540). The vitamin is largely destroyed by 
Pasteurisation, and it is becoming well recog- 
nised that infants receiving heated milk ehould 
be given a ration of fruit juice. 

Vitamin A . — ^The ‘ Fat soluble ’ accessory 
factor. If animals be fed on a synthetic dietary 
such as that earlier described there may oe 
complete failure of nutrition, even when Vita- 
mins B and C are duly supplied, unless at the 
same time regard is paid to the nature of the 
comprised in the diet. Most vegetable fats, 
whether purified or not, prove unable to support 
nutrition in the circumstances mentioned, while 
most animal fats are found to be efficient, 
though in varying degrees. This is of course not 
due to any differences in the fats as fats. As a 
source of energy for the animal one type of fat 
differs but little from any other type. The 
difference, as abundant evidence proves, is due 
to the fact that associated with animal fats and 
not (at least as they apjjear on the market) with 
vegetable fats, is a specific substance, not itself 
a fat or other ester, which is essential to life. 
While actually made by the plant and present 
for instance in relative abundance in green 
leaves, it for some reason does not accompany 
vegetable oils when those are expressed from 
plant tissues. When, on the other hand, it is 
eaten by the animal in its food the substance 
tends to accumulate in its fatty tissues. It is 
stored in exceptionally large relative amounts 
in the livers of fish, but takes its orldn from the 
marine vegetable organisms on wmoh fish 
feeds (Hjort, Proc. Boy. Soo. 1922, B). As 
in the case of other vitamins, its iwtive 
distribution has been in the main studio by 
means of standardised feeding expeiiments, but 
evidence is aooumuiating to show that its con- 
centration in a fat is measured by the intemfify 
of a colour reaction produced on the ad^on 
of arsenic chloride and certain other reagents 
(Rosenheim and Dronunond, Bio^Oto. J. 
1925, 19, 733). It is soluble in aJcohol, 
ether, and benzene, and may be extracted, iox 
example, from gremi kavei by these sdvaiiti. 
The vitamin Is stable to wds heat, and }i|^ 
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mlftant to the ixrooems inTolved in saponifica* 
toi. It app^ th^fore ^tly concentrated 
in the mtsaponifiahle residue from any fat 
which eontauks it. On the other hand, it is 
easily oxidised, and loses all activity when a 
fat or oil containing it is thoroughly aerated 
(Hopkins, Bio-Chem. J. 1920, 14, 726). D^m- 
mond and his co-workers have shown that 
when the unsaponifiable material from cod- 
liver oil is freed as far as possible from 
(diolesterol and distilled in a high vacuum the 
active vitamin is found in fractions distilling at 
184®-220^ at pressures of 1 to 2 mm. (Bio-Chem. 
J. 1925, 19, 1047). An ethereal extract of green 
leaves has been prepared (Osborne and Mendel), of 
which a daily dose of 30 milligrammes contained 
enough of the vitamin (doubtless greatly diluted 
with other substances) to supply the needs of the 
rat, an animal highly sensitive to deprivation | 
of the substance. Concentrations much greater j 
than this have been obtained from the un- j 
saponifiable residues of cod-liver oil prepared | 
with avoidance of oxidation. Of one such 
preparation a daily dose of no more than | 
0*004 mgm. was sufficient to maintain a rat 
(Paulsen), and very small amounts of such I 
concentrates will serve th^ purposes of the 
whole oil in therapeutic practice. The variation 
in animal fats is great. It has been estimated 
that cod-liver oil may be 250 times richer in 
the substance than butter (Zilva and Miura). 
For the influence of storage and emulsification 
on the vitamin A in cod-liver oil, see Drummond, 
Zilva and Coward (J. Soc. Chem. Ind. 1924, 43, 
236 T). 

The following figures have been obtained, 
representing the relative amount of the fat 
n^ed to supply a growing rat with its 
necessajpy supply of the vitamin. Crude cod- 
liver oil 2 mgms,, haddock-liver oil 10 to 16 
mgms., refined cod-liver oil on sale in this 
country 10 to 16 mms., butter 600 mgms. 
(Zilva and Drummond, Lancet, 1921, ii. 763). 
The effects which follow upon an absence of 
this vitamin from the food, or a considerable 
deficiency in the supply, are failure of growth 
and maintenance, together with a specific form 
of degenerative changes in the eye, constituting 
what is known as xerophthalmia. It was for 
some time believed that the deposition of lime 
salts in growing cartilage on the lines necessary 
for the normal formation of bone called for "a 
supply of vitamin A. The work of E. Mellanby 
has indeed shown clearly that something present 
in natural animal fats exerts an important 
influence on this process. When this substance 
is absent from its food a child becomes prone 
to develop rickets. It would seem, however, 
as McCollum and his co-workers were the first 
to suggest (J. Biol. Chem. 1922, 53, 293), that 
the dietary factor which prevents rickets, while 
usually associated with vitamin A, is not 
identl^l with it. It is a substance loss readily 
oxidised. A fully aerated animal fat will fail 
to promote growth, but it may efficiently 
protect the young animal from rickets. It 
would seem that at least one other vitamin 
mav therefore exist in addition to the three 
which have been discussed, and it is now usual 
to speak^o! this substance as Vitamin D. The 
nemac^kahle volitions between the activity of 
thk food oonsritueut and the eisots of fight 


oaimot be here discussed. It it probable that 
the list of existing vitamins is not exhausted 
by those discussed. Already there is evidence . 
that a quite specifio constituent in the dirt is 
necessary for the maintenance of reproductive 
functions (Evans and Burr, Proc. Nat. Acad. So. 
1925,11,334). F.G.H. 

VITELLIN V. Pbotbxns* 

VITEXIN. The Vitex liUaralis (A. Gunn.) or 
* Puriri ’ is a large tree, 40-60 feet high, and 
3-5 feet in diameter, which grows only in the 
northern portion of the North Island of New 
Zealand. The wood affords a very durable 
timber, and is chiefly used for house blocks, 
fencing posts, piles for bridges, railway sleepers, 
&c. 

Vitexin, the main colouring matter, is present 
in the wo(^ in the form of a glucoside which 
has not yet been isolated. It is prepared by 
di^^ting a purified extract of the dyestuff with 
boiling dilute hydrochloric acid, and by tlfis 
means separates in the form of a yellow viscous 
mass. By extracting this crude product with 
boiling alcohol, a pale yellow ciystalline powder 
remains undissolved, and this, owing to its 
sparing solubility, is most readily purified by 
acetylation, and the subsequent hydrolysis of 
the pure acetyl derivative (Perkin, Chem. Soc. 
Trans. 1898, 74. 1020). 

Vitexin consists of minute canary-yellow 
prismatic or fine hair-like needles, soluDle in 
alkaline solutions with a pale yellow coloration, 
and from these solutions when boiled it is de- 
posited by acidification in a crystalline condition. 

On fusion with alkali vitexin yields pUoru- 
glvciml and ^-hydroxyhenzoio aetd, and when 
digested with boiling 50 p.c. potassium hydroxide 
solution ^•hjdroxy<ud(yph£,rume is also produced. 
Boiling 15 p.c. nitric acid gives dinitro-p- 
hydroxybenzoic acid, together with a smul 
quantity of tetmniirooptpeTiin, m.p. 239®-241®. 
The formula first assigned to vitexin by Perkin 
was CJ 5 H 14 O,, and the a/cdyl derivaiivet colour- 
less prismatic needles, m.p. 251®-256®, was 
consequently represented as Ci 5 H 40 f(C|H 30 ) 4 . 
In a later communication in view of its apparent 
relationship to apigenin, and the difficulty of 
accounting for the large number of hydroxyl 
groups which are present, it is suggested by tl^ 
author (Chem. Soc. Trans. 1899, 77, 422) that 
vitexin is probably a very stable glucoside of 
apigenin represent^ by the formula CsiHsqOj^. 
Vitexin is a somewhat feeble colouring matter, 
and dyes shades similar to those given by 
apigenin ; these, employing woollen olotli 
mordanted with chromium, aluminium, and tin, 
are respectively greenish-yellow, pale bright 
yellow, and pale brown. 

In addition to vitexin the wood of the VUex 
liUoralis contains (as glucoside) a small quantity 
of a second colouring matter, iiortovttocm. 
It was obtained as a puo yellow ^wder, m.p. 
245®-246®, and is distinguished from vitem 
by its ready solubility in alcohol. Fused wi^ 
alkali it gives phlorogiucinol and p-hydroxy- 
benzoic acid, and is possessed of feeble dyeing 
property! The anamical figures approximate 
to C„H 4 , 0 ^ or CjgHijO,. 

Aock^ing to Barger (Chem. Soo. Trans. 
1906, 89, 11 ^) the glucoside saponarin, wMch 
is present in officinaUe (lann.), yiekfii 

on hydrolysis j^ucose, saponaretin and a small 
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qnwtity of vitexin. It Ib possible that sapona- 
retin and homoTitexin are i^tioal A. G. P. 

VITBIFIABLE PIGMENTS e. Pottbby; also 
POBOXLim 

VITRIOL (vitrum, * glass*). An old name 

a 8nlphate» and still frequently applied to the 
snlphatM of certain common metals on account 
of thbir vitreous lustre, e.p, white or zinc 
vitriol ZnSOijTHjO; blue or copper vitriol 
CuS 0«,5H20 ; green or iron vitriol FeSOnTHgO ; 
red or cobalt vitriol CoSOijTHjO. Basic ferric 
or feiToso-cupric sulphates obtained in the ex- 
tr^tion of copper sulphate from ferruginous 
minerals are known as Admont, Bayreuth, 
Salzbuig vitriols, &c. 

VITRIOL, OIL OF. Viiriolic acid, Sul- 
phu ric ac id (g.v,), 

. VITRIOL STONE and COLCOTHAR. Vitriol 
M the material from which the 8o*ca11ed fum- 
ing or Bohemian sulphuric acid was formerly 
manufactured, and it is obtained from the roct 
known as vitriol slate (‘ Viiriolschiefer*) in the 
following^ manner. Large masses of p3rritous 
slate (mch belongs to the Silurian formation, 
and consists of a quartzose matrix containing 
pyrites, carbon, and clay) are exposed to tlie 
weathering action of the atmosphere for three 
years. The products of oxidation so formed 
are ferrous sulphate and sulphuric acid, 
which latter acts upon tlie clay, yielding 
aluminium sulphate and other 8ulphate.«i. 
The ferrous sulphate at first formed becomes 
by oxidation ferric sulphate, which, together 
with the aluminium sulphate, is the principal 
product of the weathering of the vitriol slate. 
Fennus sulphate remains only in small quan- 
tities. The next operation is lixiviation of 
the mass with water, after which the liquor 
obtained is concentrated to a density of 40'’B., 
and finally evaporated in pans until, on cooling, 
a crystelUne cake of vitriol stone is obtained. 
The vitriol stone is now calcined, in order to 
remove the greater part of its water. The re- 
sulting product, when heated to a high tempera- 
ture in clay retorts, yields sulphur trioxide ; 
and a residue, termed coicdfiaft remains in the 
retorts. The composition of vitriol stone and 
coloothar may bo seen from the following 
anahses 

« /fwus.-FejO, 20 07, A1,0, 4*76, 

JbO 0-64, MnO traces, CaO 0*14, MgO 0*39, 
Kfi 0*07, NajO 005, CuO 010, SiO. 010, 
P,0, traces, SO3 40;51, As traces, Efi 32-68. 
Total 99 32 ; or combining acid oxides and ba^ : 

50-17, Al,(SOJ, n-94, FeSO^ 1-35, 
CaSOi 0-33, CuSO| 0-20, K,SO, 
0*^ Na2S04 0*11, H2SO4 1*49, MnO, As, and 
P,0| traces, 810* 0*10, H,0 3-31-99-29, 

7-62, A1,0, 12-53, MgO 
SO, 6-17, SiO, M7, CuO 0-20, 
Stolba, i. Kdnigl. Bohm. 
Ges^. 1885 ; J. I^c. Chem. Ind. 6, 30). 
v> Hydrated ferrous phosphate 

*^i(Pv 4),*8H,0, crystallised in the monoolinic 
system. The crystals have a perfect cleavage 
in one d^ion, parallel to the plane of sra- 
5 ttw aie quite soft (H. li-2). seitile, end 
flexible but not etUtic. 8V.gr. 
z'S^'gg. &y«t^ from fiesUy opened rock 


cavities are cdoorless, but on exposure to 
air they very soon acquire a greenish-bhie 
ting^ darkening to a characteristic deep indigo^ 
blue. This change in colour is due to a partial 
oxidation of the iron, which in the black 
kertsohenite (Pe,Mn,Mg)Pe'"(P04)2 7H,0, from 
the Kerch peninsula, Crimea, is almost com* 
plete. Vivianite is the commonest of the 
several iron phosphate minerals. The best 
crystals are found in metalliferous veins, e.g, 
at Whoal Jane, in Cornwall, with pyrrhotite, and 
at Leadville in Colorado. Crystals ate also 
found in the interior of fossil shells, e.g. in the 
iron ores of the Kerch peninsula, O^ea ; and 
also sometimes in bones and boms buried in 
peat deposits. More often the mineral has the 
form of a blue earthy powder (‘blueiiron- 
earth *), and it is in this form that phospnoms 
is present in bog iron-ore and other limbnitic 
ores of iron. L. J. Is. 

VOLBORTHITE. Hydrated basic o^per 
vanadate (Cu0H)2V04-6Hj0, with the copper 
in part replaced by calcium, barium, and mag- 
nesium. It forms olive-green or citron-yel(pw, 
{)early scales, which are often aggregated \ in 
globiilar forms. As a dissemination m sand- 
stones of Permian age it occurs over a wide area 
in Govt. Perm in Russia. 

CalciovolhorlhiU is a mineral of very similar 
appearance and mode of occurrence. It con- 
tains, as a rule, rather more calcium and has no 
water of crystallisation; the composition ap- 
proximates to the formula Cu4(CHi0H)|(V04),. 
This is found os golden-yellow or gi^nish- 
yellow warly scales and rosettes on the sur- 
faces of sandstone in Utah, Colorado, and 
Oregon, and also at Fricdrichroda, near Gotha, 
in Thuringia. On the significance of these 
occurrences of vanadium and copper minerals 
in sandstones v. Psittacinite. L. J. 8. 

VOLCANIC GLASS f . Obsidiak. 

VOLCANIC TUFF V. Ti ff. 

VOLEMITOL V. Cabbohydrates. 

VOLUMENOMETER r. 8r£cmc gravity. 

VOROBYEVITE t>. Beryl. 

VRAIC. Vartch. The French name for 
kelp, V . Iodine. 

VRBAITE. Thallium sulnh-arsenite and 
antimonite llAs^ShS, or Tl2S*2As.6|*8b28„ 
containing T1 32-15 p.c., crystallised in the 
orthorhombic system. It is greyish-black with 
mctallio lustre, but in thin sjJinters dark red, 
and the pow^dcr is light red with a yellowish 
tinge. Sp.gr. 5*3. The small crystals are found 
cm bedded in realgar and orpiment, at Allehar, in 
Macedonia. Anoth<*r mineral containing thial- 
lium as an essential constituent yielded by this 
locality is lorandite (o.v.). L. J. 8. 

VULCANISED OILS v. Oils, nxxn, and 
Fats. 

VULCANITE V , Rubber. Also applied to a 
nitroglycerin explosive. 

V^AN roWDER u. Explosives. 

VULPIC or VULPUUC ACID e. LiOHiirs. 

VULPINTTE. A variety of anhydrite mixed 
with silica. That from Vulpino near BeqjiitiO, 
known as the Ifarmo di 

takes a fine polish and is used lor omaiiiesilal 
purposes. 


t 
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" WAD 01 BOG-MAMaAliESE. A black, I 
earthy mineral consiBting mainly of hydrated 
manganese dioxide, but of variable composition, 
barium and various other constituents being 
often present. Many varieties have oonse- 
quontly been distinguished by special names. 

or 'earthy cobalt* is a cobaltiferous 
variety, and contains copper. The 

mineral may be regarded as an earthy form of 
pilomelane (g.v.) ; it is so soft and sooty that 
it soils the fingers, and is sometimes so porous 
that it floats on water. It has resulted from the 
weathering and decomposition of other manga- 
nese minerals, and is sometimes deposited from 
solution by springs and in swamps. It is of 
wide distribution and is mined at many places 
toother with other oxides of manganese. 
Aimlite is of importance as an ore of cobalt 
(up to 35 p.c. CoO), as much as 5000 tons per 
annum having b^n exported from New 
Caledonia. L. J. S. 

WALNUT HUSKS {Brous des notr. Fr.) are 
employed by the French dyers to give dun 
colours. The green shells contain juglone or 
hydroxy-laVmpfUhaquinone ; v. Naphthalene. 

WALNUT OIL V . On^, fixed, and fats 
Walnut oU is obtained from kernels of the 
walnut tree {Juglana regia), which contain from 
about 05 to 66 p.c. of oil. The best oil is sepa- 
rated by cold expression and from its pale colour 
is a favourite medium for white and is 

commonly termed ' nut oil * bv artiste. It dries 
more slowly than linseed oil, out yields a more 
clastic film. In the bromination test it yields 
from 1'5 to 2 p,c, of an insoluble bromide, 
which appears to to that of a mixed glyceride. 

An oil of similar character is obtained from 
the seed of the North American walnut, Jwjlans 
niger. This oil is termed pecan oil. 

The fruit olJuglans BibUdiana gave 26*54 p.c. 
of kernel, which contained 4*99 p.c. of water, and 
gave 59*^ p.c. of oil by pressing. The oil has a 
Ught yellow colour and no odour, and has the 
following oharacters : sp.gr. 0*9332 at 15® ; N*® 
« 1*4800; acid value 0*68 ; Hehner value 92*3 ; 
saponification value 19M ; Reichert-Meissl 
vmae0*62 ; and iodine value (Hiibl.) 150*8, and 
has the properties of a drying oil. C. A. M. 

WALSRODE FOWDER c. Explosives 

WARA8, also called *wars* and *warrus,* 
oonrists dt a purplish resinous ^wder which 
covers the sera pods of Flmingia c<mgesta 
(Koxb.), an erect woodv shrub growing in the 
thickets and forests of the warmer parts of 
India. According to Watt (Dictionary of 
Economic Products in India, iU. 482), it is 
colieoted also in Africa in the neighbourhood 
of Hartsdr, and is sent to Arabia, chiefly to 
Yemen and Haddramant, where it is used as a 
M a cosmetic, and as a specific against 
cokts. According to Wardle, waras is dis- 
tinetiy inleciot as a dye to kamala, which it 
hloaefy reicmitilesw and contains only a smdl 
wmi ol iMloiinttg matter compared with the 
yeSbir vegMble dyes of commerce. It Is 
Sttitelle si a dye lor silk rather than for wool, 
het k ^leite ante It his been 


introduced into England from Aden as an 
adulterant or substitute for kamala (Fluckiger 
and Hanbury *8 Pharmacographica, 1879, 576). 
Under the microscope waras apTOars as orange- 
brown lumps, frequently circular and closely 
resembling kamala. 

Flemingin Ci|Hi ,04 (provisional) is a dull 
orange-red crystaUine powder consisting of star- 
shaped groups of minute prismatic needfes, which 
melt at 171®-172®, and closely resembles the 
rottlerin of kamala. Solutions of the alkali 
hydroxides dissolve it with an orange-brown 
tint, but these solutions when boiled do not 
deposit resinous matter, as is the case with 
rottlerin. On fusion with alkali salicylic acid 
and acetic acid are produced. 

Silk suspended in a solution oi flemingin 
in dilute sodium carbonate, and the whole 
gradually raised to the boiling temperature, 
is dyed golden yellow, slightly duller than the 
shade given by rottlerin; but, on the other 
hand, flemingin possesses much the stronger 
dyeing power of the two. 

In addition to flemin^ waras contains a 
trace of a yellow crystalline colouring matter, 
homofiemingin, m.p. 165M66° (0=69*97; 
H.=5'75), together with some quantity of two 
resinous substances; (a) Ci 2 H|j 03 (7), m.p. 
162®-167®, and (5) C 1 JH 14 O, (?), melting below 
100®. Fused with alkali these latter gave 
salicylic and acetic acids, and appear to be 
allied to flemingin. 

Added to a TOiling solution of its own weight 
of sodium carbonate, waras dyes silk golwn 
yellow shades, which are brightened by rinsing 
in very dilute acetic acid. Contrary to tiie 
statement of Wardle, it is to be regarded as a 
decidedly superior dyestuff to kamala (Perldn, 
Chom. Soc. Trans. 1898, 73, 659). A, G. P. 

WASH. The name given to the fermented 
wort of the distiller. 

WATER. 

Its Physical and Chemical Pbofebtiss. 

Ptfrt/ica/to».— Because of its solvent action 
on solids and gases, water is difficult to pdiify 
and still more difficult to keep in a pure state. 
It may be partially freed from dissolved salts by 
freezing, the ice separating from any unsaturated 
salt solution containing omy the small <mantity of 
the dissolved salt present in the mother liquor 
included in the ice crystals. The ice separating 
from, say, sca-water, is fairly free finom aah'ne 
matter. It is not known whether this method of 
purification eliminates, partially or oom^tel;^, 
dissolved gaseous impurities. The method is 
relatively troublesome and oostly, and has not 
bron practically applied. 

Water is commonly purified by distillation 
under atmospheric pressure. When adelitttte 
arrangements are made to prevmt oanying over 
of entfained droplets of water formed xmm tiie 
bursting of steam bubbles, the condensed steam 
contains only the solid and gaseous impmtiss 
it dissolves after condensation. A ssu mfi ydiwt 
to be exdudect the non-volatile imnniitisi In 
the distillate will be confined to snen tm4ss.ttt 
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lime, (Oicft, •Ikalie, tin oxide, etc., » ^ 

derived from omideBiew end oontoiner^ ^ 
the Tolatite imporitieB. which gener^y »» 
much the more serionB in amount and eneci, 
will oomprise volatile oiganic matter, ammonia, 
earbon ffioxide, oxwn, nitrogen, and the Jut^ 
otiginally contained in the raw water ana 
carried over with the steam or dissolved from 
the atmosphere with which the condensate is 
la ocmtaot. 

The proportion of non-volatile impurities 
may he reduced to insignihcance by using suit- 
able material for condensers and containers. 
Hot, newly condensed water has a much greater 
solvent action than when cold; therefore a 
materia] suitable to contain water for a given 
purpose may not serve for its condensation. 
Good resistance glass vessels, which have been 
freed from superficial soluble matter by blowing 
steam into them for some hours in such a way 
that the condensate drains away continuously, 
after long standing in cold water will yield 
little impurity to pure water during several 
weeks. Such glass, so treated, is suitable for 
the preservation for short periods of cold pure 
wat^ for all but a few very special purposes. 
It is unsuitable for condensers, which are usually 
made of pure block tin or heavily tinned copper. 
The risk of introducing non-volatilo impurity 
may be reduced by using pure fused silica, or, 
better, pure tin or silver as the material of 
condenser and receiver. Occasionally water 
has been condensed and kept in vessels of gold 
or platinum, but for all ordinary and most 
special purposes water condensed in pure tin 
and kept a short time in steamed resistance 
glass is quite satisfactory. Water kept in 
ordinary glass bottles for some weeks or months 
may dissolve sufficient silica, &c., from the 
glass to render it unsuitable for ordinary precise 
analytical work, especially that in which small 
amounts of silica must be determined. 

In the estimation of ammonia in abater and 
for work upon conductivity of dilute solutions, 
the volatile impurities are much the more 
flerious. Fortunately simple precautions suffice 
to eUminate them. Organic matter may be 
destroved by adding to the raw water in the still 
a small proportion of potassium permanganate 
or manganate, with sufficient caustic soda or 
potash to make the water distinctly alkaline 
(Stas, M4m. Acad. Belg. 1865, 35, 1 ; Chem. 
News, 1861,4, 207; 1867,15,204). Practically 
the whole of the carbon dioxide and ammonia 
will come over with the first 20-30 p.c. of the 
distQIate, and if this be rejected the remaining 
two-thirds will be pure water. 

Muiy procedures have been described, in 
which the acidic and basic impurities are 
leUdned in tiie still by added reagents, e.g. 
almninium sulphate, potAssium hydrogen sul- 
phate or phosphoric acid to retain ammonia, 
ot lime or baryta to retain carbon dioxide 

a e.g. Hulett, Zcitsch. physikal. Cliero. 

, 21, 297 ; Walker and Oormack, J. CJhcra. 
SoCv 1902, 77, 5; W. R. Bousfield, ibid. 1905, 
87, 740; 1912, 101, 1443). ^me workers 
halw obtained lair conductivity water by 
teffis(|btlon of laboratory distilled water 
without added reagents (see l.c,; 

Harris Cktnpbell and Poole, J. (Them. Soc. 
1908, ft,426| Xhole, m. 1912, 101, 207). 


* In a nimpler method for the poaitlvi diim* 
ioai elimination of basic and aciato impmiilei 
in one ^p«pation,a large glass daft eoataliiiiig 
an aqueous solution of 10 p.*). potsssium dirikio- 
mate and 5 p.c. sulphuric add is heated, 
raw water is run in at a rate to the mto 
of evaporation, and the steam is led through a 
second^ask, also heated, containing saturated 
solution and then condens^ in tto 

S and Myer, J. Amor. Chem. Soc. 191^ 

: this method was partially employed 
by Paul, Zoitsch. Elektrochem. 1914, 20, 179), 
But still simpler methods are effective. 
It has long been known that ordinary ‘con- 
ductivity * water, having a conductivity about 
lOxlO-* mho (1 gemmho) is materially 
improved by contact with an atmoi^ere 
freed from carbon dioxide, e.ff. by enoldBurs 
over lime or even by passing through it clean air 
from the open, whilst it deteriorates mark^y 
in contact with air contaminated by human 
breath or by flames (Kohlrausch, Zcitsch. 
physikal. Chem. 1902,42, 193). \ 

If a current of purified air bo passed through 
such w'ater heated nearly to its boiling-point 
in a quartz still, and the water distillmg 
under these conditions be condensed in 
block tin and collected in quartz, it has 
a conductivity of 0-05-0 07 x 10~^* mho at 
18° (Weiland, J. Araer. Chem. Soc. 1918, 40, 
131). Such water compares favourably with 
the purest conductivity water prepared by 
distilling rewatcdly in wcn6 In sealed glass 
vessels and had a conductivity of 0 (43 X lO-f 
mhos at 18° (Kohlrausch and Heydweillor; 
Zeitsch. physikal. Chem. 1894, 14, 317 : Kohl- 
rausch, Proc. Roy. Soc. 1903, 71, 338). This 
method is applicable only to those coses where 
carbon dioxide is the sole impurity, but the 
same principles have been applied in a method, 
applicable to all types of water, first described 
by Bourdillon (J. Chem. Soc. 1913, 103, 791) 
and elaborated by (Revenger (J, Ind. Eng. 
Chem. 1919, 11, ^). Raw water containing 
potassium bisulphate or phosphoric acid ia 
distilled, and the steam is car(‘fuUy scrubbed 
and senarated from spray and led into a long 
vertical tube through which a current of purified 


vertical tube through which a current of purified 
air passes from the bottom upward. The upper 
end of this tube is surrounded by a water- 
jacket maintained nearly at 100°, wnich, tbeie- 
fom, condenses, but docs not cool, the major 
portion of the steam ; thcf uncondensed steam 
escapes either to the air or to a second condenser. 
The hot condensate which flows down the walls 
of the tube in contact with pure air, Is cooled 


apparatus is best oonstnicted wholly of oo|^ 
heavily tinned and soldered with pun 
Thus It is not difficult to prepare water baviag 
a conductivity about 0*05x10-* mho, but n 
cannot bo preserved save under rigid eamMou 
of atmospheric carbon dioxide. In ooniaot 
with clean air its oonduotivity ineroases to a 
limiting value of about 0*75x10** mhO| wUdli 
is that of a solution of oarbonio aoid la equfli^ 
brium with the 0*035 (db 0*004) Ttdume pA. of 
carbon dioxide present k air (&ndallr Aim 
C%em. Soc. 1916, 88, 1460^ Kpuiaa kil 
suggested that as sttok a sokriton is f&mmmilb 
it Is pretmifie to ma k oaff oomet te Ik 
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Icncwn 46iidtietivtlif fo» miky imrpoiMs elaiiges k the 

loM oondaotivity, the oorreetioti lor whioh boiling-point ol woter attending email 
most be nnoertain (Kendall, J. Amer* Ohem. id preeenre are of great practical importance. 
Soc. 1916, 38, 2460 ; jr.e, also for a Ml die- At preeemee in the neighoourhood oi I akao. 
onaeion and bibliograpny of previons work on the Talue of d^ldp for Sf^l mm. of mercnzy 
the mparation of conductivity water). is 0‘0376® ( Wiebe, Zdtech. fur Inetnxmentknnde, 

hae been prepared in other 1893, 13, 329) ; and the precise valaes of the 
ways. Bapr found that pure water prepared boiling-point of water at pressures from 720-800 
by the union of pure and dry hydrogen and mm. of mercury are given in a form convenient 
oxygen differs in some respects from ordinary for reference in Table 5. 
pure water. K steam from pure water be Our knowledge of the rest of the PT 
passed through a red-hot silica tube and then diagram, covering a range of temperature from 
condensed in silica and Jena glass, the con- — ^°to + 80® at pressures from 1 to over 20, 000 
densate acts upon pure 1 p.c. sodium amal- kgm./cm.*, rests upon the work of Tammann 
gam much more slowly than do other types of as confirmed and extended by Bridgman, 
water* Tks inactivity is independent of the The principal numerical data are given in 
conductivity of the water, and there is evi- Tables 6 and 7, which show respectively the 
dence that it is duo to the absence from such variations in the melting-points and transition- 
water of traces of hydrogen peroxide which points of the various forms of ice with variation 
constitute a normal impurity in ordinary pure in pressure ; their significance is evident from 
water (Baker and Parker, J. Ohem. 8oo. 1913, a consideration of Fig. 1. The line ab repre- 
103,2060; Parker, tfttd. 2071). sents the equilibrium between water and 

Pure water may also be prepared by dehy- ordinary ice, Ice I. At pressures above about 
drating pure hydrates, e.p. hydrated barium 2000 kgm./cm.*, whatever the temperature, 
chloride or telluric acid, HjTeOi, by heat ; Ice I cannot exist, but changes into one of the 
but the method has usually been applied to denser forms of ice, II or III, the equilibria 
obtain veiy small, accurately known, amounts between which and Ice I arerepresentedrespec- 
of water in closed apparatus, and little or nothing tively by k'gb and kgb. The line k'g repre- 
is known of the properties of such water. sents stable equilibrium between Ice I and 

Ice II, whereas eg is the locus of equilibrium 
The Relawon op Pressure and Tempera- between Ice I and Ice III in a metastable con- 
TXTRE FOR Steam, Water, AND loE. diHon. Ice III has a stable existence only 

in the range of temperature and pressure 
The pre&sure, tempcratuiH', volume, and denoted by the area bcfg, within wnich are 
state of aggregation of water are, of course, smaller areas (shown on a larger scale in the 
interdependent* and it is thus difficult to discuss upper part of Fig. 1 ) in which labile modificationB 
separately the effect of variation of any one or oi Ice 1 and Ice III, called respectively Ice P 
two of these factors. Possibly the simplest and Ice IIP, can exist. The inter-relation 
method is to discuss first the relations of pressure of these forms is not as yet well understood, 
and temperature for the various states of Two other still denser forms of ice exist at 
agmgation, and then consider the effect upon higher pressures. Ice V is in equilibrium with 
volume of varying temperature and pressure Ice III at about 3500 kgm./cm.* over a small 
considered separately. range of temperature in the neighbourhood 

Fig. 1 is the complete pressure-temperature of — 20 ® ; its equilibrium with Ice II has been 
diagram for water, except that to save space followed over a small range only, the point E 
the steam -line a j is not continued to the being conjectural. The stable equilibrium 
critical point at wliich it terminates, viz. 374®C. between Ice V and water, indicated by the iine 
wd 217 atmo* The diagram is defective also cd, has been traced some distance into the 
in that the line alm stands for the vapour- area of Ice III as shown, Ice V being here meta- 
pressure curves of both ico and supercooled stable. Above a pressure of about 6500- 
water, which are in fact distinct but by an 8000 kgm./cm.* Ice V and Ice 11 are converted 
amount entirely inappreciable on the scale of into Ice tho only form observ^ at higkr 
WfOBSure necessarily adopted. The line al pressures. Its equilibrium with liquid water k 
reprwents the vapour pressure of supercooled represented by the line dh, and it is remarkable 
which has been measured down to — 16*3® that at the highest pressures this form is stable 
and is given in Table 1 ; the line am shows the at temperatures up to 75®. The existence of 
^pour pressure of ice which has been measured metastable Ice VI in equilibrium with liquid 
wwn to about —70®, and is given in Table 2 w*ater has been traced along the line for 
wM —60® to 0®. The maximum difference a considerable distance in the area of Ice V. 

between the vapour pressures of ice and super- The estimated densities of tho different forms 

OOoM water is 0*200 mm. at -11*7®. of ice arer-lce II 1*03; Ice III 1*04; loe 

pm vmur pressure of water has been the V 1*06; Ice VI 1*09; as compared with 

JWwt 01 mium accurate experimental work, ordinary ice 0*92 and waters* 1 *00. 
pm data given in Table 3 from 0®-100® and in It must be understood that the evidence 
Table 4 hrom 100®-370®, and represented on the for the separate existence of these solids is 
by the line a j, are the values regarded simply t^e abrupt change of volume, manifested 
•• probable. by a sudden drop of pressure, observed in a 

, . Aim aiaa baiow the line mj represents the mass of water subjeot to isothermal com- 
phase, and water as we know it at or prossion* The oonclnsion Uiat these are S||M 
aitnoiphiiio piemure, is, on the scale o! forms of water is supported by tim feet that 
If temseiiM W Httle more than the loe III formed at al^ut 2500 kgm./cai.* and 

-20®to -30®,ifoooledfiiitto -80^ and than 

♦ 
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to —190°, is so stal)ilised that it is onehai^ pueat loe m breaks down into a bulky powder 
on leleasB of piessure ftnd oftn 1^ exftniinea in of loo I (Tunmonns Zoitsoht MMUfgt Ghooi* 
tho opuie At tomporotnies of 120° or highor i009» 63p 286 ; Z^tsch* phyBiksl* Gh^t 1910| 
n ndo r atmospherio pressure, the olear trans- 72, 609 ; 1913, 84, 267)s 



Fm, 1 . 


The extent and direction of the line dr are 
(d mat theoretical interest, inasmuch as they 
Imd no support to the hypotheses which have 
been formnkted (Poynting, Phil. Mag, 1881, 
12, 32 ; Ostws^ Lehrbuch der allgemeinen 
Cfiemie, 1902, 2, ii. 373, 391 ; Tammann, 
KliitalliBieren nnd Schmelzen, Leip^, 1903, 
29 ^ Plandr, Wied Ann. 1882, 16, 446) that the 
R^liing'point curve of a solid should, with 
incmse ol piessnrn, terminate at a critic^ end* 
poini analogons ta that of \he boiling«point 
curve, or through a maximum. 


Critical data for water have been determined 
as follows : 

An- Crit. Crlt. Orlt Orit 

thority temp. press. voL densUff 

1 368*1° — 0-001874 0^ 

2 364-3° 194-6 atm. 0-003864 

3 374*0° 217-0 atm. — — 

(1) Nadejdine, J. Buss. Phy»« CSiem. 8oc« 
1885, 9, 721. 

(2) Batt^, Mem. Torino, 1890, [il] 41. 

(3) Holbom and Baumann, AmL Phydn 
1910, 31,946. 

' ♦: '' 
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Tablk 1. 

VAPOITB PbBSSTTBB of StrPBB-OOOLBS Watbb. 

Millimetres of mercniy at 0®C. at sea-level in latitude 45®. Temperatures on the constant 
volume gas-thermometer (Reiohsanstalt) scale. 


Tenths of a degree 


0 4 ! 0*3 


-16 — 
-16 1*326 


Soheel and House, Ann. Physik, 1909, [iv.] 29, 723. 


1 

1 

\ 

Temp. 

i 

1 

1 

•c. 


Table 2. 

VArouR Pressure op Ice in Millimetres of Mercury. 

MeaHurod at 0®C. and at sea-level in latitude 45® over a range of temperatures on the 
constant volume gas-thermometer (Rcichsanstalt scale). 


TenOis of a degree 



041 0*048 0 














WATER 


Table 2.~*VAPonB Pressure of Ioe nr MnajMETBEs of Mebouby (oem^tnue^ 



Schcel End Heusb, Aan. Physik. 1909, [ir,] 29, 723. 






































WATIS. 83: 

3 . 

Yjooim PBBSStJBjs Oft Watbb vbok 0^ TO 100**, 

In millimetiM of merenry at 0V» at saa-leTol in latitude Temperatures on ^ oonstant 
volume gas-thermometer (Beiohsanstalt) scale. 

(ZaftdoU-Bdmstein : PA^siJtaliche-CAmiscAe Tabelkn,) 



4*613 4*647 4*681 4*716 4*760 4*785 4*820 4*866 4*890 

4*962 4*998 6*034 6*070 5*107 6*144 6*181 6*219 6*266 

6*332 6*370 6*408 5*447 6*486 6*626 6*666 6*606 6*645 

5*726 6*766 6*807 6*848 6*889 6*931 6*973 6*016 6*068 

6*144 6*187 6*230 6*274 6*318 6*363 6*408 6*463 6*498 


6*636 6*681 6*728 6*776 6*822 6 i 


6*917 6*966 


7*062 7*111 7*160 7*209 7*269 7*309 7*360 7*411 7*462 

7*665 7*617 7*669 7*722 7*776 7*828 7*882 7*936 7 * 990 1 

8*100 8*166 8*211 8*267 8*323 8*380 8*437 8*494 8*651 1 

8*668 8*727 8*786 8*846 8*905 8*965 9*026 9*080 9*147 



12*963 13*037 13*121 

13*809 13*898 13*987 

14*716 14*809 14*903 

16*673 15-772 15*871 

16-685 16*789 16*894 



17*536 

17*644 

21 


18*765 

22 

19*827 

19*948 

23 

21*068 

21*196 

24 

22*377 

22*512 

26 

23*766 

23*897 

26 

26*209 

26*369 

27 

26*739 

26*897 

28 

28*349 

28*641 

29 

30*043 

30*217 

30 

31*824 

32*007 

31 

33*696 

33-888 

32 


36*866 

33 

viMn ' 

37*942 

34 

12 ^ 

40*121 

85 

42*176 

42*409 

86 

44*663 

44*808 

37 

47*067 


88 

4 e -692 

39 

62*442 

62*725 

40 

65*32 

66*61 

41 

58*34 

58*65 

42 

61*50 

61-82 

43 

M ’80 

66*14 

44 

58*26 

68*61 

45 

Tl'SS 

72*26 

48 

. 7 m 

76*04 

47 

7 (m 

8 ( h 00 

43 

»* 7 i 

64*13 

« 


6846 




24*326 24*471 

26*812 26*964 26*117 26*271 

27*374 27*636 27*696 27*868 

29*016 29*184 29*364 29*626 

30*746 30*923 31*102 31*281 

32*376 32*661 32*747 32*934 33*122 

34*276 34*471 34*667 34*864 36*062 

36*272 36*477 36*683 36*891 37*099 

38*369 38*584 38*801 39*018 39*237 

40*669 40*796 41*023 41*251 41*480 

42*880 43*117 43*365 43*696 43*836 

46*301 45*649 46*799 46*060 46*302 

47*841 48*102 48*364 48*627 48*891 

60*602 60*774 61*048 61*323 61*600 

63*294 63*580 63*867 64*156 64*446 

66*21 66*51 66*81 67*11 67*41 

69*90 60*22 60*54 

63*13 63*46 63*79 

66*61 66*86 67*21 

70*05 70*41 70*77 

i • 

73*74 74*12 74*50 

77*60 78*00 78*40 

81*64 82*05 82*46 

85*85 * 86^8 86*71 

90*24 90*69 91*14 


44*078 I 44*320 
46*811 
49*424 
62*160 
55*030 
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Table 5. 

BoiLiBa-POiNT OB Water at various Barometio Pressures. 


Barometric pressure in mm. of mercury at 0®C. at sea-level in latitude 46®. Temperatutes 
on the constant volume gas-thermometer (Reichsanstalt) scale. 


PfABA, 

Tenths of a millimeter 

mm. 

0*0 

0*1 

0*2 

0*3 

0-4 

0-6 

0*6 

0*7 

0*8 

0‘0 

720 

»8-494‘' 

497 

501 

505 

509 

613 

617 

520 

624 

528 

721 

632 

636 

640 

544 

647 

651 

565 

559 

663 

567 

722 

671 

674 

578 

682 

686 

590 

693 

697 

601 

\ 606 

723 

609 

013 

617 

620 

624 

628 

632 

636 

640 

\644 

724 

648 

662 

655 

659 

663 

()67 

671 

675 

678 

U82 

726 

os-ege" 

689 

693 

697 

701 

706 

709 

712 

716 

V20 

726 

724 

728 

732 

735 

739 

743 

747 

761 

766 

768 

727 

762 

766 

770 

774 

777 

781 

785 

789 

793 

797 

728 

801 

804 

808 

812 

816 

819 

823 

827 

831 

835 

729 

839 

843 

846 

850 

854 

858 

861 

866 

869 

873 

730 

98-877'’ 

880 

884 

888 

892 

806 

899 

903 

907 

911 

731 

916 

918 

922 

926 

930 

034 

937 

941 

946 

949 

732 

963 

966 

960 

964 

968 

972 

975 

979 

983 

987 

733 

991 

994 

998 

♦002 

♦006 

♦010 

*013 

♦017 

*021 

*025 

734 

99-029'’ 

032 

036 

040 

044 

048 

051 

055 

059 

063 

735 

99-067'* 

070 

074 

078 

082 

086 

089 

093 

097 

101 

736 

105 

109 

112 

116 

119 

123 

127 

131 

135 

138^ 

737 

142 

146 

150 

163 

157 

161 

165 

109 

172 

176 

738 

180 

184 

187 

191 

195 

199 

203 

206 

210 

214 

739 

218 

221 

225 

229 

233 

236 

240 

244 

248 

262 

740 

99-256® 

269 

263 

267 

270 

274 

278 

282 

285 

289 

741 

293 

297 

300 

304 

308 

312 

316 

319 

323 

327 

742 

331 j 

334 

338 

342 

346 

349 

363 

357 

361 

364 

743 

368 1 

372 

376 

379 

383 

387 

391 

394 

398 

402 

744 

406 

409 

413 

417 

421 

424 

428 

432 

436 

439 

745 

99-443® 

447 

461 

454 

458 

462 

466 

469 

473 

477 

746 

481 

484 

488 

492 

496 

499 

603 

607 

610 

514 

747 

518 

622 1 

626 

529 

533 

537 

640 

644 

548 

551 

748 

556 

559 

563 

666 

670 

574 

678 

581 

586 

589 

749 

593 

596 

600 

604 

607 

1 

611 

615 

619 

622 

626 

750 

99*630® 

633 

637 

641 

645 

648 

J662 

656 

669 

663 

751 

667 

671 

674 

678 

682 

686 

689 

693 

694 

700 

752 

704 

708 

712 

715 

719 

723 

726 

730 

734 

738 

753 

741 

745 

749 

762 

756 

760 

764 

767 

771 

775 

754 

778 

782 

780 

790 

793 

797 

801 

804 

808 

812 

755 

99-816® 

819 

823 

827 

830 

834 

838 

841 

845 

QiiO 

QW 

756 

852 

856 

860 

863 

867 

871 

875 

878 

882 

886 

757 . 

889 

893 

897 

900 

904 

908 

911 

915 

919 

923 

758 

926 

930 

934 

937 

941 

945 

948 

952 

966 

969 

759 ; 

1 

963 

967 

970 

974 

978 

982 

985 

989 

993 

996 
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Tabu 6. 

MbLOTO-POIKT OB lOB AT fllOH PbBSSUBB. 
(Landdi-Bdrnitein : PhyaiMiicke-Chmiecke Tabdlen,) 


SdldptiaMa: triple polnte 


Pressure kgm./cm*. 


lo6L(iB) . 


Ibe 1. ; Ice ni. {B) 

j Ice in. (JSC). . 

i IcellL; loeV.(a) 

j 

i Ice V. (CD) . 


loeV.; Ice VI. (D) 


IoeVI.(DJ5r) 


Melting-point 


0 - 0 ® 
- 2-6 
-41 
- 6-0 
-6-63 
-7 ‘46 
-7*5 
-8-7 
~ 9-76 
-10*42 
- 10*0 
-12*74 
- 12*6 
-14*0 
-16*66 
-16*0 
-17*6 
-20*3 
- 20*0 
- 22*1 



- 22*0 
- 22*0 
- 20*0 
-18*6 
-17*0 
- 20*0 
-16*0 
- 10*0 
- 6*0 
0*0 
+0*16 
- 12*0 
-16*0 
-70*0 
-5*0 
0-0 
+Vl 
+ 6*0 
+ 10*0 
+ 12*6 
+16*0 
+20*0 
+30*0 
+40*0 
+60*0 
+60*0 
+64*2 
+72*16 
+76*26 


1 . Tammann^ Ann. Pbyiik. 1900, [ir.] 2, 6. 

2. Tammann, Zeitach. i^yaikal. Obem. 1910, 72, 609, 

3. BriagmaQ, Proo. Roy. Acad. 1912, 47, 441. 


' ' ■> • ' j' 

• 

1 

i 
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^ Table 7. 



IKTBR-BELATIONS OB THE STABLE T'ORMS Of lOE. 




setid pliaiei : td^e points 

Pressnn kgUL/em.* 

Transition points 


/ 

2,103 



1 

2,25$ 

-80-8 

Ioe L 5 Ice III. (5(?) . 

. 

2,178 

2,160 

-40-0 

-60-0 


1 

2,117 

-eo-0 



2,220 

-80*0 

Icel. ; Ice II. 


2,170 

--84*7 

Ioem.((?) .... 


2,240 

-87*0 


/ 

2,164 

~-36*0 



! 2,072 

i -460 

Ice L ; Ice 11. (KO) 

. 

' 1,980 

-65*0 



1 1,886 

: -66*0 


V 

1,794 

i -75*0 



2,230 

1 -34*0 

IcelL; IcoIII.(P<7) . 


2,630 

1 2,910 

31*0 

i -28*0 



' 3,370 

-25-0 


The Relation of Volume and Temperature moderate presses, 

AT Moderate Pressures tor Steam, and the avaiUble date are pre^nted m 
Water and Ioe tables. Table 8 shows the speomo 

* ** volume in o.c. per gram of saturated water 

It is convenient next to consider the relation vapour corresponding to each degree of temper- 
of the volume of unit mass of water to tem- ature from the specific volume of 

Table 8. 

Specific Volume op Saturated Water Vapour. 

In cubic centimetres per gram, at temperatures on the constant volume gas-thermometer 

(Reichsanstait) scale. 


Tempera* 

tore. 


Tens of 
degrees 

0 

1 

2 

3 

4 

5 6 


8 

9 

0^ 

206,000 ! 191,400 

178,700 

.167,100 

156,300 

146,300 i 137,000 

128,300 

120,300 

112,800 

10 

105,900 

99,400 

03,390 

87,770 

82,650 

77,660 73,090 

68,850 

64,870 

61,160 

20 

67,660 

54,400 

61,360 

48,500 

46,820 

43,310 40,960 

38,740 

36,660 

34,710 

80 

32,880 

31,160 

29,540 

28,010 

26,570 

25,230. 23,960 

22,760 

21,620 

20,660 

40 

19,640 

18,690 

17,690 

16,840 

16,040 

16,280 { 14,660 

13,880 

13,240 

12,630 

• 80 

12,060 

11,600 

10,980 

10,490 

10,030 

9,686 9,166 

8,766 

8,388 

8,028 

60 

7,686 

7,360 

7,049 

6,763 

6,472 

6,206 ; 6,961 

6,710 

6,480 

6,261 

70 

6,060 

4,860 

4,669 

4.477 

4,303 

4,136! 3,978 

3,826 

. 3,681 

3,542 

00 

8,410 

3,284 

3,163 

3,046 

2,936 

2,828 ; 2,727 

2,629 

2,636 

2,447 

00 

2,861 

2,279 

2,200 

2,124 

2,051 

1,981. 1,914 

1,860 

1,788 

1,728 

100 

1,6710 

1,6170 

1,664*0 

1,613*0 

1,466-0 

1,418-0 1,373-0 

1,329*0 

1,287*0 

]«247-0 

110 

1^209*0 

1,172*0 

M360 

1,101-0 

1,0680 

1,036-0 1,006-0 

974-4 

945-6 

917-6 

120 

890-7 

864*9 

a39*7 

816-6 

792-0 

769-4; 747-6 

726-6 

706*1 

686-4 

180 

667-8 

648-8 

631*0 

613-8 

697-1 

681*1; 665-6 

560-3 

636-6 

521-4 

1# 

607-7 

494-4 

1 481-6 

469-1 

467-1 

446-4 ; 434-0 

1 

423-0 

412-4 

402-1 

180 

89M 

882-4 

372-9 

363-8 

366-0 

346-4 ! 338-0 

329-9 

321*9 

3ll3 

.■100';;,: 

306*8 

299*6 

292-6 

286-9 

279-3 

272-8 266-6 

260*6 

264*7 

248*9 

■■ ■170,. 

243-3 

. 237*9 

232*6 

227-6 

222-4 

217*6 212-8 

208-2 

203*7 

199-3 

' '■,180' '■' 

,’Vj 

W6‘l 

i 

— 

■— 

— 



' 



C WcBl rt i d to Bdbon, 8oh«d and Henniss (i 
BbwJm (Am. rayiOc. 1008 . pvj 28 . 893 ) 
SMalio J.tkmtlMiii.IM.lUg .1 


(WiirnttobeUm, 1910) from tl» nsolti of Bwhutt 
)) ud Henniiig (iMf. 1006, pT.j 21. te ; 1000, 
. m 17, 120. 




wAm. 


iteam ia sixnllarly given at 1(P 


in Taible hsm 80MO0« hf degrees 


The speoifio volume is ^ven for super- 320^ in Tatde 15. lot oonvenleiu 
cooled vater from *-13^ to 0*^ in Table and data in tCTis of spedflo gravity 

mr stable vater from 0^-35*’ by teniba of a also ia Tables 10, II, 13 and 15. 

* 

Table 9. 

SPBomo VoLova of Sofebhbatbd Steam:. 

Cubic centimetres per gram (M. Jakob, Zeits. Ver. Ing. 1912, 56, 1980). 


are given 


Fressuie In kilograms per square oeotimetre. 


Temperature ' 


Saturation! 
tempera- > 
tore. ) 
110 
120 
130 
140 
150 


618*2 382*6 278*5 219*5 


630*5 — 

647*6 — 


15 

17 

134*6 

119*3 

135*9 

— 

144*3 

125*9 

1520 

133*0 

159*5 

139*7 

166*8 

146*3 

173*9 

152 7 

191*3 

168*3 

210*9 

183*4 

224*8 

198*1 

241*2 

212*6 

257*3 

226*9 


Table 10. 

SPBCuno Gbavtty aed SPEcmc Volume of Water below 0®. 




Speclflc volume 

Tempersture 

opecmc gravtcy vi; 

(1) 

(2) 

--13 

_ 


1*00308 

-12 

— 

— 

1*00271 

-11 

— 

— 

1*00237 

-10 

0*99815 

1*00186 

1*00207 

-9 

0*99843 

1*00157 

1*00175 

-8 

0*99869 

1*00131 

1*00150 

-7 

0*99892 

1*00108 

1*00128 

-6 

0*99912 

1*00088 

1*00105 

-5 

0*99930 

1*00070 

1*00082 

-4 

0*99945 

1*00055 

1*00062 

-3 

0*99958 

1*00042 

1*00045 


0*99970. 

1*00031 

1*00038 

rl 

0*99979 

1*00021 

1*00023 

j / '0 ’ 

0*99987 

1*00013 

1*00012 


mm T.VMMHW, *. W|05. AUU. A, 0 VW, OW , 

a KoUer, Tiya. Bevinr, lOia 35, 335. 
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Tjlbui 11. 

Bbnsitt Of Watxb or Gbams feb Cttbio Ceniiicbtbe. 


At temperatures from 0® to 36® on the constant volume gas^thermometer (Reiohsanstalt) scale. 
(LarMJt-BiirMUin : PhysihaliBche-Ohmische Tahdlen,) 






Tenths of a degree 





Dogrew 













0*0 

0*1 

0*2 

0*3 

0*4 

0*5 

0*0 1 

1 

1 

0*7 

0*8 

0*9 

0 

0-999,868 

874 

881 

887 

893 

899 

906 

911 

916 

922 

I 

927 

932 

936 

941 

946 

950 

954 

967 

961 

966 

2 

968 

971 

974 

977 

980 

982 

985 

987 

989 

991 

3 

992 

994 

995 

996 

997 

998 

999 

999 

000* 

000* 

4 

1-000,000 

000 

000 

099* 

999* 

998* 

997* 

996* 

996* 

993* 

6 

0-999,992 

990 

989 

986 

984 

982 

979 

977 

974 

971 

6 

968 

965 

962 

958 

954 

961 

947 

943 

938 

934 

7 

929 

925 

920 

915 

910 

904 

899 

893 

888 

882 

8 

876 

870 

864 

8S7 

851 

844 

837 

830 

823 

816 

9 

808 

801 

793 

785 

778 

769 

' 761 1 

763 

744 

736 

10 

727 

718 

709 

700 

691 

681 

672 ! 

662 

662 

642 

a 

(>32 

622 

612 

601 

591 

580 

569 j 

558 

647 

636 

12 

625 

613 

502 

490 

478 

406 

454 

442 

429 

417 

13 

404 

391 

379 

366 

353 

339 

326 

312 

299 

285 

14 

271 

257 

243 

229 

215 

200 

186 

171 

156 

141 

15 

126 

111 

096 

081 

065 

060 

034 

018 

002 

986* 

16 

0*908,970 

953 

937 

920 

904 

887 

870 j 

863 

836 

819 

17 

801 

784 

766 

749 

731 

713 

695 1 

677 

659 

640 

18 

622 

603 

586 

! 566 

i 647 

628 

609 I 

j 490 

471 

461 

19 

432 

412 

392 

i 372 

1 352 

332 

312 

292 

272 

251 

20 

230 

210 i 

189 

i 168 

j 147 

126 

105 

083 

062 

040 

21 

019 

997® 

976* 

; 953* 

931* 

909* 

887* 

864* 

842* 

819* 

22 

0*997.797 

774 

751 

1 728 

706 

682 

659 

635 

612 

588 

23 

665 

641 

617 

j 493 

! 469 

445 

421 

396 

372 

347 

24 

323 

298 

273 

j 248 

1 223 

198 

173 

147 

122 

096 

25 

071 

045 

j 019 

i 994* 

1 968* 

941* 

915* 

889* 

863* 

836* 

26 

0*996,810 

783 

766 

; 730 

! 703 

676 

648 

621 

694 

567 

27 

639 

512 

484 

i 456 

i 428 

400 

372 ! 

344 

316 

288 

28 

259 

231 

202 

i 174 

; 146 

116 

087 1 

068 

029 

000 

29 

0*996,971 

i 

941 

912 

j 882 

; 853 

823 

793 ’ 

763 

733 

703 

30 

073 

643 

613 

1 582 

1 652 

521 

491 

460 

429 

396 

31 

367 

336 

305 

1 273 

i 242 

211 

179 

148 

116 

084 

82 

052 

020 

988® 

1 968* 

924* 

892* 

869* 

827* 

794* 

762* 

33' 

0*994,729 

696 

663 

i 630 

697 

564 

531 

498 

464 

431 

34 

398 

364 

330 

i 296 

! 263 

229 

195 

161 

126 

092 

35 

058 

023 

989® 

1 964* 

i 

j 920* 

1 

886* 

850* 

816* 

780* 

745* 


XUmmi^ Sdie0l and Diesselhorst, Wiss. Abh. Phjs.-Teoh. Reiohsanstalt^ 1900, 3, 68 ; Ghbppias, 
IJIt. 1904, 18. 
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" Table 12. 


Spfiomo Volume op Water m Oubio Centimetres per Gram. 

At temperatmeB from 0® to 36® on the constant volume gas^thermometor (Reiohsanstalt) scale. 


Degrees. 




Tenths of a Degree 





0-0 

0*1 

0*2 

0*3 

04 

0*5 

0*6 

0*7 

0*8 

0-9 

0 

1-000.132 

126 

119 

113 

107 

101 

095 

089 

084. 

W 

1 

073 

069 

064 

059 

066 

051 

047 

043 

039 

035 

2 

032 

029 

026 

023 

020 

018 

OIG 

013 

on 

too 

3 

008 

006 

006 

004 

003 

002 

001 

001 

000 

QOO 

4 

000 

000 

000 

001 

001 

002 

003 

004 

005 

0^7 

6 

008 

010 

012 

014 

016 

018 

021 

023 

026 

029 

6 

032 

036 

039 

042 

046 

060 

064 

068 

062 

066 

7 

071 

076 

080 

086 

090 

096 

101 

107 

112 

118 

8 

124 

130 

137 

143 

149 

156 

163 

170 

177 

184 

9 

192 

199 

207 

216 

223 

231 

239 

247 

256 

264 

10 

273 

282 

291 

300 

309 

319 

328 

338 

348 

368 

11 

368 

378 

388 

*399 

409 

420 

431 

442 

463 

464 

12 

476 

487 

499 

611 

522 

634 

547 

559 

671 

68|4 

13 

696 

609 

622 

636 

648 

661 

676 

688 

702 

716 

14 

729 

743 

767 

772 

786 

800 

816 

830 

844 

869 

16 

874 

890 

906 

920 

936 

961 

967 

983 

999 

01{f* 

16 

HJ01,031 

048 

064 

081 

098 

114 

131 

; 148 

166 

183 

17 

200 

218 

235 

253 

271 

289 

307 

: 325 

343 

361 

18 

380 

399 

417 

436 

456 

474 

493 

: 613 

632 

661 

19 

671 

691 

610 

I 630 

1 660 

671 

691 

; 711 

732 

762 

^ 20 

773 

794 

816 

1 836 

867 

878 

899 

1 921 

942 

964 

21 

986 

007* 

029* 

i 061* 

073® 

096* 

118* 

1 140* 

163* 

186* 

22 

1-002,208 

231 

264 

i 277 

300 

324 

347 

i 370 

394 

418 

23 

441 

465 

489 

I 613 

638 

662 

686 

611 

636 

660 

24 

686 

710 

736 

! 760 

786 

810 

835 

: 861 

886 

912 

26 1 

938 

964 

990 

! 016* ! 

1 042* 

008* 

094* 

j 121* 

147* 

174* 

26 

1-003,201 

227 

264 ; 

281 ! 

308 

336 

363 

! 390 

418 

446 

27 

473 

601 

629 

666 I 

685 

613 

641 

i 769 

698 

726 

28 

766 

783 

812 

I 841 1 

870 

899 

928 

I 957 

987 

016* 

29 

1-004,046 

076 

106 

136 ; 

t 

166 

194 

226 

! 266 

286 

316 

30 

346 

376 

407 

437 I 

468 

499 

630 

1 661 

692 

623 

31 

666 

686 

717 

749 1 

781 

812 

844 

i 876 1 

908 

940 

32 

972 

006* 

037* t 

070» 

102* 

136* 

167* = 200* 

233* 

2669 

33 

0-006,299 

332 

366 

399 

432 

466 

499 

533 

m 

600 

34 

634 

668 

702 

‘ 736 ! 

771 

806 

839 

874 

908 , 

943 

36 

978 

013* i 

I 

047* 

1 

082* ; 

! 

118* 

163* 

188* 

223* 


294* 


f Thiesen, 8 oheel and IHesselkorst^ Wise. Ahh. Fhys.*Tech. Reichsatistaltf I 9 OO 9 S» 69 

f. Trav. Bur. liit. 9 1904, 13. 

■■ ■ ■ ■’ t'. ■ ■ ^ 
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Table 14. 

Specific Volume of Wateb fbom 30® to 100®. 


Tens of 

Degrees 

Degrees. 

0 

1 

2 1 

8 i 

4 1 

5 

6 1 

7 

8 

9 

30 

1*00435 

466 

497 i 

530 

563 

598 

633 

669 

706 

743 

40 

782 

821 

861 t 

901 

943 

985 

•028 

*072 

♦116 

♦162 

50 

1*01207 

254 

301 1 

349 

398 ' 

448 

1 498 

548 

600 

652 

60 

705 

768 

813 

867 

923 

979 

•036 

*093 

*151 

*210 

70 

1*02270 

330 

390 ! 

452 

514 1 

576 

639 

703 

768 

833 

80 

899 

965 

•032 i 

♦0<)9 

*168 1 

•237 

1 *306 

: *376 

♦447 : 

♦518 

90 

1*03590 

663 

736 1 

810 

884 1 

959 

i *035 

j *111 


♦265 

100 

1*04343 

422 

; «oi i 

— 

t — ‘ 

— 

: — 

1 — 

j *188 

— 


Thiefisen, Wise. Abh. Phy6.<Teoh. Reicbsaostalt, 1904, 4, 1. 


Table 15. 

Density and Specific Volume of Watbe fbom 100® to 320®. 





. Watenton, Phil Mag. 


‘V I-.-?! ■ -t:. 
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Tabus 16. 

DBKszrr ako Expakbeb^st ^r los. 


tboStyi of experiment Ktndofloe 


Weighing in liquid . j Natural . 
Direct measurement ! 
of linear coefficient . ' Artificial 
Dilatometrio , , i Not stated 

Dilatometric . . I Artificial . 

Neutral equilibrium in i 
liquid (chloroform i 
and petroleum) , : Artificial . 
Dilatometric . , ; Artificial. 

/Dilatometrio , , | Artificial . 

i Artificial. 


Katuralice 


Ariiildatiee 


Weighing in liquid; 
(refined petroleum)! 


Natural {new 
pond ice) 
Natural (pond 
ice, 1 year old) 
Natural (new 
pond ice) 


Volume by displace- ’ Natural (new 
ment . . . pond ice) 

Direct measurement 
V of linear coefficient . Artificial. 
Weighing in ura tcr . Natural (old and 
new) 

Direct weighing of 
buoyancy in mercury Artificial . 

Means, neglecting results of No. 3 


1. Bmimer, Fogg. Ann. 1845, 64, 116. 

2. Strav., Pon. Ann. 1845, 66, 298. 

3. Hanhaod, J. prakt. Chem. 1845, 35, 254. 

4. Flicker Geiasler, Fogg. Ann. 1852, 86, 265. 

5. Dofonr, Compt rend. 1862, 34, 1080. 

6. BnnMn, Fogg. Ann. 1870, 141, 1. 

7. Niohda, Phya. Review, 1899, 8, 21. 

• ^ Pkys* Zeit. 1901, 3, 81 j Barnee and Cooke, Tranii. Roy. Soc. Canada, 1902, 8, (iii.), 

143. 

9. Vincent, Proo. Roy. Soc., 1902, 69, 422. 


Density 

a 

Density 

a 

0-9179 

0*0001126 

— 


— 

[0-0001050] 

0*91667 

0*0001693 

[0*0001060] 

0*0001686 

1 1 1 1 

1 1 1 1 

0-9177 

0-91674 

0-91619 

0-91603 

1 1 1 1 

0*91795 

— 

— 

— 'i 

0*91792 

— 

— 

— 

0*91623 


— 

— 

0-91760 

- 

— 

— 

— 

— 

i 

0*0001620 

0*91661 



— 

— 


0*9160 1 

0*000162 

0-9174 

0*0001126 jo*9166' 

0*000168 


A laige number of formulae, for the most part 
entirely empirical, have b^n proposed to 
express the variation of volume of water with 
temperatofe, and these are collected, e.g, in Lan- 
dott-BeSmsteln Tabelien, 1921, p. 1231. 

Aa^exam^es the following may be given for 
iNkter hm 0®-40® and from IT^'-KXr respeo- 
due to Thieaen, Schee! and Diesselhorst 
. Ahiu VliyB.-Tecli. Reichaanstalt, 1900, 3, 
d ISiinieii (Wise. Abh. Phya.-TDch. Reich- 
aaonMlt* 190^ 4, 1). H s»the denaiQr, 

y X (from 0^ — 40®) 

: «08670 i + 67*26 ^ ^ 

lUa ^ I -I- 273 ^ 3fi0 - f 
> T T66700 " 7+67 366 - f 

^ ; (from 17® -100®) 


which varies with temperature in the general 
manner indicated below : 

Temp, 20® 40® 60® 100® 140® 180® 900® 
ax 10® 110 217 306 462 684 729 788 / 

(See Meyer, Nemat’s Festschrift, Salle a. SJ 
1912, 278 ; Him, Ana. Chim. 1866, [ivj 10, 82 j 
Tammaim and Zepemik, Zeitadli. phyaihal^ 
Chem. 1895, 16, 669.) ^ 

Despite many investi^iioDa our ImowMIlO 
of the density and expansion of ice is not mUtm 
satisfactory. Table 16 givaa an indioalim « 
the methods adopted, the kinds ke tuod, 
and the final results obtstoed In tha 
reaches on the subject 1 thofapaill^Jlu^ 
and Cooke and by VinoeDt<» dliM in the 
contain eritioal leviewa of miter moik 
should be consulted lor mom dirtaltod intait^ 
atkm. ' 

Opon examinatloD it le at ones apfwMt' 



tha* tJMN date diiw amoog 
anottoti maoh greater than mj amfim^tel 
ennr to tAiok the octul detenoiDation of 
density can conoeiTehly be enbieet. 

With ieokted eieeptiona the ralneB for 
nataml ke ai^sioxlioete to 0*91d« whilst those 
for artiieial foe are near 0*916. The mean 
values In .Iha TaUe are jiespectively less than 
and greater than these inures, because they each 
inckide exceptional data which appear from 
their ma|;nitude to belong to the other classifica- 
tion* Kichols first drew attention to this 
apparently systematic difierenoe» and his 
experiments seem to show firstly^ that it is real, 
aoid seocmdly, that the density of natural ice 
decreases with lapse of time until it approaches 
that of artificial ice. The experiments of 
Barnes and Cooke, made with natural ice from 
the St, Lawrence river, which had been in storage 
for various periods up to three years, confirai 
the ooraeotness of the lower value for old natural 
ioe« but it seems probable that none of their 
samples of ice were as recently formed as those 
which other observers had found of high density, 
and their conclusion that age has no effect on 
the density of ice is open to doubt 

Cooke (Trans. Roy. Soc. Canada, 1902, 
[ili] 127), in a discussion of these and earlier 
resttlta, advances the view that the differences 
arise from stresses produced in the mass of ice 
by certain modes of freezing, but it is evident 
that Nichols' results with icicles discount this 
hypothesis. Vincent, measuring directly the 
upward pull exerted by a mass of water or ice 
completely immersed in mercury, confirmed 
generallv the lower value for artificial ice, but 
obtainea very definite evidence that the same 
specimen of water can, on different occasions, 
bwEie into specimens of ice having distinctly 
different densities. 

Farther investigation is clearly needed on 
this point, and in the moautiroo the density of 
ioe may perhaps best be taken at the mean value 
of 0*917, 

Leduc has attempted to show that the 
observed differences may be due to variation 
in the content of dissolved air, but this explana- 
tion seems inadequate, especially in view of 
Vincent’s results; he finds ice prepare^ by 
re^peatediy freering «« vaev6 water previously 
boiled to expel gases has a density of 0*9176 
(Oowtiend. 1906, 142, 149). 

The differenoo between the density at 0^ of 
water« 0*99987, and ioe, 0*917, nearly 13 p.c., 


krnmimadim 

when wite ST Inmoriant 

pTMtieal coQieqiieiices of this eaipaiimi gxe. 
weH known. Fieeiingwakff produces dimptive 
effects is the oeUs of plant and animal tissues 

and in p^es and eontamets of all sorts, and these 
effects, occurring in the crevices of woks^ stones 
and buildings, and of the soil, cause progresrive 
superficial msintegration. Whmi water is cooled 
by contact with cold air, ice is formed, and 
because of its lower density remains, on the 
surface ; the temperature of the bulk of water 
does not fall below 4®C., the temperature of 
maximum density, at which cooling by con- 
vection ceases. When water in process of 
cooling is continuously mixed, as in ronnii^ 
streams, and free radiation occurs from the 
bed-rock to a clear atmosphere through shallow 
water, the temperature of the bed-rock and 
the water in contact with it may fall below ()®, 
when the so-called * ground^ * awesor * or * frazil * 
ice is formed at the bottom. 

Freezing of Waier in CajtiUary System,-- 
Much of the water of soils and inorganic gels 
fails to freeze, even at temperatures as low m 
— 78®, because it is physically adsorbed, chemi- 
cally combined, or in solid solution. £. A. 
Fisher (J. Physical Chem. 1924, 28, 360) fwints 
out that w'ater present in very fine capillary 
tubes or pores must be under considerable ten- 
sion, and so the density may not necessarily be 
the same as that of water in bulk, but probably 
less. Hence the expansion on freezing will 
probably be less, and since the amount of ^ter 
which fails to freeze is determined by dilato- 
metric measurements, false conclusions may 
thus l)e drawn (Chem. Soc. Abstr. 1924, 126, 
ii, 391). 

Temperature of Maximum Density . — ^The 
data given in Tables 11 and 12 show the well- 
known fact that water attains a maximum 
density at about 4®C. Precise investigation hM 
fixed the temperature as 3*98® at atmospheric 
pressure ((^appuis, Wied. Ann. 1897, 63, 202; 
Thiesen, Sch^ and Diesselhorst, Wiss. Abb* 
PhyB.-Tech, Rcichsanstalt, 1900, 3, 68; do 
C!oppet, Ann. Chim. 1903, [vii.] 28, 145). 

At higher pressures the temperature of 
maximum density of water falls progressively in 
the manner shown in Table 17, and expres^ 
in the following formula (Lussana, Nuovo Cim. 
1910, [v.] 19. 182) 

^=4*10®-0*0225(p-l) 


Table 17. 

Vaautiok Of THE Temperatube Of Maximum Density of W’ater with Pressure. 
Pressure. Temperature of Maximum Density, 


Grassi, Ann. Chim. i851« 
[iu.]31,437* 




1 atmo. 

4*08® 


1-76 „ 

4*0 


2-86 .. 

3*9 


4-06 „ 

3*8 


* •6 „ 

3*7 


6*» „ 

3*6 


8*6 

3*6 

■'u ' 

10-# 

3*4 


n • 

3*8 


m'A » 

2*0 


♦**1 » 

0*6 


Amagat, Compt. rend. 
^808, 116,94ft. 


if 




m 
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Bor this reason in speoifj^ water at its 
temperature of maximum dencnty as the standard 
of density, it is necessary to stipulate that the 
piessuie must be normal It is also lowered 
the presence of dissolved ^ts. For a given 
salt, the lowering is proportional to the concen- 
tration cd the solute (Law of Despretz, Ann. 
(Mm. 1839, [ii.] 70, 49 ; 1840, [il] 73, 296), but 
it is not connected with the depression of the 
freezing-point and is not a oolligative property 
(Bosetti, Ann. Chim. 1867, [iv.] 10, 461 ; 1869, 
[iv.] 17, 370). The molecular lowering of the 
temperature of maximum density by salts of 
monovalent ions (e.gr. H*, la*, Na*, K' and NH '4 
with Cl', Br', I' and NO'.) does exhibit a regularity 
in that it can be calculated from the molecular 
lowering of HO (the lowest) by adding two 
numbers, characteristic respectively 0 ? the 
pi^cular basd and acid present (Wright, J. 
Ghem. Soc. 1919, 115, 119) : weak aci&, and 
the salts of divalent acid and basic radicles, 
diow no such regularity (de Coppet, Ann. Chim. 
1894, fvii.] 3, 246, 268 ; Compt. rend. 1897, 125, 
533; 1899, 128, 1559; 1900, 131, 178; 1901, 
182, 1218; 1902, 134, 1208). 

Thi Eelation op Volume and Peessube 
FOB Wateb and Ice. 

The effect of large variation.s of pressure upon 
the volume of water or ice is usually expressed 
in terms of the compressibility coefficient p 
where 

Vi Pa -Pi 

where Vi=the volume at an initial pressure p,, 


and thn vdhime at a higher pressure P| at 
the same temperature; p is evidently the 
fraction by which the original volume is rAuced 
for unit increase of pressure. 

Table 1 8 gives the values of j 8 x 1 0 ^ for watar 
according to Amagat for pressures from 1-300Q 
atmospheres and temperatures from OMKK)*^ 
Table 19 gives the results, more accurate, but 
relating to a much smaller range of temjm^ure 
and pressure, obtained by Richards and Stull 
and oy Tyror, and, for comparison, those of 
Bridgman at 0 *^ and 22 ^ 

The same data can, of course, be exmei^ 
in terms of specific volume, and Table gives 
this quantity f 6 r water over a range of pressure 
from 0 — 12,000 kgm./cm.* and from — 20 *^ to 
-i~ 80 *^C. 

Normal liquids show a compressibility 1 
decreases with rise of pressure and incn 
with rise of temperature. These data show t 
the compressibility of water is thus affected I 
rise of pressure, but that increase of temperatu 
up to about 50^ taivers the compressibility^ 
at higher temperatures the compressibility 
water increases with rise of temperature like'' 
that of other liquids. The significance of this 
fact in relation to current hypotheses of the 
constitution of water is discussed elsewhere. 
The relation of the coefficient of expansion of 
water to pressure and temperature is given in 
Table 21 . Experiments upon the isopieeiio 
expansion of water at higher temperatures and 
pressures show that the thermal expansibility 
increases with temperature to a maximum vtdue 
which is the less the greater the pressure (Watson, 
Proc. Roy. Soc. Edin. 1911, 31, 456). 


Table 18. 


CoEpnciENT OF Compressibility p for Water. 
(Tabulated data are 10*}. 


Temp. 

0* 

6- 

1 

10* 

16* 

; 20* 

! 

( 

1 30* 

40* ' »• I M* 

70» 

80* 

100* 

200^ 

.Tram. At, 
1-100 

5M 

49-3 

48*3 

i 

i 47*3 

i 40-8 

46-0 

! ; 

44*9 ! 44*9 : 45-5 

4(i-2 


47-8 


100-200 

49*2 

47*5 

46*1 

45*1 

44*2 

43*6 

42*9 ' 42*5 42*7 

43*9 


46*8 

80*7 

200-300 

48*0 

46*2 

45*3 

44*3 

43 '4 

42-2 

41*4 ; 41*3 • 41*5 

42*5 

43*6 

45*9 

76*9 

300-400 

46-6 

44*9 

44*1 

43*3 

42*4 

41*3 

40-7 ! 40-2 40-6 

4M 

42*2 

44*6 

73*1 

400-500 

45*5 

44*4 

43*0 I 

! 42*2 

41*5 

1 40*0 

' 40-4 ; 39-9 * 39-4 

39*8 

40*8 

43*4 

68*2 

500-600 

43*8 

43*0 

418 

t 41*1 

40*4 

i 39 *2 

39-0 39-0 ■ 38-8 

39*1 

39*9 

41*6 

66*0 

600-700 

42*9 

40*9 

40*5 

1 39*8 

39*4 

i 38*7 

38-2 ’ 37-7 : 38*3 

38-0 

38*7 

40*7 

02*7 

700-800 

41*8 

40*7 

39*8 

39*0 

38*8 

1 37*5 1 

37-4 j 37'1 i 36-9 

37*4 

37*8 

38*9 

61*3 

800-900 

40*6 

39*3 

38*9 

38*0 

37*3 

36*8 ' 

30'2 ! 36-2 38-3 

36*6 

36*8 

38*2 

58*9 

900-1000 

mmm 



36*8 

36*5 

36*0 1 

36-3 j 35-3 i 36-0 

1 ! 

‘ i 

36*1 

36*2 

37*1 

56*5 


Temp. 


'•i 

10” 

15* i 20* 

Temperature 

0* 

6* 

10* 

15* 

20P 

56* 

Press. At. 

1-25 
25-50 
50-75 
75-100 
100-126 
125-100 i 
150-175 
175.200 j 
i ■ i 

52*6 

51*6 

50*9 

60*2 

49*4 

49*1 

49*1 

48*8 

51*2 

49*6 

48*5 

48*1 

47*7 

47*5 

47*6 

47*2 

50*0 
49*2 
47*3 
47*0 1 
46*6 1 
46*3 1 
46 *3 ! 
46*0 

49-6 j 491 
488 ! 478 
468 i 468 
45'7 ! 468 
468 i 448 ' 
468 j 48 i 
461 ; 44-2 1 
44-7 ! 43-8 
8- ‘ 

Frees, atmo. 

i-500 

500-1000 

1000-1500 

1500-2000 

2000-2600 

1 2600-3000 

47*5 

41*6 

35*8 

32*4 

29*2 

26*1 

45*8 

40*6 

35*5 

31*8 

28*9 

26*i 

SSSS^ISt 1 

43^ 

39*1 

34*4 

31*2 

28*0 

m 

484 

384 

m 

304 

m 

m 

1 

•14 

#64 

#S4 

384 

174 

m 


Anwgat, Ana. Chim. im, [m.] SO, 68. KNt. 





Temperature 

PreBBure range: atmo. 

^XlO* 

Befeienoe 

20* 

0—98*7 

46*8 




98*7—197*4 

44*8 




197*4—296 

42*4 


1 


296-396 

41*7 




395-494 

39*9 


0® 

1—2 

50*28 



10“ 

ft ft 

47*80 



20“ 

»> >• 

45-90 


2 

60® 

», f> 

44*82 


1 

100® 

ft ft 

48*18 



0® 

0—484 

46-2 1 

> 


,, 

1460—1935 

31*2 



*» 

2900—3390 

24*4 

1 


*, 

4360—4840 

20*6 



«* 

6290—6760 

14*2 


3 

22“ 

0—970 

39*6 



tf 

2900—3870 

* 23*8 



tt 

6800—6760 

16*3 



If 

9680—10,6^ 

9*0 

> 



1. Richards and Stull, J. Amcr. Chem. Soc. 1904, 26, 399. 

2. Tyrer, J. Chem. Soc. 1913, 103, 1675. 

3. Bridgman, Proc. Amcr. Acad. 1912, 47, 347, 439. 


Table 20. 


SPBomc Volume of Water, c.c. per oram, over a Raeqe of Temperature and Pbbssubi. 


Pressure 

kgm./cm.* 





Ten 

20“ 

(iperature 




-20* 

-10“ 

0“ 

+ 10“ 

so 40’ 

i 

50“ 

50“ ' 70“ 

I 

80* 

' 

0 


1*0018 

1*0001 

1*0002 

1-0017 

h -0042 1-0077 

1*0119 

1-016911-0226 

1*0288 

1,000 


0*9699 

0*9679 

0*9603 

0*9631 

0-9664 0-9701 

0*9744 

0-9792 0-9843 

0*9897 

2,000 

0-9220 

0*9244 

0-9261 

0-9294 

0*9328 

'0-9365 0-9404 

0*9446 

0-9490 0-9538 

0*9686 

3,000 

0*8964 

0*8986 

0*9016 

0*9061 

‘0-0088 

! 0-9106 0-9165 

0*9206 

0-9248 0-9293 

0*9338 

im 


0*8776 

0*8808 

0*8844 

0-8881 1 0-6898 j 0-8957 

! ' 

0-8907; 0-9038, 0-9081 

0*9124 

6,000 


0*8600 

0*8633 ! 0*8667 

0-8703 

! 0*8720 0*8779 

0*8819' 0*8869 1 0*8900 

0*8941 

6,000 

— 

i 

0*8481 

0*8610 

0*8646 

0*8666 0*8624 

0*8663 

0*87031 0*8743 

0*8782 

7,000 



.... 

0*8371 

0*8405 0*8426 0*8486 

0*8626 

0-8666 10-8603 

0*8641 

8,000 







0*8276 

0*8301 0*8361 

0*8400 

0-84391 0-8478 

0*8514 

9,000 


— 

— 

— * 

0*8161 

0*8209 ; 0*8260 

0-8289 

0-8328 0-8365 

0*8402 

10,000 



■ 1 

-- 


0*8190 0*8160 

0*8189 

0*822710*8286 

0*8801 

11,000 






— : 0*8057 

0*8096 

0-813410-8171 

0*8207 

12,000 


*— 


— 

— 

— 10*7967 

1 

0*8006 

0*8044 0*8081 

1 

0*8116 


P. W. Bridgman^ Pn>c, Amer. Acad. 1912, 48, 338. 


Inomaa of ptmon doea not shift the 
tmomlnni of miiiiiattm eompreaaibility, but 
pmam thia minimum diaappeam 
(MteB^ZaltBe^ anorg, Chem. 1912, 77, 377). 

la tl» (wmimaudbiUt^ of water it 
Ithaa 

hM mMKiM ttmt were water Ineompreaailde 

^ OMM •aw'livel wwaU be n5 M 
H aiboal 4 p,o*7eiiatifi| 


land would bo submerged (Tait, Proe. Boy. 

Soo. Edin. 1884, 12, 46; 1892, 20, 63, 141). 
Gompreaalon waves in water are tfinnnitted 
with high v^ity and are applied in the Oon<» 
atantineeco ‘ wave^nower* aya&m to attain the 
eeonmnieal traiumiWion of power, ag. hmm n , ^ 
oential motor to drilling ma<ddnea or the l&e V i 
in Oiinaa, witir en vBmncy eompeviide wf^ 
that of elec^rioal twmemiaaion and with the ; 



mum. 


Tasxa 21, 

WlTS&o-OoXFFJOIEirT OF TsSBICiL HXMSIOK AT HlCffl PBaSStJSXS. 


Temperature 


Goeljfioleiit of cublcsl expansion at 

1 atmo. 

500 atmo. 

aOOOatmo. 

0-000012 

0-000166 

0*000383 

0-000136 

0*000229 

0*000416 

0-000238 

0*000296 

0*000413 

lu. 


Amagat, Oompt. rend. 1887, 105, 1120. 


ooBTenienoe and aafety charaotenstio of com- 
pressed air. 

The oompiessibility of ice at —7*03° for 
a range of pressure from 100-500 megabars is 
0*0000120 (Biohards and Speyers, J. Amor. 
Ghem, Soo. 1914, 36, 491), or about one quarter 
Umt of water at 0® ; it does not decrease greatly 
with increase of pressure. The m\|ch higher 
value calculated by Bridgman (0*000036) 
prol^bly indicates that the temperature co- 
efficient of increase of compressibility for ice is 
abnormally high. 


In considering the remaining physical 
poperties of water it is convenient to take them 
in a systematic order for all forms of water, 
under the main groups, mechanical, thermal, 
optical and magnetic, and electrical. 

Mkohakical Pboperties. 

Orplol Fcrm . — Ice crystals, as exemplfficd 
by snow, can assume a great variety of forms 
mdch are commonly characterised by extreme 
omnnesB of structure and consequent lightness ; 
tney are readilv formed by the condensation of 
watm: vam>nr below 0® as hoar frost. Liquid 
water, if free from dissolved air, freezes to clear 
transparent ice which may give indications of 
stroctare by transmitted light or on melting, but 
has usually no external ctystalline form, i^lid, 
W^l-defioM mystals of ice are extremely rare. 

Though liquid water, if perfectly pure and 
free from dust, can be cooled to about -15® 
without solidiBcation (Thomson, Trans. Boy. 
fioc. Edin, 1849, 16, 675; Sorhy, PhiL Mag. 
1859, [iv.] 18, 165), ice always melts at a definite 
and fi^ temperature at atmospheric pressure, 

-2® -3*61® -4*67® ~6*8 

107- 

(WtHm nd Judd, J. Hits. Chem. 1914, 18, 
722, vrhich see for a useful summary of earlier 
work), but at any riven temperature is retai^d 
hf i^e msence of dissolved acids, salts, dyes, 
ka The retardation is not a colligative 
fin^perty d the solute, but appears to depend 
Uioa m extent to which the solute is hyd^d 

(IIMtoa and Brann, J. Amer. Qiem, 
Sja WU, H, »17{ Bnum, m. ms, 40, 

OoQofdri ke hai been obtained by codkg 


I and its melting-point is therefore used to define 
I the zero p)int of thermometrio scales. Tim 
melting-point is lowered by increase of piessura 
and this has been adduced in explanation of thq 
phenomenon of regtkiion or welding of separa^, 
pieces of ice, and is illustrated by the well-uown < 
experiment in which a weighted loop of wire'' 
cuts through, but does not sever, a block of ice. 

Ice separating from under-cooled water 
forms hexagonal crystal skeletons or spherulites, 
according to the degree of under-cooling, and is 
obtained in feathery forms from veiy dilute 
solutions ; but inoculation of under-cooled pure 
water with these forms produces identical forms 
of ice (Hartmann, Zeitsch. anorg. Chem. 1914, 
88, 128). 

The crystalline form of ice is hexagonal- 
bipyramidal with tlto axial ratio a i c approxi- 
mately 1 : 1*6 (Xordenskiold, Oefv. AkadL P5rL 
Stockholm, 1860, 17, 439; Rinnc, Ber, Sachs. 
Ges. Wisa, 917, 69, 57). Its X-ray spectrum 
has been investigated (St. John, Proc. Nat. 
Acad. Sci. 1918, 4, 193; DonnUon, Pbys. Rev, 
1921, 17, 20), and the results are interpreted 
by Bragg (Proc. Physical Soc. 1022, 34, 98) on 
the assumption that the molecules are separated 
into positive and negative ions arrangM in a 
hexagonal lattice in such a manner that each 
oxygen atom is situated at the centre of gravity 
of four neighbouring oxygen atoms, from each 
of which it is fMqjarat^ by a hydrofen ion 
situated midway between. Tbe^ exUemdty 
o]^n character of the structure is in acoevdanoe 
with the low density of ice. 

The velocity of ciysUllisation of water In 
long tubes, 12 mm. external and 7 mm. internal 
diameter, increases witfi the degree of under* 
cooling as foik»ws 

-.fllg* 

I 314*7 266*7 415*2 884K1 


solutions of water in ether or chlorofbiiu, tn 
some cases with the use (d fatty aeids or rubber 
as protective colloids (v. Wotmatn and Ootirald, 
Zeilsch. Chem, Ind, Kcdloida^ 1910, «, 111; 
J, Russ. Phys. Chem. Soo. 1010, 42, 226), - 
EhuHcU^-^A mass of ice yis& ataidfily io 
^esaure, a bar of glacier ka Mniiorfei ihl 
the ends and loaded in the middkm 
d^eoted, airi ke oomfmiedift 
steadily, and the flow Ottoa iki^ 

taiaed by aniU jseaimns (Bmn^ 



WATm 


CMoud^t&l 

INur of ioe wiuni xiofieTod from ite load slowly 
xooovwB its original form. It has hem shown 
that a bar of iee oat from a singlo crystal with 
fts iengtii perpendicular to the optic axis is 
brittle and ewes not yi^ to tension or pressure | 
(McConneU Ptoe. Roy. Soc. 1891, 49, A. 323), 
and the behaviour oi ordinary ice is therefore 


mebably attributable to ritppmg df crystal 
layers of finite tfakiknesa. 

The coaflbting lesvdts d. eaxHer kveeti- 
gators are thus ezpyned, and it is neoessaiy only 
to record the determinations of modulus d 
elastidiy E and bending moment B in grm. mps. 
made Hess (Lc.) upon bars of ioe eut from 
single orystids as tabulated below : 


Elasticity of Ice. 

Load in gm. on Length parallel to Width parallel to Thickness parallel to 

beaml'2cm.X crystalaxto crystalazla oystalaxla 

2*3 cm. X 4-16 om. 2000 5000 6000 1000 2000 3000 1000 1600 2000 

EXlO-w = 0*64 0*70 0-76 3*6 2*9 4*0 1-6 2*0 2*0 

B » 1350 3400 4000 1500 3000 4450 1600 2350 3100 


The recovery of bent ioe on removal of stress 
is much greater than similar effects in other 
substances, and has not been adequately 
explained. 

The rate of plastic flow of ice is small at low 
temperatures, but increases rapidly near the 
melting-point (Tammann, Ann. Physik, 1902, 
fiv,] 7, 198; Slatowratsky and Tammann, 
Zeitsch. physikal. Chem. 1905, 53, 341), and a 
imilar vanation characterises the hardness of 
ice* On Mohs* scale the hardness is about 1*5, 
but as measured by the penetration of a steel 
rod into a block of ice it is considerably greater 
at temperatures from —37" to —12" than at 
about —7®, and at the melting-point ice IxHiomes I 
relatively quite soft (Andrews, Proc. lioy. Sk)c. I 
1886, 40, A. 544). ! 

f^iional resistance to motion on the surface 
of ioe is clearly related to the above phenomena ; 
It is greater for small pressures than for large, the 
lesp^ve values of the coefficient of friction 
being 0*36 and 0*17 (Morphy, Phil. Mag. 191.3, 
(vi.l25, 133), 

laqutd water appears to liave, like some other 
liij^uids, tensile strength. If a glass tube con- 
taining only water and its vapour and nearly 
filled with the former be warmed untU the 
liquid thus expanded just fills the tube, and 
then allowed to cool, the water continues to 
fill the tube even when its volume is thereby 
greater by about Ibat correspondmg 

to its temperature. It is hence calculated that 
the tensiie strength of water is some 700- 
900 Ibst/sq. in. (Berthelot, Ann. Ohim. 1850, 


water flowing tnrough a constriction in a pipe 
II probably a true tensile rupture, especially as 
the tensile strength, deduced from the velocity 
at which rupture occurs, diminishes with rise 


of temperature and becomes zero at about 250® 
(Skinner and Entwistle, Proc. Roy. Soo. 1916» 
91, A. 481 ; Skinner and Burfitt, Proc. Physical 
Soc. 1919, 31, 131), in accordance withlannor’s 
calculation frem van der Waal*s equation that 
the tensile strength of water could subsist only 
up to about 265® (Larmor, Proc. L(mdoa MatL 
Soc. 1916, [u.) 16, 191). 

The compressibility of water has already been 
discussed in relation to the attendant volume 
change, but it must here be noted that it 
connotes a bulk daeticity which is related in the 
usual manner to the velocity of sound in the 
medium. Experimental determinations of the 
velocity have given the following results : At 
8*1®, 1435 metres/sec. (Colladen and Sturm, 
Ann. Chim. 1827, [u.] 36, 113, 226; Pogg. 
Ann. 1828, 12, 39, 161); at 3*9®, 1399 m./8eo. ; 
at 13*7®, 1437 m./sec. ; at 25*2® 1467 m./sec. 
(Martini, Wied. ;^ibl. 1888, 12, 566; Nuovo 
Cimento, 1909, [v.] 18, 441). 

The velocity of sound in water vapour is 401 
m./sec. at 0® (Masson, Oompt. rend. 1857, 44, 
464 ; Phil. Mag. 1857, [iv.] 13, 533), and about 
410 m./sec. at 100® (Jager, Wied. Ann. 1889, 
36, 165). 

Fwcorify.-— Tlie viscosity of water vapour 
has been determined at about the ordinary 
temperature by several observers with sub- 
stantially concordant results as follows ; — 

At 0®, 11=90*4 xKh* C.G.S. units; at 
16*7®, ii=96*7 X 10-* (Puluj, Sitzungsber. Akad. 
Wiss. Wien. 1878, 78 (2), 279); at 18*8®- 
21*6®, 11=97*5 xl0~* (Kundt and Warburg, 
Pogg. Ann. 1875, 155, 337, 525) ; at 28*9®, «« 
100*6 xlO-* (H. Vogel, Ann. der Physihi 1914, 
43, 1235). 

Fur underoooled water below 0® the most 
probable values of the viscosity are those given 
in Table 22 ; for u*ater from0®-100®substanti^ 


Table 22. 

Vi 8 <x)SiTy or Water Uwdkr-cxwlxi) below 0®. 


Tempofiture 

VIscority 11 

Temperature 

VisooBlty a 

aoo* 

0*01003 

-2*10 

0*01930 

4 

0*01139 

-4*70 

0*02121 

lO-O 

0*01807 

-a*20 

0*02260 

a'O 

0*01623 

-7*23 

0*02341 

. o-w 

0*01798 

-8*48 

0*02468 


• 

-9*30 

• 

0*02549 


^teniiriTvinii^b Ohm. J* 1913, 60, m 
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Qonoordant djatenninations are recorded by a 
number of obeervera, and the more important 
ate given in Table 23. The viBoodty progree. 
sively diminishes with rise of temperature both 
as these data show and above 100^ (becoming 
0'00223 at 124° and 0*00181 at 158° : Hosking ; 
Bingham and White; Table 23), but the 
variation does not follow any simple law and 
can only be expressed by empirical formuln 
wMoh it is unnecessary to recora. 

Water under high pressures of the order of 
400 atm. is Im viscous than uncompressed water 


at temperatiffes up to about 35^; at higha 
temperatures the v&oosity of water is inoieased 
by moreaae pressure, just as is that of most 
other liquids at all temperatures (Hauser, 
Bmde’s Ann* 1001, 5, 507). 

^e viscosity of ice, regarded as a fluid, has 
been estimated from the movement of daoiers 
to be of the order of 200-300X 10^* (Deeley and 
Parr, PhU. Mag. 1013, [vi.] 26, 85; 1014, [vL] 
27, 153), but measurements on blocks of ke or 
single crystals give widely divergent results 
(see €.g. McConnell, Proc. Boy. Soc. 1800, 48, A 


Tablb 23. 

Viscosity of Water, in C.G.S. Units, and its Variation with Temperaturb, 

ACCORDING to VARIOUS OBSERVERS. 


0*017800 

0*015118 

0*013053 

0*011366 

0*010061 

0*008949 

0*008019 

0*007248 

0*006588 

0*006029 

0*006637 

0*006124 

0*004762 

0*004432 

0*004144 

0*003885 

0*003655 

0*003460 

0*003260 

0*003095 

0*002946 


Temperature 

1846 

Poiseullle 

1876 

Sprung 

1883 

Slotte 

0* 

o-onie 

0*01778 

0*01808 

5 

0*01516 

0*01510 

0*01524 

10 

0*01309 

0*01301 

0*01314 

15 

0*01146 

0*01135 

0*01144 

20 

0*01008 

0*01003 

0*01008 

25 

0*00897 

0*00896 

0*00896 

30 

0*00803 

0*00802 

0*00803 

35 

0*00721 

0*00723 

0*00724 

40 

0*00663 

0*00657 

0*00657 

45 

0*00695 

0*00602 

' 0*00602 

50 

... 

0*00553 

0*00663 

55 

— 

— 

0*00610 

60 

— 

— 

0*00472 

65 

— 


0*00438 

70 

— 

— 

0*00408 

76 

— 

— 

0*00382 

80 

— 

— 

0*00368 

85 



0*00337 

90 

— 

— 

0*00318 

95 

— 

— 

0*00301 

100 



0*00286 


Sprung, Pogg. Ann. 1876, 159, 1. 

Slotte, Wied. Ann. 1883, 20, 267. 

Thorpe and Rodger, Phil. Trans. 1894, 185, A. 397. 
Hosking, Phil. Mag. 1909, [vi.] 17, 602 ; 18, 260. 


1909 

1912 1 

Hosking 

Bingham \ 

0*01792 

\ 

0*01797 

0-01622 

0*01625 

0*01306 

0*01301 

0*01142 

0*01138 

0*01006 

0*01006 

0*00892 

0*008948 

0*00800 ! 

0*007998 

0*00724 

0*007229 

0*00657 

0*006663 

0*00600 

0-006964 

0*00660 

0*006600 

0*00608 

0*006081 

0*00469 

0*004736 

0*00430 

0*004369 

0*00406 

0*004076 

0*00380 

0*003806 

0*00366 

0*003670 

0*00336 

0*003348 

0*00316 

0*003143 

0*00300 

0*002993 

0*00284 


9, 433. 

0. 


259). Hess found that the apparent value of 
the viscosity depends upon the direction of flow 
In ffcktion to the orij^l crystal axis, and 
varies ako with time in the manner indicated 
by ^ results given in Table 24. It would 
anpar that even a single crystal of ice mav 
yfm hr on cleavage surfaces, with 

oonsequent reoiystallisation similar to that 
is familiar in the case of metals yielding 
tesbMi* 

/ Bwjtm iension.--Water has a higher 
anxlM tensioB than any other common liquid 
egcesytiiucrcuxy. No data are available for its 
vahm ib undercooled water; Table 25 gives 
the ^iflo c^esion, and of v, 
the Um&m in dynes/om., at T intemls 
of teaifBntuie Imm the inogmssive 


diminution of y with rise of temperature may be 
expressed by y» 76*09 (l-0*0(^6f) (Sentis, 
Joum. de Physique, 1897, [iil] 6, 183), or 
better, by y,=::ye(l~0*00190179l-0*000002499tn. 
(Porch, Ann. Physik, 1906, 17, 744 ; Ike also 
Reinhold, Ber. 1913, 15, 903). Whilst the ^ 
relative values of the surface tension at diflerent 41 
temperatures arc well represented hy 
Table 25, the absolute values may be & 
error; in very careful measuremente of the 
capillary rise (mchards and Coombs,fJ, Amer# 
Chem. Soo. 1915, 37, 1656; Ricbards and 
Carver, ibid. 1921, 43, 827) and of the^dmf. 
weight ’ of water (Harkins and Bfow%J, Alner, 
C9iem. 8oc. 1919, 41, 499) a number el 
of eiTOr inoidentid to bm method 
disoovered and etimlnatedi and tbo flnil leiidli : v, 
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Tam 23a. 

VnoosiTT <»r Watxb, y ts G.G.B. Vim is thb HBiosBOtTEBOOB ov m toint of 
BCaxucuk DsKBirT. 

Thorpe a&d Eodger (loc. cil.) have determined by the tube method the Viscosity of Water at 
Fttrious TemperatnxeB in the vicinity of its point of maximum density, with the results teen 
in the annexed table. 


Mean temp. 

1 

t 

1 

Observed (mean). 

Galcnlated. 

Difference. 

0 

0-87 

•01767 

*01757 

*00000 

M3 

•01710 

•01712 

4- -00002 

1*86 

•01670 

*01671 

+•00001 

2*41 

•01640 

•01641 

+ ■00001 

3*09 

•01608 

•01606 

-•00003 

3*84 

•01568 

*01566 

-•00002 

‘ 4*47 

•01636 

*01635 

•00000 

6*19 

■01600 

•01600 

*00000 

5*94 

*01464 

•01466 

+*00001 

6*67 

*01433 

*01433 

*00000 

7*41 

•01401 

*01401 

•00000 

8*01 

•01377 1 

•01376 

-•00002 


[NoU on Table 23o ; The viscosity of water at different temperatures has also been determined 
by the rotating cylinder method by Leroux (Ann. Physique, 1925, [x.] 4, 163), the water being 
contained between two concentric cylinders, of which the outer is rotate at known velocity and 
the resulting twisting moment on the inner cylinder measured. 

Moritz (Pogg. Ann. 70, 1847), from observations made by the method of Coulomb (oscillating 
disc), inferred that water had a maximum viscosity in the neighbourhood of 4°. Other observers, 
and more especially Poiseuille and Sprung, using the tube method, were unable to detect any 
peculiarity in the rate of change of viscosity at temperatures at about the point of maximum 
density. The observations of Thorpe and Rodger lend no support to the conclusions of Moritz. 
It must be borne in mind, however, that the anomalous change in the density of water amounts 
only to about 1 part in 10,000; hence, since the accuracy attained in these special observations 
of viscosity probably does not exceed 1 in 6,000, it may be doubted whether any anomalous 
chan« in viscosity of the same order of magnitude as that observed in the case of the density 
would be detected by any of our present experimental methods.] 


Tablx 24. 

Visoosiry of Ice, 7 X 10 ^® C.G.S. Units, for Various Orientations, Pressures and Times. 


Relation of beam 
to axis of crystal 

Length parallel to axis 

Width parallel to axis 

Thickness parallel to axis 

Xioad : grains. 

2000 

5000 

6000 

1000 

2000 

3000 

1000 

1500 

2000 

DunUion of test. 
Iffaeconds . 

6*6 

10*6 

0*66 

3*7 

2*4 

n-o 

7-6 

10*0 

80 

60 „ 

17*5 

11*6 

3*6 

8*0 

6*0 

9-0 

7-6 

110 

70 

120 „ 

10*0 

13*6 

3*7 

12-0 

10*0 

— 

7-6 

90 

110 

200 . 

11*0 

16*6 

3*5 

21*0 

17-6 

i 

8*0 

120 

120 


^ H. Hess, Ann. Physik. 1902, [iv.] 8, 405. 


ttow respectively ygo®=72*76 and y,o««72*800 
mipeotively. RichaidB and Carver ({.e.) have 
pioved experimentally, by a very ingenious 
Opticid method, that the surface of water is 
aetnaSy ti^ntial to a properly wetted glass 
inline, apd thus that the ordinary formula 
mfaoe tension and oapUlaiy rise 
< b fW fr preeiiely. Minute traces cd dust or 
fmirayim have a oonsideraUe effect on the 


surface tension, and precise measuremtenis can 
only be made in a totally enclosed apparatus; 
Harkins and Brown have found Miat the 
capillaiy rise is affected by * stewing * the tubes 
bmorehimd with the vapour of the liquid unto 
investigation. 

^Jttotbed or toolved gases atot tlm surfsea 
liMion; Richams and Cirver find y^«»72*7|, 
in air aa compared with 72*75 m sacw; to \ 
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7601111 ^ 

mW ^ iO-*om. '/ 

S7« ^ Mbleeulor diimeter, about 4*0xi<H^ 

ifotoufatr fbta buTU been eabuleted aa The number of molecules per gtam-noieoub 
feUo«i for water Yapour at 0* : of liouid water is estimated to be 8*5x16**^ 

Mean moleoular velodty, 58,650 om./aec. (Sana, Ttm. laraday 8oc. 1919, 15, 94). 


SirsrAOU Teusiok, pykss/ou., xh tbs Iktybfaob between Wateb and some Oboahio 

Liquids. 


Oigsalo liquid 

Eef. 

0* 

10® 

20® 

30® 

40® 

SO® 

60* 

Bensene • 

1 


36*66 

34-96 

34-34 

33 84 



Bensine . 

2 

— 


48-3 


... 

.... 

MM. 

Carbim disulphide 

3 

— 

— 

38*8 


— . 

... 

MM. 

Carbon tetrachloride . 

1 

46-97 

46 97 

45*05 

44*04 

43-04 



Chloroform 

3 



25-8 


... 

...i: ' 

MM. 

Ethyl capronaie 

1 

21*03 

21*42 

21*29 

21-16 

21-02 

— 

MM 

Ethylene dibromide . 

1 

— 

38*28 

37-20 

.36*08 

35-03 

— 

MM 

Heptalddiyde . 

1 

10*78 

12*51 

13-74 

14-41 

14-82 

14-50 

12*13 

Heptene . 

1 


— 

28-11 

— 


.... 

MM 

Heptylic acid . 

1 

8-34 

7*93 

7*64 

7*13 

7-00 

— 

— 

Hexane • 

1 


61-26 


50*66 

50-48 

... 

MM 

Octane . 

1 


61*01 

50*81 


49-58 


MM 

n-Ootyl-aicohol . 

1 

7*75 

— 

— 

8-97 i 

9-32 

— 

> 

ffm-ooty] alcohol 

1 

8*44 

8*80 

0*24 

9-65 

10*04 

— 

MM 

Oliva oil . 

3 



18*2 



... 

MM 

Petroleum. 

2 

— 

— 

48*3 




MM 


1. Harking and Cheng, J. Amer. Chem. Soo. 1921, 43, 35. 

2. A. Pookels, Wied. Ann. 1899, 67, 668. 

3 Quincke, Pogg. Ann. 1870, 139, 1. 

Table 27. 

CoErnoiBNT OF Diffusion of Water Vapour. 

Into air (1), carbon dioxide (II), and hydrogen (III), in om^sec. at 760 mm. pressure. 


Temperature 

I. 

II. 

HI. 

0® 

0-198 

0-132 

0*687 

49-6* 

0-283 

0*181 

1-000 

92*4* 

0-345 

0*238 i 

i 

M79 


Winkelmann, Wied. Ann. 1884, 22, 1,152; 1884,23,203; 1885,26,105; 1888,33,445: 
38| 92 ; Ann. PhyaiL 1901, 6, 104 ; 1902, 8, 388. 


Thermal Properties. 

Oondueiteily.— The principal data for the 
tbennal conductivity of fiouid water are 
given In Table 28 ; the oonsiaerable variation 
among them is a measure of the difficulty of | 
mahiiMg a precise measurement of the con* 
duetmty, owing to the effects of convection and 
radiation, but It is clear that it is very small 
as oompaxed with that of metak, vet greater 
than that of other non*metallio liquids (ap. 
aleohcd 0*00055; bensene 0*00033). The con- 
duetmty shows a linear inoresai with tempera* 
lure and may be represented by oonduotmty« i 


I imi82m+0<^^ CsL/om. sec. degree 

K.' au./* 

» Ale thermsl oonduetivity of solid ice is 
; • about lour Itastimt of water, the most probable 
of the roeoiided vataea being 0*0057 (Keumaim, 


[Ann. Chim. 1862, [iii.] 66, 183; HiiL 
1863, [ir.] 26, 63), 0<0062 (StcaiMO. AtO. 
Aooad. Lined, 1897, [v.] 6, (2), 282), and 0*0062 
I at 0-0058 at -S?®, 0-0052 at (Leem 
Phil. Trans. 1898, 191, A. 399 ; Ptoc. Boy. Soe. 
1905, 74, 337) ; in all cases cahxiea tcaoa* 
mitted per sec. per sq. cm. through a 
of 1 cm. for 1^ temp^uie drop. 

As a matter of common eipeilem the 
thermal conductivity of snow Is muoh ksi than 
that of ice, but it varieB oonsideramy vrtth 
nature and density of the snow, and attempts to 
measure it have given widely diveiee lesutts. 

tlSTof foe (Andrews, Proo. 

544 ; Abds, Hep. Ifeteorol Acad. Fetrtttiia^ 
1892, 16, 53 ; ^elstxOm, Oei Akad. fitodkhdmi 
1889, 46, 669; ^aasson, iM. 1901, 58, 207; 
Okada, J. MeteoroL Soc. Japan, 1905, 241). 

2a 






Oomrttanm »» ■''')' 

h oalorios per cm. per eectmd pet d||toe difiermtee of tempm^me. 


Temperstore 

tkmdebttvlty 

Esfsienos 

4-1* 

0*00129 

1 

7-8» 

0*001347 

2 

no* 

0*00149 

3 

12-0* 

0*00136 

4 

M-O* 

0*00143 

5 

23-7* 

000143 

6 

24-5* 

0*00136 

3 

28* 

0*00150 

7 

40-8* 

0*00155 

8 

4H* 

0*001492 

2 

72'4* 

0*001610 

2 


1. Waohsmttth, Wied. Ann. 1893, 48, 158. 

2. Jakob, Ann. Physik 1920, [iv.] 63, 537. 

3. Lees, Phil. Trans. 1898, 191, 399. 

4. H. F. Weber, SitsungsW. Preuss. Akad. Wiss. Berlin, 1885, 809. 

6. Milner and C^attock, Nature, 1898, 58, 532. 

6. Weber, Wied. Ann. 1880, 10, 103, 304, 472. 

7. Jager, Sitzuimsber. Akad. Wiss. Wien, 1800, 09 [2. a.], 245. 

8. Lnndquist, Mon. Sci. 1871, 500. 


Change of 8tate,~-‘T!he general relation of the 
state of aggregation to temperature has been 
discussed, Wt reference should be made to the 
underooo^ of the liquid and vapour and the 
superheating of the liquid. 

In the absence of nuclei, water vapour may 
be cooled much below its saturation temperature 
without deposition of visible water. Solid 
nuclei, such as particles of dust, spores, Ac., 
may, and in oroimuy air do, cause the con- 
denimiion of liquid water immediately the 
saturation temperature is reached. Even less 
tuigible nuclei will suffice. 0. T. R. Wilson’s 
simple and in^nious method of rendering the 
trade of a-particles in a gas susceptible to visual 
observation or photographic record depends 
upon ^ fact that gaseous ions (product by 
embrion between the a-partiole and molecules) 
win act as nuclei for the condensation of super- 
catuiated water vapour. 

SimUsriy, pure water in vaeuS, in fine 
ospiUaiy tubes, or covered with petrolram, may 
. ba COOM some 15^ below zero without soliMca- 
ikm; even when slightly underoooled, water 
. mof be caused to ciystallue by mediaoical 
<riloek or agitation in the absence of nuclei 

& W* Young, J. Amer. Chem. Soo. 1911, 33, 
; Young and Cross, ibid. 1911, 33, 1375; 
Young and van Sicklen, ibid, 1913, 35, 1067; 

Soo. 1906, 69, 

v 1013}. There is thus for water no evi^noe of 
' the so-caUed * metastable,’ as distinct from 
. ^fabbe,* condition in which nuclei axe essentia! 
to snviAslliBatiaii, 

: . : mmerimtod; it b 

to boil mtor iridurat looal 
Md ywy ^Mntly tiie raper- 
i§ to oouuatiMt tlut lAm rteatu 
, «Mp,to thof iamm in dw vitli 




air expelled on heating serve as nuclei for steam 
bubbles and minimise the bumping, and the same 
effect is frequently attained artificially* by^ 
introducing air-fillea porous solids, e.ff. broken^ 
pottery, or a fine stream of air into the liquid. 
Without special precautions air-free water can 
be heated to 130° (see e.ff. Donny, Ann. Chim. 
1844, [iii] 16, 167; Qemez, ibtdf. 1875,rv.]i, 
335; Krebs, Pogg. Ann. 1868, 133, 673; 1869, 
136, 144 ; 1869, 138, 489), and if it is wmtadaA 
in a mixture of olive oil and linseed oU of its 
own density it may be heated to 178* without 
boiling (Dufour, Ann. Chim. 1863, [iiL] 68, 
370). 

lofeni ITeai.— Heat is absorbed and rendered 
* latent * both in the fusion of ice and in the 
evaporation of ioe or water. 

Table 29 gives the values of tie heat td 
evaporation of water (frequently and more 
conveniently called the latent heat of steem) 
determined hy a number of independent In* 
vestigators at varions tempeiatiirei from 
ISO*. The value at lOT is an impoitint 
constant, and lor this the most probable mold 
value is 539’0 15* gm. cal, per gram* 

Table 30 similarly gives data Imr the laHiiA 
beat of fusimi of Ice, which uaefnqy ban h(V 
but commonly is not, called the ktai^ hiit 
of water. Bunsen*! value b iindiMMid|y 
erroneous, but if oonectsd for the dIBilMl » 
density between <dd and new be (fUi} beMQii 
79*67 in tood anmnent iriih nsofte Melb 
determinaMoxis* The nnuidsd valae m Bbf 
be used with conUenee fen laost MOM 
iimtt, mo(mtae,aOiiOQtiolilm 
tile Istoirt lust of itMa to inite aai fb iiihiil 
of diiMtivod raliitHMM vpn tho liiiBiiimhH 
MU fnedito-poiiit 

l^ouNeoolttoiontilnofSMlNSliiif^ . 
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^&or.8a«.U1^1.8S,4»4 Botii^ZUtMli. |j.Xt»dJiBbii 191^1^ 

Taka 88. 

Lavwr'Bsai -or Sn^-^aAT or STAKOASiav of WAxn!i 
, , (Amribvtovarioiueittnm.) 


i fc iii k JMt o- 



Hefttofmporttkni 
16” gm. oal/gm. 

Aefetenoe 

Temperature 

Heatofevaporatloii 
15” gm. oat./gm. 


604*8 

1 

80» 

661-6 

15* 

690-9 

2 

99-96* 

638-9 

20*» 

686-3 

2 

100* 

640-6 

26® 

681-0 

3 

100* 

639-1 

300 

678-7 

3 

100* 

638-3 

30® 

679-8 

4 

100* 

639-0 

40® 

674-0 

2 

100* 

638-9 

40® 

674-6 

4 

120* 

626-8 

40-2® 

672-6 

3 

140* 

611-4 

40-8® 

566-6 

3 

160* 

497-0 

60® 

663*4 

4 

180* 

482-7 


1. Dwterioi, Wied. Ana. 1889, 37, 604 ; Ann. Physik 1906, 1C, 912. 

8 . A. W. SmiUi, Phyg. Review, 1908, 16, 383 ; 17, 193 ; 1907, 26, 146 ; 1911, 33, 173, 

3. Griffitba, Phil Tnas. 1896, 186, A. 261. 

4. Henning, Ann. Phygik, 1906, fiv.] 21, 489 ; 1909, fiv.] 29, 441 ; 1919, [iv.] 68, 769. 

6 . Joly, Phil Trana. 1906, 186, A. 322. 

6 . Riolurds and Matkewi, J. Amer. Chem. Soc. 1911, 33, 863. 

7. Hathewg, J. Phye. Chem. 1917 , 21 , 636. 

8 . T. Carlton-Sutton, Pno. Roy. Soe. 1917, 93, 165. 

Tabli 30. 

Latedt Heat or Fusion or Ioe (16* gm. caL/gtam.). 

(According to wvm obiervers.) 


Temperature 

Latent heat ol f osioD 

Refeienee 

-6-5® 

76-03 

1 

-6-0* 

76-60 

1 

—2-8® 

77-71 

1 

-0-7* 

78-26 

2 

0® 

79-26 

3 

ft 

79-06 79-26 

4 

*t 

80-03 

5 

9f 

79-24 

6 

fl 

79-89 

7 

99 

79-61 

8 

9* 

79-2 

9 

99 

79-67 

10 

99 

79-63 

11 

99 

79-74 

12 


1. iMtenoo, Oefoeisigt af Kongl. Vetenakapa. Akad. FBiliaadlingn, StocUudEt, 33a 
Ho. % 67. . 

3. Zaknmki, Ball Aoad. Crteow, 1892, 16S. 

3. Pttaon, Ann. Chim. 1847, [iii.] 81, 333 ; 1848, [iiL] 24, 136, 864; 1849, [iii.187. Iff , 

4. BEgnanlt, Ann. Ohiin. 1843, liiL] 8, 87 i 1849, [iiL] 86, 878. 

‘ . 3. Beuoi, Pogg. Ann., 1870, 141, 3L 

B, IlMdU, Om^ Mnd. 1843, 16,081. 
f. A. Review, 1908, 16, 383 : 17. 193. 

r 1 4k fkfelnlMdd,diu^ 

Hk MMa Oeank nod. 1006, 148, 46. 

|^9i9lh,ZiHHiLil9AaLClMBkl908,6S,441. 4^ 

OAam, Bbimb «f Steadairiia H-fkA., BuB. 1 M 4 , 16b 




the temporatttiB and ptmfaae ol saturation and 
#t higher temperatoies or lower pressozM (whan 
it is nnsatiamed or ‘st^heatod ’) is of great 
^ ihooretioal and praeticarimnortanoe in oonnoo- 
tibn witii the generation of steam uad its nse 
in all types of pdme moTen. Table 31 gives 
tiie valnes at tranperatnres from 80^*^550^ and 
under pressures nom 0*5 to 80 atmospheres* 
l%e sp^o heat of saturated steam inoreases 


Idtih tsaipmtiiie and jpvesswaji of 4sh« 
satoated steam at oonidiant pressarei less than 
ahoi^ O: atmospheres deeteases to a minhniim' 
yaine and them koxeasss profiesiivi^ 
temperature; the minimum m spedw heat 
obohrs at temperatures whkh Ineieeaa with 
pressure^ and may oobur at pressures above 0 
atmospheres at bigber temperatuiea than 
yet been subject to experiment. 

The spemo heat of steam at or neat 


Tablb 31. 

gpionno Hsat or Uksatue&tbd (^^SurBSHBATED*’) Stbam at thb Tbmpbbatubb f abd mim 
TRB Constant Pbbssubb p kom./squabb om. 

(f^ indicates the saturation temperature under the corresponding pressure.) i 


2 i 

6 

8 j 10 

12 14 

16 

18 

20 

22 

24 



1 

i 1 






• U9*6ll42‘9*’ 158*1* 

l«9'eM791*| 

187*1®, 194*1* 

200*4* 

206*1*211*4* 

216*2*220*8* 



IMilMMhaiidBataGh,^ iMundoopmioiM wmkby 


atmoniliorie pressure baa been meaaured at 
bin higher temperatures; up to 1400** it is re« 
pmfuM by €W-«»0‘4660--0‘0«16»+0*0^* 
^ bf (Wi^0a544+0'006025xl0^n<* (Hob 
Im and Betii^» Ann. Phyaik, 1007, (iv.) 23, 
iSSa Idao Ann. Physik. 1005^ [iv.] 73, 739 ; 
Wlia4M.Phys.-Teob. Reichianstalt, 1005, 4, 
III; igfAUfmm, Phys. Zfit. 1904, 5, 338). 
The liM of thi apecido beats at constant nrse- 
rnmm mmti vniane is about 1*3 at 


1*330 at 110^ 1*313 at 120^ and 1*312 at UT 
(IMts, Bonn. 1903). 

The heat eapaoity ol water, wmOj it ISfi 
Is used as a standara, and tta varMoa fttn 
temperatme Is tiiersfoto of gmat pbiettail 
importsoeo and has bssa iho sahleii d MHyr 
uf^ ittvesttetlons. fciio et tie wm 
n&pottiat luiiiins am dvan hi ShMi It 


hnpottint luim 
(iss iho, latir atfaL 
Wlntsfth^ 
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, WtrBihief^^.1!^ IMI, 
3 B«iwlVBd OoMB, Fhn. Review, 
15> 65; Catty, Ana. (Mol mi» [viiL] 

0^. ilie 

Imt dsmam wfi&j to « minimiim 
woo laid Uiin inusioMes moze dowly ot o zate 
itaaR incream but alMtly izitb tempera- 
we; the mearozementB of Cwiidar and of 
dac^ and Stdnwehr agree in placing the 
minimum of speoifio heat at about 
.JNPmaerous formula have been propoied to 
eipren the variation of the specific heat of 
vater with temperature, but they have no 
physical basis; as an example, we formula 
(7f«>l<)073d-0<)007416l+0<KX)016845l* 

-0*000,000, 09662I* 

where 0|t|o»l, agrees well from OMOO*^ with 
^e best eimrimental values (Narbutt, Zeitsch. 
s Physikal. Chem. 1918, 19, 613). 

Bebw 0^ the specific heat of undercooled 


water iaozeMei veiy ra]^y with laU of tempos 
tore* attainiiig the value 1<)155 at —6” (Bunea, 
U). . 

The imeeifie heat of wat^ 
by 0<K)0l086 if the preitnze is inoteaied by one 
atmosphere. 

The specific heat of ice is less well known; 
it is about half that of water at 0^ and becomes 
quite small at low temperatuzes. A number 
of determinations are given 4n . Table 33» 
It appears to increase ve^ rapidlv Just below 
the melting-point (A. W. j&iilh, Pays. Beview, 
1903, 17, 193), probably owing to phyidcal 
inhomogeneity. * 

Jl^nWopsf.— The entropy of ice at 0% oalctt- 
lated from absolute zero, is found to be 
9*96 per gram molecule; adding 6*26 the 
entropy of fusion of ice at0^and l*68thatdue 
to heating water from 0° to 26% the entrcm of 
water at 26^ la 16*8 per mm molecule (Lewis 
and Gibson, J. Amer. uiem. Soc. I9n> 39, 
2676). 


Tablb 32. 


SpBcmo Hbat of Water. 


Temperature 

Begnault 

Air-thermometer 

Bousfleld: Hydrogen- 
thermometer 

Callendar 

Kelvin scale 

Jaeger and v. fitelnweiir 
Kelvin sosie 

0* 

0*9992* 

1O070 

1*0093 

(1*006) 

6® 

0*9994 

1*0039 

1*0047 

1*0030 

10* 

0*9997 

10016 

1*0019 

1*0013 

16^ 

1*0000 

1*0000 

1*0000 

1*0000 

20* 

1*0004 

0*9991 

0*9980 

0*0990 

26* 

1<0008 

0*9989 

0*9980 

0*9983 

80* 

1*0012 

0-9990 

0*9976 

0*9979 

35» 

1*0017 

0*9997 

0*9973 

0*0979 

40. 

1*0022 

1*0006 

0*9973 

0*9981 

«• 

1*0028 

10018 

0*9976 

0*9987 

60* 

1*0034 

1-0031 

0-9978 

0-9996 

«• 

1*0041 

1*0046 

0*9982 


w 

1*0048 

1*0068 

0*9987 

— 

w 

1*0056 

1*0070 

0*9993 

- ^ 

70* 

1*0064 

1*0080 

1*0000 


78* 

1*0072 

1*0088 

1*0008 


80* 

1*0081 

1*0091 

1*0017 


' ■ '88* 

1*0091 


1*0026 

^ ' , 

88* 

lOlOl 


1*0036 


;8B* 

10111 * 

.... 

1*0046 


lOO* 

10122 

' — 

1*0057 



10169 


1*0108 


; 140. 

10224 


1*0167 

' ' ' 

180* 

10286 

— 

1*0234 

, ^ 

180* 

10366 

.... 

lim 

— t 

, 800* 

— 


, 1*0392 



T 


; SMBMOi* Iftek. do r Acad. 1847, 21, 729 ; Pott. Amt 1860, 79, 241. 

W. B. Boufieid, PhiL Tnu. mi7»l. A. Itt. 

iT.BWmhc. mmvirn. tmm, Ataid. Will. MLRi ISA} 







WATSB." 

Tina 89 . 

SfsciVTO Hia7 of loi^ 
{Auoriiing to wmm domotB..) 


Temperatore 

SpeeHlc beat 

Befeienoe 

-260-6* 

0-0303 

1 

-236* 

0-086 

1 

-282*to-188* 

0-146 

2 

-186-fl* 

0-189 

1 

-188* to -78* 

0-286 

2 

-189-6*to-81-7* 

0-266 

3 

-100* 

0-326 

4 

-188* to 0* 

0-337 

5 

-185*to0® 

0-346 

6 

-50* : 

0-409 

4 

-78-4* to 0* i 

1 0-424 

6 

-40»to0« 

0*431 

7 

-76-9* to -2-9* 

0-433 

3 

-78®tol8» 

0-463 

2 

0® 

0-606 

7 


1. Pollitzer, Zeitsch. Elektrochem. 1913, 19, 613. 

2. Dewar, Proc. Roy. Soc. 1905, A. 76, 326. 

3. Keniat, Koref and Lindemann, Sitzungsber. Prenss. Akad. Wiss. Berlin, 1910, 247. 

4. Nemat, ibid. 1910, 262. 

6. Jackson, J. Amer. Chem. Soo. 1912, 34, 1470. 

6. Nordmeyer and Bernoulli, Ber. 1907, 6, 176. 

7. Dickinson and Osborne, Bureau of Standards, U.S.A., Bull., 1916, 12, 49. 


Optical Pbopebties. 


Cokmr : absorption of ftoR— There is muoh 
evidenoe, irrelevant here, that the bright blue 


Zeitsch. phynkal Chem. 1906, 63, 9). 


Geneva, is due to the scattering of lig^t by 


Table 34. 

Water Vafocb— Absobptiok Bands in the Infra-red. 
Maxima in p (a=10~* mm. s»10* A), 

0‘944* (4-66) \ 9*30 19-70 

M28 \ * (4-70) 9-60 20*6 

M67 f 4-98 9-74* 21-6 
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adMe 3lal glioiir 

add iptt0r paoMid thmfibia* wlneli axe 
itiidaabtedly veiy pare, eliow by treaeaiitted 
Ikbt a digitnet greeblih-blue ooloiir (B. Davy, 
tpieoted Works, IStO, P, 19P$ Bunsen, Pog& 
83, .137 ; Baylei^^, Kature, 1910, 

ihire distilled water in a tube several metres 
long and blackened intemaUy is quite definitely 
gzee&!sii*blae by transmitted light. 

As osone is deep blue, liquid oxygen pale 
slightly meaish-bluo, and hydrogen peroxide, 
‘ lO^yl sloohol, ethyl alcohol and similar simple 
hydroxyl compounds are bluish-green, inis 
colour IS probably an intrinsic property of pure 
water. In smaller thicknesses water appears 
oolourless. 

The atorption spectrum of water in the 
visible region accords with its observed colour. 
In the rra from 66<M140fifi the absorption oo- 
efficieiit is about 0*3, in the orange at approxi- 
mately fiOOfin it is about 0*10, whence it falls 
xapidfy to about 680/i/i, and is less than 0*05 
throughout the regions of the ^ctrum from 
yellow to violet (von Aufsess, Die fWbe der Seen, 


Mfinohen, 1903). The absolution in the ultra- 
violet has been studied by iwreusler (Ann. der 
Physik. 1901, [iv.] 6, 412). 

Water is opaque to infra-red radiation over 
a wide range of wave-length. The most recent 
meisuiements are given in Table 34 (see 
also Bode, Ann. Physik. 1909, [iv.] 30, 326; 
von Bahr, Ber. 1913, 15, 731 ; and, for the 
fine structure, Sleator, Astrophys. J. 1918, 48, 
125; Wiohmann, Physikal. Zeitsch. 1921, 22, 
535 ; Ann. Physik. 1922, [iv.] 66, 501. 


Wa^ 3ipo«f k mote traospuml than 
liquid wi^ to infn^xed xa«et^ Tha 
o]^ty oi.the atmos|diere to such ladiatkm k 
xnainly due to its content of water vapour, and 
does not extend to wave-kngths shorter thaq: 
about ll/i; the absorption by an eqnivalmt 
layer, say 2 cm., of liquid water k complete, 
down to l*2fu llic difference gave rise to 
longed controversy between Magnus and 
Tyndall before its nature was estabLuhed 
(Magnus, Pogg. Ann. 1861, 112, 497 ; 114, 835 ; 
1863,118,575; 1864,121,186; 1868,127,813; 
1867, 130, 207 ; TyndaU, Proc. Boy. 8oo. 1880, 
10,37; 1861,11,658; 1879,30,10; 1881,31, 
307, 478; 1883, 35, 21; Phil. Mag. 1861, 
[iv.] 22, 377; 1862, [iv.] 23, 252; 1863, KVrJ 
26, 44; 1866, [iv.] 32, 118; 1867, [k.] S3, 
425). 

Water also absorbs X-rays (for detaik, sm 
H ewlett, Phys. Review, 1921, 17, 284 ; ]^oht« 
myer, ibid. 1921, 18, 13). 

Refractive /ndex.— Table 35 gives the re* 
fraotive index of water for light of varioua 
wave-lengths and at temperatures from 0**-80** ; 
these values are substantially confirmed by mm 
recent and very precise determinations, which 
give, for the iron line £ (A— 5270*11) 

nJ®*=l-3356369 

and, for sodium light, the following values 
referred to air and in vacud : 


Temperature , 
Up in air 
Upintwcud , 


20® 

1*33299 

1*33335 


25® 

1*33248 

1*33284 


30* 

1*33190 

1*33326 


Table 35. 

RxrBAcnvE Index o? Wateb. 

Against air at the same temperature; and its rate of increase with temperatora for the 
temperature ranges and spectral lines speci6ed. 






xlO* 


1*40500 

1*39987 

1*39380 

1*38982 

1*38210 

1*37447 

1*87007 

1*36739 

1*35768 

1*35139 

1*34834 

1*34457 

1*34071 


1*33834 

1*33582 

1*33381 


103 1*40397 

104 1*39883 

103 1*39257 

104 1*88878 

107 1*38103 

103 1*37344 

103 1*36904 

102 1*36687 

97 1*35671 

96 1*35044 

96 1*34738 

91 1*34366 

90 1*33981 

88 1*33815 

84 1*83750 

83 1*33499 

81 1^33300 


253 1*40144 

252 1*39631 

256 1*39001 

253 1*38025 

254 1*37849 

251 1*37093 

248 1*36656 

250 1*36387 


247 1*35424 

244 1*34800 

241 1*34497 

242 1*34124 

240 1*83741 

238 1*33677 

234 1*33516 

233 1*33266 

231 1*33069 




382 1-39762 

380 l-391»l 

377 1 3862* 

378 1-38247 

374 1-37478 

374 1-36719 

371 1-38286 

388 1-38019 

366 1-36069 


364 1-34438 

361 1-34136 

369 1-83786 

368 1-83386 

362 1-33^ 

863 1-83183 

860 1-3S918 

361 1-88718 


464 1-89808 

468 1-88798 

466 1-88180 

462 1-87796 

461 1-87084 

460 1-88800 

448 186887 

446 186S78 

Ul 184618 

487 188800 

484 188708 

431 188184 

4» 181080 

438 188707 
410 181784 

488 4«8438 

418 181800 
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ttoo. Bov. 860 . 1908, A. 78, iOOi] JBw eqofvileiit .i^--*fi^ and ^^ 

>iii|(pi 8 aad]>aiidt,J.AmOT^ dlq^ei^ |iomr IkM gM 


Baiittr, Biim» aad Davdt, J. Amer. C9)di^ 8 ^ 
1911,83,898). 

yftm^^imhtre , . • 0 ® 10 ® 

M^emoa egvf^^ . 0*0147 146 

W^pmwepowtT . 0*0429 489 

(Qladstone sod Bale, Phil Trans. 1868, |48, 
887; 1868, 163,323). 

Msasuements vith eleotiioal waves, A= 3 * 6 - 
4*6 om., show that the refractive index of 
water increases with the wave-lensth and 
that water exhibits anomabus dispersion 
(Meroc^, Boll Acad. 8 oi. (haoow, 1911, 
123). 

m eidiibits double refraction and is optically 
positive. The refractive indices for sodium 
i^t are for the ordinary ray 1*3091 and for , 
the extraordinary ray 1*3104 (Polfrich, Wied. 
Ann. 1888, 34, 336; c/. the values 1*3083 
and 1*3133 respectively of Meyer, ibid. 1887, 
61 , 322 ). 

S eaUering of Light . — ^It has been shown that 
pure water, uee from ultra-microscopic suspended 
wthdes, scatters light, and that the scattered 
is ^larised, but the interpretation of the 
phenomenon is as yet incom^ete or lacking 
hu Binsteiii, Ann. Physik. 1910, 33, 1275; 
Cabannes, J, Phys. Chem. 1920, [vi.] 1 , 129 ; 
Martin, J. Phys. Uiem. 1920, 24, 248 ; 1922, 26, 
76 ; 1923, 27, 668 ; Rayleigh, Proo. Roy. Soc. 
1920, 97 A. 436; Raman, ibid. 1922, 102, A. 
161 ; Phil 1^. 1923, 45, 625). 

MAcanmo and Eluotrioal Pbopxbtibs. 


0 ® 

10 ® 

99® 

30® 

40® 

60® 

60® 


0*0147 

146 

148 

146 

148 

147 

144 

141 

0*0429 

439 

446 

438 

449 

448 

441 

486 


and Biapier, Ann. Physik, 1913, [iv.] 42, 678 f 
Weiss and Piccard, Ciompt. rend. 1912, 166, 1234 ; \ 
Piccard, Arch. Sci. phys. nat. 1913, [iv.] 36,468 ; ’ 
see also Gray and Birse, J. Chem. Soc. 1914, 
106, 2707 ; Hayes, Phys. Rev. 1914 (2), 3, 296). 
This coefficient has a temperature ooeffioksk. 
of about + 0*00012 at 20 ®. 

Ice is said to be diamagnetic (Brunner, Pcju. 
Ann. 1860, 79, 173). P 

Magneto-optic Jiotation.^Tbe rotation of we 
plane of jjolansation of light by a given thicknw 
of water in a given magnetic field depends upon 
the wave-length of light and upon the tempm- 
ture. The specific rotation (for 1 cm. of liquM 
in unit magnetic field) for the B line at 18® m 
(Ujgft— 0*01309 minutes of arc (Agerer, Sitsungs* 
her. Akad. Wise. Wien. 1905, 114, 830), and its 
variation with temperature is given between 
3® and 98® by ft^f«001311(l-0*0|306< 
— 0*0.3051*) (Rodger and Watson, Zeitsch* 
phyaikal. Chem. 1896, 19, 357). 

The molecular magnetic rotation of water 
at 4®C. is taken as the standard, unity, for fixing 
that of other liquids, their molecular magnetio i 
rotation being then given by 

_ III X mol. weight 
18 


0 Co^jfcmt of inagndisaiion.'--Thie coefficient Thus the variation of the molecular magnetic 
of magnetisation for water referred to unit mass rotation of water is of practical importance ai^ 
has b^n determined by several observers to be is illustrated by the fonowlDg data (Rodger and 
about — 0*72x 10-* C.G.S. units at 20 ® (de Haas Watson) : — 

T® 10® 20® 30® 40® 60® 60® 70® 80® 90® 

0 0*9998 1*0001 1*0008 1*0018 1*0029 1*0041 1*0063 1*0066 1*0074 


Ehetrkal condndivUy . — ^Pure water is a very 
poor conductor of electricity. The purest water 
aw obtained (see Purification) had a specffic 
oaa^Uwtivity 0*043 x 10 -® reciprocal ohm (mho) 

It Is calculated that the conductivity of 


absolutely pure water at 18® should be 0*038x 
10 -^ mho. Prom the same or similar data it is 
calculated that the ioniuiion eoneiant, Km 
[H*] x[OH1 for water is 0*73xlO-»* at 18* 
(Sorensen, Bioohem. Zeitsch. 1909, 21, 191; 
^rensen and Palitssoh, ibid* 1910, 24, 387); 


Table 36. 

Biblbctbio Constakt or Watxb, c. 


Temperature 

A cm. 

t 

Eetoence 


00 

76 

1 

— 

00 

80 

2 

18® 

oo 

81*1 

3 

17® 

60 

81*0 

4 

17® 

40 

80*7 

4 

17® 

30 

80*4 

4 

0 

76 

• 

88*2 

5 


i- ^ ‘“6* 5 1888, », 11 , SI. 

t Smdt, Wtod. Aim. 1897. 67. 816. 

8. TBm.Zrii.dLvk,iikaL cams. 1900,88,8^ 
f OriMBMld, 1911. 

^ nnd(,WM.Ain.l|e«, 9 ^ 17 , 









' V’ 

gg»yt|K>d 2 £i?S£«^S!^ fS£*lii%sS^S%j)^^ 
wau goodi.™!^, H. ^.fle 

w^oe 6 4^ BM^ ^ 83,M0 ooi^x Imilew detwe Oan tlu l*tt^ 

J:i.r*.’ •;. 4^' S«tlwdeuid elabotatod the hvpotheiii 

Sffl ZJSiS tt *i#ptiT» t^gh mmtnie, etiU tether end. iwedWjriiifliienoed by 
%lMin filiation test theory that Donnal liquids consist of ‘ liquid* 

1 ogenic* and ^gasog&m* noleciiles, supposed 

for dielectno constant water to consist of single, double and triple 


wikiSI. 


VCi M phyeikel. Chem. ZH,O,?: 3 H 40 ,;t 6 H. 0 . Steam ie hydtol ; ioe 

nv2u • is supposed to consist chiefly or wholly of 

laoto 36 gives a series of values of c trihyaroL Because of the lower density of ioe 
lor VAter for different wave-lengths. The it seenw probable that trihydrol is less dense 
TooA * varies with pressure from than dihydrol ; and our present knowl^ge of 

7~zuo atmosjweres by about 0*0046 p.c. per the cr 3 rBtal structure of ice (q.v,) accords well 
atmorohero (Falckenberg, Ann. Physik. 1920, with the view. Whiting’s theory, originally 


SSh’v*'* Wied. Ann. 1898, 65, to the other ph 

, A=76 cm. at —190® is 1*76-1‘88 has been foun< 


deal properties of water, and 
to accord so well with the 


S I ' wv AW AD a AWMhMva w «pvv\^ava ov vwaa usavaa SMiav 

' i Boltzmann’s Festschrift, observed facts that its substantial truth seems 

^•19M, 610). clear {see 6.g. Walden, Guye, Bonsfield and 

Tb» tanmna potential for water vapour is Lowry, Sutherland and Nemst, Trans. Faraday 
^ttdated to be 8*64 volts (Compton, Phys. Soc. 1910, 6, 71-123). It is of interest to 
Review, 1916, (2), 8, 412). consider some examples. 

- tw The melting of ice is attended by considerable 

lu UBBHIOAL Propebties OF WATER. absorotion of heat and decreaBe of voltiinA* 


new, 1916, (2), 8, 412), consider some examples. 

- tw The melting of ice is attended by considerable 

.Ml UBBHIOAL ^pERTiEs OF Water. absorption of heat and decrease of volume; 
Molecui^ eo^itiUion . — It was formerly ex hgpothesi then, these phenomena characterise 
supposed that the relatively high density of the conversion of trihydrol to dihydrol. There* 
vapour in the neighbourhood of the fore, in accordance with Le Chatelier’s theorem. 


MUiBg*pomt and at lower temperatures connoted either rise of temperature or increase of pressure 
4 k ^ molecules more complex will tend to dissociate trihydrol and so reduce 

wSS Ti Zeitsch. Elektrochem. the proportion present in water. If the volume 

• oSn * Oddo, Gazz. chim. ital. 1916, 46, change of water on heating is the resultant 
I. 819 ; 896), but if the experimental values are of (o) contraction due to depolymerisation of 
^rreoM^ for the deviation of water vapour trihydrol and (b) the normal expuirion of 
ffM-laws and recalculated by the dihydrol, the preponderance of ‘(o) up to 4® 
Clanwus-Clapeyron equation the results afford (owing to the relatively higher proportion of 
w etidenca whatever for any deviation from the trihydrol then present) can explain the observed 
mple formula HjO, and this must, therefore, net contraction between 0® and 4®. Similarly, 
bo assumed to represent correctly the molecular the diminution of the proportiDn of trihydrol by 
^te of water vapour (Kendall, J. Amer. Chem. pressure explains the lowaing of the tempeia* 
1980, 42, 8477; Menzies, t6id. 1981, 43, tore of maximum density by increase of pressttfe. 

The minimuin of compressibility of water 
other hand, experiments with a about 60® is best accounte^or by ]fouitfeld and 
modiM Wilson’s expansion apparatus, inter- Lowry’s extension of the hypotlieiris (Trims. 
pfoM in accordance with Lenatd’s theory, Faraday Soc. 1910, 6, 86) ; they assume that 
fndicite the presence of about 1*9 x 1(H^ p.c« of monohydrol, like trihydrol, is less dome than 
'^tomrged nuclei of relatively large dimensions dihydrol, and constitutes an ii^rtant pro* 
mm are most probably wlymerM molecules portion of water above 60®. Tlie Inmmd 
w iim type (HiO). or (fiaO)t (Andrtn, Ann. proportion of a less dense and therefore mm 
' *917, fiv.l 58. 1). oompressible constituent bo^ above and 

^ Wm to liquid water, there is a great below that temperature then accords with the 
mfyjii evidenoe pointing to the presence of observed greater oompressibilily (see akp 
mjliuc molecrides. It Is now fairiy generally Riohai^ and PsJitzsch, J. Amer. CheiBu Soe. 

the abnormality of water as coinpaiea 1919, 41, 63, for a discussion of this mister, and 
mV other: liquids in so many j^yslcaf pro* Pa|dkni, Gass. chim. itaL 19^1, 60, t W), 

l^ezplana* Similarly oonvuioing explana^^ 


: fee ftrst advanced by Whiting If Hew elaborated for the obaer^ vsriatioiis with 

;/|pee<y of tCkVesion Applied to the Thermo* temperatmandpressuiwof tlnviioos% {Ft^^ 
of Liquids and Solids, Harvard liani, ILc^), specific heat (Herott, J. CVm* 
vminlly, CSsmbndg^ Haas. 1884, p. 70), who 1910, \ iL Stihindexof refiaetimi (Cbtneveau, 
: out that water at 0® mav conUin Oompt. tend. 1913, 156, 1978), miigikehM4o& 


iced by Whiting (A Hew elaborated for the oi 


vsriatioiis with 


' ftlDMi out that water at 0* 
INMI Mi and at 100® 17-88 p.c. < 


at the ohserved ei 

61,146), ho. • " V 

' ^ mum 8-10 p.o. ly volume Ifsesiirements of the molecular wMA uC; .> 

wahMt hgr the .eryoeoopio and a huB IftiVif ^ 


dissolved (Fiooerd, t6id. 1913, 165, 1497), diefeetiifi 
of 4 p.o. constant (Felokanberg, Ann. Physik. 1980, [itJ 
teat of a 61, 146), ho. • 
r volniiie Ifeesiueiiients of the molecular 

' au mi aIl _ . « . 9. 




c' ’ : 


; in fitppofledfy iidate!«dhr«nt« giva no 

j^ ^ariteoa ol aasotiitiaii, kit k liK»t does 
' \ raM (vfeli ii^) witik mdi flohraots in • mcniiir 
^ leaden tin method antrnstwoTthj. 

Hm fdlake eoaohuione may be dnirn tnm 
, imefiieiiieiita npon dilute solutions in snobi 
definite^ naotiTe solTonts as phoq»horus 
0]^h!oride or nitrogen tetroxide, and these 
gi?e oonooidant valnes for the moleimlar wel^t 
appvozimatiQg closely to 36, indioati^ the 
loimula H«0| (Oddo, Gass. ohim. ital. 1016, 46, 
i. 172 i m also Bruni and Amadori, Gass, chim. 
ital. 1910, 40, ii. 1). Attempts to oaloulate the 
eomplezily of ioe moleeules in solution from 
to wmtion of expmisibUity, compressibility 
and spedfie heat on the assumption that ice 
(H|(^ in solution in water reties its normid 
density lead to Takes for n around 12 (Duclaux, 
Oompi read. 1911, 152, 1387), but this assump- 
tion is probably incorrect. 

IfMiy attempts have been made by extra- 
ftotou to calculate the properties of pure 
mnohydrcd and dihydiol, but in the present 
elate d knouMge these are premature (see e*g. 
Stetlietoid, J. (mem. Soo. 1910, A. ii 843; 
Oddo, Gass. chim. ital. 1916, 46, i. 188). 

ObsenratioDS upon the formation and lique- 
laeton of ice crystals (Skworzoff, J. Chem. ^o. 
2911, A. ii 970) and the phenomena of scattering 
of Hght by water suggest the presence in water 
of mieemes of definite structure, which is 
intellimlde on to assumption that water is 
actually not a simple liquid, but, at low tempera- 
tures, a sokribii of ice molecules in water 
(dkydit^ IVom this standpoint, to freesing- 
pdnt of water is simfdy to be regarded as the 
temperaliire at which to concentration of 
trihydrol, kereasiDg with fall of temperature, 
becomes equal to to solubility of trihydrol in 
water whi<^ it is assumed, decreases with fall 
of temperature. Regelation of ice under slight 
preisara may oonoeiTably occur through 1(^ 


liluetotoi el to ke and its itoidkratordA 
rsisiis at prassufe. But ndtor preism nor 
ei^llacy notion (dUeged by Ilioiiiaom mt* 
Boy. to. 1857, 8, 455; lfe9. 9, 198 : im 
11, 473| Phil. Ito. 1862, [It,] 23, 24, 

395) m neoessaiT, Wause regtoion ean oooor 
uider water without pressure (Fkaday, Froo. 
Boy. Soe. 1860, 10, 440). Gn to ioe soktion 
hTpotosis it is easy to understand' hoir two 
blocks of ioe under water may grow togetor 
by a process of solution and remytoltotm 

In addition to the evidence indicated veiy 
briefly above tore is a mass of eiqperimentm 
work on solution which can best be expudned 
on the foregoing hypothesis. . 

It is, perhaps, important to observe totl II 
this hypothesis of to oonstitntion of 
be correct, the melting of ice, to expi 
of water (at least at low temperatures), tl 
generation of steam, Ac., commonly regarded j 
typos of simple physical change, are in fi 
changes of pTecisely to same kmd as, say, 1 
dissociation of nitrogen tetroxide or phostoi 
pentachloride or the polymerisation of aldenydW 
cyanogen chloride, Ac., the essentially ehemtcal 
character of which is never questioned. It ii 
unnecessary to elaborate the obvious conclusion 
as to the vmidity of the distinction so frequently 
drawn between chemical and physical change. 

Ghsmical Riactions. 

Diisociatum and syfftoM.-«Water Is a klriy 
stable compound, and is dissociated only to ft 
small extent at about 30(X)% to temperaiuio 
of the oxyhydrogen flame. 

In tbe oxyaoetylene flame, which is oontidir* 
ably hotter, steam is largely dissociated, and to 
wide applicability^ of tms flame to to wtong 
of metals is in fact due to to consequent 
presence in it of free hydro^n. The foBowing 
table shows the percentile mssooiation wtor 
vapour at high temperatures 


Tmi^^rndm . 1124^ 1207^ 1290^ 1432^ 1510^ 1590° 1695° 1984° 2370° 2488° 2561° 2656° 
p4.dtoeM<al 0*008 0*019 0*034 0*102 0*182 0*354 0*518 1*79 4*3 6*6 9*8 IM 


The data from 1984° upwards, obtained by 
an axploskm method, are lass trustworthy ton 
tose ol lower temperatures, but probably 
le p ra san t well enough to gea^ trend of the 
isaotieii (LSwenstein, Zeitsch. physikal Chem. 
1906, 54, 715; Langmuir, J. Amer. Chem. Soe. 
2906, 18, 1357; v. Wartenbuig, Zeitsch. 
tosikaL Chem. 1906, 56, 513 ; Bjerrum, ibid. 
m2, 79, 513; but see Holt, Phil. Mag. 1907, 
£vill3,680). 

la agrsaaent with tose tote, gaseous 
l^togsft and oxygen readily combine to form 
intoiito heated, when exixwed to to eketo 
■pmlc er to a likntelectrio discharge, when ink 
looted to to radiations of radioactive ekmeote^ 
enriM exposed to ultra-violet Ikhi. 

, Tito k no evideiira, though to assumptkn 
ite kto^tly been made, that oxygen and 
eombine at all at ordinary tempera- 
' toM to to dark, though toy do so very 
(Baker, Ptoo. Chem. 800. 
Mr 40)> ItotiMnuat inenun oi pnmn 
to (V o lM iMliaHi hM 00 eflaot in pnaiotiiig 
(do fe Soduk Sdiiraiggni* Joan. 1811. Ir 
^ M «in Ufm. r»Hfr Aim. 18% 88. 


At 100° no combination can bo detected in 
218 days, but at 300° the formation ol water k 
lust appreciable in 65 days (Meyer and Bran, 
&r. 1895, 28, 2904). At 400° to vekoi^ ef 
reaction k such that the formation of Witor 
may be recognised within a week ( Bone, J. Ohra* 
Soc. 1902, 81, 535; 1904, 85, 094), and toto 
after to velocity of to reaction Inersami 
rapidly with temperature until at ftbout 5M^« 
560° ex]dosivB combination ooours. Thepieto 
vake of to ignition temperature depcto on 
to oompositkm of to explosive mixttofMnf , 
lowest, 507°, when the ratio H« : 0|«>1 : 
fito with incieeae of piemie (Otoft iod 
Coward, J. Obra. Soc. 1909, 95, 514| Okto 
ibii 1910, 97, 661), but depeito sW ton the 
method of experiment and to meliiiii ra tts 
containing vesiek. A small Moportto of wtof 
vapour k essential to eomUnatkm Igr etori 
combustion (Baker) or thioufl^ to uaMMli 
action of platinum (Ftooh, Ghsm. Jkto Ito 
81, 292); oxygen and kydiegM diM 
idiospfafim pentoiide do not leeet on n in Mito 
bkek, andimly eofldto toii^keeoto 
fiatora«iraetelto009*i tor 
Iras^i 






ol fii Iff in eleetrk 

^msMy^ 9^ paa^ 1te»al ei9et» Imt i kiiiif^ofleftljsli: 
OiBaot be toe ef to tor eombinetlon I Belv. Cblm* Ato. 
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Ana. <Mm. 1S79, [r.] 17» US; Dehemin end 
Mmeniie^ Oompt. lend. 1881, 93» 895, 963, 
1021 ; Mixter, Amer* Jonm. 8^. 1898, [iv.] 4, 
51 S . Kirby. Pbil 1904, [vl] 7, 223). 
A gea^ exemination of to effeots indicates 
tot to eathode ooliunn is to r^on of greatest 
diemloal activity (^kby, Phil. Mag. 1907, [vi.] 
13. 289), and it seems probable that reaction 
proceeds by to ionisation of both gases, though 
short wavedength radiations akin to ultra-violet 
light mav contribute to the effect. 

Kemoaum has found (Gompt. rend. 1910, 
151, 319) that H|^0| and H, are produced by to 
silent dischaige in oxygen and hydrogen mix- 
tures. and concludes that the action of the 
dlsdiarge is analogous to that of ultra-violet 
light. 

Ultra-violet tight causes combination of 
hydrogen and o^gen and decomposes water, 
to reaction in eithtf case tending to the same 
pdnt of equilibrium which, for example, at 150^* 
is tot corresponding to thermal eqimibrium at 
1250« (Ooehn, Ber. 1910, 43, 880; Coehn and 
Grote. Nemst's Festschrift, 1912, 136 ; Andrdeff, 

Russ. Fhys. Ghem. Soc. 1911, 43, 1342). 
Water in a quarts vessel is decompose thus 
even by sunlkht (Kembaum, Gompt. rend. 1909, 
149, 273; Bull. Acad, Sci. Gracow, 1911, A. 
583). 

The action of ultra-violet light in decom- 
posing water is chiefly due to the radiation of 
very short wave-len^h (A -1900), and is best 
obtoved, therefore, hy to use of low-tension 
or asic high-tension quartz mercury vapour 
lamps, which emit radiation relativ^ rich in 
rays of short wave-length (Tian, J. Ghem. Soc. 
1915. A. ii. 828 ; Obolewsky, Ann. Phy^, 1912, 
[iv.l 39, 961). 

In this decomposition pure hydrogen is at 
Arst to only gaseous product; later oxygen also 
Is nrodueea and accumulates until to com- 
pomion of to mixture is tot of detonating gas. 
^Rdi is belt ex|dained on to assumption that 
to primaiy action is an auto-oxidation pro- 




2H,0j-^2H,0+0, 

irtilidi flan result from the action of moderately 
short irave^length radiation (A 2560-3000) (Timi, 
Osmpt fendTIoil. 152, 1012). In support of 
, lUi tooi^, tore is evidence that hydrogen 
imed from water-vapour in air by 
to aetion of ultra-violet rays in sunlight forms 
•istivn mmlai for to oondensaikm of moisture 
pihK^ Aon. Phystk, 1912, [iv.] 39, 1313). 
VMrtwy to suggeiuofis which nave been made, 
it HOUB seem tot to amount of hydrogen 
. j e osii dl M m^ 1^ ultra-violet l^t is much 
: ^Sodwna to ooeoimt lor to baeterieidal action 
: si tolotofsseC^^ Hoder and Roehaix. 

^ 1910. m 1459). 

of poteotlil oeeir at 
todioifcs fiwiwiwsi! In etotloai 


^y a*rad»tion is well estabhshed (BovIb and 
Awards, J. Soc. CSiem. Ind. 1905, 24. 266; 
Piokel, kitsch, anorg. Ghem. 1904, 38, 307; 
Lind, J. Amer. Ghem. Soc. 1919, 41, 531, 551 ; 
Duane and Schenrer, Gompt. rto* 1913, 156, 
466). In a given spherical or tgrlindrical vessd 
the velocity of reaction depends only on to 
quantity of emanation present and to pM 
pressure, but the velocity diminitos with 
increase in to volume of the vessel and deptos 
upon to hydrogen: oxygen ratio. Thm k 
reason to suppose that combination is preceded 
by collision-ionisation of both eases, but to 
mechanism of reaction is not wellund^tood. 

Catalytic action in to synthesis of water 
: was first observed by Davy (Phil. Trans. 1817; 

I 97, 45, 77) in the case of platinum, and has been 
to subject of so many investigations tot its 
adequate discussion here would be impomible. 
and properly belongs to the general oonsidera- 
tion of catalytic action. 

The energy change involved in these reactions 
is expressed by to heat of formation of water 
for which to chief data are given below. 

H!(»8)H-10, (,«)->■ H,0(ftnM>+* giwn cteiM. 

x-68,310* Ice calorimeter; const, pressure, 
(Schuller and Wartha, Wira. Aim, 
1877, 2. 381). 

68,390. Burning at const, pressure, f«:18* 
in 15** calories (Thomsen, Thermoehem. 
Untersuch. 2, 45). 

68,400.' Burnt in bomb; calc, to cmut 
pressure at (=17^ in 15*^ eaL (Mixter. 
SiUiman*s J. 1903, (4), 16, 214). 

68,380. Mean result of critical reoaleulatioB 
of foregoing, at 18*^ and const, pressure, 
in 15*^ oaL (Roth, Zeitsoh. f. Elektcoebem. . 
1920,26, 1,288). 

Water is decomposed by to passage of an 
electric cnrrent, but owing to its very low 
conductivity to extent of to deoomposiMoii 
is veiT small with pure water. In praetor 
to electiDlytio decomposition of water eo» 
called, is effected by to eleetn^ysis of aqueous 
sointions of electrolytes, and acooidkig to to 
tonic hypothesis the pn^notton of one at Iseit 
of to oonstitnent gases at to eleetiedes M 
due to a secondary action of to disoharged toik 

It has long been known that to pamege 
of an eleetriou discharge thiou|^ ststo 
duoes both decomposition and a sorliB|oi to 
products apparent^ akin to electidMi (tovotb 
Gompt. le^ 18^ 46, 180 ; 47. 359; Anb. 
Chim. 1861. [iii.] 61, 161 ; J. J. ThomsoD. 
Recent Reaearohee in Kleetricity and Magnel^ 
ism, Oambridge, 1893, 559). But both oxygHs 
and hydrogen may appear at either or Mb 
eleotrodee according to to liae and form of 
to discharge veseri, and it seems profaali^ tol 
to s^iuiliion observed Is dne to effsto ef - 
diffuiioii and gaieoiis flew and not be tvue ; 
efeotfcMs (Ctopmaa and lAdbuiy. J« Gbaiai, i 
Soo. ira. 81.* 139; Holt and HofUguMb:’; 
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.ioiioipieto waiter acts on many metala^ 
wntally lo^tmkg a ba^ odde and hydrogen. 
Tbe and alkaline earth metals react with 
oold water; glnoinnm (beryllinm), magnesinm, 

' and many rate-earth metals react with water 
below its boiling-j^t ; zinc, cadmium, tin, 
iron, cobalt, nickd, and chromium decompose 
stMm at a red heat, and some other metals, ag. 
copper and lead, react only at a white heat. 
Meroniy, silver, gold, platinum, iridium, &c., do 
not react at all with water. j 

Whilst this is broadly true for ordinary | 
distilled water and ordinary metals, some | 
qualification is necessary. 

The very detailed and critical study which 
has been made of the interaction of water and 
air upon iron shows clearly how greatly such 
actions are infiuenced by minute traces of 
impurity in either water or metal, and it has 
been proved that water has no action on magnes- 
ium below 100^ if free from air (Roberts and 
3n>wn, J. Amer. Chem. 800. 1903, 26, 801), 
and acts extremely slowly at ordinary tempera- 
tures with sodium amalgam if free from traces 
of hydrogen peroxide (Baker and Parker, 
J. Cbem. Soo. 1913, 103, 2060). Therefore 
caution must be used in regarding the observed 
reactions with metals, especially at low tempera- 
tures, as those of pure water. It is known that 
in the wet oxidation of some metals, e.g, zinc, 
hydrogen peroxide is produced and appears to 
t&e part in the reaction {see e.g. Smith, J. 
Chem. Soc. 1906, 89, 479). 

Water can also oxidise many non-metals. 
Silicon is attacked by water in glass vessels 

100% but the action is probably due to 
dissdycd alkali (Moissan and Siemens, J, Chem. 
Soo. 1904, A. it 398) and occurs wiUi pure water i 
only at a hicher temperature. Ruction of 
steam with carbon begins at about 860^ (Farup, 
Zeitscdi. anoig. Chem. 1906, 60, 276), and at 
higher temperatures proceeds acco^ing to 
the equations C+H|0->>CO+H|; C-f2H,0-^ 
€Ot+2H|0 with a reversible secondary reaction 
OO^H|;;2:CO+H|0 (sec Gautier, Compt. rend. 
190^ 142, 1382). It is of great importance 
^Jn tibe manufacture of produoer-gas and water- 
gas (g.e.). Boron at a red heat similarly 
, yields with steam borio oxide and hydrogen. 
At 2000^ even nitrogen is oxidised by steam 
with the production of oitrio oxide and hydrogen, 
Ka*f^^^2NO+H}, the mixture at equili- 
bmim oontaining about 0*5 p.o. by volume of 
HO (Tower, J. Amer. Chem. Soc. 1906, 27, 


Some of the lower oxides of metab, e.g. HnO, 
UO|, GrO, or oommunds derived therefrom, 
e.g. notaednm oobaltocyanide K«Oo(GN), imd 
diloride MO|C9«, are oxidised 
ly wat^ with liberation of hydrogen. 

Thus the oxidising action of water is pro- 
Aounoed at high temperatures and occurs at 
'low temperatures with powerful reducing 


' Towards some non-meti^, notably the 
hydride 

IHsaetton ooeurs with sulphur and pbonAic^, 
hut lie onyw simultaneously forms the noth 
meMBe ogmi Ihus with sulphur above J09^ 
Urn mMm is smssented fy the eqni^ 
though, 


egfliiliteinm is readbed at low oonoeatmthms of 
&aS mi SO|. 

Hjg(|ahfi|.---Uttder thb headh^ 
hisny of the most important and chaeedbexbtio 
reao&ons of water. /*/ 

The typical case is the hydrol^ 0! non- 
metallic chlorides, e.g. PCi|, Bdg, ^4$ . 
Ac., to form hydrogen chlonde and the hydroxy 
acid of the non-metal, c.g. 

Pa,4*3HaO-»-3Ha+P(OH)a; A 

BCla+3Hj|0-4>3HCl+B(OH)|. Similar reac- 
tions occur with the corresponding bromides 
and iodides, and their irreversible character . 
constitutes an important distinguishing cha- 
racteristic of non-metallio elements. The 0|te 
outstanding exception to this rule is tne 
case of the halides of carbon, s.g. GCSi, CB^L 
CiHiBri, Ac., which are not hydroly^ by 
water to any appreciable extent at ordinaiy 
temperatures. \ 

A similar, but reversible hydrolysis oocun 
to a greater or less extent with many metallio\ 
halides. The chlorides of bismuth and mti-\ 
mony are extensively hydrolysed in cold dilute 
aqueous solution, insoluble oxychlorides being 
precipitated: BiCl,-fH,0 ^ BiOCl+2HGl; 
SbCla+H,0;tSbOa,-l-2HCl, and the higher 
chlorides of lead, tin, titanium, Ac., Pb€34, 
SnCl4, TiC3|, are hydrolysed with the formation 
of the corresponding hydroxides, which in some 
cases remain in solution. Many other metallic 
salts, e.g. Mgd,, ZnClf, CuSOi, Ac., are appreci- ( 
ably hydrolysed in their aqueous solutions, ' 
which thereby acquire an acid reaction. It 
is indeed only in the case of relatively few salts, 
those of strong bases such as the alkidis, with 
strong acids such as the halogen hydrides, 
nitric acid, sulphuric acid, perchloric acid, Ac., 
that hydrolysis in solution is ^inappreciable. 
Just as the hydrolysis of the salts of w^ baees 
with strong acids, e.g. Al.(SO|)s, gives add 
solutions, 80 that of salts of strong bases with 
weak acids, e.g. Na^COs, Na^S, Ac., causes their 
solution to have an alkaline reaction. It is 
frequently assumed that the neutral eharaotei 
of a solution of, say, potassium chloride, indi- 
cates an absence of hydrolysis, but this is by 
no means necessarily so. The neutrality of 
such a solution is quite compatible with exten- 
sive hydrolysis to yield equivalent amounts , 
of aoidio and basic solutes of the same type 
wbidi, by the preponderance of one or otm 
eort, give the baaio ornddk character to eoln- 
tions in which hydrolysis obvioualy oocrm 
Tbk point is of importance to the theoey of 
solutions (VoL vi. p. 2M). 

The hydrolyUc action of water inereeisi 
with temperature, so that at a led-hest moet 
metallic salts are completely hydrolysed bf ! . 
steam, e,g. MgC3{-fH|0-^Mg&+&(!l ' 

haner, Zsitsch. anom. C%enL 1909» 9t9h 
and many, e.g. KaOl, which show ho ^ 
hydrolyilB in the cold, are nartfy dsoompoaed. 

Many binary compounds of metab wM 
non-metab are readily and oompbtely hydae*. 
lysed by water at ordinary tempenlum^ to 
produce the metaSio hydroxide and tba 
metaBio hydride. The rabhides» 


iduoinnm. mimititiiiw .limi dieoiUMas^' >''f 
aod tte la dw b rii ,£ ; 


wjkim 


oy ilUkjdi k « 

of pligii]^kii6 or. lUioon hymdu, 
HydtoljBk of w earUdoi k of speokl iatezest ; 
oome. e.^'. ajuminiom or gluoinum carbide, yIM 
pure methane; otheia give wious mixturei 
of ^cbxHMtfbcttw and IfydiogWL The hydro- 
tym of oalcium oarldde to produce aoetyle&e 
^k of a great industry, and that of 
Ditrides, e.g. AIN, to produce ammonia has 
l»en employed in some processes for the fixation 
of atmospherio nitrogen. 

Some binary compounds of non-metals, 
boron nitride, and the sulphides and selenides 
of borcm and silicon, are similarly hydrolysable. 
Hj^rolysis of many metallic hydride, 
yields the metallic hydroxide 

and hydrogen. 


mk reactions ol imporibimoe are known, e.g« 
of ^«gsno*metalIic cmnpounds Zn(CH«)^ haJIdM^ 
esters, ^wiiidee, etc. 

AddiitDfk-^The direct addition reacthms. 
water with basic and acidic oxides to form bsses 
and acids oocuw an intermediate poabiOn 
between hydrolytk action of the foregoing type 
and the so-called simple hydration ^soussed 
below. 

Anhydrides of strong acids and bases, e. 0 . 
SO,. P,0„ N,0„ or Na,0, ChO, li,0, ko., 
combine very readily with water; those of 
weaker acids and bases, ag. B,0„ SiO„ or 
ZnO, MgO, &c.. react slowly or at h igher tm- 
peratures. Data for the heat of hySation of 
typical basic oxides are given in Table 37. 


Table 37. 

Heats of HYOBATioiir of Oxides. 

Typical examples of the heat of hydration of basic oxides, hydroxides and peroxides are givmi 
itt the foUowing table : the values given are in 16® gram-calories. 


Heats ot hydration 


15** gram-calories 


U,0+^0->2Li0H . 
Na,0+H,0-^2Na0H 

K,0-fH,0^2K0H ; ; 

Ca0-fH,0->Ca(0H), 

fir0-f-H,0->Sr(0H), ! ! 

Ba0+H,0->B^0H),* ! 

lM+H,0->Mg(0H); 
Zn0+H,0-^-Zn(0H), 
TI,0+H,0->2T10H . 

I NaOH-f H.O NaOH,H,0 
K0H-fH.0^K0H,H,0 . 
KOH-f 2H,0 K0H,2H,0 

8r(0H),+8H,0 ->Sr(0H)„8H,0 

Ba(0H),+H.0 4 Ba(6H)„H,0 
Ba(OH),-f 8H,0 Ba(0H)„8fe|0 


Srq,+9H,0->.Sr0„9H.0 . 
fiaa,+H.0->Ba0„H,0 . 

^ Bs0|+10H,0 -e BaO„10H,O 


14,400 

36,440 

35,620 

42.100 

15.100 
15,640 

17.100 
17,700 
17,600 
22,260 

5,400 

-2,760 

3,230 


1. Berthelot, Thermoohimie, IL 1807. 

2. de Fororand, Compt. rend. 1883, 103, 60, 

3. de Forcrand, Compt. rend. 1901, 130, 1017. 

4. Thomsen, Thennoohem. Untersuoh. IIL 1883. 


' ; Vlhk of hydration leads to a profound 
IdkUfs in the properties of the compound, and 
k k gWMiUy held that the water loses its 
ahnneter as euoh and enters into the oon- 
ifllBlioa d tlw product in the form of hy^ 
r fmpa* additioii, therefore, resembles 

^ MWi that one product only results. 

. . union of water with sub- 

olMMa 1o tom li dr ufei, as dkUnot from 
ehaiaoMM by the (diditnees 
' Ae. liiyiM and^Nnloil ; 

• •• ■ 


properties ol the oiigiiial iubitaiiee.^^ k 
especially well seen where a compound ktes 
a d hydrates, e.g. FeO,, CuSOa, 

as these diw from each otkw ow mkdAly In 
colour, solubility, ko,, and not at iS himSM 
properties. 

It k the ptaetke to confine the term AgiMAi' 
to compounds in which water k pnseiit in 
fixed and slm]^ mokoular proporkoik; AIh 
however, k an acUtraiymk, we have pmejft* . 
oally no evltame aa to tbe maaner. in 






.-WUklt'M oiyBtalliBatioQ) 

We Icaow aimply iluit 
iMIir ie evdved Irom liydmtea, ueualily at 
eempeiiMTely low tempeniuzes, tlxit it la Aot 
^dyiteelty and neoessarily oonoetn^ in the most 
ahitaetedstio zeeotions of the hydrated snb- 
f tahee, and that it ean freqnently be replaced 
Mleoiile for moleoiile by other solvent^ 
atiMT or alcohol, with a minimal change in the 
eharaoter of the hydrate. 

Hie ease with which water is expelled 
kom hydrates is illustrated by its liberation 
by simple grinding (Gillette, Ohem« News, 
1911, 1C4, 313), and in one recorded case by the 
aetaon of light (McKee and Berkheiser, Amer. 
Chem. J. 1908, 40, 303). It has been suggested 
that hydrates may retain some water in solid 
solution (Richards, J. Amer. Chem. Soc. 1911, 
33, 888 ). 

Water of oiystallisation has many of the 
properties of free water. It acts like free water 

« calcium carbide (Masson, J. Chem. Soc. 

. 97, 8S1) and upon some metals, e,g. magnes- 
ium (Michailenko and Mushinsky, J. Russ. 
Rhys. Chem. Soc. 1912, 44, 181). It exhibits 
the same infra-red absorption bands as water 
(Schaefer and Scherbert, Ann. Physik. 1916, 
pv], 30. 339), 


« Water mm pass ibnac^ si^ 
mystaiUse hydrates {Baker and d; 

CbeimSoc* 1911,99,30^ 
resemblmg its dilfuwion through sdumua 
hydrated salts are curiously aldn to ikd 
solutions from which they fmm Where the 
colour of an anhydrous salt differa ffon^that 
of solution, <.g. OUSO 4 , OoCL, CoBti, QoOif, 
Ac., the colour of the crystaUine hydrate is 
usuallv that of the solution. Hydrates exhibit 
a demiite vapour tension of water; henee, 
on the kinetio theory, water molecules wmt 

as^ey ^0 in and out of a^lutio^ If the 
pressure of water vapour above the hydn^te 
is less than its vapour tension, the hydrate loa 
water and effloresces. Conversely, it absotj 
water and may deliguesce. 

When a salt, capable of forming sev 
hydrates (typically Cu 804 , 5 Hg 0 , which 
yield CuSO«,3H,0, CuSO«,H,0 and CuSOj 
IS in equilibrium with its vaj^ur in a cb 
space, and water is slowly but oontinuallj 
removed, the pressure of aqueous vapour over\ 
the hydrate remains constant until the whole is 
converted to the next lower hydrate, when the 
vapour pressure suddenly drops to that character* 
istic of the second hydrate and maintains that 


Table 38. 

Vapour Pbessuess of Hydrated Sai/ts. 


Equilibrium 

p. 

RelSrenoe 

( 

18*2 mm. 

1 

Na^O 4 , 10 H|O Na^Oi+aq. vap. . . , < 

19*22 „ 

2 

1 

19-20 „ 

3 

N»,HP 04 , 12 H ,0 Ne,HP 04 . 7 H, 0 +aq. Tap. . | 

18-0 

19-13 „ 

1 

2 

lIa*HP 04 , 7 H ,0 Na,HP 04 , 2 H, 0 + 8 q. rap. . | 

12-4 „ 

14-61 „ 

1 

2 

KasHP 04 , 2 H |0 Na,HP 04 +aq. vap. . 

8*9 

1 

K|Cf0^l*5H|O KfiO^i-sq, vap. 

M 

1 

Ca(OH)«;;tCaO+aq. vap 

0-8 „ 

1 

BaCI„2H,0;itBaCI,41sO+aq.Tap. . . .| 

4-8 „ 

1 

6-28 „ 

4 

I 

6-8 

2 

BeGi»E,O^BaCI,+aq.Tap. .... 

2 -6 „ 

1 


7-0 „ 

1 

OaSO^SH^ ;tCaS 04 , 3 H, 0 +aq. Tap. 

7-68,, 

7-80 „ 

4‘ 

2 ' 


7-77 „ 


b4k»,l».0^CaS043t^ . . . 

4-7 „ 

1 

OaflOi^^tO t. OnSO.+eq. tap 

0-8 ., 

i 

; 






1. Pooto mi SobdM, J. Anar. Obaoi. Soe. 1»11, U, U0». 
1 WilMOiJ. Amer. diMD. Soe. 1911,48, 704. 

. 8. Bttter end Le n eii i fcJ. Amer. Chem. flee. 1980^ 48^^ 
4. J. CSiem. floe. 1911 , 99, 408. 

9. KauK J- Amer. 0km. Boo. 1980, 48, 1901. 
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nflofoii « meant of dotooting the esetenoe of at laStog opmttod witii tlm toliteCKiahltyieig 

Tmrnls^m^ 

If dttcla^ tiie n/powipmim be On otier band^ mneb ivoik eddneed4M 

plotled egainet tbe peroentage ti iriiter in the evidence lor eelvitlon it imocmviiieiiig andoon* 


deinite tiydrates* ranging in compotitioa from U 

Care must be eseroieed in applying tbit H|SO« * 4d50H,O. Few of tbete iiave hum 
method^ because there is frequently a delay, encountered twice by independmd} inveelig^dms^ 
or period of induction, in the rise of the vapour the opportnn^ for oiigmaUty being almetl 
ptessure to the value characteristic of the unlimii^’* Thus many chemists have sni^ 
temperature (Gumming, Trans. Chem. Soc. ported the original view of Ostwald and 
2910* 97, 593; Partin^n, ibid, 1911, 99, Hod, which regards the solvent ionp^ in n 
466; Fphraim and IdiUmann, Ber. 1917, 50, dispersive medium, enabling ^e smte 4n 
5^ ; Ephraim and Wagner, Ber. 1917, 50, behave at if alone and in a geseont state <«ia 
1068). Brit. Atsooiation Report. 1890, 60,^U»d^). . 

, Indeed, Faraday showed (Fogg. Ann. 1834, But the * solvate ' theory, rejecting the 
38, 186) that whereas hydrated sodium carbon- conception of ionisation alt^ther 
ate, sodium hydrogen phosphate, and sodium Armttrong and Worley, Ptoc. Koy. 806. 1^1, 
ndphate readily effloresce in air, perfect crystals 87 A. 604), fails to explain in an^ satisfactciy 
of these salts may be kept in air for years manner the mechanism of oondootion in doetre- 
without change. Inoculation with the lower lytos, whilst the strict ionic themry eonsBy 
hydrate at once causes the v^ur pressure fails to explain why and how ionic dissodation 
to astnme its normal value. The period of occurs. 

induction in dehydration receives a rational It has been generally recognised by those 
explanation if we consider that the minute who admit the existence of ions, that the ham 
pamles of the second phase formed at first by in solution are hydrated (ms Anheniiis, Theorine 
dehydiution have, like small drops of water, of Solutions, pp. 184-195), and it has been 
an abnormally high vapour pressure (Rae, pointedoutthat the rival * solvate ’and* xnuo^ 
J. Ghem. Soo. 1916, 109, 1229; see Pavlov, theories are in reality not ineconciiaye but 
J. Roes. Phys. Ghem. Soc. 1909, 41, 679). supplementary (Walto, Brit AnociatiQli Be* 
Table 37 contains data for the thermal port, 1911, 81, 356). 
effect of several typical hydration reactions. There is, in fact, an intimate and geneiii 
Table 38 gives the equilibrium pressure of connection between ionisation and oompouad 
water vapour, in mm. of mercury, at 25° over formation in eolations, and Kendall and Beqge 
a lew of the more important crystalline hydrated have stronjgly advocated the bypoUiesiB iM 
salts, when in equilibrium with a lower hydrate ionisation is preceded by, and is a conssqnanoe 
or the anhydrous salt of, the formation of snch oompounda (Knidall 

SdkUion and icftisaftbu.— Water is, par and Booge, J. Amer. Ghem, Soe, Ifil?, M, 
comEsncs, the solvent. It has been argued that 2323; this paper contsins a detaffsd die* 
oB iubstanoee are soluble in water, but this cussion of the hypothesis and nniaanM leler* 
Is not mven. Most salts and compounds enoee to the Uteratups, and should he oonndted; 
usually cla ssed as insoluble, e.g. silver chloride, the same idea had been indioated by othHE% 


gases, are distinctly soluue, and some very 46, 1716). 

ioiuhie, in it. Experiments with tetraethyl-auimoniiiin 

Ttniie is much reason to believe that the iodide m a la^e number of solvents have idlowii 
aobunt power of water and its pte^minenoe that condnotivity of solntions is fundamentaBy 
as au ionising solvent are both due to chemical related to the dielectric constant and to the 
letion between solvent and solute of the kind state of nnsaturation of the simple moleetdes 


ooiriftdersd under hydrolysis and hydration. of the solvent (Walden, ZeitscKphysilBiL G 
An overwhelming mass of real evidence 1903, 46, 103; 1906, 54, 129; IL (X J 
isilti that substances dissolved in water are Amer. diem. J. 1901, 25, 232). These 
MinaMy associated, one had better say com perUes, as might be anticipated Im 


BsLGhiBdu 
CL lonssi 


hted| mik water or ‘solvated’ (ms, lor a general parallel 
Bst m vefsTenoei, Dhar, Zeitsoh, Eldctiochem. [Thomson, Phi 
I914,30,57; and for a critical review of earlier Lewis, J. Ame 
woffle, Washburn, Hydmtes in Solution, Tech. 1916, 88, 762). 
Qnsft. 1908, 21, 360 ; as examples of more Uasatoratio 


parallelism, have a causal ielatie«ahjh» 

‘DLfI 1A1J 1 am 


(XhonMon. PUL Mi«. 1«M, [tL] », tUT, 
Lewii, J. Amw. CInm. 800. 1U9. B8. Mtt} 


, SdO; M Mounpln of non Uoaotowtion impliH tho piwMiw ^ : 
^ m SohMSw, Pulai uad BolMmlB id rirntnuis wfaitli «» fm to awto 
-it CL Amw. Zeteh. 1914, 16, 447; oator ito keamM of «a Asotiio Ml Ikft 
Ikadn, J. CIwib. 600 . 1916, 107, lii^ iratw udoenb (£.0) ooBtato* im 
titlMP; Konfdl Miaittth. 1911 36, 866 ; doaWt,MtottotoBdaHiw.*^^H*; atol 
Stow. lMad«r, Baa. 1917, IS, ISS; the As Am olMtnai ^ tbo < 03 ^ atw toB. 
Biill iMto Md Botnua, Pm. K. Aktl move itoo -rntda wdUtot enahk tom to’; 
! ItoMNtotimfmlMa. Uttl, n, 999),wid««m | emt a maadmm ham qm Si* ’ 
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poUlm wele ^ ttoae doiibkts, so tka^ aa 

imaqiial Jfl^l>tttio^ is aooentnated and may 
load to tho formation of associated moleooles, 
possessing a still larger eleotrostatio moment, 
£s wfaioh ike constraints are corvespondin^v 
weakened* Fortker association can ooonr witn 
mikanoement of tkese effects. 

Great attraotire forces are exerted suck 
associated molecules upon any solute BX; 
tkese forces are cumulative as tke molecules 
come into closer proximity, and can evidently 
lead to tke formation of complexes of tke type 
B(HaO)«-*X, in which tke constraints upon toe 
elutions are still further weakened* Suck 
complexes are muck less stable than the simple 
component molecules and dissociable at any 
point, and it is thus possible to see how hydration 
may cause ionisation. 

The essential probability of this theory 
is Hustrated by tne case of aqueous hydro- 
eklbiio acid. Both hydrogen chloride and water 
when pure are almost non-conductors (Kohl- 
rausch and Heydweiller, ZeitscL pkysikal. 
OufttL 18d4, 14, 326; Steele, McIntosh and 
Archibald, ibid. 1908, 55, 148); both contain 
nnsaturated atoms in the simple molecule and 
are in consequence associated ; both have high 
dielectric constants. When mixed they con- 
stitute a good electrolyte. 

In oontrast with the older ionic hypothesis, 
KendalTs theory permits us to regard the 
ionisation and conductivity as due to hoih 
constituents of the solution. Complex mole- 
euks j[H«0)x*(HCl), are formed and dissociate 
to yind po^tively and negatively charged radi- 
cals. Tfudng the simplest case these would be 
sitikr and (H*H,0)+ or (HCl’OH)- 

and (HG1*H)*^, and on insp^ion these two 
alternatives are seen to be the same thing. 
The oom|dex (H^Od)^ may be regarded either 
as a hvtoM chloride ion or a solvated 
hydroxyl ion. 

The following table shows the degree of dis- 
ao<dation of mire water at various temperatures 
pm a being the weight in gims. of 

hydrogen km in 1 e.c. of water at the stated 
temperafore. 

ihinp* axio** 

0® 0*36 

r 0*40 

10® 0*57 

IS® OSO 

26® MO 

34® 146 

42® 1-91 

60® 2-44 

(Kohhauioh and Heydwetlkr, Wkd. Ann. 
1894, 63, 234; Zeitsch. {diysikal. Obem* 1894, 
14, tiie numbers are in substantial agree- 
ing with ibe indirect measurements of 
AMeniiis, Z^tsch. physikal. Chem. 1893, 11, 1 
9l3; Shfnst, ibid, 1894, 14, 166; Lorm and 
Bshf, ibid, 1909, 66, 748; Noyes and Kato, 
m- 1910, 73, 20; Doksakk, Zeitseh. lEkh- 
ta0hcm.l899,6,636; Kanolt, J. Amer. C3iem. 
Sac. 1967/29, 1414; Lewis, Breton and 
SehMl^ fhtd 1917, 39, 2260; Lun^ J. 
OhiHu fkys. I997, 5, 689; Hsydweilkr, Ann* 
Flgfiab,1909,[lf;]2^^ 


/ Tim heat cl fonnation of water from 
is +14,700 gm* oal* per gm* mol. at 0^ the 
vslne at othk temperatores (, being gjivaa by 
+14,700-501. This is tke most pidfaable 
value derived from' a number of reeearohea by 
different methods, as f<^W8s . . 

1. Ftom the beat of neutralkatkm bt wtrong 
acids by strong bases (Wdrmann, Ann* 

1905, [iv.] 18, 793 ; Heydweiller, Ann. ^sOc. 
1909, [iv.] 28, 503 ; Thomsen, Thermodm, 
Untersuoh. 1882 ; M^er, Bnll. Soc. chim. 1918, 
[iv.] 23, 8 ; Muller and Bauer, J. Chim. PlQra. 
1904, 2, 457). 

2. From the change of oondnotivity of ^ 
pure water with chai^ of temperature; cal- 
culated by van ’t Hoff from the data of ] 
rausch and Heydweiller. 

3. From the variation with temp 
of degree of hydrolysis of salts (Lun , 

J. Chem. Phys. 1907, 5, 145, 574; 1908, 6, \b, 
81 ; Noyes, Gamegie Inst. Publ. 1907, No. 6a 

H* V* A* B, I 

Water in Its Eeonomie and Sanitary BelaUon 
Drinking Water. 

Water for Domestic Supply, 

Water is absolutely indispensable to both 
animal and vegetable life; it is .the cause 
of many of the most stril^g phenomena in 
nature, and is employed for countless purposes by 
man. Its distribution is as wide as that of the air 
itself whilst its amount on the earth is enor# , 
mousiy greater. In an absolutely pure state il^ 
is never met with in nature. The impurities in 
natural water are derived^ lom the mateikJs— 
solid, liquid, or gaseoua— with which it oomes in 
contact, and they may be present either in 
suspension or in solution or in M>th. Inasmuch, 
therefore, as the interest attaching to different 
waters depends opon the impurities they oontain, 
and these are dependent u^n the matters with 
which they have been in contaot,it is mostoon* 
venient to classify waters according to their or^iin* 

1. Bain-watert snow, hail, dew, and noar* 
frost. All these forms of water are obtained by 
the condensation of the aqueous vapour which 
is invariably present in the air. The amount of 
aqueous vapour which can be contained In • 
given volume of air is sbkly dependent upon the 
temperature. If the atmosphere has oeocmie 
saturated with aqueous vapour at any gim 
temperature and is cooled below that temjpeilr' 
tore, the excess of aqueous vapour will conoeiie^ 
according to ciroumstihees, as rain, hail, mow, 
mist, dew, or hoar-frost. This oondeiiaitioii it 
promoted by the presence of dust and ilecifioe% . 
charged particks. All these forms of w«tw 
having teen only in contact wiGi the-iilr mid, 
not with the earth are charaoteiked by 1m 
small proportion ol solid matter wUch 
contain, attbongh ike amount fooiid, r " ^ 
in the vkinity of towns, is often < 
greater than would be anticipatodL mm me pm^ 
water falling in the nei|^bouilim of tti eetf |ii 
often mixed to a eonsiieiaUe exteofc wMi wm 
sp»y, which with lavouabk wlnde k epiiipd 
many mih* In the loilewhig Mh M 

recorded the maximum, abdruum, nod r ^ 
proporUoiis of eewenl 
of riin-witer ooUeeled at SotkMiMlbfliii 

'.-.’■■■I,.. ■ 



WATSft. m 



ggg 


BlUniSm 


RlUngNi 

aitatcatos 

and 

tmm 

Obioitiis 

' 

Miutesm . . . 

0*62 

0«81 

0*003 

0*005 

0 

0 

0 

Maximum , > . 

8-08 

0*372 

0*121 

0*155 

0*044 

1^ 

1*7 

Averse 

Rain-water colleoted at 

3*42 

0*095 

0*021 

0*049 

0*007 

0*33 

0*5 

Land’s End, Gomwall, 
Jan. 2, 1873 

Rain-water collected near 

42*80 

0*131 

0*034 

0 

0*020 

21*8 


Hyde Park, London, 
Hov.8,1873 

2*76 

0*383 

0*040 

0*210 

0*008 

0*5 



It ii thtu fleen that the composition of 
rain-water, even in the open conntiy, is 
liable to ppreat fluctuations, and that the 
amount of impurity, both mineral and organic, 
is occasionally surprisingly large. The amount 


of organic impurity in dew and hoar-fto^ 
is still greater owing to these forms of water 
being condensed out of the lowest and most- 
contaminated couches of the atmosphsee. 
Thus-- 


SavEK Sakflbs or Dsw akd Hoab-vbost, Bothamsted, 1869 and 1870. 


(Results of Analysis expressed in parts per 100,000.) 



Total 

solids 

Organic 

carbon 

Organic 

nitrogen 

' 

Ammonia 

Nitrogen 
as nitrates 
and 
nitrites 

ddorine 


Mfniimiin , , 

2*64 

0*195 

0*026 

0*130 

0 

0*35 

1*3 

Maximum 

8*00 

0*450 

0*196 

0*280 

0*050 

0*80 

2*5 

Avmage 

. 

4*87 

0*264 

0*076 

0*198 

0*023 

0*53 

19 


Two other impurities, not referred to above, 
which are mnerally present in the rain-water 
and snow of towns are sulphurous and subhuric 
acids derived from the combustion of coal. 
Angus Smith found in the rain-water of liondon 
2*05, of Liverpool 3*96, in that of Manchester 
4*48, and in that of Glasgow 7*02 parts, of 
M^urid acid per 100,000, to a considerable 
extent in the free state. Sendtuer 


|«eskly«fallen snow in Munich to contain 0*7 part 
•nlpmffie acid (SOa) per 100,000, on the follow- 
ing ito 1*76 parts, after 10 days 6*22 parts, 
m aner 16 days 9*18 parts. The presence 
d this flpee add In the ram-water of towns is, 
of eeurss, not only detrimental to vegetation, 
but also to sculptures and buildings m which 
Mdbie or limestone are employed. The pro- 
pCftion of ammonia increases in the snow aftsr 
£^ 00 the ground (Wagner, Teohnologie, 

If, Ufkmd iitr/ae4 water most nearly ap- 
pfoaohei in composition to that of the atmo- 
iqpbflrio waters dealt with in the last section. It 

la fact, rain-water which has undersone 
niaimBm contact with the earth, althon^ in 
eonsequenoe of its solvent action evan this 
upaiiot is sufficient to impsrt to the water in 
many cases such proportions of dissolved 
maMf as are nsver round in rain-water. The 
. SMOunt aad aatnn of these ingredients depend, 
juninly upon the bind of soil over 

\ siaish 


K 11^ wafer hM travelled, and 
^|>;'*beas « ii eoavedsot to sub-divids thb daw 
i:^aeBilnMia to tfew geotogioal chaiaeter of the 
thp Ufifiid iuifaee 


In the tables on p. 370 are recorded the 
maximum, minimum, and avera^ amounts of 
impurity found in the examination of a hugs 
senes of samples of waters principally derived 
from land not under Cultivation, so as to re- 
present the characters naturally acquired bf 
water passing over the various geelogieal 
formations. 

The tables (L and H) show that upiand 
snifaoe waters generally contain a owa^dembie 
amount of dissolved matters only when 
are derived from calcareous strata. & 
organic matter is subject to great variatiott, mi$\ 
in every case contains only a very smi^ pso- 
portion of nitrogen in oomparismi gfili ghe 
carbon, indieatiog that the organic substames 
present are of vegetable ori^, which is tether 
attested by the almost entire absence of an^ 
monia, nitrates, and nitrites, all ^ wteh, 
when present in amount beyond tet fu wUsh 
they occur in lain-watw, are nearly ewtelve^ 
derived from the deoomporitkm fatam 
matters. The chlorme is w low, the uahmA 
gathering grounds bemg geneiallr bsgrona the 
reach of lea-smy and not recniving te IMd 
excrements of animals, which are paittelfafy- 
rich in chloiides, whilst from thehr msia siAea ' 
contact with the soil thiqr have not estnwM 
any considerable quantitiw of the wMi f BWe nt 
in the latter, as is the oasemitii snilsg-.teA 
well-water. ; v ' 

3. dtu^fbfis sBofsr (krmi fim 
hmd.---Thia hudodw iha gite bod|y el 
waters^ luasinMh as fvaoth^ 


b«tm iwiWif 














WATI!& 

L— WiixAas iBOK Koir^uiiOAjuiovs SmxA. 

(B«limB Qt AlUOyilS fiXptMMd in 


l)tioriiptloii 


Orgiale 

A 


And nltro- 

attritea gen 


1 Hardness 

ftm* 

joHUy 

Pemia- 

aeat 

Total 


(a) Uphndmfacewakrfrm Igneous mks.^ 

IMmum . . 12*70 0*582 0*071 0*004 0*029 0*073 2*10 0*4 5*7 

Miniinnm . . 1*52 0*074 0*013 0 0 0*014 0*35 0 0*8 

ATen«e(188amples) 5*16 0*278 0*033 0*001 0*002 0*035 1*13 0*1 2*0 

(5) Upland surface water from Meiarmphic, Cambrian, Silurian, and Devonian rocks^ 
Maximum . . 12*48 1*059 0*076 0*008 0*043 0*110 3*35 1*8 6*9 

Minimum . 2*14 0*042 0*001 0 0 0*002 0*52 0 0*3 

Avuiage (81 samples) 5*12 0*293 0*024 0*00^ 0*006 0*031 0*92 0*3 2*5 

(c) Upland surface water from Yoredale and miUsUme grits and non-cakareous portion of 
the Coal Measures,* \ 

Maximum . . 15*00 1*457 0*103 0*024 0*042 0*116 1*50 3*7 811 

Minimum . . 4*58 0*033 0 0 0 0*012 0*65 0 0« 

ATera^ (47 samples) 8*75 0*377 0*033 0*003 0*010 0*050 1*05 0*4 4*2 

{d) Upland surface water from Lower London Tertiaries and Bagshot beds, \ 
Maximum . . 13*14 0*439 0*056 0*012 0*020 0*086 2*60 0*9 5*6^ 

Minimum . . 5*92 0*282 0*039 0 0 0*039 1*24 0 1*8 

Average (3 samples) 8*40 0*379 0*048 0*004 0*007 0*058 2*06 0*3 3*5 


I Ail soft and peaty. Generally turbid, and of a yellowish or even brownish colour. 

* This water Is also generally peaty, and often turbid and coloured. Owing to the large area of these nxdu 
exposed they form some of the most important gathering grounds, especially in Scotland. 

* Soft, but generally turbid, peaty, and of a yellow or brownish oolour. 


IL— WaTXBS VBOM OlLOABXOnS SXBATA. 
(Besults of Analysis expressed in parts per 100,00.) 


Description 





Nitro- 

loUl 

Organic 
carbon | 

Organic 
nltro- 
1 sen 

Am- 

monia 

gen as 
nitrates 
and 

com- 

bined 

nitro- 


1 

nitrites 

gen 


I Hardness 

I Tern- 'Perma ' m 
(porary nent * 


(a) Upland surface water from SUnrian and Devonian roeks,^ 

Maximum . 14*46 0*475 0*046 0 0*055 0*080 1*62 3*5 9*6 9*6 

Minimum . . 12*26 0*103 0*008 0 0 0*016 0*83 0 5*2 7*5 

Avutage (3 sample^ 

all from Scotland) 13*71 0*301 0*026 0 0*021 0*047 1*20 1*2 7*4 8*6 

(() Upland surface water from Mountain Limestone,* 

Maximum . . 23*40 0*812 0*097 0*002 0*042 0*097 1*59 9*3 10*6 14*6 

Mhiimum . . 12*45 0*218 0*023 0 0 0*024 0*92 1*7 4*3 9*8 

Atmage (7 samples) 17*07 0*370 0*047 0*001 0*011 0*059 1*24 5*7 7*0 12*7 

(e) U^nd surface water from calcareous portion of Coal Measures,* 

Maximum . . 77*36 0*856 0*089 0*010 0*061 0*122 4*85 11*6 13*6 25*0 

Minimum * . 10*20 0*082 0*001 0 0 0014 0*84 0 3*0 6*2 

Awage(26sam^) 22*79 0*346 0037 0003 0016 0056 1*52 40 8*3|l2*3 

(d) Upland surface water from Lias, New Bed, and Conglomerate Sandstone, 

. . 26*32 0*506 0*075 0008 0034 0*100 200 160 12*91240 

yminmm , . 1108 0*186 0020 0 0 0022 0*99 2*9 3*1 60 

Avscagc (8 samples) 18*92 0*300 0*042 0002 0012 0056 1*50 7*8 6*1 140 

(e) Uphnd ewface water from Magnesian Lirnestone,* 

Bipoa^ fhe Kex Becky 

8 miles from souroe, 17*84 0*172 0036 0*001 0 0037 1*40 6*4 6*1 14^ 

Jan. 27» 1874 . 

(/) Upland surface water from Ooi^ 

till Aobu. a,lxm\ I 

WooCwdi Mill, 

17-46 0-326 0-02S 0-004 0-042 0-070 1-05 6-6 08 U<4 

MlwHO.1870 j I 1 III 1 

•jMliM list bat lii|» aiBMiat M oigMdt nMttr (p«lM iHd«u«lb 

rartif sA SImi anaaiMi nabrnm nf IWiMSa fcwiiiiariaSSiMifc iiMi^ 
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e&diflg it dtti<red hm cdmat&oittM or noin^^Otletiwxiii 
,Ue to dMoit. The fdloiriitt maSk of tua^ytet ol 
of the &itkdi irtien of tiiit aetoiiptlon ore oomjpUod 


grtot at diieroiit teatout of the Bzitkdi irtien of tiiit 

ISikgr^^ taay beocmveiilett^^ from ihe Bixtli Btjpt of tlio Biten 

mto tiro lob^grot^^ oooordiog m w woter mWoiu 1874.*-^ 


Deicriptioa 


SoSTAOa WaTSBS VBOM CuLmATID Lakd. 
(EMolti of AnalyBis expieued in Darti per 100,000.) 






Nitro- Total 


Total 

soUd 

matters 

If 

Organic 

nitro' 

gen 

Am- 

monia 

gen as corn- 
nitrates blued 

1 and nitro- 
nitrites . gen 

Chlor- 

ine 


Hardnett 


Tern- PeiBia* I 
porary nent 


(a) TTa^/romnon-caicareattatii^ficto.’ 


Maximum 

1810 

1*124 

0*112 

0-066 

0*258 

0*393 

2*80 

4*6 1 

8*0 

10*1 

Minimum 

5-26 

0*125 

0* 

0 

0 

0*017 

0*70 

0 

1*8 

2*1 

Average ($1 samples) 

9*52 

0*276 

0*034 

0*007 

0*089 

0*128 

1*49 

0*6! 

4*8 

4*9 


(h) 

Water from cakaretme 

dtsfricf 

s.* 





Maximum . . { 

1 110*40 

1*338 1 

0*307 

0030 

1*005 

1*096 

12*76 

26*3 

42*1 

67*3 

Minimum . . j 

1 13*22 

0*069 ' 

0*009 

0 

0 

0*033 

0*54 

0 

2*1 

7*8 

Average (144 samples) I 

30*08 

0*268 

0*053 

0*006 

0*267 

0*314 

2*24 

12*4 

8*2 

20*6 


\ TJaoally turbid, organic matter generally moderate In amount, but partially of animal ori^ 

* Thla result la eatremely Improroble, more especially as the particular water in question (a aunplo <» 
water supplied to Bury and Ba^liffe, Lanca^e) contabed 0*229 organic carbon, 0*082 ammon ia^ and 0*000 
nitrogen as nitrates and nltritm. 

* Generally turbid, the orgabc matter is much the same in amount as in the water from non«KaJcat eons fflir 
triots, but generally more nitrogenous, in consequence of calcareous soils being usually under higher eiutivatm 
than non-calcareous ones. The total combined nitrogen is also for the same reason considerably greater, and ioa 
hardness is, of course, very much higher. 

In connection with the effect of cultivated In the following table is recorded the com* 
land upon the water with which it comes in position of the water obtained from dialn-^ei 
contact, it is instructive to note the nature of placed from 18 ins. to 6 ft. below a ^ot of Jim 
the water which drains from such land, as this at Bothamsted which had remained both 
tturows light upon the composition of subter- unmanuzed and uncropped for a period of 
ranean waters (from springs and wells), which 1M5 years:— 
will be ooDsidered below. 


OoxFosmoN Of Water fbox Lard uNMAsnnBBi) and dnoeoffed fob Eleven to Vmm 
Yeabs.^ (6th Bep. Biv. Com. p. 62.) 

(Besults of Anslysis expressed in psrts per 100,000.) 




Total 


Orsanio 

nitro- 

gen 


mtro- 

mnas 

Total 

com- 

GhW. 

Hardnsii 



Description 

solid 

matters 

carbon 

monia 

mtrates 

and 

nitrites 

bined 

nitro- 

gen 

Ine 

Xem- 

ponry 

fvriaa* 

nsat 



Maximum 

63*28 

0*235 

0*116 

0*026 

4*936 

4*981 

3*80 

7-8 

Hi 

16*6 


Minimum 

; Avmage (15 samples 

18*00 

0*096 

0*026 

0 

0*607 

0*654 

0*60 

0^ 


3i6 

: * 

distributed over 
fonryeam) . 

32*06 

0*164 

0*053 

0*006 

2*195 

2*253 

1 

1*65 

4-i 

8« 

134 


^ The sampleB vsried ftom desr to tuihld. 


[t be seen that the conversion of the | It is ini 


IdIdEilMiil 


stogenoiM orgaoio matter in tlie soil | the oomi 




attiitei being itill pnoent in the continnondy bearing an aannal wa 

during that time 






m ^ wkWk , ^ 

Ocwomov OY Watbb yboh Lahb Tnnuirtmifc yob Sixtbbm yo Twmnr-oari Yiab 8» Yot 

OOKTlUrUOUSLY YBABIYO WSYAT CbOYS. Bep. Blf, ColY. p, ^.) 

(Results of Anilsrais expressed 1 q parts per lOQiOOOJ 


Descrfptlofi 



Maximum 

Average (11 samples 1 


distributed over) 
five years) . . | 



As might have been anticipated, the propor- 
tions of ammonia and nitrates finding their wav 
into the drainage water in this case were much 
less, and in the summer months during the 
growth of the orop the amount of this mineral 
nitro^n found in the drainage water was j 
piaotioally nil { 


We will, in the next place, compare With the 
above the com^sition of the dj^am water 
from land whicn had been manured a^uidly 
with 14 tons of farmyard manure per aero over 
a period of 24-29 years, and bearing \wheat 
continuously during that time : — 


CoMPOsmoN Of Dbainaqe Water from Lard marured with 14 Tons Farmyard Manure 
PER Acre for Twenty-four to Twenty-nine Years. (6th Rep. Riv. Com. p. 68.) 
(Results of Analysis expressed in parts per 100,000.) 



Total 


Or^c 

Nitro- 
gen as 

Total 

com- 


Hardness 

i 

Description 

solid 

matters 

carbon 

mtro- 

m 

nitrates 

and 

nitrites 

bined 

nitro- 

gen 

vniot- 

ine 

! 

Tem- 

porary 

Perma- 

nent 

— T — 

Tqtsl 


61-20 

1*243 

0-336 0062 

2-692 

2*764 

3*36 

12*1 

20-6 

32-1 

Minimtim , 

1400 

0-181 

0036 0 

0082 

0*130 

0*60 

1*4 

6*4 

8-7 

Average (13 samples) 
over five years) . ) | 

25-90 

0-619 

0-115 0009 

\ 

\ 

0-528 

0*665 

1*30 

6*8 

i 

8-6 1 

16-4 


Thus the difference between the drainage those obtained in the analysis of a number of 
waters from the unmanured and manured land samples of the drainage water from sewage farms, 


is not nearly so great as might have been ex- in aO of which the town sewage is, or was, applied 
peeted, being principally confined to the larger to land, with the double object of puriMg the 
proportion of organic matter found in the latter, sewage and deriving a profit out of the crops 


above results may be compared with | 


Thus:-^ 


CovPosnroN of DaAiNAaE Water from Sewage Farms. (6th Rep. Riv. Com. pp. 65*57.) 
(Besutts of Anslysis expressed in parts per 100,000.) 



It Hill be seen that the draini^ water from 
•gMM tarn is generally richer in orgRnio and 
' ^**^|p**« ImpatitieB than the water draining 
Imitt nianttiM or unmanured land, the passage 
' el tihe water through the ground being in the 
lefetair ease a intidi slower one, and thus aUowing 
ler man perfect purifiMtion ^ soil and 


99*3 m 
3-9 W 
15*4 m 


plants. Occasionally, as indicated by the ebosw 
minimum results, the diaiiiam water from 
sewage farms is reaiarkabi^ fneroom inpnriM 
A much purer dnioage water is oftro jieUiMi 
in the mtermitteBt downward dtadien Id 
sewiuntbrooi&iiiitililoSaa^ 

The knoiM^ thtti pM cC jtec9pi^^ 





















WAtlft. 

Sbuiunr Wmii Wai»w. 



mitogen ^ 

SardaeBs 


imaonptum 

euboi ^ CUmIM ^ 

nitrites poiary 

Penna* 

nent 

Total 

Maximum 

From Gneiss and Sihtmn rocks ‘ (dth Rep. Bir. Com. p. 60). 
100-20 1 0-362 1 0-110 I 0-626 I 2-466 I 3-090 I 17-00 I 22-3 I 

19*2 

41*6 

Minimum 

6-32 1 0-027 1 0-003 | 0 | 0-033 | 0-040 | 0-90 | 0 | 

3*3 

3*4 

Maximum 

From Devonian rocks * (29 samples analysed). 

106-20 1 0-794 1 0-172 1 0-630 1 4-197 | 4-261 1 17-00 I 18-3 I 

47*8 

66*7 

Mittitrtiiin 

12-16 1 0-004 1 0-003 | 0 | 0-033 | 0-039 | 1-60 | 0 | 

3*2 

6*0 

Maximum 

From Toredals and MiUsUmc grits * (20 samples analysed). 
133-60 1 0-669 I 0-210 I 0-010 1 6-100 6-200 I 13-90 I 37-2 I 

66*1 

90*0 

Minimum 

6-92 1 0-039 1 0-007 | 0 | 0-006 | 0-013 | 0-66 | 0 | 

2*9 

2*9 

Maximum 

From Coal Measures * (44 samples analysed). 

220-921 1-200 10-169 10-170 110-102 110-262 I 20-00 I 28-2 I 

112*6 

140*8 

MiTiimiim 

9-40 1 0-024 1 0-007 | 0 | 0 | 0-016 | 0-99 0 

1*4 

3*4 

From Mouniain Limestone and Magnesian Limestone ^ (9 samples analysed). 


Maximum 

108-88 1 0-190 1 0-070 I 0-002 I 4-812 I 4-884 I 13-36 1 40-1 I 

48*6 

88*6 

Minimum 

46-84 1 0-037 | 0-010 | 0 | 0-627 | 0-649 | 2-40 | 18-3 

21*8 

40*7 

Maximum 

From New Bed Sandstone ' (87 samples analysed). 

240-20 1 2-349*1 0-346’ 1 0-620 1 14-717 116-333 I 39-00 I 62-0 I 

99*6 

127*1 

Minimum 

20-64 1 0-029 1 0-009 1 0 | 0 | 0-027 | 1-40 | 0 j 

3*8 

17*1 

Maximum 

From Lias ' (38 samples analysed). 

306-86 1 1-792 1 0-298 1 0-162 119-868 1 20-123 I 40-60 I 40-1 I 

111-0 1 

1116*9 

Minimum 

«-46 1 0-062 1 0-023 I 0 | 0 | 0-033 | 1-76 | 0 { 

2*1 

2*7 

Maximum 

From OoUtes * (26 samples analysed). 

269-601 2-662 I 0-631 I 0-240 1 12-220 1 12-608 I 44-60 1 42-6 I 

65*9 

1 78*0 


31-00 1 0-041 1 0-008 1 0 1 0 1 0-178 | 1-23 | 10-8 ] 

3*1 

1 23*0 

From Upper and Lower Greensand and Wealden (21 samples analysed). 


Maximum 

381-10 1 0-486 1 0-196 I 0-160 I 6-722 I 6-736 I 82-60 1 36-8 

44*7 

1 80^ 

Minimnm 

10*52 1 0*014 1 0*006 | 0 ] 0 | 0*012 | 2*10 \ 0 

3*8 

1 3*8 

Matrlwiii^m 

From Chalk (33 samples analysed). 

169*16 1 0*772 1 0*340 1 1*700 1 6*346 I 7*779 I 28*60 1 39*7 

47*1 

1 71*6 

Mlniw^iim 

32*48 1 0*014 1 0*007 1 0 \ 0*613 1 0*628 \ 1*79 | 12*0 

1 6*6 

1 23*6 

From grand on (he London Clay (49 samples analysed, 37 from London itself). 


Maximum 

396-60 1 1-006 1 0-604 I 2-760 1 26-840 I 26-927 1 34-60 | 49-2 

1 164*3 

1191*0 

Minimum 

31*80 1 0*040 1 0*012 1 N) j 0 | 0*013 | 1*90 I 0 

1 6-7 

I w*a 

Maximum 

From Bagshot beds (8 samples analysed). 

286-80 1 1-296 1 0-164 1 0-630 1 17-940 I .— 1 31-16 I 21-6 

111-9 

1131*7 


23*18 1 0*078 1 0*027 1 0*001 | 0. | 0*087 | 2*48 | 5*4 

5*6 

1 13*1 


From Fluvio-marine series (13 samples analysed). 



66-12 1 0-429 1 0-093 1 0-016 I 3-640 1 3-734 1 7-20 1 12-1 1 

1 29*3 

1 38*i 


8*16 1 0*063 1 0*010 1 0 1 0 1 0*010 | 2*40 | O' 

1 4-6 

1 « 

: 'Maximum 

From Jlhmum and gravel (29 samples analysed). 

320-72 0-931 0-940 3-060 1 11-266 14-300 36-26 36-4 

118-6 

132*41 


28*68 0*016 0*010 0 0 0*074 1*70 2*7 

1*9 

4^ 


^ fflifti fjfftf iMJfttnWfti * Q6ii6rftQy cImt and ^AtAbld* * aii <44fi*. jirtfltfiW 

fii tnany caaei cleat aad palatalilA ; bat t& otiien tatbSTaad e^ea veiy torbkt 
> AuSear or BU^tlf turbid and palatable. 

, ^ * OeMnUy dear, or only eligbtly turbid and palataUe. In a tew easea tdbie taite, 

^ Sm tbli water dear and palatable. ^ In needy aUeuM deat^ or dlt^dOy^t^ 

* Var:div<^<ii^f»d^^tableto^ Ib aoine caiea wm taate^ 


. » Koa^ more 01 
»Oli« to n«y turbid. AlaUble. 


rbid abd patttddtb 
taate, 


' alb^ saline taate. 
ofl^Kally s^t aaliae taste. 

“ MoreVlSi tnrbid and palatable. 




tioli ol vtttm draining from cultivated land 
h^s6otm of iq>eoial value in studviqg tlm natate 
ol the next group of waters (shaubw well water), 
4, ShaUow wdl uwder.— -It luui been esti- 
mated that about twelve millionfl of the in- 
babstants of Great Britain are supplied with 
water for domestic purposes from shallow wells, 
class of water is Very liable to serious con- 
tamination with sewage and refuse animal 
matters, Inasmuch as such wells are almost in- 
variably sunk in the vicinity of human dwellings, 
and frequently within a few feet of the cesspool 
reoeiviog their drainage. It is these waters 
which have most frequentiv caused serious out- 
breaks of t^hoid fever. Li consequence of the 
great practical interest attaching to these waters, 
their composition will be considered m con- 
nection with the principal geological formations 
upmi which such shallow wells may be sunk. 


land I f HieresultBiecordedlntlia: 


t llmresultBiecordedlntliatei^ . 

toibdw tim gmtal oompomon of ahallow wdll 
watere as met witb in Cheat BritaJn, 
Oompoidtion of these waters varies wttidn very 
wide limits, even when derived from <me aim 
the same g^ogioal formation, which is due to 
their bring not generali^r an aqueous extract of a 
soil in its naturu condition, but of ground which 
is often saturated with sewaxe and othsar animal 
refuse. In consequence of the oxidising power 
of soil, the organic matter of this rriuse Is not 
unfrequently almost entirely destroyed before 
reaching the wells, and even the ammonia, 
which is one of the first products of its decom- 
position, has often disappea^, having geprally 
become converted into nitrates and nitrites. 
Of nitrates and nitrites these shallow weHjwaters 
genendly contain some, and often a\ large 
amount, which thus, together with the ammonia. 


Description 


Bxep Well Watebs. (6th Bep. Biv. Com. p. 80,) 
(Besnlts of Analysis expressed in parts per 100,000.) 


matto, geo 



From Devonian rocics* 


Mjgimum 
Minimum • 
Average (6 samples) 
PolluM wril at 
Bromyard . 
Pdlhited well at 
l>andee 


Wen at Bradford, 
Torks . 

Wril at Glossop, 
Derby . 


Mmtmum . j 

Average (0 samples) i 
Ponuted well at | 
Hriyrood, Bdin- 1 
t»i^ . . .1 


46-30 ' 0-083 ; 0-016 i 

0*001 

0*696 1 0*713 

8*94 

0*021 0*006 

0 

0*044 I 0*049 

29*41 

0*047 0*012 

0 

0*100 1 0*412 

85*12 

0*177 0*048 

i ® 

2*279 2*327 | 

j 

27-60 j 

0*119 1 0*027 

1 0*025 

0*632 0*580 1 


From MilUtone QrU* 


0-160 

0-006 

0-028 0-038 0-066 

3*23 

6*8 

0-092 

0-020 

0-003 0-019 0-042 

0*89 

9*8 

jProm Goal Measures, 



0-198 

0*064 

0*170 1 1*468 > 1*494 

69*86 

28*2 

0-046 

0*014 

0 0 ; 0*029 

1*29 

6*7 

0-119 

0*034 

0*044 j 0*207 : 0*278 

18*06 

16*1 

0-326 

0*176 

0*066 1 0*960 1*171 

7*95 

27*9 


From Magnesian Limestone.^ 


Manafirid, Wood- 11 

home . . . 54'32 0*139 0*039 0 1*188 1*227 3*20 23*4 26*0 i 

Pontefract, Yorks . 84*92 0*064 0*021 0 2*673 2*694 6*56 26*6 40*8 < 

> Hw following is a more recent analysis made by tbe writer of water derived from deep waQi 1 


Bmuim or akalibui Smissio is Faeis m 100,000, 


Total 

BmcripCIca soUd 



























ICuimum 

Mlnitnnn^ 

Awa«e(28 samples) 
Polluted well at Lich- 
field .. . 

Polluted well at 
Liverpool . 
Polluted well at Ox- 
ton . 


Well at Somerton, 
Somerset 

Polluted well at Trow- 
bridge, Wilts 


Muimum 

Uinimum 

Average (5 samples) . 
Pdllutira (maximum 
of 3 wells) . 
Polluted (minimum 
of 3 wells) . 


From New Red SandeUme. 


62-84 

14*20 

30*63 

0061 

0 

0*036 

0*038 

0 

0*014 

0*039 

0 

0-003 

3*608 

0 

0*717 

3*628 

0*009 

0*734 

7-51 

1- 30 

2- 94 

19-4 

0 

7*4 

20*0 

4*9 

10-5 

32-06 

0*163 

0*038 

0-003 

0*489 

0-529 

2-20 

9*3 

9*0 

86*70 

0*136 

0*038 

0-005 

1 

8*678 

8-721 

12-61 

11*5 

24-0 

27-80 

0*240 

0*034 

0-001 

0*376 

0-411 

3-62 

5*6 

8*5 


57-76 

0*168 

FromLiaa, 

1 0*024 10*003 

0 

0*026 

6*16 

8*6 

1-7 

84-20 

0*124 

0*030 

0 

0*778 

0*808 

3-70 

35*3 

14*7 

144-34 

0*236 

0-067 

0*002 

0-660 

0*609 

36-70 

27*4 

29*7 

41*90 

0*064 

FromOotika. 
0*018 10*110 

1 1*898 

1*907 

1 3-70 

118-0 

110-6 

26-60 

0*023 

0*006 

0 

0 

0*099 

1*35 

8-3 

3*6 

33-60 

0*037 

0*010 

0*022 

0-625 

0*664 

2-69 

13-8 

6*8 

71*04 

0*217 

O 

o 

0-002 

0-778 

0*800 

7*80 

26-4 

12-9 

27*48 

0*106 

0*020 

0 

0 

0*047 

2-10 

12*6 

8*6 


Mpimum 


From Bartinga Sand, Lower and Upper Qreenaand, and Wealde*. 


Polluted well in 
Lower Greensand 
at Sevenoaks 


Maximum 

Minimiini 

Armge (66 tamples) 
'PoUatM wella, nuud* 

Poilttted wellsi mini- 
Ittiim . 


Xisittiiia 

3A#B«id mlia at 


79*20 

28-24 

45-20 

1 

0-120 

0-028 

0*068 

0-021 

0*003 

0*014 

0*074 

0 

0*016 

1*074 

0 

0*196 

1*086 

0*007 

0*223 

10*00 

1*60 

5*38 

27*8 

1*1 

16-8 

26*0 

1*2 

10*5 

38-70 1 

0*447 

0*072 

0 

0*252 

0*324 

5*90 

7*2 

13*4 


From Chaika 


66*34 

0-131 

0*064 

0*029 

2*277 

2*319 

11*10 {38*6 

13*8 

23*30 

0 

0 

0 

trace 

0*014 

1*00 10*8 

2*7 

36*88 

0-050 

0*017 

0*001 

0-610 

0-628 

2*76 21*2 

8*5 

216*40 

0*821 

0*186 

0*150 

3*401 

3-484 

106-0 36-1 

34*3 

32*16 

0*107 

0*028 

0 

0 

0-204 

1*83 13*9 

5*3 


From Chaik Imeath London Clay a 


106*70 

33*38 

78*09 

0*196 

0*066 

0*093 

ooo 

0*118 

0 

0*048 

0*645 

0 

0*068 

0*681 

0*063 

0136 

38*80 

2*38 

15*02 

29*6 

0 

9*7 

28*4 

0*9 

8*7 

96^20 

0*174 

0*030 

0*021 

2*582 

2*629 

21*00 

12*7 

u-o 

82*40 

0*273 

0*042 

0*001 

0*846 

0*889 

9*05 

26*2 

«•» 


^ • From Than^ Sand anFDr^ 

, , $1*10 0'183 0*021 0*190 0*488 0*457 9*10 28*7 i 

^<>74 0*019 0 0 0*019 5*20 4*5 

58#4 0*118 0*020 0*078 0*116 0*802 6*82 14Mi 









to liie ynAeat haying {xrovloQily heia in 
o^ntaot irith i^trogenous i«^uAc matter whieh 
ii*9 inheegjuntlif nndeigoae destmotion. la 
ahallov wml wateia, eyen when the oiganie 
matter is only email in amount, it k generally 
faigh^ nitrogmiouB, pointing to its probable 
ammal origin, and in some exceptioMl cases 
the oiganio nit^en found is actually in excess 
of the caibon. These waters, which are generally 
snspioiouB from the presence of mineral nitroMu, 
beixune in the highest degree dangerous when 
the proportion of organic matter is large. 

6. twH vxOere.^lt is conyenient to 
distinguish for sanitary purposes between 
waters which are obtaind from comparatively 
riiallow undls and those which are derived from 
wells, say, upwards of 100 ft. in depth, and 
sometimes reaching to the distance of more than 
1000 ft. below the surface of the earth. The 
presumption is that waters obtained from such a 
depth have uudersone perfect filtration through 
porous strata, and consequently it is not usual 
to view the evidence of previous contact with 
animal matters afforded by the presence of 
minerd nitrogen with so much suspicion as in 
the case of tte waters from the shallower wells. 
The great efficiency of the filtration which most 
of these deep well waters have undergone is 
attested both by their freedom from organic 
matter, and £rom every kind of suspended 
material, whether organic or inorganic. In 
consequence of the excellent water obtainable 
from such deep wells, they have been multiplied 
greatly during past years, so that at the 
pressnt time not only are many towns (including 
a jpart of London) and villages supplied &om 
this eonree, but also nearly all larger breweries 


this eonree, but also nearly ail larger breweries 
and many private estabfishmente. In some 
cases these deep welle are of the kind known as 
* Artesian * (from Artois, in France, where they 
were piobamy first employed) ; that is to say, 
on reaching the water-baring stratum the water 
rises to the level or even considerably above the 
levi^ of the ground, due to the underground 
Water being confined under pressure beneath an 
impervioas stratum of day or the like, and 
threm^ the outcrop of the water-baring 
stratum bein^ at a considerably higher altitucre 
lhaa thepoint at which the kx>ring has been 
made. Thus, in the London basin, * Artesian 
wells* are obtained by sinking through the 
London day into the chalk beneath, whmh has 
its outcrop at considerable altitudes in the 
chalk hills im the north and south of the Thames 
vallsj. Owing to the large abstraction from 
simh water-bearing strata, the water of many 
WeUs whidi formeny rose to the eurikee has now 
to be wmped. In the majority of deep wells 
tim does not rise nearly to the surface, and 
Iho pnmpe have often to be placed at consider- 
; nhto, depm in the shaft. It is nsoal to 
’ilw with closely-fitting iron cylinders, in 
orihv to esdade surface water, as unless this is 
doiio the deq> wdls may become as objectionabje 
end dangsroos as shallow ones. 

The pieoeding tables afford a snrvw of the 
mmA of the dero well watbis bb- 

mwd la Cheat Britain. Li nearly all the 
swaj^siol wideb the miitiiniiiff, 

nyongoiMndtB are given, it may be taken that 
«4» M imofirtad V Ntfm 
far Urn tdH oil jtaiqwinn tlM, m riipaDM 




to most of the seotioiis analyses of deep well 
waters from the same stratam which j^uUon 
by sarfroe or imperieotly-flltered water la Ughfy 
probable. 

Thsie tesulte dsmonebcate the great eu|Mori* 
ority fromaehemicalnoiniof view of die sub* 
tenanean waters ohtiuned at great depths to 
those derived from shallow wells. Indeed these 
deep well waters are, as regards organic matter, 
amongst the purest to be found in nature, and 
hence, unless extremely hard, are of the best 
quality for drinking purposes. 

Gosely associated with these deep WeU 
waters is the next group of spring waters. 

6. Spring tnikr.-^In tho following table Is 

given the composition of, presumably unpolluted, 
British spring waters arranged aooordi^ to dm 
geological nature of the ground from wwh they 
are derived, whilst for the sake of comparison 
the composition of probably polluted lipring 
waters from the same geological soured is in 
many cases appended. \ 

7. Mintral spring too/ers.— -Many spring waters 
possess marked medicinal propertiM in opnse- 
quenoe of the materials they hold in solution. 
Until the discovery of radium it was generally 
supposed by chemists that the therapeudo 
I value of such waters containing only an insigni- 
ficant amount of mineral matter must be 
imaginary, but it is now known that some of 
these, sttoh as the waters of Bath and Buxton, 
are pronouncedly redioactive, and it is generally 


accepted at the present time that the old- 
established efficacy of these waters in the treat* 
ment of gout and rheumatism is due to 
content of radioactive material (ses Nature, 
1911 , 86 , 167 ). Indeed, radium-salt is now 
much employed for the artificial production of 
radioactive water for medicinal purposes. An 
immense number of mineral waters are in nse^ 
and have been submitted to careful analysis; 
a very extensive coUeotion of such analyise b 
to be found in Raspeb HeUqueUen Analyesn, 
Dresden, 1885 . 

Those mineral waters are oonvenienily clas- 
sified by Hemann Weber (Quoin’s Dbtionaiy of 
Medbine), according to the ingredbnts wmoh 
characterise them, into--<l) Simple thermal 
waters; (2) common salt or mnnated ealine 
waters; (3) alkaline waten; (4) snlphated 
saline waten; (5) iron or cludyn^ waters; 
(6) sulphur waten ; (7) earthy and oaleareons 
waten, 

(!) The iimpk ihsmal wUm, whilst eon- 
taiiiing only a moderate proportion of dissolved 
solids, are characterised oy a hkh tempocaltire, 
from 27*^-65% and someUmes the pres e nc e 
of an ttnusually large proportion of mtrcfsn, 
whidi b tmw luroim to be mixed with igMIKec^^ 
quantities of hdittm. Doubtbis the medblnal 
reputation of most, if not all, of three reiMFS 
depends on thdr ladioeetivity. The prin dp e l 
springs of thb dare iie$ PennooM* LsidreMb 
]w»w, Gaetelii, Pffiiei^ MiredsU4 Jl < P^ 
Wildbi^ FkMttbttfre, bse^ 

TepUtc, Sohlengsnbid, 4e. 

(2) Common eaU or reniMsI mSm 
oontiin aodinm diloride is tire isMpet 4^^ 
tQnit, aMioiii^ thb else oe^ 
quantity re many ol tin otter 
waten. There aaft walres ire hdren e^ 
eoBuaon re elnere all aBiBrirenu\4kiin'etflre 

■■ ■ 


i..; 


. iHHIMt WAm (efii8^1tiV.iCSdM.|Ll()l7.) 




ttiximiim 

Minimum 

Avmge (8 sampler) . 

Miiimum 

Minimum 

Avwage (15 samples) 

Maximum 

Minimum 

Ayemge (22 samples) 
Maximum 

Mitiitntii w 

Aturage (13 samples) 

Maximum 

Minimum 

Average (8 samples) . 
Maximum 

Minimum , . 

Average (22 samples 
from millstone 
giit and coal mea* 
•uses) « 

Pontefract, Yorks * 

Maximum 

Minimum 


I Maximum 
Minimum 


Maximum 
I Minlmom 
Anvifs(35sampleB) 

From 

IfayitWium « 

I Avsiiige{i9aamplei) 


Nime* total amdiMis 

“Ml* Ml XS IVuo- Rraiik 


ftmn QhiniU and Qneiu. 

9*44 0-119 OOW 0'002 0-204 0-210 

1-40 0 0 0 0 0-013 

6-94 0-042 0-008 0-001 0-106 0-116 

Fnm Silurian Boekt. 


27*10 

0-096 0-042 0-006 0-669 

0*674 

3‘04 

0-011 0-002 0 0 

0*011 

12‘33 

0-061 0-014 0-001 0-178 

0*192 

From Devonian and Old Red Sandstone, 

66*90 

0-124 0-034 0-006 4-104 

4*128 

6*50 

0-009 0-001 0 0013 

0*028 

26*06 

0-064 0012 0-001 0-764 
From Mountain LimetUme, 

0*777 

98*601 

0-286 1 0023 1 0-006 1 1-022 

1036 

16*70 

0011 0 0 0 

0*001 

32*06 

0-087 1 0010 1 0001 0-224 

0*236 

i 

^rom Yoredak and Millstone Grits, 

40*80 

0-109 0028 0006 0017 

0*660 

3*32 

0017 0-004 0 0 

0*006 

17*73 

0-042 1 0011 0-001 0-169 
From Coat Meaturu. 

0*181 

39*60 

0-120 0027 0-008 1013 

1*860 

6*84 

0029 0-004 0 0 

0*010 

: 21*91 

0060 0014 0-001 0-393 

0*408 


3-10 1-2 
0-66 0 
1-69 0-4 

3-70 1 6-0 

0- 90 0 

1- 841 1-6 

13-80 22-4 
1-30 0 

3-86 4-8 

32-00' 20-9 
0-70 2-1 
I 4-63 10-9 

3-46 1 21-4 I 


Soiinii^auiplM} 


. HMnui . . 226-24 0-164 0-048 < 

' . . 24-62 04)04 0-000 

U’t* ^ 0-019 I 

■■ Vj gi nta i ' ii ii rj i VV i I' l i i III,, ' ' t. i I 1 1,11 .. J . 

t|MliiiW|41nwBrM9hwwlte4WM*b6Mte*»^ 


1 66-62 

from Jfd^NMwn JAmtstone. 
0068 1 0-038 1 0002 1 1086 

1-726 

3-40 

240 

3401 

74*26 1 

IVom New Bed SandtUme. 
0-118 1 0069 1 0014 1 1-266 

1*276 

7-00 

19*8 

2601 

12*90 

0-027 0 0 

0 

0*006 

1*30 

0 

4*2 

28*69 

0*066 1 0017 1 0001 

0*330 

0*349 

2*19 

8*1 

10*7] 

1 68*12 

From Lias, 
0*131 0036 0009 

1*332 

1*363 

4*80 

32*3 

1701 

21*22 

0024 0006 0 

0 

0036 

1*36 

9*1 

6*3 

1 36*41 

0073 0019 0001 

0*467 

0*487 

2*48 

21*3 

801 

1 62*16 

From Oolilei. 
0-140 0021 10014 

1*167 

1*168 

3*30 

300 

1301 

22*30 

0*009 0*003 0 

0 

0014 

007 

11*3 

30 1 

1 30*33 

0-048 0011 0001 

0*402 

0^414 

1*66 

18*2 

6*2} 

Lower Greensand^ BasHngs Sand^ and Upper Greensand 



68*40 

0-138 10028 1 0-008 

1*116 

1*129 

7*10 

260! 22-11 

4*66 

0002 0002 0 

0*034 

0*046 

1-10 

0 1 

00 

30*05 

0063 1 0012 0 

0*326 

0-338 

208 

1801 

601 

30*30 

FromCkadk, 
0*09710023 0*006 

0*863 

0074 

7*40 

2801 

lit 

26*36 

0008 0003 0 

0 

0-009 

1*06 

6*0 

801 

29*64 

0-044 0010 0-001 

0-892 

0*392 

208 

m 

50 { 

from Fbmo Matim, Rd Crag,J)rifi, and QraniL 

1 828-24 i0-l«4 10048 10007 11-277 11-2981 4-871 

32*2 

940 

24*68 

0004 0000 0 

0*004 

0034 

2*10 

0-7 

6*1 

Ol-lt 

0080 0019 0001 

0-884 

0*374 

2-70 

180 

190 
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m :y; ^ water., 

ptiiM^^kEndtiidm: thioitwidi, Kant* 
vkhi Middlewi^ Woodhall, and Hafroflate; 
Leamiogt^ ana (Mieniiam along fith sooinm 
ndphata. In Germany: Elssingen, Homlmig 
Ranhaim, Kieninach, Soden, F^ont, WiM< 

. iHulen, laohl, Kientl:^ Baden-Baden* Ao. la 
Fnukoe: !^urbonne-les-Bains* Lamotte-lei* 

Buns* Balamo, Saline. In Italy : OaBteHamaie* 
leohia* Monte Oatini, La Porretta. InSwitamr- 
!and: Bex. 

(.3) AUnUni wtkrt ate obaraoteiieed by the 
pramoe of eodiom carbonate* almoat always 
with more or less free carbon dioxide* and 
sometimes with a large quantity also of sodium 
chloride. Of the simply alkaline waters* there 
are--(a) HUt Vichy* Neuenahr* Mont-Dore* 
Ohauaesamues, ; (6) Cold : Apollinaris, 

Vais* Salzbrunn* Bilin* Wilhelmsquelle, Taunus* 
Maroob; whilst the chief muiiated alkcdine 
waters are : (a) Hoi : Ems* Boyat, La Bour- 
bonle; and (b/CoM: Luhatschowitz* Selters* 
Qldehenbetg* Kosbach* Vic-sur-Cbre. Several 
of these* but especially La Bourboule and Mont- 
Dore* contain a marked proportion of arsenic. 

(4) SalfduUed wUers contain either sodium 
or magnesium sulphate* or both* as the promi- 
nent ingmdbnts, In some cases also associated 
with sodium carbonate and chloride. They are 
often cdled * hitler waters.* The chief simple 
snlphated waters are: Galthof* PuUna, Said- 
schnts* Sedlitz* Birmensdorf* Ivanda* Hunyadi 

heim ; ^ two btter are also rich in chlondes. 

Weato springs of the same kind are found 
at Leami^s^n* Gheltenham, Scarborough, and 
at Purton Spa. Of alkaline sulphated waters 
there are : (kurlsbad, Marienbad* Tarasp-Schuls* 
Frantensbad, Elster* and Bertrich. 

(5) Iron or eialpbeate voters are those in 
whudi an unusual proportion of this element is 
present* either in otherwise comparatively pure 
water or associated with other mineral matters. 

Thus, of oomparativriy pure chalybeate waters* 
there are those of Schwtubach, Spa* Bruckenau, 
Sohandau* Lbbwerda* Flinstog* Freienwalde* 
Beooaio* Ednlmwart^ Liebenstein, Altwasser, 
Alexlsbad* Muslmu* Tunbridge Wells* and some 
of the springs at Hairogate ; whilst of waters in 
whbh tne iron is associated with ^^considerable 
quantity of other salts* there are those of Arata- 
pak* Omta, J^^umont* Bribuig, Rippoldsau* 
wiesbadi* Antc^t, PetersthuT BocUet* St 
Morits* Beinen* Qodesbeig* Cudowa* Imnan* 
and S^ta Gatarina. 

(6) Bvdflm waters are those containing ap- 
predable quantities of either sulphuretted 
nydiogen or the sulphideB of sodium* potassium* 
edohtm* mr magnesium. Some of the more im- 
portant thetmai sulphur waters are Giose of 
Manx Ohaudes, Cauterets* Saint Sauveur* 
Badges* Bagttkes-de-Luchon, Ax* Esoaldes* I^ 
Vanot* Anm-ks-Bains* Uriage, AUevard* Aix* 
ies-Baina, Aix-la-Ghapelle* BMen (Austria)* 

BidMi (Sfitierlaiid)* Lav^* Schimmaoh* Bat- 

. 'tM^mid Ab in the Euganean Mounidns* 
M nMeosa* Mehadia, Hebuan* near C^; 
iUM of oold snl] ihur springs thm atw those 
m WBmOt Meuidorf* Lan^nbrucken* Wdlbach* 
liridbi^SoiBaum* Enghein* Challes* Staehel. 

hem* Ssusti^A 

ojgSfit, Mi gdri iidod* BnUdi* Mbfiat* Strath* 
pate* IMhtt^ania. 



t (7) BsfUp ondl oakanm waUnan < 
tariaad hy the presence of large proportbna of 

carbonate^ Some of the more hnumetant m i 
f(ffind at WiMungen* lAmmdagp, WeisBinbumE* ' 
Oontrexbvilb* Bambres-oe-Bigoite* Si Axium* 
Ocausao* whilst the tabb waters of Oomii, Bi 
Galmbr* and Taunus axe of the same dbaxiidei 
6. 8m mafer.— -The ocean is a great eeaponik 
ring-basin* which is constantly leoeiving waters* 
more or less impure* in the shape of rivets* wldlsl 
at the same time it is constantly losing pnre water 
in the form of vapour* the impurities remaining 
behind and impartiu to the sea its weU-known 
saline character. Tnis also dkringuisheB all 
lakes which are devoid of outlet, like the Dead 
Sea* Caspian* Aral, Great Salt Lake Uti 
in which the same process of concent] 
evaporation is going on. As will be i 
the table on the next page* the oompositionV 
ocean varies considerably in dinerent 
and at different depths* whilst land-looket 
like the Mediterranean* Black Sea* and ! 
present even still greater diffeienoes. 

Thus in the vicinity of the poles the proj[)or- 
tion of salt is less than near the equator; 
similarly* land-locked seas* such as the Black 
Sea and Baltic, whbh receive large rivets are 
less salt; whilst the Mediterranean in most 
places is more salt than the great ooeaus. Of 
salt lakes the Dead Sea is far more and the 
(Caspian far less salt than the oceans. In 
addition to sodium chloride* the piindpal sub- 
stances present in sea water are the sulphatec 
and carlmnates of calcium and magnesium, and 
salts of potassium, whilst in very minute qvum- 
titles there are found also a number of otneis, 
amongst which may be meutbned bromides* 
iodidM and fluoridro, silica, pbospborio and 
nitric acids, iron, silver* gold* copper* bad, 
arsenic, zinc* cobalt, nicl^ lithium* rubidiiutt* 
and caesium. 

The volume of gas dissolved in sea water Is* 
according to Hunter (Cbem. Soo. Trans. 1870* 
20), only from 2*2 to 3*5 vols. in 100 vols. of 
water. 

CO, 0 ^ 

percent pet cent* pnrcsnt 
2*2 vols. consisted of 28*62 21*04 4944 

3*6 „ *. 48*28 17*22 34*50 

A very extensive examinarion of the com- 
position of sea water was made in oonnedkm 
with the voyage of H.M.S. OhdSmaer^ and tha 
ebborate report preaand thamn vy DRtaiar 
should be oonsulM lor detailed Inlinittirion fa 
this sohjeot From 77 complete ana^yseSf the 
fdbwing numbers for the average coiiq^onrieii 
of ocean-water salts ace cabnliied:*^ 

Aimge o/ ocstt9M0^ 

per 100 o/ total salk(Mtilmm)* 


Chlorine 
Bromine 

Solnhurioadd(SO|) 
GhrKttbaoid(00,) 
Lime (OaO) . 


« «410 

: ia 


Potash (K^OI 
Soda (M^) 

(Basb oxygen eqtavalcoit ta tita IgdOr 

*«•) • • -is 




’ '■ . V ' v" 






t 





itiiiaiii^iiyte^jyi>^ 


;> ^ ot tile vtpnsBed in parU 

xOODp^ wu 

IdiM irii7 Iwtweett the h^oedng limiti: 
l$3iimim {inm il^ eonthem part of the Indian 
: Qoeaiii eovth of 66° lat.)» 36*01; maximiiin 
(from ^ middle of the North Atlantio* at 
nhont 36^ lat), 37*37. 

/ Ab regards the carbon dioxide in sea irater/' 
: IMttinar ocnnes to the following oonoiosions i | 
(1) oarbonio acid in sea water is thei 
exception ; as a role, the carbonic acid Is tess 
than theproportion corresponding to bicarbonate. 
(3) in siuface waters the proportion of carbonic 
am increases when the temperature falls, and 
vice vend* (3) Within equu ranges of tem- 
perature it seems to be lower in the surface 
water of the Pacific than it is in the surface 
water of the Atlantic Ocean. 

MnUngW^. It has long been known 
that the pamte is by no means a safe guide in the 
choice of drinking water, for although unpalat- 
able waters are obviously unsuitable lor diinkine, 
palatable waters may contain materials capable 
of d<)ing serious injury. It is now established 
beyond question that the diseases termed 
* xyinotio^ are due to minute forma of life known 
as micro-oiganisms, and in a number of cases 
the specific forms responsible for such diseases 
have been discovered, identified, and studied. 
Of i^otic diseases there are two— Asiatic 
CSmim and I^phoid Fever— which are with 
oertainty known to be propagated by drinking 
water, and in the case of these two diseases 
authorite are agreed as to the particular 
otgaidsBas to which they are due. ^e pro- 
pagation unquestionably takes' place through 
the excreta of persons suffering from these 
diseases gaining access to water which is after- 
wards urn for drinking, whilst water contami- 
nated with the sewage of healthy persons is 
generally believed to be capable of producing 
diarrhesa and other minor dikurbances in those 
drinkingit. 

sdeotiDg water for drinking purposes it 
is necessary, therefore, in the first instance, to 
aflilEe^ a eaieful inquiry as to the possibility of 
ilia water haviiiEg oeen in contact with refuse 
mimal matt^ and if possible all waters open 
lo sueh suspicion should be discarded. For the 
same reason it is of the first importance in the 
examination of water to discover what evidence, 
If thm is of the water having been in 
contact with such refuse substances. In the 
ptes en t state of knowledge this is a difficult 
matter, as, although the results of chemical 
analtyini hcequently point to such eontamination 
when on a miffi<mtly large scale, it is occasion- 
ally tad indeed genewy impossible to prove the 
yugittvia The baoteriologioal examination, on 
As oAsr hand, is of extreme delicacy, but, 
Inasmtieh as we have at present no means of 
p mA A n i w ig whether the 6mteria indicative of 
teal eoirtainination are derived from man or 
torn the lower animals, the results obtained by 
Ail m ean s , also, are often of restricted value 
TOli a Iqrfieiiio point of view. It becomes, 

; wntosi of the greater importance to snake a 
thowaA iwgpeetion of the source and to trace 
hiOkm of the water, for unless 
IhliinfieBs As nsuttsof the soientifio examine- 
tktt wdf nAen rsosive an enoneous interpreta- 
Am. it Is eompmativuly laisly 


I.'-;. ' 



t^ nataral waters are to be met wfth vMoh 

tion vdAmi^ animST^StsiSi S^is generally 
ueoeeury to be satisfied wfth relative mirity, 
and Aus the examination, Aemioal ana biolo- 
gical, of drinldng waters becomes a matter of 
we Ughest importance and utility. Tlienatail 
Waters which can lay churn to the greatest 
degree of safety for drinkiog purposes are of 
two kinds. 

1. Unpolluted surface waters {generally up- 
land waters). v 

2. Naturally filtered waters (spring and deep ' 
well waters). 

In the first case the waters, both by inspec- 
tion and analysis, must bear no evidence of 
animal eontamination, and this is generally pnly 
possible in the case of waters which are fauna 
at altitudes above that of human habltatlonB. 

A number of our large towns are supplied mih 
water of this kind, alAougb Ae gaAeiW- 
grounds do in most cases contain some houM 
so that absolute freedom from sewage oan* 
Amination cannot generally be ffuarantm. Jn 
the Able on p. 381 the chemical composition ^ 
some of these upland surface water sup^ies Is 
recorded. 

The majority of upland surface waters are 
either very soft or of only very moderaA hard- 
ness, and as in miuiy of those Awns extensive 
manufactures are carried on, these supplies are 
not only valued because of their safety for 
drinking, but also on account of their fitness for 
industrial purposes. It should always' be re- 
membered, however, that these surface waAii 
may at times receive more or less sewage eon- 
Aminaiton, and that the ova of animal parasites 
derived from the cattle grazing on Ae gathering- 
grounds may also be present, and that, Aerefore, 
to reduce these sources of danger A a minimum, 
it is highly desirable that suA waArs should be 
subjecM A prolonged sArage m r eser vo i rs, 
followed by careAl filtration though sand before 
delivery A the consumer. 

In the second class of water iA original 
purity is a matter of seoondary oonseoume, 
the guarantee of safety restAg u^n the ex- 
haustive process of filtration whicA Ae water 
has undeigone in passing through porous stlwA 
of the earth^s crust, 1ms filtration elleets, on 
the one ^d, the more or less eompleA obeniieel 

Md, on the oAer luuid, the i^hao&oalfemovai 
of organised irmtAie, such as bacteria and animal 
parasites. The mori periccUy filtered iAt«ts of 
this kind are those oeAAed from miQgi and 
ftom deep wells, and, again, manv of our Awns . 
are sonphed with water of Ais kkid*--4novt 
especially from the Chalk, Oreensand, Oidlte^ 
and New Red SandiAne Armationi, wUebooit!! 
stiAA efficient filter bads. In the tolae ojs 
p. 383 is recorded Ae chemical oompfiAbm bt' ; 
the water supplied A some of out Awim 
suAsoniess. /"a- 

Of oAer forms of dtinkiiig water. 1A have 
river waters and shalAw-veUwatsiiy nponlmlt^ 
of iriiioh a very lane portAa ol the psMdAte 
is dependent lor dmiMitA WMlf. BsA m 
these olssses of water am open jo invf 
tions, and neai^y ill the lewlindAlnBSded eMkr 
of (1m pnmuiitiMi <gf (tohflr. pnt'lASX- 
: .wtar 
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SSkM Mi lidimer, mm 
Mom IxJbmim tondiQig ^ mmoTo bao^ 
8M ip«te wltSoL <tii a i^MmoonSiuit would 
ha,ym boon rogodod m almoBt;, If M wholly, 
itkopmtivo. These eausM m mainly the 
Mooess of devitelisatiim which pafchogenio 
oooteiia tmdeigo in ftatmal, and more e^iaUy 
in snrfaoe iraten, and the resistance offered by 
eren a comparatively small thickness of soil or 
' other porous materud to the passage of micro- 
: ofganiims. But although these causes are to ^ 
looked upon as tending to keep the evils which 
can result from contaminated drinking water 
within nanower limits than might have been 
anticipated, stUl the possibility of their failure 
must be constantly kept in view, andtheymustnot 
be allowed to check the endeavour to subsiitute 
unimpeachable for suspicious sources of supply. 

]mry effort should be made to ezemae 
avoidable sources of contamination, to select the 
best water which the source affords, and to submit 
it to the most effective purification available. 
The improvements which can thus be brought 
about m water supplies obtained from sus- 
picious sources is conspicuouslv exemplified in 
the case of the London suppk derived from the 
rivers Thames and Lea. Here, on the one 
hand, incieasmg vigilance has been exercised by 
the limmes and Lm Conservancy Boards in the 
exclusion of dangerous matters from the rivers 
an4, their tributanes, whilst on the other hand 
the authorities supplying water have removed 
their intakes to points on these streams above 
the most serious pollutions ; by increasing their 
storage capacity they arc enabled not only to 


atM drawing from tim rivm in Umm of fk^ 
but also to hilog about a great amelioratioa in 
the quality of tha water during its sojourn in 
the xuaerv^ whilst by improving thrir filtering 

oF thewstsr^ioh they have a^^t^ Ihus 
the water supplied to London to-day is both 
chemically and hygienioally very diffmwnt from 
what it was GO years ago, mthoi^h still derived 
from the same streams, which in the ordinary 
course of events would be more polluted now 
than they were then. 

Importance to he attributed to various tn- 

C 'lenta of drinking unfer.-^lt is only possible 
to give a brief account of the importanoe 
which is usually attnbuted to the several 
ingredients which are commonly determined in 
the analysis of drinking waters. 

Dimlved gosss.— The gases present in ordh 
nary drinking waters are those of the atmo* 
sphere--K>xygen, nitrogen, and carbon dioxide. 
Their quantitative determination is of little or 
no significance in connection with the Quality 
of the water for drinking, excepting that throum 
the absence of dissolve gases a water has the 
fiat taste of that which has been recently boiled. 
It is sometimes sapposed that the absence of a 
due proportion of dissolved oxygen in water is 
an indication of the presence of deoomposmg 
organic substances, but this can only be tlw 
case with surface waters, as the very purest 
subterranean waters are almost entliely destitute 
of it. In the following table the proportion of 
the several dissolved gases in different kinds of 
water is recorded ; — 



(Kmes dissolved In 100 cub. Ins. 
of water 

Eaio-water 

Nitrogen .... 

Oxygen 

Carbon dioxide 

eab. ins. 
1*308 
0*637 
0*128 

2-073 


Cumberland 

mountain 

water 

Loch 

Katrine 

water 

Thames water 

cub. Ini. 

cub. ins. 

cub. Ins. 

1*424 

1*731 

1*325 

0*726 

0*704 

0*588 

0*281 

0*113 

4-021 



The large proportion of dissolved carbon 
dioxide in the Thames and deep chalk well 
water is mainly combined with calcium carbonate 
ae bioarbonate. 

IVM uM fuidu€,^li is only rarely that 
the amount of the naidue left by a water on 
wiwnoratlon affords any evidence of its fitness 
temildag. As a general rule, it may be stated 
^tkai uraters which contain very small residues 
•re probacy and unpolluted, but on the 
other hand many waters of oisanio purity con- 
tafai large wmrUons of mmeral matter in 
odbimu It is tmpoirible to assign limits to the 
.ipmgecMon ol mineral matter uhich may be 
imM in Hater without interfering with its 
ItAise te drinkhigi more espedaily as o^nion 
A 4MAid as to ike infinence of the several 
rnOMkaenti om health {v* also Harinm of 
'mkti Helrly an tlmlM drinking waters in 
MMl lOngdom yield leas than 50 parts of 
MM tmMili per lOOitOOO^ and meet of them 
leie, Ike nse of aatere 
iMiMihi gmeih leanm leeUnee ie generally 
MiipiipN|Nl 'liy* aldeh aHeoui 


in consequenoe of their unfitness for boQeis and 

maJUer.^AB will be pointed jam 
(under Water analysis), the accurate dehhimH 
tion of the organic matter in water is attmijM 
with great dimoulties, and none of the methodl 
of uuJyiis in m olrimB to ofEeot aioio tliM • 
partial determinotion. Thus in tbo *eon!NM> 
tion jnoocos’ tin orguiio oariwn ond nttnitB 
ON dotoratiiMd irith mon vt km mmmjt 
in the aUnlino (ennangunto vmm tiM 
portion of tlw organk nitngsn fi diaoOTBWd 
iriiioh ia loadify oonvortiUo into amaoidni 
lAilat in tin ' potinangaiMto ’ w * 0 S 3 fMi ' pn< 
oem tlw ptopwtion ofpermMigHMto <Mn^ 
by t^ orgonio mattir k tam into 
dJthoni^ it nuqr ko atated gening tta* th 
amaUertlia nroportim tit orgnak niMMr tk 
moio detirnbfo k the inter for diiiddna, 41 llfl 
greotar iimaitHMe k tin detetntinatkii «i 
otl^ olm oifank matter tw ee n h 
aiMulotTMetMk. I!lm yw ae y e«ff4||ljiil 
wdkK k oTew^^eatinly Ut^ 










«moimiiiaieilere 
iA pliability of tin viter, li 
knovn m a ' pmfy tute ’ being imputed by 
mimttt yttldbig miieh in ex^ 
pu 1^000 cd oigftoio oubmL Bomeamu 
BHuli Uc^t miy be tloown on tbe ori^ ol the 
oifiido mitter in inter by the mportion vhieh. 
the oirim lad nitrogen ezhioit towaidi eioh 
eBped«% when this is considered in con* 
neothm with the proportions of ammonii, 
n^tes» nitrites, and onlorine. Inasmuch as 
animal matter in general contains a much 
higher proportion of nitrogen to carbon than 
doM TegetMle matter, it Mows that the higher 
the ratio of nitrogen to carbon in the organic 
matter present in a sample of water, the more 
probahilty ^ ecsteris porihas, of its being 
derifed aniiiil sources and eice sersd. 
The possibBity id such diagnosis, howerer, is 
eoimerably limited by the fact that in the 
omdation m peaty matter the organic carbon 

i^hil^^ the other hand, m the ozidatio? of 
animal matter thme is conversely a tendency for 
the organie carbon to become concentrated, 
thus leading to a simulation of animal matter 
in the case of vegetable, and a simulation of 
vegetable matter in the case of animal sub- 
ftanees after oxidation. 

It is thus essential that the evidence afforded 
the proportion of oraanio carbon to nitrogen 
ihould De sim|demented by an inspection of the 
source, and ny a consideration of the mineral 
nitrogenous ingredients— ammoni^ nitrates, and 
nitrites— «I1 of which are principally derived 
from the decomposition of animal matters. 

AUtminoid omtiumMi.— The ammonia yielded 
on dutUlation with alkaline permanganate is 
so fr^uently made the only measure of the 
ofganio matter present in water that a few 
words ue necessary to indicate what is the im- 
portance to be attached to the results obtained 
m this simple process. According to its author, 
the late Mr. Wanklyn, * deep spring watu is 
irften so pure as not to vidd 0*01 part ol albumi- 
noid ammonia per million ; ana unless mixed 


0 ^ 


does%oi ykU «» ! 

The filtcind wnttm eepg^ bf 
Jes-Hso matter wWHer dsrim 
teem bom dtean moantain steMWib w 
bm defiled liVsn-iriBlds from 0^ to B-IO 
part el slbumlnoid ammonia per miHioa; jmd, 
mdeed, if the ffitration be ellQieiit» ij^idmatel 
to 0*06.' ' When the filtem are over*ta»»di 4a 
happens in the rainy season and in Ibe winter* 


watu companies sup 
water, in wmeh as mu^^ 


, ^ imparfisetly-fflteRed 
as from 0*10 to 0*20 part 
of albuminoid ammonia is found.* This skater 
ment must be accepted with great reaem, far 
m the winter months such surfm waten mxHd 
invariably contain a much larger ptoportien of 
organic mattu than during the dry season, thus 
accounting for the increase in air 
monia quite irrespective of any over- 
the filters. On the other hand, the all 
ammonia is the chemical ingredient in 
which is most affected by filtration. It 
appear, therefore, that suspended _ 
vegetable and animal matter, which in 
by sand filtration, are particularly pMi 
of ammonia on distillation with aloline 
manganate. In fact, tbe ekemtcol 
between a water before and after sand filtraticm 
is often only attested by the diminished pn* 
portion of albuminoid ammonia yielded by the 
filtered water. 

Oxygen or pemanganaU procsM.— The 
analytical value of measuring the proportion of 
organic matter in water by the amoimt id pw- 
manganate it is capable of decobrising is dii» 
cussed in the section of this article on Waf^r 
analyeis, and it will be sufiBicient here to give 
some idea of how the results are to be inter- 
preted. As in the case of the organic etemente 
determined by combustion, it has here anln 
been attempts to establish a scale of claswinea- 
tion, which, however, must also be used with 
the greatest caution and in conjunction with the 
other analytical data, as well as with regeid to 
the water’s source and history. Thus the 
following artificial standards have been sug- 
gested 


— 

OzyosD absorbed In three houn it room teoMia- 
tore from notassiQm permuigsiiite by 140^ 
parte of water 

For Upland Surface 
Water 

For other Water 

€teiiL Water of great organic purity • 

„ XL „ medium „ 

„ III. „ doubtful „ 

„ I?. Impure water . 

0-0*1 part 

o-i-o-s ,, -- 

0-3-0-4 „ 

above 0*4 „ 

0-0*00 part 

0*0(M1*1« n 

01(M)*I 
above 0*2 », 


It will be readily understood that a great 
to this permanganate process ^ 

III Hi sot distingnishing between nitrogenous 
iiidikoii-nitregeiions organs HeneeHis 

WOQr deeinble that* if the eombusteon process 
aaiaipt heiesorted to, it should be suppMmted 
Igr « detenmiiation of the ' albummihid om- 

niir^^n (ammoni^nitratos,^^ 
.|Mitec9.^Tte Importaiioe of these ingro^fiento 
one. Id themseteus my h no 


water; but, on the other hand* they iie el 
consequence as indioating what the pteHs es 
history of the water has been. Thw^ In the 
ordinary process of deoompcMilion le wlMi 
oigsaio matters are sufajeoM in nnteH% the 
nitrogen ia piineipaUy libereM In tte im el 
ammonia, am thia, by fiibsei|iieBt Iteinwiletlie 
oxidation, may beeoiM ce n furte d Inle niteltei^ 
ottdiMtratea. Mbieow, owing tethelMM^ 
averMe ridmsis in > nl tnfandl oaon 
n^Ue mMm, It b 



|M| t0' tttf n n 

Shmimii^ UmSSm!^ & & 




a h tt* and de^p irtf I wuMi it xosy oite^ 

\» altogether. 

ami OAloi^^Thia element ie inwiaUy In a 
more state oloemUnaito^eOemlhraBsod^ 


teoMooiitatelviAat^ teid lum quite woouous. Ita dettenui- 

(tf «|ltMitos or nlteittei aithoiii^ in the ease of nato in poteUe water, however, Is of import* 
some oesp euhtettanean watesli it appean teat anoe as om affording 
te^sitiatea originally present in the water have the water has been in contact with refuse animal 


ondewneindnotion to ammonia, and hence the mattersornot. Li this respect it is often more 
tetter in such cases must be regarded as evidence useful than the mineral nitrogen, as, once 


ofamoreremoteeharaoter even than the nitrates present in water, it cannot by any natural 
themselves. Again, in the ordinary course of processes be removed. Its diai^stio value Is 
nitridoation in nature the ammonia is wholly due to the fact that human urine contains 500 


containing 


vicinity ( 


organic matter, these nitrates become more or deposits* In British waters free from animal 
Jess reduced to nitrites through the agency of pollution the average proportion of chlorine 
certain micro-organisms (P* P. Frankland, may be taken as 1 ps^ per 100,000 ; but it is 


Chem. Soc. Trans. 1888, 373 ; Warington, ibid, subject to very great variations. 
742), and hence the presence of nitrites generally | There are, however, many oth 
constitutes evidence of contamination with 


There are, however, many other refuse liquids 
besides sewage which contain large qnaatitieB 


cranio matter subsequent to the original of chlorides, such as the effluents nom dye and 
nitrification, rather than to the latter having bleach-works, tanneries, paper-mills, alkali* 


been imperfect. The fact must also not be bst works, and especially tin-plate and galvanising 
sight of that nitrates can be reduced by certain works, the proportion being often far in excess 


microbes in the presence of organic matter with of anything ever found in sewage, 
elimination of the nitric nitrogen in the free In America much attention 


In America much attention has been, 


state, or as oxides of nitrogen, and that a bestowed on the proportion of chlorine present 
eontamination of the nitrified water may thus in unpolluted water at difi^nt distances from 
lead to tee more or less complete removal of the sea-board. The points at which such waters 
the mineral nitrogen. The ateenoe of nitrates exhibit the same amount of chlorine are joined 
may thus, under some /circumstances, actually by lines termed * isochlors,’ and these isoohbn 
indioate contact with animal matter instead of are found to be roughly parallel to the coast* 


freedom from it (Munro, Chem. Soo. Trans, line. Any water submitted for examination is 


1886, 632). 


then remanded for further inquiries if it exhibite 


It must also be remembered that, in the case more chlonne than is normal for the isocUor 
of surface waters, the mineral nitrogen may upon which the source of the particiilsr wateiC 


removal through being taken up as is situated. This is an attempt to make the 
plant-life, and thus the evidence of chlorine a measure of the sewage contaminatiOQ 


eviouB contact with auimal matters be past and present, in much the same w^ as the 
itroyed. proportion of total combined nitrogen nee been 


As tee hygieuio significance of contact with employed by others. It has the adventege ever 
animal matters consists in tho possibility of the the latter, inasmuch as the chlorine is practically 


ingress of 
any time 


logeoio microbes (which may at permanent whilst the nitrogen Is removable m 
present in sewage and similar various ways: but, on the other hand, the 


MUK7 in? J^I^?IK7UV U1 CUIU. OAUlIMM vaiivum WCkjrB 9 vuv, UU MIV wvum HW M M , WMW 

ammal refuse), it is obvious that the evidence chlorine is subject to great variatioiis within 
of such previous contact afforded by the presence a small area, according to local cirenmstanees, 


of mineral nitrogen in any excessive proportion more especially geological. The chtevine^ more- 
must be viewed as serious, if the histoiy of the over, only testifies to contamination by Uquid, 


water furnishes no guarantee that an; 
mganised poisons which may have gainec 


would have been subsequently removed, whilst combined nitroj 


my such andnot by solid, exorements, and in this 
led access also is of less general applicability than the total 


tee evidence is of far loss consequence, or may Hardneu,- 


term is applied to thoie 


pfOOSMI 

elinte the 
tweseiit* 


practically pre 


of such poisons being still oaicium and magnesium, which, entering into 

IS xsi:^ 1 .X J 


twesent. until tee application of bactenology 
to questions water supply, it was not possibie 
te eeeeriieiB tee efficiency of processes ox water 
wteeation in this respect. But we now know 


double deoomposilion with sodium eteeraie 
(hard soap) or potassium steexate (soft soep)« 
give rise to calcium and rnae^um eteaietem 
bote of whoih are insoluble bodtea, end eoiuhle 


Qjite tee exhaustive filtration through porous salts of sodium or potassium. On thteateonttl 
which spring and deep well water has the salts of oaknum and megesrimn ere mam* 


gomi{dmotice% guarantees tee lemovido^ detrimental to tee fitxiM at tee water 

mte^^anSsms which may have been for washing. As regaite tee liffluiaiee dl teste 
mnl; in the case of river and 8 alteup 9 nteeqnshtyQfdbdxildtaigwitee,i^^ 
Wtem on the oteer hand, the is dlvi^ Soma consider tee pie i tec e of a ^ 
valla much less, and hoaot oertate proportioa of these sate dteted^ 
ridsumiJordtel^mixieiai luridahing the materiaia n 


irite aajmal forniimoa^ oteem contend 






WAIKE/ 




firiflaxtonii conoretloiui in tbe 

iviiflrt, lMlily» others regard thdr piesenoe or ImscS^lls^^ tlliaealc^ 

almoe as immaterial irom a hygienic point of l!he hardness ci water . not iinfieequently 


regarded as more objectionable than tlie M- adult life again found in the liquid and solid 
oarbonates or * temporary hardness.’ Again, excreta; hence water obtalzied from scdl iridd^ 
there are many who view the presence of the has been much polluted with animal matters 
salts of magn^um with more suspicion thui always exhibits a large amount of permanent' • 
those of oidcittm» and, indeed, magnesian waters hardness. , . 

are very generally credited with the power of 

S^iftKlSSCJiSSSiai » I*-™. Wim. ; A, 

, waters which were otherwise of most unimpeach- Inasmuch as the impurities are either sw- 

td>le q^ty have been discarded in consequence pended or dissolved, mineral or organic, and the ! ; 
of th^^ containing a few parts per 100,000 of organic either animate or inanimate, it f^ows! 
magnesia. All these views concerning the in- that the subject of purification may be| Oon- ; ; 
fiuence of calcium and magnesium salts are, sidered from different points of view, accobdinff 
however, based upon very unsatisfactory to the particular class of imparities the xemovat .. 
evidence. The Rivers PoUution Commissioners, of whiw is under discussion. Until reoentlw all 
in prosecuting their inqi^ into this subject, the more important processes of drinking miter. 

, found that * where the omex sanitary conditions purification were filtration processes,, thosei de- 


don Commissioners, of whiw is under discussion. Until reoentlw all 
^ into this subject, the more important processes of drinking miter, 
sanitary conditions purification were filtration processes,, thoseide- 


'’pfev^ with tollable unifonnity, the rate of pending upon precipitation l^ing more 


' in the different water divisions varies far less by moans of hypochlorites, ozone, or ultra-violet 
Idrim the actual xnortality in the different towns light are sometimes being resorted to (see p. 
of the same division. They were of opinion 417). 

I i-.-j f ^ J..- f • ^ f t- 


that, whilst vmters of excessive hardness may Purification of drinkin/gmter on large oeale,^ 
be iwpdnotive of calculus and Mrhaps other All surface water is liable to turbidity, and iu 
: 0 (^ and hard water, if equally free times of rain and fiood the amount of suspended . 
from deleterious oiganic substances, are equally matter may become excessive. It is, therefore, 
whdf^nie.’ The question of magnesia in desirable that all surface water, even that hm 
drixddii|r has been discussed by the upland sources, should be submitted to purifioa<^. r 
WiRer (n^hat is the Importance of Magnesia tion before distribution for domestic pOipoees. ; 
fa Drhiking Water,’ P. F. Frankiand, Transac- The purification of surface water is best initialed 
thms df the Intemat. Congress of Hygiene and by permitting the water to remain at imt ^ ' 
Bemogr. Datidon, 1891), from whose inquiry it storage reservoirs for some days or even Weeks# 
appears that whilst the amount of magnesia in the grater pari of the suspended matter thus 
lie Water supplied to most large towns is very becoming precipitated, and some destnxotion / 
imiall---geiierau^^ not more than 1-2 p^ of MgO even of the dissolved organic matter also tiddng 
pw 100,000— it is much larger than is generally place. Daring storage most imp(niaixt> bhdogiM 
supposed in the well-water consumed by such a changes also take pl^ (see latb). 1%e pfoosss 
la^ portion of the population. Thus in the of fiRration , resorted to on the large scale is 
dale <» fifty brewery waters from all parts of almost invariably that through sand of diffsKUnt 
ttie kingdom, the average amount of magnesia degrees of coarseness. This method WaS v^ ; 
flligO) waa 8*41 parte per 100,000. It must also augurated by Simpson, the engineer to Mte ; 
he nsmembered that the geological formation Chelsea Company in 1829, and luM rinse beril ^ 
ritibM m magnesia (the magnesian limestone) adopted in an ever-increasing number of fUeei X 
is offijy very slightly represented in this country, all over the world. The filter beds, as uearitp; / 
«ri»ttlmpn>por&D8of magnesia met with m constructed, are 10-16 ft. in depth, oiReft : 
the dc^ndtio mstricte of the Continent must be upwards of an acre in area, made water-lk0 
mvdk larger. with masonry, oonorgie, or puddled-riay Wwh. ' ' 


imiall--q(etteraTiynotmoro even i 

per I00,000-4t is much larger than is generally place. 


. isoffijy veryi 
■otibat thep 
Ifclie driomitM 
mvdk larger. 


Ibtil, therefore, a far more searching inquixy On the bottom are collecting dia^ upon wlij^-’ ' 
tium hitherto has been made into the alleged is placed a layer of broken stone about 6 kuk ■ 
etteet of such waters upon health, it would te thtekne8s,foUowmg upon which arolayeili of, ' 
linear uftdesiiable that any importance should coarse gravel, fine gravel, and oppMsmoift aj'JJ 
i M attiibiited to such proportions of magnesia stratum of fine sand, 1-4 ft. in thloIoiMI, 




iWllmahovetedrinkmg waters which are Other- water is kept at a ^pth of 1-4 ft .ahova ^ 

Wte^wminpeachable purity. surface of the fine sand, the rata ol fiKaeallaft !^^' 

' ■'’The affect of Qaric’s proceee on magnesian varying in different works. Fbr ooirilrabtia»f:?k 
is noteworthy. As a general rue, tha and oost of filteitfon plant, see DtmaadCI^^ 




but it is particularly ItopuririM is retail ks Ite 
that in cases when caustic sage of the water hy the first.JfrrdiM^^ 


in conjunction with lime, as la sao^ and sooner, or htOTt : 


aidb 





Wf 

akodl ft Star i» MMit 

iHutnw 

v0m. ima wMif wtHosgR vwy ^mAOf ui 
ma»yiltti^W9a^ 
ti^ tlNIi^lwim tlM^tirliioh u 4liiKUved« 
Tkiis Aft tA&ovi&g ipm 9MWt tib0 oomjpDid- 
tion of the Ymk 'vnator $u^lffMm t>x»A ftfter 
fUtration thxoxtgk siii^ 

(Kedirms of AiuO]^ eipiefliMd In SH^ 


If Aijb^St 

iMnil(U)i»(ilt(i0iA^ 

4K0««l&tti4 «Dktit tte 41t«r I 0 

iiid^dkoM 

MOBik 

of mud bfOOMf tM t&a ^ be dfttet» eftw 
irbb^ tbft ftliiol^ iM«l*l^ 

to^y toied of 

SkiivSid^^d^f ueed^^^in. The 

paiiioiilaaiB lor the several sections of the Metro- 

S ^litah sanply, shown below, will serve to 
nSlacate the method of working. 

Besides the filter beds just described, some 
the works drawing from the Thames are now 
using an auxiliarv process of filtraUon through 
the natur^ gravel beds which form the banks of 
the Thcunes at Hampton. These gravel beds are 
at all times full of water, which forms, as it were, 
an wndeigtound river, and underground pipes 
are this gravel and connected with a 

pumping well in order to utilise this water, 
whichis always clear and bright in consequence 
of the natural filtration which it has undergone. 

In order to increase the supply of this under- 
ground water the gravel bed is flooded with 
water dix^tly from the Thames, for which pur- 
pose a second series of perforated pipes are laid 
parallel to the first and placed at a distance of 
about 30 yards from them. This second series 
of pipM is placed in direct communication with 
the Thames, but at the point of ingress is 

Mbtropolitan Watsb Sumy, Janvabv, 1911. 


filtritloik fittiittQo 
Total solid matters . • 2t^ 36^30 

Organic carbon . . • 0*13$ 0*li0 

Organic nitrogen • . • 0*039 0i)22 

Ammonia .... 0 'O 

Nitrogen as nitrates and nitrites 0*077 IHIBO 

Chloime . . . . H H ^ 

Temporary hardness . .11*5 10^ 

Permanent hardness . . 7*1 7*1 

Total harchiess . . . 18*6 18^ 

Micro-orffanisms (colonies 
yielded by 1 c.o. of water 
on cultivation with gela- 
tin-peptone) . . . 31,300 132 

It was formerly supposed that such sand 
filtration could have little or no eiSeot in removing 
the micro-organisms present in water, as the 
interstitial spa^ between the grains of sand 
are so large in comparison with the minute 
dimensions of the microbes. It was first shown 


' District works 

III 

Filtering 
area per 
million 
gallons 
of the 
average 
daUy 

Thickness of sand 
on filters 

Average mte of 
flltratloD per sqoaie foot 
pet boor 



Maxlipum 

Winlwfi^tn 


Bastem 

62*5 

acres 

0*670 

ft. ins. 

2 6 

ft. ins, 

1 6 

gaUooB 

1*37 

New Biver .... 

10*7 

0*590 

2 3 

1 7 

/l*8A 

\2*13 KsmptonPaik 

Souibem, Lambeth Works 

\ .^B’7 

0-986 

3 0 

2 6 

1*05 

„ Southwark „ 

Western, Chelsea Works . . 


8 0 

4 3 

2 3 

3 3 

1*17 

1*43 

„ Grand Junction Works 

11*5 

1-007 

3 0 

2 3 

/0'82 Himpten 
\0*70Kew»^ 

„ West Middlesex Works 



2 9 

2 6 

1*17 


Monthly Beports by Metropolitan Water Examiner to Local Qovenunent Boards 


by Kook ki Oermany, and by the writer in this 
eoaiib9!| that nearly all the microbes in water 
nmy »e removed oy the sand-filters (Kooh, 
Bgilolit te Deputat i die Verwattuiw der 
Mlmwnlw, Berlin, 1883 ; P. F. Prank- 
{■foo. Boy. 600. 1885; Proo. Inst. Gv. 
l885*-6; J. Soo. Chem. Ind. 1885. 
i tUi result has been since oonfirmea 
fOtlmr investigators. 

^ I laet, supposed by Kooh and his 
I filtratjon really fempved 
itly inetetin tk watm, end 
m the filtered watm had 
i to filMkm. The 
itheftetekoimikal 
1 <^4lm 



London water sup|dy there was asi «k9limk 
latioDship between the numbeis of m i ert k m In K 
the unfiltered and filtered waten napeisik^^ 
necessitating the (Kmclniion, tkei^^ 
sand filtewean only be credited wakmawf^ 
poriHw <md nof rbs vMm o/fihs mims smsraimn 
pmssaf. TiiiBiisii£kdQii%mq^ 
tablm on next page, wbidirseoidsMBedll^ r V 
writer^B residts obtained with the Imnite 
suppb during the year l886,aBdffq^0^ 

LooaT Oovemment Board (P. f. IMdusd* • liv 
J. Soe, Ohem. lad. 1886)^ flm «nfiltmH| 

water was ki every OMewsBeBlid ^ -.>- 
the liitilM oi tke eeveml vr*-* * — ^ * ^ " * 

Of tfigmlsMiift HM Ml 



WAD&E ; 


Tabui 

iSTotol number ofColonka obUiiwdhir^itw^miiftmisv^ 





DescriptloD of water 



Thames 

unaltered 

{ffietsea 


. Chfand < 
Juuetioh 


January .... 

45,400 

159 

180 2270 

4894 : 


February .... 

15,800 

306 

80 284 

208 

265 ^ 

March 

11,415 

299 

175 1562 

379 

287 

April 

12,250 

94 

47 77 

115 

209 

May ..... 

4,800 

69 

19 29 

51 

136 

June 

8,300 

00 

146 94 

17 

129 

July 

3,000 

69 

45 380 

14 

155 

August 

0,100 

303 

25 60 

12 

l4d 

September .... 

; 8,400 

87 

27 49 

17 

to 

October .... 

8,600 

34 

22 61 

77 i 

¥ 

November . 

50,000. 

65 

47 321 

80 


Deoconber .... 

63,000 

222 

2000 j 1100 

1700 

sol 

Average 

1 

20,265 

1 ! 

146 

234 { 524 

) 

1 

630 

475 


Table U. 1B8G. 

Percentage reduction in the number of developable micro-organime present in the river natm 
before delivery by the companies. 


■ j 


Prescription of water 


Chelitea 

West 

Middlesex 

Southwark 

Grand 

Junction 

lambeto 

1 

January 

99*7 

U9-0 

9S0 

89-2 ' 

94-3 

February 

98-1 

99*6 

98-2 

98*7 

9B-3 

March ' 

974 

98*6 

80*3 

96*7 

97*5 

April 1 

!>»-2 

99*0 

99-4 

99*1 

98 -3 * 

May 

98*8 

«9 0 

99*4 

98*9 

97-2 

June 

99*3 1 

98*3 

98*9 

99*8 

98*5 

July 

98*0 

98*5 

87*3 

99*5 

94*8 

August 

95*0 

: 91»*6 

99*0 1 

99*8 

76*8 

September 

99-0 * 

i 99*7 ! 

99*4 1 

99*8 

99*8 

October 

99*0 ! 

1 99*7 

99*3 

09*1 ’ 

99*5 

November 

99*9 

99*9 

99*4 

99‘9 

99*8 

December 

99*7 

90*8 

98*3 

97*3 

99*5 

Average percentage reduction . 

98*6 ' 

lHi*l 

1H)*7 

! 

98*2 i 

j 

96*2 


Clfuid Juoction, and Lambeth Companies 
, lecpeotivdiy. 

d Enenkel and Piefke (Zeitach. Hygiene, 
8, 1890^ 1-40) aabBequeiitly demonstrate by 
direct eiperiment that particular apecica of 


were itiliTOeaent, although in gieatly djadnlahed 
numbers, in the filtered water. 

The wonderful eMciency of these sand filters 
in removing microbes was at first very difficult 
toaeoount lor, but it is now recognised to depend 
Bpon the impervious nature of the slimy deposit 
whkh forms upon the surface of the sand, and 
' such a coating has been established the 
baa but little efiect in removing micro* 
iwgaidsms (Piefke, Aphorismen fiber Wasser- 
vifsofigni^ Zeitech. Hygiene, 7, 1889, 115- 
11% ?ni| d&ttif deposit consists not only of 
/lal^ ntiiid, and colloidal matter, but also of a 
midtIliidK' of living forms— diatoms, green and 
btaa a%ii^. innumerable bacteria, fungi, and 
,|Kmto^ Maigrof these forms aotuaUy feed on 


bacteria. The rate at which filtration jt eaified 
on is also a most important faetor, the iOQM^ 
rapid the rate the less efficient being toe 
tion (P. F. Frankland, Proc. Inst* uv. Ifindneiis, ' 
1885-6). Although 4he removal of baoteiii ii 
not atlrtbutable to the sand nartidlei ii 
there is abundant evidence tnat tJie taatilt tho 
sand and the greater its depth the moieeilbient 
is the filtration. This is doubtless jhie fo i 
better support being mven to the filtittlay 
and to the finer and tluokiw!ay«r ofiurndm^^ , 
ing the passage of water through the 
whilst the water is also hroi^t into MM 
intimate and piotonged contact 1 M tlMoolli^ 
matter with which the sand of a amtafed, flier 
is clothed. The statistic of the 
works show that the ocMd^ of fltiallon awM 
out by them averagesabont 6ihL||er lOWnStieM 
In countries Uable to eiliSMOsM^l^^ 
even in cold wtotm to 
of sand filintlon ofm 





■ •_ WAilE. ;; v^. 

hi^, in IhH#i» beea ipduueM jin taDdenae 

ntam^on oin iramw In lanmali Imt been dhneing 

(he United States, nrheze the same diffiositj zeoent jpm, Init space tdU oi^ po^ of the 
existi^ the Hjatt of filtration has been kiefocmii^tinnaiafewofthenkoin^ 

. emidh^nd on a oonsidera^ In this the ones. 

' water fin^t treated wtih a ininute quantity of Animal ohaindidkeanpioyedk an 
alum (about 1 grain per gallon), after whimi it common household filten, and the kualu- 
. passes (hrongh a stek filtering chamber, con- able services which it yitids in sugaMefiniiig it 


sisting of a vertical cylinder the diameter of was antidpated that it wonld be lu|[^ efiloimit 
Whioh^ nearly twice its height. This cylinder as a water filter. Unlike sand, it not only acts 


Is^dhriSed by a horiaontal diaphragm, capable of upon the suspended matters, but also removes a 
, withstanding the hydrostatic pressure necessary considerable proportion of the dissolved organic 


lor rapid filtration. The lower half contains the matter, and even some of the temporary hard* 
^ > Mtermg material, composed of 2 parts coke and ness. Unfortunately, however, its action is very 
.^Iiparts sand. The upper part of the cylinder is transient, and it generally soon becomes the 
Jsed^^^ seat of nnmerons organic growths, which ate 

, /regular intervals is transferred into it in a state favoured by the calcium phosphate it oontaina, 
. of violent agitation by hydraulic currents, the and the filtered water is ihm often rendered 


of violent agitation by hydraulic currents, the and the filtered water is tW often rendered 
impurities flowing away through pipes situated more impure than the unfiltered, 
near the top of the cylinder. In the process of Vegetable charcoal has but little eiect on 
Mtrailon the water is admitted through pipes to the dissolved organic matters, althou^ if in a 


the uppmr part of the lower section of the sufficiently fine state of division it lean exceltent 
cylinder, and it is drawn off through perforated strainer for suspended impurities (sestable below), 
oupa, which permit the water, but not the sand, Bischof *8 spongy iron, obtained tith^ by re- 

to pass. It IB claimed that the efficiency of the dnction of hmmatite or of roasted pyrites^ has 
system depends more upon the successfk preci- a remarkable power of removing dissolved or* 
{dtation and entanglement of germ life by the ganio matters, as well as temporaiy hazdnesB 
coagulant alumina tiian upon any special merits and nitrates, and this power is far more perma- 
of &e filtw (Potable Water, Sloyd Davis, Iowa, nent tl^ that of animal charcoal. It was for 
U*8* 1891). The cost of maintenance is said to some time also employed on the large scales in 


be only one-fifth of that entaUed by filter beds, conjunction with sand, at the Antwerp Water- 
la recent years the use of mechanical filters works. The effect of filtration thxougn animal 
ha$ been fining ground in Great Britain also, charcoal and spongy iron respeotivtily is exM- 
the Jewell, Bell, and Gandy filters being those bited in the table below. 


most oommbnly employed (see Modern ] 


Since the recent great advances in haeterio* 


of Water Piuification, Don and Chisholm, logical science, it has become evident that the 
London, 1911; see also Bacterkiogy of waUr, removal of micro-organisms from drinktng water 


below). The Puech-Chabal system consists in is a matter of much greater importance thmi tiie 
Buhmittliig the water to successive processes of removal of organic matter, and' hence it k in 
filtration, sometimes as many as six stages, respect of this property that the value of ffiters 
beginning with coarser grades of gravel and is now generally estimated. The writer has 
emunx with fine sand, being employed. It is shown (The BemovaL of MicEO-Organianu from 
. mrially suitable for very turbid waters, as the Water, P. F. Frankland, Proc. Boy. 8oe* 1888) 
uie of the fine sand filter is greatly prolonged, that several substances-^such as coke, wood* 
It bee bemi used at Mag<kburg and other charcoal, spongy iron, Ac.— inasuffidentl^fiiift. 


; , (sss Don and CShisholm, l.c. 


state of division are capable of entMy veMVidg 


Of other methods of drinl^-water purifioa- all microbes in water passed through a stratum 
' tbm on the larae scale the only one that need be of a few inches of these materials. This power. 


inentioned is Anderson’s. The method consists which is quite independent of any dimnical 
i in pitidAg fbe water slowly through revolving action (thus in the case of coke and wood-char- 
: h|Wn cylittders about two-thirds filled with iron coal there is little or no removal of dissolved 
A small quantity of the iron con- organic matter), is. however, not maintained 
Ikmmy passes into solution, so that the wate^ umess the materials are frequently renewed; 
:3beodinei impregnated with ferrous iron, which and in the case of animal charcoal which haa been 


Sttbeequehtiy, iraen the water flows into a settling in use for a short time (one month) tha munber 
tank, Is converted into the ferric state with pie- of miDre||W was found to be far greater in the ^ 

' cipUatkm, a large proportion of the organic filteiedptn in the unfiltcred water. The most, 
^ matter in solution being removed in the process, oonspScuouB instance of biolofM, as oppoaed . 
. Whilst a vm considerable diminution in the to ohemioal, filtration is fumiabed by Chamba<<:i 
) ..number of vital germs is also effected. After land's unglaaed porcelain filter, wauili attlMy 


wato SI fittsilyfilte^ through sand befeuedis- whatever (see table on next page), 
tributioa. It takes ^ mins, for the water to A number of household flmni in aetual use 
; pans Ajpougb the rotatii^ cylinder, the entize have been examined with regard to tlmbMpower 

of removing mforobea by Phm (Pidiim uaiM 


occupying about 6 hours (Anderson, of removing mforobes by Plam (Piddm Saallh 
eem;Biigineeriiig,39,525). Section of Genn. Assoo. dTNailwidiiti . and 
n uaed on a largo aoale at Physiciliifl, 1886), who dividea thsm kto wbt 
daases, aooordkg to tha materiah usedt 
Muw walsr on As smali esrboa (2) sfoac «rad smid JSlMi 
smgg-ifoiB JUkn, (4) paper 
(6) ponMi* 


WAim 


nM 8cluM»rV The e«rhoii iiltes, irere fimi^ 
noi <»dy to 4Khnit o| the icee twsmisaioii of 
microhm, but ia some oases the aumbets in the 
situate exceeded those m the uhShbeied 
water. Thus in one oase 68 colonies were ob- 
tained from 1 C.C. of the unfiktered. and 12.006 
Irom 1 C.O. of the filtered water. Ae stone and 
sand filters were all found to be worthless. 
The spon^-iron filter yielded the following re- 
sults: unfiltered water, 38.000 ooloBiesnom 
1 0 .O. ; filtered. 18.000-24.000 colonies from 1 c.e. 
The paper filt^ all yielded very unsatisfactory 
results ; the earthenware and asbestos filters, on 
the other hand, gave in nearly every instance a 
filtrate practically free from microbes. (For par- 


tmidiia iconocffii^ ^ a^eryiaiMf p^ el thb 
Oha^boiN4 filter* m also lu|iieb inalM 
8a«M?|^|iie dee SaaXi, Bscis. 180^ The 
mMpal mwhach to Ihese 
Biters is the rapid dhninntion in the sate ol 
filtratioa which they exhibit More saMsetoigr 
ih this respect are the Berhefeld fihars. similar^ 
oonstmotra of burnt infusorial earth (Herdt* 
meyer, Zeitsoh. Hygiene, 1891. 10, U5 1 Mter* 
ibii. 156). Neither the OhambeHi^ nor jperhe- 
feld filters pemanently yield sterile water, some 
of the bacteria in the unfiltered water sooner or 
later growing through the pores. It is, however* 
doubtful whether any of the ordinary pathogenie 
bacteria would do this, as none of them a^. 


(Eesults of Analysis expressed in parts per 100.000.) 


Description 


H I'l !l 


J ^ Hardness 


Imidon water, nnflltered ^ . 24*60 0*129 0 023 

Ditto, after flltration through fresh animal 
charcoal 1 . . . . . 19*40 0.029 0*007 

DoiidoB water, nnfiltered ' . . . 25*94 0*164 0*030 

Ditto, after flltration through animal char- 
coal la Qse 11 months ^ . 25*10 0*010 0*002 

London water, nnflltered ^ . 25*28 0*120 0*013 

Ditto, after flltration through fresh spongy 
iren' . . . . . . . 13*70 0 025 0 004 

London water, unflltered ^ . . 24*10 0*188 0*034 

Ditto, after flltration through spongy Iron 
in use 8 months ^ . . • ... 14*84 0 089 0*020 i 

Water, before filtration * . . 24*80 0*144 0*050 

Ditto, after fOtration throngh fine coke * . 25*00 0*107 0*038 
Ditto, after fittration throngh fine wood 

obareoal* 24*68 0*000 0 024 

London water, before flltration ’ . 33*70 0*282 0*028 

Ditto, 1 ^ flltration throngh Chamberland 
fitter* 30*04 0*284 0*027 


1*0 — — 15*2 
1*9 I - — 19*7 


14*5 

6*7 

21*8 

-| 

7*4 

4*6 

12*0 


11*8 

7*3 

19*1 

— 

6*3 

4*3 

9*6 

<•«- 

n*3 

6*6 

16*9 

26,000 

11-8 

5*6 

16*9 

0 

12*5 

4*6 

17*1 

0 

15*7 

4*9 

20*6 

54 

14*4 

5*8 

19*7 

0 


^ Biv. Goznmis. 6th * P. F. Frankland, J. Soc. Ohem. Ind. 1885. 

• P. F. wauWand, Proc, Boy. Soc., 1885, 300. 


Inowii netuaily to multiply extensively in 
oidinfliy dsiniciiig water (Kubler, Zeitsch. 
Hyiftoe, 1890, 10, 48). 

W. £. Hidl hM described a simple apparatus 
: the extraction of micro-organisms from 

, , em^ of water. The sample is collected in a 
smaB strahung iar throu^ which any quantity 
ol waiter oan be paesed, and the oKanisms 
letmned la a quantity of water coffiWMajst for 

, Sroathiioo&centiwted sample the Sdgimis^ 


oan hi oxtiacled hy passing it through a filter 
paper about 1| in. oiameter placed over a small 


\ paper about 1| in. diameter placed over a small 
‘ iiittBSl attached to a vessel from which the air 
v«ls oxtracted hy means of an exhauster consist- 
JagafaiBodified form of filter pump. 

The organisms are finally washed off the 
Star piqMur by means of a wash bottle with 
ahmt 2 e.e. m water in which the organisms 
aan ia a dily be examined in a stage trough or 
phtofil la email quantitieB on a compressor dide 

ftwlteewpia cf drinking wUer hg didiUa- 
, oowimb the most efieotual mode 


I resorted to, on a considerable scale, at sea. both 
for steam and sailing vessels. (For deimiittion 
! of forms of apparatus in actual use u. Fisohmry 
Technologie d. Wassers, Brunswick, 188(11, 201- 
208.) The insipid taste of the distilled water can . 
be removed either hy afiration, or by filtiation: 
through animal charoosl or other pcnroiis mb- i 
stances. Distilled water is atoo employed 
some extent for the manufacture of alheted 
waters and for artificial ice. 

Puri/katian of dnnking wakr hy boiiiiig.— 
The porificetion consiito, of eouise, only in the , 
destruction of tiving organismi mesw ht thd? 
water, but this is from an hyipenic eeWi jal > 
view of the greatest importence. In tH adlimi - 
it is far more reliable than any prooem. of filtia* 
tion, and should be invariably retorted to fa 
oase of watenwhioh bear anyauspicio&,ol aaw* . 
age Qontamiiiatioo. The vapid taste of the bcM 
water may be mnoved by paemge tbroogh a 
filter. whA hoiemr, ihmiid w exehsdiwh em*. 
ployed lor this pnipose aaod not to fittatag' 
unboiled water/ AecnnwiiMtomofflm^^ 
to sterf&to laige qmhlMha of wtldia^ ;; 




JUvfui (Ibquiftl d'Analyaa baotdricdogiqtie de| md&ose of a oertaia anunmt of liw ifl! aimott 
Baaz, Pastor 1891, 188). The mon extensive rndtopemaUei a ^paxe water to whi& ai laioim 
ttjB ^ boiled ixMitead of filtered water to* one of bsie^eidt has >>eeo added to^ howr 

of the ohiel sanitary desiderata of the day. eyto^ to a i^ktnin^ 

Althongh absolute steritity cannot be yiufantoM otolly if the latter to of Yambslo cpihmii^v 


9n||ngiire. 

50^ for 10 minutes 
60** 

70 

80^ 

90“ 

100 “ 

100 “ for 20 minutes 


Bacteria in 1 c.c. 

. 460,800 
600 

. (60) 
88*8 
62*4 
26*4 
0*5 
0*0 


WatBB FOB Ikdustbul Pubfoses. 

Of the numerous industrial uses to which 


of sodium carbonate to pesoribed; butinmor* 
danting, in the dyeing with many oolonrs, and 
in the washing of dyed goods, it to often very 
prejudicial; in these cases it should be neu- 
tralised with sulphuric or acetic acid. Add 
waters are generally highly injurious, and should 
be neutralised with sodium carbonate; Sul- 
phuretted hydrogen in water to also objee- 
tionable in many operations of dyeing, more, 
especially in mordanting With metalno salts 
(Hummel, Dyeing of Textile Fabrics). For the 
manufacture of jtaper, water contdning iron to 
highly objectionable, giving rise to stains, whilst 
the presence of hardness to objectionable in 
causing the decomposition of the rosin-soap. 

( 3 ) For toTmtnp, pure water to also a de- 


water to put, the most general and important is sideratum. Water much contaminated with 
the raising of steam. The composition of the organic matter causes injury to the. surface of 
water supplied to steam-boilers to a matter of the leather, and sometimes a corrosion from the 
great consequence, as the use of unsuitable flesh-side of the skin. Water containing car- 
water may cause the corrosion of boiler-plates i^mc acid, or the bicarbonates, or efclfttnm and 
and the formation of deposits, which not only magnesium sulphates, causes the hides to swell, 
occasion a serious loss of neat but may also lead whilst the chlorides prevent the swell^, and 
to most disastrous explosions (v. Boileb Ib- hence sea-water cannot be employed for the 
Deposits). purpose. Hard water occasions a less pmfeot 

Water for other induairial purpo8es,^l) For utilisation of the tanning materials, and an 
brewing, see art. Bbewiko. For use in bakeries, excess of chlorides retards the tanning ptMsees 
the water sho^d be in all respects of the same and causes the leather to attract moisture ; the 
degree of purity as to demanded for drinking presence of iron is not so obj^tionable as to 
purposes. commonly suppos^ (Fischer, Das Wassor, 49- 

( 2 ) For the textile industries the character of 51 ). 
the water employed is often of great consequence. ( 4 ) In sugar^refining the sulphates and 
Thus in bleaching and dyeing the pre^noe of alkaline carbonates are more productive of 
iron and manganese, even in very small quan- molasses than the chlorides, whilst nitrates aie 
tittos, to highly deleterious, giving rise to iron specially objectionable, as they, prevent the 
ind manganese stains on the bleached goods, crystallisation of six times their w*«igbt of* 
and causing spots and modifications in the sugar (Fischer, Technologic d. Wassem, pb 
' s h ad es of dyed materials. Hard water, aeain, 286). 
involves the use of larger quantities of mkali 

: and soap In the several operations of boaking, n ^ j • 1 

sooM^ and miUing, and the insoluWe lime- P^r^ficatum of water for industnal purfosek 

soap to toft adhering to the fibre, often prevent- As already pointed out, some snbstanoesi ' 
ittg the subsequent application of mordant or although unobjectionable in drinking watery . 


dye. In those operations, again, in which dyed oprate prejudicially when the water to emw 
, tiibrics are soap^ the lime-soap often injures ployed for many industrial purpose^ IdV 
the btfilianoy of the colour, whilst in other numerous methods have been qevtoed Itv 19- 
c^ the earthy soaps precipitated on the fibre moving these impurities or lor' ooimtomeiliig 


ad ss mordants, and attract the colouring their efieots. But few methods of puifiks^m/ 
ipaUeii oh those parts of the goods where it to have i^lfiid favour in actual pracrioe, arid 


not .ftohed to fix them. In general, hard water to these alone will any attention be jgtosn hen,- 
hal i|is efieot of dulling many colours, and if The processes which have for their object tfci ; 
doe to bicarfaonates retards, or even prevents, removal of matters in suspennloii and 
the dyeing of such colours as require an acid substances have been already deseribsd hndah 


bath [e^, cochineal scarlet). In some cases hard Purification of drinking water {v, p. 886 h 


' watop sootaining bicarbonates wastes the mor- the processes intended for the iaipiovimiit ol 
v^i'danto Vy pteoi|£ation in the bath instead of on industrial water supplies are chiefly dtoeeted to 
the nm whilst it to sometimes actually bene- the removal of lime and magnm salts in 
JioMw the wishing of goods which have been solution, which, as has been cdiown abovs^ 

. aemdmted with basm mordants. Such water to intertom with the success of so inaiiy industrihl 
the solution of many coal-tar operationa Thtoreinovalof IbneaodniagBaflto. 
mthyl viotot— a portion of the saltstofiequentlyspkenofas^witerMMmniiti* 


•■JklllbK lost M a 


pno^pitiito, iB(ioiueqwiM«MtM««taikftern«ktn|rtaHilb 

Fpr^^iritb anqpiiriiig bw Mip «1 wb wtd for 


watib; 


Put^eMm uM Um (C 9 «rk *8 ptooess).''-^ fie 
I 3 ii 8 method of pmrilficaiion ms &Bt jrapoaed diie|r Am oeoi 
: by Oaik* of Abmoen, in 1841 , and^ou^ts ln devfM jbr mj 
;; the docompoflitton of calcium hioarbonate or mU 

; . ' ' tempomiy hardness * of water bv the additaoo sodi^oa tibie oai 
of a suitable quantity of slaked bme, aoeording ^oidi The A 
; . . to tbeoquation possesses oertai 

CbH,(C 0 ,)|+Ca( 0 H)s=: 2 CaC 0 ,-j- 2 H ,0 the darificatioB 

Osldom bicarbonate Calcium carbonate ated by stirring 
Thus both the lime in solution as bicarbonate cwbonate obta 
as weD as that added in the form of hydroxide be™ ef^i 
are precipitated as normal carbonate, which is trough j^ifoi 
, almost insoluble in water. The calcium sedimentation t 
hydroxide is sometimes added in the form of milk 
of lime, sometimes in that of clear lime-water, ineans of a float 
but the latter is far preferable, as the quantity ajhsoquent dep 
added can be more easily controlled and an f"® wrrice pip 
excess avoided. The necessary quantity of insuflBciont tim 
* calcium hydroxide is most easily ascertained by w avoided by in 
adding such an amount that, after thorough * coke-sto 
mixing, a small quantity of the water taken out limestone to re 
, , ,,, yields a yellow or brown colour with a solution the clarified w 
of silver nitrate, more water is then added, until, settling tar^. 
on similarly testing, no coloration with the silver Magnesia ha 
, , nitrate is obtfldned. This test should invariably extent for soft 
be resorted to even in the case of such waters i'beso circumstai 
as are of very constant composition, and which, place, esp 
therefore, admit of the lime being promrtioned CaH2(C()s)2H 
by ei^rienee, as otherwise an excess or deficiency MgCO j -r < 

of lime is nearly sure to result. In its original MgCO^-f 

form the dark process is carried out in large 
tanks in which the water can remain at perfect 
rest for about 16 hours, although by the use of 
a floating exit-pipe the clear surface water can .7?® 
often be drawn off after 2 or 3 hours, and before ' 
the whole of the precipitate has reached the J 

bottom. This method has been most success- 
fully empWed on a large scale at the Colne 
Vattey Waterworks, near Bushey, at Canter- 
bury, Caterham, and many other places on a ^ utilise the fol 
amall scale. The ‘ temporary hardness ’ only is, CaH2(CO,),+B« 
of course, removed, and even this not com- CaS044*B« 
plelely, as under the most favourable ciroum- Ca804-f 

atanoes a small proportion of calcium carbonate CaH^fCOsl^+C, 
^eemains in solution, whilst in tbe case of waters I 

^ oontaktmg magnesium bicarbonate the removal < 

^ ^ the lattor is generally far less complete. In CaSO|-f C, 
•ddHioii to these bicarbonates, tbe salts of iron CaCl|+C| 

# aiid much organic matter are also removed. CaH|(CO|)tH 

In order to obviate the Ime amount of 
storage capacity required for dark’s process, 
seveii! modifications have been intmuced, Gsnsof Berlm, t 
in which the precipitate formed by the treat- through artincia 
ment with lime is either removed by filtration «wwna 
or made to subside rapidly by artificial means. has been 

The most notable of toeae improved processes fusing together 
m the aiHsaUed ‘ Porter-aark,’ in which the ehiniwley, and 
. mcipitate is leDoved with a ^ter-press, and " ?**??*f! 
. .QolUet and Huet’s process, in which subsidimoe (^ 5 iO|» 46 , AltO 
^ } ll promoted by causing the water to take a cir- P'®») ®®i®g 
eutous sig*xag and u pward path after the addi- w magB 

, ^ timi of the lime. In this latter process both lime this material, 

' c austic soda ate frequently emplwed in 
; as tbe softening agents; in this Na.Al.Si.O.'f 

bo^ ‘temponuy’ and ‘ permanent* Na,AI. 8 i, 0 ,+ 
iuttanem eio be, to a great extent, removed, * . , . , 

^-llnis.*^ Itisclauned 

does JiOi pmmit the descriptioo of a tieatmeiit witha 
-tsmm water-softoiiiog appamtoses^ Oaas usso 1 


ishidi am how on the maifot, and whidi onfy 
diis|r ibm each other in the spedal modhainioal ' 
dovimt jbr mi^yinff the ohemioals (mtik of 
lime, Baote water, somum carbonate, or eaustio 
sodi» as the case may be) and f^ removhig the 
^chii The Arohbutt-Deeley procew, however, 
possesses certain features of inteieit In this 
the darifieation of the treated water is aooeler* 
ated by stirring it up with the shidge of calohan 
carbonate obtained in previous piedpitatioiit,* 
this being effected by blowing in oompitaed air 
through perforated pipes. The subsequant 
sedimentation takes place very rapidly, and tim , 
clear water is drawn off from the surface by ' 
means of a floating arm. Further, the danger of 
subsequent deposition of calcium emrbonate in 
the service pipes, which often occurs whm an 
insufficient time is allowed for sedimentation, 
is avoided by injecting carbon dioxide (obtmned 
from a coke-stove, the gas being scrubbed Mth 
limestone to remove smphur compounds) mto 
the clarified water as it is drawn from we 
settling tank. \ 

Magnesia has also been employed to a limim 
extent for softening instead of lime. Under 
these circumstances the following reactions may 
take place, especially if heat is applied : — 

CaH,(C()j)j+Mg0=:CaC0,fMgC0,4-H,0 
MgCO,-r 0aSO4=CaCO, }-MgS04 
MgCOa-f CaClj^CaCOj fMgClj 
(Fischer, Chem. Tcchnol. d. Wasaers, Brons^ 
wick, 1880 , 264 ). ! 

The formation of magnesium cliloride is ob- 
viously disadvantageous for boiler purposes, 

A number of other processes of cnemioal 
purification have from time to time been sug- 
gested, but none of them have met with any 
great success. Thus attempts have been ma& 
to utilise the following reactions ; 

C&H,(<X),),+Ba(OH),:=.CaCO,+BaCO,-f2H,0 
CaS04’fBa(0H),«BaS04-fCa(0H), 
CBS04-f'BaCl,«BaS04-fCaCh 
CaH3((X),)4+C,04Na,==C,04U+2NaHC0, 
Sodium Calcium Sodium 

oxalate oxalato bicarbonate 

CaS0*+C,0*Na,«C«04Ca-|-Na,S04 

Caa,+C,04Na,«C,040a+2NaCl 

CaH4{C0,),+2Hd«CaCI|-f2C0,+2H,0 


C&H,(<X),),+Ba(OH)4:=.CaCO,+BaCO,-f2H.O 

CaS04’fBa(0H)4«BaS04-fCa(0H)4 

CaS04-f'BaCl,«BaS04-fCaCh 

CaH 3 ((X),) 4 +C, 04 Na,==C 404 U+ 2 NaHC 0 , 

I Sodium Calcium Sodium 

oxalate oxalato bicarbonate 

CaS04+C,0*Na,«C«04Ca-|-Na,S04 

Caa,+C,04Na,«C,040a+2NaCl 

CaH4{C0,),+2Hd«CaCI|-f2C0,+2H,0 

In the Pemutiie process, devised by 
Cans of Berlin, the water is softened by ff mtioii 
through artificial zeolite (a hydrated silicate of . 
alumina and soda) tw which the name 0! Per* ^ 
muiiU has been given. The latter is macle 
fusing together silica or uuartz, alunilaa or 
china-clay, and sodium eartmnate. The lined 
mass is extracted with water, a ciystaliliie hodf .. 
(BiO,» 46 , AltO,«t 22 , NaiO^^IS-e, HiOaelM 
p.c.} being obtained. When watem 
calcium or magnesium salte are fiiteml wMbp 
this material, the following leaetlM^ m 
place j— ^ '''' '■'}[' 

Na4Al,Si,0,-f-(hCX)4»Na,(X)|+0a^ 
Na;Al4Si,O4+CnS04»Na,SOvfGi^^ 

It is clauned for this woeeai that tiba whole 
0! thehardneesisiemovedaiiAthAtteiOid^^ 
or roagneittom zeolite fonnedeatt 
Into the origiiial pamuatlte or iodhite iMfea W , 
tieatment with aationgaolht|tei'i<^ 

iimmm mm & ■MMMiiiiiii. M PWwilto 




> and a liigto oaw^of mangaaeae) for 
tha nmmral cd bon and matiganeae in water. 

! i Tbia matoial ean be regMenited tieatment 
with a solution of potMinni or calcium per- 
/ mangsaiate. The^manganese-pniButite can ak> 

: be emptog^ed lor the stetiuathm of wai#$ 
the water !» treated with permanganate is 
wd&deiit eoQoentntion to destroy baokriai.a&d, 
m subsequent filtration through manganese- 
permhtite» the whole of the manganese is said 

> V ^jo be nteied by the filter. Caldum-permutito 

!bas been for removing potash from molasses, 
lime passing into solution; the lime may be 
repkoed by soda by passing through sodium- 
termutite. The plant and materia for 
P^utite process can bo obtained from * Water 
Soneners, Ltd.,* Kingsway, London, W.C. 

For the effect of softening processes on the 
bacteria in water, v, p. 417. 

'^T^ aetum of water on kad^ zinc, copper, and 
a{iiii|jmum.^The action of water on these 
jnetals, and especially on lead, is of great 
isHMrtance in connection with the distri- 
binion and storage of water. The Romans 
employed leaden pipes, and Vitruvius and Galen 
were aware that some waters were thereby 
tendered deleterious. On the other hand, 
certain waters have so little action on lead that 
pipM of this material have been in use for up- 
ward of 200 years without showing any trace 
of obnosion (Fischer, Tochnologie d. Wassers, 
817). As a general rule, hard waters, and more 
especially those containing bicarbonates, do not 
act on lead; the greater number of active 
waters are soft, and generally entirely destitute 
of bmmbonates. The activity has been asc^bed 
br different authorities to the presence or 
absenoe of a great variety of ingreoients in the 
watiMT-^g. the presence of dissolved air (Yorke), 
ammonium nitrite (Medlock), ammonium oar* 
bonaia (Bdttoher). Some have contended that 
oiganio matters diminish the activity (Horsford), 
otEers that they increase it (Hofmann, Graham, 
Mi l tor , and Noad). The latter authorities were 
, of opinion also that the presence of dissolved 
/oxygen and the absence of more than 3 vols. 
of carbon dioxide in 100 vols. of water are 
amonuit the conditions neoessaiy for the attack 
upon lead. It has also been contended that a 

a wi^fcom attaoking^loai’ (Riv^PoItut. 
Oommiss. 0th Hep. 224), whilst according to 
^ othem, again, the protecting ingredient is silica 
’*'(Qpgd)bi, Odltim, and Tidy, Report on the Action 
bf Water on Loimon, 1886). In many 
eaiSi tim activity of the water is due to the 
peesmme of oiganic acids (Allen), this being 
mmbtlsil a Inutful cause of moorland waters 
aotingoti lead* The activity of many waters is 
/Mmd to new untarnished lead, whilst others 
/ aot^ sometimes with increased 

on the old and tamishod metal (P. F. 

She Action of Water on Lead, J, 
1889 , 241 ). 

' • * Nttasmbm elxpodiettts have been resorted to 
in lUN^ to deitoy tto activity of acmie soft 
vetelMk ^ . W^i aoMUty is the piesumaUe canse 
, the inpit.o|ykm iramdy k the filtration of the 
- inprao* 

' ■ho 'ifeiWrif 4hii Is found td^be only ol tem- 

*Wr 


being furlhmaoted on Ithasbeea 

found mors efieetive to vtix the watorbemtinn- , 
ously a mific of finely-divided calcium- 
oarbonate, and aiowing this to subside before 
the water k distrilmt^ 

It is now general^ admitted that the action 
of water on mad k d two different kinds* Of 
these the most obvious ktiiatdne totbeaddity^ 
of some waters ; such acidity may be due to 
organic or even mineral acids, and can be 
determined by titration with appropriate 
indicators. Such acid waters have, in general, 
a continuous action on lead. Hie acidity can, 
of course, be neutralised by the addition ox lime, 
finely-divided calcium carbonate, or most 
effectively by sodium carbonate. It was, how- 
ever, shown many years ago by the writer that 
such neutralisation does not necessarily entirely 
stop the action of the water on lead, and that 
this is often only secured by adding a consider- 
able excess of sodium carbonate. Bimilaxly 
there are many natural waters, which, althou^ 
slightly alkaline with small proportions of 
calcium bicarbonate, nevertheless act on lead* 
Such action of neutral or even slightly alkaline 
waters is now usually termed * eroaive * as dk- 
tinguished from the ^ plutnbosolveHt' action of 
acid waters. These remarkable phenomena have 
only received a satisfactory explanation sinoe 
the recent advances in physical chemistiT have 
illuminated the subject of chemical equiubiinm. 

This matter is very ably dealt with in an 
important paper by Paul, OhlmuUer, Heise, and 
Auerbach (Arbeiten a. d« kais. Geeundheitsande, 
1906, 23 ; Untersuebung fiber die Bescbaffenhmt 
des sur Versorgung dor Haupt-und Besidenzstadt 
Dessau benutzten Wassers, insbesondere fiber 
dessen Bleilosungsffihigkeit). The condnsions 
arrived at by these authors are: — 

1. Dissolved ojmgen is necessary for the 
solution of metallic lead in pure water. Exneri^ 
ments made with distilled water, which had MU 
saturated with air freed from carbon dioxtdi^ ». 
showed that nearly the whole of the oxyg^ 
(amounting to about 9 mgip. per 1 litre) was 
taken up presumably according to the equation ; 

2Pb+2H,0-f0,*2Pb(0H), 

The water, which was at 18% took up about 
116 mgms. of lead per 1 litre. By increasing tiie 
proportion of oxygen in the air used for saturat- 
ing the water the amount of lead taken up was 
at first also increased (up to about 140 mgms. Fb 
per 1 litre), but this was followed by a sudden , 
to an amount wldch remained maotioally 
constant (about 108 mgms. per 1 litielfar about " 
14*5 mgms. 0, dissolvi^ in 1 litre water), Tfak : 
sudden drop is referred to the appearanoe of a 
precipitate (solid phase) preveatiug totte 
supenuituration of the water with lead hvdioi^- 
(Tne authors did not detenniim m emit;; 
oompositioD of the solid phase, wldoii may haua, 
been Pb(OH)s, or more 0i its 

anhydrides.) 

2. Free eathonie add diminiiJiiB the phaabo* 
solvent effect of the simultaiieoittly present 
dissolved oxygen. Thus, in an experiment with 
distilledwatermadetooontamaBotti8ingms.O| 
and 40 mgms. OOg in 1 litie„ the amount of kad 
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06 propoitioii 


X <4 wt dittoi^ w same prot 
i$ cl^bed oxyipn wa3 present in the J 


pi acid. Thia diminubod fduihbo- 

splvenc^ is, nf course, attHhntahie tq Uie Icoina- 
t|oi| of a more insoluble solid phase, viz. 

PbOOa, or more probably some basic carbonate 
suoha8 2PbOO^fb(OH),, 

3. Sodium hiedtibanak in the absence of any 
appreciable quantity of free carbonic acid neatly 
reuses the |>lumb^lvencv of water; thus in 
similar experiments, in wiiich the same pro- 
portion (al^ut 9 mgms. 0| per 1 litre) of dissolved 
ox wn was retains, but along with 35 mums, of 
NimOOt per litre, the amount of lead tahen up 
was only 0*6 mgm. per litre of water. This, again, 
is attributable to the diminished solubility of the 
solid phase in the solution of the sodium bi- 
carbonate. The amount of lead taken up by 
the water is limited by the sclvhiliiy product ; 
thus a saturated solution of lead carbonate 
will cdntain a small concentration of PbCO, 
-molecules, toother with Pb"-f C0|" ions, of 
whkh only the PbCO|-molecul^ are in d^ct 
equilibrium udth the solid phase (precipitated 
lead carbonate). The concentration of the 
PbC0| molecules will always remain constant 
as long as there is any of the solid phase present, 
but tnis concentration is very small. The 
concentration of the ions, on the other hand, is 
determined by the dissociation equilibrium. 
Thus, representing the molecular concentrations 
of the reapective bodies by the formulas enclosed 
in brackets, we have— 

[Pb**]x[CO/]=kx[PbCOJ 

in which k is a constant. But in saturated 
solutijims, as already seen above, [PbCO,] is 
constant, tburefoie kxfPbCOJ is also constant, | 
and can be represented by SjT^ch is termed the 


to* degn, XImb 

in which the values 

ki=»3*04xl0-* 

k,=:l*3xl0-i» \ 

are known (J. Walker and W, Cormao^Chem^ ' ' 
Soo. Trans. 1900, 77, 5; Bodl&nder, ^itiuh^ . 
physikal. Chem. 1900, 35, 23)« 

Prom equation (2) 

[co,^=i,x^^y I 

and combining this with equation (1) we have 

but with PbCOj as solid phase we had . \ 

[Pb“]= \ 

^ ^ [CO*J 

which can, therefore, be written 

Pb“ X I5*525L 


and can be represented by SjT^ch is termed the | 
ociubU^ product, thus— 

[Pb-]x[CO,']=S I 

/. rpb"i=— 

• " J 100/] 

, ;^^wbieh obviousJly signifies that the concentration 
of the Fb*vions wul be the smaller the greater 
fS^ncenimtion of the CO/-ion^ (If the solid 
pluae fs 0 Italic carbonate, then it can be shown 
that the concentration of the Pb^'-ions must be 
iuvnscly proportional to the concentrations of 
^ CD/* ana the OHMons.) 

In soltttions of free carlKtnic acid Jkhe con* 

, . ^ CO/-ions is very small (because 

^ rWbon^ acid be^ a verv weak acid is only 
vuyr idiiMy diss^ted into ions), whilst in 
adulhma m KaHCO, the concentration of 
; 00/*iQiiis U much greater, and, therefore, the 
ocpCUtndiOQ of tlm Pb***ions will be oorte- 
l cp^iidW dbainished, or, in other words, a 
mdcr proportion of lead will pass into 
; abouid be mentioned that the 

" be complicated by the ciscum* 

: ox the solid ifiiase may be 

dwM Mpozding as the metallic lead is placed 
' In a solution of free carbomo acid 

4, Tbaimuitaneoiu presence of /fee euf^ 
ocidMjCsIlte to the following 




But, inasmuch as free carbonic acid is verv 
little, and sodium bicarbonate ve^ much 
dissociated, the value of [H^COJ may be taken 
as proportional to the molecular concentration j 
of the free carbonic acid, and [HCO'i] to that of ' 
the sodium bicarbonate, and thus the concentm* " 
turn of the Pb'* -ions wiU he directly propoHumal 
to that of the free carbonic add, and invereely 
proportional to the square of that of the eodtiwi 
hicarhonak. 

This important theoretical deduction was , 
experimentally verified by placing lead in con* * 
tact with water containing 8’3 mgms. 0|, 35*3 
mgms. NaHOO,, and about 33 mgms. CO| per 1 
litre, with the result that the amount of lead 
in solution was found to be about 1 mgm, per 1 
litre, and thus slightly but distinct^ neater 
than in the previous experiment in which there 
was no free carbonic acid present, and in whiek 
0*6 mgm. Pb per 1 litre was taken up by 
water. * 

In ordinary natural waters the phetumieiia 
are complioatra b)r the simultaneous presence 
of other salts, especially chlorides and siu^fes* ' 
Both Pbdg and PbSQ^ are oonsiderably mm ^ 
soluble than the carbonate. On adding 71 mgauh; S 
Na,S04 per 1 litre to the last artiSds} wat(^ » ; : 
mention^ above, it was found that the ^ 
portion of lead taken up was aixmt 
being about 3 mgms. per litre. This inofeaie meitiit C 
of course, depend on the presence of PbS04\ > 
molecules in solution, and not on an incteese ^ 
the concentration of the Pb**-ions, whiok it waq l ' 
shown was already fixed by the ooncsidiitliqns ' / . 
of the carbonic add ind bioaiboDAte. Ko? Ihf V' 
removing some of the free osrbonlo add {if* J. 
by adding NaiOO,) the ooncentratlon A m 
^**-io&B will be diminisfaed, and tl4i 
tiie eieci of also diminwhing the immit af 
lead in sdntion due to the sdnfatm «( Ihi Nf 
PbSOi, the amount of p d i fi ed sitsd 
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' 9’6 mniMt CO, pw litre, and 

■ iM MMecjoffiotly ra!^ to about 

: ISB lugBU. per litre, with the result that the lead 

wSw *“*®““**'^ *® ®“*y “g®- per litre of 


. B^noe has also shown that some watew oX^t ^ ^ ^ 

•rtpowerfullyonlcadwhenthepipesareobaig^ es^iaU^SS ** 

Mten^tly. whUst the aotioa^m^^ **“ 

1^ dimi^ed if they are hept under constant Le bln^SviKaT 

Sr^S^'friwaJs'TbT.^Mr^^ if 

-j- (p. F. srsi.t£ 

In investigating the notion of water on lead tC “^T*®*!**® t® »g“^ tt •• pwt of 


» number of times. TEus it is often foundthat S, ?“““**"“'*“ ***« 

• water has a considerable initial action on the J00“*nnti! •* 

. metal, but as the latter becomes S wifh Ser d?J 

acts much more violently on lead than rold, ^ f*. Mwwn. 

, ftwther that the lead dLolved in wato to “ nroL^ ^5!? *® determine the 

SfirsiSiaaiffi”'"” 

fj-43r4irai.w.ss . 

Sils^SSo'teTsas^ br-SsS^f®^ 

ItBOim bervond the fact that manv wate«TJf ft... „L JA.^? .•“1*“^. ^ hee* - , , 


, OB % and that it to theiefoie not to be mcom- 
ineadod bt the construction of dstems, *o., in *** 

jto* drinking water to to be stored. The «d“ “hT^ e c 

of the rii^ takes place with special h^y n®ded ; orrf^^ . 

■ ISTsS^ ^ ^ mey. of .SSis in enSmi 

W ^ “*** ®“ mioend aiySsJ^or 

2 specially if simultaneously in contact ingredient Mwnuwa lor apM l^aaM 

•tadnina to now a matter of some importance the vol^ S tha 
« gg*« MO for domwtio wd industrial measmid in a oepUhS^SSlT^^^ ^ ' 
;FI»^ («se An Investigation of Aluminium, • *uw*. 

]« %«JW Befermce to its Suitability for the « 

■ ^ Brewy Plant, A. C. Cnapman, Mattbib ih SolvudHs .. 

toKdis— 850 or 500 ObA. «f iba 
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: Aui^^KKrtied ^ ft ftr povod«in» but not on ft 
iP(ketalii«^ ring. Tho diw and le^ne are then 
V dried tu^ oonitftnt at 100 ^ 105^ 11 <^» 120 ^» or 
; Atfien ftt 180^ The residne may he further 
i ; 4 MMBed kx th% determination of nitrates and 
} idtrites by the mercury method (e. ii^). . 

Ammontd.-— A measured Tolume of the vat^ 
^ ftftiying from 100-1000 o.o., according to tim 
^ro|KHrrion of ammonia present) is distilled in 
A owpaoious flask or retort connected with a 
liehig’s condenser, about 1 grm. of recently 
igiuM sodium carbonate having been previously 
added. It is essential that the whole apparatus 
should have been carefully freed from ammonia 
immediately before use, which can be done by 
distilling some water in the apparatus until the 
distillate gives no reaction with Nessler solution. 
The remainder of the water in the flask or retort 
is then thrown away, and the measured quantity 
of the sample under examination introdaoea 
along irith the sodium carbonate. The distilla- 
tion ehould be carried on briskly, and the 
' distillate collected in colourless glass cylinders 
of 50 o.c. capacitv. If less than 500 c.c. has 
been used, this volume should be made up with 
distilled water free from ammonia before distil- 
*]ati 0 iL If the auantity of water has been well 
chosen, the whole of the ammonia will be found 
in the first three cylinders of the distillate, 
and in most cases it will all be contained in 
the first. The quantity of ammonia in each 
cylinder is estimated by adding 1 c.o. of Nessler 
solution, and comparing the coloration obtained 
with th^ similarly produced by known qiuanti- 
tieB of a standard solution of ammonium chloride, 
added to 50 c.c« of distilled water free from 
ammonia. ^The Nessler reaction is so delicate 
that by its means 1 part of NH, in 100 , 000,000 
parts of water can be easily detected. The 
colour produced by more than 10-15 c.c. of a 
solution of NH 4 Gi (containing 0*00001 grm. NH, 
per litre) is too deep for accurate comparison, 
and should one of the cylinders require more 
than this the determination must be repeated 
m A Btnailer volume of water. This may be 
geneiilly avoided, however, by adding the 
Sfessler sdution to the second and third cylin- 
den of distiJlate before the first, and if it is 
found that the second cylinder gives a colour 
lequliiog more than 5 c.c. of the above solution 
of ammomnm chloride for its imitation the first 
eyfrnder riiottld be diluted, and an aliquot part 
taken lor testing with the Nessler reacent. 

The Nessler solution is prepared by dissolv- 
ing JS2*5 grins, of potassium iootde in 250 c.c. of 
tUikiUed water ; set aside 10 c.o. of this, and nm 
Into the remainder a cold saturated solution of 
niureurio ridoride until a penuanent precipitate 
is focmed, then add the above 10 c.c« of potas- 
rinitt iodidB, whicb will oauso its solution, after 
trlM vtstf carefolW add more ol mcr- 
' dderide nntif a slight precipitate re- 
. laalns on stbrlng. Now add 150 grms. of 
f i pOtMfttmhy^ dissolved in distilled water, 
/ ^anddflbte the whole to 1000 c.c. After settling, 
A ma * tire elenr liijnid into a bottle for use. 
.■■'^^■.Aaflre, 'aHraniinoid ammonia ’ is commonly 
'riefoms^ai in one operation with the *free* 
a iiiwionft i ^ the aethoa of estimating the former 
^ nmt be deaorihed, instead of consider- 
ing it ante tire aetliods for determining organic 
aalte, properly behmgi, 


deterininarion of the free ammonia is beiim m- 
oeeded with as above,. the solution of alkaline j; 

as^ isMuired immec^to^nte free . 
has passed over. The volume, o! the aOcafine ' : 
permabganaie (for pr^wration v. bdow) taken ; 
must be at least one-tenth of the volume of the 
sample faeinff distilled for ammonia, and it should 
not exceed that volume unless the water oontaiiu 
a very large amount of organic mate. The 
alkali^ permanganate taken is then diluted with 
four times its volume of distilled water, rad > 
boiled in a flask during the whole of the time ' 
that the distillation for free ammonia is / 
on as above, and when the latter is finishefl it is 
added to the water remaining in the disnlling : 
flask or retort (the whole volume in tepust / 
now be not less than 500 c.o.), and distillatm is 
then continued until the distillate is free mm 
ammonia. The distillate is collected and Hess- 
lerised, as in the determination of free ammmiia 
above. The ammonia thus evolved by distuJa- 
tion with alkaline permanganate is generally 
recorded as 'albuminoid ammonia* (v. 403). 
‘The alkaline permanganate solution is prepoi^ 
by dissolving 200 grms. of potassium hydroxi^ 
and 8 grms. of pure potassium permanpnate in 
1100 C.C. of distilled water, tnen boiling the 
solution rapidly until concentrated to about 
1000 C.C. 

Chlorine, — (a) Mohr's method, 50 or l(jO 
c.c. of water are treated with a few drops ofla . 
solution of potassium chromate, and a standaid ^ 4 
solution of silver nitrate is then run in from a 
burette until the precipitate becomes of a faint 
but distinctly reef colour. The water mpt be 
well agitated after each addition of the nitrate, 
the reaction depending upon the decompoaitkm 
of the red silver chromate by dissolved ohloridee 
uith formation of silver chloride and soluble 
chromate. As soon as the last trace of chloride 
is precipitated os silver chloride, the red ocdOiir 
of the silver chromate makes its appearoiioe. 

By using a solution of silver nitrate oontslaifli : 
2*3944 grms. per litre, the number of ae. cm* 
ployed gives at once (if 50 c.o. of water have . 
been taken) the parts of Cl per 100,000, whilst 
if 100 C.C. of water are taken the silver nitrate 
solution should be of double this strength. 

Mohr's method cannot be employed If the 
water is acid, and if this is the case a given . \ 
volume of the water should be boUed with an 
excess of pure caldtnn carbonate (free from, 
chlorides), filtered, the filtrate ma^ up to / 
known vdnme, and the chforine dtemfoed 
a part of this. In the presence of reducing 
stances, much organic mate, suhihiteled 
hydrogm, and sulphites, the method » also 
applicable, and in such eases it is desitalils lb 
determine the chlorino gravimetrioslhr, whieh 
should also be done if the proporte of oitelMl .' ' 
is large. y 

( 6 ) Volhafd^e furikod. 60 or 100 e.ei of lio v ^ 
water are treated with an excess of deoinoniial c ’ 
silver nitrate, the mixture being well agf tiM 
as to cause the silver chloride to fettle m 
Uie late is filtered off and washed, toA tlno to il; 
the filtrate about ten drops el a odd 
solution «f iion-ahtm are 'ate 4 ' 
quenUy enough ationg iiBcb^ajrid 
uHiuna arid) to 




?i v^ Djfefaonw^ ptmoninm tUoojapi/te |i ease ^ 

, ? then added n Iwefcter atiniM well all the sid^nrla*i^i»efie(i^ in a ainalitiibe ataodlng 
. un^ ythe^B^pild eejjniiee a luj^t yeHow* in a memry tfong^ evnlved lutrio exide 


hmg th^ traibafttted to ilie gaa appanutna 
ing the llqnid at test lot afiont 10 noinB* By (m Suttba^a Yohnnetxio Awyaia}. Thia 
d^ttctiDg the humhet ol o,(%k'b of Ihiooyaaate methodi whieli ia by lair the inoBt dOnyeni^t^ 
from tlubt of ^6 Biiyer nitnate added« the re- fer'ftr dw«.i> y 

silver nitrate indicates the proportion in the presence of very Isirge qnantitiee wther of 
of idiionne present in the vater. The advantage organic matter or of chlorides, 
of this method conflosts in its being applicable (6) Methods of Sehuke^TiemnfL and of 
; to aotd Hquids. The method nnpn SMsin^.IUkhardi, depend nTK>n thTdecomm;- 

' (here being no formation of red ferric toio- sition of nitrates and nitrites']^ fertons cblonde 
oyanate until the whole of the silver in solution and hydrochloric acid, and the measurement 
has been precipitated as thiocyanate (AnnaleOf of the evolved nitric oxide. Of these methods^ 


190 , 1 ^). 

Nwogen as nitrates and nitrites . — number 


which closely resemble each other, the former, 
as the more convenient, need alone toe con* 


of dilEerent methods have been devised for the sidered here. 

determination of oxidised nitrogen ; there are, 10(^500 c.c. of the water are concentrated 
however, only a few which have been largely by evaporation to about 60 c.c., whidi ate then 
adopted in practice, and such alone will be introduced into a flask of about 150 c*o. capa- 
desoribed here. city, provided with an india-rubber stopper, per* 

(o) Cram’s method. This depends on the forated by two narrow pieces of glass t^ing, of 
decomposition which nitrates and nitrites nn- which one (a) extends about an inch into the 
de^ when dissolved in strong sulphuric acid on flask, and is constricted ]^ow,VhilBt the other 
being shaken up with mercury, and which leads (b) only just penetrates the stopper ; the tuto 
to the evolution of the whole of the nitrogen as (b) is externally connected by means pi a short 
nitric oxide, tlie volume of which is then deter- piece of india-rubber tubing provided with a* 
mined. The residue obtained in the estimation pinch-cock, with a delivery tube dipping into a 
of the total solids (see p. 396) may be con- trough containing 10 p.c. caustic soda solutioii 


veniently used for tliis determination also. This previously boiled to expel air. The tube (a) is 
lesidne in the platinum or glass dish is repeatedly also connected with ind^mbber and pinch-oo<flt 


treated with a veiv small quantity of hot dis- to another piece of glass tubing, whietTis idlowed 
tilled water, which is brought into thorough to hang vertically downwards. The water in 
eontaot with the residue by detaching the latter the flask is vigorously boiled with the pinch* 
with a small glass rod covered with a piece of cocks open until the air is comjj^tely expelled 
india-rubber. The aqueous extracts, which by the steam, then the pinch-cock <tt (B) is 
shottld in all not exceed about 10 c.c., are closed whilst that on (a) is left open nntil the 
pumd through a small filter and collected in a volume of water in the fli^k is reduced to about 
little beaker. This aqueous extract, containing 10 c.c. ; this pinch-cock is then also closed, and 
all the soluble salts in the water residue, is the flame removed from beneath the flask. The 
erapoiated nearly to dryness on a water-bath, glass tube attached to (a) is carefully filled with 
after which it is dissolve again in a miuimum water up to the pinch-cock; 16-^ 0 , 0 . of a 
quantity (1 or 2 c.c.) of water, and introduced saturated solution of ferrous chloride are intro- 
into a Lunge nitrometer (Her. 11, 434); the duoed into the flask, in which there is now a 
beidcer is repeatedlv rinsed with a few drops of partial vacuum, by siphoning tom a small 
hot water, and these rinsings added to the beaker through (a), the pinch-cock beiiig tem* 
id^meter. The beaker is then further rinsed porarily opened, and about an equal quantity of 
with pure strong sulphuric acid (free from oxides strong hydrochloric acid is made to follow in 
of nitiogen), and this also is transferred to the the same manner into the flask. The flask is . 
nitrometer* Atontl}yolumcs of sulphuric acid now carefully heated, and when the internal 
must In idl be need to 1 volume of aqueous pressure rises the pinch-cock on (b) is opened^ 
extnwA. If the water contains soluble carbon- and the evolved gas allowed to pan throng the 


partial vacuum, by siphoning tom a small 
beaker through (a), the pinch-cock beiiig tem* 


ati^ ihers will be an evolution of carbon dioxide delivery tube into a measuring tube filled with ; 
when the sniphurio acid mixes with the aqueous the 10 p.c. caustio soda solution standing in the 
extract s the gas should bo allowed to collect trough. The heating of the fiask is echtteued 
wiOeiil MmMng the fate, and should then be until the volume of gas in the measurii^ tube 
Tl^ contents of the nitrometer tube ceases to increase. Tho measuring tube is 


are now tlolentiy agitated with the mercury, transferred to a toll glass ovlinder full of water* 
ai4> Hhwii in the course of a minute or so the and after the gaa has acquired the temiMmture'x. 
ewbhMioOOfnitriooxide will commence, and the of the room the volume is messaxed at the ; 


be oontinu^ as long as any atmospheric pressure, a oorsectjiiWl b^og 
^gSSOOttliBsmi^te I! the water contains (morm made for the tension 0 ! aquemti^^oor, 

a eonddsiahle quantity of chlorides some hydro- This method is specially apfdieabb to the 
m iHoilde may have been given off with case of water containing excessive quantilaBa 
' me " Hfi? but this may be removed by of organic matter and chlorides (Ber. 
edniMfam a BtUe water into the nitrometer. 1041; Tbmann and G&rtner’s Unlmaebimg 

fim. AM has ecwled te the temperature of d. Wassers, 17^. . ^ V ‘ 

theih^ imhune is measiiied at atmospheric Forl^hl&^-Reicha^s 
pmS^Qfi detemiiiatiQn is rendered more anal. Ghem. 1870, 94, or Ttemaim amt 
■wniwtlp, iwihllr u til* siuMitity of nit»^ UatOT^d.W*i^W , 






li3f^b(0KMi o! the oxidised ikitit)g(»)i in the water } hijr isiiio-dnst and eetimittiim Hi tte nitr^aft 1 
Mo asumoaia^ and estimation of the latter hy aw by aulnhanilio aeid and a^najilitl^taniinh ^ ' 
Nesder solution* (QtUmf test). This rngM ik prepim by 

dhtmeniam oMod,^UiO c.o* of the water dissolvixm 1 gm. of a-n^thylaiTOei 1 fftli. ; ; 
Ate introdaoed h&to a flask together with 10 o.e. ; sid|dmnii!o aoid, and fid tte. sitm hydro* ; 
of osnsbid soda^'eoltttion free from nitrates and chlorio acid in about 200 o.o* distilliia water; 
ttftiiteB» the mixture being boiled until it is re- boiling witha small quantity of animal diarooal, - 
dnued to about one-fourth of its volume. It Is filter^ and making up to 000 o.o. ^The prooeis is / 
then diluted to about its oiginal bulk with dis- conducted thus : 60 c.o. of the water are ;|^aoed 
tilled water free from ammonia, and a piece of in a beaker of 100 c.o. capacity, and in three 
eluminium foil, about 2 ins. square and wrapped similar beakers 60 o.e. of three etandaid sdu*' :$ 
found a piece of glass rod, is dropped into tions of potassium nitrate, containing (1) ; 

the flask, which is then fitted with a stopper part N, (2) Oi part N, (.'J) 0*01 part K per . 
and small U-tube containing glass beads mois- 100,000; to eacli beaker 10 ac. of the abov} ^ 
tened with hydrochloric acid free from ammonia, test-solution are added, and afterwards a very 
After the evolution of hydrogen has continued small quantity (7-8 mg.) qf einc-dult. U 
for about 6 hours, the glass beads and washings nitrate is present in the water a pinls colour ^ 


for about 6 hours, the glass beads and washings nitrate is present in the water a pinlj colour ^ 
of the U-tnbe are transferred to the liquid in the appears, which must be compared wiu that, 
fiask, the latter is then attached to a Liebig's yielded by the three standard solution after 
condenser, and the ammonia determined by dis 15 mins. This gives an approximate idemof (he 
tillation and Nesslensing in the ordinary way amount of nitrate present, whilst in crier to 
(seep. 396}. According to Tiemann and Gartner obtain an accurate result the water mim fae 
(Onterauchung des Wassers, 208), only the diluted until the colour produced is anuost 
equivalent of 72-90 p.c. of the nitric acid is thus identical with tluit given by one of the stancluds. 
recovered as ammonia. The results api)ear to bo accurate, but It is 

Zinc-eopper caupU metAod.—^The residue especially necessary to avoid the addition of 
obtained in the determination of * total solids ' large quantities of zinc-dust, which would 
k extracted with about 26 c.c. of hot distilled decolorise the solution, 
water, and this is boiled down with a fragment (d) The indiffo method differs from those 
of recently-ignited pure lime about the size of previously described in being a simple volu* 
a hemp-SM to one-fourth of its bulk. This metric method dejx^nding u]K>n the decolor* 
liquid, together with the washings of the dish ising action of nitric acid on indigo solution, 
contaiiiing the residue, is transferred through a Tlie n^sults are only accurate a hen the greatest 
stoppered funnel into an Gight-ounceWurtz fiask, uniformity is prc«serv(*d in the eonditiom uAder 
attached to a Jiebig’s condenser, and containing which the exp^iments art^ made— the proeeis is, 
the requisite amount of the zinc-copper couple, in fact, entirely empirical. It may be carried 
The distillation is carried on until the greater out as follows : 26 (^c. of tlie water are mixed 
part of the water has passed over, after which with 60 c.c. of pure strong sulphuric acid ; a 


hot distilled water is repeatedly run into the dilute solution of indigo is then immediately 
flask and the distillation continued until about added from a burette, shaking the whole time» 
100 O.C. of distillate have been collected ; the until the solution acquires a bluish-green odour, 
latter Is then * Neeslerised ' in the ordinary way In a second exiiorimeni nearly the whole vdame 
(Thorpe, Chem. Soc. Trans. 1873, 641). Accord- of indigo which was found necessary in the first 
iiig to bemoan and Gartner, from 88 to 05 p.c. expriment is acldiri at once, and the blue 
of the nitric arid is thus obtained. colour is then obtained by further small addi- 


colour is then obtained by further small addi- 


In the writer's laboratoiy the process is tions, and in this manner, by shortening the 
oairied out as follows: A stoppered bottle time taken in the titration, a more acoorato 
(about 200 O.C. capeity) is loosely filled with result, generally liigher than in the prelimitiaty 
strips of zme, which, after cleaning with dilute expriment, is obtained. The solutiofi ol lodteo 
snljto^ must be standardised under precisely atmifir 

solution (1 p.c.). The copper-coat^ strip are conditions by means of a solution of potesrium 


lepeatedl^ washed with distilled water, and nitrate of known strength. The indij^ Sollitioii 
finally with the water under examination, care should bo chosen of such strength that fi-8 C.U, 
bring taken not to detach the copper film. Tlio corrospnd to 0*001 gnu. N.O| ; and if 26 s»o. of 
botde is teen completely filled with the sample the water contains more tfian 0*0034HN>I gm, 
of water sad a crystal of oxalic acid is added, N|0|, it should be dilated before a final Utmioa 
and toe bottle, loosely stoppred, is allowed to is made. The method is only suitable for use 
stead over n^ht. A defimte volume is with- by an operator in continual practice (Waiihg* 
itewa means of a piptto, and this is distilled ton, (2iem. 8oo. Tram. 1879, 578; Water 
Mlih a suitable volume of ammonia-free water Analysis, S. Frankland, 31). The fesuke ata 


the ammonia apparatus as usual, a small too low if there is a large amount of onmole 
I MuMy of igniM sodium carbonate being matter in the water, 
i j W ded . Before withdrawing the water from the The methods described above do wH dMbh 
y lotote lor distillation, a small quantity should guish between nitrous and nitric a<^ tadi^ 
p Is tented for nitrite to ensure that the reduction the indigo method is altogether uamHaUe te toi 


^ IS aMtoate is oomptete. Waters containing I 
tm or teons smamma must have tliis fltstiiled 


flpi vnnw 


prstenco of any notable 
acid, as Is also Grum's 


m af aiiseui^ 
iIknM H 




in contnet with the neeee»My to ntow wy ttwbon dioiUitB 
. . IwfoK iikkiiit with alwvMy (1^^ Jb 
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WAm, 


b iBott «mibil»nUr artl- 
MjjUlftiwbto mttliedi, ti wbka then 
u» tmm hi vifM. at ite may be nw‘ 
tiott0di : 

(n) fMthoi, depending 

njm ^ p^netto dl Bimiasok bsown when 
Ui Mid itolution ofkt ft nitrite ftots upon 
ptaqrkiiiedliAinlne* 100 o.c. of the water are 
plioed in a ootenrlesB glass cylinder, 1 c.c. of 
dilute snlphurio add (1 : 8) is added, and then 
1 0 . 0 * of solution of m>phenylenediamine (5 grms 
in 1000 CkO. distilled water, deodorised d neces- 
sary ‘'With animal charooal); if the colour 
appears in less than 1 or 2 mins, the experiment 
must he repeated with a smaller quantity of 
water, in each case diluted, however, to 100 c.c 
l?he coloration is then imitated under precisely 
simOar conditions with a standard solution (the 
standardisation can be effected either by the 
potassium permanganate, or, better, by the urea 
method) of potassium or sodium nitnte. The 
final tint is not arnved at until the mixture in 
the ulass cylinder has stood lor 20-25 mins., 
which is the great drawback of the process {see 
also Warington, The Detection of Nitric and 
Nitrous Acids, Ohem. News, 1885, 51, 39). 

A preferable method (Zambelli, Ohem. Soc. 
Abstr. 1887, 533) consists m addins to the 
water a few drop of a saturated sdution of 
sulpbamlio acid in dilute sulphuric acid, then a 
few drop of a saturated aqueous solution of 
phenol, after which the mixture is rendered 
alkaline with ammonia. The presence of 
nitrous acid is indicated by the appearance 
of a coloration, varying from faint yellow to 
intense reddish yellow, according to the quantity 
d nitrous acid present. The author claims that 
this method is oapble of revealmg the presence 
of 1 part of nitrous nitrogen in 40,000,000 prts 
of water. It has the groat advantage that the 
MMnts employed are prmanent m solution 

Bor larger quantities of nitrous acid, as also 
for the standardisation of solutions of sodium 
and potassium nitrite, the urea method devised 
by the writer is to be recommended (Ohem. Soc. 
iisaa. 1888, 364). 

NordfieM.— The determination of the hard- 
ness of ft wftter consists in empirically asoer' 
tuning the amount of soap which has to be 
destisoyed by a given volume of the water before 
ft lather can be obtained, and expressing tlm 
in terms of the amount of calcium carbonate 
which mast be dissolved in the same volume 
d water to destroy the same amount of soap. 
Accniftte leeults can only bo obtained by pz^ 
tethig uniformi^ in the conditions of experi* 
meikt* 

60 0 . 0 * of the water are measured into an 


Hdtated and the air sucked out bv means of a 
tube to remove any carbon dioxide which 
may be given off by the water. A standard sola- 
tlMiotsoip(v. is then added in diminishing 

qmMtias not mseding 0*5-<0*10 ao. of a time, 
violenth shaking after each addition, 
toMI the Itoih produced remains unbroken over 
tt|e ieiMMie lor a period of 5 mins, when the 
fgiiMftliylMdd Thequftntity 

tiiiWitt eufbonate ooifesponding to the 
Inf epedo eolutlon empli^ oan.thnn be 
Milt ompitietl tato 


tdik o/ Mrdaesi fa poris pr ll}OiDOO, 30 ex, 
efmkrMngmd, 
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In performing the titration as abotu, ghe 
exprieooed operator is guided by the ear ii 
wril as by the eye, for ^ sounds 
shaking serves to iadioate how the kaftStittli 
between the hardening ooairitiients ot Utm 
water and the soap is pngfessilig, for ai Ai 
appioacdiM'ecmpletionthea^^ beoosnes epA 
and whenan exosss of soap has been eMtidlm 
igitaA hi eli but noMesi. 

In the eaee ol waten letiiAg Mna 


k « 
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WATBB. 


16 Q.C. of soap Bolutioa for the 60 c.o. of vater, 
it is neoeu^Tv to take a smaller voltUQe of the 
water and dilute to 60 o.o. with boiled distilled 
water. The presence of maraesia salts is in- 
dicated in the soap test by the formation siLa 
oharacteristio light curd, and also by the prema- 
ture formation of a lather, which agam disappears 
on Uie further addition of soap solution and 
shaking. If these signs are exhibited, only such 
a Yolume of water should be taken as, when 
diluted to 60 o.c., requires not more than 7 c.o. 
of the soap solution ; indeed, it is a very good 
practice invariably to dilate waters so that not 
more than 7 or 8 c.o. of soap solution are re- 
quired. In the presence of magnesia salts the 
results are always less accurate, and, unless 
great care is exercised, may become wide of the 
truUi. 

Pemanent Aordness.— The permanent hard- 
ness is most conveniently determined by taking 
a small flask with a very short neck (the Erlen- 
meyer shape is very suitable), and adding the 
water to it until a definite weight {e.g, 260 
gnus.) has been made up. The water is then 
maintoined in gentle ebullition for exactly 
half-an-hour, and, after cooling, the weight is 
again made up to the original by the addition 
of boiled distilled water, the soap titration being 
then performed on a measured portion of this, 
as described above. 

Some analysts prefer to take a given volume 
of water and restore the volume after boiling, 
then removing the precipitated carbonates of 
lime and magnesia by passing through a dry 
filter. 

The standard solution of soap is prepared as 
follows. A cake of Castile soap is scraped with 
a knife, and about 7 grms. of the shavings are 
dissolv^ in 600 c.c. of a mixture of 2 vols. of 
methylated spirit with 1 voL of distilled water, 
filter off the insoluble matter, and dilute the 
soap solution with half its volume of water. 
A portion of this solution is then further care- 
ful^ diluted with a mixture of 2 vols. methylated 
q^t mad 1 vol. water until 7*8 c.c. are required 
to form a permanent lather with a mixture of 
26 0 . 0 . of ths standard calcium chloride solution 
/prepared by dissolving 0*2 grm. of Iceland spar 


In wnte hydrochlorio acid, and, after drivmg 
off excess of acid on the water-bath, making up 
to 1000 O.C. with distilled water) and 26 c.c. of 
disrilled water. 

Poidofums these the only ones 

which are of practical importance in water 
analysis are leM, zinc, copper, arsenic, and 
barium. As they are genenuly present in only 
very minute proportions, it is necessary to evapo- 
sate large volumes (5 litres and upwards) of 
water in order to obtain gravimetnc determi- 
mations in the ordinary way ; but the foUowing 
«pe^ methods may be generally employed* 

for lead, take 100 c.o« of the water, acidify 
wilh a few drops of acetic acid, and then add 
about 6o.a of a saturated solution of sulphuretted 
iiydttffon* The colour produced is imitated by 
ii d dfe g a known quantity of a standard solution 
ofa kMMl isdt to 100 C.C. of distilled water. Even 
sm mnatt proportions as 0*03 part Pb per 
lOOylWriijOW invariably be recorded (For the 
atandMiOM of lead, dissolve 0*1831 grm. 
eiyiMIM nonnal lead acetate in 1000 c.c. 
dMIifftatar; I c.c.«0*0001 Fb.) 


« For copper, the same cobrimetrie method 
may be employed as for lead, using for com- 
parison a solution of oopper sulphate oontaining 
OKXiOigrm (b ini 0 . 0 . (0*^29 grm. omtalUseo 
oopper Btdphate per litre). In the aotenoe of 
Iron a very delicate colorimetric method may 
be empbyed, based upon the reaction between 
oopper salts and potassium ferrooyanide, the 
water being acidified with hydrocnloric acid, 
whilst in the presence of iron the blue cobra- 


tioi^roduced by ammonia may be used. 

The presence of zinc is generally indicated 
by the gradual formation of a film of carbonate 
on the surface of the water when the btter is 
exposed to the air. Some of this film ignited 
on platinum foil should leave a residue, which 
is yellow when hot and white on cooling. Ths 
quantity of the zinc may be approximated de- 
termined, in the absence of other heavy mntals, 
by acidifying 100 o.c. of the water with wute 
hydrochloric acid, and then adding a solution 
of potassium ferrocyanide. The white turbipty 
produced is then compared with that obtamed 
from a knovn qdantity of a standmd aolutioi of 
a zinc salt (Sniiders, &r. 1878, 939). \ 

Arsenif is best detected and estimated ny 
Marshes test ; 500 c.c. of the water are rendered 
slightly alkaline with caustic soda or potash 
free from arsenic, and evaporated to dryness* 
The residue is extracted with strong hydro- 
chloric acid, and the liquid introduora into a 
Marsh's apparatus. The gas is passed through 
a small U-tube containing pumice soaked in 
solution of lead acetate, and then through a 
piece of combustion tube constricted in the 
middle, where it is heated to ivdness. The 
passage of gas through the heated tube is con- 
tinued for an hour, although nearly all tho 
arsenic is liberated in 5 or 10 mins. The metallic 
ring formed is compared with a number of 
standard rings similarly Obtained with known 
quantities of arsenic. A blank experiment must 
invariably be performed previously, to control 
tho purity of the chemicals employed. 

Barium may be detected and determined by 
concentrating a considerable volume of the 
water, acidifying with hydrochlorio acid, and 
after filtering, if neex'ssary, adding a solution of 
calcium sulphate. The barium sulphate preci- 
pitated is then collected and weighed in the 
ordinary manner. 

Iron can generally be estimated cobrime* 
ideally by means of ferrocyanide or tbio(7anate. 
Its determination is frequently of importance b 
waters used for industrial puiposes. 

In the ferrocyanide method, the water residue 
is dissolved in hydrochbric acid and diluted to 
100 O.C. Of this 10 c.c. aro transferred to a 
100 C.C. cylinder ; add 1 c.c. of strong nitric acidi 
dilute to 100 c.c., stir, and then add 1 c.o. of 
potassium ferrocyanide solution and mix well 
The colour produced is compared with that 
obtaioed from a standard iron solntbn, but the 
same quantity of nitric acid must be p es e iit 
in each case (Sutton, Volum. Analys* 6th ed* 
194 ; 0 . also Garter Bell, J. Soc. Chem* bA 
173). 

In the thbeyanate method, two 100 
cylinders are tak^, and Into each 5 c.e. id dl^ 
hydrochlorio acid (1 i 6) and 6 o.e, of ditafe 
mtrio 4oid (1 \ 6), together with 16 c-o, of thb<^ 
eyanate solntbn, are pomed \ then intvednoe e 
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mumd Tolnm of th^ UqnU to be tested into ! 
tiie'^ona oylindet^ end alte^ dUiag op both 
flFj'teders to the merk with distuied water^ 
imitate the red ookmt obtained with the lid tiid 
under examination by nmning in a standard 
solution of iron from a burette into the other 
Oylinder. In this way one part of iron is said 
to be recognisable in fifty millions of water 
(Thompson, Chem. Soo. Trans. 1885, 493). 

Determination of organic A number 

of processes have been devised for the determi- 
nation either of the whole or part of the organic 
substances present in water. Of those which 
lay claim to discovering the whole of these 
organic materials, none is entitled to any con- 
fiemnoe, whilst even those which attempt to 
determine a part, or to indirectly obtain a com- 
parative measure of the organic matter, are also 
open to objections on the score of accuracy. 
Only those methods more commonly m use by 
water analysts will be described here. 

( 1 ) Methods depending on the reduction of 
potassium permanganate. 

(a) KubeVs process . — In this the reduction is 
effect^ in acid solution. 100 c.c. of the water 
are placed in a fiask of about 300 c.c. capacity 
and treated with 5 c.c. dilute sulphuric acid 
( 1 : 3 ), and then with such a quantity of stan- 
dard dilute permanganate (equivalent to centi- 
normal oxalic acid) that the liquid is of a 
strong red colour. The mixture is then boiled 
for 10 mins., and the excess of pormanganatc 
added must be such that the colour is not dis- 
chai^ed in the operation. 10 c.c. of centi- 
normal oxalic acid are now added, and into the 
resulting colourless liquid standard perman- 
ganate is then run until a faint red colour is 
obtained. The amount of oxygen consumed by 
the oiganic matter in the water can then l)o 
calculated. 


{b) Schulze's process.— la this the reduction 
is commenced in an alkaline and completed in 
an acid solution. 100 c.c. of the water are 
placed in a fiask of about 300 c.c. capacity, 
0*5 C.C. caustic soda solution (1 : 2) are added, as 
well as 10^15 c.c. of standard dilute perman- 
ganate (equivalent to oentinormal oxalic acid). 
The liquid is boiled for 10 mins., allowed to 
cool to 50^ or CO^O. and then 5 c.c. of dilute 
snlphurio acid (1:3) and 10 c.o. of continormal 
oxalic aoid are add^, the liquid being shaken 
and gently warmed until the colour has quite 
disappeared. Then the standard dilate per- 
manganate is run in until a faint red colour, 


^remaining permanent for at least 5 mins., is 
obtained. The oxygen consumed by the organio 
matter of the water is then caloulated. 

(c) Forehhammer process,— Tide resembles 
Kubd *8 method, inasmuch as the reduction of 
the permanganate is effected in an acid solu* 
tion, but the temperature employed, instead of 
faeinlg defined, is that of the air of the labora- 




fiasks are carefully cleaned and into 
one 250 e.e« of the water, into the other 250 o.o. 
d dietflled water, are introduced. To each 10 
p,e, of dilute sulphuric aoid (1:3) and 10 c.o. of 
itandssd permanganate (ooniaining 0*395 grm. 
per Utre or 0*001 grm. avoUalfie oxygen in 10 
e*e») m added, and the mixture is allowed to 
4daad tat thm hcmri, At the end of this time 
^mtoeui of peemangaaate lemaining is deter- 

, , ^ \ * 
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mined bv adding two drops of potassium iodide 
(1 1 10) to each flask, aM then running in a 
standm solution of sodium thiosulplmte (1 
grm. per litre) until the whole of the me iodine 
IS lemoted, a drop of clear starch solution 
being added at the ebse of the opemtion. The 
amount of permanganate destroyed in the blank 
experiment must of course, be deducted from 
that destroyed in the ease of the water, and 
from the difference the oxygen oonsumM by 
the organic matter of the water can be oalctt« 
lated (Tidy, Chem. Soc. Trans. 1879, 66). 

In this country it is now almost the invariable 
custom of water analysts to allow the acid per* 
manganate to act for 4 hours at 80^F. (26*7°0.) ; 
Thorpe (Metropolitan Water Reports, 1904) has 
also used 1 hour at 122 ^F. (50^(3.), under which 
conditions a larger amount of oxygen is eon* 
earned. 

It must be pointed out that in these several 
methods depending on the reduction of perman- 
ganate, the results are only compmtive for the 
same l^d of organic matter, a given weight of 
organio carbon in different kinds of water con- 
suming different quantities of oxygen from per- 
manganate under the same comutions. Thus 
it has been found that for surface waters, such 
as those of the rivers Thames and Lea, by mul- 
tiplying the oxygen consumed in the Forch* 
hammer process by the factor 2*38, the propor- 
tion of organio carbon (as determined by com- 
bustion) is approximately obtained, whilst in 
the case of deep well water the factor which 
must be employed is 5*8 (Woodland Toms). 

Again, all these methods are affected by the 
presence of nitrites, ferrous salts, and larger 
quantities of ammonia compounds, all of wmoh 
exercise a reducing action on permanganate. 
By determining the nitrous acid, a correctmn can 
be made for this, whilst the ferrous can genmlly 
be converted into ferric iron by shwng up 
the water several times in a half-filled wtm 
previously to the oxidation with permanganate ; 
and the error due to ammonium salto is so 
small that it can generally be ne^^ted (even 
one part NH 3 per 100,000 has no appreciable 
rodui^ effect) (Preusse and Tiemann, Ber. 

( 2 ) Determination of organic carbon hy tmda* 
tion of organic matter vcith potassium dkhromaU 
and sulphuric acid (Wolff, Dcgener, and Hens- 
fold).— 500-1000 c.c. of the water are intro- 
duced into a capacious retort, the neck of which 
is drawn out and bent downwards and is con- 
nected with a Liebig's condenser. This arrange- 
ment enables the retort to be turned npwanis 
and the condenser downwards, thus pieventxag 
any loss by spurting during distillation, wlMch is 
carried on until 2^700 e.o. (acoordi^ to the 
volume of water employed) have passed over* 
The distillate is submitted to Kubel'a method 
(ff. supra) to ascertain whether any volatSe 
organio matters are present, Alkalme imters 
should be saturated witl^ oarbon dioxide, and 
acid waters carefully neutralised with sodium 
carbonate before the above distiilation* The 
water remaining in the retort is evaporated 
down to 15 C.O. in a glass dish on a water-bath, 
the access of dust being carefully avoided. This 
oonoentrated liquid is mirodueed into a fiask of 
25M(X) C.C. oapaoity, and the dish and retort m 
tineed with 10 0 . 0 , of dilute sulphurio add (1 1 Sh 

fin 
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tbeBe riniingn «]80 bd&g added to the water in 
the flask. The decomposition of carbonates 
caused by the addition of this acid is completed 
by heating to SOV, and shaldnff, and the erolyed 
carbon oloxide completely displaoed by air. 
After cooling the flask and its contents^ 10 gnns. 
of finely-powdered potasdnm dichromate are 
addedt and the flask is then attached to the 
lemainder of the apparatus. An india-rubb^ 


lOOO 0 * 0 . (in the ease of mj pm mUm) are 
ifleasnied into a clean flasks 20 C.O. of a satniated 
solution of snlpbnrouB acid being added together 
with a drop ox a solution of ferric chloride ; the 
liquid is then boiled rapidly for a few seconds. 
This treatment secures the deoompositiQn of 
carbonates, nitrates, and nitrites, whilst any 
ammonia is fixed by the sulphurons add, and this 
ammoniaoal nitrogen, whicn has previously been 
determined, must be deducted irom the total 
amount of nitrogen obtained in the combustion. 
The water is now rapidly cooled, and the evaw- 
ration commenced in an app^atus specially 
deskned for the purpose. This consists of a 
neany hemispherical glass dish about 4 ins, 
in diameter and without a lip. It is floated in a 
shallow copper basm heated below by a water- 
bath provided with constant feed, and On the 
flange of this copper basin there rests a tnmeated 
conical ring, constructed of lead or ooppA, and 
about 3 ins. in height, wliilst upon a fla^ at 
the top of this again rests a tall glass B&ade 
about 12-18 ins. in height. The water for 
evaporation is placed in a ilask which is provided 
with a delivery tube of special construction 
ground on to its neck, and which serves, when 
the flask is turned upside down, to maintain the 
water at a constant level in the ^lass dish in 
which the evaporation is proceeding, for this 
delivery tube is made to pass through a notch 
in the truncated conical metal ring, just beneath 
the glass shade which the latter supports, and 
delivers into the centre of the glass aish within. 
In the writer’s laboral(»ry, the evaporation of 
600 C.C. of water is found to take from 10 t 12 
hours. The evaporation should be continued 
until the residue is quite dry, and if the water 
contains only a small amount of total solids 
it is advisable to add a little ignited calcium 
phosphate to the dish before commencing the 
evaporation. In the analysis of sewage, or 
waters containing much ammonia and no 
nitrates or nitrites, it is advantageous to use 
10 C.C. of a solution of metapbosphoric acid 
(1 : 10) instead of the sulphurous acid, M 
ammonium phosphate loses much less ammonia 
during evaj^ration than ammonium sulphite. 
A little ignited (*alcium phosphate shoula also ^ 
be added to dry the residue in this case. But ' 
if there are no nitrates and nitrites and much 
ammonia, the more satisfactory, although more 
laborious, plan is to use a little ignitra borax 
instead of the sulphurous or roetaphosphorxc 
acid. In this way the ammonia is completely 
dissipated on evaporation, and as no cxMtectloii 
has, therefore, to be applied to the organic 
nitrogen found, the result is more correct. But 
as boric acid does not entirely decompose 
carbonates the accuracy of the organic carbon 
found ^ this method may be soriouriy afleoted, 
and it is advisable to make a separate detennina* 
tion of the carbon in a second experiment in 
which the sulphurous acid method is employed. 
Unless this method be adopted the leeulte foe 
organic nitrogen in the pretence of modi 
ammonia are nearly sure to lie highly iaaeeuiate. 
If the water contains more tm 0*5 part per 
100,000 of nitrogen as nitrates and ttHntet, the 
20 e.o. of snijphurous acid employed above may 
not improbably prove insufficient lor ihrir oem- 
pktodBitmiihn,mikth$moot$uchm^ 

1 the residue in the dish shoidd he 


stopper with three holes is placed in the flask ; 
through one hole passes a thermometer dipping 
into the liquid, through a second passes nearly 
to the bottom of the flask the tube of a bulb- 
funnel (a) provided with a stopcock, whilst 
through the third passes the bent tube of an 
inverM Liebig's condenser (b). The upper 
extremity of the condenser (b) is connected with 
two U-tubes (0 and d) filled with fused calcium 
chloride, whiM between these is a third U-tube 
(b) containing coarsely-powdered antimony. Of 
these, 0 and n are intended to absorb the mois- 
ture passing the condenser, and the intermediate 
one, x, to retain any chlorine. Following on 
theM tubes is a set of weighed potash-bulte (f) 
for the absorption of carbon dioxide, and these 
bulbs are, of course, protected from ingress of 
moisture on the other side by means of a calcium 
chloride tube, which can be attached to an 
aspirator at the close of the experiment. The 
apparatus having been thus put together, 


-60 e. 0 . of diluted sulphuric acid (3 : 2) are 
sdually added through thestoppered funnel (a). 


Si^g the first half-hour the temperature is 
kept at flO-55°C., whilst during the second half- 
hour it is gradually raised to boiling, which is 
maintained from 5-10 mins. The aspirator 
is then attached, the air which enters by the 
funnel (a) having been previously freed from 
carbon dioxide by bubbling through caustic 
potash. The increase in weight of the potash 
tnilbs (v) gives the weight of carbon moxide 
evolvea, from which the carbon itself can be 
calouiated (fier. 1886, 2618 ; Tiemann-Qkrtncr, 
Unterraoh. d, Wassers, 247). 

For a somewhat simiitf method of deter- 
mining oiganic carbon in which permanganate 
is used inrtead of diebromate, see Blair, Organic 
Analysis of potable Waters, Churchill, 1891, 83. 
The methoa appears worthy of more extended 
triid, 

(3) Meminaiion of organic carbon and 
nitrogen by eombustion,-^a) Frankland and 
Armstrong's process (Chem. Soc. Trans. 6, 77). 
This method, which is unquestionabl v the most 
rational and exact, has been adopted to a com- 
paiathrely limited extent by water analysts 
in consequence of the special apparatus and 
manipiilative skill which it entails. The method 
wilt be described only in outline here, and for 
Ml partk^rs the reader is referred to Sutton's 
Vi^ometrio Analysis, whilst for a critical snrvey 
of the methods employed in the organic analysis 
el water he should not fail to consult Mallet, 
Bsport of the UnitodiStates National Board of 
BA^ 1 S 82 . 

The process is divisible into throe parts ; 
(1) ihoevspoiation of the water, (2) the nrepara- 
tm OOd combustion of the residue thus obtained, 
1 ^ (3) the measnroment of the gases evolved 

tils eonbiiitloti. 

IW maponstion, from 100 o.c. (in the 
CM of Oifift Md Uf^ polluted wateti) to 
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with 10 0 * 0 * of oolphoroni add, ihis evapo* 
mtad oad if tho moxaat of nitrio or nitcoui 
nitrogott exoeod 1 piurt per 100,000 this treat- 
Ufiat of the residue with further quautitiee of 
sulphurous aoid may be repeated twioe or three 
times to seoure oomjj^te deetmotion of the 
nitrates and nitrites. 

The preparation and eomhuetion of ike 
rend/ae thus obtained is effected bv thoroughly 
mixing with the latter in the dish a smau 
quantity of finely divided and carefully ignited 
copper oxide. This is then completely traniuerred 
to a narrow piece of combustion tubing about 
18 ins. long and sealed at one extremity. The 
dish is agam rinsed with a little fine oxide, and 
this also transferred to the tube. Coarse and 
carefully ignited oxide of copper (preferably 
from wire) is then introduced to a depth of 
about 10 ins., whilst the fine oxide previously 
introduced will occupy about 2 ins. Upon 
the stratum of coarse oxide follows a copper 

S mze cylinder 3 ins. in length, and then anotW 
yer of coarse oxide about 1 in. long. The 
open extremity of the tube is now drawn out 
over the blowpipe, so that it can be connected 
with a Sprengel mercury pump. The tube is 
completely exhausted, and me combustion 
performed in vacu6 in the ordinary way, the 
evolved gases being then drawn over by the pump 
and collected in a test tube filled with mercury 
and placed over the lower open extremity of the 
fall tube in the trough below. 

The volumetric measurement of ike poses 
(consisting of carbon dioxide, nitrogen, and 
possibly mso nitrio oxide and sulphur dioxide) 
ooUectM as above is carried out in the 
Frankland gas apparatus, which admits of the 
measurement of very minute quantities of gas. 
Three measurements are only necessary. In 
the first place the gas is treated with a few drops 
of a saturated solution of tmtassium dichromate 
to absorb any sulphur dioxide that may be 
present. The volume of the gas is then accu- 
If tely measured, after which it is treated with a 
few drops of strong caustic potash, which rapidly 
removes the carbon dioxide, after which the 
volume of the remaining gas is again carefully 
ascertained. The residual gas now consists of 
nitrogen, with possibly a little nitric oxide. It 
is mixed with a bubble of pure oxygen in order 
to convert any nitric oxide into nitrous and 
nitric acids, which ore immediately absorbed by 
the caustic potash nresent, and then, on adding 
a drop or two of solution of pyrogallic acid, the 
excess of oxygen is absorbed and the remaining 
gas, which consists of nitrogen, is carefully 
measured* The diminution in volume effected 
by the caustic potash in the first instance 
obviously represents the carbon dioxide, whilst 
the final volume of residual gas, together 
with one-half of the contraction resulting from 
the addition of oxygen and iiyrogallio acid, 
repseient the total volume of nitro^n. From 
these volumes the weights of carbon and nitrogen 
lemetively can be calculated. As already 
iwmted out, if sulphurous or metaphosphoiio 
aoU hie bm used in the evaporation, and 
ammonia ie present in the water, the am* 
meniacat aitrbgan (subject to an empirical cor- 

Sni% bo stthbraoted from ^‘total^trogen 
AiiiiaUooiareetloii(asoar* 


tained by blank experiments made from Ume to 
time with the reagents employed in the evapora- 
tion and combustion) has also to be applikl to 
the carbon and nitro^ thus determine 

For Dupri and Bake'e tnethod, see C3iem. Soo. 
Trans. 1879, 159. 

In Dittmar and Bobineon'a method of deter- 
mining organic carbon, the^ gases proceeto^ 

a U-tube containing a solution of chromic acid 
in 60 p.o. sulphuric acid to absorb moisture and 
sulphurous acid (the water is evaporated with 
sulphurous acid for the prepmtion of the 
residue), the carbon dioxide being absorbed in 
a weighed soda-lime tube (Chem. Kews, 1877, 
36, 26). A method of determining organic 
nitrogen has also been devised by Dittmar and 
Robinson, and is described below. 

(4) Methods for determination of organic 
nitrogen only . — Of these the most common one 
in use is the well-known 

(а) * Albuminoid ammonia ’ process of 
Wanklyn, Chapman, and Smith (Chem. Soc. 
Trans. 1867, 591), which does not yi^ the 
whole, but only very variable proportions, of 
the organic nitrogen in different nitrogenous 
organic substances, although in the case of some 
— such as leucine, aspartic acid, tjrrosine, Ac* 
— which frequently appear as decomposition 
products of albuminous matters, nearly t^ 
whole of the nitrogen is obtained as ammonia 
(Preusse and Tiemann, Ber. 12, 1906 ; Mallet, 
U.S. National Board of Health Report, 1882). 

The method has already been described on 
p. 396. 

(б) Dittmar and Robinson's process.— In this 
process the residue, obtained in the same way 
as for the combustion process, is heated udth 
fused caustic soda, or soda and baryta, in a 
copper or silver boat placed in a combustion 
tube in a current of nydrogen, the evolved 
ammonia being absorbed by very dilute bydro- 
ohloric acid, wmch is subsequent^ * Nesslensed * 
(Chem. News, 1877, 36, 26). The results are 
accurate, and coincide with those obtained by 
the combustion process of Frankland and Arm- 
strong. 

(c) KjdiahVs process.— -This well-known and 
now much-employed method for determining 
organic nitrogen was adapted for use in water 
analysis by Drown and Martin (Chem. News, 59, 
272). It appears to give accurate results unin- 
fluenood by the presence of nitrates and nitrites in 
such quantities as are found in ordinary waters* 
500 C.C. of the water are placed in a round- 
bottomed fiask of about 900 c.c. capacity ; the 
volume is then reduced to about 200 c*C* by 
boiling, and to this, after cooling, 10 e. 0 . of pm 
concentrated suipburio acid are added* xbe 
mixture is then cautiously boiled, with the ffaskin 
an inclined position, until all the water bee been 
driven off and the acid remains of a white or 
very pale-yellow colour. After removing tl^ 
source of heat, add a little powdered nennkn- 
ganate until, on shaking, the liquid neeonies 
green, showing that excess has boea added. U 
a pm^e*instead of a men oolour appear^, H 
shows that the whole of the water has not bwm 
driven off. When cool, 200 o.o. of water fm 
from ammonia m added, care being taken In 
rinse round the neck of tke fiask, Ond Hm 
widk in imy add wUoh may be edhe^ 
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, * )0lii^ «l iirilm !i 3 fArodde«alitUon ate then 
adMt ImA ttee lap&tm distilled with a Lbldg’s 
eandflwr* (The sodium hydroxide solution is 
pmpated hy dissolTing 200 grma. of good 
eamio soda in 1250 c.o. of distilled wateti 
adding 2 gnus. TOtasaium permanganate, and 
boiliog down untu the volume is rather less than 
1000 O.O. making up to 1000 c.c. urhen cold.) 
The distillate is collected in a flask containing 
50 O.O. of water free from ammonia, and 1 c.c. 
of dilute pure hydrochloric acid, and during the 
distillation of the first 50 c.c. the delivery tube 
of the condenser is made to dip into this acid 
liquid, whilst during the remainder of the dis- 
tillation the flask is loweit'd so that the delivery 
tube is just above the liq^uid. The distillation 
is carried on until the whole of the ammonia has 
passed over, and the contents of the receiver 
are then * Nesslerised ’ in the ordinary way. The 
most scrupulous care must be exercised to 
prevent access of ammonia from the air and 
reagents; a blank experiment should also be 
made for control. 

Determination of dissdved oxygen . — ^Much 
importance is, with very little reason, attributed 
by some analysts to this determination ; it can, 
moreover, be rarely applied, as the samples 
must be collected with sj^cial precautions if the 
results are to have any value at all. The various 
processes in use have been examined by Kiscb 
(Ohem. Soc. Abstr. 1892, 98). RtkhardVe method 
(Zeitseb. anal Ohem. 1872, 11, 271), as modified 
by Preusse and Tiemann (Bor. 1879, 12, 17fi8 ; 
Tiemann-Gartner’s Untersuch. d. Wassers, 278), 
consists in boiling a measured volume of water, 
and collecting the gases over a hot solution of 
caustic TOtasb, the oxygen being then estimated 
either oy explosion with hydrogen, or by 
absorption with potas'tium pyrogallato. lii 
MohrU method (Mohr’s Titrirmethoden) th*» 
sample is mixed with an acid solution of ferrous 
solpliate of known strength, then with caustic 
sooia to throw down ferrous hydroxide, and 
after remaining for a few hours (air, of oourbe, 
being li^y excluded), the precipitate is re« 
dissdvea in sulphuric acid, and the remaining 
ferrous sulphate titrated with p(*rmanganate. 
In the Schfutzenberger-Eieler process (Bull. Soc. 
ohim. 1873, fii.] 19, 152; 20, 145; Tieroann- 
G5rtner's Untersuch. d. Wassers, 277, 288; 
CSatfaeiine Williams and Ramsay, Ohem. Soc. 
Trans. 1886, 760; Bemthsen, Bot. 13, 2277; 
Boscoe and Lunt, Ohem. Soc. Trans. 1889, 552 ; 
Dupr^, Analyst, 1885, 10, 156) the water is 
allowed to act on a solution of sodium hydrindi- 
gotln disalphonate, which oxymn converts into 
the bine compound; a stan&rd solution of 
sodhun hydrosulphite is then run in until the 
liquid agm becomes colourless. In Winlder^e 
process (Ber. 21, 2843) the water is mixed with 
a solution of manganous chloride, and then 
irith potassium iodide and caustic potash ; the 
pfooipitated manganous hydroxide absorbs the 
oxyi^ passing into a higher state of oxidation 
Oil adding hydM }chloric acid the higher oxide 
«( aiiaganese gives rise to the liberation of an 
fMiivaieat quantity of iodine, the anfount of 
i> detsrminM by titration with sodium 
lltorifMe. According to Kisch (f.c.), the 
Mlili liy the Reiohafdi-PjeiisBe*Tiem«m 
instMlMta deol^ lower than those obtained 
hf PS WinUer pioqess, which is in hanaony 



1rialthe«xn6riMmoltile«ftt(i^ PftmStf 
by Uohfs aod 6«biitWDb(»|er’i iBalilaA,MMld 
w*ywenwiththo»ofWiiihr; botWbiU^l 
sppean^oii Uwwholetto bethsmorttrMtwofthy; 
ana the easiest to cany out. A modincatioa of 
Winlder’s method has been made by Bideal and 
Stewart (Analyst, IMI, 26, 141), and a more 
recent one reducing it to a oolorimetrio process 
by Rideal and Burgess (ibid, 1909, 34, Iw). 

A full description and discusrion of the 
several methods will be found in Sutton’s 
Volumetric Analysis. 

The determination of dissolved oxygen has, 
in recent years, been much practised in connec- 
tion with the rate at which dissolved oxygen i4 
absorbed by sewage and efBuents from sew^e 
works. Tms matter is of importance as aiording 
a measure of the readiness with which such 
liquids will remove the dissolved oxygen from 
a stream into which th^ are disohar^. For 
Scudder’s method, see Bowler’s Sewage Works 
Analyses, or Sutton’s Volumetric Analysis* 

Deierminatio7t of carbon The 

total carbonic acid is determined by completely 
precipitating as calcium carbonate with an 
excess of calcium hydroxide (a sufficient quantity 
of calcium chloride being added to decompose 
alkaline carbonates), then filtering off the pro- 
cipitate, and dotorminiiig the carbon dioxide 
in it in the usual way (Im^semus, Quant. An. ; 
Tiemann-Gartncr, Dio Untersurh. d. Wassers, 
213). If the water is saturated with carbon 
dioxide under pressure, the above method roust 
be preceded by Rochleder’s process for estimating 
the gas which cscapcK on reducing the pressure 
to that of the atmosphere. 

(2) The free and smi-combined carbon 
dioxide is determined by Pettenkofer’s method, 
m which the water is treated >viih an excess of 
standard calcium hydroxide solution, and, after 
the precipitate has soriarated in a eryMaXUne 
form, the clear liquid is decanted off, and the 
excess of lime ascertained in an aliquot part by 
titration with standard dilute oxalic acia, using 
phenolphtholein as indicator. If the water 
contains alkaline carbonates, sufficient neutral 
calcium chloride solution must bo added to 
decomjiosc them, whilst if there is a eonsiddNtUe 
proportion of magnesia salts, some ammonium 
chloride must also bo added. 

If the carbonic acid thus determined is iub- 
tracted from the total obtained according to (1), 
then the difference represents the combined 
carbonic acid. To this combined carbottio acid 
there corresponds, of course, an equal quantity 
of semi-combined, so that only an excess Ofor 
and above this can be regarded as free earbonio 
acid. It must, however, be pointed out that the 
determination of total carbonic acid genstaQy 
yields results which are below the truth oy 1*1*5 
units In 100,000 parts, in consequence of the 
solubility of normal calcium carbonate ilselt 
(e* Walker and Kay, J. Sm. Chem. InA 19II| 
31, 1013). 

Determination of enhhwretted 
Colorimotricatly with a solution of somumidtio* 
prusside, using for comparison a sittudavd idn* 
tion of sttlphttietted hydrogen. Thi latter k 
standardised by taking a measnied volnine mt 
adding an excess of deoiiioroul sodto 
shake and then ao^ aM hydkodUivIe 
add. After the ansSm has ^ 
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tvame ftdmtjr by mBti» of solid sodium osar* 
bonote, odd o drop of storeh solutioa, and tbe& 
nm in deoinormaf iodine until o blue colour is 
obtained. This method may» of coarse, dso be 
emidoyed for the determination of the sul- 
lihuretted hydrogen in the water itself if present 
m sufficient quantity. 

In using the colorimetric method, 300 o.o. of 
the water are treated with 5 o.c. sodium carbonate 
and 3 o.o. sodium hydroxide; allow the pre- 
cipitate to subside for 1-2 hours, then decant 
or filter. To 250 o.c. of the filtrate in a colour- 
less cylinder add 1 o.o. of sodium nitroprusside 
solution (4 grms. per litre), and for comparison 
take 245 c.c. distilled water, to which add 2 c.c. 
sodium hydroxide and as much of the standard 
solution of sulphuretted hydrogen as is re- 
quire to produce precisely the same tint as is 
obtained with the water al>oyc. In this manner 
0*1 part HjS per 100,000 can bo determined 
(Tiemann-Qdrtner, Untersuoh. d. Wassers, 232). 

Sulphuretted hydrogen may also be aocu- 
rat^y determined by means of centinormal 
iodine solution. 10 c.c. or other suitable yolume 
of the latter are placed in a 500 c.c. flask, and 
t^ water added until the colour completely 
disappears ; 5 c.c. of starch solution are then 
added, and centinormal iodine is run in until 
a blue colour is obtained, pure distilled water 
being added up to the 500 c.c. mark from a 
burette. On subtracting the sum of the volumes 
of iodine, staroh solution, and distilled water 
added from 500 c.c., the volume of water which 
reacted with the iodme solution employed is 
ascertained. A correction should be made lor the 
volume of iodme solution required to produce a 
blue colour. 

Baotbeioloqy of Watbb. 

The gtcat progress during the past half 
century made in our knowledge of infectious 
diseases and of the processes dependent on 
bacterial life, lias neoossitated that the subject 
of water supply should bo considered from a 
bacteriological, as well as a chemical, point of 
view. 

It had even previously been recognised that 
in making determinations of organic matter, 
ammonia, nitrates, &o., with a view to ascer- 
taining the fitness or otherwise of water for 
drinking purposes, the concomitants of the liv^ 
poimns ot ssymotio disease and not the morbific 
matters themselves, wluoh were still more or less 
hypothetical entities, were being tested for, and 
that the living pisons themselves must be 
explored by biological, and not by purely 
ehemioal, methods. 

Liquid and solid media, 

3!hiS dassioal investigations on bacteria by 
Bsiteiir, Tyndall, Lister, N&gcli, Cohn, Fits, 
8d»lioasing,Mnnts, and others prior to 1880 were 
ptaoUeal^ all mi^e with liouid culture media 
Snob odtnre media labour under several 
sm diiadTaotases 

(I) FkdUty with which they become con- 
tanunated wi& bacteria and other orgaiusms 
mai the eb md ether sunoundings ; 

flia whidh arises between 


cnMxe n^pmsstai of some throt^ the 
whdnpJ^ mulripBoation d 

(3) The great difficulty of obtaining pure 
odtivatioiui of spedfic micro-organisms. 

The introduction of solid culture media by 
Koch at the b^^ning of the ’eighties, in the lart 
century, led to great devetopments in bae^- 
obgy. An immense varie^ of Investi^tionB 
were now rendered possible which bed long 
been awaiting attack. These new methods of 
bacteriologicid study wore at once applied to the 
identiflcation of the specific micp-oiganisms of 
numerous diseases, and to the invesngation of 
the bacteria present, in air, mUr, ml, and ail 
our other surroundings. 

By means of gekdin-plaU<uliure it became 
possible to ascertain the number and the nature 
of most bacteria present in any material Thus 
in the case of water the number and nature of 
the bacteria present in any sample could be 
determined, and by this means it was possiblB 
to ascertain the effect of any treatment or 
process of purification on the bacteria pesent 
m water. Thus it was applied by the writer in 
1885 to the study of the removal of bacteria 
from water by artificial and natural fiUraHan, 
by subsidence, and by precipitation. 

The results obtamed in investigations of this 
kind led to a great modification of the opinions 
which had previously been entertainea with 
regard to the value of these processes in removing 
the zymotic dangers of water. Thus it was 
found that bacteria could be almost wholly 
removed from water by the process of sand filtra- 
tion which had a comparatively insignificant 
effect on the organic matter and other ingredients 
discoverable by chemical analysis. 

Similarly theso methods of bacteriologioal 
investigation enabled such processes of i^ter 
purification to be readily controlled. Thus if the 
safety of a water-supply depends on the efficiency 
with which the removm of bacteria by filtration 
is carried out, it is obvious that this efficiency 
should be continually controlled by baoterio* 
logical examination, so that any defect in the 
working of the filters may at once be detected 
and rectified. The systematic control of water- 
works by bacteriological examination is now 
being very widely carried on with great benefit 
to the communities concerned. 

With the discovery of the specific baoleria 
of cholera, of t 3 rphoid fever, and of many other 
diseases, attempts were naturally made to find 
these specific pathogenic bacteria in contami* 
Dated water-supplies. The chance of such 
covery by the oiwnary method of plate-culUva- 
tion is, of course, hoj^essly remote, because a ^ 
single pathogenic organism must almost inevit- 
ably be acoompimied in water by a host of mm- 
pathogenic individoalB, and among^ these 
multitudes of harmleSB forms the few hanuful 
ones will under ordinary circumstanees be ovm^ 
looked, whilst, in the small quantities of wuter 
operate on, the pathogenic forms may be 
absent, although present in a larger buUc, 

To surmount these diffioukiM, the natural 
device was to provide oonditious iriiioh would 
bo favourable to the particidar patlmMiofom 
bring 80U|ffit for ana less hromAm ov WNir 
anta^nisue to the multitude of 
forms with uddoh it would be nwmnpililli 

I. t 
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We m&Y call the woTisioii of stioh oonditioiiB 
the method of enrtdkment or pr^tmiial cvUm* 
Such a method of enrichment was very latifl- 
iiotorily applied by Koch to the discoTMy of 
the ehmra-iaciUw in the water of the Elho at 
Hambmi; during the epidemic of 1 892. If 90 o.o. 
of the water under examination be incubated 
for 18 hours at 37° with 10 c.o. of a solution 
oontaudne mptone 10 p.c., and sodium chloride 
10 p.o., chmera bacilli will be found in the thin 
surface pellicle, and from this cultures are made. 

l^noid fever is, of water-borne diseases, 
the most important in Western Europe. An 
enormous amount of labour and ingenuity have 
been devoted in recent years to the discovery 
of the bacillus of this disease in water. That 
the problem is a very difficult one may be 
gathered from the fact that until recently it$ 
ieteetton even in ike discharges of typhoid patients 
tm very frequetiUy abortm. 

The special difficulty attending the discovery 
of the typhoid bacillus depends on the circum- 
sta^ that even in the intestine of the typhoid 
patient it is enormously outnumbered by other 
bacteria, and especially by the Bacillus coli 
communist which, discovered by Escherioh in 
1886, has in recent years achieved the very 
greatest celebrity in the bacterial world. 

Practically all conditions which are favourable 
to the typhoid bacillus are equally or even still 
more fovourable to the B. colt, and for a long 
time all methods of favouring the typhoid 
bacillus at the expense of the B. coli proved 
futile. Much interest was, therefore, excited 
when in 1903 Roth announced that the B. colt 
was more disadvantageously affected than the 
typhoid bacillus by solutions of caffeine. 

Experiments made by Kloumann ^ in 1904, 
however, showed that the differential effect on 
the two bacilli was only veiy slightly in favour 
of the typhoid bacillus. 

A method of testing for typhoid bacilli in 
water and other liquids was elaborated by I 
Hoffmann and Ficker in 1904 ; it was also 
based on the inhibitory action of caffeine and 
of crystal-violet on the B. coli. The method 
will M best understood by the following descrip- 
tion of the manner in which it was successfully 
emdbyed by Jaksch and Rau (1904) to detect 
g|]3ioid Imlli in the drinking water supplied 

900 C.C. water from a service tap were added 
to the Hoffmam and Ficker emure-medium, 
eonsisting S. 10 grms. nutrose, 5 grms. caffeine, 
and 0*01 ^rm. crystal-violet, in 100 c.c. water. I 
The mixture was then incubated at 37° for I 
13 horns, when it was to be presumed that any 
typhdd bacilli oriainally present would have 
eiiensii^ multiplied. L^pfuls of this large 
onlttvatioii were then withdrawn and spread 
on the sorface of Drigalski and Conradi Flaks \ 
{nfMXf meat extract, peptone, nutrose, lactose, ! 
•odsm chloride, crystal violet and litmus), | 
whlflih were then incubated at 37° for 24 hours. 
On Owse plates the B, coli colonies are red (acid 

» and non-transparent, whilst those of the 
badUus ate olue with a violet ‘tinge, 
tmmfsmi, resembling dewdrons, and sma&r 
than the B, eoU ooionies. In the Prague 
•s|wrlmeftts these plates gave only a few red 
* Hmhhuui, CeukM, t BakUsidogte, 1904, 86, 

nt, 


1 latter were sul^cultared, and, according to 
Jaksch and Rau, gave results in the most vemed 


tests 


and 


(including agglutination, toxicity, 
immunisation) which were identical wRh those 
obtained with the true typhoid bacillus. 

Other solid media which have proved of great 
value in distinguishing between ooli-like and 
typhoid-like cofonies are Loeffleris malachite- 
green agar, and McOonkey^s bile-salt-neutral- 
red agar, both of which will be referred to later. 

By far the most extensive, interesting, and 
systematic search which has ever been made 
for the typhoid bacillus in natural waters is 
that carried out ^ Houston on the waters of 
the three rivers— Thames, Lea, and New River 
-from which the greater part of the l^ndon 
water supply is obtained. As this investigation 
illustrates the most approved methods Which 
are now available to tne bacteriologist, it will 
be considered here in some detail. \ 

Two hundred and ninety-four experiments in 
8 series were made with 156 samples of raw river 
water (52 Thames, 52 Lea, and 52 New River) 
during the 12 months ended July 31, 1908. The 
total volume of water dealt with was 294 x 100» 
29,400 c.c. The total number of bacteria in this 
volume of water (as ascertained by gelatin- 
plate cultivation for 3 days at 20°-22°) was 
135,687,500. The total number of colourless 


(or nearly colourless) colonies sub-cultured from 
the Drigubki or similar plates was 7329. These 
7329 seWed colonies form but a small fraction 
of the millions of bacteria which were excluded 
owing to the temperature of incubation, the 
composition of the media employed, and the 
fact of their appearing on the plate-cultures as 
coloured colonies. 

The following tabular summary indicates 
the method adopted in this exhaustive investiga- 
tion 


Direct Plating on Solid Media. 

Series I. 100 c.c. of the sample of water were 
centrifuged and the resulting deposit spread 
over a number of plates consisting of 
malachite-areen (1 tn 5000), saccharose, 
dulcik, sdkin, neutral-red, htk-salt, pevtone, 
lactose, agar. The plates wore incuoated 
at 40°’42° for 24 hours, and the colourless 
colonics sub-cultured into special media, as 
described in the next table. 

Series 11. Same as Series 1, but the proportion 
of malachite-green was 1 in 10,000, 

Scries 111. Same as Series I, but the medium 
used in the plates contained no malachite- 
green, 

Series IV. Same as Series I, but the 

r >rtion of malachite-green was 1 in 20,000| 
in 40,000, and 1 in ^,000. 

Primary Liquid Cultures followed by Plating on 
Solid Media. 

Series A. 100 c.c. of the sample of water were 
added to bUe-saU-glvcose-fepbm msisim 
contamng tnalachUeifr^^ u proportion of 
1 in 1000, 1 in 2000, 1 in 4000. Thisliquid 
was incubated at 4(l°-42°for 24 houn» and 
then plated on the same medium ii me 
employed in Series 1, 10 oolouriem odoillMi 
were in eaoh oase sub-cnltured and Med 
as described. 

SniM B. Sune m Siriw A, Imt aMtiaUtt* 
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o!liiiMK>»titii6,000JindS,000. Sub. 

se<|ii«titly plated on eame medinm m tliat 
fued in ftsms IL 

Series 0. Same as Series A, but the liquid 
oultuie medium consisted of meat-broth 
only without malaohite-green or any other 
additaons. Subsequently plated on same 
medium as that usra in Series 1. 

Seriee D. Same as Series C, but instead 
of cultivating 100 c.c, of water in one! 


portion^ 10 cultmes of 10 c*c. each wens 
made. 

The following table shows the behaviour of 
32 strains of the typhoid bacillus, on the one 
hand, and of the 7329 suspicious colonies 
isolated ^m the raw waters, on the other. It 
wiU he seen thtU net one ofd of aU (hm 
different mkrobee, aUhough euepieiema in certain 
features, gave reactions agrmng in tiieir entirety 
vfith those of the typhoid baciUus, 


Vbrtficatioii Tests fob Typhoid Bacillus. 



Testl 

Description of microbe. 

Froskauer's 
and Capal- 
dl*8 No. 2 
medium ^ 
(with inner 
tube). 


Test 2 

Tests 

Test 4 

Tests 





Lactose- 
saccharose 
dulcite- 
salicin- 
mediuro j 
(with inner 

Froskauer*8 
and Capal- 
dUs No. 1 
medium * 
modified 
(with inner 

Glucose- 
neutral red 
broth cul- 
tures (with 
inner tube). 

Peptone- 

water 

medium. 


Gelatin sugar 
media :*~galactoae, 
glucose, IttVuloBe, 
maltose, and man* 
nite respectlvriy. 


Results chaeacteristio op Typhoid Bacillus. 


32 strains of typhoid Acid, no gas No visible No visible 


bacillus from a num- 
ber of different la- 
boratories. 


change 
(No acid, 
no gas.) 


change. 
(No acid, 
no gas.) 


Purplish 
tint. (No 
gas, no 
Duores- 
cence.) 


Acid, but no gas 
with all five sugars. 
No Hquefaction. 


Results which exclude, as not Typhoid Bacillus, the Suspected Micbobes. 


Gas formation in 
one or all of the 
sugar media, 
(liquefactioou) 


7329 ooiouriess (or 

No acid, or 

Add or 

Acid or 

Gas or 

nearly colourless) 
colonies, sub-cul- 
tured. 

acid and 

gas- 

gas- 

fluorescence. 

gas 

formation. 

formatioiL 
or decided 

(Absence of 
Durulish 


\ Solution of peptone and mannite. 

* Solution of asparagine, mannite, glucose, galactose, Isevulose, maltose, magnesium sulphate, sodium chloride, 
calelom cliloride, potassium hydrogen phosphate, and litmus. 


From the very nature of this investigation— 
the search for a specific microbe in a natural 
water which at some period in its history is 
practically certain to have received this microbe 
in comparatively small numbers— it is impossible 
to mahe it really exhaustive. Houston has, 
however, amplifi^ his previous investigation 
in a very suggestive manner. Realising that 
the objection might be raised that the method 
adopM may not be cabbie of detecting a very 
smsdi number of typhoid bacilli in the presence 
of a very large number of other microbes, he 
devised a mode of procedure which enabled him 
to affirm that in each particular sample of water 
examined there were not more than a certain 
definite number of ty^id bacilli in a given 
Tolume, The method adopted was this:— 

Each sample of raw river water was divided 
into two equal portions of fiOO o.c. (A and B). 
Tlw A sample was inoculated with a very small 
number of typhoid bacilli. The B sample was 
not so infeotecU and was, therefore, novmsX raw 
river water. The subsMuent procedure was 
met^ the game in each case, both samples 
A ana B being treated exactly alike. The 
fifiO e.0. of water were centrifuged and the 




and salicin, each 0*2 grm., made up with water 
to 100 c.c. and tinted with 0*4 c.o. of a 1 p.e. 
solution of neutral red. In some of the experi- 
ments malachite-green was added to the above, 
in the proportion of either 1 to 10,000, or 1 to 
5000 of the medium. 

Of the 24 experiments, 14 were carried out 
with raw Lea, and 10 with raw Thames, water. 
Those waters contained on an average 32,083 
bacteria per 1 c.c. (gelatin at 20*’-22% 3 days* 
incubation). The worst sample oontaiusd 
700,000 and the best sample 12W bacteria per 
1 c.c. Thus in the 12 litres (500 o.c.x24) d 
raw water (B samples) examined for typhoid 
bacilli there were 752,256,000 bacteria piececit. 

The total number of oobnisB seleotod lor 
study was 5451 from the infected A samp^, and 
the same number (5451) from the nmi-infeeted 
B samples. The average number of tyjdioid 
bacilli artificially added to the A esmpm was 
2*242 per 1 o.c. or 1121 i^r 500 o.o. The average 
number of typhoid baoUU isolated &am the A 
samples was 14*54 per 500 c.o. of eampls. it 
may be argued fairly, tbeielore, that if oofy 

of the above number of typhoid h aeiitt 

bad been present in the infected san^ iUl 
microbe would still have been deteotea hv the 

method of Investigation adopted; but ||:|| x 
















408 


WATER. 


2*242^0*154 typhoid bacillus por 1 o.o., or 1 
bacillus in 6*5 o.o. would hare been 


From the uninfected B samples, out of the 
5451 colonies selected for special study, one, 
oad wdy one, consisted ofbackria which resembhd 
Hhe typhoid haciUus very closely. 

It will be instructive to record the observa- 
tions which were made on submitting this 
typhoid-like microbe ( Lee W, 684 ? B, typhosus, 
Jaouston) to the several tests used in the diagnosis 
of typhoid bacilli. 

Characterisation of typhoid-like haciUM from 
raw river waUr (Lea W, 694 ? B, typhosus, 
Houston), 

Morphdlogy,---A motile multiilagellate bacil- 
lus. The rods seemed shorter than in most 
strains of B. ty^us, 

Qektin am agar slope-cuKttrcs.— Possibly 
the growth was slightly less filmy in character 
than that of the true B, typhosus, 

Glucose^ik-saU agar-slope (neutral red).— The 
•bceak somewhat brighter and cleaner red than 
In most struns of B, typhosus, 

lactose-hiU-saU agar-slope (neutral red). — 
Colourless streak. 

Pofoto.— No visible growth (5 days at 37°). 
Nifrote-hfolA.— Reduces nitrates to nitrites. 
Peptone-water at 65°P. — ^No visible growth 
after 5 days ; on transferring tube to incubator 
at 37°C. growth occurred withm 24 hours. 

Indole fesf.— No indole formation (5 da\’s at 
37“), . 

Liquid peptone (1 p.c.) media containing 
separately 1 p.c* of the substances stated and 
tinted with litmus. Sorbite and inosite are only 
used in 0*2 p.c. solution. Acid but no gas in 
sorbite, loannite, glucose, IsDvulo&e, galactose, 
and maltose respectively (2 days at 37°). No 
change in inulin, inosite, saccharose, salicin, 
adomto, lactose, dulcite, and rafenose rcspec- 
tivety (5 days at 37°). 

Odatin glucose medium Unted with litmus . — 
Acid but no gas formation. 

Vogts and Proskauer's reoetton. — Negative 
result, 5 days. 

No liquefaction after one month at 

20 “. 

Litmus milk , — Slight acid but no coagulation 
(5 days at 37°). 

Qhieose-neutral-red-broth rttUures , — ^Xo gas, 
no fluorescence characteristic purplish tint. 

lcictose-saecharoaC‘dulcile-8ulw in- peptone me- 
dium tinted uM Wmus.— No change (2 days 
at 37°). ^ 

Proskauer and Capaldi's Medium No. I 
(fliodtjled).— No change (2 days at 37°). 

Proskauer and Capaldi^s Medium No, 2.— 
Acid but no gas. 

Agglutination erperimenU and Usts for palho- 
genwity, 

ArdLtypAoid seraw.— Microscopieally, 1 ; 200 
iiaiost instantaneoua clumping, 1 : 60() very fair 
I : 2000 little or none. B, i§phosus 
ws™ wroh the same serum gave very similar 
tesutta but appe^ to be clumped slightly 
higher dilutions 
mrked *^®wvor, if any, was not well 


• 8mm of an antmol inmunM Wflh Ike 
suspected mwrobe (Lea W, 694 ? B. lyphosus, 
ir(H(«tofi).—Mioro 80 opically, 1 : 200 very rapid 
and satisfactoijr clumping ; i : 2000 good, but 
not quite complete clumping within hau an hour. 

S, typhosus tested with the same serum gave 
very similar results, but was perhaps clum^ a 
little more slowly and in slightly lower dilutionB. 
The difference, however, it any, was not well 
marked. Miorosoopically, the titre limit was 
about 1 : 8000 (18 hours) and was practically the 
same for both microbes. 

Pathogenicity,^! o.o. of a broth-culture 
injected subcutaneously into a guinea-pig pro- 
duced a swelling and illness with recovery. A 
guinea-pig intraperitoneally inoculated with 
5 C.C. of a broth-culture died in less than 24 hours. 

On the results of this laborious inve8tigatic|n, 
which had extended over more than two yeai ‘ 
and which had been conducted with the mq 
meticulous care and regardless of time 
money, Dr. Houston very cautiouHly remark 
* If this microbe had been isotated from a case < 
ty'^id fever (or from a suspected case) I don 
think any serious hesitation would have been fel 
in describing it as B. typhosus.’' 

It would be im|>ossihlo to produce more 
eloquent testimony than the above as to the 
enormous and almost prohibitive trouble which 
a systematic and conscientious search for the 
typhoid bacillus in natural water entails. 

Vomparaim unimportance of searching for 
the typhoul bacillus rn tm/er. — The almost hope- 
Ic^ nature of the m^arch for the typhoid bacillus 
in natural w*aters is of the loss" importance as 
the anxiety to delect this microbe in water is, 
for the most part, based upon an entire mis- 
conception of the objects of water oxaminaiion. 
The object of a waUT examination is, in general, 
not to determine whether the particular sample 
of wator contains typhoid bacilli and is, there- 
fore, capable of carr)ing typhoid to the con- 
BuimT, but to diw^ovcr whether the water is 
likely at any time to contain such infective 
material. 

N(»w any water w Inch receives sewage matters 
must be regarded os a possible carrier of typhoid 
infection, i(»r at any time these sewage matters 
may lie derived fJom persons suffeiins from 
^hmd. Thus any sewage-oontaminated water 
is a jK^tenfial earner of typhoid unless it has 
been subjected to conditions which would enmre 
the removal of the possibly present typhoid 
liacillus. Thus the all-important thing Is to 
a^oortain whether a given water has been con- 
taminated with sewage, in what proport^n such 
contamination has taken place, and whether the 
water since such contamination has been sub- 
mitted to conditions which would reroowe or 
destroy typhoid bacilli should they have gained 
acciiw with the sewage matters. 

FijwUy, as re^nto the detection of sewage 
conUminaiion. ooremenUd coniMBiiiitioih if 
sttfftcient in amount, can bo revealed with looro 
or less certainty hy chemical analyaia, which 
can indeed even distinguish between whether 
such pollution is recent or remote In poittt of 
tinm, Imt to Older to ascertain ilw la^ 
ffalning access to water teeoniie mnit he had to 
biokmicai methods. If Hum wtoe badtoito 
alwofutely chataetorMe of tmm % dstor* 
mtoaiion of theto pieieoea 
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ptOfi the datkger of a water. Uafortunatoly we 
ao apt know qI any hacterla which satiety the 
condition being cibsoitUily charaotoristio of 
sewage^ so we must be sathdled w^ a second 
best qualification for diagnostic purposes by 
those which are verp characteristic of sewage. 

^e microbe which is most oharaoteristic of 
the intestinal discharges of man and the higher 
animals iSi as its name implies, the JB. edi 
and a great amount of time and 
ingenuity has been devoted to its accurate and 
expeditious discovery in water and other 
materials. 

In identifying a particular organism, 
wheth^ plant or animal, we depend on reoos- 
nising in the individual a certain group of sjpecino 
characters which are more or less arbitrary. 
!]l%e pianist at first tried to classify and dis- 
tinguish bacteria by external appearances 
alone ; he measured the length and breadth of 
these minute organisms; he counted the 
number of fiagella with which some of them are 
provided; ho was very careful to observe 
whether they wore square or round at the ends, 
and so forth. 

These morphological characters have, how- 
ever, long been recognised as inadequate for 
purpcMM of identification, since organisms 
exhibiting the closest morphological simiianty 
have been found to differ enormously in other 
respects. 

After tlio introduction of Koch’s methods 
much attention was directed to the macroscopic 
appearances to which the oiganisms give nse 
when grown on a variety of solid media, by 
which means microscopicaUy similar bacteria 
can often be differentiate. 

Some years ago the writer commenced 
distinguishing bacteria, which were similar in 
form and in cultural appearances, by differences 
in the chemical changes which they could bring 
about in certain medm. Thus he found that the 
capacity to reduce nitrates to nitntes was in 
some cases a valuable means of distinguishing 
between otherwise similar bacteria. This reduc- 
tion of nitrates has been extensively used for 
diagnostic purposes, more especially by American 
bacteriologists. Homewhat later he devoted 
much attention to the fermeiitaiion of carbo- 
hydrates, polyhydric alcohols, and hydroxy* 
acids, by means of pure cultivations of micro 
organisms, and showed how capricious is the 
{K>wer possessed by different bacteria in this 
iCbspeot. Thus perhaps one microbe nil I ferment 
gmoose, mannite, and glycerol, but not dulcite 
or i^ye^o acid, another will ferment glucose, 
mannite, and dulcite, Ac. 

There are, however, many bacteria which 
more or less simulate the oharaeters of the 
bacillus on the one band, and of the 

edi on the other ; such forms exhibit almost 
Ofeiy degree of approximation to one or other 
of mse two typ^ from which they can only 
ho dMnguiriied by applying a number of tests. 
tmk km$ are deaignaM as oiypioai, and what 
llmir lelationilup to the typical typhdui and coli 
teoMa may be is a matter oi uncertainty 
{MW|y In some eases they may have be^ 
mm oc^ally, but under the particular 
aa i itthmi to wmoh have been submitted 
thy loil some of tbeir cl^ Thus 
II i ollsii Imd iibit tim & 


artificial eulture, may lose either or both its 
indole-produdiig and milk-coidling properties. 

nils mode of differentiating between other- 
wise very similar forms of bacteria has been 
matly extended within recent years. In the 
followii^ table the classifieation of the 
Typhoid-coli group of bacteria into seven sub- 
groups has been attempted 

Typhoid-ooli Obotjf. 


Sub-groups 


IS 


< < 


B. Typhosui . . + 

B. dysmterup . . -j- 

B./cBcalisalcaligenet . -> 

II. , 

B. entmMu (Gaert- 

ner) . . . + 

B. paratyph . . + 

B. paraooti . + 

III. 

Bacillus from urine 

IV. I 
B. aedi laetxd (Hn- 

eppe) . I + 

} 

B. cob (Eschericb) . ’ f 
VI. 

B. pnatufumt^e (Fried- ' 
Iftnder) . . + 

vn. 

B.ea»ftt2a<t<s(Pfeiffer) + 
laeltB alhrogems 
(Bscherlch) . > 

B. doaea (Jordan) . j + 


1 1 
A ^ 


1 


+ - 
+ - 


+ + - 


+ '+ + 


+ + + 


+ + 


+ + 


+ + 


+ + 


+ + 

+ + 
+ + 




It is obvious that by increasing the number 
of biochemical tests many further variations of 
a given type of organism may be discovered, 
and, for the purpose of more precisely defining 
a particular microbe, bacteriologists have intro- 
duced biochemical tests involving the nse of a 
variety of organic compounds— -more especially 
carbo%drato8, polyhydric alcohols, and glnco- 
sides. These tests generally consist in asoerti^- 
ing whether an organism under investigation 
gives nse to acid or gas, or both, or neither, in 
a suitable nutritive medium containing one of 
these substances. The following list of sub- 
stances employed in this manner will give some 
idea of the degree to which these biochemioal 
tests have been complicated in recent years t 
adonite, asparagine, dextrin, dulcite, eiymto, 
galactose, glucose, glvcerol, glycd, imnkite, 
lactose, levttlose, maltose, mannit^ maimose, 
nutrose, raffinose, sucrose, salidn, sorbite, and 
starob. Tbo above list by no means exhausts 
the number of organic suhstamoss which are 
acted on by bacteria, and by meajDS of which, 
therefore, mfferenoes can be eetahmod. 

Although such tests are extrmfiuly wful fof 
the more precise definition o! paimailar mkro- 
organisms, they must be em^yed with dii« 
crimination, for as the writer mg ago pcinted 
out, tbeso fenneniationa, at mm as nthiqr 
ohmertem of bactoriai, are Ushb to ba IqH 
tbfouf^ ooadittoa of auviioi»B«|il, and bn . 
also shown how in worn cnisa thqr hMjf 

I? 




. « , 
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mUmA hf neorliQg to pirticnkr metbodi of | « h onte to imitiin oMto th# 
ooltoto $m training. nitoptiiTo * B. coli ii tjrpiofti or iiot^ tl^ 


oiiltQtoiBidtiainmg. ramptive* A eoli ii typioftl or not, the 

It is obvioiis that it would be impiaotioable oontaining ^ smallest portioii of vater 
to resort to such numeious tests in the ordinm has given rise to acid and gas in the MoGonfcey 
bioteriologioal examination of water in which medium is plated on a solid medium of the 
we are concerned with the detection of sewage following composition : Agar 20 grms,, peptone 
or exciemental contamination, unless some veiy 20 grms., sodium tauxocholate (bile-salt) 5 
great advantage should result from such multi- grms., lactose 10 grms., neutral red (1 p«o. 
plication of trats, and this is not the case at solution) 4 c.o., made up to 1000 c.o. with 


present. 


water. After 12 hours* incubation at 87% the 


QuawtUative deteminati<m of B. edi in imter. colonies will be distinctly visible, and thiM 
— ^If we regard the* J5. cdi provisionally as the which are most likely to be B, edi will have a 
best indicator of contamination with tne living strong red colour owing to the acid produced 
b^tem of animal refuse, we shall obviously by this microbe in the medium. Five of the 
view its presence with the more suspicion the most typical red colonies are separately inocn- 
larger the numbers in which it is discovered in a lated into 5 glucose-litmus broth tubes, which 
givra volume of water. are then incu&ted at 37®. Any of these 6 tubes 

The numerous methods which have from which develop acid and gas are then wch 
time to time been devised for detecting B. edi further inoculated into tubes of the foUowij^ 
^1 be passed over, and only the one which in media winch are then incubated at 37® \ 
oount^ at any rate has superseded all (a) Neutral red broth to bo examined tof 
others will be described. fluorescence. ' 

An important departui'e in practical bacteri- (6) Litmus lactose-broth to be examined tor 
WM the introduction by McConkey and acid and gas, \ 

Hiu (‘ Bile-salt broth. A simple test for tocal (c) Ordinary broth to be examined iofindotk^ 

^ntamination.* Thompson- Yates Laboratories (d) Litmus-milk to be examined for ocid 

Report, 1901, 4, [i.] 151) of a medium for the and coagiUation, 

preferential culture of the B, edi and allied (e) Gelatin to bo examined for noa-lk^oe- 
nucrobes from mixtures of micro-organisms, tion. 

The essential ingredients of this medium arc | The above glucose-tubes from which these 
sodium taurocholate (bilr-salt) 5 grms., glucose I inoculations have been made are also micro- 
5 grms., peptone 20 grms., water (tinted with scopically examined to see whether the microbe 
Incubated in this liquid at posw^sses the characteristic fonn and motility 
3/®-42 bacteria of the B. edi group give acid of the B, edi, 

^d gas^ in 48 hours. Some bacteriologists use A microbe fulfllhng these conditions has been 
lactose inst^ of glucose, thus restricting the designated by Houston as ‘ Flagtnae* B, edit 
w production to R. colt and its still closer allies, from FI— fluorescence in neutral-red broth, 
With this liqmd medium in Durham fermenta- ag=acid and gas in lactose, in sitidol in peptone 
tion-tubra cultivations of the water are made broth, ac-acid and coagulation In litmus >1111111. 

quantities : 100, 10, 1, 01, OOl, The typical B, edt from human fieoee gives 


With this liqmd medium in Durham fermenta- ag=acid and gas in l^tose, in sitidol in peptone 
tion-tubra cultivations of the water are made broth, ac-acid and coagulation In litmus >1111111. 

= >00* •> 0 O^Ol. The typical B. rott from bnmu fmea give. 

0^1, 0*0W1, 0*00001 e.c. The coneentration these reactions, but, of counre, it is poesilws to 
of the m^um should in all cases be approxi- further differentiate between coli-bacteria by 
the same as that given above. In order, additional tests, such as fermentation of sucrose, 
therefore, that the volumes of liquid incubated duleite, mannite, fte., but at present there would 
my not w mconveniently large, the 10 and not apjicar to be any advantage in such multi- 
100 C.C. of water are introduced into corre- plication of tests in the ordinar)' examinatioii of 
Bpondmgly stronger McConkey media. water. 

A pmtive reaction, i.e. the production of The foUo wing table summarises an intereitiiig 

*^>is *L^?**x culture-tubes investigatbn m^e by Houston on the prmr- 

ttgmnM that aikast one cok-like microbe must tion of ‘ Flaginac * A edt hiund amonoit the 
portion of water ooli-like microbes obtained from 


added. Thus, if acid and gas had b^n obtain^, sources - 

JA a particular case, with all the tubes from ^ 

)00 to 0*1 c.e., this would mean the * presump- ^ 

Hvt \ presence of at least one B, edi in 0*1 c.c., 

and its abseaoe in 0*01 c.c. and smaller volumee 

of water.* gource 

. il element of uneertaintv connected 

sppei« to Human fsMes 

P cnltlvatlon In the ll^d , • 

aiwum ^beecme botMlessly outottinbered or even sup- Estuarial waters 

SOBM OfthAV nlAPAlM nr ^ Water-cress 


a iwr « - ' BMW m i,ne 


^ater in which 
was grown 


FUOIITAO B. Cou. 

Number of spediMiii 
ofiroeNoreolf-liks P.e.of 
microbes on wtihsli iU#iM 
oe ptfoentife Is bsssd B. scN* 
843 61 

. . 101 68 

samal hundreds 65^ 

464 48 

m . . 188 61 

. . 81 40 

MS . 68 a 


. . 48 

ntsr . 888 

coBCiiMlOQ, salOiM* 


tbat no sdd and gss riictkia 
Onto Oiifs chrenitssc^^^ hs^BL 


wbkA requlrei musli rertlm hr 


ISmm 

dmmm 


V 


m 


!a the Iplloirittg teUe eie leooid^ tie 
reeults of eome Teiy suggeetive pioneering 
exMrimeats made by ucOonsey (1905), under* 
tfthen with the object of ascertaining whether 
there is any markra difference in the types of 
colt found in the excreta of man and some 
0^ ^ <Mmmon domestic j sn^ ls^iesj^^vely. 

an important means of disting^bing between 
human and animal excrementitious contamina- 
tion of water would be obtained. 


Ml Ml iaMgiithm would have to be 
enormoud^ extends before results capable of 
being usea for disgnostic purposes could be 
obtained. 

An attack on the same important problem 
was also mi^ by Dr. Wm. G. Savage (1004^ 
in an extremely laborious invertigation^ which 
he has summarim in the foregoing table. 

The absence of streptococci in the usees of 
the pig is extremely remarkable. 

It is convenient to classify waters tentative^ 


B. CoLi vnoM HiriiAir akd Aiomal Excreta (McCokkey). 


Group 

Fermentation of 

Number of lactose-fermenting 
Goli-f(m microbes isolated 
and experimented with 

i» 

Results in peroentnges 


Saccharose 

Dulcite 

Human 

Animal^ 

Total 

Human 

Animal 

Average 

L . . . 



88 

37 

120 

34 

15 

25 

11 . . . . 

— 

4 - 

03 

85 

178 

38 

36 

37 

III. . . 


4 

38 

74 

no 

15 

31 

23 

IV. . . . 



29 

43 

72 

12 

18 

15 




241 

239 

480 

100 

100 

100 


^ Twenty-five sampleA of anioul excreta, of which 5 were from horses, 6 from cows, 3 from rabbits, 1 from 
a monkey, and 14 from a cat. 


Source 

Approximate number per 1 gram of excrete 

B.culi 

Streptocoen 

B enUrUidit iporogmet 
spores 

Horse No. 1 . 

Horse No. 2 . 

Horse No. 3 . 

Cow No. 1 . 

Cow No. 2 . 

Cow No, 3 . 

Cow No, 4 , 

Pig No. 1 . 

Pig No. 2 . 

PigNo.3 , . . 

Sheep No. 1 

Sheep No. 2 . 

Over 1 million 

X to 1 miUion 

1000 to 10,000 
^ to 1 miihon 

IU,000 to 100,000 

1 to 10 millions 

1 to 10 miUions 

Over 100 millions 

10 to 100 millions 

70 millions 

10 to 100 millions 

10 to 100 millions 

^ to 1 million 

Over 1 million 

Over 1 million 

10,000 to 100,000 

X to 1 million 

Over 10 millions 

X to 1 million 
Absent 

Absent 

Absent 

1 to 10 millions 

10 to 100 millions 

10 to 100 

100 to 1000 

100 to 1000 

100 to 1000 

10 to 1000 

10 to 100 

100 to 1000 
XtomilUoa 

10,000 to loo/no 

1000 to 10,000 

10 to 100 

10 to 100 


according to the results ol the examination for 
B* edit wus 

Clabshioatioe of Water by B. Cou Test. 


(1 e.o. of sewage is aseumed to contain 100,000 B. eefi.) 


dSSB 

Volume of 
water examined 

B. eoli 
per 1 c.o. 

PoUutlon In 
sewage 


c.e. 


per cent. 

I 

.in 100 

0 

— 

u 

4ln 100 

0*01 

0*00001 

in . 

4in 10 

01 

0*0001 

IV . 

4iul 

1 

0*001 

V 

4iii0*l 

10 

0*01 

¥1 . 

4to0*01 

100 

0*1 

vn .* 


1,000 

1 

vm . 

4iii 0*0601 

10,000 

10 

IX . 

*fitt0<00001 

j 

mfioo 

106 

(pmeeefwage) 


This classification must not, however, ha 
interpreted too rigidly, as it is based on the 
assumption that B. cdft is always dMi^ from 
fflsces and that this microbe is incapaWo 
of multiplication under any oircumstinceo 
after incorporation in what is known aa 
* sewage.* 

In the two following tables are recorded tlm 
results of the ordinary bacteriological exnmina* 
tion of a number of typical watam. The tablea 
sufficiently explain themselves. 

Sioragt of iiwfer.*— In 1886 (Water Pacifica* 
tion, its Biological and Chemical Basis, Ttani. 
Inst. Civil B^cecs, 1886) the writer poiotod 
out thc^great importance from a thioiaMl 
point of view of storage lor the pttrifiea tk m at 
surface waters. In IW, again, 1» invaitigited 
the influence of stoiiga on the bacMohiii^ 
purity of the xivar waters abstracted tot thi 
sBnpN7 of London, and showed that thM* h|r4 
I meet •t**^**^ fadnafeion in the irffiffftVff w 


- 
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WATER. 

BiBMiliroHAM Watba SirntT. (T. F. Frankland.) 





Averages for 1010. 



Number of bacteria 

BaeillM eoli (typical) 


Gelatin at 

Carbolic 

Tauro- 









20"C. 

gelatin 

cholate 











at 20"0. 

agar 

100 0.0. 

100 0.0. 

10 c.c. 

1*0 0.0. 

0*1 o.e. 

0*01 0.0. 

0*001 0.0. 





at 37*0. 

— 

+ 

+ 

+ 

+ 

+ 

+ 


2 days 

7 days 

7 days 

4 days 








Whitacre^ 





m 

p.c. 

pc. 

pc. 

p.o. 

p.c. 

P.O. 

Unfiltered . 

3300 

— 

167 

1232 

— 



8*3 

16*7 

58*3 

16*7 

Filtered . ! 

12 

87 

0 

5 

76*0 

25*0 






— • 


Frankley •— 











1 

Lilet . 

37 

2:i7 

0-7 

13 I 

18*2 

45*5 

36*4 



— 



1 

Reservoir 

54 

258 

1-6 

40 

41-7 

33-3 

25*0 



— 

r~ 

Filtered 

5 

38 

0 

3 

91*7 

8*3 





— 


City mains . 

19 

59 

0-03 

5-6 

78*4 

16*2 

5*4 

— 

— 

— 

f 


^ Surface water from more or less cultivated land. ^ Moorland water from Elan Valley» Wales. ^ 


London Watee Supply. (Houston.) 
Averages for 1908-9 and 1909-10. 



ct 1 

5S,«| 

0 *fiQ 

100 c c. 

Raw River Waters— 



Thames at Hampton, 
1908-9 . 

2558 

pr 

Thames at Hampton, 



1909-10 . 

5268 

0*5 

Lea at Ponder^s End, 



1908-9 . 

8794 

— 

Lea at Ponder's End, 



1909-10 . 

37,071 

— 

New River at Hornsey, 



1908-9 . 

1118 

21 

New River at Hornsey, 



1909-10 . 

2801 

0*9 

Filtered Waters— 



Thames, 1908-9 . 

89 

83*4 

„ 1909-10 . 

55 

81*8 

Lea, 1908-9 

163 

85*1 

„ 1909-10 

237 

88*1 

New River, 1908-9 

7 

88*3 

,, ,, 1909-10 

16 

82*6 

Deep Wells— 



Hcmt, 1908-9 

6 

92*3 

„ 1909-10 . 

8 

96*2 

Lea VsUey, 1908-9 

19 

79*1 

„ 1909-10 . 

16 




iHspmded micro-oi^anisms during storage in 
laagenservoiiB.^ * 

* AppendloM to Minutes of Svldenoe. Boy. Com- 
ariMQB on Kslro|»oUtaa Water Sup^y, 1898. 4(HM75. 
Beaalio^ Mteto-oKaalsmiln Water/*?. Frankland and 
0^. VrMikfaiid, London, 1804, pp. 00, 128, 181-142, 


The great imMrtance of storage from tib« 
bygienio point of view was lurtfinr mawifart 
from the experiments made on tbS fhte of 
pathogenic bacteria introduced into natusat 
waters^ and which showed that the dutate d 
life of these bacteria under such cmidiltolHl fa 
generalljrvw^riiort 
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In 1891-4 the vtitev had the op^ttunitj 
<d iteaUy extending his obeenrations on tlS 
eabjeot, as he wae lequeeted by a Committee 
of the Boyal Society to make* in conjunction 
with the late Professor Marshall Ward, F.R.8., 
a special inquiry into the vitality of pathogenic 
bacteria in potable waters (see Froc. iloy. Soc.). 
The eimriments were restricted to the study of 
the behaviour of the anthrax bacillus (ana its 
spores), the typhoid baoUlus, and the B, coli 
communiSf and the potable waters employed 
were those of the Thames, Loch Katrine, and | 


deep-well water from the chalk, these being l 
fairly t^ical of the different kinds of water used 
for drinlong purposes in this country. Experi- 
ments were made with these waters in their 
natural, and also in a sterilised, condition. 

The results obtained may be summarised as 
follows 

(1) Unsterilised water infected with anthrax 
bacilli containing spores was still virulent after 
being kept for 7 months. 

(2) Anthrax bacilli taken directly from an 
animal dead of anthrax, and, therefore, free from 
spores, died rapidly (mostly in 5 days) when 
i^roduced into unsterilised water kept at low 
temperatures (5^ and 13° in these experiments), 
but when introduced into the same waters and 
kept at 19°, the bacilli formed spores, and the 
latter were still present in enormous numbers 
even 42 days later, and doubtless for a much 
longer period still. This remarkable difference 
in behaviour is accounted for by the fact, 
previously discovered by Koch, that anthrax 
oaoilli do not form spores below 16°. 

The following ix^sults were obtained by 
introducing typhoid bacilli from one and the 
same cultivation and in the same numbers into 
each of the waters at one and the same time : — 


Unstorlltsed water 


Life of typhoid bacilli 

Between 0 and 13 days 
„ 19 „ 83 „ 

» 33 39 „ 


Thames water (Oot. 19, 1893) 

r-w . . . . 

Loch Katrine water (Oct. 19, 
1898) . 

Peep well water (Oct. 19, 
1898) 9M2° . 

^ mSnts^with^n^twliiBed 
Thames water (May 11, 
1898) .... 

and (Jan. 18, 1894) . 


In all these experiments only I c.o. of water 
was examined for typhoid bacilli, and the 
method of search, the best known at the time, 
was that due to Farietti, in which the water is 
euliivated in a phenol-broth medium at 37°, 
niueh OB becoming turbid is submitted to plate- 
oultivation, the colonies obtained being then 
examined in detail for identification. 

* It is partiottlarly interesting to oompare 
with' the above results those obtainod by 
Houeton In a perfectly similar inquiry and 
making wse of all the most modem developments 
of baoterlologioal technique* Dr. Houston made 
18 ei^peeimenU on raw Barnes, Lea, and New 
River w«tem» infecting them with typhoid 
bae|]li(tfae number added being in all but three 
exMtmeuti vmy large, m taole below). The 
mednee of ihe biAiUua wie 
hiriimb lo t o«o« by meam of a medium con* 


taii^ Afiar^iU*0aU'dvkUe4a^ 
8(iAi^n-fephn€-imM-red-m^ and 

which is specially designed to favour the growth 
of this microbe whilst repressing that of most 
others. The results may be summarised in the 
following statement 

In 3 experiments the typhoid bacillus was 
undiscoveraole in 1 c.c. in 1 week. 

In 10 experiments the typhoid bacillus was 
undiscovorable in 1 <c.c. in 3 weeks. 

In 16 ei^riments the typhoid bacillus was 
undiscoverable in 1 c.c. in 4 weeks. 

In 18 experiments the typhoid bacillus was 
undiscoverable in 1 c.c. in 5 weeks. 

Thus, notwithstanding the great advances 
made in the technique of testing for the typhoid 
bacillus, the results obtained by Houston are 
essentially similar to those obtained by the 
writer 15 years previously. Houston has, 
however, extended the investigation in an 
interesting manner by ascertaining the length 
of time required before even 100 c.c. of the 
infected water gave a negative result on being 
tested by the most modern methods for the 
presence of the typhoid bacillus. The whole of 
Houston's investigations (both for 1 o.c. and for 
100 C.C. of water tested) is instructively sum- 
marised in the table on p. 414. 

This table shows, on the one hand, lhat 
whilst in each case nearly all the typhoid bacilli 
are destroyed by a single week's residence in 
these raw river waters, a few individuals persist 
for a much longer period of time. This illustrates 
in a very interesting and instructive manner a 
principle emphasised by the writer some 16 
years before, ‘ that one of the factors determining 
the longevity of pathogenic bacteria placed in 
water, or for the matter of that plaoM in any 
unfavourable surroundings, is the absolute 
number m which they are present. In other 
words, amongst, for instance, KKX) bacteria 
taken from a given source there may be some 
indioidmU which will resist a particular levene 
inilucnce, whilst amongst 10 bacteria taken firom 
the same source there may be none capable of 
resisting the adverse influence in question ’ (F. F- 
Frankland, Froc. Roy. Soo. 1894, 56, 486). 

Before leaving the subject of the be^viour 
of the typhoid bacillus in water, mention must 
be made of some extremely interesting and 
ingenious experiments by the American bacteri- 
ologists, Jordan, Russel, and Zeit, in 1903. These 
mvestijB^tois endeavoured to imitate natural 
conditions more closely than has been done bi 
any other experiments by placing the typhoid* 
infected waters in permeable sacs made of 
oelloidin and parchment, and then by submerging 
these in river, canal, or lake water, &eir contents 
were exposed to the influence of the dialyBable 
substances present in the water under natural 
conditions. 

Zeit experimented with Lake Midugan water 
and Gliicago river water, the natural bacterial 
content of which varies between 68 and 2000 
microbes per 1 o.c. in the ease of the Lake, 
and between 80,000 and 1,600,000 mimobes 
per 1 0.0. in that of the river water. Farallel 
experiments were made with infected water 
placed in ordinary bottles and in j^nneable 
sacs respectively. The ty^oid baoilU intio^ 
duoed varied between m and 2,000,000 w 
1 0.0, The destmotion of the typhoid baenm 
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WMi Ukeii *a oomplete wbett i^egativa tmHiM 
ivm obtained on oultiTating 5 o.c. of the water, 
the death of the typhoid ba^us being genecally 
oonfiemed the eubsequent ooltiTation, a few 
days later, of much larger TolumeB, eometimee 
ae much as 800 o.o. of the water. Nine experi- 
ments were made with the Michigan Lake water, 
the typhoid baciUus heii^ never formd after the 
eighth day. Five experiments were made with 
the Chicago River water, the typhM baciUua 

Xrdan experii^ted with the water of the 
CSiicago Ihrmnage Canal, which usually contains 
&om 100,000 to 400,0()0 bacteria ]^r 1 c«c. 
This water wet infected with from 180 to 
857,000 typhoid bacilli per 1 c.c. In these 
experiments, however, the maximum volume 


ipbttilted ta cvlUvatioB appeam to have been 
only 1 e.e., and from negative lesolts with even 
smmler volumes tiie death of the ty^idd badllns 
seems to have been oonolnded* xwmty-elght 
experiments were made in permeable saes 
submerged in the canal, fks tyjhoid baeiUete heiiig 
never detected after the eecond dsy, exeepUng in 
one ee ferment in which if woe etui JowA on the 
tenth day. 

Russers experiments were made with the 
Illinois River water, which contains from 
1800 to 4000 bacteria per 1 c.c. This water 
was infected with 540 to 20,000 typhoid bacilli 
per 1 C.O. However, in these experiments, 
again, 1 c.o. appears to have been the maximum 
volume of water cultivated for the detection of 
the t 3 rphoid bacillus. Fourteen experiminti 


Description of 

Initial No. of 
typhoid bacilli 

Number of typhoid bacilli In 1 c.c. of infected 
water after 

Number of ween 
required for dm 
structlon of trolKad 

water 

In 1 c.c. of 
infected waUv 

1 week 

1 1 

2 weeks 3 weeks 4 weeks 5 weeks 

i>acUltt8 in 100 c.i 
of infected water 

Thames (I) . 

40 

0 

(p.c. re- 
duction) 
100 





5 

Lea (I) . 

40 

0 

100 

— 



— 

— 

5 

New River (I) . 

40 

0 

100 

— 

— 

— 


6 

Thames (11) . 

170,000 

9 

99-9 

2 

0 

— 


6 

Lea (11) . 

170,000 

53 

99*9 

2 

0 

— 

1 

6 

New River (11). 

170,000 

40 

99*9 

2 

0 


9 

Thames (HI) . 

470,000 

480 

99-9 

31 

5 

0 


8 

Lea(m). . 1 

470,000 

850 

99*8 

11 

7 

2 

0 

7 

New River (111) 

470,000 

1430 

9»-7 

14 

7 

0 

— 

7 

Thames (IV) . 

8,000,000 

3000 

99-9 

30 

4 

0 


8 

Lea (IV). . 

8,000,000 

2900 

99-9 

29 

5 

0 

— 

8 

New River (IV) 

8,000,000 

400 

99-9 1 

22 

2 

0 

— 

0 

Thames (V) . ’ 

526,000 

12 

99-9 ' 

1 

0 



I 

i 8 

Lea(V) . . 1 

526,000 

32 

9911 1 

2 

0 



1 — 

7 

New River (V). j 

525,000 

29 

991) 

1 

3 

0 


j — . 

5 

Thames (VI) . | 

476,000 

210 

99-9 ' 

12 

2 

1 

0 

9 

Lea(Vf). . 

476,000 

80 

99-9 I 

1 11 

2 

0 

— 

8 

New River (VI) | 

476,000 

30 

99 -9 I 

i 3 

0 

— 

— 

7 


were made in permeable sacs submerged m the 
Ittinois River, the typhoid bacUlue being never 
fimnd after the third day, excepting in one caee in 
uhkh U woe detected on the ninth day. 

More recently, again, Houston has taken 
tvpboid bacilli not from cultivations but from 
tne human subject and introduced them into 
raw Thames water. He found that such bacilli 
perished veiy rapidly— much more quickly in ! 
fact than Kaa been his experience with cultivated ; 
•Mns of the microbe. 

uncultivated t 3 rphoid bacteria wore 
obtained from the urine of a * typhoid carrier/ 
and on Aim. 9, 1910, the centnfugalised deposit 
(9*5 e.e.) uom 389 c.c. of unne was added to 
1090 e.G. of taw Thames waU r ; the number 
si typhoid baeilii was determined as follows : — 
At time of mixture, 770,000 typhoid baeilii 
psr 1 M of river water. 

Aftsr I week^ 4 ^oid badlli per 1 c.g. of 
xivarvat#. 


After 2 weeks, 0 tvphoid bacilli in 100 c.o. 

On the 24th day Irom the commencement of 
the experiment haif*a*pint (about 284 o.o.) of 
the iniectod water was drunk, tliis quantity 
of water havm|; origimtiy conta»u*d 218,680,000 
i^^hoid bacilli. Similar amounts were drunk 
with impunity on the 25tb, 20th, 27th, and 28th 
days after the beginning of the experiment. 

On Aug. 19, 1910, the ex^riment was 
repoaiod with a fresh sample of urine, the number 
of typhoid bacilli per 1 c.c. of river-water being 
1050. A week later no typhoid bacilli oouhi be 


27tb day from the beginning half-a-pint of the 
infect4td water was dnmk eaoh day without any 
ill-eSeci (Sixth Research Bewii, Msdsop* 
Water Boi^, Nov. 1910, p. 7). 

If this drinkiDg part of the experiment k 
to prove anything it would he neoeseaiy for Dr, 
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InMM ind ixmtooliiig ^ diieiM, lor irk&out 
thii M Mt ire hm no oertalsity that Dr* 
Houston is sasoeptibls to this malady, sn^ 
tibmfoxo, a fit eof|NM Mle on wiiioii to make tbis 
orudaltest. 

VMUy of iho JSpirilhm of Anaiic cMm 
in pMk maler.— Experiments were made 
by Houston with the cholera spirillum on 
exactly the same lines as those which he had 
pieriously adopted in the case of the typhoid 
naoiUusin raw Thames, Lea, and New River 
water* The principal conclusions arrived at 
may be summarised as follows (4th Report on 
Research Work, Metrop. Water Board, June, 
1909) 

* (1) Cholera vibrios die very rapidly in raio 
Thaznes, Lea, and Now River water as the 
result of storage in the laboratory. At least 
99*9 p.o. perished within one week, and in none 
of the exjperimonts could any cholera vibrios | 
(recognisable as such) be found oven in 100 o*o. | 
of water 3 weeks after its infection. In more 
than half the experiments the results were 
negative by the second week. 

*(2) The isolation of cholera vibrios from 
aHifinidly infected raw river water presents no 
insuperable difficulties even when tne number 
artinoially added is very small, both actually 
and relatively to the bacteria nominally present 
in the river water 

*(3) On the other hand, microbes liable 
(after careful study) to #o mistaken for true 
cholera vibrios were not found in comparable, 
but non-infected, river water samples examined 
under precisely similar conditions.* 

Thus the cholera vibrios are much more 
perishable in these raw river waters than are the 
typhoid bacilli under similar conditions. 

The comparatively short duration of life of 
pathogenic bacteria when introduced into natural 
waters and more especially into surface waters, 
which these numerous and independent investi- 
gations establish, clearly show that the process 
of storage in large reservoirs must form a very 
important safeguard against the water-carriage 
of zymotic diseases. This safeguard, which is 
supulementary to and quite independent of that 
of nitration, has the great advantage of being 
under perfect control and much less liable to 
accidental disturbances than are most other 
methods of water-purification. It is, however, 
unfortunate that many reservoirs attached to 
water works have not been designed so as to 
seoare the maximum advantages of storage, and 
their rearrangement with this object in view is 
generally a matter of great emnse and some- 
rimes impfacticablo. It is to be hoped that in 
future ei^^ineers will be more careful to arrange 
for Budi a circulation of the water that each 
particle of water entering shall remain as long 
as pojnible in the reservoir before passing out. 

^e influenoe of storage on the bacteriology 
of snriaoe waters has recently been made the 
iubieot of very extended and interesting in- 
vesmtimis by Houston in connection with the 
loudon water supply. There can be no doubt 
that adequate stor^ brings about the following 
hfiiefielaiBihangsst^ 

(}) Redness the number of bacteria of all 

^ (I) Rsdnoee the nutnhsr of baoteria oapaUe 
0l on ai^at tfiood hi^ 


( 3 ) Rednoes the number of bacteria eanable 
of gmwuig In a bile-salt medium at mood 
beat. 

(4) Reduces the number of ooti-like microbes. 

(5) Reduces the number of typical B. edi* 

(6) Alters certain baotmological ratios lor 
river-waters, e.g. it reduces ^ number of 
t^ical B. edi to a proportionately greater extent 
than it reduces the number ef bacteria of all 
sorts. 

(7) If sufficiently prolonged, it devitalisos 
the microbes of water-borne disease (e.g. tbe 
typhoid bacillus and the cholera vibrio). 

(8) Reduces the amount of sumnded matter. 

(9) Reduces the amount of colour. 

(10) Reduces the amount of ammoniacal 
nitrogen. 

(11) Reduces the amount of oxygen absorbed 
from permanganate. 

(12) Usurily reduces the hardness and may 
reduce (or alter the quality of) the albuminoid 
nitrogen. 

(13) Alters certain chemical ratios for river- 
waters; c.| 7 . the colour results improve more 
than the results yielded by the permanganate 
test. 

(34) Has a marked * levelling ’ effect on the 
totality of water delivered to the filter-beds. 

(15) Tends generally to lengthen the life of 
the filters (only under exceptional conditions is 
the contrary true). 

(16) An adequately stored water is to be 
regarded as a 'safe* water, and the ‘safety 
change * which has occurred in a stored water 
can be recognised by appropriate tests. 

(17) The use ol adequately stored waters 
renaers any accidental breakdown in tbe filtering 
arrangements much less serious than might 
otherwise be the case. 

The experimental basis for many of the 
above statements with regard to the benefits of 
storage aill be found in the table on p. 416 
I (Houston, Annual Report, March 31, 1910, 
p.52) 

FoBcd streptococci in uuier.—Attempts have 
been made to supplement the indications of 
fscal contamination yielded bv the presence 
of B. cdi. The most recent and noteworthy of 
these is the examination of water for the presenee 
of certain streptococci which are usually vei^ 
abundant, sometimes even more abundant, in 
human fssces than is the B. cdi. This matter 
has been engaging the attention of Dr. Houston 
since 1898, and ne has (June, 1910) given a 
special account of the results which he has 


At the outset it should be pointed out that 
those streptococci are not peculiar to human 
excreta, but are also abundantly present in those 
of the higher animals, many of Houston's 
ments having been made with streptococci ob- 
tained from cow-dung. The study of these micro* 
organisms does not, therefore, at piesent put us 
in possession of that all importact djcgidriatan 
--a means of distinguishing oetween contamina- 
tion due to the excrement of man and that whicli 
is due to thejower animals. 

Aoeprding to Houston, hnman fnoes contain* 
roughl^, 100,000 streptococci per 1 gnn* Ori 
the oth^ hand, in some stools streptooocoi am 
either abient or pieeent in such smril manbem 
telalMy to those of other bacteria that sesneh 
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for them ia uadess. Their presence in water 
has hitherto been asoertalned W spreading 1 0 . 0 . 
of the water on a Dri^alski-Conradi plate» on 
which medium, after moubation at 37% the 
streptococci give rise to very minute colonies, 
which can then be sub-cultivated for determina- 
tion of their biochemical characters. 

Of 100 diS^nt cultures of streptococci 


pbtalned by Houston from sewage works^tooee t 
(a) 100 produced acid in lactose and in raBbsose 
media, and all of them clotted milk, {h) None 
reduced nitrates to nitrites, (c) Only four 
produced acid in a mannite medium, (i) 
97 produced acid in a salioin medium, (a) 49 
produced acid in a saooharose medium* 

The grouping of these properties is best 


London Watbb Supply. 

Influence of shraQe shown hy samples collected during 12 months tiding Mardh 31, 1910 

{Honston)» 



No ofbactenaperlce 



B. eoh (typical) 




Gelatin 
20®- 
22T. 
SdajB ! 

Agar ^Taiiro 
87 V Agar 
37®C 

2 days 2 days 

o* 

ce. CO. 
100 1 0 

' 

cc cc. 
01 001 
f + 

1 

c.c. 1 e c 
O'OOlloOOOl 

+ . ^ 

1 

ce. 

0 00001 
1 

4 

A 

Kaw Ttiames aater before 
storage 

5,208 

495 

03 

pc ( p.c 

Ofi 05 

1 

p.e pe pc pc 

0 3 26 9 52 0 12 8 

pc. p( 

Pt'. 

Vfi. 

Tltames Mater after storagi 
at Staines Bebervoirb 

240 


3 

214 171 

25 7 4 3 

14 



-- 

Thames water after storage 
at Chelsea lieservoirs . 

442 1 

hi 

8 

113280 

213 9 3 



-- 1 


i Thames water after storage ^ 
at Lambeth IteserTOlrs | 

1 

1 3o4 

54 

8 

208430 

319 4 2 


- 

- 

1 

Saw Lea sater before 
storage 

1 

37,071 

8J7 

ftO 

0 0 0 5 

0 3)1 111) 7 1)2 7 8 0 5 

0 5 ^ 

1 "•* 

Lea water after storage at 
Walthamstow Hi >cr\oirs 

121 

21 

4 

600 100 

8 0 13 



1 



indicated by means of a convention similar to 
that employed in the case of B, cohf in ahich 
syllables are made to represent dehnite bio- 
chemical reactions, thus : — 

la ~ acid in a lactose medium, 
ma « „ „ manmte „ 
mi ~ clot „ milk „ 
ra « acid „ raffiuoso „ 
sac M saccharose „ 

sal » „ „ sahem „ 

The 100 streptococci examined may then be 
thus clasi^ed 

la-mi-ia-sal . 49 la ma-mi-ra-sac-sal 4 

la-mi-ra-sao-sal . 44 la-mi-ra-sac . . 1 

la-mi-ra , . 2 

Thus 97 p.c. clotted milk, and produMxl 
acid in lactose, rafiinose, and sahem media, and 
of these 48 produced acid and 49 no appreciable 
acidity in a saccharose medium. 

During the year 1909 Houston examined the 
»w (ui^ltered and unstored) Thames, Lea, and 
New River waters for streptocoici, employing 
1 C.C. of each sample on Drigalski plates as above, 
with the following results 

Ko ol times 
streptococci were 
« « * . In 1 e c. 

gweddysomplee of Thames uater .« 13 
IK weekly eamjdes of Lea water . J3 
W weekly samples of New River water 2 

AeniieitbthetvpM 

tktalMtv S8 Mun^ of the 71 mlnnltorM ol 


strrptococd p\ainuird thp followiog combwa. 
tious acre found 

Thames U% Kew RKcr 

La ma-mi-ra-8ac-)>al. i 2 0 

La ma-iui-sac sal . 1 3 0 

La mi-ra-sae-sal .9 17 0 

Ija ma-baC'Sal .0 1 0 

La ma-mi-sac .0 'I 0 

liU mi-sac-nal . . 4 9 0 

La-mi-ra-sac . . 2 10 0 

La sac-sal . . 0 I 2 

La-mi-sal . . 0 1 0 

La-mi-sac . . 2 0 0 

La-ra-^ . . 0 3 0 

Total 19 00 2 

The above ruHults arc especially mtetesUng 
&h Hhou ing that the two impurer waters (Thamee 
and Lea) contained streptococci much more 
frcquimt ly than the far purer water (New River)^ 
ana further, that the streptococci aotnally 
discovered in the latter were of a type more 
remote from that of those which are tisnally 
disrovered tii ficces. 

Bi<anng in mind that, on an aveia^, ttpwiide 
of 90 p.c. of the raw Thantes and Lea aaiD|dee, 
and about 30 p.o. of the raw Now Klmiaiilj^ 
contain typical R. coti in 1 c.o. or under^ wSuit 
in only 2o p.c* of the raw Thamee and laa 
samplm, ana in only 3*8 p.e. of the taw New 
River eamplee were etiaptoooooi found, it feBowi 
that the streptococci ere a te leie deltas 
mdexofcontamlimibtttbeniitlm Ske 
abecnoe ol etreptoooccl hi 1 M of a filar 


} 


WATBR. 


ikmXmi be negided mi eny oriterioii 
o! iti ISie leiMHiTe «wcity oi strepto- 

oooflliii imtici vhloli have pndmibtedly received 
a cbpsidemble amotini of tewaM matten u 
aoooimted lor by tbo fact, ostabHuied by Hotu- 
tou» that atreptoooooi rm rapMly die off when 
^la^ in water, This oircamstance points, oi 
ooursei to the prosenoe of streptococci serving 
as an indication of very recent contamination. 

Mecent baokriologicM methods applied to other 
procsMMo/iwiferpiw^/icatum.*— Fromtheevidenoe 
already mught forward it appears that con- 
fidence in the purification which can be effected 
by storage ana sand-filtration, under favourable 
conditions, has been distinctly strengthened by 
the application of the more recent developments 
of bacteriological water examination—search for 
B* ooU and other microbes more or less connected 
with sewage contamination. 


Certain other prooecses of water-pnrification 
whldi are employed on the large scale may now 
be briefiy eoniidflted. 

Mechanical The use of mechaideal 

filters originated in America, and their employ* 
meat in our own oountxy is becoming more and 
more common. Such filters are in use at Bolton, 
Buml^, Heywood, Edinburgh, Crewe, Ghmees* 
ter, Shrewsbury, and other plaoes in Great 
Britain, whilst they have also been installed in 
India, japan, and some of the colonies. Spm 
does not permit the discassion of the remdve 
merits of the two different processes of filtra- 
tion. They each possess their advantages and 
disadvantages ; they can each be made to yield 
good and bad results according to the manner 
in which they are employed. The following 
results may serve as an illustration of the very 
high degree of purification which can be secured 


PURIFICATIOlf OF RlVEK WaTEE BY MarHANICAL FiLTEBS. 



Number of bacteria in 1 c.c. 

J 

eoli (typiesl) li 


— 

Gelatin at 20‘‘ C. 

Carbolic 

Bile-salt 








gelatin 

at20“C. 

agar 
at 37* C 

100 c.c 

10 c.e. 

1-Oc.c. 

0‘1 C.C. 


2 days 

7 days 

7 days 

4 days 





Raw river water . . . | 

Ditto after passing sanfftlters 

37(»0 


35 

19 

+ 

+ 

+ 

+ 

130 

405 

' 2 j 

2 

-f- 

+ 

0 

0 

Ditto after further passing 



1 ' 




mechanical filters 

8 

33 

1 


0 

0 

0 

0 

0 


by moans of mechanical filters, wluch, in this 
instance, wore employed to further punfy a 
river water, which was being veiy imperfectly 
purified by some defective sand-filters. 

GlarVs process o/so/ten»n( 7 .—-Already in 1885 
the writer showed that in softening water with 
lime, a very lar^e proportion of the bacteria are 
carried down with the precipitated chalk, but 
that if the latter is allowed to stand in contact 
with the softened water bacteria again pass 
from the precipitate into the water. In the | 
softening process this removal of bacteria may, 
under favourable conditions, amount to upwards 
of 00 p.e. I 

Bebently the writer had occasion to deal 
with a chalk well water, which was causing 
anxiety in consequence of its freauently con- 
taining B. eoli in rather small volumes. The 
most obvious and unobjeotionable method of 
purification which suggested itself was softening 
with lime, inasmuch as the water contained 
plenty of oalclum bicarbonate in solution. The 
following table shows the results obtained in a 
number of smaU-soale experiments in which this 
water was treated with lime, and sometimes with 
aliuainoferrio, and in which the softened water 
waa iametimee decanted, sometimee filtered 
thfOUkh paper without disturbing the precipi- 
tate filtration’ in th» table), and 

iOinemea filtered after deliberately disturbing 
tlie pmeipltate (*turbid filtration’ ia the 
table). 

A gimnt wmf ei^ecimeiits were made in 
adiB t km to mm leomed beloirt but always 
ww ihfi femlti that nut- 


Withstanding a large percentage reductioii in 
the total number of bacteria taking plape, it 
was only in rare cases that the B, colt was 
banished from 100 c.c. of the water by the pre- 
cipitation process. It most be remembered 
that the demands now commonly made on a 
purification process with regard to the removal 
of B. ccli are much more stringent than with 
regard to the removal of bacteria in MCml. 
Thus, should an untreated water oontam 1000 
bacteria per 1 c.c., if by treatment the number 
were reduced to 60 per 1 c.c., this would represent 
a purification of ^ p.o., and the water would 
be regarded as quite satisfactory from the point 
of view of the total number of bacteria pneent 
But, if an untreated water contained the B, coli 
in 0*1 O.O., and after treatment this rnknobe 
were not present in less than 10 o.e., this would 
signify a removal of 09 p.c. of the B. eoh pvessnti 
in the original water. Butsofaighisthestandan) 
of purity at present often demanded in lesmet 
to freedom from B. coli, that the water wnkh 
had thus been purified to the extent of 00 me. 
might still be regarded as of a queBtkmma 
degree of purity. 

Ozone fmifmsitf.*-*Th6 baotssiridaLm 
of osone have long been demonstiatei^^ mit il 
is only in quite recent years that it haa oM nasd 
on a large scale for the stecffisarioii of town 
water-sig[)plieB, In Fnnce the dfiokiog watsia 
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Raw well water 

Ditto after filtration through sterile 

paper 

Ditto+lime water, filtered through sterile 
paper alter 1 hour's subsidence 
Ditto+lime water and aluminoferric, 
filtered after 1 hour .... 
Ditto +lime water ; clear filtration after 

3 hours 

Ditto+Hme water and aluminoferric ; 

I ^lear filtration after 3 hours 
Ditto+lime water; turbid filtration 

I after 3 hours 

I Ditto + lime water and aluminoferric ; 

turbid filtration after 3 hours . 
Ditto+linie water ; clear filtration after 

25 hours 

Ditto 4* lime water and aluminoferric ; 
clear filtration after 25 hours . 


of the towns of Nice, Cliartres, and Cosnc an* 
being subjected to ozone treatment, whilst a 
plant for the treatment of 10 million gallons of 
water was projected in connection with the 
Paris waterworks In Germany there are 
installations at Paderbom, Schierstein, and 
Hermannstadt 


The wnter has snadt* experiments with 
ozone in connection with the praoticabilitv 
of punfying the chalk well-water to which 
reference has just been made above. Th^ 
extraordinary efficacy of this agent will be 
apparent from the foregoing results obtained in 
experiments in which the impurities of theohalk 


OzoKE Treatment of Water. 


Chalk well-water . 

+4 p.o. polluted canal-water 
Ditto aftw treatment with 5 
times its volume of ozonised 
air durixifi 2 hours ; cultiva- 
tions maoe 2 hours later . 
Chalk w^-water . 

-f-4 p.c. polluted canal-water 
IMtto after treatment with its 
own volume of ozonised air 
duiing 24 minutes; cultiva* 
tiOQS made 1 hour later. 
(The osoniaed air contained 
0*23 p. 0 . ozone) 


Gelatin 

X 

"s 


1^’ 


P 

7,000 

2 

10,000 

7 

0 

2 

0 

7 

4,000 

2 

7,000 

7 

0 

2 

3 

7 



iteli^water were enormously exagseratefi the oldest and commonest of diaifileotittts, The 
iddftSott of 4 p,o, of polluted canal-water. use of hypochlorites for the etertliiiMlimi ol 


eetion 

hnofxb 


V 
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Chiak weil-watee *te tniubMi 
Mth bleidbtog-:pow^ 



No. of bacteria 
gelatin at — 

20 * 0 . + 


+ + + 


MUUobs of part! of water treated 
per 1 part of available ehlorlse 
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Second series of e 

xporiments 
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^ N. eoli found absent even in 500 c.c. 


Iftlt, for the treatment of the Lincoln water* ; 

wlEo]»oo^^inthatoit;iri^90i>k^ ^ | 

Ihe writer had occasion some years ago to 
iHTSStlgate the efficiency of the bleaching-powder 
tfegtment on a chalk welbwater, the experiment 
Mm made with a large experimental pumt. 

Iwm the results given above it will be seen 
lAat a Hgb degree of purification is obtained 
\if this simple and inexpensive method of treat* 
IMttt irm vAen extremely small quantiUes of 
hkjsaning^poisdiir ate added to the water* 

sasragis 


Thus the only occasions on which K cdi wu 
found even in 100 o.o. of the treated water was 
on the first day of each of the two aeries wf 
experiments and thus when the aj^aratus had 
presumably not yet been completely waAed 
out with treated water. On several oocaiions 
even 500 o.o, of treated water was exanrined for 
B. ecU, and this mioiobe was on eaoh mck 
occasion found to be absent evmi in that large 
volume. 

Similar results have been obtained by Sm* 
Woodhead» Thresh, Hehner, Rideal, and otheia 

For the more recent expecienoe in (he 
chlorination of dcinkittg water, and for a sum* 
mtiy of many other important pobts» tim tead^ 
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ihcmld ocmBtilt WmiUm^ ProgveBs in W«t«r 
Pnriftenfcioii, Tmos. li»t. of Wnter Sngineen* 
17, imp. 117. 

JVaofnieiif wUh utim-viM The snown 
boofteriddnl notion of the nltia-Tiolet rave has 
been applied by Vietor Henri to the BteriliBatlon 


is irorked ^th 3 ampbres at 220 volts, and i% 
pkoed in the bend of a semicircular trough 
through whi<^ the water is passed. AtMarscilks 
the process has been tried with a plant yielding 
ld0,iK)0 gallons per 24 hours, and using 120 watts 
per 1000 gallons. The crude water uways con- 
tained some B. coli, and the total number of 
bacteria varied between 30 and 300 per 1 c.c., 
whilst, in the treated water, B, edi was absent 
and the total number of bacteria was reduced 
to an average of 1 per 1 c.c. (Modern Methods 
of Water iMxrification, Don and Chisholm, 
London, 1911). iSeealso W. Clemence, Engineer- 
ii^;, Jan. 27 and Feb. 3, 1911. 

Coaefttsions.— During the nearly 40 years that 
the systematic baeteriological examination of 
water has been practised an enormous amount of 
work has been carried out by a large number of 
investiffatorB, but notwithstanding the immense 
multipEcation of results it must be admitted 
that no veiy su^rising novelties have been 
bron^t to light since the year 1895. By then 
all the salient features in the bacteriology of 
water had been mapped out, and the past 
30 years have more especially been occupied in 
filling in countless details and in confirming over 
and over again what had already been broadly 
established. 

Thus, already in tbe earlier period, the 
methods of bacteriology had been suooessfuUy 
applied to a determination of the value of the 
most varied processes of water purification 
natural and artificial, filtration, storage, pre- 
dpitatSon, sedimentation, Ac. It had 
shown how such prooesses should, in the interests 
ol pobtio health, be continuously watched over 
ana oontrolled by bacteriological examinations 
made at frequent intervals, .^in, the vitality 
in water of the prinoi]>al bacteria associated with 
water-borne syrnoUc disease had been investi- 
gated, and the results then obtained were sub 
atantially the same as those which have been 
arrived at by the most recent developments in 
baoteriologioal techniqae. In a word, these 
most recent developments in the methods of 
bacteriology have served to confirm and 
emidiasise tbe conclusions which had been 
generally arrived at by the less perfect methods 
of the earlier period. 

The all-important questions which the 
water-examiner has to answer are the same to- 
day aa they have been all along : (a) has the 
wA&t been eontaminated with the excreta of 
man t : and [b) if such contamination has taken 
plaoe, baa tbe water in its subsequent history 
been eubjeet to conditions which would ensnie 
tlia deatruotion or removal of the pathogenic 
baetaria iddoh may at any time be present in 

!Pe the fitet of these questions bacteriology 
eannet gfva a categorical answer even to-day, 
beeanae mm not acquainted with any microbes 
wUfih iia fihaobitsty ehataoteristio of bnmaa 
aamsila. nmgl•a^ria«raaaadf^^ 


d^tsoUon and quantitathne detenaiiiatloiL of the 
B. cefi, howev^, haire undoubted daoed ns in' 
a jpoaiiion to asoertaln readily metber and to 
what extent a water has brnn oontaminated 
with exoremental matter ineiiqkeotlyely of 
whether thelatter is of human or animal origin, 
but it is obvious that this will aot» in genm, 
carry us very far, inasmuch as praoUoalfy ail 
surface water must be more or less so oontami- 
nated. 

To the second question a similarly qualified 
answer, again, can be readily given. If the 
water is free from B. colt in a large volume, it 
may safely be concluded that a /oriiori it is free 
from the typhoid bacillus in a simUar volume. 
But should the B. colt be found in a small volume, 
it does not follow that the water may at w 
time be liable to contain typhoid badlli, becim 
the discovery of the B. colt does not prove tut 
the water has been contaminated by man at nil. 

Thus with regard to both questions, it w 
obvious that we are in a much stronger poritiou 
in the matter of exculpating than in that id 
incriminating a water. However, the inferenot 
that a water free from B. colt in a lagre volume 
is, therefore, necessarily a safe one, requires a 
slight qualification in view of the remarkable 
and interesting revelations which have in recent 
years been rnurio with reurd to what are known 
as "typhoid carriers.* Some of these persons 
suffer!^ from * ambulatory typhoid* dimhaigd 
typhoid ba(‘illi in the urine, and it is thus 
possible that water may actually become eon- 
I taminaiod with typhoid bacilli without at the 
I same time receiving any B. cdi. Although tide 
is not likely to be of frequent oocurrenoe, stUl 
I its possibility, especially in the case of men 
worxing in wells, filter-beds, and sorvioe reser- 
voirs, should on no account bo disregarded. 

Certainly one of the most important advanoei 
made in bacteriology daring recent yean is tbe 
careful characterisation of bacteria by means 
of biochemical tests, and tbe isolation of par- 
tioniar types of bacteria from such mlxtniee •• 
are present in water by means of special cnltitre- 
media, liquid and solid. However, until baoterio- 
legists have agreed upon uniform tests for each 
particular microbe it is unavoidable that tbm 
should bo much confusion and that tbe tesults 
obtained by different observen sbonld be 
difficult to compare. Under these rinmniitaiises 
the interiiretaaon of repults by the lodlvIdfMj 
observer is a matter of the greatest importance, 
and it is neodJess to say that uniess tbe iraridnal 
observer has a wide personal experlenes and a 
thonougb knowledge of the faoton aflsetfim tbs 
purity of water-supplies of different khufi Ui 
interpretatkm of toe results obtained wiB not 
only have little practical value bat may aasBy 
lead to very serious mistskss 

Thus, whilst the ontstandliifaeUsfrinwnt 
la baeteriolo|ioal water examlnatkn dmlag tha 
past 25yeire is the lyite m atlsi t ion of Mi for 
detocilng the pfeeence in water of Mhk 

Ik f- I. 


hygitam dffmfioam mariim 4i mnUk xMat 
wy bard and flii aMisifionrf mniidi. 
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index ta mm contuaiiiation. Thn figuint on 
p. 411 Khow hov Amok leis nbainknt in f»oes 
Are tkese spoiM thAn i» Ike J9. coU emmmii 
They do not, thezefoiOb k)nn amok a delloate 
tait for eewege oontaminAtion as does ike B» 
aiUt and their final identifioation is mudi less 
oeitAiiL The vater-baoteriobgist should, how- 
ever, not nesbot a search for these spores, but 
idiotdd regard the evidence whbh their presence 
or absence affords as supplementary to that 
whbh is furnished by the R cdi results. 

In oonolusbn a word may be said with 
regard to the relative value of the chemical and 
baoterblo^cal examinatbn of water. At the 
present time it is often supposed that the 
chemical has been entirely superseded by the 
bacteriological examinatbn, ana that the chemi- 
cal ansk^ of drinkmg water can be dispensed 
with, w reality the two methods of examina- 
tbn snppbment each other. In those cases in 
which the source and general characters of a 
water supply are well Imown, the variations in 
purity from day to day or from week to week can 
undoubtedly be more satisfactorily watched by 
means of becterioiogical examination. On the 
other hand, it is often desired by means of a 
single examination to ascertam the fitness or 
otlwrwiiie of a water for domestic use, and in 
such oases the omission of a chemical analysis 
may lead to an entirely erroneous opinion bmng 
brmed. The ingredients detected by chemioiu 
aiialy8is-*-oiganio matter, ammonia, nitrates, 
ohbrides, Ac. — on which an opinbn as to 
hyfbni<^ quality is based, are all much more 
permanent and uniform features in the com- 
positbn of the water than are the amount and 
the nataro of the bacterial life which it may 
oontain. The chemical analysis will, therefore, 
if skilfally interpreted, enaob a much better 
idea of the potability of the water to be 
obtained than would be possible from a single 
baoteriobgioal examination. 

There are so many factors and considerations 
whibh have to be taken into account if an opinion 
of any real value as to the hygienic quality of 
water is to be formed, that no knowledge or 
iafomiatbn which can be gamed either by 
efeembak or by baoteriobgicia examination, or 
by inqiectbn of source, or by any other avaibble 
sseani whatsoever should be neglected. 

P, F, F. 

WATER-GAS 0. Gas, Watxe. 

WATER-GLASS. Sclvbk glau v. Qlabb, 
WATES^r-AYR STONE v. Whststoux. 

WATER-SOFTENING. Some natural waters 
raqt]^ the use of a rebtively bige amount of 
.ioap to form a lather, and are characterised as 
*hatd^ vmteiB. They oontain impurities which 
met Abk and destroy soap forming a ouidypre* 
eiplAato, atkd ike gen^o teim * water soft<y^ 
mmsAm all prooesses wksek remove tkese im- 
pinms,wkDiurorlnpail Oeitabpiooesmoi 
iWkir puiMtoatton ortmtmentnot taflingitrU^ly 
Gkb diNttitbn, are neverthebessoiebted 
la Im wator-soiteniDg proceesee that tkey are 
msa tmiaabatly ooiwim 

sake and 
leaner 




for many domestb and industrial 
usea. In waridng and soourin^ kmd water 
wasfoa 8(»p and dwoobm fobrios oy the depoi^ 
tbn of insblubb salts; in the manufacture of 
worsteds and woolbns it decieam the pUaney 
of tkebbrie; fo iaanfog it deppsito lime k the 
hides ; when heated or evaporated in lattba, 
oalorifiers, boibrs, Ac., it deposils scab which 
impairs heat transmission and iwimses dkaigea 
for maintenance and depreebtion. Rbacbcmafo 
hardness hinders the uniform dyeing of fabries. 
Sven ice prepared by freezing hard watc^ b 
unsatisfactory, being opaque, or cobuied if 
iron ia present, and foaving a dirty sediment on 
melting (Behrman, J. Ind. Eng. Chem.4SSl, 
13, 235). 

Nature o/^rdneas.-— Hardness may be caused 
by the presence id water of soluble salts of 
most metals other than the alkali metids ; for 
example, banum chlonde is occasionally found 
as a major impurity causmg hardness. But in 
the great majority of cases hardness b due 
mainly to salts of calcium and magnerium, and 


to a lesser degree to salts of iron and manganese. 

It b usual to recognise two typos of haidness, 
temTOrary and permanent. 

Temporary hardness due to bases, nsoaily 
calcium but occasionally iron, present as bioer- 
bonates, is so called because it b removed by 
boiling the water, whereby excess carbon 
dioxide is gradually expelled and the less solubb 
normal carbonate is precipitated. With regard 
to certain softening processes which depend 
entirely on this reaction, it b important to 
observe that at temperatures below 100°C. but 
Utile carbon dioxide is removed unless the water 
be violently agitated, and that eren at 100^ 
some 10 minutes* boiling b neoessm for its 
compbte expulsion (Paul, Boifer Cuemistiy, 
Longmans, p. 94). 

Hardness due to magnesium bicarbmiate, 
often regarded as temporary, b less affected by 
boding than that due to ^cium bicarbonate, 
normal magnesium carbonate being more 
soluble than calcium carbonate. On iSo other 
hand, at the temperatures attained in bofleie, 
magnesium oarbonate b hydrolyBed to magAt- 
sium hydroxide, which is precipitated and may 
even be dehydrated to the oxide* 

Permanent hardness is that whioh persists 
after boiling ; it is due to the oombinea effieet 
of a small quantity of residual normal carhonatea 
and of other salts, chiefly sulphates, idftiatea» 
and chlorides, of calcium and magneshuiL 

QuantHatitfe estimate oj Aardiiew.---<Origfoaflly 
hardness was measured and stated in term ol 
the number of grains of cahaum emrbonaite par 
gallon of a aomtion eouivalsnt to the water 
under teat in respect of the quantity of aoly 
required to produce a lather. Hasdoasi eofie*' 
mnding to 1 gram GaCX>« per rndfoii (I peii 
uiOOt in 70,000 parts of water) it wSbed ae I 
degree (C3ark) cl baldness. Hardneai ia «iow 
frequently expreaeed in taima of pAita of Qa00| 
per 100,000 narta of water; aquaiiltiyertdeattr 
equal flo l0/7 x the hardMii expieiiad fit 


It b .eonveiibiit to give bare a t 
(TaUe 1} of the sohibil&i at ah^ 
tim eUef naidBiilngimi^ 
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in mSanA per f^on and parte per lOO.OOQi 
wmh, evidenily, represent ibe nazimnm hard- ; 
nees of water whi^ can be oaneed by each 
impurity at the ordinary temperature. 

TaBLB I 


laipuil^ 

(kOOf jDieeolved 
M^O, asbi- 


Bquiyalettt 
Bdobilitr. liardneM. 
Peitsper PertBper 
100,000 100.000 (C! 

118 118 8! 

3100 3676 267C 

joarbonates abt. 400 346 240 

OaOO, ' . . 6-8 6-8 4*8 

. . abt. 70^ 83 68 

CaSOA • • 198*3 146*6 101*8 

CSb(OH)* . . 170 230 161 

Mg(OH), . . 0*9 1*64 1*08 

^ The solubility ot magnesium carbonate varies 
greatly with the pressure of carbon dioxide; the figure 
given Is (or a solution in equilibrium with carbon 
dioxide at about the partial pressure normally existing 
in the atmosphere. 

Some of the solubility data arc uncertain, 
but the table will serve to give a useful indica- 
tion of the softening effect of the reactions under 
oonsideration. Thus, hardness due to calcium 
bicarbonate alone, which may in equilibrium 
with carbon dioxide at atmospheric pressure 
attun a maximum of 82*6 degrees, can be reduced 
hv boili^ to that due to calcium carbonate 
alone, viz. 4*8 degrees; whilst that due to 
magnesium bicarbonate which may reach a 
maximum of 2600 degrees under the above con 
ditions, is, by boiling, reduced only to 68 degrees, 
equivident to the solubihty of magnesium car- 
bonate. 

Wakr ^cfkning reactions , — Temporary hard- 
ness is usuiiliy removed by the addition of 
lime, as oiimally advocated by Clark in 1841, 
and applied oy J. H. Porter in the * Porter-dark ’ 
piooeBB(J. Sto. Chem. Ind. 1884, 3, 61). The 
chief reactions involved are : 

CWHC0,)|+Ca(0H)*-^^2CaC0,+2H,0 

M«HCOJj+Ce(OH),->CaCO,+MgCO,+2H,0 

lf^,+Ca(OH),-^Mg(OH),4-CaCO, 

Vtom Table I it appears that the residual 
hardness in a solution saturated at 16^ with 
ealchun carbonate and magnesium hydroxide 
would be 6*9 degrees. In praotioe the reactions 
are not complete and it is difficult to avoid a 
riiC^t excess or deficit of lime, but the minimum 
hardness actually attained at 16^ is about 3-6 
degr^ 

lime precQiitates as hydroxide any magne- 
sium present as sulphate, chloride, Ac., but an 
equmleot amount of caldum remains in 
sorotion; lime does not, of course, reset with 
es k i m n salts: hence permanent hardness is 
nnsiseted by the lime treatment. 

h ar dn e s s due to salts may 
he tueuted by addition of sodium carbonate 
^(sedaaeh), which pfedpiteteB oalcinm as carbon* 

, « ale* leavmg in solution sodium salts of the 
. * addic ludiSes with which it was oombiiiod ; 

(||k80«^Ka,(X)t-*»*C^ 

'He m%bi of this use of soda ash k obftcuiet 
Indll ii daer that P« A. Maignen was one of ibe 
Aedw •• e powder with lime and 

led# 18^ 6i 22). S o d hw e 


(Clark) 

82*6 

2670 

240 

4*8 

68 

101*8 

161 

1*08 


jwboBite also removes temponuy hsidnees 
due to cdoiiim bicarbonate : 

Oa(BKX),},+Na,OO«-»*0MX)|+l9^^ 

but method has the disedtantsge of leaving 
sodium bicarbonate in solution and is idatiively 
costly. 

Reference to Table I shows that additjkm 
of sodium carbonate cannot reduce permanent 
hardness due to below tbeoS degtoeit 

due to the solubility of magnesium carb^te. * 
Such hardness is best remom by the addition 
of caustic alkali, or, what is equivalent and 
cheaper, lime and soda ash in equivalent pro* 
portions. The reaction involved is of the t 

MgS04-fNa,CO,4*Ca(OH)j f 

-4- Mg(OH)a-f CaCO,-f Na,B04 
Should a water have only permanent hardness 
due to magnesium salts the use of caustic sdda 
has the advantage of leaving no residual hard* 
ness due to calcium carbonate. In tiie equa^ 
unusual case whore the bicarbonate hardness^ 
exactly two-fifths of the total hardness, oaust^ 
soda alone will soften the water according to the 
following reactions : 

Ca(HC 0 ,) 4 -f- 2 Na 0 H-^CaC 0 ,+Na,C 0 ff 2 H 40 

Mg(HCO,)4+4NaOH 

-► Mg(OH)4-f 2NaaC0,-f2H,0 
3CoS04+3NajC0,-4-3CaC0,-f3Na|S0* 

Certain other reagents merit brief mention. 
Borax, sodium silicate, and sodium phosphate 
can precipitate calcium and magnesium as thy 
relatively insoluble borates, silicates, and phos- 
phates ; the two former are common ingredientB 
in washing powders, but none of the three is 
used in industrial water-softening. Barium 
hydroxide is an effective softening reiigsni* 
especially if the impurity in water is ducfiy 
sulphate, but its mgh oost and poisonous 
character binder its general use. 

A suspension of oarium carbonate in milk 
of lime has been patented as a softening re- 
agent (H. Reisert, 1). E. P. *333994, 1818) and 


ness even wnere precise adjustment of the 
quantity of reagent is not attained, but is liabla 
to acquire a coating of barium sulphate, render- 
ing it inactive. 

PermvtUs, or artificial zeolitest form a distinct 
class of water-softening reagents. They are 
hydrated alumino-silicateB of soda, similar in 
composition to naturally occurring leolitssi 
e.p. analciU, Na40'A]|0|*46i04'2H|0. 
compounds, in contact with aqueous solutions ct 
metallic salts, enter into reversible reactions at 
the type: 

Na,0*(Al,0|*4Si0t*2H,0)+GaCl,*aq. 

(8oUd) (fidntton) 

^^A1.0,*4Si0,*2H,0)+2Kaawq. 


With dilute solutions of salts of the heavier 
metals, sudi as bard water, the iciotion k 
almost complete toward the right; Bith eoB* 
centrated smutions of sodium taUs, $4, hi^ 
the leveree reaction liigdypiiepondm^ Vm 
utility of sttob reactions m ii 

ftfadofyii, ftfid thd r a pri tcotioo Is ditcusiid beloiri 
Thouiffi some wmm ere omM 

i iBMs ' 

.'s.T ’'ll' 


WATER>SK)tfJlW£Su. 


m * 


fheaaM^ 

MoUtei^ on the other hiod, undergo bue< 


iajfhloh im le imoved hK>m 
I eAeetoil ty aJhming the wetear to llo# down 
toweiie piohod with eoke* or hy ^pcajdng it 


exohiw^feeidfly and toe lerge extent^ throng noi^. In this way the im la 

haa heen attrionted by OaSa to a diSerenoe oxidiMd to the hydroxide, idm rema^ in 

in oona^ulion ^ the kind indicated by the ooUoidal solution until it la coagulated ^ 
foUowiiM iormulia removed by the action of the material forming 

^ the filter W. Too mu<fl> aeiatkm ia to be 

avoided if the water containa a relatively large 
I I proportion of lime and oarhm dioxi^ or the 

0 0 fatter may bo driven out of the water leavtog 


0* 


Ifatuial zeolite 


6 6 latter may bo driven out of the water leavtog 

nw I nwo. Wa(V J (m insufficient to hold the lime in aolnrion ae m- 

X5>Si-0~Al<}(^; carbonate, with the result that calcium car- 

, HI 4 . 1 iu bonate is precipitated and Uooks the pipes 

Artificial zeolite Ifatural zeoUte (Kisskalt. Sac- u. Wasserfaoh, 1024, 67, {; J. 

Permutit was first prepared by Gans (D. B. P. Soc. Chem. Ind. 1924, 43 B. 230). 

174097, 1906) by allowing alkali aluminate Treatment of tdkaline and acid ioaters may 
fwe from uncombmed alkali to act on hydrated bo briefly considered. There is w practicabm 
siUcio acid, employing heat to complete the method tor the removal of alknli, but various 
reaction. Oalcium permutit is formed by treat- reactions, e.g. addition of calcium ohloiide or 
ing toe product with calcium chloride solution to sulphate m the form of a strong Bolurion or m 
replace soda by lime. water containing permanent hardness, will 

Numerous methods for preparing similar serve to convert alkali carbonate or Woarbonato 


reagents have smce been descnl 


water containing permanent hardness, will 
taring similar serve to convert alkali carbonate or bioarbonato 
, for details of to a neutral salt, but the resultant water will 


whmh toe patent literature must be consulted, evidently be undesirable as a boiler feed water. 
The more important methods consist (a) in Acid waters derived from moorland catch* 


1906 ; $u also D. R. P. 200931, 1907) ; or (6) in sodium silicate, which removes phtmbo-solvenoy 
hydrating by high pressure steam, with or without increasmg hardness, 
witoout toe addition of alkali, natural minerals Artificial hardening, by addition of oalcium 
of appropriate composition such as trass, sulphate, ia practised m some oases to rend^ 
]|toonolite, loucite, sodalite, &c, (Permutit a soft water supply more suitable for use in 
Filter Oo., Eng. Pat. 26094, 1910 ; see also, brewmg. 

similar hydration of Portland cement, Snelhng, Bouer com^oaitiona contain either or both 
U.S. Pat. 1325213, 1919); or (c) in effectmg (a) ordmary softemng reagents such as lime, 
haae-exohange by the action of metaliio salt soda-ftsb, and caustic sooa, and (5) organic 
solutions upon primary products obtamed as matter, e.g. tan bark, which serves, by men 
above. mechanical action, to prevent the formation of 

Some other base-exchange reactions deserve hard scale. Reagents of class (a) may he dis- 
mention. Sodium permutit removes ammonia missed with the comment that th^ ate usmdly 
hum water ; if sodium permitut be treated dearly bought in the form of boiler oompositianB 


with dilute acid it becomes an acid permutit, and that, in ao 
whidi will remove soda and produce an acid water-softening 
water; calcium permutit removes manganese Materials of d 


and that, in any case, it is unimund to perfona 
water-softening reactions within a b^ler. 
Materials of mass [h) are evidently the lineal 


from water. If oalcium permutit be treated descendants of the dead pigs our foietothen 
with a solution of a manganese salt and the arc reputed to have put in hoileia to prevent 
lea^toig manganese permutit be acted upon by scale formation (P. Q. Jackson, Bwler Feed 
a a^km of calcium permanganate, reactions of Water, Grifiin, 1919, p. 26). 

... . Ji 11 ... YC ^ x£_. 


tiM foUowing typo oooor : 
0t0*Al,0,-28i0,+Mna, 


MnO-Al O -HSiO , *arfiM)eolthelK)ilerMdBulMeqiien«fyi^w^ 


if a mechanical preventive of scale ia deaired, 
undoubtedly the bwt is pure graphito applied 
as a cream with water to the mean internal 


day (Hinchley, Notes on the Economioai 
axement of Sni^l BoUer Plants, Ptoo* Oh ellou 


produoing a dark-coloured mw containing Mana^ment of Small Boiler Plants, Froo*\Mii« 
Doto lime and a hi^y oxidised manganese Eng. Group, (Soo. Chom. Ind,), 1919 $ M 
gloopto This is, in effect, an insoluble per- for a scientific investigation of the memwm 
maognnate and oan serve either to stenliso effect of linseed, Brun, J. Soo. (memf Xnd* IviWi 
water or to eliminate any iron it may contain 29, 76 ; B. Heuss, Zeitsoh. ges. BiaaWf 19IB» 
by pmoipitation as ferric hydroxide which is 41, 200). 

retimed upon toe surtooe of the filter-bed IVoj»rtio»so/w 9 «nte.--^Itt the great mfijor- 
k I). Roidd, A.r-a, Ft. Pat. 405900. 1909; ity of oases water is treated with a imxtitte of 
R. Rng. jii. 21184, 1909). A leoUte in lime and sdda-ash in such proportton ihi^hefd* 
Whiito iodOM bwn substitotra by stannous ness due to bioarbonates ana to magimew m 


Wliim soda has been suhstitnted by stannous ness due to moaroonates ana vo nMgmwm m 
eodde wltt lednoe gold from solntions of its oomplgtely removed by lime, si^ the hardim 
eeRe and nA it as purple of Osesins. Thus toen remaining by soda^ ^ 
Rli«Tideiilthsibise*exomgh^ leaMt required for 10(K) galloto 

teNm^tbemoriidit^ each grain per gallon of toe 


lurpie Of uses 

twidiMiimi 


idiMMwiadqg^a- 
hitn k«w dtMtibad ‘ 


in IhH* It (Aral. Boi]« QmiAa, 
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WADER^SOFTINMa 


mli$ to be lemovedkaa 

^ tbe Oj^iiHato qaaotities of hoik 

Im end aoda^Mh abould be uaed. Qoiintitiea 
oltwge&toalotilatedfrom the table are evident^ 
and in nraotioe a slight ezoess, about 
sl^uld be used, and the treated 
inater dionld be iaiutly aklaline to phenol- 
plrtbalein. 

Table II. 


tin a con* 

oentiatioii of 1 
gm. per gsBon) 

Free carbon dioxide. 
OaSO. 


Galdum 


ixtde Soda-aah 


OaCSf • 


ilUCOV4 • 

jg4j. 


leoi 
per 1000 
gallons 

0-260 


0095 

0-077 

0-120 


lbs. 


(Na 2 CIOg) re- 
quired; lbs. per 
1000 gallons 

0-111 

0-092 

0-130 

0-126 

0-102 

0-159 


Emphasis should be laid on the conclusion, 
following necessarily from the preceding dis- 
evasion, that Uie nature and proportions of 
water-softening reagents cannot be determined 
sim^ upon &ta of temporary and permanent 
haidimas; for the best results it is neoessaiy 
to haye a complete analysis of the water. 

of nagents is desirable in all water- 
softening processes and essential where the 
proportion of reagents is adjusted directly or 


Oonuiienial cautttc lime may be of almost 
any denee of purity. 8ume samples contain 
magnesw, some silica and alumina, and in all the 
oontent of real lime may vaiy from 100 p.c. to 
70 p.c. or lees by absorption of moisture. A 
mtm more leliabie reagent is calcium ' hydrate,* 
alalmd lime, which, when obtained from trust- 
worthy aovroes, always contains about 70 p.o. 
of CaO, will not easily absorb more water, and 
is a fine powder, convenient for storage and use. 
B raw quiddime is used, each batch should be 


SoHnm mhonaU is obtainable commercially 
M the aiihydroiis salt, soda-ash, and as various 
bydniitat, and may contain impurities such as 
iodittni sulphate or chloride, detrimental to its 
«ae in water softening. It should be bought 
under guarantee or be subject to test before use. 

fiiimlsriy, oaasftc soda is easily procured in s 
State of suBoient parity for water-softening; 
Imt it dioiikl preferably be in the form of * flake ’ 
or powder lor oonvenience in handling, storage, 
ana messiuvBient. 

[In the sitooeeding paragraphs names given 
in itslies in biaekets, thus {Paknonf, are those 
of tibnts or p r oees ios which embody the feature 
aider dieco i aioB.] 

MmMpd md domesUc waUt oofkning and 

e Mm Is directed to the ptoducyon of water 
from bacterial contamination and suspended 
mattar, free from colour and from exoeastve 
gardneea Owing to its cost, water softening 
of ttim^pil suipliee is practised only in exoep- 
iooil oiseUi ag- with Kratish waters of extreme 
pwi taii ti dmim from the challL It is nsuaUv 
ifcd tod biy an intennittent prooess in which 
genlQtei^^ with 

h bilk of water, the predfutaie be^ 
by seMemeiri and M 

mm mA sMmWfal supplies ait softened in 


Ism oonrinuous avtomstio phmti 0l tbe nniil 
inmM type described below. 

Gonvenify, some large industrial supplies 
ate treated by the intermittent process, using 
steam to assist solution of reagents and com^ 
pressed air agitatton to ensure Iheir uniform 
admixture wHh the water under tmptment 
(AreilbiiO and Dedey), After settlemm, the 
treated water is drawn oil by a floating k^hem 
and carbonated by a counter-current Si carbon 
dioxide passed through the outflow tdpe 
(Proo. Inst* Civ. Eng 1898, Part 8, p. 404). ouch 
intermittent systems when properly controlled 
are probably the most accurate moans available 
for water softening (K. V. Chambers, J. Soc. 
Dyers and Colourists, 1918, 34, 240). ^ey 
neoessitato considerable attention in working^d 
reouire large tank space, and thus are couly, 
unless, as in municipal processes, large quanlii[ ‘ 
of water are treated and existing reservoirs < 
be used. 

Domestio water softoniilg is quite oommoil 
practised, and, unless on an unusually la 
scale appropriate to automatio continu 

S lant, is also best eileoted intermittently, 
[easured bulks of reagent powder are mixed by 
hand with 5-10 gallon lots of water, the precipi- 
tate is allowed to settlo and the softenea water 
is withdrawn through a filter (Maignens) or 
by slow decantation (WHeon-PerreU * Pukia *). 

One small plant, which may be mentioned 
here, softens water by boating to about SO'^-OO", 
partly by heat-exchange with treated watery 
partly by direct heat, the soalt^ being deposited 
in a tower upon ptatcH rt^nK»vable for cleaning 
(Lawrence), This treatment effectively sterilises 
water (Hatch, Pn>c. Inst. Civ. Eng. 1906). 

Bacteria and suspended impurities aie 
usually removed by filtration. For smaU 
domestic supplies this is sometimes effected 
through porous earthenware filters under 
nr68Bun% and it is cledr that the * stream-line ' 
mter, which is capable of removing bacteria 
and even colour from water, oould be applied 
to the purpose (Hole-8haw, Ploc. Boy. Soc. 1928, 
103A, 5^). Wood wool, prepatw asbestos 
wool, cloth and sponges are sometimes empbyed 
as filtering media, but practically all large4i»h 
water filtration is effected by beds of sand, pto* 
ferably quarts sand, carefully sraded and 
supported by a layer of gravel. Filtered water 
is drawn off either by supporting the gravel 
layer upon a perforated metal plate or by pro- 
vuiing in that layer jan efSuent pipe eystenii 
provided with numerous screened Ofificei. 
Wood wool Alters are cheaper to install, but the 
difficulty of oleaning them satisfactorify neeesri* 
tates penotBcal renewal, the oost of which must 
be taken into account. 

Lsige slow sand filters aie utually oleMiisd 
by laying off units of the filter periodMIh 
and removing by band the top layer of sano. 
This is continued until tbe sand bed Is dimi* 
Dished as to require renewal. Bapid ciftd 
filters of the gravity or premie type m wib 
be denned by reveriliig the fiow of wnter and 
adtatuig the sand vtoientfy* Agilsmi 1| 
eleefced in some small pkatf by hindi in thn 
iiigm jdaots by cmnmM 
of wash-watir ftseiC A typloal l Uv st ia tl ei i li 
the Pilstsoii gmUf dkfm IaMp If 
In wltldi dts Msenadnl nlndMdininy A dnoMAib 

t •oi I \ * 




«' 




•tiitti ot mmpmmA «ir ^ muMi 
iitnSme ayvbHa ful^ tiivi ftgltftliiiig ftnd detm^ 



or pBmm fitabiioa on odj icale. 
Fig. 2 illnoM^ o ling^e nnit mnam^filter. 
In noRiiol oj^tion mw miter amnitted by tho 
TelTO A enten the filter at b and paesM fi»t 
throngh the looee maie of dowly dtmang sand o* 
and wen through Ubib etationaiy sand-bed ])» 
to the manifold b, and the filtered miter outlet 
r. Sand is continuously extracted by the 
pipe system o» and conveyed by the plM bh 
to the sand-washer J, where it is washed oy the 
incoming raw water and a small quantitv of 
dirty water passes away by the outlet K, whilst 
the main flow of raw water carries the cleaned 
sand back to the filter at b. Valves are provided 
to permit agitation and washing of the whole 
filter bed when necessary, the advantage of this 
type of filter being that, under any ^ven con- 
ditions, the mterval between such washings is 
much greater than with ordinary filters. 

Efbcient working of sand-filters d^nds 
upon the formation of a superficial film, com- 
posed of the suspended matter derived from the 
water, which is the effective filtering medium. 
Where the impurities iu water are so small in 
amount, or of such a nature, that tiiis film is not 
easily formed, filtration is frequently assisted 
by the previous addition of * coagulants,* such 


the filter bod, whilst the dirty water is dra^u off 
by the annular trough t to the water outlet w. 


ttt VUfaSi* 


Mod etw mj in* 



ISid is fidftyltlWb tu I ( AiIsnsii] 1| tiks 


as aluminium snlpbate. This salt, U8ua% used 
in the crude form, known oommerdally as 
* alumino-femc,’ is hydrolysed in dilute solution, 
especially in the presence of bicarbouates, 
forming aluminium hydroxide, which xapid^ 
coagulates and carries down suspended mattw 
otherwise unfilterable, and also, by adsorjption, 
removes colouring matter present in the water. 
Precipitation is best effected in a ueutel 
solution (hydrogen ion ooncentmtion p^T), but 
is not complete even with the addition of an 
amount of lime equivalent to tiie aluminium 
sulphate (Hannan, Chem. Met. Bug. 1221# 24# 
728 ; 28,502). Siinilar results nmy he atta^^ 
by the use 01 the dear ’aluminium hydiOBida 
solution * produced by mixing aqueous sofotimia 
of aluminium sulphate (40 grm. in 80 ayl 
sodium carbonate (10 m 40 o;e.)# wUcii«gn 
dilutioa, precipitates the hydroxide In a mim 
whibh setUM readily ( J. W. Coxe^ MeU k Ohem. 
Bng. 1823, 29, 279). 

Adjustment of the sup^ dt coagulant it 
efteotedin preasmo filtratfon Inr eontiol oi the 
small aeid-icsistiiig pump wldda deilvam itinin 
the j^t# and In gravity fitotfon by 

tiM kMwr to Uhwiiitoa to fto 1 




WATBB.SOFmiNa. 


imterat actoating toper valvte tt 

(abown eniaiged at {a)) so contoured as to 
pennit» for any flow of water, a oortesponding 
flow of coagulant by the 88 pipes to the trou^ 
where baffles b cause intimate admixture with 
the water. 

AfdomiUk wakr-sofUning pbate.—Many 
topes of these plants are in use, differing in 
the mms employed to effect the fundamental 
operationB into which water softening processes 
are divisible, via. (1) preparation of reagents, 
(2) apportionment of reagents to water, (3) 
mixing, and (4) settlement and filtration to 
remove precipitated impunties. For the better 
oonndeiation of the methods to be described, it is 
desirable to bear in mind the following essential 
features of an ideal lime-soda softenmg plant. 
Bcepaiation of reagents must bo conveniently 
effected, preferably by automatic means, 
and should be so made and used that they 
rein^ of precisely the same concentration 
until wholly consumed. Measurement of re- 
agents m relation to water must be accurate 
over long periods and at all rates of flow, and 
must yet permit of ready and precise adjustment. 
Mixi^ must be speedy and thorough. The 
reaetion tanks must be of such capacity that 
ample tmt (preferably at least 2 hours) is 
allowed for completion of the softenmg reactions 
before the water leaves the settlmg tank, and 
of sufficiently large cross-section to permit proper 
settling of the precipitate. The filter should 
be efficient and readily cleansed, but should 
only be supplementary to efficient Si^imentation. 

(1) Pfi^raiion of reagents. — Occasionally 
reacts are used in the form of a dry jpowder, 
usually purchased ready mixed from the manu- 
facturers of the plant or from a firm specialising I 
in the supply of such prepared reagents. In I 
the great majority of oases they ate applied as 
solutions or suspensions in water, wmeh are 
commonly made by direct weighing and measure 
ment, mixing or solution being effected, in the 
smaller slants by hand, and in the larger plants 
by meonanical stirrers or mjector agitators, 
in a tank at ground level {see Figs. 14 and 
15), from which they are pumped to a supply 
tank above the j^nt. 

Sometimes lune is used m the form of clear 
lime-water prepared in an automatic solutioner, 
consisting essentially of a vertical tank, havmg 
fMT the imls (jBoyle) or part {Harris-Anderson) 
of its height tne form of an inverted cone (Figs. 
16 and 17). By means of a pipe leMling 
neaify to the bottom, the tank is charged from 
time to time with a sufficient excess of a cream of 
stoked lime and water, and a stream of water 
admitted at the apex of the cone flows upward 
first igitoitiiig and dissolving the lime, ana later, 
as the onMN section of the tank increases, 
dMoitipg excess lime and all impurities, so that 
mm saturated lime-water overflows at the top. 
Aeuaumtoted impurities are removed from time 
. tcthttsbyasliidgecook. The use of saturated 
Bma-iiitsir to attended by oertotn difficulties 
tihtok must be recognised in order to attain 

S nssulto* CNriog to the small solubility of 
n oontodmable proportion of the raw water, 
itait 11^ p.e., must be hye-passed 
to Mm Itato sutottloner, which is, therefore, of 
coniMinilito cupaet^r. Sometimes the um^ 
pmdpto h m m it to cl 4 lumpy chaiactor 


4 tid uhnltod to the prootos^ beootoss Wed 
itith (SuWto and faito to ^ lintsin saturation. 
Las%, in oases where the temperators of the 
ratr water varies, care must be token to adiust 
the proportion flowing to the lime solutkmer, 
so as to compensate for the oontiderable varia- 
tion of solubility of lime shown in Tahto 111 
{Paul, Ic. p. 96), 

Tablb hi 


Temperature, 

Calcium hydrate Ca(0E),« 

Fahrenheit 

grains per galloa 

32" 

1321 

40" 

1280 

50" 

121-7 

CO" 

115*5 1 

70" 

110-9 

80" 

J07-7 1 

90" 

103*6 \ 

100" 

1000 \ 


(These figures do not agree with m 
absolute solubility given in Tables 1 and 1 
but probably correctly represent the vanatio 
of solubility with temperature.) 



One type of plant has a vsKy ingsuleui 
solutioner to prepare automatically from solid 
soluble salts unsatuiated solutions of ant 
desired density (fir8frto-.dndersafi)« It oonsw 
essentially of three coaxial tubes, 1^ fi, and I 

a 4), contained in a oylindW^ tank %, 
ing a eentnil clumiber a, and th»to an^ 
spaces B, 0, end D, ail intwcommuntoatiog a| 
the bottom. Sedid oontoined to toe hn^ to 
bavtog e gause bottom, dtoiolves fuatfto 1$ 
tlm water to a, oufiiig to mesritotioncl osto 
veetion. fmk wW, totooKW to ttto M ' 
or toe snnuMS tjpsto to mfitol to itol itotop 



wim^oRMNO. m 


IMI 4# Hid floVB up tin 

nAtek^y 

hmify loltttitm in n butonom • Mutnr )i^t 
of vulwiuUiMidtiieiiibeSisa^^byiiieaiuiof 
mem ind nut s, at mndi a b^t ibat uiian 
m density ol tbe solution in j> xeadbies tiie 
desiiad wue, water begins to OYOEflow the 
ib ion tube 2, and» passing down the space o, 
nims with the eifiuent solution and miuntains 
tbe dssiied concentration in b. 

rt) Jfeomemeni of reo^enis.— The numerous 
metilDds employed fail into two broad classes. 

Of the plants usmg clear adutiona of lime 
and soda, some prepare either or both of these 
as described above, whilst some rely on the 
dispioeemeni of the proper amount of a previously 
prepared soda solution W the quiet i^ow of a 
coneeponding amount oi water at the top of a 



Fiq. 5. 


waiter reqidred to make saturated lime-water. 
Whilst a small cup n, of fixed sise, withdraws a 
smaller proportion of the water to the soda 
soltttloner, the proportion of soda added to the 
water being oonmUed by adjustment of the 
defu% of the solution as desoiiM 

In plants using lime suspensions, with or 
without the additmn of soda, the commonest 




measunng device is some form of tipping bmdmt, 
actuated by the main flow oi water, and aotn- 
ating cups or scoops which supj^y a definite 
quantity of reagent to eatii cham ol water 
passing. Typtcal examples of this device in its 
simpleet form oeour in the Bolty and Beooo- 
Legg plants, the latter being lUustiated in 
Fig. 6, where a is the tipping bneknt whieh, 
after emptying, returns to the normal positloii 


^ dbplaoement tank/ from the bottom of which 
a p^ oonduots the soda solution to mix with 
tbe water under treatment (Fus. 16 and 18). 
In ^Iher esse the raw water is mvided into one 
huge sUeam and two smaller streams, of the 
ps^sr dbe to make or displace the required 
WUtMsi of lime and soda soktions. This 
dlfiidOfi is effected by micrometer valves in the 
base of a oommon supply tank (Hoyle, Fig. 16} 
or a turbo-distribuior {Bama-Andereon), 
in wk dhMfautor (Fig. 6) a circular tank a, 
ifoaMsfon wite in n, uid free to rotate under 
MuMaai iy tto roller bearings o on the shaft 
bk Msjhrea the whole supply of raw water 
itmhiuvnout tengeatially^ the orifices x,i, 
aanitafataiptatoi ihe water is thus distributed 
m iimttbff tiotttdi 0 at a^ 

dMlil ih ^ tbs 



'4 


drawn, mmI in so dok« MtaatM ttw ««» «ajr^ 

(h» ohended aooop m, dtwteqge* into a 
I ty A nhuiiwl 0, ud ngitatw tkn wq M w do B in 
the ehmknl tiiu 9 liy aMM M tiwattamr b. 
In tira Bolra pinnt tin oontent* of th» otw d ii i M 
onn (Big. 7) an wiablt by wrtlanl mm 
adjnrtnrat of tho owilow tabe a. mm 


\ * * 
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m yfAm^mamo. 

fMcM *Oiton0te In ili» LiiMi* i^Soi^ in Me«(^ wUtO^ 

Bioft the tipping bneket nctmtee « idMti It hm » deOaite aontet €i indier; «ad 
piafeon vilTe eappl^ring reami hi bntoe d hp e lMhei?idto end 

Spe(^ daTioee are e^poy^ in most oiMe IDetpIte eneh devioM* ill tip|dog 
to increase ioonxicyaiMidecRim aeisyt and in large liaes 


owing to heavy wear ai^ tear. Thetelote it la 
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thus in Fig. 8, it is seen that the tank has some 
freedom of movement before it touches the arm 
A operating the chemical supply gear, whilst an 
extension up b on the buclmt enabl^ a small 
addition of water finally to overturn it ; and 
the leenlting shock is dimmished by the brake 
paddle c, and absorbed by the rubber buffer n. 
The Lassen-Hjort tipper has a lock, actuated by 


customary in the larger plants to subdivide the 
main flow of water so that the measuring gear 
passes but a fraction of the water, whilst the 
remamder operates stinmg gwr in the reagent 
tank. F^. 9 shows the Faterson hye-|iass 
Osilameter ; a dividing plate a at the vw B 
takes a small fraction of the water to the tipping 
bucket 0, and sends the remaindor over the 


mn 



lAMl t»* Mring tl» itimn » turyiag i by the maiii t, mad dMdai flw iMidilil tm 


tow wAa mmakg oops h. WiSw tip^ bodket >, dsirng Urn 

smaBer Imclmt n aotoaAM % 

patl wttter di5#to the mixer u theohandeale^peii, 


tbs tMddbi 4 m h 
itm iSiTWiMi 


t 






AliiDi iiiidft In 

j 

iwtvrfenaftdMi 
wlwiil t, 


vrmummim. 

l|U|^'« VNt» Md Iqghf 4 nctietl nliadar, lutTing * amaiu to stifla oS 
I, U), MW pvt of th foil vtth tin top (#«tt (Mi IfaB). 

i to A tfciDi^ 0 Voohot (3) Jftc^topncfptooNir^Beopentot&d 


X. tother Ey to MUM maker (Kge 12)^868 
tli 0 wheel B to dtivo by bhein ftnd bevel geuins » 
0^ D, * Knew I worlaii^; in «a oil-bath intioh 
iowefi the diseharge pipe o in the ohemical 


infkiwing 


tankp aod so deliven reagent in proportion to mixing being completed by ^ veiy turbutet 

the wat» paseing. The Koonioott proportioning 

gear (Fig. 13) uses a small definite proportion [ol 

of the raif water to lift the fioat f in the regu- p-LL 

lating tank t, whereby the cord o lowers a n „ 




dotted dMiii 
the eontenti oi 


aaemcate water wheel* 

m the foregoing plants the proportion of 
leeflttt is adjusted by altering the proportion 
o( water nasstag to the meawiring gear, by 
dmuj^ the volnme of reM^ added or by 
fiugm ike eoneentiatiim of the reagent bus. 
Weiiafeih * 

ehto m * tii^ Imoto w tow- 
itotMMtotonMto^Egi ofdnppirdflr, 

A liPitoiMMO f JtiflSlklLSBtt. JBltiiniSflt. 
aa aW ehttuauittB Slsi ol a nsftoii m a 


F in the chemical tank, 
ate agitated by means ol 


outflow when the bucket Upe. Some further 
mixing occurs in most plants by the relatively 
rapid flow of the water thzDU|d^ the ehaimd or 
pipe leading it down into the settling taolL 
(4) OknficaHon and 

of the preoimtate is always ohisfly efAted by 
settlementp daring the slow passage o! the water 
up or dong the aettlingiuia reaenon tank* end 
completed oy filtere. These tanks and fllteia 
detemune tne general form and dfaposilfon 
of the plant in one e! two oommonly oeoonlif 
typesi ohaiaotetiaBd as 'horisontaJi^ aiig 


i t 

o' 
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wigmaovmjiid, 


k inM enn^l* cd the botiustiil 
tiw notengoiftr softsaer, ii shown 

i«11g.l4. wnter,OBii^nftesiitsdiaidi»|Bd 


ho geitf 4 htnhdtf dsottflML 

M ooim tho Nostiaa ohMihs* a. tho 
tank a« ood tbm^ tho iist 
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wood<*wool filter d, overflows down channels the storage tank h, in which a hall-oodk k 
BB, and passes upward through the second tank maintains a constant level by controlling the 
and filter, r ana a, and fin&y overflows into raw water supply. Sludge is removed by cooks 



v<t; 





tih lUl OMation being assisted in many opemMoitof which isobvlnilstvmmwriM 
pbiill by hand agitaton. desorip^. Here also a w<kk1*wooi iUtivw 

tw&cal type Is illus^ by the used ^ ^ ^ ^ ^ 

h^jig0 fbiii ihowD in Pig* 15, the mode ol Sand filteii haTO the advinlNmi titil IIm| 
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mtM }» t» end 3 , pMi 
of the 'y/nMf to the mmm tube b» e eouUer 
portion to tiw ]lme d|«K>lver 0, and t^ 
portion to dlfq^lftoe ioda aolitUon in the tank n. 
These reagents mix in 9, with the water whieh 
then rises slowly, and is clariBed by settleinent 
in B, and then oterflows down f to the dlter 
chamber o, passes throngh the sand filter b, 
rises to the tank K, ana oreifiows at L. As 
sediment acoumnlatss on a, the head of water 
m F, necessary to maintain the leqniredsrate of 
filtration, increases, and the ootrespondingiiseQ! 
water m the outer tube H finally sets the syphon 
0 in action and causes a heavy baek-Stxeam 
from K to flow through the filter, thoion^y 
agitating and cleansing the filter 

External independent filters have the great 
advantage of ready accessibility; their nse is 
illustratM by the Harris-Anderson plant, shown 
m Fig. 17 , where A is the turbo-distiibntor. 







Fig. 16 , affords an example of theirmcorpoiation 
in a vertical plant, and is interesting also as 








B the lime solutioner, and 0 the soda eolntioner, 
already desonbed, D is the reaction Inbe, i the 
settlmg tank, and F the external filter. 

All the foiemmg types of plant are open, and 
thus cannot d^ver water at a nzeasore greater 
than that due to the Imight of the outlet above 
the point of application. Where it is defied 
to ntilise a natural or forced head of irater 
without material loss, a water-softening jdant 
may be enclosed in the manner illnstraM by 
the Boyle*8 plant in Fig. 18 , which differs 
that of Fig. 16, in that the funotbn of the head 
tank and micrometer valves in the latteir Is 
how performed by the dial oooks 1, ff, and 3> 
that the tope of 0, x>, and n ate eneloied, tiial 
pumps are fitted to charge the reagents into 
c and B, and that the automatic washing 
arrangement is eliminated. 

By Jhe introduotloa of waste steam or hot 
oond^sates into the mixing bhamher (nef via 
the measuring gear), most m the above plantik 
•B imWtaatic washing device which though aomeSmes described as ^ookt-proyeis^ 
Baw water enteis tiie plan^ can be used for the hot softaoisi 4 
tank where the three micro- water. This is heguently advantsginn% 














wkrmmnmmQ. 


tM « weuM of oowenrifig heftt and booaiue a 
loftoMT woiibd hot will ;^d water of lower 
hardness than one worked eokL 

There aze, however, a number of plants 
meoifioally designed to combine the functions 
cd exhaust steam feed-water heating, water- 
softening and oil elimination, of wmch that 
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diown in Fig. 19 {Boykos) is an example, 
plants fdy solely upon heating to soften the 
water {lawnnce, Emh's Becofdtng Heater), but 
usually the water is treated also with soda or 
lime and soda, and if necessary with aluminium 
sulphate {Enih's, Wrtghfe * Neptune,* lhyle*e 
Type S, KemicoU, Laseen-Hjori, Harris- 
Amerson). 

In Fig. 19 the crude water supply, controlled 
by tbe baU-cock a, is distributed m b, and part 
tuceo to displace soda and aluminium sulphate 
sabtkms in o and d lespeotiyely in the usual 
manner. Water and soda flows down throush 
and oyer a series of dished plates xx, in parallel 
ouxrsnt with exhaust steam introduced at w, 
via an oO-separator o, any excess steam pasring 
to atnios[here by the pipe h. Most of the 
haidiuiing unpurity is deposited on the plates 
XX, whiA are easily remoyable for cleaning. 
Afaminiuin sulphate is added in the mixing tube 
at X, and the water finally passes through a 
settihkg tank l and filter x as usual. 

Bm rdeienoe may here be made to much 
work; that has been done upon the ' degassixig ’ 
of boiler feed-water, as a consequence of the 
fensral leoomition of tbe fact that dissolyed 
oayigeii is &e essential aetiye agent in the 
sofxorion of boilers and other steam ifiant. Two 
methods have been proposed, in yarious forms, 
lor Ms remoyal; depending respeotiyely upon 
Imffiagit out at atmospheric or reduced pteesuxe, 
«|4 1^ causing it to combine with iron in the 
Imim of soaip-aon, iron-manganese alti^, or 
oounlii of fm with sine or oopper (sm ae. 
Wi£m Bat 7272, 1916: Wilson and 
Oo., UAL ht 12S774B, 
mil mi aOs, B. B. B. 209288, 1916; 
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L and a Stdnmiiller, B. R. R 220892, 1917; 
Kurtung^ D. R E, 368666, 1916; Bidliqr, 
Morgan and Met-Yiokers^ Fleet, do,, Bng. Bat 
194M2, 1921. !]^raMdisoU8riott|MimXestM 
Froo. Inst. M^ Eng* 1921; J. Soo. Chem. 
Dud. 1921, 40, T. 67). 

Zeofiie wUer-softeniny nliints.-^Tho8e plants 
make proyision for the filtration, or, rathinr, 
percolation, of water thro^h a bed of granular 
zeolite, and for the periodic regeneration of the 
zeolite by means of brine ; they are, therefore^ 
essential^ yery simple and conform to the type * 
(United Water Softeners, Ltd,) illustrated in fig. 
20. Water enters by a meter A, and, yalves 1 
and 4 only being open, passes in at the top of 
the closed reagent tank x, down through, the 
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bed 0 of seoUte, supported upon a layer el 
quarts sand d, and thence to tbe main. When 
the meter indicates that the mseihm hii 
troated the maacimtim ciiant8y m wutmr M 
caiated with legiid hm to the dumlHiy of 
ssollte and to tlm initiel hiid^ 
the ooehs tie meo^mhM «o no te <l) duhi 
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^ wttkf ii4ioiiy tom tim tank, (S[) intto* 
du<te, hy maana of tlie stoam injectot i, the 
proper oharne of brine peevionely proper^ in 
the wooden tank 0, and to drain and waiem the 
salt tom the aeoiite bed. This done, cooks I 
and 4 are again opened, all other cooks being 
ehnt, and the plant again functions as a water- 
softener. 

Companion of soda^me and zeolite procenes. 
-^Sach process has its peculiar advantages and 
limitations, which broadly determine its field of 
use and be summarised as follows : — 

With efficient plant, properly operated, the 
residual hardneas of treated water should be 
8-5 degrees for the cold sodadime treatment, 
1-3 degrees for the same process worked hot, 
and 0^1 degree for the zeokte process. 

DUiolved 8oli^ are dimitiiwed by hme-soda 
treatment, but increased by zeolite softening, 



owing to the sabstitnUon of sodium salts for 
oaldum salts» 

!toatment of water containing iron or ssdi- 
menl presents no difficulty in the lime-soda 
process, as these impurities ate removed with 
the precipitate in the normid course of workffig. 
Such waters, however, must be toed tom iron 
and sedimentbefore entering zeolite softenevB, to 
avoid the formation of a deleterious coating on 
the active material. 

Cost of flant for lime-soda treatment depends 
only on the maximum hourly flow of water, 
whilst for the zeolite process it depends also 
on the hardness of the water. It is also aftoted 
by the fact that stoppases for regeneration of 
a zeolite plant are more frequent and of greater 
duration than those for cleaning of a lime-soda 
plant. 

Cost oftrecUnietU ih about the same for removal 



of permanent hardness by either method, but 
temporary hardness is removed by lime at 
about one quarter the cost of its removal by 
zeolite. 

From the foregoing characteristics it appears 
that in the textile, dyomg, and laundry industries, 
where minimum hardness is the flrst considera- 
tion, zeolite softening is the more suitable. In 
many such oases, where the water contains iron 
or eediment, and has any considerable temporary 
hardness, it is advanl^oous to treat it first 
with lime in a precipitation softener and then 
remove lesidual hardness with zeolite. If this 
i» dooe, ample reaction space must be provided 
Ui the time softener, as any excess time may 
hinder the operation of the zeolite softener and 
nsodiiee a turbid effiuent. i 

Ike tioMHioda process is the better lor boiler- 1 
feed imter« to municipal softening, and for 
whto to be used in ice manufacture. Its suit- 


ice manufacture reduction of dissolved solids 
is of primary importance, and this Toqoix&amt 
is best met by the precipitation process. Where 
a raw water contains much bicarbonate hardneas, 


It in oxbtiiig installations. 


priming in boJers. (For a fuller disoussbn of 
these matters, see Blumonthal, Zeitsch. angew. 
Chem. 1921, 34, 189 ; and Behrman, J. Ainsr. 
Waterworks Assoon. 1923, 10, 623; Memcis 
anda by the Chief Engineer to the Mandhestet 
Steam Users' Association, 1903, and 1917-18; 
for a discussion with spe^ xeferenoe to the 
textile industries, see King and Ctombem, J. 
Soc. Dyers, 1918, 34, 240-247.) 

H.V.A.B. 

P.L.fc. 

WATER STONES c.Aoa!rz. 

WATEBS, AERATED v. Amm Wavxne. 

WAVELUTB. Amizexalcxmsistingofhidr^ 
ouB aluminium phosphate SALO|*2P|0|iSS|0, 
forminff globular or staUcUuo messes vdtk aa 
lintemal radiating structure. The edtor la 
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wbite, yeUoviBli, or green; sp.gr. 2*32. !nie 
mineral usually occurs on the Joint fanes of 
slaty rook, and was first obserred in the eight- 
eenth century by Dr. W. Wavell in the slates at 
Filleigh near Barnstaple in Devonshire. Good 
mdmens have also been found in Oo. Cork. 
In larger amounts it occurs in Arkansas and 
Pennsjrlvania. At South Mountain in Pennsyl- 
vania it has been mined for use as a fertiliser and 
as a source of phosphorus, used locally for 
making matches. L. J. S. 

WAX-OPAL V , Opal. 

WAXES. ANIMAL AND VEGETABLE. 

These waxes are a group of substances re- 
sembling beeswax in their physical properties ; 
they are mixtures of compounds composed of the 
elements carbon, hydrogen, and oxygen. Waxes 
of mineral origin, such as paraffin wax. ozo- 
kerite, ceresin, and montan wax. are described 
elsewhere. Physically the waxes come in the 
series (1) fixed oils. (2) soft fats, (3) tallow-liko 
substances and solid fats. (4) waxes, and (5) 
resins. The waxes all melt below 100^ The 
waxes differ from the fats in having little or no 
greasiness at ordinary temperatures. The greas- 
iness of most of the fats is probably due to their 
containing some olein (glyceryl oleate) or some 
glyoeiy] esters of unsaturated tatty acids. There 
was an impression in the last century, doubtless 
produced by Chevroul's work on the fats, that 
whflst the fats contained glyceryl esters, the 
true waxes did not. but contained esters of 
higher members of the GnH^nO^ scries of acids 
with alcohol radicles other than glyceryl. As a 
resalt of this an unfortunate system was intro- 
duced of denying the name of * wax * to those 
waxes that are largely composed of glycerides, 
and of calling them ^tallows.* It serves no 
useful purpose and has the effect of upsetting 
the oidina^ meaning both of * wax ’ and of 
* tallow.’ By it. on the one hand. Japan wax 
was to be called Japan tallow and m^le wax 
was to be called mynua tallow, because they are 
botii largely oom^sed of glyceryl palmitate ; 
and on the other hand, sperm oil was to be 
described as a liquid wax. because it was thought 
to contain ve^ little glyceirl esters. Defined 
wool ia^ a soft unctuous substance, was called 
wool wax. The inadvisability of attempting to 
alter the meaning of a word in common use to 
suit some special scientific classification was 
1 ^^ out by Gregory in Nature. 191 1, 87. 

Beeswax and most of the vegetable waxes 
seem to be produced by the intemiments of the 
organisms and not internally, and their value to 
the plant is to repel water or resist its action 
and prevent its ingress or egress. Beeswax. 
aiinilMcfy, is a very suitable material of which 
to fom tibe o^ls for storing honey, as it does not 
beoome soft or soppy by the action of the water 
laihehonjqr. 

The ^f proximate components of the waxes 
• 10 ; (1) esters of the fatty acids with alcohols 
'iNinmung 0 high number of carbon atoms; 

esters of fatty acids with glycerol ; (3) ixoe 
^ aoldi; (4) free alcohols oontaini^ a high 
moiban of oartmn atoms ; (5) hydiobarbons. 
Ml to tite formuln of compounds oon- 
number of carbon atoms, it should 
fal mind that a OH t more or less makes 


jK>sition that the exact formula coimot be 
settled by a carbon and hydrogen determinatioa, 
and oonseouentiy authors diffw somewhot in the 
fonfiulie they assign to the components of the 
waxes; such formuUe must therefore be re- 
garded as scarcely fixed yet. Another point to 
be remembmod is that authors have sometimes 
been careless, in that they have stated that sub- 
stances found in the products of saponification 
of a wax were present in the wax ; thus it has 
been stated lhat beeswax contains myiioyl 
(mdissyl) alcohol and ceryl alcohol, when the 
experiments only showed that these were found 
after saponification. There was no evidence to 
show that the free alcohols were present, and no 
doubt those found came from esters in bees • 
wax. 

The waxes, like most natural products, are 
mixtures of several components, and the ^lation 
of these is a difficult and lengthy task, wiuch has 
been attempted by comparatively few mvesti- 
gators. In consoquonce of this and in o|pdor to 
meet the requirements of commerce, it is optom- 
ary when examining samples of the waVes to 
determine wliat may be called their ancu^tcal 
italues, and from the results to infer their quality 
and freedom from adulterations. These values 
are also called the cAaractemtics of the waxes ; 
they have been much studied and inclnde the 
physical determinations of specific gravity, melt- 
ing point and sometimes refractive index, and 
also certain chemical dotenninations, which are 
explained below under the heading ’ Beeswax.’ 

It has been observed that Japan wax hp the 
peculiarity of showing a lower specific gravity 
and a lower melting-point when it has recently 
solidified after having been melted, than wlm 
some time has elapsed since solidifying. Other 
waxes probably possess similar peculiarities. 

Text-Books^-Senediltt-Ulzer, Analyse der 
Fette und Wachsarten. Funfte Auflage, 1908* 
LewJkoufiisch and Warburton, ChemicaTTeohno* 
logy and Analysis of Oils, Fats and Waxes. 
6th ed. 3 vols. 1921^23. Wdff, Die Ldsunn- 
mittol der Fette, Ode, Wachse und Harze, 1922. 

Arjun wax ( White insect wax oj India), About 
the year 1786 a wax produced by an insect was 
noticed in Madras oy Dr. James Andenon 
(Ooirespondence. 1788-1791) and was called by 
him Wme Lac, It was thought that it might 
resemble the Insect wax of China, but it is 
distinctly different. Attention has been drawn 
to it from time to time, but it seems never to 
have been ntilispd. The insect producing H was 
first named Oocetts cen/erus, and latw Ciro- 
plastes ceriferas ; it has been found on the afjun 
or kowa tree, on pepnl. mango, tea bushes, and 
on other trees. The crude wax ooouni on the 
twigs in small mounds of a dull buff oobur; It 
oontainB some moisture and black matter from 
which it can be freed by melting and itralnfog. 
When thus purified it is yolbw like beeswax, ad 
hard and brittle like resin. It is parrially 
in cold alcohol, and nearly all ox it dissolvei m 
boiling alcohol; when the eolntbn coots It 
becomes white and opaque. In warn ether it 
dissolves readily, but not oompbtely, In hot 
oil of toipentino it dissolves readily, bat 
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76ft»io||& (fliiL Utikm. ITOli p. 388) examined Ult la not oo&eoted from the floweis by the bee, 


tha irax lioin Madnui and fon&d that it melted 
In water at 88^ He made candles of it, but 
found that they smoked and gave a resinous 
odour. 

Moore (J. Agrio. Hort. Soo. of India, 1874- 
78, 5, 78) reporM on some from Chota Nagpur, 
that one SMimen contained 11 p.c. of moisture, 
another 13 p.o. ; that it melted at 55** ; that 
(probably after drying and melting) the speoifio 
gravity was 1*04, and the composition corre- 
sponded to the formula 

Holland (Indian Museum Notes, 1891-93, 
2, 93) reports on some from the Centml Pro- 
vinces, that it (the crude material apparently) 
melted at 80^ and had a specific gravity of 1*04 
at 29“. 

Balanophore wax occurs in the parenchy- 
matous cells of various species of Balanophons. 
These are small parasitic plants growing on the 
roots of various other plants and are mund in 
abundance in Java. They arc so rich in wax 
that they bum with a bright light, and the 
natives prepare candles by pounding the plants 
to a pMte and coating thin strips of bamboo 
with tnis. The wax was named balanopJiorin by 
Gfippert in Nova Acta Acad. Coes Leopoldino 
Caress Nat. Curiosorum, 1841, 18 Suppl. 229, 
where a botanical account of the plants is given. 
The wax was examined by Poloek (ibid. 1847, 
22, 117), who found that it was very soluble in 
ether and also that it dissolved when gently 
warmed with concentrated sulphuric acid and 
was precipitated again by dilution. It was 
exammed more recently by Simon (Sitz. Bcr. 
Kaiserl. Akad. Wissenschaften, Wien, 1910, 119 
11* b, 1161). Air-dried slices of the plants (the 
latter had been preserved in alcohol) were 
reduced to a coarse powder and extracted with 
hot ether ; they yielded about 60 p.c. of crude 
wax which, when melted and filtered (this took 
4 months to accomplish), gave a honey-yellow 
wax, brittle when cold, but becoming soft when 
warmed in the hands and capable of being drawn 
out in fine threads. One part required about 
140 parts of 95 p.o. alcohol for its solution, and 
of the product of this purification one part 
required about 50 parts of acetone for its solu- 
tion. Balanophorin was thus obtained as a 
white amorphous powder. After further purifi- 
oation it was found to melt at 56“-57“^to a 
ooloorlesB liquid resembling glycerin, which 
elowbr solidified to a white wax. By analysis it 
was found to have a coii^sition corresponding 
to {OitHsoO)«, just as Poleck had found It 
no acid value nor saponification value. 
When strongly heated no acrolein was given oB. 
iMmon suocmed in decomposing it by distilla- 
tion in a partial vacuum containing carbon 
dioxide, and also by fusion with potamium hy- 
droxide, And in both cases obtmed palmitic 
addas a product. An account of other products 
Has to be published later. 

puifedat^ia another of the Bala- 

ndjOnoreB, whkh is found near Bogota, in 
tkilloinbia, yields large quantities of wax, and the 
stiHink Aieimk tim marketo and usedM 
onsainis* Jm (Booker, Trans, linn. Soo, 1859 
&4I), Tw wax does not seem to have been 

^ by the eomioon hea 


but is the secretion of certain orguis situated 
on the nndendde of the abdomen of the neuter 
or working bees, and is used by them in forming 
the cells of the honeycomb. They ate said, to 
consume about 10 lbs. of honey in order to 
secrete 1 lb. of wax. To obtain the wax the 
honey is allowed to run out from the comb, 
which is then pressed to separate as much honey 
as i^ssible. The adhering honey and other im- 
purities are next removed by melting the mass in 
hot water ; the melted wax floats on the surface, 
and is strained to remove dead bees and htoo^ 
The residue is put in layers with straw, and is 
pressed to obtain more wax, the straw acting as a 
filter; this product is known as ‘press wax,* 
The mass then remaining is sometimes extracted 
with benzine to obtain still more wax, the pro- 
duct being ‘ extraction wax.* The ‘ extraewn 
wax * is apt to be impure from the use of artificial 
comb, and also from sulMstances being extracted 
from the dead bees and straw; further, wax 
compositions and adulterated b^swax are also 
sold under the name of ‘extraction wax* 
(Hirschel, Chem. Zeit. 1904, 28, 212). A 
common practice is to pare off the capping of 
the honey cells and then place the comb in a 
centrifugal machine, which removes the honey 
and loaves the comb undamaged, so that it can 
be replaced in the hive to bo refilled by the 
bees, and thus save the honey that they would 
use to produce fresh wax. In this system the 
capping only is molted down for wax. Im- 
purities may be introduced into beeswax by the 
use of artificial combs and foundations for combs 
made of materials other than beeswax. These 
are employed to save the honey which the bees 
would consume in makmg the wax. 

Beeswax is yellow in colour and varies in 
tint, according to the materials employed by 
the bees and the care taken in its preparation ; 
sometimes it is brownish, reddish, or greenish. 
It has a pleasant honey-liko smell, whieh is 
made more apparent by warmth. When cold 
it is brittle; at ordin^ tomperatures it is 
tenacious ; its fracture is dry and granular. 

Solubility . — ^It is insoluble in water. Oorbon 
tetrachloride is said to be the best solvent. 
Other solvents are: chloroform, carbon disul- 
phide, tetrolin (tetrahydronaphtholene), hexaafl 
(hexahydrophenol), benzene, benzine, oil of 
turpentine, ether (not a very good solvent). The 
solvent is to be used hqt, and in the case of 
some or all of these, a portion of the beeswax 
separates on cooling. 

As regards ether, Buchner (Chem. Zeit 1907, 
31, 570) wowed beeswax to soak in eUier at the 
ordinary temperature for some time* then 
filtered the resulting homogeneous and 
washed it with ether; after gettanutid of dbe 
ether he obtained from the filtrate w p.<^ of a 
fairly soft, deep ydUk>w mass, and from ^ in* 
soluble residue 70 p.e. of a bright bmwidkli «a3t 
considerably harder than the oridnal wax. T|ie 
soluble portion bad an acid value ol 40 and a 
saponification value of 83*8, whilst the insolaUa 
portion bdd an aoid value of 11*6 and a aaponlft^ 
cation value of 99*1 ; thus the part that dJs* 
solvqs is richer in aoid and colouring matteS 
and poorer in ester than the undissolvcd part* 

Buchner (Chem. Zeit. 1918, 42, 873) akD 
desertbes the In analytical wwm 6n 
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obti^dd from ptess-residues iui&| 
dUS^t 9 olmts, namely, benzine, chloitdnrm, 
and carbon tetraohloiide. The esters appeared 
to be less easily dissolved than the other com* 
ponents, so that light benzine removed less 
of them than the other solvents, and the ex- 
traction wax, when light benzine was used, 
appeared abnormal. 

Gold alcohol dissolves scarcely any ; boiling 
alcohol dissolves a good deal (about 15 p.o. 
reckoning from the acid value), leaving an un> 
dissolved residue from which something is dis- 
solved every time the treatment with boiling 
alcohol is repeated. All except about 2 p.c. is 
deposited when the alcohol cools. 

Analytical vo/ttes.— The creation of a syste- 1 
matic plan for examining samples of beeswax is 
due to Becker, Hehner, and HiioL Becker ( Dingl. 
poly. J. 1879, 234, 79), follow!^ Kottstorfer’s 
plan for butter (Zeitsch. anal. Onem. 1879, 18, 
199), determine the saponification value. 
Hehner (Analyst, 1883, 8, 16) determined the 
amount of potassium hydroxide required to 
neutralise the free acid and that required to 
saponify the whole wax ; but he expressed his 
results in terms of cerotic acid and myricin. 
Hubl (IHngi. poly. J. 1883, 249, 338) prescribed 
the determination of the acid value, the ester 
value, the ratio value, and later for fats and oils 
(i6id. 1884, 253, 281) of the iodine value. The 
meaning of these terms may be briefiy explained 
as follows 

Acid iHtIue . — ^This is the number of milli- 
grams of potassium hydroxide required to 
neutralise the free acids in one gram of the 
sample. 

Sapanidcation value.— ‘When an oil, fat, or 
wax is boiled with alcoholic solution of jiotassium 
hydroxide, not only is the free acid neutralised, 
but the esters of the various acids are decom- 
posed, potassium taking the place of the alcoholic 
radicles and forming salts (soaps) with the acids 
and the alcoholic radicles forming the corre- 
mnding alcohols. The number of milligrams 
m potassium hydroxide used in effecting these 
two actions for one gram of sample is called the 
mpomfication value, 

Xnter uofue.— If the acid value is deducted 
from the saponification value the remainder 
leptemts the number of milligrams of potassium 
hydroxide that has been us^ in decomposing 


nyozoxiae mat nas oeen usea m aecomposing 
the esters, and is called the ester value. Esters 
were formerly known as comjKiund ethers, so 
the term eiher value is sometimes found instead of 
ester value. 


Jkdio eeihie.-~t£ the estel^ value is divided 
the acid value, the quotient is called the fam 
vaiue. It is useful m deokUng on <the purify 
of a sample. 

Iodine value.— In most oases the (dis, {ata» 
and waxes contain unsaturated oompounds; 
these when treated with solution of iodine and 
mercuric chloride under prescribed conditions 
combine with a certain amount of iodine. The 
percentage of iodine thus taken up is called Uie 
Iodine vwue ; it is a measure of the amount of 
unsaturated oompounds in the sample. It 
differs from the other values in being a percent- 
age and not a number of milligrams. 

Total acid number . — Benedikt and Mangold 
(Chem. Zeit. 1891, 15, 474) proposen a deter- 
mination of what they called the\ total add 
numbeTt but it has not como inm general 
use. \ 

Instead of 'value* the term 'nimiber* is 
often used for the above results* \ 

Although these values are a useful\gnide in 
judging the purity of a sample, they Are not 
infallible, since it has been found possible, by a 
judicious mixture of ingredients, to prepare 
composition waxes i^hich will give the correct 
analytical values for a pure beeswax. 

Buchner value.— Ho examine samples of bees- 
wax containing such composition waxes, Buchner 
(Chem. Zeit. 1895, 19, 1422, corrected by 
Kissling, ibid. p. 1682, and improved by Beig, 
ibid. 1903, 27, 753 and 754. and in Benedikt- 
Ulzer’s Anal. Fotte u. Wachsarten, 1908, p« 1095) 
devised a determination giving what is known as 
the Buchner value. The sample is boiled with 
alcohol, and then after 12 hours the acidity of the 
liquid is determined. 

Weinwurm'B (esl.—This is a test described by 
Weinwurm in Chem. Zeit. 1897, 21, 519» to 
detect paraffin or cercsin in beeswax. It uses 
glycerol and is useful, but not always reliable ; 
see various papers in the bibliomphy and 
Bcnedikt-Ulzer, Anal. Fetto u. Wachsarten, 5tli 
cd. 1908, p. 1109. 

Long tables giving the recorded analytical 
values of ordmary yellow beeswax are to be 
found in the text-books of Bencdiki-Ulzer and 
of Levdrowitseb and Warburton ; and Baebner 
in Zeitsch offentl. (3icm. 1912, 18, 90, gave the 
values of some abnonnal waxi^. Be/g (Chem. 
Zeit. 1903, 27, 752) gives a long Um of the 
values of various waxes. They may be sum • 
marised as follows. Home errors have been 
corrected by the original sources, and sprees 
wax * and * extraction wax ' are exduded 


' Commonly occurring 
i values lie between 


Extreme values am 


Minimum 


IMnr value 


Bnaimif vnhe 




wAXBs, jmm. m> wmmM. 


BokT-JMbcr, Zoitioh. Chem. ]91S^ 

19*90* 

Bg.— Beeiwftx from numy pkoes* Ghdm. 
Zdt, 1903, 27, 765. 

Bt^Btrfainiekind and MarcUU, * Note sur la 
Oire d’Abeilies en Tunisie, 1898$ Extrait 
do Bulletin de la Direction de rAgricuUure* 
Tuoifi.* (A pamphlet.) 

F.*— Jfendl^. Beeswax from Gorman East 

AMoa* Arbeiten Pharm. Inst. Univ. Berlin, 
1904, 1*203. 

LI.-- Beeswax from Northern Nigeria, Bull. 
Imperial Institute, 1911* 9, 238. 

L. ~|*Zridoio. Russian commercial samples, but it 

is not clear whether adulterated samples 
were excluded and in the sp.gr. the tem- 
perature is not stated, Chem. Zeit. Report. 
1906, 29, 278, from Westnik shirow. wcsch- 
tsch* 1905, 6, 89. 

M. — Portuguese beeswax, Zeitsch. 

angew. Chem. 1903, 16, 647. 

Detailed directions fur ascertaining the ana- 
lytical values, for performing teslM, and for 
interpreting the results will be mund in the text- 
books and in the original papers ; they have 
been subjects of much controversy esj^cially 
those for the saponification value, since many of 
the waxes are not so readily HaiK)nified as the fats. 

In deciding on the purity or otherwise of a 
sample, all the analytical values and the results 
of tMtsforimpuri ties must bo considered together. 
The text-booKS and various original papers and 
experience give guidance in forming an opinion. 

Coiufostiion . — The composition of beeswax 
has received theatteutionof several investigators, 
and some account of the leading researches is 
given below. 

Dr. J. F. John (Chem. Tabellen dor Pfianzen- 
analysen, 1814, p. 42) separated beeswax by 
means of alcohol into a soluble and an insoluble 
portion. These he named cerin and rnyricin 
respectively, believing them to be the same sub- 
stances that he had previously obtained from 
the wax of Myrka €4>rdifolia from Cape Colony 
and had so named ; thus making the common 
mistake of early investigators of identifying oom- 
pounds from mfferent sources on quite inade- 
quate grounds. The oorin and rnyricin from 


beeswax and from If. cordi/ofta, however, must 
not now be regarded as identical. The latter 
wax; seems not to have been examined recently 
and probably would be found to resemble 
myrtle wax in its oomTOsition. In Dr. John's 
time it was imagined that the number of com- 
pounds prment m plants and animals was far 
fewer than are now known, and consequently 
compounds were believed to be identical if ti^y 
qgreed in a few simple properties. This belief 
AM dm rise to some misleading names. 

Bro^ (Phil. Trans. 1848, Pt. 1* 147 ; 1849, 
Pt« 1, 91), using Surrey and other b^wax, 
found tUro acids in the oenn or portion soluble in 
boUkif nWohol, and named the most important 
d 1mm udth m.p. about 78'' csrotic ocuC 
tt ttm formnla 0 ^h 0« ; he thought that the 
fMHtelioid was prmt in the wax in very small 
be astimuted the wax to oontdn 


mdMn, no doubt from liiXtim, a bee. This 
doohol is now called myrkyl aJeiM, or better, 
mdisBffl Mkit sinec myrioyl is a midesding 
name, arising from Dr. Jolm's mistake, and very 
probably there is no myricyl present in the waxes 
of the Myriea group* Brodie also found in 
beeswax indications oi other substances. 

Very thorondi investigations to find the 
components of l^swax were made by Nafzger 
(Annalen, 1884, 224, 225) and Schwalb (iSuL 
1886, 235, 106); they used Wurttembers 
country yellow wax and employed long aeries o1 
fractionations. In the part soluble in hot 
alcohol, the cerin, Nafzger found principally 
oerotic acid with m.p. 78*', for which he favoured 
the formula or perhaps C2|HfoO| ; 

he found also some melissic acid CtoHfoOj with 
m.p. 89®-90®, and another acid of m.p. 75''-76® 
in small quantity. The ester portion left un- 
dissolved by the hot alcohol, the rnyricin, was 
saponified, and tho product was extracted 
with hot petroleum ether to dissolve out wax 
alcoholb, ic.f tlms leaving sodium saltB of the 
fatty acids. From these latter he obtained 
palmitic acid with m.p. 61*5®, and 

satisfied himself that they included no ssJts of 
other higher fatty acids such as ccrotic acid or 
mclibsic* acid, (insequently no esters of such 
acidh are present in the myncin, although oerotio 
and mcliMUc acid art^ present in the wax in the 
free state and are found in the cerin. As 
regards acids of the oleic series : from the mother 
liquor of the cerin and from a certain mother 
liquor obtained in the examination of the 
rnyricin, he obtained similar yellow acid syrups 
havmg the characteristic odour of beeswax 
These ho believed to contain mixtures oi adds 
of the oleic series, the odour being due either to 
these acids or to some special suostanoe mixed 
with them. Thus these acids are present both 
free and as esters. 

Schwalb completed Nafzger's work by ex« 
amining the substances extracted by petroleum 
ether from the saponified rnyricin atm so con- 
taining the wax alcohols which had existed as 
esters in the original wax. In this extract he 
found not only wax alcohols, but hydrocarbons ; 
the presence of which in beeswax be was the 
first to discover. He isolated two which he 
believed to be normal heptaoosane CnHu with 
m.p. 60*5® and normal hentriaoontane 
with m.p. 68® ; he also obtained a soft vasdhie- 
like mass and thinks that other lower paraffins 
were present. He estimated the amount of tile 
above two in beeswax (not the total hvdfo^ 
carbons) to be about 5 to 6 p.o. As tegacdn the 
aloohols produced by the saponification of the 
rnyricin, be found mdisayl alcohol whh 
85®-85‘5® and from it prep^ tho oortespoiidbtt 
melissic acid with m.p. 88*5®-B9®. He mvowK 
the formula Ct|H«40 for the alcohol sod 
C«H«40| for the am. He also found evUiMice 
of the presence of lower alcohdls in the laponffii* 
oatkm produots, so to identify tiiemhe eontnrted 
the mixture contaitting thm into tho ceteoh 
sponding adds and drew the condmiloii thltono 
was eeiyl alcohol C|«HmO or OgfBiMOi 


fiMOieMtioadd. Intiiemvricin,orportionl 
nmif tootaMo in boUhig afeohol, ho found 
add nitii a wanalcdiol 
wm «hidi he named 


(These aloohole, donhlto, wue not pm 
in the wax, hut me modneed hy the a 
cation of tiMfe eetem mh pelmm 
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Wak (Amu Ghim. 1896 [7], 7, US) made, 
a cloee examination of the product regarded 
by Brodie ae oerotic acid. He fonna that 
Irootional eolutiOn in methyl alcohol wm a mnoh 

oipitation or fractior^ciyBtalliBation, and 
it effected separation into pure cerotic acid 
and a mnoh larger proportion of melissio acid 
than had previously ooen believed to be present. 
He regarded oerotic acid as being C||HgoO| or 
with m.p. 77*5°, the evidence pointing 
to the first of these formula ; and melissio acid 
as being Cs^HgoOi with m.p. 90°. He obtained 
from beeswax about 15 p.c. of the pure mixed 
acids, and in this he found 30-40 p.c. of melissic 
acid. As regards these percentages, it should 
be noted that in extracting the l^swax with 
boiling alcohol to obtain the free cerotic and 
melissic acids a certain amount of in^cin 
(melissyl palmitate, &c.) dissolves too. In the 
treatment adopted by Marie, namely, heating the 
crude mixed acids with potash-lime and potash, 
the alcohol radicles of the myricin are converted 
into melissic and cerotic acids, and these are 
included in his percentages, although they were 
not present free in the beesivax. What proper 
tion the^ amounted to is not clearly stated; 
perhaps it was not large. His object was rather 
to get cerotic acid than to estimate its amount in 
beeswax* 

Schalfcef (Bor. 1870, 0, 278. and 1688 ; 1879, 
12, 696, from Russian Phys. Chem. Soc.) thinks 
that cerotic acid, melissic acid, and mclissin are 
mixtures of several substances and that in 
oerotic acid he found an acid with m.p. 91° and 
formula 0,4H«gO|. Lipp and Casimir (J. pr. 
Ghem. 1919, 263) found in Ghcdda wax an 

acid with this formula, but with m.p. 94*6°-95°. 

Heiduschka and Gareis (J. pr. Chem. 1919, 
99, 293) have studied the question of the formulas 
for melissyl alcohol and melissic acid obtained 
from beeswax, and of the formulae for the similar 
alcohol and acid obtained from carnaiiba wax. 
They find that the products obtained from 
carnaiiba wax have the formulas CsoH^iOH and 
whilst those from beeswax contain 
OHs more and are 0,iH,30n and C31H32O2. 
They succeeded in preparing from the carnaiiba 
wax alcohol the acid with an added carbon atom, 
and found that its lead salt was identical with 
that of beeswax^melissic acid. Analyses of a 
number of compounds that they prepared also 
supported these views. 

The question of the* total amount of hydro* 
carbons in beeswax can har^y be considers as 
settled yet. In order to determine it A and P. 
Buisine (Bull. 800. chim. 1890, [3] 3, 872 and 
1891, 5, 656), using Dumas and Stas’s reaction 
(Aiuialen, 1840, 35, 129), heated beeswax with 
potaidi and Mtash lime to 250°. In this way 
fotassim siuts of the acids are formed and the 
dooholic radicles in the esters are converted 
r 'teto salts of the corresponding acids with evolu* 
tl0& of hydrogen; these scuts remain undls* 
folved whro the product is extracted with ether 
or petroleiun ether, whilst the hydrocarbons 
HO into idtttloQ. They fonnd 12*&>14*5 p.c. 
Idpi that some were unsaturated as the hyaro 
ceitm jnixtuse absorbed 22 p.c. of iodine. 
.Ab^ and Hett (J. ^0. Qiem. Ind. 1899, 18, 
Ml, Itom jSritwdi. dffeiitL Chem* ff, 91), using 
Mshwih loimd from 12*7 to 17*5 p*c. 


in different kinds of wax. Bysa and BUkui 
(Sci. Fri)o. Boy. Dublin Soo. 1916, 15, 107) 
tound, however, that the product, supposed to be 
notbi^ but hydrocarbons, obtainea from bees- 
wax ^ a series of treatments, indnding Dumas 
and Stas’s reaction, really contained a little 
oxygen ; this amounted on an average to 0*8 p.c. 
It therefore seems that Buisine’s method ^ves 
results which are too high. Byan and Inllon 
suggest that some primary alcohol may be 
present in the product and mno some secondary 
or tertiary alcohols; for they found that 
secondary and tertiary alcohols when heated 
with potash-lime evolve no hydrogen, and that 
primary alcohols do not evolve the full theoietioal 
amount. The method thus requires farther 
study. J 

The hydrocarbon, melene, found by Bictet and 
Bouvier (J. 1915, 604) in coal, in vaduum-tar, 
in Galician paraffin, and in the dntillatioa 
products of b^wax, was assumed to be a solid 
naphthene, C30H30. J. Mareusson uid F. 
Bottger (Ber. 1924, 57, 633) have now fonnd 
that Indian paraffin wax, W'hich melts at 60°-60°, 
consists very largely of tndene. The hydro- 
carbon can bo readily isolated by crystallisation 
from benzene and then from benzine. It melts, 
when pure, at 62°-63°, has d*® 0*7913 ; d** 0*9037; 
wMs-. 4228. Its composition corresponds to 
CspHi,, and on oxidation with strong hot nitric 
acid, it gives a mixture of aliphatic acids, 
whereas naphthenes, under similar conditions, 
give nitro-compounds. Further, by catalytic 
oxidation with air in presence of manganm 
dioxide, melene yields sohd fatty acids, whilst 
naphthenes yiela polynapbthemc acids; ^ 
meiene is slowly assimilate at 30° by Baekrium 
aliphaiicum, which is incapable of attacking 
naphthenes. Melene is therefore a paraffBin 
and not a naphthene (J. Soc. Chem. Ina. 1924, 
43, B 457 ; f/. Funcke, Arch. Pharm. 1921, 
259, 93). 

In order to discover the cause of the diffi(*ulty 
experienced in saponifying beeswax completely 
Berg (Chem. Zeit, 1908, 32, 777) investigated the 
substances, amounting to about 2 p.o., that 
remain in solution after boiling b^wax in 
alcohol and allow*mg the liquid to cool, thus 
eliminating the crude oerotic acid and myricin. 
By ovaiiorating the solution and extracting the 
residue thus ootained with ice-cold petroleum 
other, he first separated as insoluble 0*44 p.o. of a 
brown semi-fluid mass having an intense bees- 
wax odour. In the part that dissolved he 
found indications of various acids and then 
cholesterol esters, discovered by the colour test ; 
he believes that 0*6 p.o. of these are present in 
beeswax, and probably considerably more. Such 
esters are di^ult to i^nify and have high 
saponification values. He saj^nified them and 
found cholesterols and several acids which leetted 
to be acetic, butyric, valeric, and others wU^ 
were not volatile on ihe water bath,aDdiiidhided 
one that possessed the beeswax odour end was 
unsaturat^ as its lead salt was soluble in ether, 
He did not succeed in making any uHimate 
analyses; but his work shows what a iatge 
numW of compounds are contained In beeiwan 
in minute proportiptts. He also exaiokied iUs 
the same way a white wax bleached by pengaa# 
ganate* v 

Smuning vf tiH iwidto at A* HKiowi 
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it mmi t^t cnditiArT beeswax i$j 
ommei 4}fifeAy of meUMyl palmitato ' 
C,|H|a*G||H,iOt. ^th me oeirl paliiiitete 
0||^i^Ci|Hai0a and some pahmtate of the 


* 1 ^ 41 ; these aie contained in the part 
known as mmcin, which is very newly insoluble 
in boiling alcohol. In the part known as cerin, 
which is soluble in boiling alcohol, there are 
present free acids amounting when purified to 
about 15 p.o. of the beeswax, chiefly ceioiio acid. 
According to Mario, crude ceiotic acid contains 
about 60 to 70 p.c. of cerotio acid OiaHaaOa, and 
about 30 to 40 p.c. of melissic acid ; but owing 
to the method he used, some of these acids may 
have come from decomposition of some of the 
myrioin. There are also indications of the pre- 
sence of another acid. Hydrocarbons are also 
present, namely, normal heptacosane and 
normal hentriacontane C,]U 44 , together amount- 
ing to 5 to 6 p.c., and in addition a soft vaseline- 
lilm mass has been separated. 

Gascard and Damoy (Compt. rend. 1923, 177, 
1222, 1442) state that after saponification they 
haTO obtained from beeswax the following com- 
pounds: ( 1 ) Neooerotic acid (m.p. 

77'S°), the jmme acid that Mane desenbed as 
having m.p. 77*8° and called cerotio acid. It 
has the same formula as Carius's hyaenio acid, 
but they consider that that was not a pure com- 
pound. (2) Cerotio acid O 27 H 54 O 2 (m.p. 82*5°), 
identical with that obtained from OMnese insect 
wax, and apparently identical with the acid that 
Tropsoh and Kreutzer (Brennstofl-Chemie, 1922, 
3, 49, 177) obtained from montan wax and 
named oarboceiinio acid. (3) Montanic acid 
CiiHskOi (m.p. 86 * 8 °), apparently identical with 
the acia that Tropsch and Kreutzer (l.c.) 
obtained from montan wax and called monttuiio 
acid. (4) Melissic acid CaiHjjOa (m.p. 90°). 
Thejr sumest that perhaps the acid that Brodie 
obtaine^rom myriciii is really not palmitic acid 
C„H„ 0 „ but one A\ith an uneven number of 
carbon atoms. (5) Neoceryl alcohol O 2 .H 4 .O 
(m.p. 76*6°), ( 6 ) Coryl alcohol C 17 H 24 O (m.p. 
80°), identical with that from Chinese insect wax. 

(7) Montanyl alcohol CifHa^O (m.p. 84°). 

( 8 ) Myricyl [melissyl] alcohol C,xH 440 (m.p. 
87°). The ceryl and melissyl alcohols were the 
mo^ abundant of the alcohols. ( 9 ) Penta- 
oosane CnH,, (m,p. 64°--64*5°). ( 10 ) Hepta- 
oosane C,-H ,4 (m,p. 69’2°-59*6°). (11) Nona- 
Qosane C 22 H 40 (m.j). 63*5°). (12) Hentriacontane 

(m.p. 68'4°-69°). 

Indications have been found of many minor 
constituents which have not yet been fully 
identified: ( 1 ) The yellow colouring matter 
which is very soluble in alcohol. (2) The sub- 
stances to which the characteristic odour of 
beeswax is due. (3) Unsaturated acids (their 
lead salts being soluble in ether), both free and as 
estem; the odour seems to be associated with 
tiiese. ( 4 ) Various other acids. (5) Cholesterols 
eotnUned as esters, perhaps with acetic, butyric, 
telerio, and non-volatile acids. These choles- 
terol esters amount to at least 0*6 p.c. of the bees- 
wax and very probably more, and perhm some 
chebstssolsm also present f^ ( 6 )Ithasbeen 
laggestedthat the dilBKotdt saponifi^tion of bees- 
Imt Is doe to the pneenoe of Jaotonee ae well as 
to the choiesteeol eetess, since oemaiiba wax ie 
teiMtoyMlAlieh^ (7) Buchner (Zeiteoh. 
MM (hem. im i6» ISl} saye that tecee of 


glycerides are nearly always present in beea- 
waxee. 

It must be remembered that a substance like 
beeswax is not of constant composition and that 
there are many oireumstances likely to cause 
variations suoh as the breed of the bee and the 
weather of the yearit was produced in. Further, 
Keid (J. Soo. Ghem. Ind. 1915, 34, 462) points 
out that usually in melting the comb some of tbe 
propolis is absorbed by the wax, and t^t the 
wax from old pollon-clogged combs is different 
from that from now combs. 

Foreign varieties of bec«ttw».---ln addition to 
wax resembling European beeswax fairly closely, 
varieties giving very different analytics values 
are imported into Europe ; they are pioducle of 
various species of bees other than Apw mdlifica. 
About 1896, samples of Indian beeswax were 
appearing in Germany under the name of Qhedda 
wax and were examined by Buchner ; it turned 
out later that they were products from Ape 
doraata, A. indicat and A. fiorea. He found that 
they gave values differing considerably from 
those of ordinary beeswax, although they re- 
sembled it in appearance. They were, however, 
brighter in colour, more plastic, and had a 
pleasant odour, which was especially noticeable 
on saponification. This Indian beeewax con- 
tinued to come on the German market from 
Bombay. Buchner (Chem. Zeit. 1905, 29, 79) 
found that it was characterised by a low acid 
value, a high ester value, and a high ratio value ; 
thus in 36 samples he found the acid value to 
range from 6*3 to 12 * 2 , but only in four sampleB 
was it over 10. Tbe ester value ranged from 
75*2 to 111 * 5 , the saponification value worn 81*8 
to 120*2, and the ratio value from 7*4 to 17*9* 
Wax of this description appears sometimes to 
have been called Cwna wax, and may have come 
from Annam or French Cochin-China as well as 
from India. Buchner maintains that Qhedda 
wax is a true beeswax (Chem. Zeit. 1905, 29, 79 
and 1906, 30, 629), so that the difference in its 
analytical values must be remembered when 
jud^g the purity of a beeswax. 

Hooper (Agricultural Lodger of India, 1904, 
11, 73) describes the species of bees found in 
India, and the wax and honey trade there. 1^ 
wax is derived from Apis dorsoto, A. tndica, 
and A. floreat but chiefly from A, donata ; A. 
meXlifica does not occur there except as an im- 
portation. The wax from the combs of thsss 
three speoies seems to be substantia^ of fbe 
same composition. It* differs from fimopeim 
beeswax in having a much lower add value ; in 

the add value r^ed from 4*4 to 10*2, 
average of about 7, the ester value from 69*5 to 
123*8, the saponii^tion value from 75*6 to 
130*5, and the Hilbl iodine valne liom 4*8 to 
11*4. The m.p. ranged from 60° to 68 °« Some 

values and other values ihmlSxi^ 

In the comb the upper part gives a dean wldlo 
wax and the lower pat a dirty and ookmied mdh 
stance; but as a rule these parts am not 
separated before melting. Turmeric is univoMh 
s% added to give the wax a golden yellow ookniri 
as white wax is not appiedated m tbe naMvo 
markets. In one district it is said that 08 of 
Smmwn wdiwm is added* ' 

Hooper (U. p 79) also describe snotberlMl. 
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of beeswax pzodnoed in India and Bnma by 
minute stingiess bees of tbe Mdiptma or Trigonn 
mem, sometimes called mosquito bees or 
aammar bees. It is of a blackish colour and 
sticky consistency. In 8 medmens the acid 
value ranged from 16’1 to 22*9, the ester value 
from 55*2 to 128*3, the saponification value from 
73*7 to 150, the iodine vuue from 30*2 to 49*6, 
and the m.p. from 66® to 76®. 

Most probably the natives do not keep the 
Melipona wax separate, but mix it indiscrimi- 
nately with the wax of the three Apia species. 

Hooper describes {ibid, 1908 9, [3] 31, 
Abstract in J. Soc. CJhem. Ind. 1909. 28, 664) 
Pwb-nyet (black wax of Burma) obtained from 
the nests of Trigona hmicepa and possibly from 
those of other dammar be^ ; it is not always 
black and seems to be more of a resin than a wax. 

In the old records a wax called ujoar 

is described as being collected by the Indians in 
New Grenada (now Colombia), especially by the 
Tamas tribe, which lives near the Bio Oaquota. 
It was probably the product of small Meltpom 
bees. A sample was examined by Lew-y (Arm. 
Chim. 1845, [3] 13, 453); after purifying it 
by treatment with boiling water he found that 
its m.p. was 77®, its sp.gr. at 0® was 0*917, and 
that it contained 81*66 p.c. of carbon and 13.55 
p.c. of hydrogen. It was used locally for making 
candles for religious worshi]). 

A black beeswax found in the Dutch Indies 
is described by Blits (Nederl. Tijdschr. Phann. 
10, *35, abstr. in J. Cbem. lud. 1898, 17, 
468), and the wax of a South Brazilian bee, 
wlttbly of the Melipona or Trigona species, is 
describra by Gadamer and Hindercr (Arch. 
Phann. 1917, 255, 425), who gives its composi- 
tion as well as its analytical values. 

Returning to tbe Ghedda wax, then* is a 
long paper by Buchner and Fiscbcr (Zcitsch. 
offentl. Chem. 1913, 19, pp. 147, 170, and 188) on 
East Indian or Ghedda wax, and on so-calh*d 
China wax, which gives 160 analyses by Bochnei 
and 108 analyses by Schulten, of (Calcutta. 
Further information about the beeswaxes of 
India and Eastern Asia is given by several papers 
of Fischer (ibid, for 1913 and 1914). Recently 
28 samples of comb and beeswax from Bengal 
and Ajuttm, oolleoted under the supemsion of 
Distokt OlBeers, were examined at the Imperial 
Ins^ttite by Roberts and Islip (Analyst, 1922, 
46 , 246 ) ; they found that neither Weinwurm’s 
teH me that of Salamon and Soaber could be 
Mliedon. 

The oomposition of Ghedda wax or East 
Indian beeswax has been investigated by Upp, 
wi|h Kuhn, Kovics, and Casimir (J. pr. 
Chem. 1912, 86, 184 ; 1919, 99, 243, and 256). 

found that the principal components are : 
one of the ceiyl hydroxymargarates 

oonrlmaigarate CMH|,*C 2 fH,j,Os, and coryl pal- 
imAe together with roughly 

7 M of hydrocarbons, namely; heptaoosano 

mmb sdiieh they could not isolate. As in 
|S|Ki)fiW beeswax, they found some free acids, 
bnt«ill{ytesMUproiX) namely, eeroticaoid 
^ on add C||H«|0|, which they 
Its j».p. was 94*5^.95V 


An acid with this formula and m.p* 91*’ wae 
"Hesoribed by Eohsifeef (Ber. 1876, 9, 278, and 
1688). These two acids m pnsent chiefly in 
the froe state and the other adds as oeryl esters* 
In the products of hydrol^ the^ found also, 
but only in small proportion, a different hydr^ 
oxymargaric acid and traces of formic, aoetic, 
and butyric acids and of a resinous substanoe, 

White or hUaehed heemu;.— Most beeswax is 
bleached before use; bleached beeswax is 
harder, and candles made from it bum better 
than those made of yellow beeswax. The 
bleaching is effected by exposure to light and 
air or by chemical agents, or by both methods. 
Chemical agents do not bleach it so thoroughly 
as does light, so that when they are used a 3 
bleaching by light is required to get the 
results; they serve, however, to shorten |the 
time taken m bleaching. 

The wax is first punfied by repeated melti 
in hot water until it is no longer grey, and i 
remaining honey is removed. In doing this 1 
grey undcrlsyer is cut or scrajicd off from 1 
cooled cake of wax, and is remelted with the ne: 
lot treated. If the water used is hard, it 
stated (Cheshire, Bees and Bee-K(*cpiDg, p. 689) 
that the cerotic acid of the wax forms an in- 
soluble calcium soa]), appearing as a grey spongy 
matcnal and that thus a wimto of wax is occa- 
hiuned. Kam-water or distilled water should 
therefore be used, or else the water should be 
acidified with sulphuric acid. The use of acidi* 
fiod water also checks the format ion of emulsions 
and is recommended for the various remelt mm.! 
Old and dirty combs should be soaked in cold 
water for some time before melting, as the dirt 
and cocTKin skins when wet do not absorb and 
waste wax as they would if dry. 

In order to expose as much surface as possible 
to tho sun’s rays, the wax is reduced to thin 
bands. The roeitcii wax is poured into a box of 
metal plate, in the bottom of which are several 
narrow slits or holes. These are directly over 
a honzimtal wooden roller revolving^in a vessel 
containing cold water, whit*b covers half tho 
roller. The wax esca|H*8 from the slits in bands, 
which pass on to the revolving roller and solidify 
in the water in tho form of tmn ribbons. These 
ribbons are removed from the water, spread on 
canvas stretched over wooden frames, and 
exposed to the sun ; they are sprinkled from 
time to time with water to keep them moist, 
and turned over to expose fresh surfaces to the 
sun. If the sunshine Is very powerful, the heat 
may cause the ribbotiB to stick together; this 
can be avoided by watering, but not more than 
is necessary should be employed, as Heinz 
(Seifenaieder S^itung, 1913, 40, 1140) thinks 
that evaporating water vapour checks the oxidis- 
i^ action of the air. The inner portion of the 
ribbon bleaches more slowly twin the outar 
surface, so to acoeleiate the bleaching the 
partially bleached wax is romelted and agiiti 
made into ribbons, so that new surfaoss am 
exposed; this rem^ting, however, causes some 
loss. Wax from different sonroei bleaches wtUi 
varying faciUty, and some varieties eamiot m 
blea<di^ so samples should txgb be tried o» g 
small scale. 

Tim addition iff a Bttle oU of tnmgtisg 
yellow wax before maUag ft lato Mum 
redooss tbe time taken id M fi ail) 
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b jf to Im^ on T U y leMut odour to tbo | 

Wti4 Boeti&aotioftoxpmiiio 
should bo uteiL l^o bloaohing eSoot of oil of 
tomntiiio mu notiood hv Otteniudo)r (Repert* 
t a* Rhom. 18^, 48» Oi?). Sometdmoi o few 
0.04 of tallow ore added to the wuz to hoBt^ the 
bleaobing and to diminiBh brittleness, and this is 
oonsideied allowable and is not counted as an 
adulteration. 

After a longer or shorter period, depending on 
the intensity of the sunshine and the tem]Mra* 
ture, the bli^ching is complete ; it takes from 
10 to 60 days. (Die wax is then once more 
melted in hot water, strained, and allowed to 
solid% in suitable shapes. 

When ohemical agents are used a mixture of 
TOtassium dichromate and sulphuric acid is said 
to be the best (Heinz, Seifensi^er Zeitung, 1913, 
40, 1140, 1 169, and 1192). The wax is bolted with 
a solution containing 12 parts of potassium 
diohiomato and 35 parts oi sulphuric acid to 
100 parts of water and wax. The green chro- 
mium compound produced by the reduction of 
the dichiomate is removed by washing the wax 
with water containing 0-8 p.o. of lactic acid, or 
containing sulphuric acid. This process has 
been found otfeciive oven with some waxes that 
were considered unbleachable. 

Potassium permanganate solution, followed 
by sulphurous acid has been tried, but the results 
were not very satisfactory. Other chemical 
agents that have been tried or recommended are 
the use of artificially made ozone, of hydrogen 
peroxide acidified with sulphuric acid, of barium 
pmxide of {tetassium chlorate with sulphurio 
acid, of a prepared from bleactog powder 
wd soda. The formation of chlorine compounds 
in the wax is objeotionable, however, as hydro- 
ohlorio acid is liberated when the wax is burnt. 
Whenever chemioais are used they should be 
thoroughly washed out of the wax when the 
bleaching is accomplished. 

Another proposed way of decolorizing bees- 
wax is by tne use of agents that absorb the 
coiouring matters, such as animal charcoal, 
fuller's earth, and the like. 

The theory of bleaching and the effeot of 
various methods and also the effect of the ad^- 
tion of a little tallow to the yellow wax have been 
studied by A. and P. Buisine (Compt. rend. 
1891, 112, 788, and BuU. Soc. chim. 1890, [3] 4, 
465) ; they found that light is necessary, since, 
in the dark, yellow wax u not bleach^ when 
kept in a ourrent of air or of oxygen or of ozonised 
Oxygon, whilst in sunlight it is bleached even 
when k^t in carbon dioxide or nitiosen or in a 
muum, though much more slowly than in air. 
In ozygw it bleaches more rapidly than in air, 
and very rapidly in ozonizea oxygen. They 
ftottoed inat m air-bleaching the ooteur does not 
daorease unllormly, but that white spots are 
mn mbkb inorease in siae, They think that 

eolonxing matter undergoes totid combustion 
and that the oxidation of tbs unsaturated hydro* 
mtim and nnsatnrated acids induce this com* 
buii i k m t apd that is why the addition of tsUow, 
iMtk ocutalns olein, helps the bleaching. Oil 
ettegpsntbe acts in the same way because it 
Olilwfwft oxidation, Tb^ tdiink it probable 
tm iibstaiieci wim undmgoiBg oxida- 
five rise to oa^ that this 
nf up thw 


ing matter; it being known that oil of turpen- 
tine exposed to air am light produces ozone, and 
that tsQow, whilst tuniing rancid, gives an 
odour like OBone, They found in most easts 
that the m.p.« the add value, and the saponifica- 
tion value are increased, and that the iodine 
value and the percentage of hydrocarbons are 
lowered; deooloriziiid" oy animal oharooal, 
however, caused little oba^e in the values. 

Berg (Chem. Zelt. 1902, 26, 605) also records 
many ex]^riments on the subject ; be finds that 
the acid value is raised and the ratio value con- 
sequently lowered, which diould be borne in 
mind when examining a white wax for admix- 
tures. It is not easy, however, to draw general 
conclusions from his results. In CShem. Zdt. 
1903, 27, 754, and 1908, 32, 778, he again tmats 
of white wax. 

Mediciis and Wcllenstoin (Zeitsoh, Kahx# 
Genussm. 1902, 5, 1092) examined the bleaching 
action of potassium chromate and sidphurio 
acid ; they found : (1) that the acid value and 
the saponification value were considerably in- 
creasea, but that the ester value was unaltered ; 
(2) that the m.p. was raised ; (3) that the 
characteristio odour of yellow wax was destroyed 
or volatilised ; (4) that no stearic acid oonld be 
found by the Fchlmg-Bottger test either before 
or after bleaching ; (5) that the ester value of 
some myricin prepared from yellow wax was 
only slightly increased by bleaching. 

Bibliography.— -A very full bibliofsiuphy for 
the years 1848 to 1891 is given in the U.S. Bept. 
Agne. Div. Chem. Bull. 13, Ft. 6, 1892, with an 
account of the contents of many of the papm 
An abstract of this is given in J. Soo. Chem. Xnd. . 
1892, 11, 756. The foUoiiing are papers of 1892 
and after, with a few earlier ones. A. and P. 
Buisine (BuU. Soc. chim. 1890, [3] 3, 867), 
methods of examination, inoludim deter- 
mination of the hydrocarbons and of the hy- 
drogen evolved by Dumas and Stasis reaction. 
Kossel, ObermuUer, and Kruger (ZeitsduPhysbl 
Chem. 1800, 14, 599 ; 1891, 15,321; 1892,16, 
152), use of sodium alooholate or of metallic 
sodium for saponifying. Antoushevioh (J* Soc. 
Chem. Ind. 1891, 10, 1014, from J. Buss. Cbem. 
Soc. 1891, 23, 223), analyses of Russian waxes 
and method of analysis. Foide (Consdlar 
Report No. 1304 for Morocco for 1892, p. 17), 
adulteration with low-class paraffin from eandlsB. 
Rottgor (Chem. Zmt. 1892, 16, 1837), methods ol 
analysis, oriticism of Benedikt and Mangold^a 
method. Bnohner {ibid, p. 1922), metboda d 
analysis. Benedikt {ibid. p. 1922), defence of 
Benraikt and Mangom’s method, Maris 
Soo. ohim. 1892 [3J 7, 111), bromooeiotio ai^ 
Gasoard (J. Phann. Chim. 1893, [SI 18, 49), 
myricyl (meiissyl) alcohol from besfwal;, 
camaiiba wax and gum-lao, and its derivativsi. 
Buchner (Chem. Zmt. 1893, 17, 016), cfitiriffm 
of HubFa method, and some extra tests MOlA* 
mended. Kebler (J. Fiankli& loet, tSOf, 167, 
.58), detection of adulteraiiti. fam Ml 
Rstoourt (Year Bo^ of Pbann. IWOW and 
Chem. and Dnt^, 1894, 45, 645, and 606), 
adritMNmtsandtS^deteeth)^ KxoniNxiQhM* 
Zelt. Repert. 1895, 19, 266, fiomPhamu mmk 
Rnasl 1896, 84, 520), oompositikMi d the dS 
obtained by the diT diiriDf^ d bearinx im' 
used aa a lamedy. Buchnar (ChM 
10, U26},«rilfiMOoaipoiRI^ 
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analytical valnei as beeiwaz and used as adulte- 
rants; method for roughly estimating the 
amount of adnlterant by determining a value 
afterwards known as the Buchner number. 
(Bor some additional directions, see Benedikt- 
Ulser's book, 5th ed. 1908, p. 1096.) Buchner’s 
method of calculation was wrong, see the next 
paper. Kissling (ibid, p. 1682), correction of 
Buchner’s method of calculation in the previous 
paper, Henriques (Zeitsch. angew. Chem. 1896, 
721 and 1896, 221), method of &iding the saponi- 
fication value, using petrol-ether or for waxes 
petrol-benzin as the solvent, and saponifying 
m the cold with alcoholic sodium hydroxide 
solution. Marie (Bull. Soc. chim. 1894 [3] 11, 
908 and Ann. Cbm. 1896, [7] 7, 145-250), 
the latter is a long paper on corotic and melissic 
acids from beeswax, on their separation from 
one another by fractional solution in methyl 
alcohol and on their derivatives. Bamboe 
(Chem. Zeit. 1896, 20, 1004), circumstances and 
processes favouring bleachmg. Lugowsky (J. 
Pharm. Chim. 1897, [6] 5, 295, from Pharm. 
Zeitsch. f. Riissland, 1896, 35, 839), detection of 
Japan wax mid tallow in beeswax. Blarez 
(Bievue intemat. des falsifications, 1897, 10, 161 ), 
ceresinometer. Weinwurm (Chem. Zeit. 1897, 
21, 619), Weinwurm’s test for ceresin and 
paraffin, also his way of canying out saponi- 
ncation; [but see the next paper]. [Note: 
Several authors say that Weinwurm’s test is 
not trustworthy]. Henriques (Chem. Bev. 
Pett. u. Harz-Ind. 1897, 4, 195), a variation in 
Weinwunn’s test [but see the next reference] 
and an objection to Weinwnrm’s way of saponi- 
fvinff, and also to the test being applicable for 
the dkection of resin. Henriques (Chem. Cent. 
1897, ii. 647, from Zeitsch. ofientLChem. 1897, 3, 
274), a modification of Weinwurm's test. 
Henriques later stated that this modification 
was unreliable and warned against its use, see 
lunge, Chem. tech. Untcrsuchungsmothoden, 
1900, 4th. ed. vol. 3, p. 151. Dieterich (Chem. 
Bev. Fett. u. Harz-Ind. 1897, 4, 259), finds that 

» ies’ cold saponification gives lower viducs 
ubl’s hot saponification. Henriques, in 
a notCf says that he has not found this lowness. 
BSetendi (Helfenbeiger Annalen, 1897, 218), 
numerous analyses comparing cold with hot 
saponification. Buchner (J. Boo. Chem. Ind. 
1898, 17, 383, from Zeitsch. offentl Chem. 1897, 
3, 670), az^yses of Indian waxes and of waxes 
called Qasiae [probably incorrectly] giving 
values dillefent nom ordmSiiy beeswax, and on 
the cold saponification method. Gotct (Pharm. 
J. 1897, 68, 308), iodine values of English bees- 
wax. Woy (Chem. Cent. 1897, i. 665, from 
Zeitsch. dsenti Chem. 1897, 3, 16), difficulty of 
saponlfyiim overcome by using Muller’s ex- 
motor. Ssythimi (Chem. Bev. Fett-u. Harz- 
Ind. 1898, 5, 16, from I%arm. Gmitial^Ue, 1897, 
38, 850), use of sodium ethylate for saponi^g ; 
also a comment by Henriques. Blits ( J. 8oc. 
Qhem. Ihd. 1898, 17, 468, from Nederl ^njdsohr. 
Bhimu 1(^ 36), black beeswax from the Dutch 
bdiee, WsKder(Chem.Zeit.l898,22,38and69), 
use of tefiaetometer lor beeswax and other waxes 
withta^dfesiitts. Bieterioh (^. p. 729), a 
aumher «rf Mtoa values, and effect of various 
idaltsniats on the various anidytical values, 
also 00 soInHIiisr in chloroform as a criteriim. 
(SMm, anaL Obem. 1898, 37, 699, 


from Zeitsch. 6flsntL Chem. 1898, 4, 416), 
duSration^ for cold saponification. Kayaer (J. 
Soc. Chem. Ind. 1899, 18, 152, from Zeitsrii, 
5ffentl Chem. 1898, 4, 838), analytical values 
of Morocco beeswax. Fonaro (Chem. Gent. 1899, 
il 404, from L’Orosi, 22, 109), analytioal values 
of Italian beeswax and methods of finding 
adulterants. Ahrens and Hett (Chem. Cent, 
1899, i. 952, from Zeitsch. Offentl. Chem. 1899, 
5, 91), determination of hydrocarbons in beeswax 
and their amount. Ijewkowitsoh (Anajyst, 
1899, 24, 319), on the acetyl value. Cher- 
chefbky (Chem. Zeit. 1899, 23, 697), eleotrioal 
melting-point apparatus. Dlusski (Chem. Zeit. 
Bepert, 1900, 24, 30, from Farmazeft, 1899, 7, 
1307), finding ceresin and parafiin by Hubl’i 
sapotfification, and on the wax got from deM 
bees. Werder (Chem. Zeit. 1900, 24, 967), time 
necessary for saponification and method jpf 
detecting adulterants. Dieterich (ibid. p. 99S, 
time necessary for saponifioation. Eichhom 
(Zeitsch. anal. Chem. 1900, 39, 640), use cl 
amyl alcohol to surmount the difficulty in 
saponifying and to determine the acid valn6»\ 
Hett and Ahrens (Zeitsch. angew. Chem. 1900,' 
152), directions for analysis and results from 
beeswax from various oouniries. Buchner (Oil 
World, 1900, 1, 36), particulars and uses. 

In ibis Oen/ury, — ^Buchner (Chem. Zeit. 1901 
25, 21 and 37), methods for determining ana- 
lytical values and for detecting adulterants; 
results for ordinary beeswax, Indian Ghedda 
wax, .^can beeswax and bleached wax. 
Greshoff and Sack (Bee. trav. chim. 1901, 20, 
75), products of the dry distillation of beeswax. ' 
Jean (Ann. Chim. anal. 1901, 6, 447), examina- 
tion for resin and other adulterants. Marpmann 
(Chem. Bev. Fett-u. Harz-Ind. 1901, 8, 65), 
refractive indexes as a means of examining 
waxes. Davis (J. Amor. Chem. Boo. 1901, 23, 
487), method to avoid spirting when estimating 
water. Berg (Chem. Zeit. 1902, 26, 310), rye- 
meal found m a sample. Dieterich (ibid. j). 654), 
adulterated Turkish samples. Berg (tbid. p. 
605), effect of bleaching on the analytical values. 
Medicus and Wellenstein (Zcitsoh. Nahr. 
Genussm. 1902, 5, 1092), effect of bleaching by 
chromate on the analytical values and on tbs 
components of beeswax. Mastbaum (Zeitsch. 
angew. Chem. 1902, 15, 929), a specific mvity 
bottle for use in boiling water. Bold ( J. Soc. 
Arts, 1903, 51, 522), separating the honey from 
the comb. Berg (Chem. Zeit. 1903, 27, 752), ana- 
lytioal values of numerous samples and methods 
employed. Dieterich (ibid, p. 808), ooniroversy 
on Berg’s paper, on time neoessuy lor iodine 
value determination, and on Store’s test lor 
colophony. Borg (Aid, p. 986), a tepW to 
Dieterich. Mastbaum (Zmtsch. angew. Client 
1903, 16, 647), beeswax of Portugal $hd its 
colonies, statistics, analytioal methods and 
results. Hirsohel (Ohmn. Zeit. 1904, 28, 313), 
preparation and analytical values of * extraction 


beeswax.’ L5wy (ibid, p, 348), criticism of 
preceding paper, Hirsohel (ibid. p. 480), wph. 
Lemaire (oTSoc, Chem. Ind* 1904, 33, 840^ Ikw 
Bull Boo. Pharm. de Bordeaux, 1904, 4i. 183), 
detection of artificial colouring matter* mopk 
(Agnc. Ledger of India, 1904, Entom* floiieii, 
11, 73), wax from various speoici of 
sonroes, pmaratioii ana anslytioil 
Colm (Zsit«a£6Amtl. Chent m dMimd, 
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Bev. Feti^i. ]QGuns»Ind. 1905, 12, 79), comment (&iteoL angev. Chem. 1911, 636), n» oi 

on SohwunK^s way of doing cold Bonification. Opyl alcohol Bohitions for finding smnpsa* 
Schwara {ibid, p. 132), reply. Buchner and tion and acid valnw. Wchmann (J. C^. 
Wirth (Ohem. Zwt. 1906, 29, 32), improvements Soo. 1911, ii. 660, i^m Phm. Zmtralhalle, 
in saponification method; use of amyl alcohol ; 1911,62, 363), saponifying by heat Oprees^ 
beeswax may vary in its composition ; effect Imp. ^t. Bull, 1911, 9, 236, analytical values ox 
of leaching ; and on Indian (Ghedda) wax. various African samples ; a cautwn aoout 
Buchner (m'd. p. 79), origin and analytical Weinwurm’s test. Buchner (Zejtscm onentL 
values of Indian (Ghedda) beeswax and of Chem. 1911, 17, 226), behai^ur of ord^and 
dammar wax. Eatosin (J. Chem. Soc. 1906, foreign samples, pure and adultewl^ witn 
ii. 303, from J.Buss. Phys. Chem. Soo. 1906, 37, certain extra tests ; on Weii^m s on 
63), apparatus for finding specific gravity of glycerides in pure beeswax. 
waxes, Sokoloff (J. Chem. &c. 1906, ii. 206, 311), a mistake in Deutsches Arzneibucb of 1910. 
from J. Russ. Phys. Chem. Soo. 1905, 37, 818), Buchner {ibid, 1912, 18, 90), on «ome *bn^al 
heat of combustion of beeswax from various samples. By an application of Denmes me^i- 
places and of Trigonas mdipona wax j detection glyoxal test (Bull. Soc. Pharm.^rwaux, law), 
of parafiin or oercsin. Lidow (Chem. Z(ut. P, Boureet (Bull. Soc. chim. 1924, 36, 421) has 
Report. 1905, 29, 278, from Westnikshirow, shown that pure beeswax gives no glyo o^ on 
wesehtsch. 1905, 6, 89), analytical values of saponification. A iiositive reaction theremre 
Russian and other commercial samples, indicate"* adulteration. White heeswrax often 
Buchner (Chem. Zeit. 1906, 30. 528), a claim that gives a positive test for glycerol, owing to the 
Indian (Ghedda) beeswax should be regarded addition of tallow to the wax before bleac^. 
as a true beeswax. Bolher (Ann. Chim. anal. The test is cam^ out as follo'ws • 2- Sgrm. of the 
1906, 11, 366), analytical values of a beeswax wax an* saponified with 10-15 c.c. of potwi™ 
from Annam. Bohriseh and Richter (Phami. hydroxide solution for I hour. After dilation 
OentralhaUe, 1006, 47, 201, 227, 270, 299, 311), with 16 c.c. of water, the mixturo is stowly 
a long paper on the examination of yellow bees- acidified with dilute sulphuric acid (1 * J) 


wax. Bohriseh {ibid. p. 1065), rccommenda- filtered ; 2 c.c. of the filtrote are tream with 
tions for tests in Deutsches Arzneibuch. 20 c.c. of saturated bromine water till wlour- 
Buchner (Chem. Zeit. 1907, 31, 126), criticism of less, and 2 c.c. of this solution are trea^ with 
Bohriseh on saponifying. Bohriseh (ibtd, p, 0*1 o.o. of alcoholic solution of codeine and 
191), reply, Buchner (ibid. p. 270), reply. 6 c.c. of pure sulphuric acid (f 1-84). Aftot 
Boh^ch {tbid. p 351), reply. Berg {ibid. p. shaking and heating on a Milmg waw toth 
537), various kinds of beeswax require various for 2 minutes, a fine greenish-blue oolorauon 
times for saponifying and the cause. Buchner develops if glycerol is present; I p.c. ^ 
(ibid, p 631), reply, Berg heats too gently. Berg glyceride can easily be detected in bewwax ^ 
{ibid, p, 705), reply. Buchner (tbid. p. 1085), tfos te.st (J. Soc. Chem. Ind. 
experiments on the time for saponifying. lipp uud Kuhn (J. pr. Chem. 1912, 8o, 184), 
Buchner (ibid. p. 570), analytical values of composition of Indian (Ghedda) beeswax. 
portionB dissolved and uiidissolvcd by cold ether, baum (C!3icm. Rev. Fett-u. Uaxx-Ind. 1912, 19,232 
Dieterich (ibid. p. 987), analytical values of and 260), beeswax of Portugal and ifo colonies ; 
beeswax of 0 to 5 years standing in the hive and method of examining. Prettner (Promothon^ 
on propolis. Berg (Chem, Zeit. 1908, 32, 777), 1912, 23, 341), origin, prepara^n, use^ »d 
a long paper on the minor components, the adulterants. Leys (J. Pharm. Clw. 1912, [7J 
dl^t of bleaohing, and on the detection of 5, 677), new method of exa mi u mg Imwax 
stearic acid. Glikm (Ber. 1908, 41, 910), iron anddoteiminingthehydrocar^ns, ®^; 
found qualitatively, Cowan, Wax C^ft, pubd. of the methods of Buisine, Benodikt, 

Sampson Low, J 908; production, manufocture, and Horn. Buchner and Deokert (Zsitselt 
adulterants and uses, Ryan (Proc, 5ffentl. Chem. 1913, 19, 447), desonpuon am 


values of beeswax from vanous places, bieaer zieii. luw, av, aiow, am 
OstiogDvioh and Petrisor (abstract in J. Soo, methods of bleaching, Buchner »d IMiw 
Ind, 1909, 28, 1094), detection of tallow. (Zeitsoh. offentl. Ch«n. 1913, 19, 147, 17lL and 
U Naour (Ann* Chim. anal. 1909, 14, 369), 188), a long paper on Indi^ ^waxy 
crltfoiBm of French Codex test for adulterants, called China wax, and on the cUmger m tfaldm 
Hooper (Agrio. Ledger fof India], 1908-9, 13] 31). them adulterated, givinx ^ Hooper’s wuA « 
analvt&flal values of Bormeso PwAnvet, tne wax 1904 (see above), and further anafyssi to 


^ Tffoewa Iw 9 k€p 8 , Stoelw ((^em. iSit, 1909, Schulten. Fischer (ibid, p, 354), cowoowoni ijOfl 
It, 1276 ), use of flash-point in examining bees- additional infon^tion to 
wax, Buchner (ZmtsohT^ Sffentl, Chem, 1910, (Seifensi^er Zeit. 1913, 40, ^)i addit4o^ 
xi: 3 .. t J Ak.. kM*A tkA ftDA osiMn. iko 


WMltoiji imMcal values of various Afofoan to the three pteoeiBng 
/CheiiL Zeit 1910« 34. 277). miscalkd ’ Hummelwa^ 
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^ luM^^ X Soo. Caiem. Ind 1014, 83, 651, 
hm Tm Times, lileediittg by osone in Russia, 
fitook (Obem. and Druggist, 1915, 87, 678)^ 
use of benayl aloobol when saponifyi^. Pabtis 
(BuU. i^e. Intell. 1916, 7, 881, from Stas, 
sp. agr. ital. 1915, 48, 595), Tisoosity of 
beeswax and its adulterants. Salamon and 
Seaber (J. Soo. CShem. Ind. 1915, 34, 461), 
Weinwmm’B test not reliable ; new me^od of 
detecting paraffin. [Note: Roberts and Islip 
^alyst, 1922, 46, 246) sav that Salamon and 
Seaber^s test is not reliable.] Ueno (Analyst, 
1915, 40, 343), analytical values of Oorean and 
Japanese beeswax. Rather ( J. Ind. Rng. Chem. 
1915, 7, 34), new method of determining un- 
saponifiable matter. Ryan and IMUon (^o. 
Roy, Dublin Soa 1916, 15, 107), examination of 
Buisine’s method, hydrogen evolved by higher 
aloohois, presenoe of oxygen in the 'hydro- 
carbons.’ Salamon (J. £^c. Chem. Ind. 1916, 
85, 8), direction for sampling; results from 
numeroas h)Teign samjdes; caution about 
Weinwnim’s test. Gk)lodetz (Chem. Zeit. 1916, 
40, 223), a meltiiig-point apparatus. Richardson 
and BfMewell (J. Soc. Chem. Ind. 1916, 35, 160), 
examination of the saponifiable and of the un- 
saponifiable matter; detection of adulterants. 
Rai f J. Soo. Chem. Ind. 1017, 36, 048), failure of 
cobalt oleate as a catalyst for bleaching beeswax. 
Gadamer and Hinderer (Arch. Pharm. 1017, 255, 
425), wax of a South Brazilian bee, probably of 
the Melipona or Trigom species. Wilkie 
(Analyst, 1917, 42, 200), a method of determining 
the unsaponifiable matter. Ucno ( J. ^c. Chem. 
Ind. 1918, 37,475A,from J. Chem. Ind. Tokyo), 
analytical values of beeswax from Bonin Islands. 
Buchner (Chem. Zeit. 1918, 42, 373), results from 
p African sample ; effect of different solvents 
in making extraction beeswax ; remarks on the 
work of Xipp» Kuhn, Kovacs, and Casimir, on 
the composition of Indian (Ghcdda) beeswax. 
Lipp and KovAcs ( J. pr. Chem. 1919, [2] 99, 243), 
comjpomtion of ]bdian (Ghedda) wax : the acids 
obtuned from it. Lipp and Casimir (ftid. p. 
256L same subject: the alcohol, acids, and 
hydrocarbons obtained from it. Heiduschka 
am Gaieis (ibid* p. 293), nielissyl alcohol from 
beeswax not the same as the alcohol from 
camauba wax. Bohrisch (J. Soo. Cffiem. Ind. 
1920, 39, 71A, from Pharm. Zentralh. 1919, 60, 
473), infiuenoe of cholesterol esters on saponifica- 
tion. Gascaid (Gompt. rend. 1920, 170, 8H6), 
fm the fonnula of myricyl (melissyl) alcohol from 
beeswax. Cbeshire, Bees and Brokeeping, 1921, 
2 vols. Roberts and Islip (Analyst, 1922, 47, 
246), the eonstante of Indian beeswax. Kauf • 
Bumn and Priedebach (Ber. 1922, 55 fa], 1508), 
wa& from pine needles. Mailhe (Compt. rend. 

179, 184), distillation of beeswax with j 

M ffl a mx is obtained from plants 
t wild in great quantities in the dry and 

ike distri^ of northern Mexico and the 

parts of the United States ; they are 
t i w fc d eaniWilIa’ by the Mexicans. It is a 
Miltt addiMos to the waxes in commm^l use. 
flMion been called to the wax on 

m 1905. 

B. 4^i$yphilUica (Zttco.), 
hive been given 

, Itmegm as an egsietkm covering all parts of 


the plant, except the roots* It can he obtained 

S poiling the plants with water and skiiiuidiig 
the layer of melted wax; the jfieoes of plant 
moat be kept from rising endbiing th& in 
wire cloth or by tying th^ in bnndleB and 
weighting these down. In praot&ee a little 
sttl^uric acid is added to the water when first 
obtaining the wax, and also when remeiting ; its 
action is probably to prevent the formation of an 
emulsion. Another plan is to subject the plant 
in suitable containers to live steam, which melts 
off the wax, and this can be easily separated 
from the condensed water. It is said that this 
plan gives a better yield, but that the wax 
appears softer and contains more water than 
that obtained by simply boiling out the wax 
from the plant. The wax can oe purified 
remelting and straining off plant debris. 1 
yield of wax is from 1 to 5 p.o. In 1918 thi) 
were about twenty-five factories produci 
the wax in the Monterey district. 

The wax is hard and Ibrittle, and can be brok 
down to a powder at low temperatures ; wh 
full of air bubbles and water it is opaque and 
greyish-yellow in colour, but if these are got rid\ 
of by melting it is dark brown and translucent. 
When heated it gives off an aromatic odour. 
It is only slightly soluble in alcohol, ether, 
acetone, chloroform, carbon disulphide, gasoline, 
and oil of turpentine when cold, but is readily 
soluble in all these when hot ; a boiling mixture 
of three parts absolute alcohol and two parts of 
90 p.c. benzene was found to be an excellent 
solvent. On cooling these solutions become 
pomade-like masses. 

The analytical values that have boon recorded 
vary widely; this may be due to the age of the 
plant, the time of year at which it was gathered, 
the mode of preparation, the presence of water 
in the sample examined, the method of analysis, 
or even to adulteration, llie following are the 
lowest and highest values found in the literature 
of the wax : m.p, 65® to 92® ; sj^-gr. 0’936 to 
0'998; acid value 0*03 to 24; saix>nificatiop 
value 35 to 104 ; iodine value 5*2 to 57*6 ; 
unsaponifiable matter 65 to 91 *2 p.c. There aro 
also variable amounts of dirt, water, and ash. 
Tliesc analytical values vary so much that it may 
be well to add those of the following authors* 
Sanders (Chem. Boc. Proc. 1911, 27, 260} 
states that a sample of wax prepred in Januaty 
from plants ooiloctod in Coahuila was greenish- 
white, and contained a considerable proporUon 
of water. When freed from this it was dark 
brown and gave the .following values .* in*p. 
67*5®; Bp.gr. 0*9850; acid value 14*8V; 
saponification value 46*76 ; iodine value (Hfibl} 
16*60 ; unsaponifiable matter 77*00 p.o. ; ana 
hydrocarbons 48*60 p.o. ; he found hratriMOn* 
taneand meUssyl alcohol (whether free oral ester 
is not stated). 

Lfideoke (Seifensieder Zeit 1912, 89, 829) 
gives ae norw values : m.p. 08-70® ; 
0*950-0*990; aedd value 13-18; siponificami 
value 5CM10; iodine value 15-20; unaapoaMU 
able matter 65-75 p.o. ; moisture 2 to 8 ; 

and dirt 0 to 3 p«o. 

Bmg lOum. Zeit. 19U, >8. IIM) far* ' 
tpyornumz! ib.]>.804>*; 
eete, vikliie M-O; nponilambs iHt 
wd M tite neu M tm wi^ of iMm MX I 
m.f. 88-6*{ v*!*' UW^I mi ' 
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41*6; ester velee 51*6; saponifieailoii 
m ; todirie v»lise (WIjs) 57*6 after 19 horn 
standing* 14*5 after 5 nottis; unsaponidable 
matter 67*5 p.o. Both Berg and Liideoke ttied 
sylene when saponifying/ 

Cmpoa»te‘o».-*-43andejilla wax is remarkable 
among the waxes for the ni^ proportion of 
hydro^rbons that It oontains, bnt as in the case 
ox its analytical values the lesnlts of investiga- 
tions as to its composition are discordant. 
Sanders, in Anal. Inst. Med. Nacional, Mexico, 
for Oct. 1907, recorded the presence of hentri- 
aoontane (J. Ind. Eng. Chem. 1911, 3, 116). 
Fraps and Rather (t6td. 1910, 2, 454) found 
hentriaoontane with m.p. 68^ and indications 
of another hydrocarbon with m.p. 85^, and of 
other substances. 

Meyer and Soyka (Monatsh. 1913, 34, 1159) 
found that it contained resin amounting to 18 
to 20 p.c., to this they attribute the acid value 
and the iodine value. They removed most of 
the resin by repeatedly boiling out the wax with 
alcohol, allowing to cool and then separating 
the alcoholic resin-Holutions ; they then removed 
from the residue all that ether would dissolve. 
In the soluble part, after removing the last 
traces of rosin by the charring action of thionyl 
chloride, they found a hjrdrocarboii which they 
believe to bo normal dotriacontanc with 

m.p. 71®, and in the insoluble part they found 
an oxylacton4 CaoHsgO., with m.p. 88® to 88*5®, 
identical or isomeric with the lactone of lanoceric 
acid. They sum up the comiiosition as 18 to 
20 p.c. of resin, 74 to 76 p.c. of dotriacontane, and 
5 to 6 p.o. of the oxylaotone. 

Berg (Chom. Zeit. 1914, 38, 1162) found: 
(0 and h) about 50 p.c. of two hydrocarbons, 
one with m.p, 68® and the other with m.p. 84®- 
85® ; (c and d) about 10 p.c. of a semi-fluid mix* 
ture of two oholostcrols, these were free in the 
wax, when acetylised they yielded acetates, one 
a white powder, nearly insoluble in alcohol, 
the other readily soluble in alcohol on warming ; 
(«) a small quantity of a substance containing 
oxygen, with m.p, 88®-89®, it was fairly soluble 
|u alcohol, could be acetyli^, did not give any 
cholesterol reaction, and must have been present 
in ths wax as an ester ; (/) a very small quantitv 
of a sttbstanoe containing oxygen, melting with 
decomposition at 243®, it was readily soluble 
in alooBol, from which it crystallised in leaflets, 
it oould not bo acetylised, it gave a colow react* 
ion with acetic anhydride and sulphuiic acid, 
and may be an ester of a lupeol-like cholesterol. 

BueWr (Chom. &it. 1918, 42, 374) gives 
the composition as determined by Staempfli as : 
50-52 p«o, of a hydrocarbon OuUig, with m.p. 
66®; 25 p.o. of roelissio acid present 

partly free and partly as a melmsyl ester with 
nun, 86^<-*90®: 10-14 p.o. of meiissyl alcohol 
with m.p. 85® (whether 6ee or as 
ester u not stated) ; 1 p.o. of another hydro* 
earixmt with m.p. 85® ; traces of a phvtosterol, 
with XBup. over 130®; and 10 p.o. of resinous 
Ittatter; but none of the experimental evidence 

hgifen* 

Cfiss.-4)wing to its hardness it resembles 
eimiAba wa** It is especially valuable in 
wwttur iWoveams and polishes as it imparts 
toim farepsa^ the power of p?odu^ a 
kmMt iSm than arur other w»& On the 


has not nearly as great a hardening eileot as 
esxnaflba wax, and it has little hardening action 
when mixed irith soft wax compositions. For 
candle maidng it is considered inferior to 
oatnauba wax, owing to its lower melting*point 
(given as 66®), and for phonograth records 
ito suitability is oonsideied small. The insula- 
tion of tele^ne cables is another suggested 
use. 

Bibliography.—SBiadeTB (Anales Inst. Med. 

Nac. Mexico, 1905, 7, 498). Olsson-Sefifer (Imp. 

Inst. Bull. 1909, 7, 411), origin mid analytical 
values. La Candclilla (published by Inst. Med. 

Nac. Mexico, 1910). Hare and Bjerregaard 
(J. Ind. Eng. Chem. 1910, 2 203), origin, 
behaviour with solvents and analytical values. 

Fraps and Bather and Deiler {wid. p. 454), 
analytical values and composition. Lfubovslri * 
(Seifensiedor Zeit. 1910, 37, 709), commercial 
varieties and utilisation. Mexican Inst. Med. 

Nac. (J. Ind. Eng. Chem. 1911, 3, 115), letter 
calling attention to Alcocer’s and Sanders’ 
work. Sanders (Chem. Soc. Proc. 191 1 , 27, 215B1, 
analytical values and composition. Niederstadt 
(Chem. Zeit. 1011, 35, 1190, and Verb. Qes. 
Deutsch. Natf. 1912, 84, Pt. 11., Sect 1, 170), 
origin and analytical values. Liidecke (Seilmi- 
sieder Zeit. 1912, 39, 793, 829), commerrial 
varieties, analytical values, and utilisation. 
Ljubowski {ibtd, pp. 578, 617), commercial 
varieties, recipes, and utilisation. Meyer and 
Soyka (Monatsh. 1913, 34, 1159), composition. 

Berg (Chem. Zeit. 1914, 38, 1162), commezdal 
varieties, analytical values, and composition. 
Buchner and Staempfli (»6td. 1918, 42, 374), 
analytical values and composition. (Bes alim 
this Dictionary, vol. ii. p. 11.) 

Cape berry wax. Samples of this wax have 
been shown at exhibitions in London, and it k 
capable of being collected in quantitiaa in Cape 
Colony, but it dm not yet come into any exten- 
sive use. It is probably derived from one ol 
the species of Myrica growing in South Afrie^ 
which include if. quereijolia (Linn.), M, conft- 
folia (Linn.), and if. aerrafo ^Lam.); it is 
similar to myrtle berry wax m its gen^ 
characters and in its physical and ohemioal 
properties, which were found to be: flp»gr. 
0’874 at 99®; m.p. 40'5®; m.p. of the 
acids 47*5®; mean molecular weight of the 
fatty acids 236*1 ; acid value 4*1 ; sapeudfl* 
cation value 211*1; iodine value 1*1. It 
yields a hard white soap, but does not seem to 
be suitable for candle making (Imp. Inst. BulL' 
1906, 4, 300). The results ol another ex- 
amination are: 8p.gr. 0*9893; HLp. 4lf; 
refractive index at 80^ 1*4364 ; acid VMne 2*5 ; 
saponification value 212*3 ; iodine value 2'OS ; 
unsoponifiable matter 2*51 p.a; fatty lelds 
89*7 p.c. ; m.p. of mixed mtty acids 46*5® ; 
solidifying-point of these 46*5®; mean mdeentar 
weight of these 241*4; It was deefliQM la 
South African berry wax, and was pale gremdih* 
grey with a granukr fiaeture ; wnen melted H 
formed a greenish-brown muddy liqui^aild it 
was filtem before examinimn (Ooeldhi^ 
Chmn. and Drug. 1908, 73, 74), 

Berry wax from if. came MO 

tHrominenmdniingthewir. ThenliBtiiiimiiw ^ 
•s a eand-binderln the ne^lmwNmrf eijte 
Town, Port BBaabath, andotlier picjcik' ' 
wax Wi| peeriooily expeited to QmiiMii^ 
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Wi0 nse^ lor (j^tamophones and for floor poUsli 
(X 9oe. Qhem. In<L i91B, 87» 74 R). 

Omwlilia or eamthuba arax is derived from 
tike eamaflba paJm» Copemicia ceri/era (Mart.) 
{Ocfftp^ etrifera, Linn.}, which grows in Brazil, 
eepeoMly In the provinces of Oeaia, Rio Qrande 
do Norte, and Fiaiihy. The trank is 25-35 ft, 
ISfjbL with a crown of leaves at the top. The 
yonng leaves of about 3 ft. long have a coating 
of wax on both the upper and under sides, which 
appears homogeneous to the naked eye. The 
wax layer is thicker on the upper side, and 
oomes off in scales ,* on the lower Ade it is thinner 
and more adherent. The harvesting extends 
over the six dry months of the year, and the i 
leaves are out twice a month, about eight leaves 
being cut from a palm at a time, those leaves { 
that have reached a certain stage of develop- { 
ment being taken, leaving the very young | 
leaves to develop later. If the leaves are 
allowed to become too old the wax is easily 
detached, and is lost before the leaves are 
brought to the ground. The leaves are spread 
out to dry, and are then slit up with a knife and 
^aten over a cloth to detach the wax which 
Ames off in scales or as a greyish-white powder. 
A little water is added to the powder, and it 
is melted and poured into moulds, in which it 
solidifies in cakes of about 2 kilos. About 850 
leaves give 16 kilos, of wax; about 1*8 kilos, 
of wax, valued at Is. 6d., are obtained from one 
palm. On poor land 1200 leaves, and on good 
land only ^ leaves are required to give the 
16 kilos. In some estimates, however, the 
ywlds are not so good as these. 

The followmg table, based on Hambloch^s 
Rmrts on Bram, Dept. Overseas Trade, 1919, 
1921, and 1922, shows the exportation of 
oaraauba wax: 





Yalae per metric 

Year 

Metric tons 

Value in £ 

ton in £ 

1913 

3867 

439,500 

114 

1914 

3315 

324,200 

98 

1915 

5897 

605,100 

86 

1916 

4166 

398,900 

96 

1917 

3669 

443,300 

121 

1918 

4215 

1,135,200 

269 

1919 

6200 


1920 

3500 



1921 

1640 

January to June (inclusive) 

1922 

2200 

ft ft 



In 1913 Oetmany took 1710 metric tons; 
the United States 941 ; tfie United Kingdom 
687; and France 509. In 1920 the Imited 
Kin^m took 1000 metric tons and the United 
States 2200. 

Raw oarnafiba wax is of a dirty yellowish or 
greenish oeflour, amo^hous, hard, brittle, and 
easy to powdbr. In its outward appearance it 
Is oompact, but penetrated with very many air 
apaoei ; it is tasteless, and smells, when oesh, 
somewhat like fresh hay-^\e. of coumarin; 
later it becomes inodorous. It is purified by 
mmitlam and has then a greenish-yellow or 
i6mw*yeIiow oobur. 

Amdt/M mdting'pc^t it 

wiMMll' drat M fcom 80*5° to orer M*. it 
iMnwii trail dio ■(, of tlw Mun]d,. uid ui oM 
qwdmntltodlitWMn*; »bont84*Mem«, 
onmm wgWihiMe} li^pit-ookmnd UMimcaa 
idw « mraraHtt lom rndtug-poiiit dun i 
4MMr toMMb. Um 94P* d lA* I* <m8-O-M0. i 


\Tb$ aold values recorded are frets 0*3^10, 
[about 4 being common; the saponification 
I valuss from #-88, and even 96 ; tbe iodine 
lvalues from 5-14. In preparing bleached 
oarnafiba wax additions, such as paraffin uax, 
are made so that tbe above values do not hold 
for it. The wax is not easily saponified, 
Berg (Ghem. Zeit. 1909, 33, 886) recommends 
the use of xylene as a solveot in order to hasten 
the saponification and to diminisb the risk of 
oxidation occurring during long boiling with 
potassium hydroxide. 

Comporifioa.— Carnaiiba wax is composed 
mainly of an ester of triaoontyl, CsoH^i, with 
the acid Cs^H.iOs, which is either oerotio acid 
or an isomer of it. The triacontyl was formerly 
supposed to be the same as the melissm of 
be^wax, but it now appears that melissyl is 
most probably Carnauba wax hlso 

contains a considerable proportion of m 
triacontyl alcohol C«oHqi()H. In addition 
thcro arc a number ox compounds present \in 
small proportions. \ 

Story Maskelyne (J. Ohem. Soc. 1869, 22, 
87) found : (a) melissin (melissyl alcohol) both 
free and coming from an estor ; (5) a compound 
with m.p. 105^ corresponding to Ct|Ilg|Oi; 
(c) an alcohol with m.p. 78°, correspond!^ to 
UjsHigO, and also other compounds. 

Von Pieverlmg (Annalen, 1870, 183, 344) 
prepared from wax melissyl alcohol and 
I examined its products, he also obtained a small 
! quantity of ceryl alcohol Os.HnO. 

A long investigation of the composition was 
made by Sturcke (Annalen, 1884, 223, 283), 
empbymg carnauba wax with m.p. 83°-83*5^ 
He found that the principal component was the 
ester and that there was a 

considerable quantity of free wax alcohol 
present. When the wax is extracted with boil- 
ing alcohol a considerabb proportion dissolves 
but separates again when the aloohol cools. 
He found when 1200 grms. of wax were boiled 
out with 5} litres of alcohol and tbe hot clear 
solution was poured off that on cooling 360 
grms. (equivalent to 29 p.o.) were deposited. 
By repeated extraction small quantities of the 
ester seem to be removed each time ; thus whmi 
10 grms. of the wax were boiled with half-litre 
lots of aloohol, 350 c.g. of the ninth lot contained 
0*295 grm. and of the tenth lot 0*286 grm. By 
saponifying the wax and separating the products 
with petroleum ether, Ac., and by many frac- 
tionations he found: (1) A hydrocarbon with 
m.p. 59^-59*5° present in small proportion. 
(2) An aloohol (3t,H||*CH|Ofi with ]n.p. 76* 
in small proportion. (3) An aloohol 

C„Ha*CH,OH 

with m.p. 85'5°-85*7° in large proporrionu 
Stom thu he prepared the acid CttHfi*(X)OH 


Stom thu he prepared the acid C||H.|*GOOH 
with m.p. 89*9°<-W*2°. This aloohd he oalbd 
myrioyl (melissyl) aloohol, but according to 
Heidusehka and Gareis ( J. pr. Ghem, 1919, 99, 
299) it contains CH. less than toe mdlisiyi 
aloohol CtiHa 40 obtained from beom^u 

m.p. 103 o *-iv3*8 in smau jraoportioii, JsMi 
thu he mroued the Mid CuHiifOOOnj iritt 
ia.p. 10l'5^ (S) Aa Mid ^fi^-OOOa trtft 
m.p. 72 ' 5 * io nuil pn>poraM.lii»Hiio «Mh 
hgoMHie Mid. lUi Mid mi «nH|raiM||' 
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MomiMo Mid by BMiMtiMMiter Midi 
iS06^ 620) in n paper on' 

wool fat (6) An aoid QuAt^COm ndth 
ia.p. 78*8M9% tidier idMtioal or isomerio idth 
the oeiotio ndd of beeemx, in laige proportion. 
It trotdd not oiyBtallise when it soliMed from 
tbo melM state, and for this reason he doubted 
its idaatity uith the oerotio acid of beeswax 

(7) A iMtone m.p, 103-6' 

in smalljproportion. From this he prepared the 
acid C|.Hu(OOOH )2 with m.p. 89*5Mo®. 

It should be noted that these products were 
obtained after saponification. The hydro- 
carbon, no doubt, was free in the wax, and the 
alcohol probably was partly 
froe and partly came from the ester, but the 
others were not proved to be free before saponifi- 
cation. Besides these Sttircke also noticed, as 
had von Pieverling, a greenish balsam-like sub- 
stance with an odour like coumarin, but in too 
small quantity for examination. Sturcke's 
results, it should be remaiked, do not fully 
ei^lain the analytical values given above, so 
farther work on the composition is needed. 

liebermann (Ber. 1885, 18, 1979) obtained 
a substance from the wax by a great many 
fractional crystallisations with m.p. 92°, which 
could not be materially raised by further 
crystallisations ; it formed a matted paper-like 
layer without any lustre ; he did not, however, 
make an analysis of it. 

Heiduschka and Gareis’s work ( J. pr. Ohem. 
1919, 99, 293) is described above under the 
composition of beeswax. 

nibUography.-^Btaside (Phil. Trans. 1811, 
261), action of various solvents and reagents. 
Lev^ (Ann. Ohim. 1845, [3] 13, 449), percentage 
of carbon and hydrogen. B6rard (Bull. Soc. 
ohim. 1868, 9, 41) found cerotic acid (a mistake 
probably) and an ester saponifiable by fusion 
with potassium hydroxide, btory Maskelyne 
Ohem. Soc. 1869, 22, 87), see above. Von 
reverting (Annalen, 1876, 183, 344), see above. 
Sturoko {ibid, 1884, 223, 283), see above. 
Valenta (Zeitsch. anal. CSiem. 1884, 23, 257). 
melting-]^int of mixtures of this wax with 
commercial stearic acid, with mineral wax and 
with paraffin. Liebormann (Ber. 1885, 18, 
1979), see above. A. and P. Buisine (Bull. Soc. 
chim. 1891, 13} 5, 654), effect of this wax as an 
adulterant of bees wax. Schaodler, Teohnologie 
der Fette und Ode, 2nd ed. 1892, 881. Gascard 
(J. Pharm. Chim. 1893, [5] 28, 49) prepared 
wax aloohols from beeswax, carnauba wax, and 
lac» and believed them to be melissyl alcohol in 
each case. The melting-point of those from 
camafiba wax and lac was 88°, and he purified 
from beeswax and got its rndtinj^-point u] 
to 68^ by making its ester with melissio acid am 
thm deoomposing this. Villon (Bull. Soo. chim. 
1898, [8] 9, 1046), collecting, bleaohfhg, and uses. 
Bfanat, Bits and Oils, 2nd ed. 1896, ii. 144, 
Santef Tropische Agrikultur, 2ad ed. 1897, L 
788. Lewkowitsch (Anal:m, 1899, 24, 319), 

a tahaa, Bfiehhom (Zeitsch. anal. Ohem. 

19, 640), directions lor 6n^ the add and 
gapontteatton values, using mn alcohol as 
MM. thus taoUlMog su^nmeation. Berg 
Mb 1908, 87, mi doMon and 
AaSpMiaittlti, Bid<ffifla(J.ffoc.0ha^ 
WH im, amyl 


aloohol aa adreiit. En|^ (CSmrn. Zdt. 1906, 

30, 7U), the rotatory power. Bew (Cham* 
Zdi 1909, 83, 885), xylene as solvent ror findis^ 
analytiMd values. Leys (J. Pharm. CSiim. 1912, 

[71 5, 577), describes a new method of examining 
this wax and beeswax ; he uses a n^uro of 
amyl aloohol and fdming hydrochloxio acid to 
dissolve the wax aloohms and separate them 
from the hydrocarbons; he found no hydro- 
carbons in carnauba wax. Ludecke (Smfen- 
sieder Zeit. 1913, 40, 1237, 1274,^ 1802, 1327), 
descriptions of the commerm^ varieties, 
adulterants (fragments of candelilla wax m 
sometimes mixed in), detailed methods of finding 
meltmg-point, sp.^., and analytical values. 
Buchner (Chem. ^it. 1918, 42, 373) quotes 
Popp on the formula of melissio acid prepari^ 
from carnauba wax (Heiduschka and Garms 
do not agree with Popp's formula). Heiduschka 
and Gareis (J. pr. Chem. 1919, 99, 293) compan 
melissyl alcohol from beeswax and its deriva- 
tives with the alcohol from carnauba wax and 
its denvatives and fiind them to differ by CH*. • 
Cochin China wax {Cay Cay /of, Irvingia 
huUcr), This is obtained from ^e fruit of the 
Cay Cay tree, Irvingia Oliveri (Pierre), a foiesll 
tree reaching the height of 100 ft., and mwinjg 
widely in the cast oi Cochin China. The fruit 
is the size of a lemon, the endooarp has the size 
and shape of an almond with its outer covering, 
and the kernel, too, resembles in dze and sha^ 
that of the almond. The fruits are ripe in Jufy, 
and fall to the ground ; they are gathered into 
heaps by the natives, and left for two months to 
allow the soft outer parts to decompose they 
are then carried to the houses and oiied in the 
sun. They are opened with a strong knife, and 
the kernels are removed, dried in we sun, and 
pounded in a mortar. The pulp is placed in a 
vessel having a bottom of plaited material ; this 
is fixed above water in another vessel, and the 
water is heated, but not to boiling. Wh«a 
pulp has become a sticky paste it is wrapped in 
a mat of nee straw, and submitted to pressure 
in a crude press, tlie operations bring reproted 
several times, and the melted wax is either 
allowed to solidify in moulds or else is cast into 
candles in bamboo tubes. In the la^ratoiy 
the dry kernels extracted with carbon disulpWo 
gave 52 p.c. of wax. The wax is of a greyish- 
yellow colour, and is unctuous to the touch. 
The purified wax softens at 37°, melts at 88% 
and solidifies at 34° (VignoU, U Cay ^y* 
Thbse pr4sent4e h TBoole Suporieuie de Fha^ 
macie de Montpellier, 1886). 

Bontoux (Les Matibres Grasses, 1908, 
1276 ; J. Soc. Chem. Ind. 1909, 28, 429) Icmiid 
that 100 dry seeds weighed 360 grms. and gm 
78 p.o. of shells and 22 p.o. of kunrils. TCImi 
latter, on extraction with light petrdeiiitti 
gave 60-45 puk of wu. The wax liM fte eon* 
aistMiov ana toxlue of beeawaXi and ynt BMe 
teittie, with the none eondioidal fcaoton; ito 
gp.gr. at 40' oompated with wattt at 40* 
wag 0-918; it mdted at 39-7* in a eafilhijr 
tafae, and gididiSed at 81' ; its aofd tilne m 
0-86; gaponifloationTalw^S; naia nonw aWg 
matter 0A8 p. 0 . ; iodine vahw 6*7: wieheft- 
Tif.4ii«l valiM 0-68. The ingolnhle (uHm, 
together witA the uuaponifiable mitUt wm 
94-0 p. 0 .. thidr m.p. w»g fe-O * : golMB^IjjW 
(titer tort) 86-6'; ngntmliiatha rAitUOit' 
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o|t tile Mfc (d neUve orim had nearly tiie aame 
t»hieB» but the add yames vere 23*5 and 34*9» 
«rbieb> hoveyer» are not ezcessiye, aitd they 
ooiita^0*16 p.c. and 0*19 p.c. of unsaponlflalMe 
loattec^ Bontouz prepared methyl esten^ and 
eondnded that the wax was mainly composed 
of myrtitin 00-65 p. 0 ., laurin 30-35 p.c., and 
about 5 p.c. of ol^. The wax glyes a hard 
white soap. The production in Indo-China 
baa declined, owing to the introduction of 
petroleum. A Cay Cay wax is also obtained 
nom the fruit of the tree Irvingia malayana 
(Oliyer), which grows in Cambria. Otiier 
lefeienoes are: Heokel, Annales de Tlnstitut 
colomal de Marseille, 1893 ; Amth. Zeit. 1898, 
169 ; Creyost, Les arbres b suif de Undochine, 
Hai^ 1902; Bulletin bconomique do Tlndo- 
chine* Hanoi, 1902 ; Ohem. Zeit. 1903, 27, 43. 

Cow tree wax {Milk tree wax). In the north 
of Venezuela, in the neighbourhood of Caracas 
and of Lake Maracaibo, and in the valley of 
Caucagua, there grows a tree (Brosmum Galac- 
todeadron) called Pah de vara or Arid de leche, 
A^which yields a thick milk when incisions arc 
^(^atiade in its trunk ; this is drunk like milk by 
the inhabitants. This milk, when heated, forms 
a skin, and if this is removed and evaporation 
continued, an oily liquid is obtained, together 
with a fibrous mass. The oily liquid when it 
has solidified, is a yellowish-white, hard trans- 
lucent wax ; it begins to melt at 40°, and is 
completely melted at 60°. It is insoluble in 
water, but is easily dissolved by essential oils. 
It diswhres in boiung alcohol and separates on 
cooling: it is saponifiable by caustic potash 
It can be used like beeswax for making candles. 
Humboldt, Ann. Chim. 1817, 7, 182 ; Bousisin- 
ganlt and Mariano de Rivero, ibid, 1823, 23, 
219; Miurchand, J. pr. Chem. 1840, [i.J 21, 43. 

EiJ^arto gim wax. In preparing the fibre 
of ihu gruM for paper makmg the material 
leaches tiie mills in tightly compressed bales. 
It is there loosened bv a special machine and at 
the same time treed from dost by a strong 
muient of air from a powerful fan. This dust 
contains from 25-50 p.c. of wax, and in most 
mills as deposited in special dust collectors. The 
wax when obtained from the dust is hard, rather 
bfittie, and of a light brown colour, and has the 
following characteristic.s : m.p, about 74°, 
loss of wui^t at 100° overnight about 1*5 p.o., 
atii (m p.o., acid value 34*42, saponification 
ralne 71*41, iodine value 6*48, unsaponifiable 
matter (soluble in hot GC 34 ) 50*34 p.c., fatty 
acids 45*69 p.c. The wax is in demand by 
some manufocturerB and commands a good 
price; but unfortunately the quantity of dust 
Obtalflabfo at airf one pa^ 
io the outat m wax is not equal to the demand 
(Budde, dl Soo. Chem. Ind. 1016, 35, 401). 

Ik tree wax {Qondang or Kcndamg or Getah 
wmh 7otw or Smtaihm uux). This wax is ob* 
tabled in Java from the milky juiee (getah In 
Mtiay) idiieb runs from incisions made in the 
tank of the gondang, a wild fig tree (i’iciM 
niMpsfo, Blume.«y. urijlm, Juiigh.«i’,, 
The juice is boiled with 
water natit the wax separates. It forms a 
foMr lumtl cals, cream cobiiied within, turning 
Irmm In tite sir; it has a concboidal Ifictuie 
mid «ki tm pow«Medi but not The 
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qM* ^ at about fo e 
mass, Which, on oooting, remains ufsceui m a 
long time, and from imob an aqueou* Squid 
separates, The 8p.gr. of the wdx after tnetifog 
is 1*015 at 15°. It softens at 55°, and is en^ 
oom^tely melted at 73°. It k soWble m 
benzene, chloroform, carbon disulphide, oil of 
toinmitine, light petroleum, and boilfog ether. * 
Boiling alcohol dissolyes it slowly, tmd the 
greater part separates on cooling. Cold aloohcl 
keeps in solution a little over 5 p.c. of the wag. 
By means of boiling alcohol over 70 p.o, cd 
white crystalline purified wax can be obUined, 
melting at 61°, insoluble in cold alcohol, but 
soluble m boilmg alcohol. Qreshoff and Sack 
(Rec. tray. ohim. 1901, 20, 68), anal 3 r 8 e| and 
saponification of the wax thus purified, oh 
results suggesting that it is an ester Cm 
of an alcohol Oi 7 H |,0 (fiooccryl alcohol). 
m.p. 198°, and of an acid (ft®, 

acid), with a m.p. 57°, this ester is prob 
associated with some accessory substance ; 1 
also think the original wax contains some 
ficocoryl alcohol. 

Yogi (Lotos, published at Prag, 1872, 22, 54) 
descril&s Sumatra wax or Qctah Lahoe coming 
from the same tree. Kessel (Ber. 1878, 11, 

21 12 ) assigns formulae to components of the wax 
which differ from the above. Ultfo (Chem. 
2^it. 1915, ii. 794, from Pharm. Weekblad. 1915, 
52, 1097) examined the milky sap of Ficus 
mriegata ; it contained 35 p.o. of soUds, and 
when coagulated by heating, or by alcohol, ot 
by dilute acetic acid it yielded gondang wax’. 
From this by suitable tn»atment, including a 
saponification, he obtained a wax alcohol, the 
ficocoryl alcohol of Greshoff and Sack. This 
alcohol he identified as b<ing the same as 
amvrin with m.p. 107*5°. (jO-amyrin is CmHuO 
and oomes from olemi resin.) In the wax imi 
ho found lupool acetate with m.p. 190°-197°, but 
no free ji*amyrin. 

Insect wax. This is also called Vhinm twu, 
Chinese tree wax. Vegetable epermoeeti, and some* 
times, but incorrectly, •/apQfieseiMMr ; it must not 
bo confused with Japan wax. It is the seoieiioii 
of an insect Coccus pela (Westwood), Oaeeui cirt- 
ferus (Fabr.). The industry of its production is 
peculiar, in that the insects arc bred for the 
purpose of producing eggs in one district, and 
these eggs are then transported io anotber 
district where the insects are rpared to produce 
wa.\. The Cbien-Chang valley in the preleotuiw 
of Nmg Yuan Fu (Long. I«2^ 26', Ut. 27° 54') 
m the 8 zo Chuan province of China is the great 
breeding-ground of the wax insect; H is amt 
5000 ft. above sea-level. Here the inseeti aiw 
roared on the Lifutrum heidmm (Ait.) or laifi* 
leaved privet, in March, when the treca wave 
seen by Mr. Hosie, he found numeroos btowB 
pea-shaped excresoenoes attatiied to the balk 
of the bottdhs and twigs. The lamr of tiMie 
were readily detaohafie, and w&stt opoMd 
presented either a wbity-brown pulpy mass Or 
a crowd of minute animals Uke waon 
movementi were just pereeptiblo to tho nahad 
eye. From 2 to 3 nurntbs later tbesa M 
developed fo eaidi case info a iwom ef bvaM « 
oreaturea, each provided with tdn tagi end * 
pair ef antensre; eaeli ol tlMii WM 0 ^ 

bufflfad fo tke aettiHOid dl / 

the tiHByi Irel snwiifoll Iwiplt 
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m Sh^4A 104% IM. U% Also brog^ 
«l4!ed 0hS«titig4a> oonkitilng the diBtriot of 22, 64; F 
CM aod tttib nSky of tho Ya river, the head- 
foarten'of the wax-prodaoing indtutiy. The 
loaleB produced to the Ghien-Ghang valley are 
ready for removal by the end of April, and are 
then full of eggs ; they are made up into paper 
paohete, each weighing about 16 oz. Sixty of 
theee packets make a load, and are convoyed by 
coolies from the Ohien-Chang valley to the 
town of Hung Ya in the Kia-tmg-fu prefecture 
for sale to the farmers. In May thousands of 
coolies are engaged m the traffic. They travel 
only at night, in order to avoid the high tempera- 
ture of the day, which would tend to the rapid 
development of the insects and their escape 
fxom the scales. At the stoppmg places the 
packets are opened out in cool places ; but in 
spite of this, each packet is found to have lost 
on an average an ounce m transit. A pound of 
scales laid down in Kia-ting-fu, in years o! 
plenty, costs about half a crown ; in bad years 
the pnoe is doubled. In favourable years a 
pound of scales will produce 4~5 lbs. of wax. 
in the plain around Kia-ting-fu the plots of 
mund are thickly edged with stumps of 
Ffaxinus ckineruM (Roxb.), a species of ash 
varying from 3 or 4 to 12 ft. high, with numerous 
sprouts rising from thoir gnarled heads, and 
resembling at a distance pollard willows. On 
the arrive of the scales they are made up 
into small packets enclosed in a leaf of the 
wood-oil tree. The edges of the leaf are tied 
together with a nco straw, by which the packet 
is suspended close under the branches of this 
ash. A few rough holes are drilled in the leaf 
with a blunt needle, so that the insects may 
find tiieir way through to the branches. On 
•merging from the scales the insects creep rapidly 
up to the leaves, among which they remam for 
a period of 13 days. They then descend to the 
branches, on the undorsida of which they take 
up their position, and commence to deposit 
tne wax. This first appears as an under-ooatms 
on the sides of the roughs and twigs, and 
resembles quinine sulphate or a covermg of 
snow. It gradually spreads over the imole 
braneb* and attains, after 3 months, a thickness 
of about a quarter of an inch. After the lapse 
of 100 days the deposit is complete, the branches 
iio lopped off, and as much of the wax as 
posslbm is removed by hand. This is placed 
Id an iron pot of boiling water, and the wax on 
ifiing to the surface is skimm^ off and placed 
in a round mould, whence it emerges as the 
insect wax of commerce. Where it is found 
impossible to remove the wax by hand, the 
Mgs and branches are thrown into the pot, 
so mt Uiis wax is darker and inferior, ^e 
Imeets wbioh have sunk to the bottom of the 
laio placed in a bag and squeezed of tbs last 
) of wax, and ate then thrown to the pigs. 

She Fraxvm ckiaensis, but also the 
; iueidum is used in the final wax* 

; sMe of the industry. The wax is 



KatOie, iM, 43, 201 ; Wilson, Chemist end 

Jit, 1006, 6a» 143; Bull Imp, IMA 1024, 

22, 6^ Pham. J. 1024, 27, 278), 

Insrot wax is white and oiystalline, re« 

sembling spermaceti in appemanoe, but it ia 

harder and more fibrous ; it is brittle, and at 

15^ can be powdered. Its 8p.gr. is 0*970 at 16^ 

(0*926 at 15% Gehe and Co., Zeitsch. anal Chem. 

1895, 34, 765) and 0-809-0*811 at 98®-99® ; m.p. 

80®-83®; saronification value 80*93; iodine 

value 1-4. It is only very slightly soluble in 

alcohol and ether, but is readily soluUe in 

naphtha, from which it can be crystallised. 

Bi^e (Phil. Trans. 1848, 159) saponified the 

wax by melting it with potash, and obtained an 

alcohol and an acid; the alcohol he named 

cerotxn, and to it he assigned the formula 

0j,Hs|0, it is now called cetyl akohol ; the acid 

he considered to be the same as the cerotio acid 

he had obtamed from beeswax, to which he had 

assigned the formula the wax Im 

regarded as ceryl cerotate, the ester of this 

alcohol and acid. Brodic’s formulm have been 

supported by Gascard (see below). Marie (J. 

Chem. SoG. 1897, 72, i. 318) proposes 

or C^gHgoOs for the cerotio acid of beeswax ; and 

Hennques (»5td. 460) regards ceryl alcohol and 

cerotio acid from insect wax as CnHggO and 

OjiHggOg, and it is stated that the idrotity of the 

cerotio acids from insect wax and from beeswax 

is not quite certam. Other substances besides 

ceryl cerotate are probably presenA 

Gascard (Compt. rend. 1920, 170, 1326) 

investigated the formulas for the ceryl alcohol 

and for the cerotic acid obtamed from insect 

wax, and confirmed those of Brodie, namely, 

0|,HggO with m.p. 80^ for the alrohol am 

C| 7 Hg 40 g with m.p. 82^--82*5^ for the acid ; but 

thought that the acid must be different from the 

oerotic acid of beeswax that Mane prepared 

with m.p. 77'5^ The foUowmg was bis mwod. 

Ho started with insect wax with m.p. 80*5^-81% 

and first punfied the ester, ceryl cerotate, If 

extraction with boilmg acetone ; the undissohea 

ester after recrystallisations from beaxene 

melted at 84°. He saponified this by boiling 

with alcohoho potassium hydroxide. Ho then 

added calcium chlonde and obtained a pie<M« 

tate of calcium cerotate ; from the fimte no 

obtained the oeiyl alcohol which, after purifiea* 

Aon, melted at 79°-*80°. Prom this he propoM 

the iodide and found that the peroentsm el 

iodine in it correspon<lied to CjfHnI. mm 

the iodide he obtamed the hydtowbon nfkkk 

melted at 59*5°; thus agreeing with 

C,|H,«. As regards the acid, ne obtained H 

from the oalcinm cerotate and found that A 

melted at 82°-92*5°. He also pnmarod ite 

&om the oeryl alcohol fay oxidathHi uM 

potassium bichromate in aoeUe add aolutloii ; 
^ 


eoaimg the exterior of animal and 
Mot candles, as it serves to hold 
Us Wh^ theii the esndle is 
A dio Bsixed titb the tsBow ; 
‘ kaUnssiopanm.loreoaiinx 


after puriftoation it melted at 81*5°-93% 

UtraAon he found that its mdeoular wkiSk 
corresponded to 0||HuO|. ByfaitMpmmAi* 
Aon it melted at fi°*&*6% film the iMdlgol by 
saponIfioaAon. 

Japan tax (/qimi IsIhnA AmmA m| 
0/ This wm M It 

oopfused tith met wax whldh hai i 
been osBed Jiifmm tan* iJs 
of the meat iaaportaal of tha ^ 
laisa utiantiAos hilan oximiI 
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«iw|t to tb« l)tttoh, it otuB* ItoraA 
CUm tad Slngi^io, and «M impisted ia NOW 
dittad;tlti66 rtftwt<wg ia sniftll thin oak)Q6» but after 
Japaaeae potto to BrlU 
ttMimanto, it arrived in large quanUti^ and in 
equave bbioks or cases of about a picul each 
(im lbs.). 

it is derived from the berries of three species 
of'ifAttS that grow in Japan, namely, R suece- 
dcmea, L, B. vemicifem, De 0., and B. sytecsb-M, 
S. and Z. B, tuccedanea grows in the southern 

r o of Japan and yields wax only, but 
vemicife/rat which has a more northerly 
range, yields a more important product, namely, 
^ well-known Japanese lacquer, which is 
prepared from its sap, but its berries are also 
used as a source of wax. B, sylvestris is a less 
important source. B, succedanea and B. vemici- 
ftra also grow in China. The berries of all thr^ 
are composed of an outer skin, a mosocarp in 
which is the wax, and a kernel. 

In Japan to obtain the wax the berries are 
reduced to a meal — some authors say that they 
are previously slightly roasted; the meal is 
^ heatM by steam in hempen sacks and then 
quickly squeezed in a wedge press to force out 
w wax. The residue is again treated in the 
same way. In the case of B* vemicifera the 
kernel is easily separated and is removed in 
the course of crushmg, but in the case of B, 
tuccedatm the wax adheres to the kernel in 
spots, and it is not clear from the accounts of 
tne process whether the kernel is separated or 
crushed with the mesocarp. The methods, no 
doubt, vary in different localities. It has been 
stated that perilla oil is added to obtain the 
iMt portions of the wax, but this is denied by 
Tsttjmoto (Lewkowitsch and Warburton, Oils, 
Fats, and Waxes, 6th ed. vol. ii. 1922, p. 45), 
who stales that a proportion of the kernel oil of 
B. nuce^nea is added. With respect to this 
oU, A. Meyer (Arch. Pharm. 1879, [3] 15, 119, 
120) found in the cotyledons contained m the 
kernels of B. auccedanm, after carefully removing 
the i^eUs, 36 p.c. (30 p.c. ?) of fat, or 2*66 p.c. 
on the whole fruit. It was yellowish-green, 
melted at 30^ was not a drying oil, and dissolved 
In about 30 parts of alcohol at 30^. Crowe 
(Consular Bep. for Japan for 1912, p. 43) says 
that by the use of benzine an additional 10 p.c. 
^ wax can be obtained, and that several works 
were adopting the system. 

The 3^d is from 15 to 25 p.c. Impurities 
ate removed by melting and skimming off the 
dear wax. It is bleared by melting it and 
allowing it to drop through woollen bags into 
cold water, so as to subdivide it into small pieces. 
Thiffff are exposed to the sun and are sprinkled 
water and frequently turned over; the 
' ivoeess occupies about 30 days. 

^ Tim wax is pale yellow and bard with an 
im or eonchokm fracture ; it becomes yellow 
\itom, on keeping, and acquires a white 
,wd«i7 surface. The m.p. vanes from 48'* to 
A im usually found being 63® ; the wax 
sgsin at about 41®, and when recently 
melts at 42®; it slowly id^ains the 
' Udwetm^iig-poliLt. It is said that on wanning 
/jrlSe<f«ses tran^rent 10®-12® below its 

' 4Mdi (Si tt tad expwrfi a* * gn»t«r 


«t duldas, kfvaiing or toaig in iwtir lA 
diflenat tempentoiH, tinUng in ooU mtac ^ 
ffoa^Bg in water somewhat wanner. Alter 
mel^ng and resolidifying its speoifle is 
loweM, it rises agam m the oourie ol some . 
mont^. Thus a sample which hovered at 
16*2® was melted and resolidiffed, it then 
hovered at 8*0®. Bemembering that its ex- 
pansion is greater than that of water, its speeiffo 
gravity at 16*2® would be materially leas thau it 
was before melting, and it would float in water 
of that temperature. There is some variation 
in the specinc gravity of different samples. 

It is readily soluble in benwne and petroleum- 
ether and sparingly soluble in cold ether ; it is 
insoluble in coul alcohol, but diswl™ on 
warming and separates again on cooling. | 

In and after 1900 the following anaMoal 
values have been recorded : Acid value, |l^*2“ 
32-6 ; it is very variable, but values bewm 
14 and 20 seem most common. Saponification 
value, 206 6-237*5; values between 216 ^and 
224 bemg common. Iodine value, 8*3-16*1. 
Hull, m 1884, records the iodine value as 4*2, 
so it is thought that the method of obtaining the 
wax has boon changed. Part of the iodiim 
value has been ascril^d to the use of perilla oil 
mentioned above, as this oil has a very hi|^ 
iodine value. Ahrens and Hott in some wax 
prepared from berries obtained from Japan 
tound iodine values of 11*9-12*8, and after 
bleaching in the sun, of 7*6. 

Comfositum . — Japan wax is chiefly com- 
pohed 01 glyceryl paunitate together with soine 
free palmitic acid. Besides these a good n^y 
other substances have been obtained from it in 
small proportions; they may have been free 
in the wax or may have come from esters. 
These substances are: (1) About I p.c. of 
japanic acid CuHgoOi with m.p. 117®-U7*IK|; 
it IS normal nonadecamethylene diearboxylio 
acid CO,H-(CH,)i, CO*H. There is some 
evidence that the japanic acid comes from a 
mixed o&ter of glycerol with japanic acid and 
palmitic acid existing in the wax. (2) and (3) 
Smaller proportions of the two next lower acids, 
namely, 

CO|H*(CH,)teCOgH and C0,H*(CH,)„*00,H 

(4) Five to six per cent, of acids soluble in wateTg 
perhaps including suberic acid and isobutyrie 
acid. (5) An o<k>ur of oenanthyl ald^yde is 
given off during saponification. This may 
be due to the oxidising action of bleaching 
agents, products being formed from whiim 
potassium hydroxide liberates csaanthyl aide- 
nyde. (6) Polaigonio acid. (7) An add with 
m.p. 87® and formula CjiHmOi or 
(8) aud (9) Very small quantities of liquid addiL 
one insoluble in water and one soluble. (10) and 

(11) Very small quantities of oleio and ahwrld 
adds, perhaps due to some addition made in the 
oourse of the manufacture of the wax. 

The nnsapomfiable matter lesemblei 
ment in appearance, and Is recorded as km 
0*54 p.c. to 1*63 p.c. : in it have been lotmd < ^ 

(12) Melissyl aleo&l with nup. 88®. (18) Osiyl 
alcohol with m.p. 79®. (14) A saturated , 
withm.p.66®andwi<AfimttiaaC||B^O. (UBA/ 
phytosteiol with a double Wudfaig endkp^Urii 
ae^alr^ried It h 
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tdtiUQr poM ia -22*11*, tkUAy tbe um #8 
<i> IM CKilihe ph/toateiol ol ooHon-aeed oil (16) 
Abjimt 'fO &Q. of tbe imiepovi&ible matter k a 
mmir^ of %uid8y ansatmted and eontftkdDg 




-It is only the bleached vax that is 
eiported. It is said to be used for floor, 
f urnituro, aud boot polishes and in laundry work ; 
but there appears to be some secrecy about 
its exact use. Added to beeswax it imparts 
more solidity to the candles and causes them to 
leave the mould more easily ; it is used instead 
of beeswax for a similar purpose in some rubber 
' factories. Before 1859 the wax or the fioe 
acids obtained from it was used for candles and 
night*li£htB (Wflson, J. Soc. Arts. 1858-59, 7, 
4^). Lewkowitsch and Warburton (Chem. 
Tecb. of Oils, Fats and Waxes, 6th ed. voL ii. 
1922, p. 667), however, says that the difficulties 
of employing Japan wax fatty acids for candles 
have not yet been overcome. It emulsifies well 
with water and has been used for currying 
leather (J. Soc. Chem. Ind. 1898, 17, 167). In 
Japan it is used for [K)lishing turned wood and 
cabinot work; unbleached it is used fur the 
candles of the jinriksha men and (unbleached 7) 
in a commsition for keeping the women’s hair 
glos^ and straight. 

Bibliography.-^ o,^&n wax, like other sub- 
stances which are ot pharmaceutical interest, 
has a long bibliography. Kaempfer (Amoeni- 
tates Exoticas, 1712, pp. 791, 794) ; Thunberg 
(Flora Japonica, 1784, p. 121) ; Siebold (Voyage 
au Japun, 182^0, published 1838, i. p. 276). 
These three authors were surgeons in Dutch 
employ, and thus were enabled to visit Japan 
when it was closed to other Europeans ; they 
mention the wax and the trees from which it 
was obtained. Oppermann (Ann Chim* 1S32, 
49, 240), percentage comwsition. Landcrer, 
H. MuUfff and Buchner (Bepert. 1. d. Pharm. 
1^3, 44, 1-34), discussion and experiments as 
to whether Japan wax is identical with adipooer.; 
from d«id animals, and whether it is a North 
American product. Nees von Esonbeck {ib%d. 
1833, 46, 283), commenting on Landerer’s work, 
says that he has seen wax from E, duccedanea 
from Japan, and that it is quite the same as 
that found in commerce. TrommsdorS (J. pr. 

: Chem. 1334, 1, 151), properties and trial as a 
. oandlo, Brande8(Arch.Pharm. 184],[2|27,288), 
composition. He thought that Japan wax was 
compost of tbe supposed compound ceraic acid 
1 that Hess (Pogg. Ann. Phys. Chem. 1838, 43, 382) 
/ obtained by the treatment of rye-starch with 
nitric acid. Sthamer and Moyer (Annalen, 1842, 
43, 335), composition, distillation, and oxidation 
; by nitim acid. They found that Japan wax is 


2, l42aad29dbd{iKniarion of Jaolooaaiidl^^ 
work; tbe meltang-pointe were ineoneotiy ; 
reported on p. 142« Bleekrode {ibid* 383b i/: 
parttottlars some keomet, also ouestioiimg the 
identity of the wax examined by pievioiu : ; 
authors. Simon (Bull. Soc. Imp. Zoo. D’Acdima- 
tation, 1862, 9, 596). He was an agent of the , ^ 
Ministre de rAgriculture and wrote from ' 
Nagaikki, giving particulars of the exploitatkn 
per 10,000 trees of B. mxedanta occupying 
2 hectares and of the preparation of the wax* 
Boucher (J. Pharm. Chim. 1872, [4] 16, 20), 
peculiarities of the melting-point and use in 
pharmacy for making cerates with olive cil. 
Ludwig (Arch. Pharm. 1872,. [3] 1, 213), pf#- ^ 
ticulars. Bobertson (Consular Beport on 
Trade of Kanagawa in Japan, 1874, 64 ; ako in 
J. Soc. Arts, 1873-74, 22, 787; also in Hrarm* J* 
1874-75, [3] 5, 584), source and preparation* ; 
Further particulars about source, ptepaiartion ; 
and use (J. Soc. Arts, 1873-74, 22, 1000; also 
in Pharm. J. 1874-75, [3] 5, 425). Nafurolmna : 
R. succedanea in France (Pharm. J. ibid, p. 448). 
Gribblo (Arch. Pharm. 1876, [3] 8, 374, from 
Handols-Bericht of Gehe and Co., Dresden,^ 
1875), preparation written in Nagasaki Cooke 
(Oilseeds and Oils in the India Museum, 1876, 
p. 5), particulars. Simmonds ( J. Applied Science, 
1877, 8, 55), particulars. Buri (Arch. Pharm. 
1879, [3] 14, 403), composition. He sonified 
and examined the mixed acids ana found ; 
palmitic acid chiefly, but that others were 
present, including at least one with melting* 
pomt above that of stearic acid, and also an 
oleic-like acid in small proportion. A. Meyer 
(Arch. Pharm. 1879, [3] 15, 97), a long paper 
discussing the work of previous authors and 
describing the Bhus trees with figures of lea'll 
flowers and fruit of R. succedaneat and kving 
results of a few expenments. Hubl (Dingl 
poly J. 1884, 253, 289), iodine value. Ebmardt 
(Inaug. Dies. Strassburg, 1888), compositioa* 
He found the acid afterwards named iapanis 
acid by Geitel and van der Want. Bein ( JapM t 
Travels and Besearches, 2nd ed. 1888). rtein 
(The Industries of Japan, 1889, 158-164), an 
account of the three Rhua trees and of tU 
preparation of the wax, KJeinstuck (CSiain* 
Zeit. 181.0, 14, 1303), peculiarities in the sporiflo 
gravity. Watt (Diet. Eoon. Prods, of India, VoL 
vi pt. i. 1892,499, 500, and Commercial mdiL 
of India, 1908, 914). Schaedler (Tecimol , 
und Oele, 2nd ed. U92, 80, 870), 
of the wax and also of its m.i 







gfsroeiyl nalmitate* Hanbuxy (Pharm. J. 1852- 
53, [1] 12, 476, and Hanbuiy’s Science Papers, 
1876, 60), description and melting-point. 
B^ot (Ann. Chim. 1854, 13] 41, 242) sug- 
gekwd that Japan wax perhaps contains a 
dipalmitin* Simmonds (J. Soc. Arts, 1858-59, 
7, 611) and Wilson (i6id. p. 424), source and use 
for MHidlw and night-lights. The Pharm, J. 
(138M0, [2] 1, 176), the J. Pharm. Chim 
VMI, [31 86, 368), and the Neues Bepert. f. 
r ftem. (IM, 9, 74) give summaries from 

1^ r VMfooh Mithott. JaoksoQ and Rogers (Proo. 

806 . Mat Hist 185M1. 7, 54. 58), 
K0SP(i^P<Ohitt*Appliqii4a,186a, 




wm 


Hohner and Mitchell ( J. Amer. 

19, 49, and Analyst, 1896, 21, 330), abamkdi' 
behaviour of paunitic acid from Japik nag;; i 
when mixed with stearic acid. La Wul (Ajm»^ $ 
J. Pharm. 1897, 69, 18), starch as an adulheinki ^ 
1/ewkowitsch (Analyst, 1899, 24, 319), anriytkil \ 
values and effect of acetylising, BiiB. iBdt 
Dept. Jamaica, 1900 [2] 7, 37, souroe and » 
preparation of the wax. Gritel and via dsr , 
Want (J. pr. Chem. 1900, [2] 61, 161), 
tion, ^chhoxn (Zritsoh. anal. Oiem, 1900, 

640), directions for finding acid value fotA 
saponification value, using amyl alooboL 

In ihii Csafury.— Bmmheimer and Qoldit, 


I 


(Cbem. Zeit 1901, 25, 1008), analytical vol^ 
Ahrens and Hett (Zeitioh. angew. Chem* iwSb 
684), change in soalytioal vahMi betaMM 
sd recent and of former yearn, 


m 


i ^ 
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0iij^ halt, Bi^ I9(^ 1« 209h mel^odfl of 
>* Mkinf^m Mid uses. Soj^ (Ber. 1907, 40, 
' 4794), <K>mpo8it!on, thA acids examined hr 
diitulatiO& m vaonnm. Benedikt-tfleer (Anal. 
&tte nnd Wachsarten, 6th ed. 1908, 883), 

partioalan. Matthes and Heintz (Arch. Fhann. 


1909, 347, 650), oon^sition of the unsaponifiable 
matter. TassUy (Bull. Soc. chim. 1911, [4] 9, 
008), composition by Haller’s alcoholysis method 
(Gompt. rend. 1906, 143, 657), namely, by 
oonvmon into methyl esters. Crowe (Consular 
Eep. for Japan for 1912, p. 42), export and uses. 
Lewkowitsen and Warburton (Chem. Technol. 
and Anal, of Oils, Fats and Waxes, 6th ed. 
vol. iL 1922, 45, 661), particulars, analytical 
values and uses. {See also this Dictionary, 
voLiii. 692). 

« Meziean myrica wax (Ifextcan myrtle max). 
This wax is obtained by the Indians in Mexico 
tom the fruit of Myrica jalapeneie, and is sold 
in Mexioo dty, where it is used for making 
oandles. The tree is known locally as *arbol 
de la cera,’ and occurs in Vera Cruz, sometimes 
in dense thickets covering considerable areas. 
The wax forms a greenish-white layer on the 
outer surface of the fruit, and is obtained by 
bmling the fruit in water and skimming of! the 
floating melted wax ; it is refined by melting 
and straining. On examination it gave the 
following values, which resemble those of Gape 
b^wax: sp.gr. 0*8763 at 99° ; m.p. 43‘2^j 
add value 4*07; saponification value 214*5; 
iodine value 2*38. It is considered that 
it would be suitable for makmg candles and 
soap (Olsson-Sefler, Bull. Imp. Inst. 1909, 7, 
410). 

JiSfrile berry wax (Myrtle max, Laurd max, 
Bayberry taUom) is obtamed from the wax 
mykle, Myrica eerifera (linn.), a shrub growing 
on peaty soil in North America, and common 
abng the North Atlantic sea coast. The fruit 
Is brown or blackish and the size of a pea ; it 
secretes the wax and becomes covered with a 
enow-white crust, penetrated by brown or 
llaek points of the skin, so that the wax can 
only be got ofi as a powder and not in coherent 

Wax is also got tom other Myricacee, 
namely, if. camaeana (Humb. and Bonpl.) in 
fiouth America, especidly in Columbia and 
Veneznda, and if. aethiopka (linn.) in Abys- 
sittb. See also Cape hetry max and Mexican 
mi/rka vm above, 

Tb obtain the wax the berries ate boiled with 
water, and the fatty mass that floats on the 
•ntim is ddmmed off and poured into flat 
dii^; the yield of wax is tom 20 to 25 p.c., 
and a bnA yields tom 10 to 15 kilos, of berries. 
The wax wmeh comes tom the United States 
ipse a deep green colour, probably due to chloro- 
Myll; tBuookmr is bleached to a grey-yeUowish 
Ipnt ip exposure to light and air for several 
Hmp but the change extends only a few 
ESUMetiM b(riow the surface. 

^ 1 atatements as to its composition are not 
'MtovfovA Cknith and Wade (J. Arne/. Chem. 
mo, ttm Vk 929), however, examined the wax, 
yft a S ff It by extraotW the berries with 
SmwmAmL and oonduded that it was 


wppb (giyoeryl tiipalmitate) with 


Ipe add; ihsp obtaiaad fm pblmllhi 
cmta&ising four times tom Ikfci wtokttnu 
The berries they used were picked in S^tembir, 
and the extraorion and examination wm 
made in November. The values tlpy leooid 
ere: Bp.gr. 0*9806 at 22°/15*5°, and 0^9 
at 99°/in°; refraotive index at 80° 14368; 
acid value 30*7; saponifioation value 217; 
iodine value (Hiibl) 3*9 ; Beichert-Mdssl number 
0*5. From these they inferred the absence of 
oleic and volatile acids. They also concluded 
that no stearin was present. The m.p. in this 
sample was 48°, as determined by Alienas method 
(Coml. Organ. Anal. 3rd. ed. vol. ii. pt. i. 34), 
and the sohdifying point was 45° ; but it Was 
found that the melting-point rises considerahb 
on keeping the wax. A redetermination m 
March of the m.p. gave it as 52*5°, a rise M 
4*5° in 4 months. A specimen of wax about 
4 years old melted at 57° and sokdifled m 
58*3°. Wax from berries obtained in August 
and extracted in March melted at 55*4°. 1 

Some other observers have found the aoid\ 
value to be only about 4. It is inferior to\ 
beeswax in ductility and plasticity: mixed 
with beeswax it can be employed for making 
candles ; these are said to give a pleasant smeO 
when extinguished. It could niobably be used 
I for soap making. Chittonaen and Smith 
(Amer. Cnem. J. 1^, 6, 217) employed this wax 
as a source for preparing pure palmitic acid. 

Some wax prepared in Colombia from the 
berries of M. argvia was examined at the Imperial t 
Institute (Bull. Imp. Inst. 1918, 16, 287) with ^ 
the followmg results: m.p. 45°; solidifying 
point of the mtty acids 46*4^ ; acid value 21*2 ; 
saponification value 216*7 ; iodine value 1*03 ; 
unsaponifiable matter 0*4 p.c. ; the wax was 
yellowish-buff in colour and had a peculiar odour, 
similar to that of myrtle wax from South Africa 
(Cape berry wax). It was stated that the wax 
is employed in Colombia for the manufacture of 
soap and candles, that the plant is abundant, 
that the fruit can be gathered cheaply and 
easily, and that the extraction of the wax is not 
difficult. 

Oeuba wax is obtained fipm the fruit of a 
shrub growing in the Par4 province of Brasil. 

It grows well in marshy places, and is found 
in abundance along the banks of the Amazon 
river. The fruit encloses a nut covered with a 
thick skin. The skin extracted by water dves 
a fine red colour (Oouba red) ; after warning 
with water the nuts 4ire thrown in heaps, 
crushed to a paste, and boiled, when the wax 
separates and floats on the surfaoe. The crude 
wax resembles beeswax, and by pniifioatiott tm 
be obtained white and suitable for oaiuUe^ 
making. 100 kilos, of the seeds give '20-22 
kilos (3wax. The product is said to be a mixtm 
of wax, fat, and resin, to melt at 40°, and to 
have a 8p,gr. of 0*9^ at 15°; it is oifif 
slightly soluble in cold alcohol, but as OM* 
pletely soluble in boiling alcohol and elAer' 
(Chem* Revue fiber die Fett- tmdHais-Xndflffte^ 
1901,8,218). ffee abo UetAa6o iMM. 

Palm tree wax is the ptodflet el a palm toe 
Ceroxylon andicolm (Humb. end Boiul)i wkM| , 
grows on the Andes in OclomUaat aMMiiei ^ 
it attsto* toilet MW 
and the trunk is oested im, mk V 

gives it a wklla fmd touMMiba sw>saii^^ 




WlUtlb 


and floats m the imf^ and imptmties ate (Kiaemer a^ Spiiher, 85> 1212)* 

raftoi^ed. One iiee k Said to yield 25 lbs» A pioaew eras mtented in 1905 by Boudiaad* 
The Iran is made into balls and dried in the Piaoeiq (Ft. Bat 39S736) for extraoting peat, 
m. dandles axe made from it by the addition lignite^ Ao.» with alcohol ot eriiyl esteis, 
nf a Uttle tallow, and are sold in Carthago. That and reoovering the wax from the sobrent The 
which is obtain^ from the Indians is yellowish- wax is said to be hard and to xesemble bees* 
white, TOtons, and friable. When melted it is wax, and to have a higher melting-point and 
dark y^ow, slightly translucent and fragile like a sp.gr. above 1*000 (J. Soc. Chem. Ind. 190I| 
xesin* It is partly wax and partly resin, and melts 23, 7 10). 

at a temperature a little above that of boiling Zaloziecki and Hausmann (Zeitech. angew* 
water ; it becomes strongly electric by friction. Chem. 1907, 20, 1141), by extracting peat ndth 
It is readily soluble in hot alcohol ; on cooling alcohol, obtained a da^k yellow or brown 


mg the solution tOLCOol the waxy part separates point, melting between SO"" and 96** ; it dissolm 
and the more iwluble ream remams in solution ; very easily in amyl alcohol, and leiu readily in 
by repeating this operation several times the wax ethyl and methyl alcohols. In ethyl etto or 
oan be separated from the resin and from a small benzene it dissolved only partially, giving a 
amount of a bitter substance. Ether also dis- dark greon liquid and leaving a brown insoluble 
solves it, and by evaporation feathery crystals residue. By saponifying the substance soluble 
can be obtained. The purified wax melts below in ethyl ether an alcohol was obtained, melting 
the tomperaturo of boiling water, and then re- between 124** and 130**, and having a compost* 
aembles beeswax, wliiist the resinous matter lion and molecular weight corresponding to 
melts above this temperature (Boussingault, C 20 H 40 O 4 , and also an acid which began to soften 
Ann. Ghim* 1825, 29, 330; 1835, 59. 19; at 145^ and melted at 184^ having a composition 
Seemann, Pop. Hist, of the Palms, 1856, 222). and molecular weight corresponding to 


Bonastre (J. Pharm. Chim. 1828, 14, 340) The part insoluble in ether gave on saponinca- 
obtained purified wax by repeated extractions tion an alcohol having the same melting-point, 
with mid alcohol, and then dissolving the residue composition and molecular weight as the other 
in boiling alcohol and filtering. When cold the alcohol, but diffenng a little in its behaviour, 
solution became thick and opaque, like an and also an acid which had not melted when 
aqueous starch solution ; on standing for some 260** was reached, and which had a composition 
months ciystals appeared. On removing the and molecular weight corresponding to C||H||0|* 
al<^hol white silky crystals were obtained; when Small quantities of otW substances appeared 
dried and ground in a mortar it gave luminous also to be present in the wax, and the aboTd 


dned and ground m a mortar it gave luminous also to be present in the wax, and the aboTd 
sparks. Ho named this punfied wax ceroxyline, substances are very possibly mixtures, 
or, according to Boussmgault (/.c. 1835, 59, Pisang wax. This wax occurs as an ex- 
21), timiline. Lewy (Ann. Chim. 1845, oretion on the leaves of a species of Jfmai ^ 
[ill] 13, 447) found that the wax punfied from which grows wild in Java, especially in the 
the rosm molted at 72**, and contamed carbon uncultivated leeions of Tiilatjap aim Koen* 


80*73 p.c., and hydro 
macher (Mom. aud Pr 
also describes this wax, 


drogen 13*30 p.c. Tesche- ingan. Ptsatig is the Miday name for the 
Proc. Chem. Soo. 1845, 25) banana. The natives obtam the wax ^ by 
ax, scraping the leaves, throwing the sciaplngs into 


A wax obtained from the leaves of Ceroseylon boilmg water, and then coUecting the melted 
anHedim was examined at the Imperial Insti- wax. It is said that one stem bean oa the 


tute. It was a pale straw-coloured powder, average se^ 
After purification it gave the following analytical 6 ft. in lonj 
values : m.p. 93^ by the open tube method, as of wax. 1 
compared with 84** for camafiba wax, and 70**- slishtlv en 


average seven leaves (a leaf may be as much as 
6 ft. in lo^h), and that 100 leaves yvdd | kilo* 
of wax. ^e cakes of wax are white, oroani, OV 


saponifioation value 73*7-104*4, vaxying with the has b^n examined by Greshoff and Sack (Bee* 
eonditioas of the experiment; iodine vidue 32*8. tiav. chim. 1901, 20, 65), who leooitd Ibo 
It was thought that when purified it might be following : 8 p.gr. 0*^3^'970 at 15^} 
used as a substitute for oaxnauba wax (Imp. Inst. 79 **-^!**; acid value 2-3; it is vei^ md to 
BoJL 1917, 15, 182, and 1919, 17, 249). sapon%, and the saponification valne fom^ iHli 

tmi wax. Waxy substances are obtwed 109. Boiling aloohd dissolves very little (ahoni 
Wton peat is extracted with suitablQ solvents. 1 p.a), and on cooling only teteiinB 0*2 11 

, »f means of beneeno or toluene from 1 to 8 is easily soluble in boiling oil 0 ! turpentine^ 
tirls of crude wax have bean obtained kom amyl aloohol, or carbon &ulplude. At 18* 

' 100 parti of the dry material of samples from petroleum, ether, acetone, and oil of twpenilnil 
.flilOw^toiiroM. This onide wax was found to retain 1 p.o. or less; ohlorofom and caillto ' 
. toiteitt toMnr, nsnalfy disulphide retain less than 2 p.c. Onthehtois 

ike* of the wax, but In one ease reaching of dtimate analyses 0 ! the wax (iito*rio^ 






‘•'jfi' 'll 


Jillil «U. m p»lm. Sapkk 

^ l^Miitsrtit (BeftUTt) or BvMat ipirhich pom in i 
S ' Mtd<gMeir» laMishes the fibioUfi material used 
Ilf, ' tg|r jtodeiiem and known as * bass ’ ; thisisthe! 
» MileitniB of the upper side of the palm 2e^. 
p(;^; ' !Rie dull under surface is coated with a whitish 
imx or bloom, which can be easily rubbed off. 
Axter the bass is removed large quantities of the 
residnes are available as a source of the wax. 
); yv Aov are spread out to dry on cloths in the open 
^ air, but must bo sheltered from the wind as the 
light waxy matter is easily blown away. After 
d^ng for 2-4 days a white coating is apparent 
on the under surfaces of the leaves; this is 
detached as a powder by shaking or rubbing the 
leaves between the hands. Ibe powder is 
oollected, freed from foreign matter by sifting, 
and then put into boiling water when the wax 
melts and floats on the surface, and earthy 
impurities settle to the bottom. The melted 
wax is separated and allowed in solidify. It is 
“ I yellow to dark brouTi in colour, and rather 
harder and more brittle than beeswax. In an 
experimental trial it uas found that ten leaves 
of medium size (3}-4| metres in length) weighed 
I(1A*6 kilos, and yielded 0*75 p.e. of wax ; the 
yield in practice, however, would be less than 
this. 

fiaphia wax in its physical properties re- 
santbl^ eamaiiba wax but differs chemically; 
it seems likely to be applicable to the manu- 
' factuie of candles, polishes, Ac., if it can bo 
produced at a sufficiently low cost. 

Two specimens were found to have the 
folloiriDS properties; m.p. 82®, 83®; sp.gr. 
0-836, 0-832 at 99®/15-5®; acid value 4-9, 
0*6; saponification value 51-3, 50-3* iodine 
; value 7*7, 10-7 (Bull. Imp. Inst. 1908, 6, 380). 

^ It is only slightly soluble in alcohol, ether, 
acetone ohlorofonn, light petroleum, and 
carbon disninbide. It dissolves, but not com- 
. . pletely^ in filing alcohol, and separates on 
cooling* It appears to be mostly composed of 
i ; an alcohol or mixture of alcohols having a com- 
/ positkm corresponding to CgoHu^* differing 

nom araohic alcohol (Compt. rend. 1905, 141, 

; / 1261; 1907, 144,594). 

In 1918 the raphia wax indastir was stated 
? lo be etui undeveloped, but It was believed that 
T / 10 tom would be available annually (J. Soc. 

/s Obstt* Ind* 1918, 37, 240 R,from U.S. Com. Rep. 

: v; Apr* 1,1918). 

BHaibiinUL In the Chamber of Commerce 
: V , Joumal, 1901, p. 192, an account taken from the 
' V * Konitcur Offiim du Commerce is given of a 
moduot furnisbed by the Rhimm tree of 
V Madagasoar, From the description it appears to 
y W composed of both wax and resin. Tbs wax 

1 1 11 mid to amount to 14 p.c. The particulars 

jb dbotH it aie not clearly stated. The wax is said 
f; ? :;u * 10 laM attempts to bleach it. 

fiaV bmll nax. The stow brush {CtanMfu 
Douglas) is a shrub from two to six feet 
^ winch grows in Oslifornian forests ; 

SvAh * ^ aomWsrrf a nuisance and to involve fire 
wiWf Seamne and Blakemore made an in- 
S wmipttiMi lo nee if it could be uiiliz^. Besidm 
piMim riiey found that the dried 
j WfW r8 IMfc of wax when extracted 
wiibfjaoitm ^ wax was groenishia colour. 




loiriaflto 


; iflta AMOttM «u ■< 

lokoidJlMttitm. The mode ^wax VJ; 

folbwing analytical weolte: free a& - 

I aapouificatSou number 93^ ; iodine ; 

Reiohert-MieiBsl number 7*6; sp.gr«atl6 0»988| 
melting paint 78*-^79®. From experiments moda - 
to ascertain the components of the wax, they ; 
inferred that it was probably oompoaed to great t ; : 
part of ceryl and melissyl esters of palmitic and ^ 4 ' 
steario acids together with hydrocarbons, free \v V 
cerotic acid and a small quantity of glyeeridea ■' ;1; 
(J. Ind. Eng. Chem. 1916. 8, 41 1. 673). ^ 

Spermaceti occurs in special cavities in the ’ 
head of the sperm whale or cachalot, PAysrier ' \ 
macroeefhalus (lann.), and also to the blubber; 
it is held in solution by the sperm oil at tie ; 
temperature of the whale’s b^y. It also oociiPB , 
in the bottlo-nose whale Baktem rostrah, am 
in some other cetaceans, but not in the oil « 
the whalebone whales. The spermaceti from 
Bahem roslraUt has a slightly higher melting 
point than that from the sperm whale, Thf 
great bulk of the head of the sj^rm whale oon^ 
sists of dense cellular tissue infiltrated with' v 
spermaceti, this is surmounted by the •case* 
which holds nearly a ton of very fine oil and 
spermaceti known as ‘head matter.* When 
removed this head matter is full of spormaoeti 
crystals. The blubber surrounds the whole 
body in a layer about 18 ins. thick; it M 
* tried down,' that is heated to separate the oil 
from the tissue ; on cooling the oil deposits 
tluck scales of s|>ermaceti and becomes semi- 
solid. The ‘ trying down ’ is sometime done 
on the ship and sometimes at the factories. At 
the latter the temi-solid mass undergoes BoveraJ 
filtrations and pressings to separate the oil 
from the spermaceti, whieh is melted and cast 
into moulw once or twice daring the series of 
pressings. Finally, the wax is warmed and 
agitated with a little eaustic potash sohitioD to 
remove the last traces of colour and to neutxalKse 
traces of acid, and is cast into blocks formtog 
an almost blue-whiUr glistening semi-ctystalline 
solid (Field, Soc. Arts. Cantor Lectures, 1883). 

It is said that for roror purposes it is best not 
to free it entirely from the S]^nn oil. 

The sp.gr. at ordinary temperaiuitf is . 
about 0 945, but values as divergent as 0*996 
and 0*960 have been given, oiring probably 
to irregularities caused by the crystalliue 
structure. The sp.gr. of melted spermaeeti ; 
at 98®-99® is from 0*898 to 0*816 as oonpated 
with water at 16® (Kabler, Amer. J* Fnanuu 
1897, 69, 104). TW imp. is from to 
49®, but by repeated purifications it teaobas 
53*6^. Meidruffl (Chem. News, 1916, HI, W 9 A 
to order to invest^te the phenomena of nmtog : 
andsblkUfytogpouittandtlieriietotempflViAliio %: 
on setting, leCoted spermaoeU as fbe snbilaiiom ' . 
and records numerous experiments on 11 and . 
also on the effect of unpnritics sadb as spartt oil* - 
water, glyoeriii, and dele aeki. The a«U vaha ^ 
is from 0 to 1*8 ; saponificaikn value togl liM 
to 134*6; the iodine value of -V 

speiwoeii is 0, but valiiee op toM 
method) have been foiiiid,jaiiaed» 
the piesenoe of spem ottfOmdlttk^l* 

Ind. 1906, 27, 63^ 

alcohol dissolves little emMtt 
Is salable In alssSSii 
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In ti» iiiwaA«ofcm ol enne sngaar tlie Juice 
Is purified by tKeetmeiit uitblime and beadog^ 
the resulting muddy precipitate is filtered off 
and forms a m^ite proauot* Wijnbettt propoees 
to extract the wax from this by the use of 


was named by him ^%ne ; in 1818 he descnbed benzine or other solvents and utilim it (fr« Pat 
the alcohol obtained by its saponification (now 397843, 1908). He finds that the extract from 
known as cetyl akohol) under the name ethah fresh mud contains a large proportion of 
formed from the first syllables of ether and matters besides the wax, but that in mud which 
aloohol (Keoherches, Chim. sur les Corps Gras 


has been kept for some time the fatty mattem 


1689, 148). The acid with which the radicle ol undergo a kind of fermentation, and are decom- 
the oetvl (doohol CieHttOH is combmed was posed and a product is obtained approximating 
found later to be palmitic acid Although more closely to the wax got by scraping the 


spermaceti has a crystalline appearance, it con- cane. It is stated that extraction of th^ imx 
tains compounds other than cetyl palmitate. has been undertaken m Java. subject is 
Heinta(Pogg. Ann. 1854, 92, 609, 93, 636) believes treated of very fully in Wijnbem’s book men* 
that it yields on saponification steanc, palmitic, tioned above. J. 8oc. Chem. Sid. 1910| 


myristio, and lauric acids, and the alcohols 33, deals with a U.S. Patent and gives afiat;^cal 
C„H,aO,. CuHsiO, C 14 H 50 O, and CijHigO ; values. 

he named the first, third, and fourth of these W. E. Cross (J. 8oe. Chem. Ind. 1916, 34, 
itdhah msfhol, and lethal m analogy to Chevreurs 845, from Intern Sugar J. 1015, 1 7, 31 1) found 
ethal These very probably exist in the sper- from experiments that by submitting ^ raw 
maoeti as esters of the corresponding acids. He mill juice to centnfugal action a prrauot con* 
also found another liquid substance m the tammg over 50 p.o. of wax was ootained, a^ 
products of sapomfioation. this by one ciystallisation from alcohol gave a 

Spermaceti is used for makmg candles which pure hard product, melting at 82^ 


bum brightly and m pharmacy for making oint- UenhUM wax. An investigation of the wax 
meats. Eor candle-making the addition of a few from the fruit of jif rnmnafnenns, Rolaod, 
per cent, of beeswax or paraffin is advantageous was made by Reimer and Will (Ber. 1886, 18, 
to remove the bnttleness of the spermaceti. 2011), who found that the chief component wee 
Sperm candles of presenbod composition and tnmynstin, glyceryl tnmyristate. The wax 
properties were formerly used as the standard lor obtained by an ether extraction melted at 
measurfog the lUummatmg power of different An account of the seeds of this plant, obtain 

S ^hte (Young, J. Soo. Chem Ind. 1891, 10, 185 ; from an exhibit of the Par4 Provmce of Piadl, 
et. Gas Reteroes, tbtd, 1894, 13, 65). is given by Tschirch (Arch. Fharm. 1687, 


S fhte (Young, J. Soo. Chem Ind. 1891, 10, 185 ; 
et. Gas Reteroes, tbtd, 1894, 13, 65). is given by Tschirch (Arch. Fharm. 1687, [3] 

Sugar eano wax. A waxy substance is pro- 25, 619), who says that the seeds are laiowii ki 
duoed by the sugar cane, and is noticeable on commerce as ucuhvba Other referenoea eiat 
the rind of some vaneties, especially near the Valenta (Zeitsch. angew. Chem. 1889, p. 3)s 
nodes ; it is most abundant on the violet cane. Bolton and Hewer (Analyst, 1917, 42, $5). 

It was first described by Avcquin (Ann. Chim. About 4 tons of ucuhuba wax wm exported 
1840, rU.1 76, 218), who named it ciroetc. in 1920 (Dept Overseas Trade, R^pori for 
ObUi moohol removes some colouring matter, Brazil, 1921, p. 19). 6fee also Omha imx. 
oh^iDphyll probably, but does not dissolve the Oils, Fhts, Waxes, and Resiiui, by B. B. 


wax. The punfied wax can be obtained by Bolton and R. O. Polly. Eats; Ki 


yidlow, hard, and can be powdered 5 it is in- for the puipose of the agrieultuxi 

sotulde in water, oo]d alconol and cold ether; the hoe in some form or other, alM by At 
ifot ether dissolves it to some slight extent, sun and wind. Topeimitof theiuadydtauiil^ 
end deposits it on cooling In small crystalline nation, by mecbamcal means, between 
grains; boiling alcohol dissolves it completely, and the accompanying weeds is one 
end the solution on cooling beoomes semi-solid, important advantages 0! regular dimn| M 
ju4t as does an alcoholic soap solution. It planting. It is onfy in a few cisfo Hkiff 
ttelti at 82^ and soUdifies at 80^ and its sp.gr. tarmer can derive much advanliM lip 
k <h961 at 10^ When made into a taper it application of chemical methods m 
hums with a fine white flame like wax or weeds, idnoe, as a rule, any UHesUn 

^ ^ .rv wm destroy weeds, wm render tip eji* fog ^ 


by 


will destroy weeds, will render tip fog m 
time at least, unfitted for thsi gfowttt el 


Miked lormub to it on the supp^itionthat it 

Winaing, 1900; J« Soo. (foem, Ind. 
yinilimpeNi Vieffiei^k eAnniio a tpusveoce 






1 tm ^miemM eaTboUi) iMid td 
6 ttito iof trftt«r)$ ol sodium ametiito (oboot 
hS B.C* sobtion) ; or o! ttaloiom sulphids (mads 
ligr kliiltt 1 pist ol sohOior irith dO puts ol 
ontor sad 10 mris ol qdoklime) are olten used, 
iHi/b liquid being simply appUed to the suzfaoe 
of the walks from a wateimg pot, which should 
be well painted on the inside. Sulphides, 
thipoyanates, and sulphites act as OTOctive 
plant poisons, and to their presence the poisonous 
action of fresh * gas lime ’ is largely due. li^y 
metallio salts act as plant poisons, even in 
excessively dilute solution. According to Coupin 
(Compt. rend. 1901, 654) the wettest solutions 
ol the various salts which had an injurious effect 
upon the growth ol the roots of the seedlings of 
vmeat, contained 1 part of the anhydrous salt 
and the following parte of distilled water : — 


Copper sulphate • . 700,000,000 

Mercuric chloride . 30,000,000 

Cadmium chloride . . 10,000,000 

Silver nitrate . . . 1,000,000 

Zinc sulphate . . 40,000 

4 , lithium chloride . 12,000 

Calcium iodide . . 10,000 

Barium nitrate . . 4,200 

Borax .... 1,000 

Manganese chloride . 1,000 

Caldum bromide . . 400 

Calcium chloride . . 260 


The extreme dilution of the copper sulphate, 
which can produce a poisonous effect, wUn 
ojpplfted tn aamkm to tie roots, is remarkable. In 
the presence of soil, however, many of these 
substances, including copper sdphate, are con> 
verted into insoluble and harmless compounds. 

But the use of these plant poisons in agri- 
cultural practice is limited, owing to the difficulty 
of restricting their action to the weeds. In 
apme countries, where a particular weed has 
become a scourge, recourse to these drastic 
measures is sometimes made, e.g. prickly pear 
ih Cape Colony has been destroyed in many 
diitriote by the use of sodium arsenite, or of 
imlutions ol arsenical sheep dips, 1 or 2 p.c. 
abbriou ol the former being sprayed over the 
Uprooted plants, which then die, dry, and can 
anerwaids be burnt. 

Of more importance to the farmer is the dtf- 
fimtial or $mctm poisoning of weeds, by the 
use of jolntfons whi^ while destroying certain 
weeds, Igodnoe no injurious effect upon the crop 
itsdf. xhe beet known of such methods is in the 
^bstruotion of charlock or wild mustard {BinapU 
Ofusiwis[Lum.lor BrmkaSinapiHmn [Boise.]). 
Th$ meuiod, due to an accidental observation 
by Girard in IVance, in 1897, is to spray the 
badi^y or oat field infested with the charlock 
b t&a spring, when the charlock plants are 
jUbemt 2 or 3 ms. high, with from 40 to 70 gallons 
, per aem of a 3 p.c. solution of crystallised 
AOPMir iidphate, best on a still, dry, dnll day. 
Di&ss rain aoon follows the spraying, in which 
Oise Gm result is spoiled, it liml be found that 
the duiiook plants quickly blacken apd die, 
MOeibe barley or oats and clover (if that be 
ete promnt} m uninjured. In addition to 
known b various dis^ 

* iriU miuted,' ‘ Tidk>w fiower,’ and in Irelaod 


bnpm^t, eau be kmed V ^ 

Ferrous sulphate in 10 or 12 p.o. ablution may >s 
substitated for tbe ooprpw sulphate, but aecord*' 
ing to experience in IteUnd (Ijeafiet Ko. 6, 
Bepi of A^. and TeoL Instruction for Ireliin^ 
1901) is not so efficient. Cereals, clovers (and 
most other leguminoM) are uninjured by ihB 
treatment, but docks and thistles, althouim not 
usually kiUod, are seriously cheok^ in growth. 

Various explanations of this dmerential 
action of copper and iron sulphate solutions have 
been offered. Girard ascribe it to the solution 
being retained by the rough and more or less 
horizontal leaves of the charlock, while the 
smooth erect leaves of the cereals would permit 
of the solution running off. Against this is the 
fact that other plants with horizontal leaves, 
e.g. clovers, suffer little damage. Anomer 
possible explanation is that intera^ion betwWn 
the metal of the cop^r or iron sulphate md 
the sulphur oompounds which are characierisuc 
of the eruciferm, may take place and lead to tM 
destruction of the plant. T 

A third and probable theory is that the c^ 
walls of the leaves of cliarlock are thinner or 
weaker than those of cereals, and more readily 
permit of plasmolysis being set up, when they 
are brought into contact with saline solutionB 
applied to the exterior of the leaves. This view 
receives some support from the fact, observed 
by Hcmnch (Janresb. fur Agricultur-Chemie, 
1901, 351), that 15 or 20 p.c. solutions of sodium 
nitrate, ammonium sulphate, or potassium 
chlorido—Bubstances which cannot exert any] 
chemical toxic effect— are also effective in 
destroying charlock. Moreover, the importance 
of a dull, still, day for the spraying, which is 
always shown in field trials, is in accordance 
with this explanation, for under such conditions, 
the droplets of the solution, deposited on the 
loaves of the plant, would retain their originai 
concentration for a longer j^nod than on 
wmdy or sunny days when evaporation would 
bo hastened. 

The experience of the Irish Department of 
Agnculturo is that from 50 to 70 gallons per 
aero of a 3 p.c. solution of copper suli^bte, 
under favourable conditions of weather, is the 
most effecUvo spray for destroying charlock in 
cereal crops, and that even when the weed has 
come into flower, it can be saoooasfully destroyed 
by this treatment, whilst the cciealfi and obver 
are uninjured. 

Another example of differential plant-kilHng 
is afforded in the use -of the so-c^Ied 'lawn-* 


sand’ for the destmetbn of plantains and 
daisies in lawns. The active ingredient b 
lawn-sand is usually sulphate of ammonia, and 
to be effective the pieparatbn must be 
in relatively lame dressings— usnally about 4 0& ^ 
per square yard (» 1210 lb. per acre) is teoM* « 
mended. The result is that the flat^bavid 

S ts, e.y. daisies and plantains, wither, turn 
m and db, white me grasses, Giouglii 
haps, temporarily injured and browned, lesow ' 
and aftermds mw vigorously. 
generally applied in March and, alter Its 
aorion on wekte, acte as an efficient 
manure. « ^ 

A oertsin usnount of Miseot * weed* ]\ 

(smbeacfaisfcdbyii^^ 


!■ 

■/I 
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^ ih ItvMttd wqianM 
MCOttiltOW'liMtt, V MtMttd 
aiBiNMnow mnom, iriiijM; tlw 
iik woduoedi by iRppHoatioii ol 
»i and potm 

aToioanoe of niticosenonfl ones. But this 
mthod is of limited^pUcation, and is rarely 
of MTTice to the farmer. It may, however, be 
md in the adjustment of the relative propor- 
tions of grasses and clovers in a lawn. But for 
the destruction of the more important and 
troublesome weeds of the farm and garden 
reliance has chiefly to be placed upon the 
mechanical methods of cultivating the soil at 
the J Spst s uitable seaso n. H. 1. 

WSQfSGHENXITS. A rare mineral found 
in the Bavarian Obexpfalz in white matted 
globular deposits and m radiating needles on 
brown hsematite. Is mainly a hydrated pho8> 
phate of yttrium and erbium P04(Er,y),21l20, 
containing small quantities of other rare earths 
(Henrich and Hiller, Ber. 1922, 65 [B], 3013). 

WB18SSNFELS UONITE RESINS v.Bksins. 
WE1SS01LTI6ERZ or WEISS6ULT16ERZ 
V. EamsBarng. 

WEHRUTE V. Tbtbabymxte. 

WELD is the dried herbaceous plant known 
as Rweda luteola formerly cultivated to a con- 
siderable extent in Fnuaoe, Germany, and 
Austria. Its cultivation in this country has 
nearlv ceased, because not only is the quantity 
of colouring matter it contains veiy small, but 
the carmge of the plant, owing to its bulky 
nature, is expensive. A special interest, how- 
ever, attaches to weld, for it is said to be the 
^est Euro^n dyestuff known, and was used 
by the Gams and other nations dwelling north 
of the Alps in the time of Julius Caesar. 

The plant attains a height of about 3 feet, 
is pale brown in colour, and is sold in sheaves 
likeetraw. The colouring matter is disseminated 
throughout the entire plant, but the greater 
quantity occurs in the upper extremity and the 
seeds. 

JAiUcUn, the main colouring matter of weld, 
was examined by Chevreul (J. Chim. Med, 6, 
167 ; Annalen, 82, 53), who obtained it in a 
onide condition; its isolation in a state of 
chemical purity was first achieved by Molden- 
haner (Annalen, 100, 180), who assigned it to 
the formula O10H44O1. It was subsequently in- 
vestigated by Nohiitzenberger and Faraf (Bull, 
fioo* OhinL 1861, [i.] 18), who proposed the 
Idmula Ci|H|Os and purwd it in a somewhat 
aovsl manner uddoh is worthy of mention. 
Weld was exhausted with alcohol, the extract 
evaj^rated* and treated with water, which 
tlisew down a dirty greenish precipitate. This 
was COUeoted, introduced with a little water into 
a sseM tube and heated to 250^ On oooling 
the iktes of the tube were found to be coated 
Wm golden-yellow needles of luteolin, and the 
^p!llHtle• had ooUeoted at the bottom of the 
tabs to lEorm a resinous cake. 

Hhihwta suggested that luteolin had the 
lomula €i|HioO« and was isomerio with the 
which he obtained during thei 
quere^tin with alkali (Annalen, 112, ! 



BMMatlo& of luteolin in * 
Trans. 1896# 69, \ 


^ m : 

of wittr is tMted with 

acid (33 p.o,), and the mixture is digem at ilie 
boflingtenq^Mtumlors^ 
of a black miiiions sufastaiice sepamtes, which ft 
collected while hot, and the filtrate, which con- 
tains the colouring matter, is alloi^ to stand 
for twelve hours. A brown precipitate of impure 
luteolin is slowly depositea, and is collected, 
washed, and dissolved m a little hot alcohol On 
pouring this solution into ether, the main bulk of 
the impurity is precipitated, and the ethereal 
liquid on evaporation yields a yellow lendue, 
which is crystallised from dilute alcohol 13ie 
product in Edition to luteolin oontains aplgeuin 
(Chom. Soo. Trans. 1900, 77, 1316), am the 
latter can only be removed with certainty by Hie 
following method : — 

The mixture dissolved in boiling glacial aceHo 
acid is treated with a few drops of strong hydro- 
chloric acid ; this causes the almost ixmneoiata 
separation of luteolin as hydrochloride, whereas 
the apigenin remains in solution. The hydio- 
cliloiide is collected, decomposed by water, and 
ths luteolin c^staUised from dilute alcohol 

LtUeolin GisHioOe crystallises in yellow 
needles or leaflets, m.p. 327®-329® (Perkin), 327® 
(v. Kosiauecki, Bozyeki, and Tambor, Ber. 
1900, 33, 3410), soluble in alkaline solutions 
with a yellow coloration. With alcobolio lead 
acetate it gives a bright yellow precipitate and 
with alcoholic ferric chloride a green solution. 

Luiedin 'Sulphait c„h,. 0 ,-h^ 04, 0^ 
red needles ; luteoltn hydmdtde C. |H|0Ot HI, 
orange prisms ; Ivtedin hydrdbrmiae 

C„Hio04HBr,H40 

ochre needles ; and luteolin hydroMmde 
C„Hio04-HaH*0 

(Perkin, Ic.), are readily prepared by the actioki 
of the acids on luteolin in the presence of boiUng 
acetio acid. By treatment with water these 
compounds are quantitatively decomposed into 
luteolin and acid. 

Monopotaaoiwn luiedin C||H|0|K, fine 
yellow needles, from luteolin by means of alco- 
hoUo potassium acetate, is decomposed by boUlng 
water with separation of luteolin. The lodteei 



Ber- 

(also Herzig, Ber. 1896729, 1013), eoIoWkaj 
ne^es, melts at 22l®--223® (Perkin), 226*-SS27 
(Herzig). Tetrabens^l-lutedin 

colourless needles, melts at 200®-201® (FetkipL 
IHbromMeoUn yeUow necniHei ' 

melts at 305®. 

By the action of nitric add on InteoVft 
Bochleder (Zeitsoh. fiir Ghem. 1886, Ml) oV 
teined oadio acid, and with fused auaB 
eakehuic acid and phkroglueimA Bteeaten wtlk 
boiling 50 p.c. potassium hydioxioe aahitkin, 
phlorogludnol and aedtfl<akchd are prodn^ 
(Perkin and Hoistell, Chem. 6oo. Trans. IMOk 
77, 1322)- 


OH| 

OH‘ 


0 


>0O-CH, 


jrteUnt ill (tdwaon to Iot«^ ' 

•fXl .A'. 'V'' y 




1.1 


> I 


« K MiOltft IriDMf^l fll^ OitH^OtCOOHi)!, 
ii6«d]i»B, mp. 161M63^ forms » 
j dorivative 


oriotttlssB 


0„H,O,(0,H,O)(OCH,), 
prisms, m.p. 166®-168® 


and with 
I ft bright yellow ciystftUine 
saJit^ Whidi is demmposed by water. 

On hydrolysis with ftlcoholio potash at 170” 
the trimethyl ether gives veratrtc actd, and pAloro- 
ffi^ucind monomdhyT e^er, which was isolated in 
the form of disazobenzene-phloroglucinol mono- 
methyl ether, orange needles, m.p. 251”-262”. 

MethyUvkolin fnmethyl ether 

Ci|H,Os(OCH 3)3 

molts at 191 ”-192”, and the monoaceiyl deriva- 
rive C,3H30.(0CHa),(C,H80) at 176”-176”. By 
means of alcoholio potash I’smlrtc acid and 
«Mri^«pUoro7lt(rinol methyl ether (identified 
as disazobenzene methyl-phloroglucinol mono- 
methyl ether, orangc-rra needles, m.p. 198”- 
901^ are produced. 

jjy digestion with boiling hydriodic acid 
wMytdvtmin CjaHuOa, yellow leafiets, is 
formed, m.p. about 807”-30fl”, which gives an 
aoe^i oompound melting at 235”-236”. 

Perkin (/.c.) assigned to luteolin the con- 
sritntion of a tetrahydroxyfiavone 

OhA^ ^ '^C-<fAoH 


Vh^ 


and the more recent synthesis of this colouring 
matter bv v. Kostanecki, Rozyeki, and Tambor 
Indicated that this formula is correct, 
when fkltmtceiojihenone tnmethyl ether is 
condensed with ethyl veraimie it gives 
2 ; 4 : 6 : 3' : 4'-penlameMo«y6en:<^-arf(op^ffnone 

och,A-och, co-<;^oc-h. 


OCH. 


IH, OCH, 


and this by long digestion with boiling hydriodic 
ieii^6p.gr. 1*96) is converted into luteolin. 

Ihongh luteolin when digested with alcoholic 
potalh and ethyl iodide in the ordinary manner 
|im only a trieriiyl ether, owmg to the presence 
S an imrozyl in the dHho position to the 
oarbonvl group, when an excess of the reagents 
ii empmyod, luteolin tetraethyl ether 

Oblomiais needles, m.p, 153”-165”, can readily 
bo obtated (Farkm, Chem. Soo. Proo. 1912, 28, 
Though quercetin pentamethyl ether on 
itlMta readily gives the 6'-monomtro deriva- 
rilb Watson, Chem. Soc. Trans. 1914, 105, 
jliph IlMin tetraethyl ether yields in similar 
friroi^'fro compound 
Vfl)*(OEt)4, oolourUss prisms, m.p. 
m other hmid, the iutro^Dction 
nitfO i^up can be effected by 
no4)vomo-lntdolin iotraethyl ether 
j^tflpriEin and Watson, ibid, 1015, 107, 
mtBlm (4 moJeculss) in acetic aoid 
fsbrisMpI ether feihrmidr 


mpf (dibomp*), and rids on boilliig vrith 
wnber gives iroiiMMssrin ktwihyl lAar and 
ieMfemokfM frimriM sAar* 

With bromine (1 amWoide) ia aioetki add 
soiurion, hromoltaeclw tetraethyl ether hyiea» 
bromide Of.H|0|(OEt)4Br,HBr,OtH<0|, yeiy 
yeUow hair-uke needles, is obtain^, wnioh inMm 
boiled with water gives bromoltOedin tetraethyl 
ether C3|H30|Br(0lB!t)4, colourless hexagonal 
plates, m.p. 183”, whereas by brominating 
luteolin tetraethyl other with 2 molecules or 
the halogen in acetic acid solution m presence 
of sodium acetate, tetrabrmchUeolin tetraethyl 
ether f colourless crystals, m.p. 111”-114”, m 
formed. 

Br<mO’(y'-nitroluteolin tetraethyl ether 
NOjCjjHiOiBrCOEt)! 
pale yellow rhombs, m.p. 170”-171”, on 
auction m alcoholic solution with stannoul 
chloride and hydrochloric acid, gives 
amino-luteolxn tetraethyl ether 

yellow prisms, m.p. 165®-169”. This forms the ' 
hydrocMortde 

C,4H403Br(0Et)4NH8,HaH30 
bright yellow needles, which when dried over 
soda lime become scarlet and melt at 187” 
(decomp.) ; with etanmc chloride it forms the 
salt (0ttH3|O3NBr)4H4SnCl«, crimson prisms. 
By means of sodium nitnto the amino hydro- 
chloride yields in the usual way, crystalline 
bromolulmin idraethyl ether diazonium hyinh 
chhridet and from this by boilmg with water 
bromo Mydroxy-htUolvn tetraethyl ether 
Ci3H40,Br(0Et)40H 

yellow needes, m.p. 255”, the acetyl derivatm 
of which crystallisos m white needles, iD.p. 
270®-272”, is produced. 

This latter, probably owing to its insolttbUity, 
w not readily attacked by hydriodio acid (P 1*7), 
the first produet of the reaction being ap]^n% 
bromoS’hydroxydvteolia diethyl ether 

C,3H403Br(0H),(0Et)3 

the acetyl compound of which melts at 213^ 
The more drastic action of the hydriodic acid, 
employing also acetic anhydride, gave a small 
quantity of a compound crystallising in yettow 
needles, soluble in alkaline solutions iritb a 
yellowish brown colour, and which was probably 
an impure t^-hydroxydvMii^ 

OH 


oh/V V- 


\o-A\oh 

JluV 


The acetyl oompound melted at 250”*^* ^ ^ 
When air is aspirated through uthuite 
solutions of luteolin (and also those of 
and a|Hgenin), oxidarion dM not ooonn 

tSb Mlmiring mattoia of the iayoneflSof^tt 
of the dayonol okis, ^Uokmwithld^ 
by this treatmeni * r 4 V 

It has abeady been iMe4 <|i|i 
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1 1IW ijnwflitfoft ta)t» 

: fiuttio. in one fMpeot ie 
nnforiuBfttoi beoMue» of all the natozal irellow 
ookmrhig matteni, it yi^ the pumt and {aetest 
Bhadee. In oonjtmotion with aluminium and 
tin mordants it gives very bnght pure Icmon- 
ydlow colours, and these do not change to an 
olive or reddish tint as in the case of other 
vegetable yellows. With chromium and iron 
mordants weld gives yellowish and greenish olives 
respectively. For yellow, wool and silk are 
mordanted with alum and tartar m the usual 
manner and dyed subsequently in a decoction of 
weld with the addition of chalk to the dye bqth 
Weld alumina yellow is to some extent still 
employed in this country lor certain army cloths 
and braid. For silk dyeing, weld extract is 
manufactured in small quantity, and is used for 
the production of yellow and olive colours. 

A G. P. 

WELDIKG (Soude, Fr. ; Schweissetit Gor ) is 
the joining of two pieces of metal under the 
hammer at a sufficiently high temperature. 

WEUSIUM • The name given by Eder ( Akad 
Wise. Wien. Ber. 1920, 129, 421) to an element 
supposed to exist between terbium and dyspro- 
sium, of which he has tabulated more than 300 
lines between A6546 and 3038. 

WESEL6KT*S DYES v. Oi:azinb coLOtmiKO 

WATTEB8. 

WESTFAUTES. Explosives consisting of 
mixtures of ammonium nitrate and resm, with 
or without potassium nitrate, v Ezflosives. 

WEI^ DYEAMITE, WETTEREN POW- 
DER, Exnosivis. 

WHALE OIL IS obtained from the blubber 
of various species of the genus Balaem, mz 
B akena rnyMuahUt Greenland or ' right ’ uhalc 
(northern ulialc oil) ; Balacna awtmlte (southern 
whale oil) ; ikdofnopiem fongimcito, Balaencp 
Um musndus (common rorqual, the largest of 
all known animals), Balaenoptfra horeahs 
(nortl^ or Rudolph’s nirqual) finback oil, 
finnei^^whale oi), humpback oil); Nedbalaena 
fnorigiasla (Australian whale), BkachuinecUa 
ckMUo, Oo]^ (Japan). Other cetaceans, the 
aodos^l species of which have not been deter 
mmea yet, or which are identical with the forc' 
Iphu snecies, arc known as bouhead whale, 
CUilormaii whale, orca or killer uhale, 
beitiga or white whale; these are chiefly caught 
^ AmeHcan whalers in the Northern Pamflo. 
Jm norUiem whale oil is the Hram oil* of 
^conUDseroe proper; but this name has become 
flsiwrio name, and has been extended to all other 
^htehber oils * Included in this group and even 
to M oRi (see Oos, Finn, akp Fats). 

nbe Unnber of wbaks caught m t he northem 
Ml ot ISnrope was, in the early days of the 
jMbgllidnitiy, * tried * on board the whalers ; 
M {ft ooftMUenoe of the low yield, and also of 
lln hit foality of oil thus obtained, the whales 
^ ym hKMht into the ^tiyiiif ’ stations 
" Ift ffiiiBarki>n» on the Xolotes, Faro, 
L IMlftjidsife and in Tcfland. 

k Uw iuMtan iriuJen Blill 
IohA Aip m 4 Mm 



* OI' 

te A* «tA AMA OilwUk fO ’ 

«lMt iMnn nwwodi {m Mow) «m amr % < 
vogaSb # 

During nsoent • very eMnsive whsle 
oil indu^ has sprung up in the whaling 
grounds aoiaoent to the South African coast, 
espeoiaily to that of Natal. The whale, killed 
by a gun-shot, is blown up with air so as to float 
the carcase, which is brought immediately into 
the trying stations, when the whale Is hoisted 
on to a working platform where the^ blubber Is 
stripped clean from flesh, and care is taken to 
leave as little flesh as possible on the blubber. 
The latter is then cut into stnps, which are 
thrown mto chopping machines, whence the 
commmuted mass is immediately dehveied into 
melting pans, and * boiled * with steam* Five 
diflerent qualities of whale oil are produced. 
The quality is the oil which first runs oE 
the blubber at the loucst temperature, known 
m commcK c as * Whale Oil No 0 * ; it is of a 
pale yellow colour, and has but a family fishy 
smell This oil contains a very small quantity 
of free fatty acids The best brands are * water- 
white,* and are free from volatile fatty acids. 
On further boiling, the t^econd quality—* Whale 
Oil No 1 ’ — runs of! , it is a httlo darker m 
colour, although still pale yellow Its fishy smell 
18 more pronounced than the oil of the first 
running. 

These tuo qualities of oil are stored in lam 
vessels, whereby they become clanfled whSe 
depositing ‘Mcarme,* which is filtered of, 
prc8*ied in hydraulic presses, and sold as * whale 
tallow,* or * whale steanne,* for soap making. 

The residual mass m the boiling paiie, 
together with the flesh of the whale, is cut up 
into stnps or fairly large lumps, and Is * ttiea 
down * in a digester under a pressure of 4CMS0 
lbs. The oil classed as ‘ No. 2 oil * is thus ob- 
tained. This oil has a brown colour and a 
strongly developed fishy smell ; its proportion of 
free mtty acids is considerably higher than Ift 

* mi No. i * In some stations ^whaJe oil No. fi ' 

IS made from the blubber residues only, audl 
does not contam any oil from the flesh* Henco 
it rraresents a supenor article t6 * No* 91 oil*’ 

The bones are worked up in the sam 
manner, and yield a still mfenot mudity of oiL 
Such ml {* whale oil No. 3 *) is darker itlE, Ijm 
a more strongly developed odour, and a higA 
percentage of free fatty acids. 'While 
oil* of commerce w, however, not 
made from the boneft, except in thoae iftM 
whore the product is sold under guaiUfttii il ^ 

* bone oil* ** 

All Ihese operations are carried oni wHIt 
the greatest rapidity and predshm luoiBinft thg 
routine of the Chicago packiiig houaea whUk 
have served as a prototy^ for the atiftftgRMIlftg ^ 
of a modem whaling station. 

In the old whaling stations while MeipSih^ 
cannot be handled so expeditlouatyi Hks gll 
remains for a longer ot diortsr tsm Ift oofitel 
wiOi the flesh, which mjpMty uiideiE0is jiMpK 
factive changes. Tim oil snuM ift oonaM^^ 
and beeomes dark, and is mors otdeqMsft^ 
imrds smell and flree fatty am Wt Mk 
pmceding iinaUtics* This oil is kftOM 
trade as^oaroate oil,' ^ whateoil Hb, 4* 

Ri leMue Msalning aftoe tihs i 
tidi oil k imiM tty fse 



ffi$ Akcdflc «OMt, ixd Sotttk iMofti 

the lloirmmQnt htui tstabiUbed lemM 
View ipbnts. l!lie oeroesees of tbe wbelee m 
. lilim eom^telr used up in tite zn^ 
oiSt ‘eteamifi/ oone meal or bones^ and other 
ar^es of oommeroe. 

If the whale is lauded in a pezfeotly fresh 
state> cattle meat can be prepared from the 
fresh meat, as is being done m loeland and in 
the laro Islands, and m South Africa. Some 
fresh meat is also consumed by the inhabitants 
looaUv (Iceland and Faro Islands). 

The ‘right whale* oil is of better quality 
than the ‘southern whale* oil. The ‘dnner 
whale * oil is of still lower quality. Hence the 
finner whale was formerly n^fected by the 
whalers, but at present even this kind of whale 
is eagerly pursu^ by them along the coasts of 
Norway and Newfoundland, as also to a smaller 
extmit on the Asiatic coast of Russia, and the 
coast of Japan. For the chemical character- 
istics of whale oil, see Oils, Fixed, ahd Fais. 

Doherty (J. Roy. Soc, N.S. Wales, 1922, 46, 
206) obtamed the following values for oils from 
Pacific whales: sp gr. at 15 5*^, 0 9182-0 9232 ; 
a J® P471-P476; acid value, 0 75-6-8 , sapon. 
value, 192-199; iodine value, 95-119. 

T^ chemical composition of the whale oil 
'bitty acids has not yet been established satis- 
factorily. The deposited ‘ steanne * consists to 
a large extent of palmitin. The lodme value 
of a sample of pressed cake exammed m the 
author’s laboratory was 37*9. Volatile fatty 
acids are absent. About 10 p.c. of olupanodonic 
acid can be isolated from whale oil m the form of 
its octobiomide. 


According to Milligan, Knuth and Richard- 
cn, who separated the fatty acids by fractional 
disl^tion of their methyl esters, a specimen of 
uHble oil fatty acids had the following com- 
position: mynstio acid, 4*6; palmitic, 115; 
palmitoleio, 17*0; stearic, 2-5; unsaturated 
acids (mainly oleic), 36 5; unsaturated acids, 
0 |^» 16; unsaturated acids, C||, 10 ; unsaturated 
Mids, C| 4 , 1*5; and unsaponi^ble matter, 0*7 
^c. (J. Amor. Chem. Boc. 1924, 46, 157). £. F. 
Amstrong and T. P. Hilditdi (J. Soc. Chem. 
Ind. 1915, 44, 180) found in a S. Geoigia whale 
jcU that the nnsaturatod acids comprised myrist- 
flbac add, 1 ta 1 -5 p.o ; palmitoleic acid, 15 p.o, ; 
oleic aoid, 35 p.c, ; and highly unsaturased acids 
with 20 and 22 carbon atpms. 

Whale oil is not in^uently adulterated 
with resin oil, the detection of which is simple. 
Sbr the lecognition of seal oil reliance is mainly 
placed upon the taste. 

The * water-white ’ and ‘pale* brands of 
While oil are used as burning oil, and very 
ewMwBMtr ^ Boap-making. The lower qualities 
; qie employed for leather dressmg. For the 
itanmiistios of glycerol from whale oil, see 
Cj^ and Salway (J. Soc. Chem. Ind. 1918, 37, 

wlii&fe oil is also used as a batching oil for 
fear tempering steel, and as a lubncant for 
aeiiiiw-oattiing machines. In the hyditj^enated 
km (em Siiuibeid Ona) it is sometunes used 
mamarme on the Continent, 
i whale oiijdelds about 0*9 p-c. Qi 
titdtterana0*04 p.c. of cholesterol 
iiiMd;ter,ilttffimovalof the 



hi hftioiieiy 

eowtattM bm waehma^ imk dli 
I yleid h quantity of inaolnble 
i^^ihan do animal mts, and the 
soluble In this solvent have a high iodim tahw 
(Bttttenbeig and Angerhauser, Zdtsek Naiw» 
uenussm. 1919, 38, 199)4 J* h* 

WHEAT. FsHmiion of Byo fkm in Wheat 
Flour.— J. Konig and F. Bartsohat (2Seit8eh. 
Unters. Nahr. Genussm. 1923, 46, 321) have 
thoroughly investigated chemical methods for 
the estimation of wheat and rye flours when 
present m admixture, and (diow that the diastase 
method proposed by several workers Am* 
berger, Anuyst, 1922, 47, 73), methods de^ 
pendent on the gluten content, on the sohibili^ 
of the non-glutenous protein, or on the proh ‘ 
soluble m ^ to 70 p c. alcohol are not tn 
worthy for the analysis of the mixed flours. 

18 shown, however, that the percentage of thk 
total protein soluble m saturated solution oi 
calcium sulphate is constant for each flour, and! 
independent of the actual amount of protein in A 
any particular sample of the flours. Ten grms. \\ 
of the flour are moistened m a 500 o.o. flask 
with the saturated calcium sulphate solution at 
the room temperature (022 ^m. in 100 0 . 0 . ), 
made up to the mark and shaken m a machine 
for one hour, after which the nitrogen is esti- 
mated in 100 c.c. of the clear filtrate and ex- 
pressed as mreontago of the total mtrogen in 
the flour. Treated m this way, wheat flour 
shows 29*1 p.c., and rye flour 51*5 p.c., so that 
the proportion of the two flours may 1 ^ inter* 
pointed from the following table : 


Wheat. Eye. P.c. 

100 — 29 1 

90 10 31*34 

80 20 83*58 

70 30 35 82 

60 40 38*06 

50 50 40*30 

40 60 42*54 

30 70 44*78 

20 80 47*02 

10 90 49*26 

100 61*50 


The average experimental error with tli» 
method is about 6 p.o., but may be exceeded 
in the case of flour of unusually high acidity 
(Analyst, 1924, 49, 187 . See also Cbeeals, 
vol. ii. p. 130). 

A modification of Fleoient*s method for the 
determination of the baking value of flours hat 
been proposed by Braun (Ann. Falsif. 192A 57, 
269; J. &c. Chem. Ind. 1924, 43, B 762). Thai 
ratio of gliadm mtrogen to gluten nitrqgen it 
used to indicate the quality of the flour. 

WHEEL ORE e. Boiibnokitv. 

WHETSLATES e. WaxTSTOSE. 


WHETSTONE (Corttcule, Fr.; Wmlitkt 
Get,), 0113T0NE, and HONEmNS. Hard, 
fine-grained rocks, usually highly siMosoos in 
character, used for sharpening or whetting edged 
tools and also for grinding metals. Bockl «l 
several different kmds are toltable lor tUi^ 
purpose, such as homstone» lyifieN 

irtone, quartzite, sandstone, Ate^ 
schist, Ac. (M.e.). They n»kst 
ness of giam and^textaie oi ^ 
certain Segm of 
icKibiiid and lo sy 
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Aigm ti trnttMM «im1 
purt •mt evenly* ITbtt mttUof pom ik>]Qe^ 
tia^ depends on tlie presenee iff i^nte mins 
Ol geinet* ratile, or magnetite distrututed 
tiaovi^ the stone. The chemical composition 
of materials ansveiing to such a descnp- 
tion naturally vanes Mtween wide limitB» but, 
as a rule, sinoa predominates. The following 
aoalyaeB axe of I, ^ovaouhte, * Arkansas stone,’ 
fyom Arkansas (im.gr. 2*648). II, Novaoulite, 
* Ouachita stone,’ from Arkansas. HI, Novacu* 
Ute, oontainmg quartz and senate, from Mar- 
emette, Michigan ^Iso Pg05, Li.O traces) 
nr, Oilstone (turKey-stone) from Asia Mmor. 

V, Belgian razor-hone from Becht (also PgOg 
0*16, 8 0*18, oruamo matter 0 02 ; sp.gr. 3 22). 

VI, Whetstone nom Gambnan slates at Lausen- 
stem, Bavana (also organic matter 1*66). 
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The noiacultte* of Arkansas is one of the 
most important whetstones. It is found over a 
wide area m the vicimty of Hot Springs, 
oooumng as bands a few inches to 15 ft. m 
thickness, mterbedded with sandstones and 
shi^ of Lower Silurian age It has a homo- 
geneous, finely granular structure, and is white 
with a famt muish tinge. It is bnttle and 
bleaks with a conchoidal fracture ; sp gr 2 648 
(Arkansas stone). Under the microscope it is 
seen to consist of an aggiegate of quartz grains 
with an average diameter of less tiuui 0*01 mm. 
^ stone 18 rendered more or loss porous by 
minute rhombohedral cavities, representmg 
orystab of calcite or dolomite which nave been 
dissolved out ; and it is on the presence of these 
cavities that the cutting action partly depends. 
In tile trade two vaneties of Arkansas novaouhte 
ate dbtkguished : namely, the more compact 
’Arktmsas’ stone in which the cavities form 
0*17-4) 26 p.c. of the bulk of the stone ; and the 
nmre porous ’Ouachita’ (or Washita) stone, 
ih which the spaces amount to 6 p.o. The latter 
has the dull appearance of unglazed porcelain ; 
It Is the more abundant and obtamable in 
]af^ masses, and is also more m demand. The 
avuage of several analyses shows 99*50 p.e. 

of which 2'2-7'2 p.o. b solubb in a caustic 
potash solution, atld 0*44-1*14 p.c. in a solution 
^ patassmm carbonate (L. S, Qnswold, 
^elitoiiM and the novaculitoB of Arkansas, 
imi. Bern QeoL Survey Arkansas, for 


m lii s W. C. Phalen, Chbtones of 
U3* Cbol. Survey, for 1911, 

xaaor-honei (anal V) ocoui as 

'/f 


^ 


<^3Ni^ teoA lA 

<rf Ow fapi w {I}.WUilA) Igl, Mtd u. mmiM 
»t WTOMl piMf. fa ^ naUbbofabood at 
VUMba MM Sito'ClhfaeMi fa tbe Affawkw. 

micaoeous ibtes oontainhut in* 
oumerabb minute garnets (^ Eena^mem. 
Acad. Belgique, 1878, 41). The Gennan razor- 
hones from the neighbourhood of Ober* 
Ammergau m Upper Bavaria consbt of a very 
compact, pab-coloured quartzose cbyey lime- < 
stone, and occur as beds m Jurassb limestones. 
They are very bnttle with a splintei^ fracture, 
and are composed of CaCOg 83*57, FeOQg 2*67, 
clayey matter 7*63, quartz 6 96ss99'85 (0* W. 
Gumbel, Geogn. il^chreib. Bayern, 1861, 1). 
The celebrated Turkey oibtone (anal. IV) is 
abo calcareous, oontainmg SiOg 70-76, CaCOf 
20-25 p c., with often a little alumina. It is 
obtam^ m tbe intenor of Asia Mmor and 
exported from Smyrna Two varieties are 
distmguished, the white and the black, the latt» 
bemg slightly the harder. 

In Engbnd several stones of a more or less 
similar character are obtamed at various plaoes; 
ey. the Charley Forest stone or Whittle 
homstone, which is a fine-gramed. siliceous, 
slaty rock worked m Leicestertiure. The 
Welsh oibtone is a somewhat simibr material 
from near Uyn Idwal in North Wales. Devon- 
shire oibtones are obtamed from the meta- 
morplyised slafy rocks m the neighbourhood 
of Tavistock From Scotiand come the Water- 
of-Ajrr stone, snake stone, and Tam o’ Slumter 
hones. 

The coarser gramed sciytke atones are made of 
certam kinds of sandstone. Those from Pike 
m Kew Hampshire are the most celebrated, 
bemg exported to all parts of the world. This 
material is a fine grained, thinly laminated, 
micaceous sandstone (W. C. Buden, llte 
BC3rthe-8tone mdustry m New Hampshire, Mui. 
Rm. U S. Geol. Survey, for 1909, 1911, 2, 616). 
Scythe-stones have b^n long worked near 
Bl^kdown m Devonshire, and are known at 
’Devonshire baits.’ They are made from 
siliceous ooncieUonB embedded m sand, probably 
of Upper Greensand age. Similar sevthe-stones 
are ^ made at Fenzlewood, near Stourton nr 
Wiltshire. * 

In preparing whetstone for use, the bboks 
as quarry dressed are sawn mto small rectangular 
sbbs with a lapidary’s disc ehaxged witii 
diamond powder, and then smoothed down 
an iron plate charged^ with emery. Toob Ibr 
special purposes, as used by dentists, engtavpn^ 
watchmakers, jewelleis, &c., are gr^a til tba 
requixed shape. 

Wheeb made of Arkansas stone are used for 
fine metal grmdmg ; and powdered udietatoma 
18 used as an abrasive material by Instrutufgit 
makers. See abo Abbi8IVU8. 

Jie/ereneefi*^-^ whetstones generally «. L, S. 
Gnswold, le. ; G P. Merrill, The Xbu-aeotaUb 
Mmerab, 2nd 6d., New York, 1810. 

WMBWBUiEnB, HydiaM caldum oiilata 
OaOiOi'HjO, oiystaUised in the xnonoeIWo 
system.* It forma small water-dear oapMi 
which are often twinned in heart-shaped him> 
resembUng thoae of oalohe. TWe are 
cleavages, and the material Is very himli 
ip.gr. 2*46 j BL«»2}. The lebaotive 
lefraotion* a«*l*4900, 
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y— tt^0*1597» for sodiam-light, ire 
my nearly tlie eame as those of oalcite (via. 
f»l**862, ei«l*668$, «-^€:=0-1713). The 
oxystals qould theieforo bo used for tho oon- 
struotion of niool prisms for polarising apparatus, 
if only they were found of suiBcient size or if 
inch could be produced artificially. The 
mineral is found in coal mines, but at only a 
few localities, namely, Burgk and Zwickau in 
Saxony, and Briix and Schlan in Bohemia. It 
occurs, together with calcite, dolomite, barytes, 
in small fissures in the shales and sometimes 
in the coal itself. Crystals have also been found 
in a metalliferous vein with tetrahedrite and 
ankerite at Urbeis in Alsace, and under similar 
conditions at Freiberg in Saxony. L. J. S. 

WHISKEY. The term 'whiskey,* applied 
to the national beverage of Scotland and Ireland, 
only came into common use m the latter part of 
the eighteenth century, and is derived from the 
Celtic ‘ uisque-beatha * or ‘ usquebaugh,* moan- 
mg * water of life,’ no doubt in reference to its 
stimulating properties. A similar signification 
is seen in the terms applied to strong alcoholic 
liquors in other countries, as ‘ aqua vitae,* and 
*eau de vie,’ Bums employs the three terni« 

* aqua vitae,’ * usequbae,* and ‘ whiskey ’ synony- 
mously. 

The introduction of the manufacture of 
alcohol into Europe is, as the w^ord suggests, 
due to the Arabs, but in the grape-groumg 
countries of the south, the spirit is naturally 
produced chiefiy from wine, and in the north, 
from different kinds of grain, the different 
materials used giving rise to the distinctive 
flavours characteristic of the spirits of difierent 
countries. 

In Scotland tho manufacture of whiskey 
was a subject for legislation as early as the 
sixteenth century, and extracts from the 
statutes show that ’aqua vitse’ was not the 
exclusive product of malted barley, but that 
unmalted ^in was also used in tho early days 
of spirit &tillation in Scotland, and this has 

In 1^5, during the Napoleonic’ wars, and 
owing no doubt to the possibility of a shortage 
In the supply of grain lor food, the use of gram 
for the manufacture of spirits was prohibited 
throughout the United Kingdom. 

In both Scotland and Ireland the pot-still 
was used prior to the invention of the patent 
contiouoos still by Aenegs Coffey in 1831, since 
when the patent still has been incn^asingly 
employed for the manufacture of spirit from a 
mixture of malt and unmaited grain, and 
known locally as * whiskey.* About two-thirds 
of the potable spirit made in Scotland and 
Ireland at the present time is of this description. 
The spirit prrauced from other materials as 
molamw, rice, starch, |)otatoos, dates, currants, 
Ise,, I 4 almost invariably distilled from a ’ jiatcnt 
mill,* and is used chiefly for indostrisl purposes. 
When vM only is used the whiskey is produced 
in Scotland chiefly, and in Ireland exclusively, 
{ium po^tills. At the present time ( 1 920) there 
am 9 dMlleries in England; all of wfiich are 
mmint^stalla only* In Scotland, out of 124 
9 urn paient-stUls and 1 15 pot-stills 
cin^, U Kort^ Izelaad, only 4 distilleriei 
« Mmt warking, and of these 2 use 
pn^yOissi^ Intfae Irish 


8ti4e, out of 14 distilleries, 2 use patent'* 
stills, one both ^tent and not-stiUii, and the 
remainder pot-stills only. Ox the latter, 10 are 
at present * silent,* t.e. not worid^. 

In 3 of the distilleiies in &gland, 0 in 
Scotland, and 2 in Northern Ireland, yeoH is 
manufactured on a large scale as a oomnmroial 
product. In some instances, yOast is the 
principal product of manufactuie — the spirit 
produced at these distilleries being really a 
* by-product.* 

The different characters of the various 
kinds of whiskey are due to the presence of 
small amounts of secondary products, some- 
times referred to as ’impiqpties* or ’by-pro- 
ducts * (as esters, higher alcohols, Ac.), rarely 
exceeding in the aggregate one-half p.c. of thsj 
ethylio abohol present, but sufficient to impaii' 
a distinctive flavour and aroma to the spirit. ^ \ 

These differences in character depend mainl^\\ 
upon (a) the kind and relative proportions ou,^ 
the materials used in the wash ; (6) the methods 
of mashing and termentation employed; and 
(c) the tyiie of still used and the manner in 
which it IS worked. 

For the processes of mashing, fermentation, 
and distdiation employed in the manufacture 
of ordinary alcohol, and for a description and 
diagram of Coffey's patent still, see article 
Alcohol. 

This is known as ’ silent * or neutral spirit, 
but grain spirit, distilled from patent stills, 
when mtended for potable purposes, is not so 
highly rwtificd as tone deprived of its ‘ whiskey * 
character. 

In the manufacture of pot-still whiski^y in 
Scotland, barley-malt is procticallv the only 
material employed in the mash, whilst in the 
Irish pot-still distilleries the mash consists of 
a mixture of harlev-malt with unmalted barley 
or other grain. The projKirtions vary with a 
view to securing particular flavours in the 
whiskey, but a typical mash consists of about 
four-fifths barley (malted and unmalted), and 
one-fifth of wheat, oats, and rye, the propor- 
tions decreasing in the older of enumeration. 
Maize is generally excluded from the pol-still 
whiskies. 

Besides the formation of sugar by the action 
of diastase during the mashing process, other 
substances, tho exact nature of which is not 
thoroughly understood, are obtained in solution, 
from which the secoudaiy constituents of the 
finished whiskey are both directly and indirectly 
derived. According to Bell (tielect Committee of 
tho House of Commons on British and Foreto 
Bpints, 1800-1) some of the esaonUal oui 
naturally existing in the malt and grain, and the 
empyreumatic and creosotic bodies with which 
the malt becomes impregnated during the 
process of drying over peat, anthracite, or coke 
fires, pass through the operations in a more or 
less chemically unchanged conditioxi, thus 
imparting distinctive characters to the whiihsYi 
partioolarlv when the ordinary pot-frill li 
employed tor tho distillation. 

Similarly during the proeess of fernontatfiint 
the conversion of we su^ into ethyl atoolnd l| 
accompanied by other chemical ehmiisisisiid^ 
in the formation of suhstanoes whkh ilio 
influence the flavour of the fluhMi 
Of tiume the priudpal M 
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wMdh b*v« him tlioim by SSbiHoh ind otbMs 
(0 W diM 1)0 tibd «yli!l^titig tt^ ol eertilii sHvo- 

r u» Bttbstances {omioo adds) pirodticed 
pej^tonlsiisg: aotioo of the malt in tim 
mashing prooess. !2%e ultimate result is affected 
by the special nature of the yeast, the tempera- 
ture at which it works, and the time occupied 
in fermentation. 

The simplest form of pot-stills employed in 
Scotland are heated by direct fire, and have no 
special means of rectification. The long neck of 
the still, however, although originally designed 
simply to prevent particles of the boiling mash 
being mechanically carried over by frothing or 
sprayWi mcidentally has the further important 
practical useof effecting considerable rectification. 

power i^reas^ by means of perforated plates 
placed transversely in the nocK of the still, or 
by the use of ' purifiers,’ pipes or circular vessels 
cooled by water and fitted between the neck of 
the still and the condenser. 

Some stills are heated by means of steam* 
jackets or coils instead of direct fire, and this 
difference in the method of heat mg is said to 
have an important influence on the flavour of 
the whiskey. Certain empyrcumatic bodies arc 
thought to be generated by the open fixe 
method, but accoraing to Boll, Schidrouitz. and 
Thorpe, these are more probably derived from 
the peat or coke used for heating the malt kilns. 

In the manufacture of Scotch whiskey, two 
distillations only are usually made, first from 
the ‘ wash still ^ from which the whole of the 
volatile constituents are collected as ‘low 
wines ' ; and second, from the ‘ low- wines still,’ 
the distillate from which is collected m three 
fractions, viz. (1) ‘foreshots,’ (2) clean spirit 
or ‘whiskey,’ and (3) ‘femts.’ The first and 
third fractions are added to the low wines of 
the next distUlmg pi'nod, and so on throughout 
the distilling season, the residue left m the 
wash still (* pot ale '), and that m the luw-wmos 
still (’ spent lees ’) being run to waste. 

The whiskey is generally run off at a strength 
of ll~2fi overproof, but in the Lowlands, where 
a third distillation or ‘ rectification ’ is generally 
made, the strength of the whiskey distillate is 
from 40 to oveiptoof. 

In Ireland the pot-stills are generally much 
larger than in Scotland, having somotunes a 
capacity of 20,000 gallons. The head of the still 
is ehortw, and the still for low wines and feints 
is provided with a ‘lyne arm,’ or long pipe 
wl^ passes through a tub of water, the liquid 
thus oondensod between the head of the still 
aad the worm being conveyed by a * return pipe * 
to body of the still By this means a con< 
sideKablo decree of rectification is effected. 

Three dlstillationB are the rule for Irish 
pot-still whislmy, and the fractions are more 
numeious thao in the manufacture of Scotch 
whlafaiy* consisting of strong low wines, weak 
Itfvr lemst, strong toints, and weak feints. The 
middle 02 ‘whiskey * fraction is also run off at a 
iheenffth than in the Scotch process, viz. 
tm M to 90 owproof. 

Urn pptut nt widoh the ooUecilon of fore 
ihitll II itbpped and that of whiskey com< 
lIMm |i wml •• that nt uidAh the running 
CilMMi mA the coUioticn of feints 
‘ ^ by the iudgmeat and 



experience of the disUBer, but various simple 
devices are empbyed for testing the dfeUl&te 
at different stag^, as glass floats or hydrometers, 
specific mvity beads, and samplers for testing 
the distillate by dilution with water and ob- 
serving whether the mixture is opalescent or 
clear. 

Scotch whiskeys may be divided into the 
following five principal classes : (1) Highland 
malts ; (2) Lowland malts ; (3) Oampbeltowns ; 

(4) Islays ; all made from malt in pot stills ; 
and (5) grains, a name given to patent-stili 
whiskeys. Irish whiskeys have no correspond- 
ing classification, all tlie ‘ self ’ or non-blended 
whiskeys being sold under distinctive names. 

The secondary products, and therefore the 
character of tfie spirit, are considerably affected 
by the strength at which the whiskey is run off, 
Some of these products (especially esters) suffer 
partial decomposition m both the wash and low 
wmes stills, whilst others, of higher boiling-point, 
remain in the stills and are run to waste with the 
pot ale and spirit lees. More than two-thirds 
of the soconimry products are lost in this 
maimer, only from 10 to 30 p.c. passing into the 
finished whiskey. (For the recovery and 
utilisation of the esters left in still residiues, see 
art. Rum.) 

It has not yet been found possible to trace 
any definite relationship between the com- 
mercial characteristics of various pot-still 
whiskeys and their composition as ascertained 
by analysis, for the reason that the secondary , 
constituents are not individually identified by 
chemical analysis, but are assessed in groups 
consistmg of members of the same lamuy 
though m varying proportions, e,g, acids, okfe* 
hydes, esters, and higher alcohols. 

There is some reason to believe, from the 
researches of Guarcschi and Mosso (on behalf of 
the Italian Government), Vaughan of Miqb»gan 
University, and Husz of Sweden, that omr 
bodies may be present due to decompositio]| ol 
albuminous matter in the grain and having 
alkaloid properties. They are alleged to be 
largely accountable for the deleterious effects 
of spirit drinking, but, if present, they occur in 
such minute quantities os to elude identification 
hitherto. 


Husz attributed the unusually deleterious 
character of the spints drunk in Sweden in a 
certain year to the use of unsound grain, and 
Lombroso has shown^that an alkaloid having an 
action like strychnine is generated in decaying 
maize. Lauder Brunton, whilst attributing 
much of the harmful effects of new spirit to 
furfural, also supports the theory that these 
effects may be j^tly due to the pewnee in 
minute quantities of alkaloidal bodies, esperially 
in potato spirit. 

Schidrowitz has determined the peteentMe 
of nitrogen in new pot-still whiskies with the 
results shown below, but failed to detect ti^lsiarif 
trace of substances giving alkaloidal leaetiM 
The nitrogen is calculated as NH|, and emmat 
asgramper 100 litres of absolute sleohoC--* , 

Highland malts , . . ^ 

Lowland malts^ , . ^ ^ 

Gampfedtowns (malt) ^ , 

a«iM . . . f . 

I Attarimtgp,vhUdn(B,MnMl) 
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Ko deMte 6Tid6&<» VM, howew^ 
the Royal CJohunission on Whiskey, 
mt the deleterious effects attributed to the 
Obnsttinprion of spirits are directly due to rite 
jvesenoe of poisonous secondary products, and 
^ the bcdk of the medical evidence was to the 
^ effect that the actual amount of the secondary 
products is so small compared with that of the 
ethyl alcohol, that the physiological effects 
' produced by them must also be extremely small 
m comparison with those due to the ethyl 
alcohol itself. It would appear to follow, 
therefore, that whiskey derived either from pot 
or patent still has much the same toxic effect if 
taken in the same quantity and at the 'same 
alcoholic strength. 

At the same time, since many substances are 
known to produce marked effects on the digestive 
mtem merely as a restQt of the sensation pro- 
duced by their fiavour, this plays an important 
part from a dietetic point of view, and the more 
, agieeid>le flavour of a mature whiskey may exert 
a favourable mental effect which promotes the 


imriijty b! the digestive prooesses, wldhtt Umbl 
tin|Hdatabla flavour of new * silent ' or neutral 
spirits may tend to interfere with d^rion 
apart &om the direct effect due to the alcohol 
itself. 

The methods usually empbyed for riie 
estimation of the different groups of secondary 
constituents are given in detail in the Minutes 
of Evidence taken by the Royal Commission on 
Whiskey and other Potable Spirits, 190Sr9, 
vol. ii. App. Q. xii. Thorpe,* see alM voL i. 
App. F. Schidrowitz. 

The following tables give the results of 
analyses of various kinds of whiskey by Sohidzo- 
witz, Tatlock, and Thorpe, .expressed in all 
cases as parts by weight in 100,000 parts by 
volume of absolute alcohol (e.c. grams per 
lOOUtres). 

Schidrowitz and Kaye’s results of analyses 
of 100 samples of the principal classes of Scotch 
pot‘StiU whiskey are summarised in the following 
table, showing the minima, maxima, and 
averages — 


Ko.of 

samples 

Description 

Total acid 

Esters 

Higher 

alcohols 

(A-M) 

1 Aldehydes 

i 

Furfural 

Average 
total ' im- 
purities* 

SO 

Highland malts . 

10-83 

33-185 

112-235 

1 4-66 

■ 

l*6-d-3 

292 

16 

Lowland malts . 

6-00 

27-87 

82-228 

1 

0-6-2 

255 

16 

Campbeltowns . 

12-100 

6W40 

160-259 

i 11-85 

2‘4-8-0 

336 

5 

Islays 

16-36 

40-86 

155-200 

j 17-10 

3‘8-6-2 

294 

24 

Grains 

3-69 

20-65 

33-80 

1 trace-17 

0-0*9 

120 

100 

Average. 

30-9 

60*6 

143 

18-6 

3*2 

1 

252 


A^talysbs of Irish Pot-still Whiskby (Schidrowitz). 


Description 

Total 

acid 

Esters 

Higher 

alcohols 

(A-M) 

Aldehydes 

Fttiftiral 

Total 

A. Nw 

7 

34 

145 

12 

6*5 

203 

H IS yean’ plain wood . 

29 

38 

185 

68 

3*3 

323 

B* How • . ... 

6 

28 

233 

8 

4*1 

i 279 

18 yean* plain wood . 

32 

47 

264 

21 

4*4 

1 368 

G. 14 years’ weny .... 

87 

87 

226 

32 

|. 4*5 

436 

I>: Mature .... 7 

07 

59 

147 

16 

2*6 

291 

Average . . * . 

38 

49 

200 

26 

’ 4 *2 

817 


SooTCSK Patent Still Whiskeys (Schidrowitz). 


Description 


Ndw whisky 

. 4 tnanriis* sneny wood 
. ^ S'yMa’iflauiwood 

wood 


Total. 

acid 

Esters 

Higher 

alcohols 

(A-M) 

Aldehydes 

Furfural 

Total 

4 

25 

65 

2 


96 

24 

26 

31 

4 

0*07 

96 

14 

25 

100 

6 

trace i 

144 

^ 68 

40 

44 

7 

0*16 

149 


M: 




o<(tf im 




26 


60 


4-6 
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WHISKJS?* , 


Besedptlou 

Total 

acid 

Esters 

Humar 

aleohois 

(A-M) 

1 i 

Furfural 


DistaBeiy A— new .... 

17 

26 

38 



80 


21 

41 

50 

— 

trace 

112 

„ 2 years 

10 

24 

48 

3 

trace 

85 

Distillery B— new .... 

3 

19 

52 


— 

74 

„ IJ years . 

9 

25 

46 

1 

trace 

. 31 

Distillery C— new .... 

— 

33 

50 

11 

— 

94 

Average .... 

10 

28 

47 

2-6 

trace i 

Wl» 


Tho following analyses by Tailock show the whiskeys, gram patent still, American^ 
maxima, minima, and averages obtained from blended wli^keys — 

75 samples of Scotch and Insh malt-pot-still 


154 16 85 80 

45 01 34 52 

8106 6619 

190 40 240 06 
73 51 103 49 

144 61 140 40 


Esters— 

Maximum 
Minimum 
True average 

Higher alcohols 
Maximum 
Minimum 
True average 

Volatile acids 
Maximum 
Mimmum 
True average 

Aldehydes— 
Maximum 
Mimmum 
True average 

Furfural — 

Maximum 
Miiumum 
True average 

Total secondary pro- 
ducts — 
Maximum 
Minimum 
True average 


The results of analysLs of 7 samples of high- 
olass whiskeys as supplied by Government con- 
tractors for hospital use are given in the following 
table (Thorpe) 


IsU>8, 

Csmpbel- 

towns, 

2 samples 

Irish, 

4 samples 

2 samples 

7805 

85 b2 

44 22 

48 31 

01 42 

38 42 

61 51 

73 62 

,4132 

161 70 

200 70 

169 10 

130 20 

139 58 

154 93 

144 55 

173 14 

162*01 

.32 41 

56 35 

40 23 

1711 

31 16 

4 55 

25 8b 

43 75 

26 89 

3174 

33 54 

21 12 

19 82 

3246 

434 

28 40 

32 90 

12 73 

6*29 i 

3 77 

3 02 

3 25 

3 23 

2 73 

502 

350 

2 87 

204 99 

385 98 

269*62 

225 94 

267 84 

222 04 

266.37 

326 91 

245 83 


Ameri- 

can, 

4 samples 

If 

S'* 

Blends, ill 
san^ 

119 52 

60-90 

82-06 ' 

11106 

22*04 

33*56 

115 99 

33 26 

58*90 

177 34 

6847 

111*25 

102 55 

32-47 

48-71 

156 99 

45 32 

80*70 

13211 

32*93 

100*13 

65 24 

2 86 

13*13 

99 43 

16*67 

40*61 

32 85 

12 95 

26-<0 

17 01 

1 59 

1-28 

26 53 

7 66 

9-t» 

3 86 

0*50 

3*17 

1-96 

0*10 

0*43 

3.00 

0*26 

103 

452 9^ 

130*38 

267-88, 

328 76 

68*04 

10841 

39689 

102*08 

lOt-M 


lOyeMS* 





1 


1 


11 

Esten 
(as ace 
ester) 

-a 

1 ^, 

H) 

1 Furfural 

Total 

9*6 

90*0 

176*5 

2*7 

306 0 

9*6 

87*9 

176*6 

2*7 

303*9 

9*6 

900 

175*6 

2*7 

306*0 

12*1 

921 

877*1 

3*6 

1009*1 

98 

930 

3000 

3*3 

437*0 

08 

114*0 

456*1 

3*3 

616*1 

12*1 

124*5 

578*9 

3*1 

769*6 

m 

98*8 1 

i 

891*2 

SO 

liihO 


Results of analyses of 5 samples of s ttiite 
made in Germany and sold as cheap whimi^iR 
Hong Kong are given <m p, 466. ^ i 

^mples A and B consisted of 
spint, with an admixture of pot-still wldslasgr w ’ 


the purpose of impartmg the genuine flaToi#^ 
whisKoy. They are very similar to 
usually sold as ' whiskey * in public houaW^l 
England. Samples C, D, and E consJsteA^fd 
highly rectified * silent* spirit coloured w 
flavoured to imitate whiskey. The fuMM 
impurities wero much less than is u«w 
found m genume Scotch and Irish 
whiskeys of high commercial quality, WH 
furfural and other aldehydes were practi^ 
absent, and there was no evidence that t|U 
spints Contained anything of a 
nature apart from the alcohol itself. 

* Pof-sti/f * and * * spWs { 

Royal Comm, on whiskey and other Ph 
Spmts, App, Q. vi., viL, viiL). TAn enumitt 


I 

i 



t 


S' ’ 
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WHISKSY. 


Seeondiry products 

A 


G 


B 

JLfmttib 

VolahUa acidity (as aoetio add) 

50-7 

63*7 

10*6 

14*0 

7-0 

29*2 

Fdrfural 

1-6 

1*2 

ini 

M 

Tno* 

0*5 

Aldehydes (as aceftio aldehyde) . 

D8 

21 

Trace 

Trace 

Trace 

08 

Esters (as acetic ester) . 

87*6 

109*5 

16*0 

7*8 

3*6 

44*7 

Higher alcohols .... 

i 

226‘7 

206*4 

20*4 

22*6 

33*2 

101*4 

Total secondary constituents . 

367*2 

381*9 

45*9 

44*4 

43*8 

176*6 


of the folbwing tables, giving the results of I clearly the broad distinction between the ' pot* 

the analyses ot a number of representative still ’ and ‘ patent-still * spirit. 

samples of both kinds of spirits, shows very | There is always a much larger amount of the 

Spirits from Pot Shll Distilleries (Thorpe). 


No. 


1 Yolatilo 
, acid (as 
acetic 

1 acid) 

Alde- 
hydes (as 
acetic 
aldehyde) 

iE8terB(as 

acetic 

ester) 

Higher 

alcohols 

Furfural 

Total 

District 

1 

Now , 

16*9 

92 

774 

407 2 



29 

513 6 

Speydde. 

2 

6 years 

62*2 

19 6 

93 9 

4721 

1*9 

639 7 


3 

New . 

132 

54 

63 2 

471*4 

2*9 

5551 

Banfishire. 

4 

7 years 

53*6 

32 2 

910 

3714 

1*9 

550*1 


5 

New . . 

9*8 

98 

631 

490*0 

2*8 

576 6 


6 

i> • • 

15*0 

218 

63 8 

451*6 

42 

556 4 

— 

7 

7 years 

30*1 

416 

92*0 

4<)0*6 

36 

627 8 

Islay. 

8 

ff • • 

46*0 

43*2 

990 

663*2 

36 

765*0 

9 

New . 

17*0 

33*6 

72 9 

410*9 

35 

537 9 

— 

10 

4 years 

37 5 

34*8 

81*4 

453 0 

33 

610 0 

Campbeltown 

Highland. 

11 

10 years 

47*3 

1 100 

98 8 

322*8 

57 

484*6 

12 

New . 

' 3*3 

50*2 

102 8 

622*6 

3*1 

682 0 

Insh. 

13 

6 years 

32 6 

659 

86 4 

771*2 

29 

949*0 

»» 

14 

New .. • 

1*7 

263 , 

73 7 

861*4 

22 

966 3 


15 

»f • • 

1*7 

87 1 

73*0 

729 8 

01 

813*3 


16 ' 

8yearB 

17 5 

10 5 

30*0 

894*7 

31 

955 8 


17 

New . 

4*2 

7*0 

13 6 

7017 

11 

727 6 


18 

6 years 

21*0 i 

12*2 

35 0 

7890 

1*4 

858 6 

Irish. 

19 

New . 

1*4 * 

46 

75 9 

336*9 

Nil 

4188 


20 

1 year 

5*2 1 

70 

106 6 

671*9 

»> 

690 7 


21 

New . 

1*4 1 

115 

1 

461 

867 9 1 

1 

85 

926 4 

♦> 

Average 

20*4 j 

21*7 1 

1 

73 3 

667*3 

2*8 

685 3 

I 





Patent Still Grain Spirits (Thorpe). 


No. 

Age 

Volatile 
add (as 
acetic 
aScid) 

Alde- 
hydes (as 
acetic 
aldehyde) 

Esters (as 
acetic 
ester) 



Higher 

alcohols 

Furfural 

Total 

District 

1 

New . 

1*9 

9*6 

30*8 , 

39*0 

Nil 

81*3 


Scotch DistOleiy 

2 

7 years 

19-0 

10-8 

35*0 

21*8 

01 

86*7 


99 

8 

« • • 

36*9 

12*0 

47-9 1 

21*1 

0*3 

117*2 


99 

4 

New . 

1*9 

4*7 

41*1 

97*8 

Nil 

145*51 


99 

5 

4iyearB 

16*6 i 

1 14*1 

46*4 

81*3 1 

1 ** 

167*4, 


99 

6 

New . 

3*8 

^ trace 

22 8 

14*0 

y> 

40-6 

19 

7 

3 months . 

6*2 

ft 

45*6 1 

42*0 1 

i ** 

92*8 

99 

S 

New . 

3 *6 ] 

ft 

12*2 , 

28*0 ' 

1 

ft 

43*7\ 

99 

9 

7years 

40*0 1 

J 

3*3 

228 

67*8 

1 

0*3 

' 

124*2/ 

Irish DiftIUery* 

Awag» . • . 

14^ 

6*1 

33*8 

1 

44*6 

0*1 

98*8 



WSDSSJtr. 407 


PAmf Snui Smrrg 014 Hnk Snmon (Tliaipft), 


Ko. 

Description 

VolatOe 

aoM(H 

acetic 

add) 

Alde- 
hydes (as 
acetic 
aldehyde) 

Esters (as 
acetic 
. ester) 

Bigher 

alcohols 

Fszfutal 

TdUl 

1 

British spirit from molasses 

1-2 

35*1 

62*5 

84*0 

Nil 

182*8 

2 

British spirit from grain, highly 








reotified 

1-2 

trace 

IM 

21*2 


33*5 

8 

British spirit from molasses, highly 








reotified 

1*2 

3*5 

7*3 

63*0 


75*0 

4 

British spirit crude, from molasses . 

2*5 

97*3 

187*7 

20*9 


308*4 

5 

Foreign spirit imported from Ham- 








burg 

1-2 

Nil 

5*5 

10*4 


17*1 

6 

Foreign spirit imported from Ham- 








'burg 

1*2 

Nil 

9*1 

20*9 

»* 

31*2 

7 

Foreign spirit imported from Stettin 

i __ 

1*2 

2*2 

7*2 

83*7 

tt 

94*3 


Average 

1*4 

' 19*7 

1 

41*5 ' 

1 

43*4 

1 

t* 

106*0 


BecondAry constituents in the * pot-siill ' spirit. 
Speaking generally, the percentage of every one 
of the secondary constituents usually determined 
is greater in the * pot ' than in the * patent * 
spirit, but the most marked difitorences are in 
the * higher alcohols * and * furfural.’ * Patent ’ 
spirit contains no furfural ^hen new, although 
alter storage in wooden casks it is sometimes 
found to contain traces of this substance, but 
idways in much smaller amount than m ' pot- 
still * spirit, in which it is never absent. The low 
percentage of the * higher alcohols,’ and the 
abeence of all but mere traces of furfural render 
it a comparatively easy matter to distinguish 
* patent’ from ^pot-still’ spirit. But the 
variations in the amounts of the secondary 
constituents in both clasbcs of spirits renders it 
less easy to estimate the exact proportion of 
each kind of spirit jiresent in mixtures. Com- 
parinff the ‘ pot-still ’ spirits among themselves, 
it wiu be ol^rvod that there are considerable 
variations in both the total amount and in each 
constituent of the secondary bodies. The 
Swteh whiskeys generally show a somewhat less 
total amount than the Irish, and the Speyride, 
Banffshire* and Highland samples liave a rather 
smallet amount than the Islay and Campbeltown 
samples. The latter, as well as most of the 
Iriah samples, are mainljr ’blending’ as dis- 
tingu^ed from * self ’ whiskeys. 

TThe differences between now and old * pot- 
still * whiskeys, so far as shown by analysis, are 
mainly in the increased amounts of the volatile 
and aldehydes, and to a less extent of the 
esters found in the old spirit when stored in 
wooto oa^* The higher alcohols and furfural 
appear to remain very much the same. Any 
that occur in ' patent ’ spirit are of a 
similar kind. 

* Pet-still ’ whiskey is almost always stoxed 
in sherry oai^, or in other well-seasoned wooden 
casks {hat have formerly contained similar 
spirit* A large proportion of the increases in 
the seocmdaiy constituents which occur in 
l^t stored in such casks takes place in the 
Hist fair inontiis, and Is due to a process of 
ff tfff afcliMi of l^bise products absorM in the 
snMd d the cssks mm termer ^^ts. This 


absorption is to some extent selective. The 
ethyl alcohol slowly diffuses through the wood 
of the cask and passes into the air, leaving some 
of the esters and higher alcohols behind in the 
wood, which thus becomes more or less charged 
with the secondary constituents, according to 
the length of time and other ckcumstanoes 
attending the storage of spirit in the warehouse. 

Probably also, especially when the casks are 
empty, there is some production of acids, alde- 
hydes, and esters by the slow oxidation of 
alcohols in the wood of the casks. 

A comparison of the ordinary ’patent’ 
spirits with British and foreign spirits of high 
strength which arc not usually stored in wooden 
casks, but in metal drums or vats, shows that 
the latter spirits contain still less of the seoondaiy 
constituents, and that the slight changes which 
occur in ordmary patent spirits do not take 
place in these hign stren^ spirits. These 
spirits are used mainly for technical and indus- 
trial purposes, and are often of very great 
purity, although made from molasses, potatoes, 
and beetroot sugar residues, or other materials 
not employed for making spirits intended for 
consumption in this countiy. 

Maturation or ageing , — In addition to the 
changes above referred to in the seoon^iiy eon- 
stituents due to sioring^n casks, there are other 
chanm due to the presonoe of substanoes not 
included in the ordmary analysis of spirits, but 
which have much to do with the difference in 
flavour of new and old whiskeys. Thorpe, to 
example, found indications of pyridine bam, 
aUyl alcohol, and allyl aldehyde derived teom 
the peat used as fuel in malting, and acrolrin, 
due either to the fat in the wash euttaetod fr(»n 
the grain or TOssibly from the soap which is 
oooasionally added to the contents of the still 
to prevent frothing. Sohidrowits found in new 

^pyrrole, phei^lic bodies, an alkaline 
(probablsT an ammonium salt), sulphuxetted 
hydrogen, sulphurous acid, and a trace fri 
nitriles. All of these are readily changed on 
exposure to idr and moisture, as in storage in 
casks. The pyrrole probably ^xesinifies, thu 
phenols interact with aldetydesi aridSi and 
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alooliok, forming oondenaation products; the 
eulphuretted h^^rogen and sulphurous acid 
would readlljr oxidise* and the nitriles (if present) 
rapidly oondense or be transformed into acids. 
'None of these substances was found in mature 
«2^t. 

Numerous processes have been suggested for 
the artificial ageing or maturing of whiskey. 
These are, for the most part, oxidation processes, 
as by treatment with charcoal, or (as in CarroU's 
process) by passing the spirit vapour mixed with 
air, and superheated to 300°F. through a pipe 
enclosed in a steam jacket also heated to 300°F. 
Hewitt's method, which is a de>aldehyding 
process, consists of the addition of phenyl- 
hydiazine-sulphonate of sodium or calcium to 
the low wines still, by which means the aldehydes, 
induding furfural, are held back, and the amount 
of these passing into the distillate considerably 
reduced. The effect of all these processes is to 
remove the harsh flavour of new spints and 
impart the softer character of mature whiskey, 
thus accelerating the time when the spirit 
becomes ready for consumption as a beverage, 
but without necessarily imparting to it the true 
characteristic flavour of wluskey vhich has been 
matured by long storage. 

The changes in the secondary products due 
to storage of whiskey in wooden casks and 
bottles are shown by Thorpe in Apjx^ndix Q. ix., 
X., xi. The results show that there is a well- 
marked increase in each of the secondary con- 
stituents during the first six months’ storage. 
After 6-12 months the higher alcohols and 
furfural remain practically constant, and the 
increases in the other constituents weic veiy* 
slow, After about 18 months the differences were 
within the limits of experimental error. Practi- 
cally no change occurs in spirits stored in glass 
bottles. 

Crampton and Tolman (J. Amer. Chem. Soc. 
1008, 30, 98) examined the spirit stored in casks 
by sampling annually for a period of 8 years, 


found an increase in the hi^^ alcohols 
due to the fact that the wood wasless pervious 
to these than to ethyl alcohol and wai^. The 
other secondary constituents increased rapidly 
for 3 or 4 years, and then only veiy slowly. 
An increase of furfural was probably due to the 
charred wood of the interior of the casks. It 
was found alw that water passed through the 
wood of the cask more rapidly than the ethyl 
alcohol, thus giving rise to an increase in strength* 
This is unusual and was no doubt due to the 
exceptionally warm and strongly ventilated" 
place of storage. 

Amerkan whiskey . — ^Tho United States 
Pharmacopcsia prescribes the following require- 
ments for whiskey. It should bo at least 2 
years old ; its sp.gr. should lie between 0*930 
and 0 070 ; its alcoholic content should be not 
less than 44 p.c., nor more than 55 p.c. by 
weight ; its residue not more than 0*25 p.c. ; 
the residue from 100 c.c., which should be neither 
sweet nor spicy, should dissolve in 10 c.c. of 
cold water, and this solution should be coloured 
only a pale green when treated with a drop of 
very dilute ferric chloride solution (a deeper 
colour would indicate more than traces of 
tannin). In evaporating the liquor on the 
water-bath for the residue, the last traces volati- 
lised should have an agreeable odour free from 
harshness, indicative of the alisence of fusel oil. 
Its reaction should be slightly acid, but not 
more than 1*2 c.c. of deci-normal alkali should 
be required to neutralis(‘ 100 c.c. of the liquor 
ubinu plicnolphthalcin as indicator. 

Jiye whmey is made in the United States 
and Canada from rye and malt only. Jkmhw 
whskeij (so-callcd from Bouibon C’ounty, Ken- 
tucky, where it was originally made) is preimrod 
from a mixture conristing of 50-60 p.c. maixe* 
lope, malt, and the remainder rye. 

The following table gives the results of 
analysis of Bourbon and rye whiskeys by 
St'ludrowitz. 



Descriptloo 

1 

Total 
) acid 

> 

Esters 

Higher 

aleoliols 

(A-M) 

A]dehyd< 

Furfural 

Total 

Bourbon whiskey-— 5 years . 

I 

. I 126 

99 

197 

11 

2*2 

435 

ft 

„ mature 

. , 122 

78 

129 

14 

3-0 

346 

Bye whiskey- 

—7 years . 

. 1 140 

134 

277 

20 

3*9 

675 


mature. 

. I 160 

141 

268 

18 

3*4 

590 


• « 

ft • 

. . 135 

! 125 

187 

21 t 

31) 

472 

ff ,* 

ft • 

82 

71 

150 

13 . 

3*6 

320 

»• ff 

10 yearn 

. j 70 

79 

98 


2*7 

261 

Average 

. . . . 

. j no 

104 j 

1 172 

[ 

t 

15 < 

3-2 j 

I 

428 

1 


Basolto of afudyses of 188 samples of new 
and old Bourbon and rye whiskey examined in 
the laboratory of the United States Department 
of j^eultufo (Wiley) are shown on next page. 

imMUm whiskey is sometimes jirepared 
from adong neutral or * silent ’ spirit diluted to 
the fgam strength and flavoured with certain 
eismlilbtls or artificial fruit essences, as oil of 
Utekqpmen, esnanthic and pelaigonic esters, 
0A odouied %ith catramel. Prune juice is 
added to * body * to this mixtmu. 


Fleischman quotes the following as a fedpe 
for a low grade * blended whiskey': MiritSt 
32 gallons ; water, 16 gallons ; caramel* I ol ; 
beading oil, I os. * Beading oil ' (so-called fmitt 
its use in producing an artificial bead on ebeop , 
liquors) is prepared by mixing 48 os. of awoet oS ' 
of almonds with 8 ox. of commercial fdliphiitia 
acid, neutralising with ammonia, addiim ioifMh ' 
the volume of proof spirit, and diitilititg ttMi 
^xtuie (The Art of Blending and OMnpmmidt 
Uquon and Wines, New Ywlr, 

m 'I ^ 



» I 

wmsKinr. 409 


Beicriptlen 

Total srfd 

Baten 

^ 

Alde- 

hydes 

FurforSl 

Hlfdier 

siedhois 

(A-M) 

Total 

New rye whiskeys (19 samples)— 

Average 

Maximum ..... 

11*4 

60*6 

17*8 

2*4 

266*4 

348*6 

28*2 

132*8 

86*0 

6*2 

378*4 


Minimum 

Old rye whiskeys (76 samples) — 

2*6 

8*8 

0*0 

0*0 

187*0 



Average 

147-6 

137-0 

27*6 

4*6 

362-0 

661*8 

Maximum . . . , • 

312*4 

287*4 

47*2 

14-0 

585*8 


Minimum 

72*8 

60*0 

4*4 

0-8 

146*6 


New Bourbon whiskeys ( 1 8 samples) — 







Average 

16-4 

45-0 

7-8 

1-7 

229*4 

300*3 

Maximum 

39*2 

112*8 

' 36-2 

12-8 

343*4 


Minimum .... 

3-6 

i 8 

0-0 

1 i 

trace 

1 

70*6 


Old Bourbon whiskeys (75 samples)— 

i 


Average 

Maximum 

137-6 

103-6 

19*4 

1 3-8 

287*2 

551*6 

203 8 

1 209-0 

46-4 

1 16-2 1 

5170 

1^ 

Minimum 

69-4 

1 39*0 

1 

7-2 

1 1-4 

50*4 



AdvUfraAion of whiskey . — Under Sect. 10 of 
the Licensing Act, 1921, whiskey (like brandy and 
rum) may not be sold below a strength of 35 p.c. 
under proof unless the fact of dilution is notified, 
and the great majority of prosecutions under 
the Act for the adultc^ration of whiskey arc on 
imcount of dilution with water bellow the legal 
limit of strength. For the method of ealrulating 
the degree of dilution, see art. Brandy. 

Sometimes a neutral or * silent ' spirit made 
from substances other than grain (as potatoes, 
beet-sugar residues, &c.) is mixed with sufheient 
genuine whiskey to give it a more or less whiskey 
character, and such adulteration is bi^st detected 
by expert tasting (* d(*guatatioii ’) combined with 
a determination of the secondary constituents 
and a oomparison of the relations which they 
bear to each other. 

Amongst the various substances alleged to 
have been used for the grosser forms of adultera- 
tion may be mentioned creosote, fusel oil, 


methylated spirit, sulphuric acid, and salt. 
Traces of copijer, tin, and lead have been found 
as accidental impurities derived from the stills 
and other apparatus employed. 

In consequence of representations made as 
to the deleterious eharacter of the whiskey sold 
in public-houses in the pCK>rpr class districts 
of the larger towns in England, Scotland, and 
Ireland, and at fairs and markets, particularly 
in the west of Ireland, an investigation into the 
matter was made some years ago by the Excise 
Authorities. Nearly 100 samples were taken 
from all parts of the United Kingdom and 
analysc^d in the Government Laboratory, but, 
apart from the fact that most of these consisted 
mainly of plain patent-still spirit, no evidence 
of the presence of the deleterious adulterants 
above referred to could be found. 

The results of analyses (showing the 
maxima, minima, and averages) are summiarised 
in the following table (Thorpe) : — 



Volatile 

acid 

England (38 samples) -- 


Maximum 

* 25-1 

Minimum 

1-4 

Average 

73 

Seodatid (23 samples)— 


Maximum 

18-0 

Minimum 

1*2 

Average 

6*1 

Ireland (30 samples)— 


Maximum 

64*6 

Minimum 

1*4 

Avenge 

8*2 


There is no legal definition of ' whiskey ’ in 
the United Kingdom, but numerons anggesiiona 
mm tturie by witnesses before the Select Com* 
g^ttei m Bntlih and Foreign Spirite in 1890-1, 
nod the Beyal Oommiesion on Whiskey and 
Mm Fetn& Spfadts in 190M, diiering 


Aide- 

hyUes 

Esters 

Higher 

alcohols 

Furfural 


22-6 

127-9 

310*5 

1*0 

370*7 

2-2 

30-1 

11*2 

Nil 

67*0 

0-0 

S2-2 

95-8 

• 

0*7 

165*0 

23-8 

85-7 

U9*6 

1*6 

260*6 

1*7 

30*8 

43*7 

Nil 

77*8 

10*5 

47*2 

88*2 

0*6 

162*5 

37*2 

71*6 

649*2 

4*2 

767*3 

2*4 

29*5 

32*2 

Nil 

73^ 

11*1 

47*8 

232*0 

1*2 

300*8 

K.,.. 


essentii^y in principle and depending ckMf 
upon the point of view of the witness. 

The strictest definition suggested was 
* whiskey ' should be manulaotuted in a pet em 
exclusively and from certain nreaeiibed mabMHtlir 
grown in the country, as inaltA haihijr slnni^ 


f 


WHXSKXY* 


the oaie ol * Sooteh ' nrhidcBy, and malted barley 
^th nnmalted gtaln (barley, wheat, oate, or 
lye) in the oaee of *lim ’ whiskey. 

Others woold admit patent-still spirit, 
restrlotiiigy however, the materials to cereal 
grama (including maize), and the saccharifying 
agent to the diMtase of malt, whilst m a few 
oases the extreme view was held that no restric- 
tion should be imposed either on the materials 
used or the process of distillation. 

Since much of the barley used m both 
Scotland and Ireland is of foreign grovth, the 
defimtion of Scotch and Insh whiskey cannot 
well exclude the use of foreign gram, and there 
fore maize (which came into use in 1^6 immedi 
ately after the repeal of the Com Laws) is not 
excluded in the manufacture of * whibkcy.’ 

With respect to the blending of patent-still 
made from gram with pot -still spirit, it 
urar held that since whiskey (consistmg as it 
does of alcohol and water, with certain by- 
products denved from malt and gram) docs not 
cease to be whiskey when diluted with water, 
so the addition of patent still spirit, also made 
from gram, does not remove the mixture out of 
the cat^oiy of * whiskey.' 

After full consideration of all the evidence 
the Royal Commission of 190S-9 arrived at the 
following conclusions and definitions — 

(1) ^at the term * whiskey ’ ha\ing been 
recognised m the past as applicable to a potable 
spirit manuf^tured from (a) malt, or (h) malted 
and unmalted barky or other cereals, the 
application of the term * whiskey ’ should not 
be demed to the product manufactured from 
such matenals. 

(2) That no restnctions should be placed 
upon the processes of, or apparatus used in, the 
distiUation of any spint to which the terra 

^ • whiskey ' may be apimed as a trade dc scnption 

(3) De^nttwn — * Whiskey * is a spirit obtainc d 
by distillation from a miush of cereal grams 
saoehanfied by the diastase of malt, that 
* Scotch whiskey ' is whiskey, as above defmed. 


^bstOtod in Sootland; and *IrUli wU^* li 
whubiy, as above dafiimd^ dis^^ 

WHITE AXTIHOHT. VaknHnUe e. Am* 

MOWTj 

WHITE ARSENIC. Arnnuma oxide v» Am* 

61SKIC. 

WHITE COPPERAS. NnUve ferric etUphaU 
or coquimhite Fe,(S0|)a,9H,0. 

WHITE IRON PYRITES. Feme sulphide 
or tnarcaaiie FeS^v, Ieon. 

WHITE LEAD v, Lxad ; also Paints and 
PiQHXNTS. 

WHITE LEAD ORE v. Ce&xtssitb 

WHITE METAL v. Tin. 

WHITE MUNDIC. Jlftaptclci v. Absxnio. . 

WHITE PRECIPITATE. Mereune am 
mofiium chloride v. Mbbcury. I 

WHITE SAPPHIRE v. Cobundum. \ 

WHITE VITRIOL. Zttie sulphaie \ 

ZnS04,7H|0t; Zinc. ^ 

WHITMGr Cbalb. 

WIIKITE A rare mmeral consistmg of 
tantahe and titanic acids, zireonia, silica, cenum, 
and yttrium earths, tbona, uranic oxide, ferrous 
oxide, &c , and of interest in containmg scandium 
(ScjO,, 1*17 pc) in rclativcU large amount. 
It IS a black, brown, or yellow, amorphous 
mmeral rcbtmbhng euxemte or ytticdantalite in 
appearance, and has been found, t<»gother with 
monazite, in a fe!s|)ar quarry at Impilaks, Lake 
Lagoda, Finland. It suppluxl the material for 
Crookes 8 work on wandmm (Proc Roy, Soc. 
1998, A. 80, 510 , Phil Trans. 1908, A, 200, 15). 
Orthite from the same locahty has also been 
found to Gontam 0 8-1 0 p c of seandia (R. J. 
Hey on, Sitz Ber Akad Berlin, 1911, 379). More 
recently, a mmeral (ontaiimig scandium as 
an oasential constituent has hern desenbed (r. 
Thoriviititr) L J. S. 

WILD RICE. A comparison between wild 
rice (Zizanta aguahea) and cultivated nco gave 
the following analyses for wild nee — 


Moisture. 

Ash. 

Protein. 

Ether 

Extract* 

Fibre. 

Starch 

Soluble 

carbohydrates 

p.c. 

po 

p.c 

pc. 

pc 

InC, 

as dextrose. 




{ 


p.c. 

774 

1*09 

13 36 

046 

1.39 

05 26 

1 2*98 

7*85 

138 

f 13*97 

0 89 

1*41 , 

01*69 

( 369 

8*93 

t M7 

14 62 , 

0 72 

1*94 * 

60*47 

2*33 

783 

1*25 

1440 ' 

006 j 

129 

62*03 

298 


Although these results show a high proportion 
ol protems m wild noe, both th^ and the 
tnineral salts present are of a variety unsuitable 
for dietetic poxpoees. There is just sufficient 
Vitamin A to prevent xerophthalmia, but not 
®ough to promote growth. Wild noe is some- 
what eiqmor to the cultivated vanety as regards 
its content of vitamin B, but still is not an 
F ^Kennedy, J. Agnc. Res 
Analyst, 1924, 49, 342), 
W MEITEu . Thaomasiti. 

WUUWXIL A mineral consistmg of zme 
orthi^lknto Zn«Si 04 , crystallising m the 
tho^Mral mtem (with paraUel.^ hemi- 
Hedilittt). It ia abundant at FranklmFuinaoe, 


and Sterling Hill in New Jersey, where it it 
nuned, together with zmeite and franklmito* aa 
an ore of zme (Zn 55*5 p.c ). Here it is 
massive, but a few clear j^niatto crystals of a 
pale ambcr-yclbw colour, and up to cm. in 
length, have been found. Some of Uim batn 
been out aa gem stones. Portions of tike bHiof 
Goiourod or dearer massive material H also luit* 
able for cutting as gems. The minofit bii slan 
been found at a few other localitiei, but mif k 
mmg amounts, It varies oonskbiiblY k 
colour, being ydlowiah, a]»>lo«green| flsdtfSid^ 
Ac, ; tbc lustre is vtticoua to uetibiOQl; IMb 
H. 54. TmoHk la a 
tainiug up to 10 of iinO 


h 




WBr& 


ojriddi Ibimd u licgd voug^ ttyMa »t 
Wli«iiBtnidcwithAh«mBiA 
wium espofled to the emaimtions of a radium 
■wt, the xxkuieial displays a brilliant gteen phos- 
phoxeBoenoe* Onrstala of anillemite have been 
obtained artificially, and have also been observed 
in slags and in the muffles of zinc furnaces. 

L. J. S. 

WILLESDEN FABRICS AND PAPER o. 

CSLLXJLOSB. 

WILLOW BARKS e. Tannins. 
WILLYAJHITE e. Ullmannitb. 

WINE, Wine, strictly speaking, is the fer- 
mented juice of the fruit of viiiB vtnifera. The 
term BrUiah wines is applied to beverages made 
after the manner of wine from substances other 
than the juice of fresh grapes. 

The vine is cultivated for the manufacture 
of wine in the middle and south of Euroiw, the 
northern and southern extremities of Africa, 
some of the western parts of Asia, the islands of 
the Atlantic, portions of America — ^from the 
Potomac in the north to the centre of Mexico 
in the south — ^in Califoniia, and in Australia. 
The number of vaneties is very laiw; but 
experience shows that the vines employed in 
particular districts should (dther be indigenous 
to those districts or bo improved varieties of the 
indigenous strain. Thus, Euro]^an vines when 
tried in America were but partially successful ; 
whilst, on the other Iiand, American vines trans- 
planted to the (fironde degenerated and yielded 
no potable wine. The vino grows on chalky, 
silicious, aluminous, and magnesian soil, best | 
along the borders of rivers, and on ground which, 
though not itself soaked with water, can con- 1 
stantl^ attract it from the subsoil. | 

Vintage and The methods of | 

pn^eduro vary with the character of the wine 
— w'hethcr white or red wine is to bo pro- 
duced. The practieo as regards the period of 
ripeness at which the grape is gathered varies 
considerably ; thus, in the case of champagne, 
where the greatest attainable nalcnoss is desired, 
the grapes are gathered before the point of 
fullest maturity, whereas tho wines of Burgundy 
are vinta^d when tho grapes produce the deepest 
colour. Wines from imperfectly-ripened grapes 
require longer time to mature after manufac- 
ture, and, theoretically speakmg, the mpes 
should hang until exoessivo dryness or danger 
of ho9% threatens ; but other and conventional 
coaiiderations, such as colour, have to bo taken 
into account. In exceptional instances, as in 
the SautoTue district, those berries only are cut 
out of the bunch which have attamini the 
desired point of ripeness; but the common 
praoiioo is to gather all the grapes carried by the 
vines, the vintagers either separating immature 
and spoiled berries as they proceed, or carrying 
the whole bulk to a kind of specialist, who per- 
lonns ibis part of the labour. Whichever course 
may be taken, the selected fruit is carried to the 
piess house, a^ the question then arises whether 
thestidhs axe to be removed or pressed with the 
gmpes. In tho case of white wines tho almost 
milvexial piaotioe is to leave the grapes upon 
the itslbt for the reason that the resulting 
Bquor is almost at once separated from the 
. matOi ami helm the mtringent principle of 
omi he oomimiideatea to it. whexeas 
Tm Mhn ifiM ha hlfewed to xemain upon 


the marc for some tame, and the stalks m 
removed. The oommonest mode of separation 
is tb cause the grapes to pass through a aeries 
of sieves, by which the stalks are retained. The 
grapes are now crushed, either by being trodden 
underfoot in vats or by being passed through 
machines furnished with grooved roUers, the 
one thing to be avoided in either case being 
the bruising of the seeds and stalks if these 
have not been removed. The next process is 
pressing. The machines employed for this 
purpose were formerly boxes, so made that the 
must was expelled ttough apertures by bumf- 
incumbent pressure exerted oy a screw ; out 
latterly centrifugal machines have been em- 
ployed, with a saving of labour and time. In 
white wines the must is separated as much as 
possible from tho marc before pressing ; whilst 
m the preparation of champagne the grajmjywe 
not crushed at all previous to being pla^pfn 
tho press. In pressing grapes for the manu- 
facture of champagne the pressure is so regu- 
lated that the juice is separated into four 
fractions ; generally, 4000 kg. of grapes yield 
a first fraction (cuve'e) of 20 hectolitres of juice, 
second and tfai^ fractions of 3 hi. each, and a 
fourth fraction of 2 hi. The first firartum is 
the most valuable and yields a wine contaming 
a relatively higher quantity of total acids snd 
freo acids (tartaric and malic acids); the 
2 )resen(*e of these acids increases tho ledstaaoe 
of tho wine to ‘ sickness ' and to the action of 
bacteria. The keeping qualities of the wine am 
also due to tho fact that only very small quanti- 
ties of nitrogenous substances, phosphatm, and 
potassium ssdts are present. The other fractions 
of the juice are less valuable, and the wines pre- 
pared from them are more readily attacked hy 
micro-organisms (£. Manceau, Ann. Fakil, 
1923, 10, 517 ; J. 8oo. Chem. Ind. 1924, 43, ^ 
B. 227). According to L. Mathieu (Chimie et ^ 
Industrie, 1923, 10, 847), white wines are liable 
to the same causes of turbidity as red wines, 
but the effect is more marked, as a slight hsse, 
imperceptible in a coloured wine, oom|de^y 
destroys the limpidity of the colourless wine. 
The author classifies turbidity— under which 
heading he includes all degrees of haze, from the 
pale bluish fluorescence due to the most mirmte 
particles, to actual cloudiness with visi^ 
particles— under two headmgs : (1) normal, ie* 
arising in the actual constitution of the wine, 
such as bacterial infection, cloudiness caused 
by chillmg or heatfhg, or by oxidatton of 
resinous subsiances or the mutual interaction of 
the constituents of Uiq vine, and (2) aoddenti^ 

».c. caused by some irreguli^ty or oversight ht 
the manufacture or manipulation. As in the 
case of other wines, one of the most frnitiMi 
causes of trouble is Ihe presence of iron in mose 
than insignificant traces. This may krise from 
the use of unprotected iron vessels. The rM 
exclusion of iron vessels, unless the metal 
protected in some way from the attwfr of llm 
acids of the fruit, is essential (J. Inst 
Abstr. 1924, SO, 234). In the ease of rsd ' 
tho colour is obtained by allowingthe jnimfrM 4 
^e crushing to ferment, alter wmoh it is 
with the pm husks, whereby th4 xomfrte n 
amount of colouring matter is dlssolvdu > flf^ 
muoh of must as can be drawn of by hllk 
fr run of that means, aiid the inai»)i; — 








( 


the two portions of tlie must are then added 
tether. The proportion of must depends upon 
whether the stalks are removed or not ; in the 
former case it is about d5-97 p.o. of the whole, 
in the latter it may only be 70 p.c. 

!^e following is a summary of analyses by 
Kbnig of a large number of musts of different 
origin 

Other 

Nitre- non-nitro- 

Speoifle Water genous genous 

gravity pc. matter Sugar Arid matter Asli 

Hiuimum , 10690 51 ‘53 O'll 1280 0‘20 1 ‘08 0 20 

Maximum . 1*2075 82 10 0‘57 35 45 1*18 11*62 0 63 

Average . 1*1024 74*49 0*28 19*71 0*64 4 48 0*40 

Fermentation. — The natural fermentation of 
grape juice is due to the action of various yeasts 
{Sacclmemycte Elhpsoideust S. PastoriaMtn, 8, 
Marxians f d;c.) existing on the skin of the grape, 
and to * Zymase * and other enzymes present in 
the^uioe. Sergent and Rougebief {Compt. rend. 

, 1924, 178, 732 ; J. Soc. Chom. Ind. 1924, 43, 
B. 207) have drawn attention to the dissemina- 
tion of grape yeasts by insects. They concluded 
from their experiments that certain insects, 
particularly Drosophylat play an important 
part in spreading the yeast. White winc.s are 
generaUy fermented at a temperature of 10® 
or 12° in barrels with only the bimghole open 
for the escape of carbon dioxide, lied wines 
are generally fermented in vats open at the 
top, on account of the bulk caui^ by tlie 
retention of the hubks and the necessity of 
stirring, an operation variously performed 
daring or at the completed jioriod of fermenta- 
tion, according to the district. The higher 
the temperature the sooner the fermentation 
is finishM; at low temperatures a moderate 
fermentation takes place, which becomes more 
violent as the liquid becomes warmer, and 
reaches a maximum at 27 °. By the employm(mt 
of high temperatures a must rich in sugar can 
be converted into a wine feebly alcoholic, sweet, 
and yet having tasting properties, liledium 
musts are best fermented at from 20° to 24°, 
and this temperature is reached when the fer- 
mantation begiM at 15° When fermentation 
is completed— t.e. after 10 to 14 days— the 
liquor has become clear, the yeast cells and other 
suimaded matters are deposited at the bottom 
of the vessel, and the * young * wine is racked off 
and allowed to rest for some Weeks. 

The young wine slowly loses its sugar by 
after-fermentation, and albuminous substances, 
colouring matters, to^eth6r with the acid potas- 
Siam tartrate, and calcium tartrate, separate out, 
forming a crust known as argol or argal {q.v* ; 
also Tabtaiuc acid). It is then racked again 
into clean casks (which are often ‘ sulphured ' 
before use), fined, if necessary, with isinglass or 
white of egg, and occasionally with dried blood 
or w!itli|M>tawium ferrocyanide. When clear it 
is rackea again and sometimes pasteurised before 


is racked again and sometimes pasteurised before 
being bottled or stored in casks to mature. 

hjiiunct of the * marc ’ on wine.— By allow- 
ing the skins and stones of ripe grapes to remain 
ilk contact with the must, the resulting wine is 
Mdd to improve in bouquet, Ac., and is less liable 
to beoc^ stale and ropy. In order to redden 
wine vitli the skins of black grapes the tempera ^ 
tola w'ihe wine should be between 15° ana 17". I 
Bad pegm im|»rt to white and red wines I 
a Wwi eoloiir. 9uoh wines soon be^me 


turbid. Bad grapes and mildewed skins, as well 
aft bad casks and puncheons, preoipltate the red 
oolouring matter, so that the winsr beooxnes jpsle* 
The following are some of the oases in which the 
treatment of wine with * mare * has been sueoess- 
ful: Wine which is muddy and oannot be 
clarified by the ordinary fining agents ; wine in 
which a fining agent has been used which failed 
to sink to the bottom ; wine which has become 
weak and flat ; wine which is assuming or has 
assumed a black colour ; wine having a barrel 
taste or a by-taste ; wine which is ‘ corked ’ ; 
wine remaining after casking off; and wine 
which is obtained by pressing the lees. In oases 
where the fermentation of new wine has been 
chocked suddenly, the addition of marc prevents 
the separation of yea^t (J. Nessler, Chem, Zentr.] 
1882, 265; Chem. Soc. Abstr. 1882, 1014)J 
Wines from pressed marc have a greater contend 
of extract, tannin, ash, total and ammoniaoal\ 
nitrogen, phosphoric acid, sulphate, and chloride \ 
than wines from the vat (Hugues, Ann. Falsif. \ 
1925, 18, 347 ; J. Soc. Chem. Ind. 1926, 44, 1 
B. 936). 

CmnpMifiow.— Wine contains alcohols, gly- 
cerol, acids, salts, extractive matter, and those 
principles which give to it its particular colour, 
special flavour, smell, or bloom (bouqudf Blame), 
Wliilst some of the constituents can be accurately 
isolated and described, others can only bo 
detected by I ho smell. 

The princijial alcohol is ethyl alcohol. In 
rare instances some butyl alcohol, and m others 
amyl alcohol, together with ethylene glycol and 
)9obutyl glycol (Heniiigci) ai\‘ pK'sciit. The 
quantity of alcohol in natural wines from grapes 
vanes from 6 to 12 p.c. by weight, or from 
13 to 26 p.e. proof spirit, but these limits are 
('xtended m exceptional cases. The quantity 
of glycerol is usually from 7 to 14 p.c. of the 
alcoKol present. 

The principal acids present are tartaric, 
malic, and tannic acids, due to the original 
grajie juice, and carbonic, formic, acetic, and 
succinic acids as products of fermentation. 
These greatly aid in the preservation of the wine 
by preventing the formation of fungi. Traces 
of ])ropionie, butyri(‘, and oenanthie acids also 
occur m ww, together with acetaldehyde and 
possibly some of its homologues. Salicylic and 
bone acids have also been found as natural 
constituents of wiIl(^ As regards the origin of 
the fixed vegetable a^ids of wine, H. Brunner 
points out (Chem. Zentr. 1877, 4) that malic, 
succinic, glycollic, and oxalic acids— which are 
found in unripo gra])OH, together with tar« 
tarie acid— may either lie formed by direct 
building up of the molecules in the plant, or 
their formation may be partly direct and partly 
indirect. 

Tartaric acid occurs mainly as the dextro** 
variety; Issvo-tartario acid is only of com* 
paratively infrequent ooourrenoe. If tartaiie 
acid is not found— as, for example* in oerti^ 
samples of sherry— its absence is probably duo 
to its removal by ' plastering,* to which refus 
cncc is made later on. The amount of free artd 
in sound wine* reckoned as tartaric add* wfoi 
between 03 and 0*7 p,o. (kndttsive of vobdle 
acid, which should not exceed 0*15 » 

greater anmont tham thte imparte souineM 
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It e«n be demoneteated in the kboratoi^ 
tbat the tot veduetion produote of oarbonio acm 
are lormio and oxalic acids, and that, from the 
latter, we can (by the action of hydrogen) pass 
snocessiYely through glyoxylic, tart&c, and 
malic, to succinic acid, and all these acids have 
been found in the grape in its various stages of 
growth. The principal reactions may be 
represented as follows : — 

2 CH, 0 ,+Ha=Cs,H, 04 + 2 H, 0 ; 

Carbonic add. Oxalic add. 

Glyoxylic acid. 

2C,H/)a-HH,-C4HeO,; 

Tartaric add. 

C^H.0,+H8=C4H,0,^H,0; 

Malic acid. 

C«HaO.-f Ha-C4He04-l- H,0. 

Succinic acid. 

The characteristic smell of wine is said to 
be due to csnanthio and other esters. Those 
esters probably confer the bouquets which dis- 
tinguish one vintage irora another. Among 
them aw* acetopropyl, butyl, amyl, eapryl, 
butyro-ethyl, caprylo -ethyl, capro-ethyl, and 
pelargo-ethyl, and the tartaric esters. 

According to Jacquennn ((Vuupt. rend. 110, 
1140), the charaetciistic bouquets of wines are 
due to the sjK'cial eharacteis of the yeast used 
in each district. One and the same must 
fermented with the yeast obtained from several 
diHerent districts gave ^lues having the bouquet 
(characteristic of the district from which the 
particular yeast had come. 

Bab(» states that the bouquet of the wine 
from Riesling grapes is produced bv the action 
of frost ; wines from other graiies also jmssess a 
like bouquet if the grape^s are frozen. Rommer i 
(Bull. Soe. chim, [in,] 2, 207) fermented the juice 
of an inferior grape and of hot-hous(' grapes 
respectively with yeast cultures obtained from 
the Champagne, C6te d'Or, and Baxy districts, 
and found that in each case the wines had the 
bouquet of those from which the yeast has been 
derived. Certain of the odoriferous principles 
ate no doubt in the nature of essential oils, 
which have not hitherto been isolated owing to 
their small amount and extremely unstable 
character under the influence of heat and 
air. In order to retain th<* bouquet, uines 
should be bottled as soon as tiiey have attained 
their maximum bouquet. 

According to Bertludot, the amount of the 
estsrs in wine is, after a certain time, a constant 
quantity inde]H'nd«*nt of the nature of the 
mcohols and acids, but a function only of their 
reiativc amount ; If A be the percentage weight 
pf alooho) in the mixture, a the amount of alcohol 
equivalent to the total free acid contained in 
one litre of wine, on the assumption that it is 
acetic acid (46 alcohol -» 00 acetic acid), y the 
nroportiott p«c. of a present as ester in one 
litre of wine when the alcoholic strength of I 
the wine is A, and x bo the amount of alcohol 
fuesent in the compound others of one litre of 
wines then I 

y«l*nA+2*8 
yxa 

Ite aloohob otlier thao ethyl alcohol present 


m kft out of the account, hut as thi^ ace insig- 
nidcant in amount the error is trifling. This 
formula afioeds a mode of judging of the age 
and genuboness of wines, except in the case 
of very young wines, or wines which have been 


of very young wines, or wines which have been 
recently fortified, the esters in these cases being 
less than that required by the formula. The 
maximum esterification is reached in from 4 to 6 
years. The alcohol obtained by the decom- 
position of all the esters rarely exceeds 0*06 p.o. 
of the wine. (For Thudichum and l)upT6'8 
method, v. their Treatise on Wine, 203.) 

Sugar in teine.— The sugars occurring in 
must and in wine are dextrose and IssyuTose. 
Cano sugar is never naturally present in must, 
but it is sometimes added, as in the case of 
champaipe, but even then it is rapidly trans- 
formed into invert sugar. Glycerol is formed 
as a by-product of the growth of yeast during 
the process of fermentation, and is acoompshied 
(amongbt other changes) by the decomposition 
of bugar. For every 100 parts of sugar which 
di->appear, fnim 3 to 4 parts of glycerol are 
produced. After complete fermentation the 
sugar seldom reaches 0*5 p.c., but when fer- 
mentation is arrested by the addition of alcohol, 
as in the liqueur wines of France and Spain 
made from dried grapes, and the sweet wines 
of Hungary, the sugar may be as much as 20 p.c. 
or more. In some wines — as e.g. Sautemes and 
sweet Rhine wines— sugar occurs in the form of 
lUObitol. 

The colouring maUere in wine are due to 
two sourceb. In white wines — which range from 
an almost colourless liquid, as champagne, to 
the deep yellow sherry — the colour is derived 
from the oxidation of "the so-called extractives 
contained in the juice, which, as was before 
explained, is sejiarated from the husks as quickly 
as pobhible. The grapes of some of tho best 
rt*d wines yield an almost colourless juice if 
pres8(*d before fermentation, and it is only by 
the joint action of alcohol and acid upon tbs 
huslm, stalks, and seeds during fermentation, 
that the red colour is extracted from the mare. 
Mulder separated tho colouring matter con- 
tained in red wines by means d lead acetate, 
and found it to consist of a substanoe which was 
bluish-black in colour and amorphous in struc- 
ture. It is only sparingly soluble in alcohol, 
insoluble in water, ether, chloroform, carbon 
disulphide, oil of turjpentine, oil of olives ; but 
solublo iu solution of tartaric acid or cream of 
tartar, and in alcoBol containing a trace of 
acetic acid, dbe saturated solution showing a 
blue colour ; more acetic acid turns the sohitto 
red. It is soluble also in alcohol oontainhig 
tartaric acid, exhibiting a red oolour, but 
neither of these acids renders it soluble in Otlutr 
or chloroform. The oolour of wine, conse- 
quently, depends both upon the amount of 
eolourmg matter and the amount of free add 
contain^ in it, as the violet colour beoonies 
tedder in proportion to tho (jnantity of free add 
acting upon the blue cobunng matter. 

The colouring matter precipitated by hydfo* 
ohloridaeid-'-in which it is deposited slowiy et 


the ordinary temperature, but mom xauidh on 
boilmg---has been examined by Tertdl (Bqil 
See. ^m. lii.1 44, 2). The piedpitata mmf$ . 


contains a substanoe tesemUiiie ubnio odd» fmiNi 
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out by alcohol Thus obtained it fonna biittla flltnite» The extfftoted eoloiuing matter way 
▼aroiah*like scales, insoluble in water and ether, ft concentrated and preserved & glycerol for 
bntreadilysolubleinalooholformingabiownish* use in confectionery, &o* The maximum 
red solution with a slightly yellow tinge. Acids amount found wae 17*2 gnns. per litre in 
change this colour to an intense red, while alkalis Algerian wine. 

give a green coloration, which ohcmges rapidly According to Willst&tter and Zollinnr 
to a brownish-yellow on exposure to the air (c/. (Annalen, 1915, 408, 83 ; 1916, 412, 195) tne 
0. Griessmayer, Dingl poly. J. 123, 531 ; Ohem. colouring matters of wine, viz. oenidin and osnin, 
Soc. Trans. 1887, 368). arc derivatives of delphinidin. (Enidin, which 

The ^nerally held view that the browning has been isolated from the black Italian grape, 
of wines is due to unsound grapes is not correct, is the dimethyl ether of delphinidin, and 
The presence of stalks in the fermenting mash osnin is the monoglucoside of Gsnidin. 
contributes appreciably to browning. Very The pigments present in two varieties of 
acid wmes are particularly prone to browning. Amencan grapes, namely, Norton {VitU 
The browning is most prombly due to the V.Sz&rtMca) and Concord (F./a5mca), 

oxidation of tannin-like substances of phenolic have been examined by the methods of Will- 
character by the action of oxidases or by auto- statter and Zollinger (Annalen, 1915, i, 295 ; 
oxidation, or probably by both processes. It 1917, i, 47). The same anthocyanin chloride, 
can be prevented, at least to a considerable C2gH25022Cl,3H20, has been isolated from ftth 
extent, by immediately pressing the grape mash, varieties. On hyc^lysis, it yields dextrose wd 
but this course is not always possible in practice an anthocyonidm chloride, CpHjgOfClliHlO. 
(H. Miiller-Thurgau, A. Osteiwalder, and The substances are identical in composition wh 
H. Haller, Landw. Jahrb. Schweiz, 1923, 37, the oenin and a^nidm chlorides obtained by 
215 ; Chem. Zentr. 1923, 74, [iv.] 1010 ; J. Soc. Willstattor and Zollinger from European grapes 
Chom. Ind. 1924,43, 109). (F. vinifera), but they differ from these sub- 

The browning of wines, which is not only stances in that the anthocyamdin contains only 
accompanied by a discoloration, but also with a one methoxyl group, whereas esnidin contains 
strong turbidity and on unpleasant flavour, can two. The colour reactions are, moreover, 
be arrested by the use of sulphur dioxide in the different. The anthocyanm gives with ferric 
form of potassium metabisulphite, which is chloride in aqueoui solution a purple colour 
added to the juice in the cask before fermenta- which quickly fades to light brown, and in 
tion. The yeasts can withstand without nsk alcoholic solution an mtense blue which changes 
quantities of sulphur dioxide towards which to purple and finally to wine-rod ; the antho- 
Backrium graeik, which effects the decom- cyanidm gives with the same reagent both in 
position of malic acid at the close of the fermen- aqueous and alcoholic solution a momentary 
tation, is sensitive. The inhibition of the purple colour fading to an almost colourless or 
decomposition of the acid, whether it be tern- family yellow solution. Evidence of the 
porary or complete, is mainly dependent on the presence of a diglucoside has also been obtained 
quantity of frm sulphur dioxide. Further, the (B. J. Anderson, Bio-Chem. J. 1923, 57, 795 ; 
duration of time during which the sulphur J. Ohem. Soc. 1924, 126, i, 251 ). 
dioxide remains in the free condition must be Some additional colour is imparted to W'hite 
borne in mind, as combination proceeds at wine by the tannin extracted from the oak 
different rates with different juices, and there- casks during maturing. On the other hand, 
fore the action of the same quantity of sulphur the natural colouring matter of red wine is 
dioxide is not always identical. The commence- reduced by the operation of fining as well as on 
ment of the decomposition of the acid is, more- ageing. 

over, influenced not only by the number of acid- Caramel is frequently used to colour white 
decomposing bacteria present, but also by the wines (e.y. brown sherry), and occasionally boiled 
nature of the juice and its chemical composition, must is added either to the juice before fermenta- 
€.g. ibe content of tartaric acid. From very tion or to the finished wine. (For foreign colour- 
extensive experiments it was found that the ing matters, see below.) 
addition of iA grms. of K 2 S 2 O. to a hectolitre Tannin is derived from the grape skins and 
did not in any case hinder the decomposition of stalks, the juice itself being practically free, 
the acid. With 5-6 giml. inhibition was pro- It is sometimes added, however, to champagne 
duoed witii juices rich in tartaric acid, and by and other white wines4o prevent * scuddiness ’ 
^addition of 7’5-8g^,ofK^iO| to different or turbidity. The natural tannin of grapes is 
juices a slight retardation was ODserved. Quanti- decomposed by acids or by fermentation into 
ties of 19-14 grms. of K 2 S 2 O 2 per hectolitre, glucose and an acid which is not gallic 
ooneqpondin^ with an initial content of free acid. 

sulphur dioxide of 28 mg. and more per litre. The albuminoua svbatances in the grape, 
produced complete inhibition of the decom- which set up the ferment, ought by that action 
position of the add (H. Miiller-Thurgau, A. to be removed in the yeast vmen the fermenta- 
Osterwalder, and H. Haller, Landw. Jahrb. tion is properly carried out, and should not 
Schwdz, 1923, 37, 241; J. Soc. Chem. Ind. exceed 4 parts per 1000 of wine, unless the latter 
1924, 48, B. 109). has been * fined.* The albuminous matter is 

colouring matter of red wines may be also reduced by * plastering,* and in dd wines 
esrimated with sufficient accuracy for technical it is thrown out together with tannin and 
pQiiNsias by the method of Cari mantrand (Bu^ colouring matter. In imperfecUy levftiented 
Soc* ohhn. 1906, [iii.1 35, 1017), by preciintating wines a certain amount remains, and, in the ease 
idih M acetat^ decomposing the precipitate of white wines, may aMin rendw them liaUe to 
with sulphuric add, filtenng, and weighixm the fresh fermentatton. In red wines this danw 
feildue from an evaporated portion of the Is obviated by the presence of the tamiiii of the 
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Dhe sm^ quantity o! amnuma which is 
present in grape iuice, or is formed during 
fermentation out of albuminous substances^ is, 
for the most part, precipitated during fermen- 
tation as magnesium-ammonium phorohate ; a 
small amount, however, remains, and in some 
wines is accompanied by minute traces of 
trimethylamine. 

Under the term * extractives' some chemists 
include all matters other than water, alcohol, 
and volatile acids ; others only those substances 
which are not volatile up to 100° or 110°. The 
latter would, however, exclude glycerol, which is 
properly included amongst the extractives. The 
composition of certain constituents of the 
extract which contribute to the smell and taste 
of the wine is still very obscure. The extractives 
are, of course, abnormally increased by plastering 
and addition of sugar (v. infra). 

The mineral constituents of wine, as found in 
the ash, are potash, soda, and hme as phosphates, 
chlorides, carbonates, and sulphates, traces of 
iron, magnesia, and silica, and occasionally 
alumina, lithia, and manganese. In pure 
natural wines the ash rarely exceeds 0*3 p.c., 
but may be much higher in wines which have 
been plastered, or to which alkalis have been 
added to reduce their acidity. 

As regards the amount of alcohol^ a very 
comprehensive sot of tables, embracing the 
results of the examination of 133 wines, is given 
by Thudichum and Dupr6 (Treatise on the 
Origin, Nature, and Varieties of Wine, 123-304), 
from which the following rismd is compiled : — 


Strength of wines 
in degree of 
proof spirit 
. 16*2-.26*3 
. 180-36*2 
. 26*7-47*7 
. 35*5-31*3 
. 21*9-46'5 
. 19*2-22*4 
. 17*8-36*1 
. 36*1-52*7 
. 38*2-31*1 
. 34*99 

. 23*5-40*1 


German wines, 35 samples 
French wines, 22 samples 
Spanish wines, 22 samples 
Sicilian wines, 6 samples 
Portuguese wines, 14 samples 
Hunsarian wines, 10 samples 
Qieek wines, 8 samnles . 

Cape wines, 7 samples . 

Atlantic Islands, 3 samples 
Elba wines, 1 sample 
Australian wines, 5 samples 

Sugar soluiion wines.— Musts which are too 
thin, and deficient in sugar, arc sometimes con- 
centrated by evaporation (as in Portugal) or, 
more frequently, a solution of sugar is added. 
The latter process was first sanctioned by 
the French minister, Chaptal, and is known 
as * Ohaptalising.’ A similar process (applied 
chiefly to acid musts), and known as ' Gallising,* 
from its inventor Gall, is also practised in 
Germany. The must of bad years, which con- 
tains a deficiency of sugar and an excess of acid, 
is mixed with sugar, preferably cane sugar, so 
as to bring the amount of sugar in the liquid to 
about ^ p.e., and to reduce the amount of acid 
to about 2 p.o. Freouently, however, oom- 
meroial glucose is used, and its addition can 
Imtientfy be detected in the finished product 
wy m dextrorotatory polarisation (e/. Fresenius 
and Grfinhut, Zeitsch. anal. Chem. 1921, 60, 

im 

The addiiy of natural wine can also be 


reduced, as suggested by Xiebie, by the additiott 
of neutral potassium tartrate, which throws down 
the free acid, if present as tartaric add, as add 
potassium tartrate. Wine defident in aloo^ 
and containing much acid may often be im- 
proved by adding to it the pred»d r^due of a 
succeeding vintage (c/. J. Nessler, Bied. Zentr, 
1884). 

A considerable quantity of wine is now 
by covering the marc with an aqueous solution 
of sugar, and allowing the mixture to ferment. 
The sugar solution contains 18 grms. per litre 
for every degree of alcohol which it is desiied 
to obtain, and 250 grms. of maro are used for 
each litre of solution. Analyses of wines pre- 
pared in this way by Girard, and of other 
samples found in commerce, prove that thew 
wines have an approximately definite composi- 
tion. When they contain from 9 to 10 degrees 
of alcohol, the proportion of soluble matter, 
cream of tartar, tannin, and colouiwg matto is 
much less than in the ordinary vintage wines. 
The amount of solid matter varies from 14 to 
18 grms. per litre; the amount of cream of 
tartar is about 2 grms., but not less than 1*6 
grm. per litre ; whilst the proportion of toni^ 
and colouring matter varies considerably with 
the nature of the marc. Girard concludes that 
those wines constitute a highly useful beverage, 
and can be produced at a very low cost (A. 
Girard, Compt. rend. 95, 227 ; Chem. Soe. 
Abstr. 1882, 1335). , ^ 

Plastering of wine. — ^Tbe practice of adding 
gypsum or plaster of Paris to must, either 
before or after fermentation, which Mevafls in 
Spain, Portugal, and the South of France, is 
said to have for its object the reduction of the 
amount of the water m the juice, and the pro- 
duction, consequently, of a must relatively richer 
m sugar. The fermentation is much more rapid 
and complete, and it is alleged that the wme 
keeps longer when it has been plastered, and 
that the colour is richer and more lasting. This 
explanation leaves something to be desired, 
because the sacrifice of other constituents of 
juice than water due to absorption by plaster 
is entirely out of proportion to any gam by the 
absorption of the water, and the result desired 
could bo attained either by the ^dition of 
sugar or the evaporation or freezing out of 
water. It is probable that the reason for the 
practice, although unknown to those who 
employ it, is that gypsum precipitates some 
albuminous matters Vnich injurioumy efibot the 
wine. An obvious advantage to the wine-maker 
is that it clarifies |he wine rapidly and so 
enables it to be brought sooner to market. 

The plaster of Paris, in the fonn of powder, 
is either thrown upon the grapes before Miey are 
crushed, or added to the must after fennel^ 
tion has commenced, or even to the finished 
wine, and the chemical changes that take pboe 
vary accordingly. The quantity used is gene- 
rally from 1 to 2 kilos, to every 100 kilo^ of 
fruit, although sometimes it reamiea as much aa 
10 kibs. 

Aceording to Griessmayer, udien ffirpsnm ja 
added to the must, it forms, with the tartitf 
present, neutral calcium sulphate and free tat- 
tario acid, which latter reacts on the snlpliila^ 
forming bitartrate and aoid^caldnm 
According to Bomtraeger (Annali. OhinL 
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t9l9, 12» 1)» the leaeUoii between calcium 
enlphate and |K>ta88lu]n bitarttate is as follows : 

204 H,KO,-fCaSO«, 2 H,O 

^OACaO.+KsSO^-f C4H,0.+2H,0 

It was shown by Bussy and Buignot that the 
system (K^Oi+OiHfOe) is converted into 
aSBOi+CIEkKO^. The ash of such wine is 
neutiab and does not give oS carbon dioxide 
when treated with hydrochloric acid. When 
gypsum is added to the finished wine, the alcohol 
prevents its solution, but it carries down many 
impuritieB. Kayser (Bied. Zentr. 1881, 632) 
made experiments which confirmed these con* 
elusions, and states that from the proportions 
of the ash to the extractive matter, it is possible 
to declare with certainty whether the wine has 
been plastered as must or as finished wine; 
in the first case the ash is disproportionately 
high, in the other it remains normal. Kayser 
ai^ states that by the interaction of KHSO4 
and KH2PO4, free phosphoric acid is formed 
together with neutral potassium sulphate, the 
former producing the bright colour of plastered 
red wines. The main change, however, appears 
to be a decrease in the tartrates and an increase 
in the proportion of potash and sulphate*^. 

The injurious effects attributed to plastered 
wines have been the subject of investigation by 
several commissions appointed by various 
foreign governments. The most exhaustive 
inquiry yet made on the hygienic aspect of the 
subject was by a commission appointed by Die 
French War Department owing to complaints 
made by the french army in Algeria, 11 here 
many cases of illness were said to be due to the 
use of plastered wines. The symptoms are said 
to be eohe, and slight vomit mg. The acid jiotas* 
sium tartrate acts towards many reagents in 
the same manner as free sulphuric acid, and 
when introduced into the system may have the 
effect of reducing the alkalinity of the blood. 

In view of the inconclusive nature of the 
evidence, the Commission recommended the 
maintenance of the regulation forbidding the 
sale of wines containing more .sulphate than 
that corresponding with 2 grms. 01 jKitassium 
sulphate in the litre, and this limit has been also 
adopted in Germany, Switzerland, and other 
countries. 

The attempts to * de-pkster ’ wine are, from 
a hygienio pomt of view, more injurious than 
the j^teriog, owing to the use of iioisonous 
barium and strontium saltA 

Wine is liable to be affected by a number of 
injurious ferments, and is especially subject to 
aoetous fermentation, due* to Mycoderma orrit, 
which principally attacks the alcohol with pro- 
duction of acetic acid, whilst Mycoderma vini 
attacks principally the cream of tartar and 
extractive matters. The action of foreip 
ferments may frequently be prevented by the 
process devised bv Pasteur, w'hi^b consists in 
seating the wine for some time -to about 70*^ in 
absenee of air. The bouquet, and in some cases 
the oobiir, is thus found to be immoved. The 
heating must be quickly performed, and^as far 
as pofliible, out of contact with air. 

Unmerotti substances are employed for the 
preservation of wine by chemical means as 
nbraiiof o#«ia^^e calcium salt of B-naphthol 
lulphonie aeidh emote, borte, ana ctanamte 


acids, soli^ 

0^, suMufoua act'd, and swpkte. It should 
be noted that of these, boric acid, fluorine* and 
salicylic acid may be present in minute quantities 
as natural constituents of the wine (v. infra). 
Sulphuring is carried out either by burning 
sulphur, sometimes placed on strips of paper, 
linen, jute, asbestos, ftc., in the casks, or by 
addition to the wine of sulphurous acid or one 
of its salts. For small works the use of aoueous 
sulphurous acid or potassium metabisuJphite, 
is most convenient, and in large works 
that of liquid sulphur dioxide. The colouring 
matter of red wine is at first bleached by sulphur 
dioxide, but with pro;^r sulphuring the wine 
later assumes a more vivid red colour than the 
non-suiphured wine. In the wine the sulphur 
dioxide is converted partly into sulphuric Mid 
and into comimunds with acetaldehyde 4nd 
dextrose, the rest remaining in the free stat^l^— 
sulphites are blood- and stomach-poisons, tint 
they are readily and rapidly changed in the 
human body. Most German wines contain \em 
than 200 mg. of total or 50 mg. of free sulphur 
dioxide per litre, but with choice wines, which 
require repeated sulphuring to bring their slow 
fermentation to a close, as much as 546 ing. per 
litre has boon found ; similar results are obtaiai d 
with sweet sautemes (Joum. Soc. Chem. Ind. 
192.3. 285 A.). According to Diibaqui^, ♦he 
clouding of white wines after keeping in glass 
bottles may lie due to the action of sulphur 
dioxide in the wine upon iron silicates of the 
gla*^? (Ann. FaU»f. 1925, 18, 418; J. Soc. Chem. 
Ind. 1926, 44, B. 821). 

The essential oil of black mustard seed (b.p, 
160‘7®C.) 18 soluble in alcohol and ether, but in 
water only to the extent of 1*16 grms. jier litre 
at 15®C. Its antiseptic power, when used in 
wines, is such that 1 c.e. of a I p c. solution 
added to 1 litre of wine is efiicient, but the 
amount required varies with certain factors, 
such as the amounts of sugar and sulphurous 
acid in the wine, the quantity and vitality of 
any yeast.s present, and the temjierature. The 
souring of red wines, which generally contain ^ 
no sugar, can be stop tied by the addition of 
0*8 c.c. of the 1 p.c solution above mentioned. 
Kssential oil of mustard is aliout 200 times as 
active as sulphurous acid and does not affect 
the odour or flavour of the treated wines. It 
does not volatiliw from the wine, and therefore 
does not require to be nmewed. Jt has no 
action on the colouring matters of red winos, 
fruit juic«s, caramel, etc. It is estimated by 
heating 6 c.c. of the preservative on a water 
bath for 1 hour, with 10 c.c. of ammonia solu- 
tion and 56 c.c. 0*1 N silver nitrate solution in 
a paduated lOJ c.c. flask connected with a 
reflux condenser. The solution is cooled, 
diluted to the mark, filtered from the precipi- 
tate, and the silver estimated volumetrically in 
60 C.C. of the filtrate (P. Malvezin and 
BidaH, Ann. Falsif. 1923, 181, 634; Analyst, 
1924, 49, 140; c/. Moreau and Vinet, Ann. Faisif, 
1924, 17, 477 ; J. boc. Chem. Ind. 1926, 44, B. 49)« 
Manufacture of UmrkUng* niiiisi,-- The 
effervescence of a sparkling wine is due te the 
presence of oarbonio acid, piodttoed by the 
fermentation of added sugar. The chief itinMl 
of this class (ehampagnel am produced In thk 
departments of Mam and lauie^llifne, and in 


f 



\ 


wm. 477 * , 

t1i« ticbity of the Btoeelb and the Rhine. Bqjtii einoe ^hen it has not been found necessary to 
* White and red grapes are used, and the wine is main any alteration. (Fide * Bordeaux et ses 
amber in oolour, the depth of tint depending on Vins,* by Feret, Bordeaux, and Enoydopssdia 
the Tintage and the proijortion of dark grapes Britanniea; art. 'Wirri.*) 
employed. The vintage is in the early part of The ohi^ tohUe vrine p^uc^ district is to 
October, and in the pressing the must is sepa- the south of Bordeaux. The principal vines are 
rated into two portions, that iirst produced being the Semilion, Sauvignon, ana Muscatelle. The 
of the higher quality. The young wine is allowed vintage is much later than in the M4doo— viz. 
to ferment until the winter, when it is racked, in the last weeks of October or early part of 
and after the expiration of a month the operation November, wW the grapes have entirely 
is repeated, when the wine is fined. It is then ripened. Three qualities of must are produced : 
mixed with a certain proportion of old wine, and the first and ripest juice yields a sweet luscious 
the amount of sugar present determined. If wine (vin de im), mainly consumed in Russia ; 
necessary, a quantity of cane sugar is added, and the second forms.tna de milieu, the wine usually 
the wine is bottled, the bottles being plac'cd known as Sauteme; the third quality, or 
horizontally in piles and left at rest throughout qume, yields a dry white wine. The principal 
the summer. Carbonic acid is formed, together varieties are Barsac, Sauterne, Chrawi, and 
* with a quantity of sediment. The pressure of Bommes, Chdteau Lalour-blanehe, and Ghdkau 
the gas in the bottles can readily be ascertained, Y^quem, which is generally considered to Ite the 
when desired, by means of a manometer (such premier white wine of France, if not of the world, 
as Sallcron's modification of Maumen^'s * Aphro* and m the classification of Sautemes it takes 
metre *), and ranges from 5 atmospheres in grand precedence of the ‘ First Growths,* being placed 
moueeeux to less than in crimant wine ; in in a class by itself. 

ordinary mousseux wine the pressure varies The department of the Pyr^ndes Orientales 
between 4 and 4 J atmospheres. When required produces a considerable quantity of wine, mostly 
for the market, the bottles are first carefully from the Grenacho noir and Carignane grapes, 
brought into an incluK^d position, so as to cause The generic name of the wine of the district is 
the sedimentary matter to fall gradually on to Bou88%Uon, of which the most esteemed varieties 
the cork ; on removing the clip which holds the are muscat of Rivemltes, Maccabeo, Malwieiey 
cork within the neck the jiressure of the dissolved and Orenache, which are liqueur wines (the last- 
gas forces out the cork, together with the mentioned being simply unfermented must 
sediment. A certain amount (from I to 4 p.c., preserved by means of added spirit and sul* 
depending upon the sweetness desired) of liqueur, phurous acid, vith frequent racking from , 

made of fine wine, sugar, and cognac or a still deposits) ; and Bancios, dry Malvmie, and 
spirit, is quickly added, and the bottles are Ptcfoule* l^anguedoc also produces a large 
again filled up, corked, and wired. quantity of wine (vine du jMiai), much of which 

Dry champagnes — i.e. containing relatively is mixed with the wines of the Gironde and of 
little sugar-arc mainly c\ 2 )ortod to this country, Burgundy; whilst a considerable amount of the " 

the sweeter varieties being usually consumed in is distilled to make ‘ trois-six * and eau de < 

America and on the (jonlini^ui. vie. Cognac is produced from the wines of the 

Wines of France. The ppc-emincnce of Charente district (t>. Brandy). 

France as a wino-producing country is due The Rhdne and Sadne valleys produce the 
mainly to its favourable conditions m regard to chief wines of the cast of France, wMch, with 
. both climate and soil, and, no doubt, also to the the exception of Hermitage and the wines of the 
system of small holdings worked by the thnfty Beaujolate, seldom occur in trade under their 
and industrious Fn>nch peasantry. The chief own names. 

wine-growing district in Franco is the Gironde, The best qualities of champagne (v, eupra, 
which is practically divided into five portions, /S^pari;f(ngteine«)areprodacedinthedeputment8 
viz., the M6doc, the Graves, the Gdtes, the ot Marne and Haute-Mame, the chief centres of 
Palus, and the Entre-deux-Mers. To these the trade being at Rheims, fipemay, Ay, Avize, 
must now be added the wines from the Alsace- Chalons, and Di^. The most famous brands 
Lorraine territory restored to France by the are Ayala, Bollinger, Cliquot, Heidsieck, /rrosy. 

Treaty of Versailles, Athough formerly retained Mo&, Mumm, Perkier JowU, PomiMfy-Orena, 
almost oxclu.Mively for home consumption, they and Boederer, Large quantities of sparkling 
are now (1920) obtainable on the Bntish wine are produced in the Saumur, in the depart- } 
market. In the M^oo some six or seven ment of Maine-et-Leire. Sparkling Saumuf k 
different varieties of vine are cultivated. made from both black and white grapea--4hs 

Most of the red wine is obtained from the black being the product of the Breton vine, the 
Oarbenot ^uvignon, Franc Carbenet, Malbcc, white that of the Pineau blane. The wine k 
and Merlot gra|)es. The ^nntago usually begins made much in the same way as champagne, 
towards the end of September, and lasts awut except that, as a rule, the finudied product k a 
a fortnight. The wines (usually known as mixture of two successive vintMesL 
* dmts *} are divided into payean, artiean, The wines of Burgundy (both red and white) 
haurgeoie, and ^ne growtke, the last group are produced in the departments of Cdte«d*Ol^ 
being further sub-divided into what are known Yonne, and Sadne-et-Loire. The principal esd 
as * ems ' or * classed growths,* named after the wines are ilfdcon, Beaune, Le OorUm, Mmimk ^ 
place (Chitean or Commune] where they are Contit Chamberlin end Cloe Vaugeat, ffermilm^ 
m^iteed ; s.g. Chdteau Latour, Pamlae ; when it can be obtained genuine, k a tioh^wm 
Chdteau Margauxi with purple oolour, produced te the dMsaitk^ 
OhdldemC^iikm, Ac. The official classifioation of Drdme. The lo^tk wine of Yonne is v 
ittte * 0 I 1 IS ^ or * growths* was tnade so tengag^ as CMfk, and k frequently, ^hou^kommtb 
Ik ltt)ttl^tlk(£mb»8yndicakdes Courtiers, I descidM as* White B '' 

j , 
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flpiill. Shmfft tli 0 best knoim of l^nieb edpe the ptoduoe of Portugel and ito ti Uod ot 
white wines, is mainb piodnoed in Anwusia, Madeira respectively, abaU be deemed to be a ^ 
and derives its name from Jerez or Xeres de la trade description i^thin the meaniDg of the 
Xeontera, the chief centre of the trade, and where M. If, Act, 1881* Still later, in the i^lo- 
most of the wine is produced from must or fruit Portugese Commercial Treaty Act, 1916 (Sect 1) 
puichMcd from the growers. Sherries are it is provided that, *The description ^*Port’* 
essentially * blended ’ wines, and are divided as applied to wine the produce of Portugal imporM 
ragaids type or quality into three classes : into the United Kingdom after the passing of 
Ptnos, Maya$t and Cortados* The Finos are this Act shall be deemed a false trade description 
* clean* and *dry’ in character, the Rayas within the meaning of the M. M. Act, 1887, 
being fuller in *body,* whilst the Cortados if the wine on importation into the United 
partake of the characteristios of the other two Kingdom was not accompanied by a certificate 
types. These wines are exported, however, issued by the eompetent Porti^ese authorities 
under various other names, as Amoniilkdo, to the effect that it was a wine to which by 
MamiUat MofUiUa Soiero, &c. Sherries are the law of Portugal the term **Port’* may 
almost invariably fortified and plastered, and be applied.* Those enactments apply also to 
the commoner kinds sulphured in addition, for British * made * wines. j 


the British market. 


The South of Portugal (Torres Vedras 


The sweet red wine known as * knt,* which Oollares) produces a considerable quantity of a 
is used for ecclesiastical pu^oses, is mainly rough kind of elarot, and aho a white wme 
obtained from the Rota district. This and the known in Kngland as Bucellas Hook, which p 
somewhat similar wines from the Tarragona, obtained from the Riesling grape. ; 


Valencia, and Alicante districts were formerly 


It is only within recent years that 


sold under the name of * Tarragona Port,* or Italian wines have found much favour in thi| 
* Spanish Port.* As the result of recent legisla> country, as they wore formerly loo sweet for 
tion, such descriptions are now illegal, the use the Bntish market and deficient in keeping 
of the term *port* being applicable only to qualities. These defects have been largely 
wines the produce of Portugal (wde removed by the adoption of more scientific 

Fortn^. Port is mainly the produce of the methods of manufacture resulting in an in* 


wmes the produce ot irortugai (mac tnymj. removed oy the adoption oi more scientmo 
Fortn^. Port is mainly the produce of the methods of manufacture resulting in an in* 
ragged and mountainous district of the Alto creased popularity. Northern Italy produces 
Douro in the north-east of Portugal. The \in- Barolo, a red, and Astiy a white vine, together 
tage usually begins at the end of September, with a certain amount of sjmrkling wine. 
The grapes, from which the stalks are removed, Almiiepukiano and ChiauU aie made m Coutraj 
are emptied into stone tanks holding from seven Italy; whilst the Neapolitan district yields 
to thirty pipes, and are pressed, first by treading Lacryina ( %ft8li and a variety of Malvoisio and 
and then by means of a beam or screw press, good class Muscat vines. The island of Capri 
After from 48 to 60 hours' treading the must is produces a good vine of chnblis character, 
left to ferment, drawn off into vats, and mixed Sicily. The chief Sicilian vine is Marsala 
with a sufficient quantity of alcohol to prevent (a white wine of light amber or brown colour, 
acetous fermentation. After the lees are dc- somewhat resembling sherry), obtained from a 
posited the wine is again racked and mixed with mixture of selected and thoroughly ripe grapes 
more alcohol, which is usually obtained by dis* of the Madeira variety. It is carefully roanuf^- 
tiUing wine. If necessary, the wine is sweetenr^d tured and is very uniform in ouality, although, 
with *ier<roica,’ or sweet must preserved with as a rule, somewhat heavily fortified, but not 


with *ier<roica,’ or sweet must preserved with as a rule, somewhat 
bmdy. In the spring it is sent dow*n to plastered. 

Oporto, where it is stored previous to ship- Austro-Hungiry. 
ment. * Vintage wines * are those of the same are made, but thfiH 


where it is stored previous to ship- Austro-Hungiry. Both white and red wines 
* Vintage wines * are those of the same are made, but thfise of German Austria are 
rear, and quality, and are kept separately, consumed for the most part locally. I^e best 


Origin, year, and quality, and are kept separately, consumed lor tne most part iocaiJy. The best 
lie other principal types of port are * Ruby ’ known are from VopIsu and Gumjx^lds-Kirchen, 
and * Tawny.* These are usually blends, the and the Tyrol. The most famous of Hungarian 
the former being intermediate in character wines is (hi* Kweet Tokay or Kssentia, which is 
between 'Vintage * and ' Tawny ’ ports. The made from the first runnings of the ripe grapes 
latterismatnred in wood, thus losing much of its obtained without pressure. Only a smi^ 
deep red colour. Nearly half the wine exported portion is so obtained, and it rarely, if ever, 
from Oporto is sent to theJJnited Kingdom. appf^rs in the market. Other varieties of Tokay 


appears in the market. Other varieties of Tokay 


Port first appeared in England at about the are known as Aushmeb and Mastae. CarhwUz 
end of the seventeenth century, and its con- resembles |H>rt in character, and is produced on 
sumption in this country gradually increased up the banks of the Danube, about 40 miles to tbs 
to tne middle of the eighteenth eentuiy, since north-west of Belgrade, 
wdien it has gradually declined. The disfavour The grt*ater jxirtion of the wine produced in 
Into which port has Men may be partly due to Bohemia (now incorporated in Czcoko-Slovakia) 
the manufacture of numerous brands of inferior is obtained from the province of Melnik, ohie^ 
wines of port character, which may or may from the blue Bui^gnndy grape, originally pro* 


not be dmngnished by qualifying names, as cured from Fiance. 

* Hambnig Port,* Ac. Excellent rod w 

As the result of representations by the are now made in De 
POrturose Qovernment, definitions of ^ort* varieties are Mm 
and * Aadeira* have b^ embodied in recent Mdimia. 

AetsofPkrliament. Thus, in Sect. I of the Ai^- Gcnray, The chief irine^ 
?»rtngeseC(«nme^lTirot^ tricts oT^rmany are Badiro# Bre 

dwras *mdMeHpttoii“Port’’or"lUde^ th, Rbeiogu, mA 


Excellent wines, resembling Brngundy, 
by the are now made in Dalmatia. The most esreemSid 
^ort* varieties are Mo»caU> Aoio, Maimchimt mi 


appMtoanyViire Of other l^oor, other th^ Skinb^tg, iWwM# 
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^frH[0ih0rg» mi MamMot nioM m produced 
i| tbe iiel^bouxluH>dof the Bliliie> nor&t jEram 
Mcltis, WAkh is the oentre of the hock trade. 
The vitkcpaids of Hesse yield IMJmmikh, 
NknUin, and Scharlachberg; Hodiheimer is 
obtained from the Maingan. The chief Rhine 
vine is the Riesling* which is said to beindigenons, 
and which has been transplanted and successfully 
cultivated in many other parts of the world as 
South Africa* Australia* and the United States 


of America. The IfoisBs district also produces 
excellent wines of oharaoteristio but rather weak 
flavour* which is often aridjBdAUv enhanced by 
the addition of tincture of elder flowers. 

The chief product is a white wine. A certain 
amount of red wine is obtained* notably Ass- 
mannshausen* from Riesling and mixed grapes. 
The results of analyses by Kdnig of wines from 
the principal European countries are shown in 
the loUowmg table. 


Analyses of Eiteopean Wines (Konig). 



o«o 


Grammes per 100 c.c. | 


il 

Specific 

gravity 

Alcohol 
by weight 

1 

s 

Total acid 
as tartaric 

£1 

Cream of 
tartar 

Yolatiie 
acid as 
acetic 

Sugar 

Glycerol 

Nitrogen 

1 

Uemmif: 

Moselle 

14 

0*9964 

7*99 

2 24 

0 79 




003 

0*72 


0*175 

lUilne .... 

23 

10005 

8*00 

2*60 

0*81 


0200 

— 


0*85 


0*230 

Baden 

40 


6*65 

2*16 

0 01 

0 018 

0*358 

— 

0*09 

0 49 

..i. 

0*207 

WUrtemborg, aliite wine 

15 

0 9995 

6*10 

2 27 

0 95 

0 095 

0 202 

— 

— 

0*57 

— 

0*260 

„ red wine . 



4*73 

2 64 

1*14 

0 091 

0 026 

— 


0*46 

... 

0*250 

Francs: 

Alsace 

15 


659 

2*07 

0 70 

0 018 

0168 

0052 

— 

0*55 

0*028 

0*229 

liorraino, red wine 


0 9967 

808 

2 27 

0 56 

0 032 

— 

0*155 

009 

0*50 

0*019 

0*185 

Bed wine . 

' 29 

0 9982 

780 

256 

0 57 

— 

— 

— 

030 

0*78 

0*043 

0*248 

White wine . 

5 

'0*9963 

8*30 

3 03 

0 66 


— 

— 

— 

0*07 

— - 

0250 

AuHna : 











0*021 


Tyrol* red nine . 

60 

,0*9940 

908 

2*34 

0 62 

— 

-- 

— - 

— - 

0 65 

0*222 

u white wine 

17 

0 9927 

8*84 

187 

0 59 

— 

— 

— 

— 

0*66 

0*020 

0*176 

Ruuia: 

Bed wine . 

10 

0*9939 

10*76 

2*76 

0*56 1 

_ 



0*142 


0*64 

0*036 

0*267 

White wine . 

12 

0*9931 

11*96 

2 57 

0*49 

... 


0*100 

0*46 

0*59 

0*026 

0*204 

JUUu . . • 

20 

1 

10*61 

3 44 

0 52 

— 

— 

— 

1*44 

0*45 

— 

0*200 

Spatn: 

Ordinary red a Inc 

i 7 

1 

12 30 

Is 53 

0*49 



— 

0*38 

1*09 

.... 

0*610 

Sweet wine . 

> 4 

10233 

12*78 

9 69 

0 59 




6*55 

0 63 

— 

0*740 


The Atlantic Ides. Grand Canary and 
Tenenfie produce a sniall quantity of wine* but 
since the production of cocluneal has fallen off 
on account of the preference for oool-tar colour- 
ing matters* vine culture is increasme, and wines 
of the Madeira type are being made in larger 
quantity. 

Madeira. The best-known varieties of 
Madeira wine are Mdlmtu^ and Sercidf the 
former being a sweet* and the latter a dxy wine. 
It is a white wine, and its characteristic flavour 
is probably due to the practice of exposing the 
young grapes to a prolonged process of jiartial 
drying by arUiioial heat* and of heating the 
wine shortly after its manufacture to a tom- 
perature vaxymg from 25’’ to 45^ Formerly 
the same condition was obtained by sending the 
wine a voyage to the East or West Indies and 
back. Very little rod wine is made in Madeira 
supra, under ' Pori *). 

A small quantity of wine is made in the 
Asores* particularly on Pico* but it is of very 
iadiflorent quality, and is mainly exported as 
low-olass'sheny. 

dm Of Good Hope, Comparatively little 
Wine w now sent to this country from South 
Abi^ idtiiough a century aso the importation 
o| Oape wine into the United Kingdom exceeded 
Hhm uom France. The decline was due to vine 
dIseaMW and insect pests* to faulty manulaotuie* 
imA to fiioal changes. The best-known wines 
aro Veidt Burgundy and Claret* Wynbeiper 


near Ca[)e Town. A great increase in the 
importation of South Afncan wines has occurred 
smee the war* the quantity imported dtuixig the 
last five yearn immediately preceding the war 
bemg only 15*000 gallons* as cornfaiwl with 
over 200*000 gallons imported duiing the 
corresponding period since tne war (1919-23). 

Alwralia. Of late years the amount of wine 
from Victoria* New &uth Wales, and South 
Australia imported into this country has in- 
creased enormously. The industry may be said 
to be still in its iiaaacy, but the most scientific 
methods and appliwces are adopted* and the 
produce of such vineyards as Alburv* Great 
Western, Highercombe* and Tintara oids fair 
to rival the l^t European wines of rimilar type. 
In Australia (as m the case also of S^th 
Africa and California) the practice obtahis of 
naming the wines af teathe wdl-known EuropCeyu 
types they more or less resemble in charaeter* 
as ’Burgundy*’ ’ChabUs*’ ‘Hook*^ Ac.* cw 
after the variety of vine orig^ly importedfiQai 
Europe* as Etcsritiip* Hemtioae, and Omhmd, 
United States. Themanum^uieof wineima 
been firmly established in Oaliloniia. The rao- 
duce was origizially derived from the ^ Mission * 
nape* suppo^ to have been imported txm 
Mexico by Franciscan monks* Imt Gernumt 
French* and Spanish varietiee weie iatkoduisriL 
and wines in some degree resemhliiig these d 
these countries (and named after their 
types) were made on a eonslderohle aeahh !Bd 
vine has been abo cultivated Oft a iane ici^ ^ 
Ohio* and olarots aud ehainAlftSi Sttft % 






WBE- ihiidja In titt maltv of CtovelMid «ad Saoduskv. 

irinejPfodvH^ States were New York, 
^ ^l yiaBoari. IflinoiBy and Pennsvlyania. Whilst 
fincv wuwB oonsumed in the United States 
obtained from France and Germany, the 
1^ ^ ^, importation of foreign wines steadily decreased 
in taTOur of the home product. 


■ , ■■ 

It is imdimtood tiiat at ibe msiw fiPw 
(t926) the national ptohibitioa law poeetints 
the manufaotme and sale of wines in (be Uidtsd 
States. 

The following an analyses, 1^ Bigelow (U.S* 
Dept, of Agnc. Bur. of Chem. Bull. 59), ox 525 
samples of wines manufactured in Oalifomia v— 






>tU 

<P A. 




jlrams per 100 c,c. ^ 



DacripUon 

«a^ 

•s> 

|i 

S.2 

Alcohol 

Glycerol 

Total 

.‘icids 

t 

tt 

1 

|l| 

Proteidfl 

O 

^ ■ 

1 

1 

Sed wiinef (204 samplefi) : 
Bordeaux, Bhine, Burgundy^Mlo. 

! 0*9900 

8-00 

6*35 

0*3.30 

0*201 

1*01 

0*030 

0*1804 

0*0455 

0*188 

and South French types ) Max. 

1 10050 

19*28 

1.V30 

0*852 

0*888 

0*88 

0*028 

0*5544 

0*2515 

0*430 

VVAtteiotfiM (321 samples): 
Rhine, Sauteme, Souths vin 
French, Sherry, and Ma- i w 
deira types 

0*9860 

5*00 

.3*98 

0*103 

0*181 

1*09 

0*000 

0*0859 

0*0453 

1 0'(f54 

1*0500 

22*19 

17*01 

0*971 

0*798 

19*00 

17*210 

0:9370 

0*1861 

0*447 


Analysis op Wink. 

The chemical examination of wine is nsnallv 
restricted to the determination of those consti- 
tuents which enable an opinion to be formed 
concerning its purity or freedom from adultera- 
tion, but expert tasting is of great importance, 
and microscopical examination of the deposits 
obtained from wine may afford useful informa- 
tion. For methods bas^ on the latest ohemico- 
physical principles, the work of Baragiola may 
be consulted (Zeitsch. anal. Chem. 1914, 53, 
100; Analpt, 1914, 127). 

For the estimation of the specific gravity a 
detennination should be made by the bottle or 
other form of pyknometer and given accurately 
to four deoimm places. Carbonic acid should 
fixBt be removed by vigorous agitation, 

The resttfts are usually given in grms. per 
100 C.C. or per litre. Koenig (Zeitsch. anal. 
Chem. 28, 202), however, deprecates this practice, 
on the ground that for sweet wines, which arc 
tiabie to differ widely in sp.gr., the results are 
no longer directly comparable. 

The ttkchol is best determined by the dui< 
^Oatioh method, the sp.gr. of the weighed 
dlstiMo being taken and the proportion of 
nlcobpl found from tables. For more exact 
deteemxiiatioDS, the volatile acids should bo 
xmiitmbsed before distillation. 

Detcdian of cider inmne.^T. Schaffer (Mitt, 
lebensm. Unters. Hyg. V23, 15; Ann Chim. 

; mud. 1924, A, 88) has devis^ a method for 
40 teQ^ cider in wine, based on the diminished 
xudnemg power of the ^ine. The following 
modiffsd procedure is recommended: Forty 
ex. ef tixe wine are decolorised by boiling with 
3 gims. of pure animal charcoal and fflternd, 
and the filtrate is heated to boiling with excess 
of jpreoinitated calcium carbonate. After 
^fortber filtration the cooled liquid is treated, 
dk>wiy and with shaking, with 8 c.c. of 10 p.c. 
barium acetate solution, and again filtered. 
Fife C.C. of the neutral filtrate are mixed with 
2 drouB of 0*2N silver nitrate solution, and, 
alter being made alkaline by addition St 1 c-c. 
of O' IN smnm hydroxide solution, are pla^d 
in the dark, and the time elapsing before dis- 
tinet fodaction y apparent is noM; the test 
riundd be made m dujdicate or even triplicate. 


With cider the reduction becomes evident in a ' 
few minutes, and with wines containing a marked 
proportion of cider in 10 to 20 minutes ; in some 
cases comparison of the susiicctcd wine with . 
the natural wine of known purity is advisable 
(Analyst, 1024, 49, 235). If 1 c.c. of concon* 
trated sulphuric acid ha mixed (keeping cool) 
with 5 c.c. of wine and set aside till next day, 
genuine wine should remain clear (von Follon- 
berg, Mitt. Lebensm. Hyg. 1925, 10, 55; J. Soc 
Chem. Ind. 1925, 44, B. 936). 

DelermiruUion of exirttd. — The various 
methods in use for determining extractive matter 
in wine differ considerably both in principle and 
I in the details of manipulation. The direct 
method (by evaporation) does not give compar* 
able re.suits unless the sugar of sweet wines and 
the potassium sulphate in plastered wines arc 
deducted, and not then unless the estimation is 
conducted under exactly similar conditions. 

The French official method of prolonged 
heating on a water- bath gives low resmts, 
owing chiefly to loss of glycerol. The sugar 
and potassium sulphate are deducted, an * ' 
allowance of 1 grm. of each per litre being made 
to cover the amount of these substances assumed 
to be naturally present in fully fermented wine. * 
The result is known as Ahe * reduced extract,' , 

The most exact determination of extract is 
made by evaporation (at the ordinary tempera- 
ture) over sulphuric acid in meud, but as this 
requires from 3 to 6 days (according to the 
temperature) it is unsuitable for or^naiy , ' 
commercial use. 

By Njegovius' modification of this method, / 
however, the time may bo reduced to wit^ ‘ 
the limits of a working day. The wine (5 c.S,) ; ’ 
is absorbed by anhydrous sodium sulpbi^ ^ ' 
(5 grams) in a tared bottle and dried in a desic- 
cator under diminished pressure, not exceeding . 

15 m.m. 

The German official method is as follows - 

(a) For wines with an extract amounting to ; 
not more than 3 grms. per 100 e.c. (asoerU&sd ;•/ 
by the indirect method (e) given below) t 500.0., 
measured at 15^ are cvaMrotad to a syiupj v 
consistency on the water-bath in a - 

basin of 85 mm. diameter, 20 xnnu bdl^t, and ■ 

75 O.C. capacity, and the nsUtte is dried to 2| ^ 
hours in the water oven. - : 


f fiL J»*Bimiai 

s^issie.’sytsfiCTr* "“”* 

~'^v -—1*^ ^ wiiw*, or those containing 

■ V 5*1 «•*•► *•»“ “direct 

B^od of determ^g the extract from the 
*?.(?. of the wme after removal of the alcohol 
preferred {». Tables in Windisch, Dio 

A^heUntersuchnng undBenrtheilung des 

• ®"d of alcohol 

■' Riegler’s refractometer 

. method IZeitach. anal. Chem. 1896, 27). One 

S^**^ wcohol and of extract in 100 o.c. of wine 

• ^uTL*“ *^* 1***®.**^*““ *»y ® <i00®8 and 
^145 respectively above that of water. Then 

‘*fi. P"” distaied water; 

.I0'^Olsss:i^nA * # • . 



A — pure aiaimea water: 

i**® ’"“® i«>“ which 
tlm Alcohol has been removed made nn lo the 

orWrtAl volume taken; andN=themKonof 
the original wine ; then the formula ^~( «+fr) 


0-00068 

. , gives the weight of alcohol, and that of 

the ertract M gmms per 100 0.0. of the trine. 

of exL^fti’^ femen^ wines the amount 
OT extract is Mldom loss than 14 gnus, per litre 

re^ containing less than this amou^ after 

" StaS. ^ Buspeoted of 

*^® “cn-volatile acids, 
^ .*? *“« is seldom 

»»^w« 11 ^8. per litre, and after separation 

1ft constituents are usualJy 

♦boat 10 p.c, of the extract. ^ 

= detained by titration with 

Bo^-solution, using litmus- 

' J^“f9*** C^bonic acid should 

^ exiled, either by heating just below 
i±®ff <>>«* “Pidly io as to Void iTot 

««•* »re deter- 
by dismiation iif steam, or, since this 
p rtoll y volatilises lactic acid (Windiw* 
N*i*r Genussm. 1905, 9, 70), by the' 
^fMence in the acidity of the wine brfore and 
■ »>tor eva poration to a small bulk, and are 
•VlMsed. as acetic acid (CtH.O,). The fixed 
diff^nV'betw^n-^tte 

^y titraUon of 
^ ®htamed by evaporation in vaend, 

^ ,!?T *“ reaction, in oonse- 

prwenoe of a certain amount of 

■ ^ «hown that this is 

ly *®* *"***ic*»d malic acids often 

Maasjsiss'JS’^B. 


5^=siSr5r.sr52agfS' 

Mwh and Rolondi, the amount of £netiMttie 
wid m grape inoreases in proportion to tlie 
degree of unripeness, so that its absence 
mne can only occur under oerU^ cbnditiotis ol 
ripeness of the grapes emj^oy^, m*, 

npe grapes are frequently used ili 
quantity in wine-making, yet if the ripe dnam 

than sufficient to separate the free tartade add 
m the form of tartar, and this expkuaa iSa 
fact t^t wme so made generally no 

f ree tartono acid. A wine may 1^ sumeted of 
haymg been sophisticated if. with a steJuSnS 
of free acid, an undue proportion of it is tacttole. ^ 
(J. Nessler and H. Wachter, Biei Zentr IMf 
Chem. Soc. Ator. 1880, 775). * 

The estimation of total tariarie aeid^ Me ' 
farlartc actd, poUtsgmm bi-tartrate, and 
of the alkaline earths (lime and magnesial'is 
made by the methods of Halenke wd Madh^ 

290 ). These methods were officially adoSediw 

a Ger^ Imperial Decree of 1896, tai 

?L« “ “!f./ ®®®- CheaTfad.' ’ 

1898, p7. (>rtam modiBcstions were istsB. ' 
duced by Kulisch in 1901. Full details of 
M well as the French official methods, ' 

found in Post and Neumann’s Traits oom^ ' 
a analyse chimique appliqude aux easais^ 
dustneJs, 1910, tome ii. 661. The last ihM ' 
wtimations are necessarily empirical, 'beia# '• 
founded on the assumption that all the biM 
pn^nt in the organic salts of the wine* or as ' 
car^n^ m the ash, were originally oomb^ ;r 
with tartanc acid to form bi-tartiatw. • 

A rapid and fairly accurate method of est4. > > " 
ma^g tortaric acid and potassium in wine is 
that of Kling and Lassieur (Ann. Falsif. 1014. ff 

Mathieu(Aim, " 

1919, 11, W) recommends a method oikkaaylt J- ^ 
desenbed by Pasteur in 1873. For det^LM ' 
Analyst, 1919, 238. In a later communication ka - • 
describes the process as follows : about 20 cus^ * 

of the wine are shaken with 20 c.c. of aMl ’ ‘ 
alcohol; the alcoholic layer is separated imd" 
shaken irith an equal volume of water* iko 
aqueous layer is drawn off, evapoiatod to ^ '>.r: 
ness, the residue dissolved in 5 o.c. of waterSl-ViA 
the solution treated.with 1 drop of oahS'^i 
chloride ^solution (150 grams of craSSSS^' I 
^U, and 40 grams of NH4CI perBtre)SuS?^*‘*^^^ 
of /-ammomum tartrite soluUon (20 jB[«ia.^S‘^^ 
the salt per 1 litre of dilute alooboi). 
pitato of calcium racemate forms immailGS!?--"'^ 
If contains not less than 

iSTSSfS?* 

w*»tlyr, ud esttmBtioii of th. 

*“port^ OoM th» former i, oTSSfiil 





)ntt i« i(»aietim«s »dded to tophittiei^teM! jportioitt of ethor (7*6 o.e. e*d^ time), 
wineo, q|bAr^ tho lAold (indnding of ik» 

Tho belt methods for estimating 2^ odinder with alooaol*6ther, 2 $ 3) ev^pomted ^ 
are those of Kttnz (Zeitsch. Nahr. Genussm, tne water-hath to a svrap, hnt without boiliiig 
173) and M6i9l!nger(i6id. 1901, 4, 1123). The residue Is dried mr I hour at 100% oooM, 


adwted by the U.S. Dept, of Agriculture (Bur. in 100 c.o. of the wine, 
of Chem. Bull. 107, 81). (b) 50 c.o. of wine are heated on the water* 

The determination of glycerd in wine has bath in a lam flask, Igim. of quarts sand 
dyen rise to numerous processes, the best added, also milk of lime until the dark colour at 



known of which are based upon either extraction first produced disappears, and an alkaline odour 
by means of alcohol and ether or ethyl acetate becomes evident. After oooling, 100 o.o. of 


or acetone and weighing, or oxidation to and 96 p.o. alcohol are added, the precipitate filtered ^ 
estimation as oxalic acid. ' off and washed with alcohol. The filtrate is 

Various methods have been proposed, as evaporated and treated as in (a). The factor 
steam-distillation under reduced pressure (Bordas 2*2x2 is necessary in this case to obtain the 
and Kaczkowski, Compt. rend. 1897, 124, 240) ; number of grams of glycerol in 100 c c. of th* 
or by conversion into triacetin(Bdttinger,Ghem. wine. t 

Zeit. 1897, 659) ; or into M^ropyl iodide and A method of estimating glycerol in wine A 


Zeit. 1897, 659) ; or into israropyl iodide and 
weighing as silver iodide (Zeisel and Fanto, based upon its conversion Into acraldehyde by^ 
Zmtsch. anal. Chem. 1903, 549). means of boric acid, the distilled aldehyde being 

The Zeisel-Fanto method always gives low determined by standard silver nitrate solution 
results. Correct values, however, can be ob- (Helduschka and Englert, Zeitsch. anal. Chem. 


weighing as silver iodide (Zeh 
Zmtsch. anal. Chem. 1903, 549). 


tained when organic acids, such as acetic, pro- 1921, 60, 161). 
picnic, succinic, or tartaric acid, which have a For a process involving the use of acetone as 
decomposing action on the polyglycerol formed, solvent, see Beis, Bull. §oc. Chem. 1912, 11» 
are aided to the reaction mixture. Lowering [iv.] 618 ; Analyst, 1912, 37, 351; Bertain* 
the concentration of hydriodio acid has no chand, ibuf. 1913, 38, 368. 
influence on the result: 200 o.c. of wine after The sugar in wine is a variable mixture 
treatment with tannin and barium acetate in of dextrose and Isvulose, and occasionally 
the usual way are concentrated to about 30 c.o., sucrose. The usual method of examination con* 
and diluted with water to 40 c.o. 10 c.c. of the sists in estunatmg the total quantity of sugar by 
filtrate are then diluted to 60 c.c. with acetic titration with copper solution, then ascertaining 
add, and 6 o.c. of this solution employed for by the optical method the proportions of the 
the determination (C. Marchi, Staz. sperim. *two glucoses and estimating the sucrose after 
agrar. itaL 1923, 56, 231 ; Chem. Zontr. 1923, inversion with hydrochloric acid. 


94, [iv.] 1011; 
B. 110). 


Soc. Chem. Ind. 1924, 43, 


Valuable information as to the nature and 
proportions of the sugars (both natural and 


A" method by Rothenfusser, claimed to be added), as well as of other optically active 
more rapid and 1^ laborious and expensive than substances introduced for the purpose oi 
the offidal method described below, is given in sophistication, may be obtained by the use of 
Zdtech. Nahr. Genussm. 1913, 26, 5^. the polarimeter. Pure wine which still contains 


the polarimeter. Pure wine which still contains 


The older methods, especially extraction with unfermented sugars turns the plane of polarisa- 
alcohol and ether, are generally preferred, since, tion to the left, wblst perfectly fermented wine 


although somewhat empirical, they yield either does not polarise at ml, or only very 
lesults which are comparable with the enormous slightly to the right. Wines sweetened witn 
amount of sim^ data acquired by previous commercial glucose may contain considerable 
observers. It is essential, however, that the proportions of dextrorotatory non-fermentaUe 
exact details of the given methods should be substances. 

rigi^ foUowed. It is essential to remove alcohol and colouriBg 

The method officially adopted in Germany matters, and Nessler and Barth show that it » 
vsM ^Dows, (a) being adopM in the case of a matter of considerable importance also to 
m Vmes or those containing less than 2 grms. remove the tartaric acid present in the wine, 
of fugar per 100 c.c. ; and (6) for sweet wines and they add, before prec^tating with alcohol, 
eontaining more than this proportion of a few drops of a strong dilution of potassium 
i^iiigar. « acetate, thus separating tartaric add as 

(a) 100 c.o. of 'i^e are evaporated down to potassium hydrogen tartrate. p. 

10 0 * 0 . in a porcelain capsule on a water-bath. The wine is carefully neutralised, and the 
I grm. of quartz sand is added and milk ol4ime alcohol eliminated by evaporation, the xeddne 
(40 p.0.) equivalent to lf-2 grms. CaHgOi for filtered, B necessary, and r^e up to origiiiat 
each gnun of extract present, and evaporation bulk, decolorised with lead acetate^ the eggsis 


eontinued almost to diyness. The residue is of lead removed with sodium carboni^ or 
then repeatedly boiled with small quantities of sulphate, and the polarimeter reading oonMted 


M p.e. alcohol, the various extracts being foftbe inoieased volume due to these additioai, ' 
decanted into a 100 c.c. flask, made up to bulk The use of bone black should be avoided tf 
a4 16% ffitoed, and 90 c.c. of the filtrate evapo- possible, and complete decolorisatto is M 
rated in a porcelain capsule on the water-bath necessary if the liquid is elear^ TniUdtty oift 


(Without 


The residue is washed into a be removed by the addition Of alumina 


atmev^ graduated cylinder with small quan- A complete seffieme, baaed upon the QeMMI 
titasi oi awolnte alcohol until 15 c.c. are col- official methods (VeriWtotili d, KlIiSKi Qeiund^ ' 
Iteted, than shaKsn up with three successive ) hritsamts, 1896^ 8Q, 667) is gm In 4Hl«% 






unm 


OmmM Ot&ak IM, tol i m. 


a mn^ m oVt^««d nw obeemtioiiB in a 
mm^ tnbe^ toA iipnwMd io terns of the 
sttgarschle of the Sebsddt and Haensch half* 
riiadov saooharimeter. 

For the estimatioo of sugar by-Barreswil’s 
(FehUna’s) solution, the tannin must first be 
remoTea by lead acetate, the excess of lead being 
px^pitated by sodium carbonate or sulphate. 
Orainaiy fully fermented wine usually contains 
under 0*1 p.o. sugar, and may be decolorised by a 
smal] quantity of animal charcoal. Either the 
gravimetric method (weighing the pieciptatcd 
copper as CuO) or the volumetric (using as 
indicator either potassium fenocyanide or 
ferrous thiocyanate as recommended by Ling 
(Analyst, 1905, 182 ; 1908, 160)) may be used. 

Sucrose may be determined by difference 
between the directly reducmg sugars formed as 
jusf described, and the total reducing sugar after 
inversion with hydrochloric acid on the water- 
bath, deducting one-twenticth of the difference 
(invert sugar) thus found to obtain its equivalent 
as sucrose ; or the Clerget polariscopic method 
may be employed, using Herzfeld^s modification 
of the Clerget formula {o. art. Sugab). 

The shoots and leaves of the vino, os well 
as unripe ^apos, contain both sucrose and 
dextrose. The quantity of sucrose in the 
grapes gradually diminishes to zero as the 
grapes ripen, whilst the quantity of dextrose 
reaches a maximum at the period of ripeness. 
Sucrose, when added to wine» is gradually con- 
verted into dextrose, an addition of 6 p.o. being 
no longer traceable after five months, and 8*5 p.c. 
being completely transformed in six months. 
Boiled grape juice contains a substance which, 
after hydrolysis with acids, reduces Fchling’s 
solution, and might thus bo taken for sucrose. 
No rotation of polarised hght can, however, be 
detected, and the substance is probably glucosan. 
In the case of wines, therefore, which have 
been sweetened with boiled grape juice or 
coloured with caramel, it is unsafe to conclude, 
from the reduction of Fehling's solution,** that 
sucrose is present unless its presence is also 
indicated by examination in the polarimeter 
(0. Klein, Zmtsch. angew. Chem. 1924, 37, 111 ; 
J. Soo. Chem. Ind. 1924, 43, B. 486). 

Oum arabic and dextrin, which are sometimes 
used for sophisticating wines, may be detected 
by adding to a little of the wine about twice 
its bulk of the strongest alcohol, tlf a decided 
fioeoulent and viscous precipitate bo formed, 
the gum is obtained by evaporating 100 c.c. of 
the wine to about 5 c.c., and precipitatmg by 
the gradual addition of 90 p.o. alcohol. The 
ptedpitaie is filtered off, dissolved in about 
90 0 . 0 . of water, 1 c.o. of strong hydrochloric acid 
added, and the liquid heated in a fiask provided 
with a long glass tube as a rofiux oonemnser for 
3 tours on a bath of boiling water. The sugar 
thus produced is then estimated in the usual 
maimer by Fehling's solution. 

ff’Ofmm.'^There is no vexy exact method for 
the eittoation of tannin m wine. That of 
Jleananer-Uwenthal is recommended, and is 
trith modifications, by Fresc^us and 
, Ifemaaimk 1922, p. 74. 

JtUmd motor it found by cautious ixmmera- 
tta ttoroeldtte from the erapoiation of 50 


«eparatk)n of cmrbon Itaxn the alkaline ssto. 
Bi^id weii^hing is essential owing to the hygro - 
soopio nature of potassium carbonate. 

Tbe determination of the ash (and of several 
other constituents) of wine containing much 
sugar is often facilitated and made more exact 
by eliminating tbe alcohol and removing the 
sugar by fermentation. 

Wine containing less than 1*3 mineral matter 
per litre may be Suspected unless it can be 
shown that natural wine from the same district 
and of the same vintage actually contains so 
small an amount of inorganic matter. The ratio 
of mineral matter to extract is, as a rule, about 
ItolO. 

Estimation of chlorine in tcins.— It is well 
known to wine falsifiers that chemists lay much 
stress on the proportion of mineral matters con- 
tained in wine, and therefore they frequently 
add sodium chloride to artificial or adulterated 
wmes in order to increase the extract and to 
bring the total amount of ash up io the normal 
quantity. It is also said to hasten clarification 
and to have a preservative effect. Owing to the 
volatility of sodium and calcium chlorides on 
incineration, chlormc is best determined in the 
wine itself and not m the ash, but the ordinary 
method of titration is mapplicable owing to the 
solubility of silver chromate in the free acid of 
the wine. The chlorine is either precipitated 
and weighed as silver chloride, or the method of 
Nessler and Barth may be employed as follows 
50 c.c. of the decolorised wine are acidified 
with nitric acid, an excess of standard silver 
solution is added, and then standard thioovanate 
solution is run in until a drop of the liquid when 
mixed on a plate with feme sulphate solutjbn 
just shows a pink coloration. 

Wmes contaming more than 0*05 me. sodium 
chloride may as a lule be suspected. jBxoepUons 
may occur in the case of wmes which have been 
produced m the neighbourhood of the sea-shore. 

Alkaline earths in wine.— The ash of wine 
always contains calcium and magnesium salts. 
The amount of calcium (3-11*4 mg. in 100 Q.c. 
of wine) is greatest in young wines and gradnudly 
diminishes with age, probably in consequence 
of the separation of neutral calcium taitrate. 
The amount of magnesium, on the other hand, 
remains almost constant and is always in 
excess of the calcium. The largest amount of 
magnesium found by Kayser was 24 mg. la 
100 c.c. of Malaga wine. The phosphoric acid 
and magnesia show^a constant proportion of 
10 : 6, corresponding with the formula 
(Kayser, Chem. Zentr. 188i; 394 ; Chem. fikm* 
Abstr. 1882, 121). 

Banim and strontium salts are sometimes 
added, to remove sulphuric add, in tbe piixm 
of ' deplasteiing ’ wines, and are beet detested 
in the ash, whidi should be taken up with dilute 
hydrochloric add, filtered, and ^ filtfuAe 
evaporated to dryness. The dry residue is tton 
examined by the spectroscope. If barium or 
strontium is present they aie deiendiied 
quantitatively in the usual manner 

Eutfphum acui is predpitated diieotlv with 
barium chloride in wmo acidified with nydue** 
chloric add, and determined in the ordSiwyQ^ 
manner, 

A normal wine contains tot more than 
grm, KiSOi per litre, and when the aitodto 


t 
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WINX. 


t grm, Ijie ndne ittay be M^ganded m 
pkt(Urf4 or imlpbiired* 

tbs determ&ation of pkospkorie aetd iu to 
be efkb^ in the ash by the molybdio method. 
(]^ details, see J. Soo. Chem. Ind. 1898, 280.] 

The total j^sphoric acid may be determinea 
direeily ('nithout incineratiiig the residue) by 
Qrete^s volumetric method (Ber. 1909, 42, 3106). 

The addition of dicaloium phosphate is 
sometimes xnade instead of * plaster,^ and is 
said to have certain advantages over the use of 
gypsum. 

Jeffrie acid is sought for by carefully adding 
a lev c.c* of the wine to a solution of diphenyl- 
amine in (pure) concentrated 8ul})huriG acid, 
without mixing, and avoidmg rise m tempera- 
• ture. An intense blue colour at the junction of 
the liquids indicates the presence of nitric acid. 

Fiesenius (Zeitseh. anal. Chem. 28, 67) iinds 
that in wines containing much sugar a loss of 
phosphoric acid takes ]>Uc6 during the incinera- 
tion of the residue. A higher result is obtained 
when the residue is deflagrated with alkaline 
oarbonate and nitrate. Destruction of the sugar 
by fermentation by addition of a very small 
quantity of yeast leads to the same result. 

The assumption that the better kinds of wine 
always contain more phosphoric acid than the 
poorer ones is unfounded. At the same time 
the amount of the phosphoric acid can, in man} 
oases, serve as a valuable means of ascertaining 
^ the character of a wine, esiieeially of wmes used 
’ for medical puiposes, or of those* of a particular 
district in which the amount of phosphoric acid 
varies between definite limits. 

Examinalim for colouring wioficrs.-— The 
principal substances used in red wines are 
.vegetable colouring matters, coal-tar colours 
(especially fuchsines), and cochmeul. White 
vines are frequently coloured with caramel or 
ooal-tar colours used as substitutes. 

Aooording to Jean and Frabot (Ann. (Iiim. 
anal. 1907, 12, 52), wines artificially coloured 
may be distinguished from natural wines by the 
following test. The wine (50 c.c.) is heat^ on 
a water-bath with a little formalin (I c.e.) and 
hydrochloric acid (4 c.c.), and when a precipitate 
is formed the liquid is made alkaline with 
ammonia and the excess expelled by further 
heating. The liquid, on cooling and filtration, 
yields a oolourless filtrate in the case of genuine 
wines, whilst artifioially coloured vines yield a 
otdoQied filtxate. 

(a) VsgdtMe colburs.--rThese are derived 
ohiefiy from bilberries, black cherries, elder- 
berries, hoUyboek or xose-roallow, poke-berries 
(JPlillefacfia), indigo and^lichens (archil, Ac.), 
alkmnet root, Campeachy, Pernambuco, and 
other dye-woods. 

The wine is mixed with, an excess of lead 
acetate and filtered. The colour of the pre- 1 
I in a genuine red wine may be greyish- 
) blniah-grey, ash colour, or gr^'nish. If a I 
^te is obtfuned not greatly differing from j 
eeionrSf the search for other vegetable 
nts esn give no certain result. The 



matter of bilberries gives a blqg |)re- 


iMtitb^; mlh» and ddirbemes a green. _ „ 
mm trf P^ftokeca buries differs from that of 
W Wi# ty filte a red-violet lead precipitate 
(m sM tom, ZtSseb. anal. Chem. 1895, 635). 

. whidi, with DnprlV tost (v. 


.v;':’ i 




ii^)t bnhavai veiy like the aatntal 
matter of wine, is vejy easily taken up !ri>m its 
Bpluriona by amyl aiSehcl. On adding to the 
amyl alcohol a solution of a few drops of olive 
oil <isc oil of almonds and evaporating off the 
alcohol, the oily residue (after washing with 
water) has a fine red colour, which, on saponifioa* 
tion becomes a rich blue, or if the alkanna used 
was old, a green (Herz, Zoitsch. anal. Chem. 23, 

637 ; Chem. Soc. Abstr. 1890, 311). 

Beetroot juice is used in colouring wines 
for the pu^se of concealing the presence of 
magenta. The absoi^tion-bands of magenta 
are hidden by those of beetroot, but if a few 
drops of copper sulphate solution are added to 
the wine, the beetroot bands gradually vanish 
and the magenta spectrum becomes visible. 

The fresh colouring matters of bUbemes 
wines are similar but not identical, and, acc( 
ing to H. W. Vogel (Bcr. 21, 1746), they' 
readily distinguished by their absorption speot! 
after careful neutralisation with ammonia, or, 
better still, when they are treated with a traa 
of alum before addition of ammonia, ('arc musi 
be taken tliat the wine is not too eoncontratei 
or the ammonia in too great excess. 

Detection oj logwood in wine.— -When a solu- 
tion of logwood is treated with manganese 
dioxide it becomes brown, and this brown liquid, 
by the action of zinc and hydrochloric acid, 
gives a colourless solution of hicmatoxylin. This 
may be detect ed by t he ordinary reagents for t hat 
<«ul^tance. alkalis and their (urbonatcs giving 
a blue- violet coloration, calcium hydroxide , 
a red-Molet, stannous chloride or ammonium' 
moivbdate, in a solution slightly acid with nitric 
acid, a violet coloration. Advantage has been 
taken of this reaction for the detection of log- 
wood in wines. 20 c.c. of tlu* wine is afpiuted 
with 2 gms. finely jiowdcrcd manganew‘ dioxide, 
filtered, and the brown liouid treaUnl with zinc 
and hydniehloric acid, which reduces the oxi- 
dised logwood colouring matter to hccmatoxylin. 

The solution is then divided into several por- 
tions, and tested with the reagents given above. 
Pizzi has exammod wines to which other red 
colouring matters havi^ been added, and although 
these yield brown solutions with luanganeee 
dioxide, the reduced solution does not give the 
hsematoxylin reactions. Brazilwood is the only 
one which has any analogy to logwood, but 
here also there are differences (Chem. 8oc.Ab$tr. 
1881, 701). . 

Spaeth (Zeitseh. Nahr. Clenussm. 1899, ii. 

635 ; Analyst, 1900, 1 l) 4 ^ives a table of reaotloiui 
which may be found m^ul for the deteoiioii of 
the most commonly used vegetable colours. 

(6) Coal-tar roWs.— Inr most cases tko 
presence of a coal-tar colour in wine may be 
recognised by the following methods ' 

a. By shaking the filtrate, after prectpltatiug 
with basic lead acetate, with amyl alowl, ot 
(i.) the wine itself, also (ii.) a portion of the rdm 
acidified with sulphuric acid, and (iii.) a poriton ‘ 
made alkaline with ammonia. lntlieiatMrh8il| 
excess of ammonia should be avoided, iif If . 
more than 3 p.c.,iho amyl alcohol may imwili 
eoionrleis, allliough the irine eoutaim e odsMltt 
cobur. The amyl eloohol euttael in (i.) mi, 
(ii.) may contain natund ochmriiki mm 81 m ; 
the wine, but if the odour lemdn unetuMigid Iff ; 
ammoni»i the ps esmee of n 
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tofen^. Hie eleoM from 

nlH) eMi4 be Mkm vitli water and Ae, 
aqUjBotki iolotion teeted with ammonia or by the 
wool tettt. 

6. By the wool teet, neing alum and sodium 
acetate as a mordant, and adding about 1 p.c. of 
potassium sulphate in solution. 

c. By Cazoneuve’s oxide test (Vierteljahr- 
sohzift fiSr Chcmie der Nahrungsmittel, 18P6, 
80 ; Coinpt. rend. 102, 52). 

The oxides employed arc yellow mercuric 
oxide in the proportion of 0*2 grm. per 10 c.o. 
of wine ; lead hydroxide, containing 50 jp.c. of 
water, in the proportion of 2 grms. per 10 o.c. ; 
and gelatinous ferric hydroxide, containing 20 
p.c. of water, in the proiK)rtion of 10 grms. pei 
10 c.c. 

^ Mercuric oxide comphdely absorbs the 
natural colouring matter, cochineal and foreign 
vegetable colourM, erylhrohin, cosin J, methylene 
blue. Coupler’s blue, and diphenylamine blue. 
It partially absorbs orange L, safranino, chryso. 
idine, chrysome, melhyleosin, yellow 11., red NN, 
red I., and Ponceau KR. It does not absorb the 
snlpho-eonjugated denvaH\e of rosanilme, Bor- 
deaux red B, Ponceau R, Ponceau B, orange R, 
orange RRR, orange II„ orange RK, tropepolme 
M, trt»p»olmc If., yellow I., solid yell(>w, dinitro- 
naphthol yellow, U. 8. yellow. 

I^ad hydroxide completely absorbs the 
natural colouring matter, cochiru al and foreign 
vegetable colours, methylene blue, Ccmpier’s 
blue, diphenylamine blue, and eryihrosin. It 
differs from mercuric oxide in not absorbing the 
rosanilincw, and also in absorbing the sulpho- 
conjugated derivative of rosaniline, Bordeaux 
rod B, the nubile red, and soluble red of rocelline. 

Ferric hydroxide does not absorb erythrobin, 
the sulpho-conjugatcd derivative of losanilinc, 
Bordeaux red B, pm pie ixmI, soluble red, and 
solid yellow. It ahsorbs the natural colouring 
matter and foreign v<*getable colours, cochinc al, 
and all tlie derivati\Cft of rosaniline, except the | 
sulpho-eonjugaied derivati\e. I 

Ziiie hydroxides and stannous hydroxide 
behave similarly. The latter retains the natural 
eolottring matter, hut does not alisorb eochiucat 
or orehii. After the wine has lieen treated with 
the hydroxides, the colouring matters must be 
dtstinMished by special tests. If the wine is 
tieatM with magnesia and hut amyl alcohol, a 
number of blues which are precipitated by the 
a%N)ve-mentioned hydroxides can be isolated and 
dkiingulshed. 

, <f, Shalung the wine with ether More and 

after eupersaturaiion with ammonia. 

Five to 6 0 . 0 . of the wine to be tested are 
poured into a glass test-tuU* of about 20 c.c. 
eapt^iyi and then threo-ouarters of its bulk of 
mer if added* After a few minutes the other 
, rime to the surface of the wine. If the ether be 
' ookmred yellow, and assumes, on addition of 
j drops of ammonia, a deep-rod tint, Cam 

' peaohy*woQd has been used to colour the wine. 

' All fiber becomes red and violet, and remains 
'if mn on addition of a large quantity of 
^ the wine oontains oolouring matter 

\ ^ 6 red-colouied ether loses its tint on 
‘ wMi ammonia, without passing into 
mm Ibe natural oolouring matter 
Idnq k |»Mi^ |f tbo lod-oolOaiwd 


eHier imes its red tint with ammonia^ wHh** 
out imparthm any colour to the latter, then 
fadisinehasbeenaddedto the wine. When the 
ether rises unooloured, a fresh sample of the 
wine to be tested is taken, twice its volume of 
water is poured into it, and half its volume of 
ammonia added. If the wine now assumes a 
brownish-red colour, it oontains cochineal; if, 
however, it turns green, then it can be assumed 
that none of the substances mentioned is present. 

e. The formation of tsonitriles when aniline 
derivatives are warmed with potash and chlore* 
form serves for the direct determination in wine 
of even minute traces of many of the aniline 
colours. The evolution of the tsonitrile is acce- 
lerated by adding excess of strong sulphuric 
acid. 

According to A. Dupr4, fraudulent oolouring 
matters added to red wines may bo detectied 
by dialysis, which is best accomplished by 
placing in the wine a cube of jelly about }-beh 
side. These cubes are made by dissolving 10 
grms. of gelatin in 100 c.c. of warn vrater, and 
pouring the solution into a fiat dish or mould ; 
from the plate thus obtained the cubes are out. 
After 24-48 hours the cube, on examination by 
transmitted light, will be found to be coloured 
more or leas deeply by any colouring matter 
present, excepting the natural colouring matter, 
which penetrates only to a depth of {-inch at 
the most. The colounng matter of alkanet root 
also penetrates but slowly, whereas rosaniline, 
cochineal, logwood, brazilwood, indigo, Ixtmna, 
red cabbage, beet -root, Malm gylveHria, and 
Althea officinalis penetrate rapidly into jelly 
(Chem. Soc. Trans. 1880, 572). 

The nature of tho colouring matter may be 
determined either by the colour of the jelly * 
or spectroscopically, or by the action of dilub 
ammonia, which turns cochineal purple, log* 
wood brown, red cabbage dark green, and 
decolorises rosaniline (r. Spectbum AKALT8IS). 

Bordeaux verdissant or ‘colorant inirou* 
vablc’ 18 a mixture of acid fnehsine with 
methylene blue and diphenylamine drange, tho 
two latt-cr colours being used to produM a green 
which iK'comcB visible on decolorising the 
Bordeaux red with ammonia, thus simuiating 
the effect of ammonia on natural red wine. The 
diphenylamine orange can be^ extraetod wi^ 
amyl alcohol, the acid fuchsine detected by 
Girard’s mercuric acetate test, and the methylwBO 
blue by dyeing cotton fibre. 

A substance knoWb as TifUutapar hi wm 
is said to have been largely used for ooboring 
oertain Bpanish wines* It is alleged to contain 
Biebrich red, sodium sulphate, and arsetdoM - 
oxide. The presence of arsenic, if a fact, p 
of social im|)ortanoe. 

The methods employed in the FariaHuiMMil 
Laboratory for the investigation of tlm oolouritt| 
matters in wine will be found in Qlraid m 
Dupre's ‘ Arndyso dee matikrea alimontatau* 

Mmovalofaddedcohwingmai^ 

So much artifioialiy-colQured wine u eonticakidl 
in certain districts in Italy that the anthotftiep 
are considering the advisability, in the intefelk 
of economy, of merely removing the adM,^/ 
colouring matter from the wine Mead mft 
denaturing the latter before xetnmintt U to f 
owners, |br effeottog this itBiovai M 
ii^ methods amy he emjl^; (W , 
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to thA %iii6 of wm%, tiitu oftYuiing » fiMh «loo- 1 
iMiiofamtototion; (3) addition of young wlnot 
tiio poteiaa of wh^ may form insolnble com- 
poitnda with the oolouiing matter; (3) olarifl* 
totion by means of egg albumin, &h glue 
l^tin*^ fto. ; (4) keeping the wine for some 
time, with repeated transference. The colour- 
ing matter most commonly used is * vinolin,* 
a mixture of Bordeaux B, Bordeaux R, and 
Ponceau RRB, which may be eliminated by 
re-fermentation of the wine in presence of 
vinasse (F. Sourti, Annali Chim. Appl. 1923, 
13, 194-200; J. Soc. Chem. Ind. 1023, 42, 
993 A). 

Detection and estimation of preservaiit'es 
most commonly used in wine. Ahrastd or 
asaprei (calcium a-monosulphonate of j3-naphthol) 
is a white or slightly reddish scaly powder 
rea<^y soluble in water and alcohol, and decom- 
posing at 50®. It is extracted from alkaline 
solution by amyl alcohol, the extract evaporated 
to dryness, and the residue tested by Sinibaldi^s 
method (Mon. Sci. 1893, [iv.] 7, 842 : U.S. Dept, 
of Agric. Bur. of Chem. BuL 59, 91). 

'Bow acid (according to Baumert, Ber. 21, 
32M) is naturally present in many wines as well 
as in the leaves and tendrils of the grape-vine. 
It is detected in the ash by extracting with a 
largo excess of strong hydrochloric acid, and 
t^ing with turmeric paper. For its quantita- 
tive estimation, see Wmdisch, Die Chcmische 
Untorsuchung und Beurthcilung des Weines, 235. 

Fluorides are strongly antiseptic and arc 
usually employed in very small quantity in the 
form of the ammonium or sodium salts which 
are soluble in water. The fluorine is prer ipitated 
as calcium fluoride from alkaline solution by 
means of <»lcium chloride, and the precipitato, 
after Altering, wjEwhing, drjing, and heating in 
a platinum crucible, is tested by means of the 
* etching * test, A blank experiment should be 
made with the regents employed. For fluo- 
horafes and fiwailkaUs the ash containing the 
calcium salts is extracted with dilute acetic acid 
and Altered. The Altrate contains the bone 
acid which, if present, is detected as above. 
The calcium fluoride and silicate remain in the 
insoluble portion, and can be detected by the 
UBUid methods (p. Bull. 69, 63, U.S. Dept, of 
Agric. Bur. of Oheim). 

For detecting saccharin (which is used as a 
preservative as well as a sweetening agent), the 
wiUe (about 100 o.c. ) is shaken up with a mixture 
in equal parts of ether and light petroleum, and 
the extract, after evaporating off the solvent, 
is fused with sodium nydroxide and tested by 
means of ferric chloride for salicyUo acid. It Is 
atamed, of eonne, that the abs^ce of salicylic 
in the original wine has been proved and 
the presenoe of eaooharin indicated by the sweet 
' **^^^*^ extraction. 

Ilje iitoa^n of the saccharin may be 
liMelfgrieidifying (if necessary) with phosphoric 
sjM OSttraeting with ether as above, and 
™ evaporated residue with a mixture 
toy an mbonate and nitre, precipitating the 
wlphate with barium ohlondc and cal- 
owiMoig the saccharin from the weight of barium 
obttinod (BaSO* x0-786«saccbarin). 

^ mayabo w estimated byhydro- 

' n fffii ^ w»idu#from the ether extract with 
. WflWIuorle acU^ and estiiimitiiig the anunonla 
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thus fonnied t>y distillation into stendatd acid 
(Ftoctor» Chem. Soc. tTrani. 1905, 242). 

ocid is beet sought for by agitating 
the wine with carbon disuljmide or a mixture <» 
equal volumes of ether and light petroleum 
(taking care to avoid an emulsion], evaporating 
down and testing the residue with ferric chloride. 
If much more than 100 o,c. are need, a feint 
colour may be occasioned by other substances 
giving a similar reaction and present as normal 
constituents of the wine. 

An approximate estimation of the quantity 
of salicylic acid may bo made oolorometricall^, 
by comparing the colour given by an alobhouc 
solution of the residue after ether extraction 
with that yielded by standard alcoholic solutions 
of .salicylic acid of known strength, using, {if 
possible, a liquid similar to that under investl»* ^ 
tion. ^ 

Mphurous acid and sulpkifw.— Wine wnl 
absorb as much as 0*36 grm. of sulphurous acii 
I>er litre when it is shaken in a barrel in wbicn 
sulphur has been burnt, and if the treatment la 
rc])cated the sulphurous acid may reach 0*5\ 
grm. per litre. Sulphur is burnt in the barrels 
to prevent the formation of mildew, and sulphites 
are sometimes used as a p^e8e^^*alive, Much of 
the sulphurous acid is combined with aldehyde 
when it is considered to bo much less objection- 
able than in the free state. 

Sulphurous acid is determined by distilling 
a portion of the wine, to which {fliosphorio acio 
has been added, in a stream of carbon dioxide, 
receiving the dislillaie in solution of iodine, and 
determining the snlphuric ac^id thus formed. 
The details of the method are as follows (B. 
Haas, Ber. 15, 154) : the wine, to which 5 grms. 
of Bjmipy phosphoric acid have been added, is 
distiU<*d in a current of carixm dioxide, and tho 
distillate is eollcctcd in a suitable apparatus (a 
bulbed U-tube) containing 50 e.c. of iodine 
solution (containing 5 grms. pure iodine and 7*5 
grms. potassium iodide per litre), thtis oxidising 
the sulphurous acid. Ah soon as the dkiillato 
amounts to about half the original volume of 
the wine used, the contents of the U-iube are 
washcKi out, acidilied with hydrochloric acid, 
precipitated with barium chloride, and the 
barium sulphate washed, dried, heated to red* 
ness, and weighed. This method gives vexy 
good results. The sulphurous acid may also be 
oxidised by means of nydrogen {leioxide, using 
barium pmxide, and wi^ghing as bafiuiti 
sulphate (Levi, Ann. Fahif. 1913, 6 , 5 ; Analyit, 
1914, 87). 

C^inions vary as to how much sulphimmi 
acid a wine may contain. Acoordiiig to tlMi 
medical facnlty of the University of Vlmnia» not 
mors than 8 mg. per litre should be alloired^ 
whereas other authorities regard 80 mg* as not 
an excessive amount. In ranee and ffwitier* 
land the maximom limit is Axed at 200 mf^ 8f 
BOt per litre, of which, in France, not mote me 
30 mg., and in Bwitoerland, not moto then 10 
mg. should be * free * or unoomidiied. 

PommmmcMksiAslanmis^ 
of amnic may be present owing to the ti# 
impure ooabtar ooloors (add fudutinei 
oommerdal glucose. OopiNr and 
bedtm to theoompoundsiiiedniiiMmMW 


be due to the oompoundiiisedni 

fungicUes, but lie. no donbL lifislir seum 
ilt 
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JM luM» bfoD^ im%A to tlio tiio 
^ Htluutipi to fltoA ooidtty luid to lead ihit 
iii«d£oroloaidaj[bottloi. is often ofoieiit 
in a^ppiodaMo qnontltlM when the urme haa 
been «(oted in o! ima]^^ Theee 
netftla may be detected and eetimated by the 
oeual methods. 

Sffdfoe^fafUe acid may he present in wine to 
which potaasinm feirooyioiide has been added to 
remove theiron. Foritsdetectionandestimation, 
«ee Mach and Fisohler (Zeitsch. Unters. Nahr. 
Ofomssm. 1924, 47, 329,* Beichard, ibid. 1924, 
47, 339; kitsch, angew. Chem. 1924, 37, 967). 

Alum is occasionally present in the coal-tar 
oolonrs employed, and is sometimes added to 
wine as a clarifying agent, and to impart 
aatiinwncy, particularly to wines which have 
been diluted. The alumina may be estimated 
as follows (l/)uvet, Chem. Zentr. 1881, 252): 
200 o.c. of wine are evaporated to dryness, the 
residue incinerated, and the ash fused in a 
platinum crucible with 3 grms. sodium carbonate, 
whereby the lime, magnesia, and ferric oxide are 
converted into insoluble carbonates. The mass 
is dissolved in water, and the solution filtered. 
As the solution may contain sodium aluminate, 
it is acidified with hydrochloric acid, treated with 
a lai]B;e excess of sodium carbonate, and the 
ahimuia collected on a tared filter. The insoluble 
portion of the fused mass, containing the chief 
portion of the alumina, is fused with a few grams 
of pure soda, and the fused product digested 
with water and the solution treated for alumina 
as above desonbed. The precintates are col- 
lected, thoroughly washed, dried, Ignited, and 
weighed. If any considerable proportion of 
phosphate is present, the phosphoric acid should 
be estimatea and deducted from the total 
weight, the difference being A1|0,. 

AdMUeraiion of vnne . — Of the various pro- 1 
cesses already described which, strictly spealung, 
might he considered as ‘ adulteration,' some, as 
fortifying with spirit, sweetening with sugar, 
glucose, or glyeorol and ' plastering,* are 
^fend^ as legitimate trade practices of long i 
standing or are officially tolerated within certain , 
limits* Others, as dilution with water, the ! 
addition of antiseptice, astringents, colouring | 
mattem, and mineral acids, and of potassium ' 
hvdrogen tartrate and miianthic ether to give | 
the fictitious character of age, have, as a rule, 
tua other object than that of fraud. 

In addition, wine is mixed with the juice of 
Imft other than the grape, and spurious wines 
containing no grape-juice whatever are made to 
aimnlate well-Known types, as port, sherry, 
^daiett and burgundy. Ine fruit basis of these 
nsuailT apple juice (v. p. 480), the other prin- 
cipal tagesdSenU emptoyed being enuhed 
iwchol, sugar, tartar, flavouring essences, and 
coloitring matters derived generally from the 
inlea of such fruits as buberry, elderberry, 
triadk enriaat, etc* 

For the detection of dilution with water, 
with spirit, the addition of acids, 
gtrcml, sugar, and other forms of 
IMlIMlimmn of wmes, tellanoo is placed in 
JKlilMmagA Qar^ upon the ftUioc which the 
the ii^oipal oonsUtuents of the 



ma sim a end minima are adopted lor the con* 
stants of genuine wines ; butlt doesnotneces* 
sariW icQow that these can he accepted as stan* 
daids applicable to the wines made in other 
countries and by different methods of manu- 
facture. Whenever possible the suspected wine 
should be compared with a similar wine from 
the same district and vintage and known to be 
genuine. A concise and clear ricm4 of these 
constants and ratios will be found in Allen’s 
Commercial Organic Analysis, 1924, vol. i. 242-7 ; 
see also Thudichum and Buprfi’s Treatise on 
the Orim, Nature, and Varieties of Wine; 
Windisch’s Die chemisebe Untersuchung und 
Beurtheilung des Weines; Villiers et Collin, 

Trait4 des alterations et falsifications des sub- 
stances alimentaires ; Leach’s Food Inspection 
and Analysis ; and Post and Neumann’s Trait4 
complet d’analyse chimiqne appliance anx essais 
industriels. J. C. 

WINE GUM V. Gums. 

WINTER GREEN, OIL OF, e. Oils, sssxarruL, 
and Salicylic acid 

WITGATBOOM. The dried root of Soccia 
TfansmaUnsiSy Pest., B. rehmanni; JNeenta 
peduneukUa, Sim.; and Capparia (Mtrmieai 
Burch. Used as a substitute for chicory in 
certain parts of South Africa. For the micro- 
seopic and analytical characters of the roots 
and their aqueous extracts, see MoGrae and 
Klooh. Analyst, 1918, 373. 

WITHANIA SOMNIFERA. a plant found in 
South Africa, on the west* coast of India, and 
along the shores of the Mediterranean. The 
root contains an essential oil, a quantity of sugar 
yielding d phenyl-glucosazone (m.p. 210^); a 
black resin from which the following sabstsiieeB 
have been isolated: hentriacontane 
phytosterol 02,114,0 (m.p 135®-136°) ; palmitic, 
stearic, eerotic. oleic, and linolic acids ; ipuranol 
C,,H3,0,(0H), ; a monohydric alcohol, teUkontof, 

0„H ssOi’OH, decomposing at 305^ and having 
and an amorphous alkaloidal prin- 
ciple, which, on treatment with alkalis, yielded 
a crystalline base, C„H2,N, (m.p. 116’)., ^ 

The leaves and stems contain, in addition, 
a monuhydric alcohol, somvirol, OH^ 

decomposing at 205^and having W|>+84*8*; 
a dihydne alcohol, aamnifolt 
decomposing at aliout 250”, ana having 
-f2l*2”i and an acidic hydrolytic product, 
witbanic acid, C„H450,*C02H (m.p. 2&% the 
methyl ester of whieh decomposed at 266^ 

(Power and Salway, Chem. Soc. !uan8. 1911* M* 

490). These authors were unable to ooimrm 
the sedative and hypnbtic properties attributed 
to this plant. 

WrrHERITB. Native barium oarbonito 
(BaCO,) crystallising in the orthorhomUe 
system and isomorpnons with atigcmlte and 
cerussitc. The crystals are, however, limriah^ 
twinned, giving rise to pseudo-hoxiionit 
forms ; these may be either lentienlar or pyra** 
midal in halnt, and in the latter case the «ht« 
sided pyramids present a oertain dmM of , 
resemyanoe to crystals of quarts. GBqhidqr , ^ 
aggregates and compact fibrous mam a s 
occur. The colour is white or grey $ ip.gr* 4*3r 7, ’ . 

H. 3|, neminsrplooeiiisinaomealuiidaa^ 
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oti the bof^n <d ShiojiBlure and Montgomery- 
ehim. tt has been formed, in some instances 
At least, by the action of carbonated waters 
. on barytes (L. J. Spencer, Min. Mag. 1910, 15, 
310); and it is itself sometimes altered to 
bwiytes, as shown by the pseudomorphs of 
baiytes after witherite. The best known 
locality, which has yielded many finely crystal- 
lised specimens, is the Fallowfield mine near 
Hexham; whilst the largest quantity (about 
8000 tons per annum) is produced by the Settling- 
stones n^e also in Northumberland. Tlio 
mineral is also known from a few foreign locali- 
ties, but only in small amounts. 

Witherite is used in the manufacture of 
plate glass and porcelain, and for the preparation 
of barium dioxide (used m the manufacture of 
hydrogen peroxide), barium hydroxide (for re- 
fining beet-sugar), and barium salts (used, €,g. 
for giving the green light of fireworks). The 
mineral is also used for the preparation of the 
finijer quality of barium sulphate (‘ blanc-fix5 ’) 
08^ for facing glazed papers. The addition of 
a small proportion of witherite to clay (I oz. 
per Gwt.) in brick making prevents any efflores- 
cence and discoloration due to soluble sulphates. 
Although insoluble in water, it is poisonous, 
since it is readily acted upon by the gastric 
juice ; and the powdered mineral, mixed with 
meal, is used as rat poison. 

B^erencea . — Special Rcpoits on the Mineral 
Eesources of Great Britain, Mem Geol Survey, 
2nd ed. 1916, vol. ii; Barium Minerals (1913- 
1919), Imperial Mineral Resources Bureau, 
Lo ndon, 1 ^1. L. <1. 8. 

WITTS RULE r. Colour and Cudmical 

OOKSHTTmON. 

WOAD (Fowidc, Pastel f Fr. ; Waidy Ger.). 
This commercial product is a dark elay-Jike 
preparation made from the leaves of the woad- 
plant, /sofis tinctona (Lmn.), an erect, her- 
baoeons, biennial plant, belonging to the 
Orwifermf bearmg yellow flowers, small flat 
eUiptical pods, and large smooth lanceolate oi 
apaihulate leaves. 

The term ‘ woad * is derived from the Saxon 

* wad,* which it has been suggested is denved 
Irom Woden, the Saxon God of War. It is 
synonymons with the Gallic glastum, with which, 
according to Pliny, the ancient Britons dyed 

skin blue, in time of war and in connection 
with certain religious observances. 

The plant is a native of Southern Europe, 
and fri>m very early timds has been employed 
in dyeing blue, for which purpose, previous to 
the mtr^uotion of indigo from India, it was 
hug^cuHiTated in various parts of Europe— 

Thuringia, Languedoc, Piedmont, Ac. 
Im cultivation has now declined almost to the 
toniahiDg-point. 

In this country woad is now only grown, to 

# mtf small extent, in the fen lapdi ^vihiooln- 

and Huntingdon. The seed It sown in 


nta iftaves are ready for the first plucking in 
JTuito WUdb, at intervals of five or six w^eks, is 
lapeated once or twice, or as often as fresh leaves 

ntwiy-fllihered leaves are at once 
#ail d 0 pmii in edge-mnner mills to a 
ii ilnm plAood in small haapa.to 


drain, till suffldently dan to eohe^ and ha 
submitted to the *balung* process. This 
consists in working the pasty mass by hand into 
balls, 4--6 ins. in diameter. These are at once 
spread out on wicker-work trays or * fiealn,' 
and thoroughly dried in well-ventilated sheds. 
The balls are stored in a dry aiiy place till the 
whole crop has been gathered, and ate then 
submitted to the so-called ‘ couching 
a fermentation— process. For this purpose the 
balls are ground to a coarse powder, which Is 
spread on the fioor of the couching-house to a 
depth of 2 or 3 feet, and there reduced again 
to the consistency of a paste by frequent 
i^piinkling with water and turning over With 
shovelfl. Durmg this process, which lasts from 
twenty to forty days, the mass becomes heat^ 
and abundant offensive odours are given oltl 
The operation needs to bo conducted with soma 
care and bkiU, so that the fermentation is neither 
so slow that a * heavy * product is obtained, nor\ 
so rapid as to give one which is ‘ foxy.* When \ 
the fermentation has subsided, and the stiff, \ 
pasty mass is sufficiently cooled, at is packed in ^ 
casks ready for the market. 

It has been calculated that 9 parts by weight 
of woad leaves yield one part oi the prepared 
product. ' 

Although woad was formerly used for the 
indigo contained m it, it is at present only 
employed for the purpose of exciting fermenta- 
tion in the mdigo-vat ordinarily used by the 
woollen dyer, which is therefore termed the 
‘ woad-vat.’ 

According to Wendclstadt and Binz (Ber. 
1906, 39, 1627) woad contains two distinct 
miero-organisms, one of which under suitable 
conditions appeals to be able to reduce indigo. 

Spurious woad was sometimes prepared from 
the leaves of the rhubarb, cabbage, Ac., but 
these products wore very inferior to the true 
woad. 

The colouring principle of woad leaves, 
considered by Schunck to be identical with that 
present in the IndigofercBy is now known to be 
a distinct substance. This has not bocsi 
isolated in a pure condition, but in its general 
reactions resembles indoxyhc acid (see Ikdigo, 
Natural). 

Other Liferofttre.— Chevreul, J. Phann. Chim. 
1808, 06, 369; 1817, 360; Ann. Chim. 68, 
284; Gilbert, Annalen, 41, 245 ; 42, 815$ 
Trommsdorff, J. Pharm. Chim. 19, 93 ; Paris, 
Mus. Hist. Nat. Ann. 18, 251. A. G. P. 

WOHLERITE. Silicate, zirconate, colnm- 
bate, and fluoride of calcium and sodium with the 
approximate formula CaioNa|SiioZi^iF|0||#. ; 
ana containing ZrO, 15-23 p.c. The ntotm- 
clinic cmtals have the form of reotangolar 
plates of a honey-yellow colour; 6p.gr. 3A; 

H. 6; decomposed by hot strong hydrochloiie 
acid with separation of silica and oolumbie oxi^ 
The mineral is usually regarded as a member , 
of the pyroxene group. It occurs in n6|dielltte« ^ 
syenites in the Langesund-fioid in the south 6f 
Norway, in the Los Islands off the coast Uf ^ 
French Guinea, and at Bed Hill in Mew Hemp* 
shire ; and in nepheline-phottoUte in 
Loire, Auvergne. ^ 

WOLFRAM V. Tmmat* 






, wooi>» i>mo0ira ptmaxmov oz m 

irnSMiM 0i im md miMtgimH» timgsUte 1909» No* 25; U H&to h* t, 

(EMEiPi)WO«» otyffMMog in the moOoeliiue Waterhouse, Tasmaoia Qeol Surver, Min. Ees* 
syMem. The oai^Mi /«MU is applied to the 1916, No. 1 ; L. 0. BaU, €l«oL Surrey, Qmxul* 
members at the iron end of the leties (FeWOi), land, 1915, Nos. 248, 251 ; R. H. Ba^, The 
e^ h^n$riU to those richest in manganese Genesis of Tungsten Ores, Geol. Mag. 1918, 194, 
(BU 1 WO 4 ). With this wide difference in com- 367 ; Occurrence and Utilisation of Tungsten 
j^tion the percentage of tungsten varies only Ores, Bull Imp. Inst. London, 1909, 7, 170, 285; 
slightly (WOs, 76*3-76*6 p.o. ; analyses of the J. J. Runner and M. L. Hartmann, The Occur* 

C mineral show 74-77 p.c.). The mineral rence, Chemistiy, Metallurgy, and Uses of 
I readily before the blowpipe to a black, Tungsten, with special reference to the l^aok 
ma^etic bead ; and it is decomposed by aqm Hills of South Dakota, Bull. South Dakota 
with the separation of yellow tungstic School of Minos, 1918, No. 12, 264 pp.; R. H. 
oxide. Distinctly formed crystals ate rare, but Rastall and W. H. Wileockson, Tun^ten Ores, 
cleavage masses are of common occurrence. Imp. Inst. Monographs. London, 1920 ; Tungsten 
There is a perfect cleavage in one direction, (1913-1919), Imp. Mineral Resources Bureau, 
parallel to the plane of symmetry. The mineral London, 1921. L. J. S. 


IS opaque with a bright, sub-metallic lustre and WOLLASTONITE. 


motasilicate 


a dark brown to black colour; the streak is OaSiOa.crysiallisedin the monoclinie system, and 
dark reddish-brown to black ; H. The high belonging to the pyroxene group (g.v.) of rock* 
8 p»gr. (7*2-7*6) and the lath-shaped cleavages are forming minerals. It differs, however, from the 
oharaotors which assist m the identification of other members of this group in the directions 
the mineral ; while the latter character helps to of its cleavages, which aie heie along two planes 
distinguish it from other heavy black minerals, perpendicular to the plane of symmetry and 
The name wolfram originated with the old mchned to one another at 84° 37'. The mineral 
German miners, and means, apparently, * wolf is white and opaque, sometimes with a pearly or 
froth,’ since Agricola(ir)46) refers to the miiicial silky lustre; sp.gr. 2*88-2*92; H. 5; deoom* 


as lupi sjniwa. 


posed by hydrochloric and with separation of 


Wolframite usually occurs in veins traversing silica. It is a mineral of metamorphic origin, 
granitic rocks, and is often assoc latcd with tin occurring m siliceous limestones that have t^n 
ore. It is, in fact, obtained commercially mainly baked by intruded masses of igneous rooks, 
from im mining districts ; and formerly, before Bladed crystals are found m the limestone blocks 
the mineral was of value, it was a source of ejected by Voauviup, and large crystals, up to 
trouble to the tin miner, since having about the 10 inches in length and partly or wholly altered 
same density as oassitenle it could not be sepa- to quartz and opal, at the Santa F4 mine, in 
rated from the ore by the ordinary mechanical Chiapas, Mexico. Here, as is often the case 
methods. At one time it was eliminated in a elsewhere, the mineral is associated with bodies 
soluble form by fusing the ore with soda (Oxland’s of metalliferous ores (H. F. Collins, Min. Mag.t 
process ) ; but now it is extracted by the electro- 1903, 13, 366). The name wollastonito is after 
mMnet (wolframite being weakly magnetic), William Hyde Wollaston (1766-1828). 
and it forms a product as valuable as the tm When heated, wollastonite change at 1190® 
ore itself. The principal wolfiam-producing into the ] 8 -modification called pseudo-woUastonite 
oountnes, arranged approximately in the onler (m.p. 1540°), which has been long known in 
of their outputs, are : l»wer Burma (at Tavoy), slags and devitnfied glasses under the name 
United States (Black flills in South Dakota, hexagonal calcium, metasilicate. The lattor 
Boulder and Gilpjn counties in Colorado. An- has not been observed in nature, and the pre* 
lona, Nevada, &c.), Portugal, North Queens- sumption is that wollastonite has been formed 
land (at Wolfram Camp, Ate.), Bolivia, Peru, in oontact-metamoriihic limestones at a tem- 
Argeniina, Spain, England (Keniruth, Bodmin prature below 1190° (E. T. Allen and W. P. 
Moor, and Gunnislake in Cornwall ; Carrock WbiU', Amor. J. Sci. 1906, 21, 89 ; 1909, 27, 1 ; 
Fell in Cumberland), France, Rhodesia, Siam, A. L. Day and R. B. Sosman, iftid, 191 1, 31, 341). 


L. J. S. 
woNG 8 (ny» 

dyestuE It 


and New Zealand. L. J, S. 

The mineral is used mainly for the manu- W0N6SKY, WONGSHT, WONGSCBYi 
faetme of ferro-tungston and the bard and HOANG TCHY. A Chinese yellow dyestuff* It 
tough tungsten-steel for tools and magnets of oonsists of the fruit ot the Oardenta grandiflom, 
magnetos, and of some other alloys (e.g. * parti- According to Rochleder ( J. 1 858, 475), it contaius 
num,* an alloy of tungsten and aluminium), ntbkhlortc acid (see Maddeb) and croctn» 
MietalUo tungsten is used as the filament of the gluooside of Croceiin, which is also present in 
eo-OtUed ' osram * electric lamp ; as contacts for* saffron {Crocw sativw [Linn.]). Wongi^ dym 
magnetosin plaoeof platinum; and asacatalyser aluminium and tin mordanted fabrics a yellow^ 
In the synthesis of ammonia. Wolframite is whereas with iron mordant an olive omwt M 


m tne synthesis ot ammonia. Wolframite is 
ahs) used for the preparation of sodium tung- produced. 

^ Stntn and other sal^. WOOD APPLE GUM v. Guiis* 

Mersnees.— R. D. George, 1 st Rep. Colorado WOODBURYTYPE v. PsoToaiuPHT. 

» Bttwy (1908), 1909 (with bibliography) ; WOOD, DESTRUCWVB DISTOMTIOH 0»> 
ft P.liwtltf, The Non-MeUlUo Minerals, 2 nd ed. Wood completely freed from water has the 
M^L^Orki 1910 ; H. Mennicke, Die Mctallurgie followiim compoution **— 

Berlin, 1911 ; Special Reports on &rbon. 50 p.o. 


ntems, Berlin, 1911 ; Special Reports on 
I Mesouiuei of Great Britain, Mem. Qeol. 

ed* 1916, voi* i ; F* L Hess, Tung- 
Bnsinls ^ bepoi^ Butt* U.S. 

V Mo. 652 r T* L, Wi^lwr, Report 


NO. mi T. u wmer, itepoi 

en Qm ^ CtaNkPepi Mine 


Garbon, 50 p.o. 

Hydrogen, 6 p.c. 

Oxygen, 42*76 p.c. 

Ash, 1*25 p.o, 

^ M. KIsr, Tsdmologls der HdlimkohlttiMB WW 


ies« < Bsmd Edition* IhUus Springer. EerUn. 








ymo, mmxmsn immuam ov. 


t|» tiMttiail intom «f wood nay b« ooid to 
MbM nfadpUy of oellijo^ lijpiio, voter, 
^mi 4 4rfi£«lDniiiiig matetiab. 

&e Ilpdn in mwd maj 1)6 oxidised and 
maoyed ny treatment witn chlorine dioxide 
(Sdhmklt Gramnanne J. Chem. Soo. Abetr. 
1821^ p.} 912; A. 0. von Euler, Celluloseohem, 
1822, i 109; Chem. Soo. Abstr. 1924, 126, [ii.] 
129). 

wood is heated in a closed vessel with the 
air partly or entirely excluded and the vapours 
and gases are allowed to escape, the oelhilose 


and gM are allowed to escape, the oelkdose 
and ugnin molecules are broken up by pro* 
oessee, ^e nature of which is little understood, 
but which are characterised by the formation 
of charcoal, which is left as a residue, and by the 
foimtion of gases and vapours, the latter of 
whioh, when condensed, is known as pyro- 
l^eous acid. P. Klason, Heidenstam and 
l^rlin * concluded that the destructive distilla- 
tion of wood may be represented by the follow 
ing equation 

l p4i^t^M ’« aCulIioOt 4-28H^O+5(X),4’aCX)>fCigIl>tO» 

Wood Charcoal Total^imount 

of products, con- 
tained in the pyro- 
ligneous add, in 
the tar, and in the 
wood gases. 

proved further that the destructive dis* 
tillation of cellulose forms the most important 
pn^QCts, viz. charcoal, acetic acid and tar; 
udiilst lignin forms principidly charcoal, acetic 
acid, wood alcohol and tar. 

The destructive distillation of wood is 
occasionally carried out for the purpose^ of pro* 
dnoing charcoal only, but at present it is more 
frMoently the case that the by-products, acetic 
acid and the wood alcohol, are the most im- 
portant substances yielded. 

As regards the value of vanous kinds of wood 
for the prooess of destructive distillation, it Las 
been shown that bard woods give the best yields 
of charcoal, acetic acid, and wood alcohol, 
whilst soft woods give smaller amounts of 
thM products. Soft woods, however, show 
a laiger ^Id than pine wood, whioh yields, 
besides the above-named products, a certain 
amo^t of turpentme, pine oils and pine tar oils. 
Local market conditions must decide in each f-af i e 
wh^ is the most denrable wood for the purpose. 

All wood for destmotive distillation is split 
into cord-wood averaging 6 ins. in diameter and 
4 ft long. This initial preparation is usually 
cssried out in the forest, but at maoufactories 
xeoei^y emoted in the United States lanre Ion 
m brought to the sair mill where all the 
timber is utilised, and only those logs unfit for 
mm pumses am used for cord wood. The . 

j* in an exposed situation if 
WOMstue, whom it is allowed to dry and season ! 

^ 8aitc oonstant 

^ climate, and although it Is ! 

pmikt timt the moisture content 0120 p.c. 

* ' <Wble. it is frequently found 

containing 30^.e. or 
peroent^ of mo&tumln the < 

the dis^g process, deemasss the > 
r 3^ Mte. 11.0601^1908, BA 1, 9. 


0 y^ of acetic edld» wood akdml and ehsktoil, 
r, «^ts4tto same time it iMeaemtima^ 

of noncondensaUe gases andldso tlm am^ 

1 fuel used tor the purpose of supplyipg heat lor 
» the distillation. 

The process of destmotive distillatiott is 
carried out in closed vessels built of brick or 
iron, and h^ted either by allowing the product 
of combustion to come directly in contact with 
5 the wood, excluding any excess of air ; or by 
B transmitting the heat throngh the widls of the 
B vessel. In either case the distilling apparatus 
- is TOnnected with a oondonser, the purpose of 
, whioh is to condense the vapours formed during 
I the reaction. 

) The apparatus for the destructive distiUatkm 
f of wood may be said to consist of three principal 
• parts : — [ 

1 1st. The container for the wood. \ 

2nd. The arrangement for generating ani 
supplying the heat to the container. \ 

3rd. A oondenscr connected with the oonA 
^ tainer by an intermediate vapour pipe. \ 

' After the wood has been placed in the dis-\ 

, tilling apparatus and the heating sta^rted, the ^ 

. water conned in the wood is first driven off ; 
k when tins is accomplished the destructive dis* 

^ tillation of the cellulose and lignin begins and 
will be indicated by the formation of non* 

“ condensable gases and by the appearance of the 
' so-called pyroligneous acid, a brown liquor of 
I oharactenstic odour, in which considerable tar 
is found. When the temperature reaches 270* 
an exothermic reaction sets in which supplies 
most of the heat nocessary^or the distilmtion 
process. The end of the prooem will be indicated 
by the cooling of the pipe which connecte the 
distilling apparatus with the condenser. 

In carrying out this distiliing process on a 
c(>mmercial scale, the three phases of the dis- 
tillation, namely : the expulsion of the water, 
the heating of the wood to the point at which 
the exothermic reaction sets in, and the com- 
pletion of the process by means of the above- 
named reaction, will not necessarily take place 
consecutively, owing to the fact that tbc large* 
sized apparatus used will not albw the heat to 
be transmitted uniformly to all the wood in 
vessel. Hence part of the wood sitnated near 
the heating surface may be in the third phaie of 
the process, whilst that not so near the eonme of 
heat may be still in the first phase. 

In general, yields of varions products firom 
airdried hard wood in percents^ by wekht 
will be as follows : — * 

Charcoal, 25 to 27 p.c. 

Ckode pyroligneons acid, 45 to 60 p,c« 

Gases, 25 to 28 p.c. 

The composition of the charcoal will be vkitoUei 
depending upon the pfooess used and partfou* t 
larly upon the tempeiatnm at which the dll* 
tillation has been finished. The toUowini tote ^ 
gives the composition of ehamal pwdnoid iq^ 
several processes 

I V I .'AfalW ' 
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, Din tfJk teH «fll bo fouid to 

Water* 81 da 
W ood akoldi 8 to 4 p a 
A oetio addi 6 to 8 p a 
D issolved and sospended tar, 7 p.c. 

Other oompotmds contamed, snch as aldehydes, 
ketones, allyl alcohol, amines, phenols, and 
hydrocarbons are not of commercial importance 
and are of interest only in the refining of wood 
alcohol. The wood tar obtained from hard 
wood has little commercial value and is generally 
used as fuel. Small amounts, however, are used 
for the manufacture of creosote and wood tar 
pitch. 

The non-condermhle gas obtained by the 
destructive distillation of wood, amountmg to 
25>28 p c. of the weight of the wood, vanes in 
composition during the different phases of the 
process, and is composed on an average of 
carbon dioxide, 00 pc.; carbon monoxide, 
80 p.c. ; hydrogen and hydrocarbons, 10 p.c. 
This gas is generally used for heating the 
retorts or boilers, and its heating value is equiva- 
lent to about 4-5 p e, of the heating value of 
the wood decomposed in the process of dis- 
tillation. 

Dbsteuotivk Distillation op Pinb Wood 
The destructive distillation of pine wood 
containing rosin and turpentine. Insides the 
cellulose and lignin, vill produce products 


dUhreidi from those obtained from herd wood. 
Tim toipsiitine beiim volatile with 
is almw oompleteiy dktilkd over during the 
first phase of the aistlllatkm. In this phase, 
also, the iDsin melting and fiowing from the 
wood cells, covers the sor&ce of the wood and 
the bottom of the distillation retort. During 
the second phase, this rosin will be decomposeA 
yielding such products as pinoline, rosin oils, 
and a residue of rosin ooke. The pinoline will 
be mixed, more or less, with the turp^tine 
ori^ally contained in the wood, the rosin (fils 
wifi combine with the tar form^ in the usual 
course of wood distillation, and the rosin eoke 
will be mixed with the charcoal. The mixture of 
turpentine and pinolme is known as erode wood 
turpentine. The presence of the rosin oils in 
the pine wood tar gives it a peculiar orange 
colour when pamted on wood, which propel^ 
makes it of considerable value. The amounts A 
acetic acid, wood alcohol and charcoal obtained 
from pme wood are considerably less than in 
the case of hard wood distillation. 

An active demand for wood turpentine, for 
pine wood tar and pine wood tar oils, with good 
prices for these products and cheap prices for 
the wood, may cause, under certain oircum- 
stances, pme wood to be preferred to hard wood. 
But these conditions will not be frequent, and 
smoe the yields of acetic acid and wood alcohol 
and also of charcoal are considerably less, as 
the container can be filled with a larger weight 
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Brisk wood-dlstlUlug apparatus for an 60-sord charge heated by burning a portion of the charge. 


of hard wood than of pine wood (on account of 
Uia lower speoifio gravity of the latter), the 
flBoienov of a distilling plant using hard aood is 
higher than one of the same size employing pine 
wood. 


famous Forms of Distillino ArPARAxrs 
FOR Cord Wood. 

The number of forms of apparatus actually 
used lor this purjmse is large, and still larger is 
llm number of designs which have been desenbed 
in the ittemture or by patents taken out in 
difevent countries. 

Onfy the most imjiortant t^^ms in practical 
uee are (iven in what follows. 


t MiHBIngAppm 

ths wood in brick kilns by frt 
pmsi nmeh sms dirtcUy in eonforl with 

log iMPOiii 

.1. JHr* atm puimlid ituU* tito 

htmitg «]»«<(/ (to charge.— To 
mim Mmli ^ * AamiMD Uto,* 


IpiiaiiSpN'. 


1. Tto »] 
a/ltmmi 


m ooiaUtt of a 
onb. iioiqpMiity, 




holding 80 cords of wood filled in by a top iron 
door a. There is a bottom iron door provided 
for discharging the charcoal. 4 ms. x4 ins. air 
mlct holes a, a are provided in the lower pitta of 
the wall, and a couple of these kilns aro oonneeted 
by a brick goose neck e with the main smoke 
pipe, mostly built of wood. This main sm ok e 
pipe connects the kSns with the oondeoser 
plant f g h, and a fan is used for transpoitmg 
the vapours and the gases from the kiliia to the 
condensers and also for suppMng the kilne with 
a certain amount of air, sumcient to genmate 
the heat required for the destrootive distillitlott 
if the wood by buniing a certain amount ot the 
wood, but avoiding any excess of air. 

In the large plants at work in M i ch igaa , 
often as many as 80 kilns are oonneoted with 
condensers, using as much as 280 oovdi d wood 
per day, and condensing up to 80,000 gpltone of 
crude j^ligneous acid. Unfortunately thMMt 
kilns ddiiot afford the proper emount of volktile 
by-products (acetic acid and wood akohol) imS 
aWt 50 p.Q. of the j^ble yield fo fom if ^ 
b^ burnt to mrbonwRidee|Ddwate^ Aeil^ 
Ulus should only be need wnen wood hi teiqf 










WOOD, OfiSTBDCnVB DlSIXUATlOir Of. 


Iftm ii wt tiraoli sJdnni aoetftte 

irood %hohol As these conditions seldom 
edeiiit, the kiln sjvtem must be considered 
wnetelhl nnd should he no longer used. 

2. Fite poses are generated outstde of the dis* 
lAftM appara^ by fid (moeUy wood) %n a special 
f^fnace and conducted from there to the wood 
Fjg. 2 represents such a type, originally known 



be loaded on im oais capable el beintt pdkd 

pushed Into the brick eontidiief. iilir the 
disSllatkm is fto^hed the cats, loam isith hat 
charcoal* are pi^ out qtuokly and ttansfened 
to a ste^ chamber of the shape of the briok 
contamer, when coolmg will not require wfM 
than 24 to 48 hours. After the cars are until* 
drawn, other oars, already loaded with new 
wood and ready for charging, will be put into 
the brick chamber, still hot by the previous 
operation 

These bnck bins, heated by radiators, 
charged and discharged by iron cars, are 
the neucst form of brick distuiing apparatus. 

A distilling apparatus built ox bnck fa 
( heapor to build and possibly cheaper to 
tain, but gives lower yields than steel a]m- 
ratus as regards acetic acid and wood alcohol 


Brick wood<s]i8ti!llng appiratus according to Schwoit/ 
heated by a special open fire 

ab the * Schwartz bln * The Sue dish kilns cf 
Ljungberg and of Ottelmska ore of a sumlar 
type. 

b. Heating the vfood tn brick hlns by fire gui 
which, passed through radiaJlon, iransmiih 
the heat by radiation to the n ood 
Inside a brick chamber, cast non oi steel 
radiators are pro\ided, through uhich fire ga^cs 
are passed, wbch transmit the beat hy radiation 
to ine wood surrounding these radiators 

^e oldest type of tbs kind of a uood dis 
tfllm yjp| )aratu8 is n presented b> the ' Rcu heii 

Sweden develoiied a new form of this tjiK 
calM the * Tube Oven,’ seen in Fig 3 

These bnck bins do not permit the charcoal 
to bo discharged immediately after the distiila 
tbn is dmshed. In fa< t, e\ ery hob of the o\ f n 



JBifek wood^dlstUling ap 


iratus heatf <1 hr steel coU 
tom 


^ to be closed by bncks so as to allow the 
snsMoal to cool with absoluls exclusion of air 
yWs mlmg process requires, in the .case of 
liitts idlsd kilns (50 cords or more), as much as 
eyt daily, the efficiency is decreased oorre« 
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Fio. 4 

^(rti<iJ steel wood liiHtUliiig apparatus (or taiie 
(iiarges, hiahU by fin g4'«es drculatbg aiuuM 
tlu stcil nnitainrr, (alKd Martio^ca*, used in 
BwcUtn 

on account of the difiicult) of preventing the 
bnck walls from leaking 

II. Steel DtstUUng Atipantus. 

A Intermittently operated apparatus* 

The most imjiortant mprcsentative of thie 
t\pe is the Swedish *Carboven/ shown in 
Fig. 4. This apparatus can be loaded with 
100 cords of wood, and will xequiie about 
tha^c weeks for Oiliug, distilling, cooling add 
diM( liargmg. 

A counle of inner vertical boating tubee^ 
instead of one large one, is the cbarafOterMe 
featun of the liosnic steel distilling appOlltlli# 

il Apparatus for discharging ike tkmtd 
mm*diateiy after the rhse of the tUsfUk* 
twn without coaling the eSarmf bqfblt 
dtsrhargtng. 

I. limtantd types Apparatus fin dpidil 
cAarpsi.'— To these nelcmg the illlMiM 

iua, generally ^led * teU^* laifdly WfjA 


Russia, Fenni^lvanta, end otel oMUklM W ' 
•Utes. These fetorts mu nboi0 19 M lA 
diameter by 10 ft. in length^UMfiiM 
and conMi ( eovi wood. iH 

built for one ooid 
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lot tMfti ijii teiMli Aft iftM 

p»o4^ of 9mMmL hting Q(m&otied> 
Motiiid %kb )u>)tisoatA% placed itccl oylmdenu 
Qaa aide of the idtort Is provided with a cast- 
hoa door, the oAer tight end with a nossle 
wtuoh serve** to ooimect Ae retort with a con- 
denser (see Fis;. d). 

The wOoa is loaded by hand into these 
retorts. Inside the retort there is a semi- 
oircular scraper, which is pushed to the rear 
before the retort is loaded and is provided with 
a rod with a handle ending near the door. After 


the disiilSalioti is fbtished, a ste^ eohtainer k 
j^aced undmeaA the front of the door. The 
door is opened, and by means of the scraper the 
hot and burning charcoal k ^uichlj emptied 
into the steel container, the cover of whiw k 
then closed air tight. A new charge k loaded 
immediately after dischargmg. While the new 
charge is distilling, the charcoal cools inside the 
contamer, which is biult of thm sheet steel. 

As one of these 39 ms. x 10 ft. retorts can 
handle only } cord of wood in 24 horns, thk t;;^ 
of distillmg apparatus is not well adapted tor 
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Fig. T) 

Horizontal sttel retort for small charges ; tjpe, F. H. Mt>er, Hano\cr-HamhoIz. 


the destructive dintiliation of uood on a large j 
scale. I 

These small, horizontal retorts ha\c the 
further disadvantage that tlu ««(rai)er used in 
dmoharging them causes much of the chanoal 
to be broken into small pieces. The chargmg 
of the retort by hand also requires many work- 
man, causing loss of time and decreasing the 
efficiency of the plant. 

J8. Wo')d diituhrtq apparatus for large chargat 
wrraupd for mechanically charging and diecharg 
eng -•The disadvantages above mentioned may 


be avoided b) employing retorts of large 
(‘a^iac ity, provided with mechanical contnvanoes 
for hllmg them wnth wood and also for dkeharg* 
mg the chare oal. The distilhng apparatus whiw 
meets these conditions best is the so called * car 
retort.’ A distilling apparatus of this kind 
consists of a horizontal steel retort, capable of 
working off a charge of 6 to 10 cords of wood 
{»te Fig 0). The wood is loaded on cars which 
are pulled or jmshed into the retort; 
has rails on the bottom and, according to its 
capacity, one or two doors for filling and 



Fro. tk 

Botlsoctal steel retort, filled and up to 10 cords ; type. F. H. Meyer. 


dimiiatging. F^ch car, made of steel, contains 
mmalty two cords of wood. The retort la con- 
to Hacks with one or two <»ond«wn« of 
km mm into type. The heating of these 
MtUlli k mainly eneoted by an open wood or 

£ t im iMidf to some extent, also bv burning 
ll» and Aa gases obtained tn the destructive 
dMtoimii ^ Aa wood. The combustion gases 
(Wml Inm mnd the retort and escape m 
Mil ai^ Tha haating by an open to 
bean fapliMd by ppdbw-gaa, 
mm wapt that m gana^ 
^ ^ ipk as aa a by^ptodnal in 


the destructive distillation of the wood. A gga- 
heated retort will last longer, will use kes &al» 
and will yield higher resuTu. The question, of 
the best kind of gas producer fur thk nuiposa k 
dealt with later. After the dktiuatioii k 
finished the doors of the retort axa opmiad and 
the cars, containing the hut charcoal, withdrawn 
and transferred as soon as possible to a hori* 
sontal sAel ovUndar, exactly ooitesponding in 
shape with the retort and ako provided wHh 
doors for fiUtng and discharging. Tha 
drawai of the cars k mostly dongoy mssiiM of a 
locomotive or by rnaana of okmm 
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0 r itom kolits, mid hM to )be done quickly in 
mdm to ovoid the oombustiofi of the choroooL 
Altei the coni containing the hot charcoal arc 
tMnafemd to the horissontal steel cylinder, 
placed opposite the retort, the doors of the 
ojdinder are closed air tight and the charcoal 
allowed to cool with exclusion of air. The 
ooolhig requires, according to the weather and 
character of the wood, from 24 to 40 hours. 

This kind of wood-distilling apparatus further 
aliowB of the prelimmaiy heating of the wood 
before filling it into the retort, by means of the 
waste combustion gases, which escape from the 
last retort flue into the smoke stack. In order 
to utilise this waste heat, the cars loaded with 
the wood are plaoed in a brick channel located 
opposite the onarging door of the retort. The 
waste combustion gases are driven over the 
wood by means of a fan. 
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Vertical tnmqmrtable retort: type, F. H. Meyer, 
mnover-HaMols. 

6 shows a modem distilling apparatus, 
haviof; a higher efficiency than any other wood- 
dwtiUmg apparatus in practical operation. 

A chan;^ of 10 cords of wood is worked off 
in 24 hours, including filling, distilling and dis- 
'^‘‘iiging, and it requirdB also very few workmen 
atoend to the firing, charging and discharging. 
dIsohargiQg the charcoal in a cold state and 
bout the use of scrapers, a better class 
charcoal is obtained with the production of only 
a very small amount of powder or «mali pieces. 

A revolving retort of a capi^ty corre- 
i^midlng to a charge of 6 to 10 cords of wood 
Urn bcM tried but discarded on account of 
"tjiy.dtfficolty of contriving qiroper outlets and 
oi leeeping these outlets tight, Jfbieover, 
Involving retorts gave, of course, large amounts 
d etaoM powder and small oharcotd. 

8, Fermi efed retoris.— Vertical steel le- 
, dther bnilt stationary or transportable, 
in «M in Oenuany, Belgium, France, Italy, 


1 


and also in Bussia. Franoei in partumlar, ia 
dbe country of vertical retorts, which are almoat 
always constructed as transportable ones. These 
retorto contain a charge of 1 to 1} cords of wood 
Mid are heated by an open fire or by a gas fire 
from underneath (eee 7). They are filled 
outside of the settings, uter being plaoed in a 
horizontal position. After the retort is loaded 
and closed it is lifted, by means of a travelling 
crane, above the open space m the settings to 
which the retort belongs. Then the retort is 
lowered mto its place and its cover eoimected, 
by means of a copper goose-n^k, with the 
condenser. After the distulalion is finished, this 
goose-neck is taken off, the goose-neck 


le in the cover closed, and then the whole 
retort is lifted out of the settings by mean 
the crane and transported outside of t 
ing, placed in a horizontal position and 
allowed to cool down, which will require i 
12 to 24 hours, according to the charge and \ 
weather. These retorts give good yields a 
afford good charcoal, but their efficiency is 3 
so good as that of the car retorts all 
described. 

Sometimes these vertical letorts are con- 
structed stationary and provided with a charcoal 
disoharging door on the bottom. They are not 
as oonvement as the transportable ones and do 
not give the same quality of charcoal, because 
the dischargmg is done by dumpmg, which causes 
breakages of the charcoal. 

0 . OoMtnuously’-worhnff uood’diHiUing , 
apparatus. 

The distilling apparatus above described is 
cither operated intermittently or only partly 
contmuously. 

But there arc some types of distillmg appa 
ratus which are designed for contmuous working 
as, for instance, the Swedish Groendal retort, 
wMch belongs to the type of the car retorts 
described on p. 493. 

The Groendal retort consists of three main 
parts, namely : 

1st. The drying chamber, built either of 
brick or of steel. 

2nd. The distilling apparatus consisting ol 
a horizontal steel retort. 

3rd. The cooling apparatus for the oharooal, 
consisting of a steel cylmder of the shape of iho 
retort. 

These three parts are connected together bnt 
can be separated one from the other by means 
of vertical sbding doors of iron. The wood, 
loaded on cars, is filled in the drying chamber 
throup;h which the exhaust combustion gesesi 
escaping from the retort flues, an paisel 
After the drying is complete, the sliding doom 
between this drying chamber and the retort are 
lifted and the load transferred into the distiffing 
zone of the system. This distiilini; wpaxatui 
is heated by any kind of heat generatodf Ejr opHh 
fire or gas piodaoers. The combustion ( 
travel around the steel shells, thus tmnsmil 
the heat to the wood inside the shelL 

After the wood can have jpassed tho ^ 
tilling part of the system, another lUle door h 
opened and the can with tiie finlihid obmow 
antranstoedtototheifiiaimlixi^^ « 

tinongh which tiio ooki 
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fmL tlid <xMulenMlhi <d tba wood-dii- 


wmMoMf m pMwed k oxder to do>! 
tbs tomog work «od pi^t the gases. A 
double sHamg door at the other end of the 
svstem allows the cooled can with the cooled 
ciharcoal to be continaously passed out. 

Another oontintiouBly working wood-dis- 
tilling apparatus which may be mentioned here 
is the wo^-gas producer, which, however, does 
not yield any chmoal. This wood-gas producer 
is used for the generating of heating gas from 
second-class corn wood or wood refuse in 
order to heat boilers and retorts, but also to 
recover, at the same time, the by-products of 
the destructive distillation of wood, viz. acetic 
add and wood alcohol These gas producers 
(Fig. 8) consist of a vertical brick or brick-lined 
st^ furnace provided on the top with a funnel 
with double doors for filling the gas producer 
with wood while in work. The bottom of this 



the bottom, above this there will be wood in 
the diiUUing state, and above this aone there 


Fxo. 8. 

Wood-gas nroduoer^ type. F H Meyer, 
Hanover-ttalnhou. 

gas producer is provided with an iron grate 
through which a certain amount of air u allowed 
to enter. The upper part is connected with a 
condenser. In oraer to start the gas producers, 
charcoal has to be put upon the grate and 
allowed to become rea hot. Then the filling in 
of the wood is started by means of the double- 
door funnel above-mentioned. The condenser, 
ootmected with this gas producer, commumcates 

S f of a gas flue with the smoko stack of 

0 boilm or the retorts, and by the natural 
drauj^t of this smoke stack a certain amount of 
air enters through the grate into the gas pro- 
ducer, generating producer gas when coming in 
contact with the hot charcoal. This hot pro- 
dnm gas carbonises the wood on the top of the 
jdiarooal lone on its way up to the outlet, and 
fomiy at the same time, the produois of the 
dMrciftlV These escape, together 

with m producer gas obtained by passing air 
throoi^ too hot charcoal layer, into the con* 
* i ind while the non-condensable gases 
Iqr the main gas flue, the vapours of 
* Mai acid and of tar axe condensed and 

_^lhy weans of a siphon. Ihsuchagas 

tiwte will he b hot charooel tone on 


and on the top of this drying zone were will he 
the zone of the green wood, filled through the 
funnel 

These gas producers are not very efficient ; 
they yield no charcoal and only 60 p.o. of the 
amount of acetic acid and wood alcohol obtain- 
able from the same amount of vrqpd when 
distilled in retorts. But considering Shat they 
produce heating gas and at the same time allow 
50 p.c. of the acetic acid and the wood alcohol to 
be recovered, they are important and economical 
in working under favounwle conditions. 

Apparatus far the det^ructim disHUaitian of 
pine wood, rich in turpentine and rosjii.-*-As 
already mentioned, some varieties of pine wood 
contain, besides celluloBe and lignin, la^ quanti- 
ties of rosin and turpentine. 

As it is the purpose of the pine wood distilla- 
tion to separate the turpentme in its original 
state as much as possible before the destructive 
distillation of the cellulose, lignin and rosin sets 
m, the apparatus for the destructive distilla- 
tion of pine wood of this kmd must be provided 
by a heating system which allows a uniform 
transmission of heat to any and every part of 
the wood contamed in the retort, or which at 
least allows the temperature to be under control 

It has been proposed to heat the retorts for 
this purpose by electricity instead of by an open 
fire or by superheated air or gases circulating 
around the retort ; by oil or metal bath con- 
lamed in a double jacket ; or by superheated 
steam brought directly in contact with the wood. 

These proposals are still in the experimental 
stage, but it would seem that these methods of 
heatmg are too expensive, inasmuch as a care- 
fully designed gas-heatmg system, using gas, 
producer gas, or natural gas, will do the same 
work more economically. 

Any one of the apparatus already described 
may m general be employed for pine wood 
distillation. But for recovering the tuipentiiie 
in its original state, or at least not veiy much 
contaminated with the products of the de- 
structive distillation of the wood and rosin, the 
smaller units (6 cords capacity) of car retorts, 
heated by means of uniformly distributed gas 
burners, are most to be recommended. 

Dsstbuctivb Bistillxtiok ov Wasti Wood 
OB Srsm Wood. 


The splitting of the logs and cutting i 
into cord wood furnislIsB a large amount ol 
small-Bized wood waste. Also cutting the log 
into timber and working up the timber fuinJato 
another class of waste mod known as liable 
edgings, shavinn, sawdust, and so on. 

As long as this wood waste consiati of pteeea 
large enough to famish chardbal ol the nsnri 
siie, it can be handled just as cord wood in the 
standard xetorto, and it will yield ilaiOBt the 
same amount cd charcoal, w^ iloctbol end 
calcium %Mtate as cord wo^ obtained frm the 
same log, when these figures are relsned to the 
weight and not to the volume of the woo^ ee 
a cord of slabs or edgings will wei^ very much 
less than a cord of real cord wood 

With x^iaid to the destroctive 






Betort for dibtiUiiig <^inail MOod uaste 


oontnvances, or of a combined sy<;t(m of thin price * fur the largi quanlitics of (kareoal powder 
sawdust layers and s^imng contmancc'S or priKluccd 

scrapers, or finally on the briquetting of the Fig^ <)andlOshu\^ t^>|)C8of apparatus which 
sawdust before it distilled au used foi this piir|)uHe The apparatus 

Noneof these ap]iaratus has taken a practical (Pig 9) transfers the sawdust contuiuously by 
form, at least on a Uige scale I p to the means of Hcra]Krs over lire heated stc^l plates, 

^biie in the appiiratus in Fig. 10 the sawdust 
t ? - • 1 contmuoush drops down in tlnn layers by its 

« ‘ ’ own gra\ ity Ik t w(*en the bjMice of the fue*heatfKi 

Tl shell of the \ertual retort and the cast iron 
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rmgs, whi^h serx as outlets for the vajxiura and 
gases 

Treating the (ft or Pyroligneous Acid. 

(*iud( pyroligneous acid consists of a watery 
solution eontaining aocdic acid, wood akohol and 
Its companions (aldehYdcs, ethem, ketones, allyl 
alcohol, phenols) and tarr> matters m solution. 
This brown liquid is further mixed with tar in 
suspension. 

Cnide jivroligneouH acid cannot be sold in 
large quant It ic^s, but acetate of lime and ensds 
wood alcohol are in laige demand. 

The objec t of treating the crude pymitgneovs 
acid iH to S4|iarat4' the accdic acid aA the 
wood alcohol from (lie water and the tany 
materials. 

First the tar, suspendcnl m the liouidy k 
m fiarated by allowing the liquor to stand* Hia 
tar will settle cither on the top or on the bottom 
of the pyroligneous acid and is then dfwwnl of. 

I But the n^mamiDg liquid siil) holds tar Itt 
I solution and this diwKmtMl tar must ho tN(|M^^ 
I in order to make marketable acetate pf UtOii 


Terticsl letort for the continuous distillation of sinall 
wood waste, t)pc, if H Meyer 

liNsent tunc, neither amafl nor large plants 
whioh handle sawdust or a similar elaslof wood, 
are opemted economically on account of the 
iaiige initial outlay, which is out of proportion 
to tha value d the output and on account of 
thefabt that mere la no market, at a sufficient 



which must contain at least BD to tt 
(CH,(X)0),U. ^ 

There are several methods employed In mider 
to separate the tany matters in soliftifiHl ne 
suspension from the crude pyiolimiiOs^ aiMb « 
The oldest prooeis, still in uaa ill mm 
oonsuite in a aimpie lediatliialk^ Pt tim mm . 
pyrohgneotts add to mjffm mmim 
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^ WMi by «n opM iMtUbg^poitflb of itw liquid iSiasBL i& fttill I* 
Thiotif Tiimm iibe jmoligiieoiu 
iW^Mft^Yie. ^dtt^teisanw*# ingfromtlielSftSChe^^ 
or hm wat^iiUto liquid, wUidi is now piaoti* pyxolkneons add in tiw second still. lEhia 
oaily free fm tear and oontdna nrindnsliy system can be oontinn^ ind^nitely ttoieti- 
water, acetio add, wood alcohol qnd its oally, but a system of four combined stills is all 
asi^ted products above mentidied* that can be reached praotioally. 

Hjm method of remoTing the dissolved tar A Hiatillmg apparatus of this type requires 
b y simple distillation requires about 60 p.c. of only one-thhd of the amount of steam or fuel 
P5gg| hitherto used for distilling the crude pyroligneous 

p ' H ' "4 acid in simple distilling apparatus; or the saving 

ESmSSi I may amount to 100 p.c. when suffident exhaust 

I A . steam is available. Fig. 12 shows such an 

I 1 installation, based on the multiple effect dis* 

J eJLUIss Besides these two processes, used for re- 

m _ 1 1 ‘ * 1 ^ distilling the crude pyroligneous acid, there is 

llrlh 1 t """1 another, employed more particularly in German 

This ptocess combines the distillation of the 
JPiQ, 11 . crude pyroligneous acid with the neutralisation 

Apparatus for fiiatnung crude pyroligneous acid ; tar*£ree distillate by means of milk of 

type, V. H. Meyer. lime or soda ash and the separation of the wood 

the total amount of fuel or steam generated in from the acetate solutiw. 

a wood-distilling plant. The pyroligneous acid is distilled m a copper 


a wood-distilling plant. Tbe pyroligneous acid is distiUed m a copper 

The author of this article introduced new stiU, heated by a steam coil. Ins^ofpa^ 
methods of distillation of the crude pyroligneous vajMurs of pyroujgnTOUs Mid mto a oon- 
acid, and up to date the crude pyroligneous de^r,they aro forced through milk of lime or 
add of about 1000 cords of wood is so treSed. ash solution, contamed m closed copper or 

This process is based on the principle of the connec^ with a ^n- 

multiple effect evaporators, on^ally used in denser Fig. 13). The acetic acid thw combines 
the manufacture of sugar (Fig, 12). Two or ^‘h the lime or the so^, forming acetate 

solutions, whilst the wood alcohol and water 

a pSI vapours escape to the condenser from which an 

P~t aqueous solution of the alcohol is dischaiged 

‘T'I'ts containing 6 to 12 p.c. wood spirit. 

All the processes described above for 
f removing tarry matters before treating tbe 

^ A f lH f ” " " pyroligneous acid with milk of lime or soda adi 

* jQh solution, are based on the dittUkUion prineifiU 

e I s I e ' ^ and handle the gross distillate dischai^ from 

• . 1 • I the oondensers connected with the wm die* 

l; ®| • . - - taiing apparatus. 

^ iJS Ine writer has introduced another patented 

r-j-li I s| y ■ ^ - process which is not based on the redistillatioii 

5 of crude pyroligneous acid, but depends on 

^ S / y* f separating tbe total amount of tarry matters 

V 7 O k vJ’GD ‘ vapours escaping from the wood-^« 

' “ ’ “ ’"Tax'"' tilling anpmtus before these vapoum sia 

\ condensed. This is effected by washing the 

\fil . vapours and gases by means of crude wm te 

_ M M" or a mixture of crude wood tar and pyroligneous 

acid in two or more gas wasbing appmtus, 
which are combined together, and maintaining 


Fro. 12. 


mie ^tillmg stills ate used, one connected k the last tar washer, or the washer next the 


or a oinerent nut graauauv lowered By the oombined effect of tho fmetionftl 
WOfhing pressure in each one of the stills. For condensation of the tar and of the absotUng 
ftill 1 ^ be bested by steun nt effinity of the bags emonnte ol Ur Wed Wi 


Mai.FnMiiw> wing esteem ooiloteDy other Uquid, for the emea gf tit 

...fwM^Mmtdwnoe. oonteinedfothefomofTepotinfottowndwUu 

, fhe liqtiot. ranoonding this steem-heeted the nyroligneow eeid iitMi m Wtt* 

v «w«|riinnMUks,tnn^ denser iJl be ffeetioelly fne flow tei and 

. ^ gnwietri fo ready fo be neutralised by milk d Bn* W > 

I V usiM d the beating sSsot d the aodessh. 

bwtiig ewtHsenee d the mi wcNme U simeassfiiUy Wad in 
, i dUidMl'dilb wft ttdw e fonw {mwne by wood-dsWint plenU end am mmmlmK 
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ICoriTf ACTmuB or Aoitavb or Iamb ibox 

CBimB PYBOLtONBOOB AqID. 

Aa already mentioned, grey acetate of lime, 
80 to 82 p.c., is the product into which the 
acetic add, contained in the pyroligneous acid, 
has to be transformed for the purposes of 
shij^ent 

^e manufacture of gmy acetate of lime 
starts with the tar-freo distillate, obtained from 
the crude tar containing pyroligneous acid by 
one of the processes already described. This 
distillate is neutralised either by mixing it with 
mUk of lime in a wooden tank, provided with a 
stirrer and cover, or by passing the vapours 
through layers of milk of lime. 


The milk of lime combines with the acetic 

« ; it partly saponifies any methyl acetate ; 

nmsfomis some of the aldehyde into in- 
sohible resins: and it oombineB with^enols, 
fanning insolnole lime compounds. After add- 
ing the milk of lime, the neutralised liquor is 
allowed to stand in order that the precipitates, 
formed by the neutralising processes, shall 
settle. 

The next operation on the settled liquid, 
containing principally wood alcohol ana its 
associates, acetate of lime and water, consists 
in separating the wood alcohol from the aqueous 
solution of the acetate of lime, either in form of 
a weak alcohol solution by means of a simple 
mtermittently operated still, or in fond of 
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Apparatus for distiUlng crude pyroUgneoos acid by passing add vapours through layers ol milk of 
lime ; type, F. a, Heyer. 



oonoentiated wood alcohol by means of an 
intermittently or oontmuously operated rectifier. 

The simple distilling stiU furnishes a weak 
wood alcohol solution, containing from 8 to 10 
p,c. of wood alcohol, whilst the rectifier turns out 
Iw a single operation crude wood alcohol from 
90 to 98 p.c., depending upon the design of the 
lectifier. 

The simple still consists of a steel or copper 
itiU, provided with a copper heating coil and 
oonneeted with a condenser. 

The mtermittently operated rectifier, shown 
in Fig. 14, is built of a steel or copper still with 
a oopper heating coil, a copper column with 
Steve or bell plates, a separator and 
The working pnnciple of these 
; MlifiMi Is based on fractional diKtillatiion, and 
. tto ‘ootnmns’ used lor this purpose ate very 
^ sMlar to thbse emj^yed in manufacturing 
gtahielooliol and known as the *8avalleapm- 
fiitni* itm ik0 name nf the inventor. The 


ii 


continuously working rectifiers, for separating 
the crude wood alcohol m a oonoontraM state 
from the neutralised liquor, are the most 
modem and most economically working appa- 
ratus for this purpose {Fig. 15). They have 
been introduced in the wood-distUUng industry 
by the author of this article, and th^ funiiia 
by a single operation the so-called * orude wood 
alcohol ’ of 95 and tepmte at the same 
time the oils, originally contained in the neutra- 
lised liquor and also the acetone, if desired* 

The continuously working apparatus ate 
principally built of two columns ; at the top al 
one column the neutralised liquor entets end 
the second column takes the wood-aloohol 
vapours escaping from the first cohmm* Hie 
neutralisod liquor travels in the fiiit ooliuni 
doummrdi from plate to plate and meeli an tie 
way down the steam, entering kto the hallnm 
section. The wood alooliol, eontilnittg aboit 
80 p.e. of wood aleOhol aod 99 at ^ 


a 


V 



pwemmon oa 


iwtkm £fom the \^p seothm of the flm oolmn, 
while the eoetete of lime lohitSon freed from 
wood eleoholp ie oootinootudy dieehai|6d from 
the bottom eeotion of this oofumn. 1%e30p.e. 
wood alcohol vapours enter the bottom part of 
second column, and on their way upiaaftb from 
plate to plate they are concentrated by means 
of fractional distillation and dischaiged from 



In order to manufacture *pure* methyl 
alcohol from the crude wood alcohol, all these 
contaminating products have to be separated. 

This is done by fractional distillati^ canied 
out systematioally by means of intermittenily 
or continuously operated rectifiers, similar to 
those above described. The separation Is 
usually assisted by adding chemi^b— for in- 
stance, caustic soda and smphurio add— which 
destroy, polymerise, or saponify the products 
to bo separated— for instance, aldehydes, esters, 
ketones, phenols, amines, and so on. 

The separation of the acetone and the allyl 
alcohol, which are always associated with the 
methyl alcohol, is entirdy done by a carefully 
repeated fractional distillation, which yields the 
concentrated acetone in form of * heed ends * 
and the allyl alcohol in form of ' tail ends.’ 

A mixture containing in specified ptoporrion 
these head ends and tail ends represents the 
* denaturing wood alcohol,* used practically 
everywhere for denaturing alcohol. This 
material must conform to certain epedfioations 
and tests prescribed by the different Govern- 
ments. 

The final product of such a repeated fractional 
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Interinitteat-workiag rectifier for wood doobol ; 
type. F. H. Meyer. 

the top section to a separator and from there to 
a final condenser, leaving the latter as a product 
oontaifling up to 95 p.o. wood alcohol. 

This proauot corresponds in chemical com- 
position and physical characters with the so- 
called ' American Grade Wood Alcohol,’ shipped 
in iminense quantities from the United States to 
Europe. It still oontams the total amount of 
acetone, aldehydes, ketones, esters, ammonia, 
amines, and aUyi aloohol, originally contained 
in the neatralised liquor, and also some of the 
* w^ oils,’ which always accompany the wood 
aloo^L 

Tim average composition of this product 
may be given as follows 

16 p.o. acetone and other Jptones. 

6 p.o. aldehydes, meth^ acetate, amines, 
allyl alcohol and oils. 

70 p. 0. methyl alcohol. 

Sp.c. water. 

The following substances have also been 
found in *wood sinrit oil,* the residue left after 
tholsolatioa of mimyl almhol from wood spirit: 
mbtibyi 0^1 ketone, methyl iaompyl ketone, 
mesityl omifr, trimethyi 
acotio isovaleric aldehyde, n^-hesene- 

Inrilib Stt. llttr 86> [a] SMt Ckm. Soo. 
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OoDti&wwwc^nAa« tor mod itehois 
tmF.s-ibiw. 

diatilUtion, ouiiod ooteither by inten mUt oHy 
voibiag or oM^wnuly wpiUng noUflcffc 
wpnmaiB tbs ‘pun’ mothyl oloolKd. iriM h 
free traA aoeloiiA or oontains o^ tnuM ol it, 
ud oontaios np to M p.o. ml CH,OH. 

BetidM tU« fiaM piodBot, fim non mtOM. 

•Odua ‘dmitorim wnnA 

MBtoM, aUyi aloriiai, and am bWttitiM'i' 
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number of other wood alcohol grades are on the 
market ; for ixistanoe, ' pure ’ methyl alcohol of 
99| p.c. ¥dth 0*1 to 1 n.o. of acetone and many 
other grades demandea by customers. 



solvents, and the poorest grades for denaturing 


or burning. 

The mstillation of the neutralised liquor 
yields, as above shown, two products : 

Wood alcohol, as a volatile product ; 

Acetate of lime solution as a non-volatile 
residue. 



Fig. 16 . 

Open pan for evaporating acetate of lime solution. 

This latter solution holds in suspension 
insoluble polymerised products, formed by a 
reaction between phenols and aldehydes with 
acetate of lime or traces of hme in excess, which 
must be settled by allowing the liquor to stand. 

The settled solution contains varying quanti- 
ties of acetate of lime, according <o the nature 
of the oi^al liquor and to the process used 
for distiUing off the crude wood alcohol. 

These quantities differ from 7 to 25 pc.; 
this means, 100 lbs. acetate of hme solution may 
contain from 7 to 25 lbs. dry acetate of lime, 
60-82 p.c. As it is impossible to recover the 
acetate of lime by a ci^tallising process on 
account of its equal solubility in cold and hot 
water, the solution must be boiled down until 
the salt is left in the solid state. 

Up to the present this boilmg was done in 
two steps. By the first step, the acetate of lime 
solution is evaporated in open, steam-heated, 
double-jacket pans (Fig! 16) just to the point 
at which the concentrated solution becomes 
solidified by crystallising. This point is reached 
when the acetate of lime solution contains about 
35 to 40 p.o. of the dry salt. The crystallised 
magma is then spread out in thin layers upon an 
Ufom drying floor, built of cast-iron plates or 
steel plates, heated by an open fire or by waste 
fiiedlses. 

The operation of boihiig down the acetate 
of lime solution to a magma of crystal requires 
wssy bugo amounts of steam on account of the 
oociing of the heating surfaSe by crystals and 
iesles and by the immense reduction obthe beat 
tmtimittiiig capacity 

iVuthermoze, thus drying ujmid an open 
diytog floor necessitates much hand work, as 
the material <musi be turned over and 


transferxed from one end of the 
to the opposite one, whereby it 
with the current of the fire gases. This 
ensures that the wet acetate of lime, wldch 
can stand a hM temperature, comes in contact 
with the hot fire gases, while the dried salt or 
parUv dried salt comes only in contact with 
the nre gases of a lower temperature, in order 
to protect it against decomposition into acetone. 

The author has introduced a drying process, 
in which the solution of acetate of lime will be 
continuously and mechanically evaporated and 
dried, doing away entirely with the steam- 
heated open pans and the high wages required 
by opening drying floors. 

By this new process, already in sue 
Operation in plants of all sizes from 30 [cords 
up to 250 ooiris, the acetate of lime soluq 
continuously evaporated in specially dei 
multiple effect evaporating apparatus, op 
on the same principle as above desorib 
the multiple green liquor distillers. 

travels from there to the second, and from 1^6 
second to the tliird, leaving the same or the last 
one as a concentrated liquor, winch contains up 
to 30 to 35 p.c. dry salt* This liquor will not 
crystallise when kept hot. 

The liquor flows to a pan into which a rotary 
drum is dipping, heated inside by steam. This 
drum becomes coated with a thin layer of the 
concentrated solution. 

While rotatmg, the thin layer dries quickl|y, 
and before the drum dips again into the ooneon- 
trated solution the magma of crystals, wiiich now 
coat the surface of the dzum, is scraped off by 
means of knives, working on the surface of the 
drum (Fig. 17). 



Fig. 17. 


ConUDiions-workUiR roUrv evaporator for evaporating 
and drying acetate of Air " 


Amo ; type, F H. Meyer. 

The magma H crystals then travels 1^ 
means of a oonveyor to a belt dryer, built of 
endless canvas belts or wire cloth bolts, upon 
which the wet salt is transferred against 0 
current of hot air or over pipe coils, healed 1;^ 
exhaust steam. This new type of amumtns for 
ovapfirating and drying acetate of 
away with any kind of hand work ; it obv 
the disagreeable and unhealthy work of di ^ 
upon an open floor; and it saves almost all the 
wages hitherto spent for drying, and it saves# too# 
large amounts of fuel. lloceow,tiieaoetileol 
lime obtained by this process, is of an oven 
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fom like peas ; it does not oontaan much dost ^ 
it is of a oriskter colour and is soft and volu- 
minous, yielding on this account more aoetio 
acid and acetone, when worked up into these 
products. 


MAinnrjLCTTTBB ov Aobtatb 07 Soda. 

Next to acetate of lime, acetate of soda is 
the most important salt of acetic acid manufac- 
tured in wood-distilling factories. 

In order to produce sodium acetate in a 
oi^tallised state, the distillate of pyroligneous 
acid, obtained by one of the proccbses already 
described, is neutralised by soda ash. The 
acetate of soda solution is then freed from wood 
alcohol by the methods before mentioned, and 
boiled down by open double-jacket pans, or by 



modem multiple effect evaporating apparatus, 
until the crystallising point is reached. By 
the next step the condensed solution is com* 
pletely dried in cast-iron, fire-heated pans, 
provided with scrapers, and the heating is con- 
tinued until the whole of the water is driven off 
and the anhydrous sodium acetate is completely 
melted, when the liquid mass will have a tem- 
perature of about 320^. At this temperature, 
sodium acetate is not decomposed, but sodium 
propionate and butyrate, as well as tarry or 
resinous matters present in the ori^al product, 
will be destroyed and converted into insoluble 
matters. 

After melting, the mass is dissolved in water 
to form a concentrated solution and the charred 
matter separated by filtering the solution, 



Fio. 18 . 

Cut-iron stilJ for decomposing acetate of lime by solpburio acid ; type, F. H. Meyer, Hanover-Hainhoto. 


usually by a filter press. The filtrate is trans- 
ferred to crystallising vessels and the crystals 
and mother liquor separated by a centrifugal 
machine. The crystals are recrystallisod and 
the mother lees returned to the evaporating 
pans. 

TnsATiKo 07 THX Pbimabt Mabkxtablb Fbo- 
DtrOTS RBSULTDia TBOM THB DbSTBUOTIVS 
DlStrLIATIOH 07 Woop. 

The first products resulting from the de- 
structive distuiation of wood are: charcoal, 
umde pyroligneous acid, tar, when hard wood is 
diitiim; or oharcoal, crude pwolimeous add, 
crude turpentine, crude pine oil and orade pine 
tar, when pine wood, containing turpentine 
and lodn, is employed. Of these, the onarcoal 
only is ready for sale. The other products 
mvet be further treated in ordm to convert 
them Into nuM^ketatdeoomnioditie^ * 

' Am the mde pyrulki^ 

Um MMe ioaa end crude weed dbehcl 


are obtained, and from the latter the ‘pure* 
methyl alcohol, the refined wood alcohol, and 
the denaturing alcohol as above described. 

Many of the woo<h distilling factories work 
up the acetate of lime into acetic acid or aoetoue 
and the methyl alcoho^into formaldehyde. 

Manufactwrt of ocsfic oeiU--In order to 
manufacture acetic acid, only acetate of limey 
$0-82 p.o., is used nowadays as taw material. 
This is mixed with sulphuric acid of 92 to 98 p.c« 
in a closed cast-iron still, provided with stirrer 
and scrapers and heated by high-prsssuxe ateaiU 
(Fig. 18). After the mixing process la finished 
the acetic acid is distilled on, a vacuum being 
maintained in tbe still during the procM of dis* 
tilling. The orate aoetio acid, xesultM trm 
the proeess, contains about 80 p.o. aom aetf 

a nio and butyric acid induded), traces of 
? dioxide, and is of a yellow colour* 
This add can be used lor many purposee in the 
arts, an, for instaaoe, manufifiiiinng white M* 
ai^acsititeifi^ ^ 
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In order to produce ' pure * glacial acetic acid 
of 96 to 09} p<c., the crude 80 p.c. acetic acid, 
obtiained by the action of aulphario acid on 
acetate of lime, must be rectified in a copper 
rectifier (Fig. 19). 

First a weak acetic acid is obtained con- 
taining propionic and butyric acid; then the 
distillate becomes gradually stronger and after 
distilling over 40 to 60 p.c. of the original 
charge, glacial acetic acid aistils over : this has 
a melting jK>int of 14°-16° and contains 99 to 99} 
p.c. OH,*OOOH .At the end of the process the 
melting-point again falls, and with it the content 
of acetic acid owing to the presence of propionic 
and butyric acids. 

In order to manufacture ' pure ’ acetic acid, 
99} p.o., coiresponding to the requirements of 
the pharmacopceas of different countries, the 
glacial Metic acid, obtained from the first 
rectification of the cnidc 80 p.c. acetic acid, will 
be oxidised and then redistilled by use of a 
simple still connected with a silver condenser. 

Manufacture of acetone, — Acetone is manu- 
factured by the d^ or destructive distillation of 



Fra. 19. 

Appsratiis tor rectifying crude acetic add in order to 
manutocture glacial acetic add ; type, F. H. Meyer. 


Mkdttm acetate. The process corresponds theo- 
lil)ealfy with the equation : 

^|OOol Ca“OaCO,-l-CH,-CO-CH, 

Aooozding to the author's patented process, 
used fo moat of the existing acetone factories, 
aeatate of lime is spread out in thin layers on 
steel plates, to ls» placed one above the other 
npoa pliilerms on steel cam, allowing sofficient 
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oleaxanoe from platform to platform (Fig. 20), 
These oars are pushed into horizontal steel 
retorts, heated by fire gases. The retorts are 
capable of treating from 3000 to 15,000 lbs. of 



Fig. 20. 

Betort for decompoBlng calcium acetate ; 
type, F. H. Meyer. 


calcium acetate in 24 hours and are connemed 
with a condenser. The destructive distillation 
sets in at about 300^. After the charge is 
charred, the cars are withdrawn and other oars, 
already loaded, charged into the retort. 

By the older acetone process, calcium acetate 
was distilled in charges not exceeding 1000 lbs. 
by means of fire-heated, closed, cast-iron pans, 
provided with a stirrer and scrapers. But 
these forms of apparatus yielded only 17 lbs. 
* pure ' acetone from 100 lbs. of calcium acetate 
instead of from 20 to 21 lbs. as obtained by the 
process above described. 

There is a third process used, based on the 
distillation of calcium acetate by means of a 
stream of superheated steam whjch is brought 
directly in contact with the acetate. 

The crude acetone obtained by one or other 
processes contains, besides the acetone, tarry 
matters, formic and acetic acids, aldehydes, 
ketones formed by the propionic acid and 
butyric acid originally contained in the crude 
material, hydrocarbons, and other products. 

By means of repeated fractional distilla- 
tion, assisted by the use of small amounts of 
caustic soda and sulphuric acid, acetone of 
99} p.c. is obtained, whilst the tarry matters 
remain in the residue. The acids are fixed by 
the alkalis, which destroy the aldehydes, and 
the foreign ketones and hydrocarbons are 
obtained as * tail ends ’ from the rectifier, from 
the fact that their boiling-point is considerably 
higher than that of acetone. 

Fobhaldiihybx. 

This important disinfectant is obtained from 
the ' pure ' methyl alcohol by oxidising it by the 
oxygen of the air under the influence of cataly^ 
agents: 2CHg*0H-|-20»2CSHt0+2H|0. The 
manufacturing process differs in some respeots 
from the theoretical equation, as side reaotioBa 
set in whereby a part of this formaldehyde to 
broken up into carton monoxide and hydrogen, 
according to the equation CH|0«sC0+SH, 

The excess of oxygen under the influence of 
the red hot catalytic material combines with 
the carton monoxide as well as the hydiogen : 

CO+0»CX), 

H,+O*«H|0 
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